A VISUAL REFERENCE - GMT

GMT,
one change at a time

From a first map frame to projections, geographic layers and readable map layouts. Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work, or download its PDF and source for offline reading.

Last changes: 2026-10-19. Expanded to 122 examples in 20 chapters. Regional fundamentals now use high-resolution geography, with finer zoom
baselines. Eight new European examples compare high/full border detail, river classes and canals, DCW country selections, Germany's 16 Lander and a
North Rhine-Westphalia close-up. BKG data dated 1 January 2026 is bundled for offline reproduction, with parameter explanations and source credits.
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All maps at a glance

Choose a map to open its complete GMT script, explanation and downloads.

Your first map

A region, a projection and a frame form the smallest useful map.

GMTo1001

GMT-01-001

Draw a geographic frame

GMT-01.004

GMT-01-004

Choose annotation and tick intervals

GMT-01-002
Add a coastline

oMT-01.005

GMT-01-005

Add a regular geographic grid

GMT-01-003

GMT-01-003

Distinguish land and water

GMT-01.006

GMT-01-006

Annotate only two sides

9 maps



oMT.01-007 oMT-01.008

GMT-01-007 GMT-01-008
Use a fancy map border Style the graticule independently

Choose a projection

Compare world projection shapes, central meridians, standard parallels and a polar-limited Mercator extent.

GMT-02-001 GMT-02-002
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GMT-02-001 GMT-02-002
A rectangular world map Preserve area with Mollweide
GMT-02-004 GMT-02-005

GMT-02-004 GMT-02-005
Compare the Robinson world projection Compare the Hammer equal-area world

GMT-01-009
Choose a smaller geographic extent

9 maps

aMT-02008

GMT-02-003
Look at a hemisphere

GMT-02-006
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GMT-02-006
Limit a Mercator world map before the poles



GMT-02-007 GMT-02-009
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GMT-02-007 GMT-02-008 GMT-02-009
Re-centre the rectangular world on the Pacific Choose another visible hemisphere Set a cylindrical standard parallel
Coastlines and geographic context 14 maps
Choose coastline detail, then add boundaries and rivers.
‘GMT-03-001 GMT-03-002 GMT-03-003

GMT-03-001 GMT-03-002 GMT-03-003
Increase coastline detail Add geographic boundaries Add major rivers and lakes
‘GMT-03-004 GMT-03-005 GMT-03-006
“\%\
13
. ; é
WA X sy
e, 12
i .
. S

GMT-03-004 GMT-03-005 GMT-03-006
Filter out small islands and lakes Show US state boundaries Include all permanent river classes



GMT-03-008 our-o3009

GMT-03-007 GMT-03-008 GMT-03-009
Draw European country borders in high detail Use full-resolution European boundaries Give major and minor rivers separate pens

GuTosot0 GMT-03-011

: =1 ‘:\ X - e
GMT-03-010 GMT-03-011 GMT-03-012
Add canals without thickening the river Select European countries by their codes Draw Germany and its sixteen federal states
network

GMT03.014

s

GMT-03-013 GMT-03-014

Label the German Lander with their state Inspect North Rhine-Westphalia beside its
codes rivers



Put points on a map

Read longitude before latitude, change a symbol and encode its size.

GMT-04-001

GMT-04-001
Plot longitude and latitude

GMT-04-004
Use square point symbols

GMT-04-007
Increase a fixed circle diameter

GMT-04-002

GMT-04-002
Change the point symbol

GMT-04-005

GMT-04-005
Use diamond point symbols

GMT-04-008

GMT-04-008
Make a symbol fill translucent

9 maps

GMT-04-003

GMT-04-003
Read symbol sizes from a column

GMT-04-006

GMT-04-006
Draw hollow station symbols

GMT-04-009

GMT-04-009
Distinguish two groups and explain them



Labels, routes and areas

6 maps
Add readable labels, connect a route and fill an illustrative area.

GMT-05-002

GMT-05-003

GMT-05-001 GMT-05-002

GMT-05-003
Label the stations Connect a route Fill an illustrative area

GMT-05-005

GMT-05-006
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GMT-05-004 GMT-05-005 GMT-05-006
Anchor labels above and left of their points Give labels a readable background Draw an unfilled study-area outline



Values, colour scales and legends 3 maps
Separate numeric values from categories and explain their visual encodings.

GMT-06-001 GMT-06-002 GMT-06-003

GMT-06-001 GMT-06-002 GMT-06-003
Colour points by value Explain the colour scale Explain categories with a legend
Grids and shaded relief 3 maps

Create an explicitly synthetic grid, colour it, illuminate it and add contours.

‘GMT-07-001 GMT-07-002 GMT-07-003

GMT-07-001 GMT-07-002 GMT-07-003
Create and colour a synthetic grid Illuminate the synthetic surface Overlay labelled contours



Map furniture and a finished layout 3 maps
Add a scale bar and locator inset, then assemble a complete map.

GMT-08-001 GMT-08-002 GMT-08-003

g o e
GMT-08-001 GMT-08-002 GMT-08-003
Add a geographic scale bar Add a locator inset Assemble a finished map
Coastline resolution at close range 6 maps

Compare five installed shoreline resolutions on the same map of Crete, then refine the pen.

GMT-09-001 GMT-09-002 GMT-09-003
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GMT-09-001 GMT-09-002 GMT-09-003

Crete with crude shoreline detail Crete with low shoreline detail Crete with intermediate shoreline detail



GMT-09-004
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GMT-09-004
Crete with high shoreline detail

Line ends, corners and border styling

GMT-09-005

36°00'N

35°30'N

35°00'N

23°E 24°E 25°E

GMT-09-005
Crete with full shoreline detail

Change the drawn stroke while keeping the original vertices fixed.

GMT-10.001

GMT-10-001
Flat ends and miter joins

GMT-10.004

GMT-10-004
Bevel a sharp corner

GMT-10002

GMT-10-002
Round the line ends

GMT-10005

GMT-10-005

Use a lighter dashed boundary

27°E

GMT-09-006
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GMT-09-006
Refine the full-resolution shoreline pen

6 maps

GMT-10.003

GMT-10-003
Round the corners of the stroke

GMT-10:006

GMT-10-006
Separate a route from its background

10



Curves, interpolation and smoothing

Compare straight segments, Bezier curves and explicit interpolation of an invented route.

GMT-11-001

GMT-11-001
Connect a sparse illustrative route

GMT-11-004

A K &

GMT-11-004
Interpolate with an Akima spline

GMT-11-002

AR

GMT-11-002

Draw a Bezier curve through the route

GMT-11-005

2 Y

GMT-11-005
Compare a natural cubic spline

6 maps

GMT-11-003

PN

GMT-11-003
Add linearly interpolated positions

GMT-11-006

GMT-11-006
Fit a smoothing spline

11



Regional projections and difficult extents

Choose regional and polar projections, and cross the date line without splitting the map.

GMT-12-001
Use Lambert conformal conic for a region

GMT-12-004
Use a local UTM zone

GMT-12-002
Compare Albers equal-area conic

GMT-12-005
Map the Arctic with stereographic projection

6 maps

GMT-12-003
Centre a Lambert azimuthal equal-area map

GMT-12-006
Cross the international date line

12



Grid interpolation and contour quality
Separate grid spacing, image interpolation, resampling and contour smoothing.

GMT-13-001 GMT-13-002

GMT-13-001 GMT-13-002
Expose a coarse grid with nearest-neighbour Change the image interpolation
display

GMT-13-004 GMT-13-005
Resample the coarse grid explicitly Inspect unsmoothed contour segments

GMT-13-003

GMT-13-003
Evaluate the model on a finer grid

GMT-13-006

GMT-13-006
Smooth the drawn contour path

6 maps
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Raster quality and a polished map

Compare anti-aliasing, supersampling and DPI, then finish with a clear hierarchy of lines.

GMT-14-001

GMT-14-001
A deliberately rough raster export

GMT-14-004

GMT-14-004
Export more pixels for a larger image

40N

GMT-14-002
Anti-alias graphics and text

GMT-14-005

GMT-14-005
Give borders and graticules a clear hierarchy

6 maps

GMT-14-003

GMT-14-003
Supersample before reducing the PNG

GMT-14-006

GMT-14-006

Finish a detailed map with smooth raster
edges

14



Zooming into a region

Highlight and enlarge geographic windows; vary inset placement, size, detail and projection; add connectors, successive zoom levels and scale bars.

GMT-15-001

GMT-15-001
Mark the area to zoom into

GMT-15-004
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GMT-15-004
Move the enlarged inset to bottom-left

GMT-15-007
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GMT-15-007
Choose an independent inset projection

GMT-15-002
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GMT-15-002

27°E

Zoom by narrowing the geographic region

GMT-15-005
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GMT-15-005
Allocate a larger inset panel

GMT-15-008
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Show two successive zoom levels

GMT-15-003
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GMT-15-003

Keep the overview and add a zoom-in inset

GMT-15-006
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GMT-15-006
Use finer geography in the close-up

GMT-15-009
Connect the selection to its inset

12 maps
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GMT-15-010 GMT-15-011
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GMT-15-010 GMT-15-011
Reuse the zoom layout for Sicily Use geographic distances for circle sizes
Scattered samples become a grid
Compare three gridding methods with the same local synthetic samples and colour limits.
GMT-16-001 GMT-16-002
Interpolate scattered samples with tension Keep gaps where local coverage is insufficient

GMT-15-012

wndi ]

3N

GMT-15-012
Explain the close-up scale inside its panel

3 maps

GHT-16:003

GMT-16-003
Interpolate within Delaunay triangles
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Calculate with grids and extract a transect

Filter, subtract, differentiate and sample an explicit signed analytic field.

GMT-17.001

GMT-17-001
Build a signed analytic field

GMT-17.004

GMT-17-004
Differentiate in the x direction

GMT-17-002

GMT-17-002
Filter the field without changing its grid

GMT-17-005

Amplitude
o

GMT-17-005
Extract a transect from the grid

5 maps

GMT-17-003

GMT-17-003
Subtract the smooth field to show a residual
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Perspective surfaces and vector fields

Change representation with a surface, mesh and two-component arrows.

GMT-18-001

GMT-18-001

View the signed field as a 3D surface

Directions and scalar distributions
Compare angular bin width, counts and frequency percent

GMT-19-001
North

GMT-19-001

Summarize directions in a rose diagram

GMT-18-002

GMT-18-002

Reveal the grid with a perspective mesh

East

GMT-19-002

Change only the angular bin width

3 maps
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GMT-18-003
Draw a vector field from two grids
4 maps

GMT-19-003

Count

-1 0
Amplitude

GMT-19-003

Count scalar values in fixed bins
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GMT-19-004

GMT-19-004

Express the same bins as frequency percent

Geophysical symbols and uncertainty

Amplitude

Read invented focal mechanisms and compare two joint confidence levels.

GMT-20-001

Normal

Reverse

Strike-siip

GMT-20-001

Read strike, dip and rake as focal mechanisms

GMT-20-002

GMT-20-002

Plot horizontal motion with 68 percent

ellipses

GMT-20-003

GMT-20-003

3 maps

Increase confidence without changing motion
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READING THE TOUR

Three ways to see a change

Complete script Actual map One change
Read every GMT command and its local input, Choose a map in the gallery and compare the Follow a named baseline, download the
including the region and projection. rendered figure with its source. runnable script and export PNG or vector PDF.

Read from the beginning or jump to a stable example ID. Each example includes its complete input, captured result and command-by-command
parameter tables. The tables explain the values in that script, including the shared session settings; omitted region/projection options reuse the
current map state. Copy link preserves the address of the guide you are reading, including its current domain and path.

20



Map conventions and sources

This tour uses the GMT command-line interface in modern mode, driven by Bash. GMT 6 and Ghostscript are needed to regenerate maps. Ordinary
HTML/PDF builds use the prepared figures, and the HTML embeds its map images for offline reading.

For geographic maps, coordinates are longitude, then latitude, in decimal degrees. -R specifies west/east/south/north. Each script explicitly starts a
clean session, sets its frame and font sizes, disables automatic data downloads and exports both an opaque PNG and a vector PDF. A frame title
records the stable example ID. Chapters 16-20 use explicitly labelled Cartesian data axes or polar direction/radius axes instead of geographic
coordinates; their parameter tables state the units. Each figure is independent; the snippets do not rely on an accumulating interactive GMT
session.

All station tables, routes, study-area polygons, values and analytic grids are synthetic teaching inputs. Coastlines, rivers and contextual borders
come from the locally installed GSHHG database. They retain their own notices in the GSHHG notice and accompanying license texts; the tour does
not relicense those geographic data. The coastline resolution is selected explicitly. Geographic boundaries reflect that dataset, not a claim about
historical extent or current jurisdiction.

European country and river examples distinguish the installed GSHHG/WDBII layers from DCW country polygons. German federal-state linework is
real BKG geography, not synthetic input. The bundled VG250 land-area snapshot is dated 1 January 2026 and has reference scale 1:250,000. It was
converted from EPSG:25832 to longitude/latitude, without line simplification. Label positions are authored separately. Data: © BKG 2026 dl-de/
by-2-0, original data sources. See the retained source and modification notice and the dataset provenance. Each BKG example offers a script + data
ZIP so reproduction needs no network access.

Start with GMT modern sessions, coast, plot, text, grdmath, grdimage, colorbar and inset in the official GMT reference.

Chapters 16-20 extend ideas reviewed in the GMT capability atlas (commit 26039d49). The scripts here have their own inline synthetic inputs,
independent sessions, full parameter tables and stable tour IDs. Projection and inset ideas already covered in earlier chapters are retained there.
The atlas's x-derivative study is described here as a directional derivative, rather than steepest slope.
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https://www.bkg.bund.de
https://www.govdata.de/dl-de/by-2-0
https://www.govdata.de/dl-de/by-2-0
https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/coast.html
https://docs.generic-mapping-tools.org/6.7/plot.html
https://docs.generic-mapping-tools.org/6.7/text.html
https://docs.generic-mapping-tools.org/6.7/grdmath.html
https://docs.generic-mapping-tools.org/6.7/grdimage.html
https://docs.generic-mapping-tools.org/6.7/colorbar.html
https://docs.generic-mapping-tools.org/6.7/inset.html
https://codeberg.org/lukascbossert/root-capability-atlases/src/commit/26039d49fe2e6399552114160e7c7850fd6c4fb9/root-atlas-gmt.org

Smoother lines: choose the right control

The word smooth can refer to several independent choices. Start with the kind of problem visible in the figure, then compare one change at a time.

What looks rough? Control to inspect Complete example
Sparse shoreline geometry in a close-up coast -Di, -Dh or -Df GMT-09-003
Heavy pointed ends or joins PS_LINE_CAP and PS_LINE_JOIN GMT-10-003
An intentionally schematic route plot -W...+s or sampleld GMT-11-002
A blocky scalar grid Grid spacing, grdimage -E and image interpolation GMT-13-002
Angular extracted contours grdcontour -S GMT-13-006
Stair-steps in a PNG edge Qg/Qt anti-aliasing, H supersampling and E DPI GMT-14-003

More detailed geographic data, round stroke joins and a higher-quality PNG solve different problems. Rounding a stroke does not move its source
vertices. Fitting a spline can change the path between positions, and a smoothing spline can also miss the input positions. Use those curve-fitting
examples for the invented route shown here; do not treat the fitted curve as an observed coast, surveyed boundary or measured track. Natural
coastlines can be irregular even at full resolution.

The regular exports now use 200 dpi, H2 supersampling and explicit graphics/text anti-aliasing, with round caps and joins. The stroke and raster-
quality chapters deliberately override those settings for comparisons. The vector PDF preserves vector paths for coastline and line layers; a grid
image embedded in a PDF still has raster sampling. Use the full-size downloads to compare fine detail. In the grid comparisons, grdimage -E200
controls resampling of the map image; the E option supplied to gmt begin controls the final raster export. They act at different stages.

Further references: shoreline resolutions, stroke and frame settings, line plotting, interpolation and smoothing, grid resampling, contour smoothing

and raster conversion.
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https://docs.generic-mapping-tools.org/6.7/coast.html
https://docs.generic-mapping-tools.org/6.7/gmt.conf.html
https://docs.generic-mapping-tools.org/6.7/plot.html
https://docs.generic-mapping-tools.org/6.7/sample1d.html
https://docs.generic-mapping-tools.org/6.7/grdsample.html
https://docs.generic-mapping-tools.org/6.7/grdcontour.html
https://docs.generic-mapping-tools.org/6.7/psconvert.html

Your first map

GMT-01-001

Draw a geographic frame

Start here: -R gives west/east/south/north in degrees. -JM13c selects a Mercator map 13 cm wide; -Baf adds automatic annotations and ticks.
Longitude comes before latitude. A geographic frame is already a complete figure.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-01-001
mkdir -p figures 60°N

gmt begin figures/GMT-01-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R-12/32/30/60 -JM13c -Baf

gmt basemap -B+t"GMT-01-001"

gmt end 50N

40°N

30°N

T T T T T
10°W 0° 10°E 20°E 30°E

GMT-01-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-01-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-01-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-01-001 - 3 - gmt basemap - GMT reference

Argument(s)

-R-12/32/30/60

-JM13c

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-01-001 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-001 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

GMT-01-002

Add a coastline

Change: replace basemap with coast and add -Dh and -W0.4p. The high-resolution local GSHHG coastline outlines land; the region, Mercator

projection and frame stay the same. A pen width in points controls the line.

Compare with GMT-01-001 - Draw a geographic frame.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/30/60 -JM13c -Dh -We@.4p -Baf

gmt basemap -B+t"GMT-01-002"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

60°N

50°N 1

40°N

30°N

GMT-01-002

T T T T T
10°W 0° 10°E 20°E 30°E

GMT-01-002 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-01-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-01-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-01-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-12/32/30/60

-JM13c

-Dh

-W0. 4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-01-002 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-002 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-003

Distinguish land and water

Change: add -Ggray90 for land and -Slightblue for water. coast uses separate fills, so the map becomes easier to read without changing its

geometry. This map uses the locally installed coastline database.

Compare with GMT-01-002 - Add a coastline.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/30/60 -JM13c -Dh -Ggray90 -Slightblue -W@.4p -Baf

gmt basemap -B+t"GMT-01-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

60°N

50°N 1

40°N

30°N

GMT-01-003

T T T T T
10°W 0° 10°E 20°E 30°E

GMT-01-003 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-01-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-01-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-12/32/30/60

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Argument(s)

-B+tGMT-01-003

Argument(s)

(no arguments)

GMT-01-003 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-01-003 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-003 - 5 - gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-004

Choose annotation and tick intervals

Set longitude and latitude labels every 10 degrees and minor ticks every 5 degrees. Each axis has an explicit -B setting.

Compare with GMT-01-001 - Draw a geographic frame.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R-12/32/30/60 -JM13c -Bxal0f5 -Byalofs

gmt basemap -B+t"GMT-01-004"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-01-004 - Rendered by GMT

GMT - exit O

60°N

40°N 1

30°N

GMT-01-004

T
10°W

T
10°E

T
20°E

T
30°E
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Parameters explained - GMT-01-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-004 png,pdf

E200,H2,Qg4,Qt4

GMT-01-004 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-01-004 - 3 - gmt basemap - GMT reference

Argument(s)

-R-12/32/30/60

-JM13c

-Bxalof5s

-Byalof5

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Label the longitude (x) axis every 10 degrees. Add
ticks every 5 degrees (f).

Label the latitude (y) axis every 10 degrees. Add
ticks every 5 degrees (f).

GMT-01-004 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-004

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-004 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-005

Add a regular geographic grid

Append g10 on both axes to draw grid lines every 10 degrees while retaining the same labels and ticks.

Compare with GMT-01-004 - Choose annotation and tick intervals.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R-12/32/30/60 -JM13c -Bxal10f5g10 -Byal@f5glo

gmt basemap -B+t"GMT-01-005"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-01-005 - Rendered by GMT

GMT - exit O

60°N

40°N

30°N

GMT-01-005

10°W

10°E

T
20°E

30°E
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Parameters explained - GMT-01-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-005 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example Argument(s)

Start an independent modern session; the output
stem figures/GMT-01-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

figures/GMT-01-005 png,pdf -R-12/32/30/60

-IM13c
E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and -Bxa10f5g10
text anti-aliasing subsampling to 4.

E200,H2,Qg4,Qt4

-C Ignore user gmt.conf files and start from clean GMT
defaults. -Byalof5gie

GMT-01-005 - 2 - gmt set - GMT reference

Argument(s) Meaning in this example

GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic

layers use locally installed GSHHG files.

Argument(s)

-B+tGMT-01-005

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. Argument(s)

FONT_LABEL 10p Axis and decoration labels use 10-point type. (no arguments)

FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

GMT-01-005 - 3 - gmt basemap - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Label the longitude (x) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Label the latitude (y) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

GMT-01-005 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-005 - 5 - gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-006

Annotate only two sides

Keep the grid but use -BWSen to label only the west and south axes. Uppercase side letters request annotations; lowercase side letters keep the
frame and ticks.

Compare with GMT-01-005 - Add a regular geographic grid.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-01-006
mkdir -p figures 60°N

gmt begin figures/GMT-01-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R-12/32/30/60 -JM13c -Bxal0f5g10 -Byal0f5g10 -BWSen

gmt basemap -B+t"GMT-01-006"

gmt end So°N

40°N

30°N T T
10°W 0° 10°E 20°E 30°E

GMT-01-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-01-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-01-006 - 1 - gmt begin - GMT reference GMT-01-006 - 3 - gmt basemap - GMT reference

Argument(s) Meaning in this example Argument(s) Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;

figures/GMT-01-006 png,pdf Start an independent modern session; the output -R-12/32/30/60

stem figures/GMT-01-006 becomes an opaque PNG

E200,H2,Qg4,Qt4

GMT-01-006 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

-JM13c

-Bxal0f5g10

-Byalof5g1o

-BWSen

negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Label the longitude (x) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Label the latitude (y) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Annotate the west (W) and south (S) axes; draw
east (e) and north (n) edges with ticks but no
annotations.

GMT-01-006 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-006

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.

GMT-01-006 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-007

Use a fancy map border

Set MAP_FRAME_TYPE to fancy. Compare the alternating border with the plain frame around the same region.

Compare with GMT-01-006 - Annotate only two sides.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-007 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE fancy PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R-12/32/30/60 -JM13c -Bxal10f5g10 -Byal@f5g10 -BWSen

gmt basemap -B+t"GMT-01-007"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-01-007 - Rendered by GMT

GMT - exit O

60°N

40°N

30°N -

GMT-01-007

10°W

10°E

20°E

30°E
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Parameters explained - GMT-01-007

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-01-007 - 1 - gmt begin - GMT reference GMT-01-007 - 3 - gmt basemap - GMT reference

Argument(s) Meaning in this example Argument(s) Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;

figures/GMT-01-007 png,pdf Start an independent modern session; the output -R-12/32/30/60

stem figures/GMT-01-007 becomes an opaque PNG

E200,H2,Qg4,Qt4

GMT-01-007 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE fancy

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw the alternating fancy map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

-JM13c

-Bxal0f5g10

-Byalof5g1o

-BWSen

negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Label the longitude (x) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Label the latitude (y) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Annotate the west (W) and south (S) axes; draw
east (e) and north (n) edges with ticks but no
annotations.

GMT-01-007 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-007

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.

GMT-01-007 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-008

Style the graticule independently

Give the graticule a dashed gray pen while keeping the same geographic grid intervals. The grid pen is independent of the map frame and coastline
pen.

Compare with GMT-01-005 - Add a regular geographic grid.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-01-008
mkdir -p figures 60°N

gmt begin figures/GMT-01-008 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

gmt set MAP_GRID_PEN_PRIMARY 0.4p,gray60, -

gmt basemap -R-12/32/30/60 -JM13c -Bxal0f5g10 -Byal0f5g10

gmt basemap -B+t"GMT-01-008" SN
gmt end

40°N

30°N T T T T
10°W 0° 10°E 20°E 30°E

GMT-01-008 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-01-008

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-008 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-008 png,pdf

E200,H2,Qg4,Qt4

GMT-01-008 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-008 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-01-008 - 3 - gmt set - GMT reference

Argument(s)

MAP_GRID_PEN_PRIMARY 0.4p,gray60, -

Meaning in this example

Draw primary graticule lines with a 0.4-point gray60
stroke with a dashed pattern.

GMT-01-008 - 4 - gmt basemap - GMT reference

Argument(s)

-R-12/32/30/60

-JM13c

-Bxalof5g10

-Byalof5gio

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Label the longitude (x) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

Label the latitude (y) axis every 10 degrees. Add
ticks every 5 degrees (f). Add grid lines every 10
degrees (g).

GMT-01-008 - 5 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-008

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-01-008 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-01-009

Choose a smaller geographic extent

Change only -R to crop the empty frame to 0/20/35/55 degrees. The same 13 cm width now covers a smaller region. Chapter 15 combines this idea

with overview maps.

Compare with GMT-01-001 - Draw a geographic frame.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-01-009 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt basemap -R0/20/35/55 -JM13c -Baf

gmt basemap -B+t"GMT-01-009"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-01-009 - Rendered by GMT

GMT - exit O

40N

GMT-01-009
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Parameters explained - GMT-01-009

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-01-009 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-01-009 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-01-009 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.

GMT-01-009 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-01-009 - 3 - gmt basemap - GMT reference

Argument(s)

-R0/20/35/55

-JM13c

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
0/20/35/55 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-01-009 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-01-009

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-01-009 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Choose a projection

GMT-02-001

A rectangular world map

Use -Rg for the whole globe and -JQ0/13c for an equidistant cylindrical map centred on longitude zero. -B30g30 sets a 30-degree annotated
graticule. Distances and areas are not preserved everywhere; choose a projection for the purpose of a map.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-02-001
mkdir -p figures
gmt begin figures/GMT-02-001 png,pdf E200,H2,Qg4,Qt4 -C 90°N
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm L e 5 7~
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN 60°N - v = =
round ; £ 25,
gmt coast -Rg -JQ0/13c -D1 -Ggray90 -Slightblue -W0.3p -B30g30 : )
gnt basemap -B+t"GMT-02-001" 30°N N {5
gmt end w
0° ? :
30°S ——=
60°S -
—_— T =
Lt e
90°S

180° 150°W 120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E 180°

GMT-02-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-02-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-001 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JQ0/13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Equidistant cylindrical projection, central meridian 0
degrees, map width 13 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-001 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-001 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-002

Preserve area with Mollweide

Change only the projection to -JW0/13c. Mollweide is equal-area, so relative areas are preserved while shapes change. Compare the same coastline
and graticule with the rectangular world map.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-02-002
mkdir -p figures

gmt begin figures/GMT-02-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JWO/13c -D1 -Ggray9@ -Slightblue -W0.3p -B30g30

gmt basemap -B+t"GMT-02-002"

gmt end

GMT-02-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-02-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-002 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JWe/13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Mollweide equal-area projection, central meridian 0
degrees, map width 13 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-002 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-002 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-003

Look at a hemisphere

Change the projection to -JG15/40/13c: an orthographic view centred on 15 degrees east and 40 degrees north. The visible hemisphere looks like a
globe viewed from far away; features near the limb are foreshortened.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-02-003
mkdir -p figures

gmt begin figures/GMT-02-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JG15/40/13c -D1 -Ggray90 -Slightblue -W0.3p -B30g30

gmt basemap -B+t"GMT-02-003"

gmt end

GMT-02-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-02-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-003 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JG15/40/13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Orthographic globe view, centred at longitude 15,
latitude 40 degrees; map width 13 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-003 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-003

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-003 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-004

Compare the Robinson world projection

Use Robinson as a compromise world projection. Inspect its curved outer meridians and compare with the rectangular world map.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-02-004
mkdir -p figures

gmt begin figures/GMT-02-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JN@/13c -D1 -Ggray90 -Slightblue -W@.3p -B30g30

gmt basemap -B+t"GMT-02-004"

gmt end

NS
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GMT-02-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-02-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-004 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JNO/13c

-D1

-Ggray90
-Slightblue
-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Robinson projection, central meridian 0 degrees,
map width 13 cm. This compromise projection
preserves neither area nor angles exactly.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-004 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-004

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-004 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-005

Compare the Hammer equal-area world

Hammer preserves area and has a different graticule and oval outline from Mollweide. Projection choice changes how the same geography is
arranged.

Compare with GMT-02-002 - Preserve area with Mollweide.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-02-005
mkdir -p figures

gmt begin figures/GMT-02-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JHO/13c -D1 -Ggray9@ -Slightblue -W0.3p -B30g30

gmt basemap -B+t"GMT-02-005"

gmt end

GMT-02-005 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-02-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-005 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-005 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-005 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JHO/13c

-D1

-Ggray90
-Slightblue
-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Hammer equal-area projection, central meridian 0
degrees and map width 13 cm; compare its outline
with Mollweide.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-005 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-005

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-005 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-006

Limit a Mercator world map before the poles

Use Mercator over latitudes -70 to 70 degrees. Mercator cannot display the geographic poles at finite map height; inspect the enlarged high-latitude

shapes.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-02-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-180/180/-70/70 -JM13c -D1 -Ggray9@ -Slightblue -W0.3p -B30g30

gmt basemap -B+t"GMT-02-006"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output
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Parameters explained - GMT-02-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-006 png,pdf

E200,H2,Qg4,Qt4

GMT-02-006 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-006 - 3 - gmt coast - GMT reference

Argument(s)

-R-180/180/-70/70

-JM13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Meaning in this example

Geographic bounds west/east/south/north =
-180/180/-70/70 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-006 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-006

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-006 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-007

Re-centre the rectangular world on the Pacific

Move the central meridian from 0 to 150 degrees. The whole globe remains in view while the map cut moves away from the Pacific centre.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-02-007 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JQ150/13c -D1 -Ggray90 -Slightblue -W@.3p -B30g30

gmt basemap -B+t"GMT-02-007"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-02-007
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GMT-02-007 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-02-007

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-007 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-007 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-007 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-007 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-Rg

-JQ150/13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Argument(s)

-B+tGMT-02-007

Argument(s)

(no arguments)

GMT-02-007 - 3 - gmt coast - GMT reference

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Equidistant cylindrical projection, central meridian
150 degrees, map width 13 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-007 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-007 - 5 - gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-02-008

Choose another visible hemisphere

An orthographic view centred at 140 east and 35 north shows a different hemisphere. Compare the globe view centred on Europe and the
Mediterranean.

Compare with GMT-02-003 - Look at a hemisphere.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-02-008
mkdir -p figures

gmt begin figures/GMT-02-008 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -Rg -JG140/35/13c -D1 -Ggray90 -Slightblue -W0.3p -B30g30

gmt basemap -B+t"GMT-02-008"

gmt end

GMT-02-008 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-02-008

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-008 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-008 png,pdf

E200,H2,Qg4,Qt4

GMT-02-008 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-008 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-008 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JG140/35/13c

-D1

-Ggray90

-Slightblue

-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Orthographic globe view, centred at longitude 140,
latitude 35 degrees; map width 13 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-008 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-008

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-008 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

57


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/coast.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

GMT-02-009

Set a cylindrical standard parallel

Add latitude 30 as the standard parallel in -JQ0/30/13c. At the same physical width, the relative horizontal and vertical scales change.

Compare with GMT-02-001 - A rectangular world map.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-02-009
mkdir -p figures
gmt begin figures/GMT-02-009 png,pdf E200,H2,Qg4,Qt4 -C 90°N
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm 1 = 3-
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN 60°N 2 > ’ "M;
round é S 9’
gmt coast -Rg -JQ0/30/13c -D1 -Ggray90 -Slightblue -W0.3p -B30g30 L gz 3 i
gmt basemap -B+t"GMT-02-009" 30°N - : e
mt end . . .
0° : _ : i
A
; 9
30°S + ‘ }
60°S s
T T T o
L] =2
90°S

180° 150°W 120°W 90°W 60°W 30°W  0° 30°E 60°E 90°E 120°E 150°E 180°

GMT-02-009 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-02-009

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-02-009 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-02-009 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-02-009 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-02-009 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-02-009 - 3 - gmt coast - GMT reference

Argument(s)

-Rg

-JQ0/30/13c

-D1

-Ggray90
-Slightblue
-Wo.3p

-B30g30

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Equidistant cylindrical projection centred at
longitude 0, with standard parallel 30 degrees and
width 13 cm. The standard parallel changes the
horizontal scale relative to the vertical scale.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 30 degrees.

GMT-02-009 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-02-009

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-02-009 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Coastlines and geographic context

Higher detail has two controls: -Dh/-Df selects finer source geometry; -I selects which river classes are drawn. A thinner pen and a higher raster DPI change the
appearance, not the geographic data. Examples 007-010 compare these choices in Europe. -N1 draws national borders; -N2 only supplies state boundaries within
the Americas. European country selections can use DCW (-E), while the German Lander examples use the bundled BKG VG250 layer. DCW is independent of
GSHHG, so -D does not refine its country polygons.

GMT-03-001

Increase coastline detail

Use -Dh for high-resolution coastlines, rivers and borders, and narrow the view to the Mediterranean. Detail should suit the map scale. The tour
explicitly selects a local resolution so the result does not depend on automatic resolution choices.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-001
mkdir -p figures

gmt begin figures/GMT-03-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY
9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -We@.4p -Baf

gmt basemap -B+t"GMT-03-001"

gmt end

40°N

30°N T T
0° 10°E 20°E 30°E

GMT-03-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map

60



Parameters explained - GMT-03-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Argument(s)

-B+tGMT-03-001

Argument(s)

(no arguments)

GMT-03-001 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-03-001 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-001 - 5 - gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-002

Add geographic boundaries

Change: add -N1/0.35p,gray40 to draw national boundaries from the installed geographic database. The width and colour belong to the boundary
pen. These contextual boundaries follow that database, whose age and conventions matter for real research.

Compare with GMT-03-001 - Increase coastline detail.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-002
mkdir -p figures

gmt begin figures/GMT-03-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40
gmt basemap -B+t"GMT-03-002"

gmt end

40°N -

30°N T T T
0° 10°E 20°E 30°E

GMT-03-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-03-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

-N1/0.35p,gray40

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

Draw national boundaries (level 1) with a 0.35-point
gray40 stroke.

GMT-03-002 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-03-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-002 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-003

Add major rivers and lakes

Change: add -11/0.5p,royalblue for major rivers and -Clightblue for inland water. Rivers and shorelines are separate layers in GSHHG; no remote

relief or basemap tiles are used.

Compare with GMT-03-002 - Add geographic boundaries.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-03-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40
-11/0.5p,royalblue -Clightblue

gmt basemap -B+t"GMT-03-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-03-003

40°N -

30°N T

0°

GMT-03-003 - Rendered by GMT

GMT - exit O

10°E

20°E

30°E

65



Parameters explained - GMT-03-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

-N1/0.35p,gray40

-11/0.5p,royalblue

-Clightblue

Argument(s)

-B+tGMT-03-003

GMT-03-003 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

Draw national boundaries (level 1) with a 0.35-point
gray40 stroke.

Draw permanent major rivers (class 1) with a 0.5-
point royalblue stroke.

Fill lakes and river-lakes with lightblue.

GMT-03-003 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-003 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-004

Filter out small islands and lakes

Add -A1000 to omit polygons smaller than 1000 square kilometres. An area filter and the -Dh shoreline resolution control different aspects of the
map.

Compare with GMT-03-001 - Increase coastline detail.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-004
mkdir -p figures

gmt begin figures/GMT-03-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -A1000 -Ggray90 -Slightblue -W0.4p -Baf

gmt basemap -B+t"GMT-03-004"

gmt end
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GMT-03-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-A1000

-Ggray90

-Slightblue

-W0. 4p

-Baf

Argument(s)

-B+tGMT-03-004

GMT-03-004 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

For coast, omit GSHHG polygons smaller than 1000
square kilometres. This area filter removes small
features independently of shoreline resolution.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-03-004 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-004 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-005

Show US state boundaries

Select the contiguous-US region and draw both national boundaries and state boundaries. The second -N option assigns a separate blue pen to level

2.

Compare with GMT-03-002 - Add geographic boundaries.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-03-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-125/-66/24/50 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
-N1/0.35p,gray4@ -N2/0.25p,royalblue

gmt basemap -B+t"GMT-03-005"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-03-005

50°N
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GMT-03-005 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-03-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-005 png,pdf

E200,H2,Qg4,Qt4

GMT-03-005 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-125/-66/24/50

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

-N1/0.35p,gray40

-N2/0.25p, royalblue

Argument(s)

-B+tGMT-03-005

GMT-03-005 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-125/-66/24/50 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

Draw national boundaries (level 1) with a 0.35-point
gray40 stroke.

Draw state boundaries within the Americas (level 2)
with a 0.25-point royalblue pen. The US region
makes this level visible.

GMT-03-005 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-005 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-006

Include all permanent river classes

Change the river selector from class 1 to r, the group of permanent rivers including river-lakes. Keep the same pen, lake fill and geographic extent.

Compare with GMT-03-003 - Add major rivers and lakes.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-006
mkdir -p figures
gmt begin figures/GMT-03-006 png,pdf E200,H2,Qg4,Qt4 -C B {\ SRS G S k

. , T ]
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm A fzﬁ% S i ."
Sy S ‘ L
R % )' R

FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN ‘
vﬁ’ a3
RS o

? )
round f( A ‘;
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40 / . -

3,

gmt basemap -B+t"GMT-03-006"
gmt end

¥ 2
A &
-Ir/0.5p,royalblue -Clightblue Q\&‘é
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GMT-03-006 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-006 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

-N1/0.35p,gray40

-Ir/0.5p,royalblue

-Clightblue

Argument(s)

-B+tGMT-03-006

GMT-03-006 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

Draw national boundaries (level 1) with a 0.35-point
gray40 stroke.

Draw all permanent river classes 0 to 4, including
river-lakes, with a 0.5-point royalblue pen.

Fill lakes and river-lakes with lightblue.

GMT-03-006 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-006 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-007

Draw European country borders in high detail

A Lambert conformal conic view shows European countries using high-resolution GSHHG/WDBII geography. National borders (-N1), shorelines (-W)
and lake fill (-C) are separate controls. This is the baseline for the full-resolution comparison.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-007
mkdir -p figures

gmt begin figures/GMT-03-007 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/35/62 -JL10/50/40/60/13c -Dh -Ggray95 -Saliceblue -Clightblue
-W0.25p,gray45 -N1/0.5p,gray25 -Bxal0gl1@ -Bya5g5

gmt basemap -B+t"GMT-03-007"

gmt end

3590

GMT-03-007 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-007

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-007 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-007 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R-12/32/35/62
stem figures/GMT-03-007 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).

-JL10/50/40/60/13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and

text anti-aliasing subsampling to 4. -Dh

Ignore user gmt.conf files and start from clean GMT

GMT-03-007 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

defaults.
-Ggray95
-Saliceblue
Meaning in this example
-Clightblue

Disable automatic data downloads. These examples
use installed GSHHG/DCW and, where declared,
bundled BKG input files.

-W0.25p,gray45

-N1/0.5p,gray25

Use a plain map frame rather than the default fancy

alternating border.
-Bxa10g10

Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.
-Bya5g5

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.

The map title uses 11-point type.

Argument(s)
Use semicircular line ends.

-B+tGMT-03-007

Round the joins between stroke segments.

GMT-03-007 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/35/62 degrees. Negative longitude is west;
negative latitude is south.

Lambert conformal conic: central longitude 10,
latitude of origin 50, standard parallels 40 and 60
degrees; width 13 cm.

Select high-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.25-point gray45 stroke.

Draw national boundaries (level 1) with a 0.5-point
gray25 stroke.

On the longitude (x) axis, label every 10 degrees;
draw grid lines every 10 degrees (g).

On the latitude (y) axis, label every 5 degrees; draw
grid lines every 5 degrees (g).

GMT-03-007 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-007 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-008

Use full-resolution European boundaries

Change only -Dh to -Df in the same European view. Border and coastline paths contain more source vertices; their pen widths and the PNG export
settings stay fixed. This demonstrates geometry detail independently of raster quality.

Compare with GMT-03-007 - Draw European country borders in high detail.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-008
mkdir -p figures

gmt begin figures/GMT-03-008 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/35/62 -JL10/50/40/60/13c -Df -Ggray95 -Saliceblue -Clightblue
-W0.25p,gray45 -N1/0.5p,gray25 -Bxal0gl10 -Bya5g5h

gmt basemap -B+t"GMT-03-008"

gmt end

10°E

GMT-03-008 - Rendered by GMT
GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-008

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-008 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-008 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R-12/32/35/62
stem figures/GMT-03-008 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).

-JL10/50/40/60/13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and

text anti-aliasing subsampling to 4. -Df

Ignore user gmt.conf files and start from clean GMT

GMT-03-008 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

defaults.
-Ggray95
-Saliceblue
Meaning in this example
-Clightblue

Disable automatic data downloads. These examples
use installed GSHHG/DCW and, where declared,
bundled BKG input files.

-W0.25p,gray45

-N1/0.5p,gray25

Use a plain map frame rather than the default fancy

alternating border.
-Bxa10g10

Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.
-Bya5g5

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.

The map title uses 11-point type.

Argument(s)
Use semicircular line ends.

-B+tGMT-03-008

Round the joins between stroke segments.

GMT-03-008 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/35/62 degrees. Negative longitude is west;
negative latitude is south.

Lambert conformal conic: central longitude 10,
latitude of origin 50, standard parallels 40 and 60
degrees; width 13 cm.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.25-point gray45 stroke.

Draw national boundaries (level 1) with a 0.5-point
gray25 stroke.

On the longitude (x) axis, label every 10 degrees;
draw grid lines every 10 degrees (g).

On the latitude (y) axis, label every 5 degrees; draw
grid lines every 5 degrees (g).

GMT-03-008 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-03-008 - 5 - gmt end : GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-009

Give major and minor rivers separate pens

A closer central-European view draws river classes 1-4 at full resolution. Major channels have a stronger pen and smaller rivers a thinner pen.
Adding classes increases the number of waterways; -Df separately increases their available geometric detail.

Compare with GMT-03-008 - Use full-resolution European boundaries.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-009
mkdir -p figures

gmt begin figures/GMT-03-009 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R4/16/47/55 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W@.2p,gray45
-N1/0.5p,gray30 -I11/0.55p,royalblue -12/0.35p,royalblue -13/0.22p,steelblue
-14/0.12p,steelblue -Bxa2f1 -Bya2f1

gmt basemap -B+t"GMT-03-009"

gmt end

ne 6°F 8°E 10°E 12°E 14°E 16°E

GMT-03-009 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-03-009

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.
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GMT-03-009 - 1 - gmt begin * GMT reference

Argument(s)

figures/GMT-03-009 png,pdf

E200,H2,Qg4,Qt4

GMT-03-009 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

GMT-03-009 - 3 - gmt coast

Meaning in this example Argument(s)

Start an independent modern session; the output -R4/16/47/55
stem figures/GMT-03-009 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-JM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Df
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.
-Ggray95

-Saliceblue

Meaning in this example “Clightblue

Disable automatic data downloads. These examples ~W6.2p,gray45

use installed GSHHG/DCW and, where declared,

bundled BKG input files. N1/0.5p,gray30

Use a plain map frame rather than the default fancy

. -11/0.55p, royalblue
alternating border. p.roy

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type. -12/0.35p, royalblue
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

-13/0.22p,steelblue
Use semicircular line ends.

Round the joins between stroke segments.

-14/0.12p,steelblue

-Bxa2f1

* GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
4/16/47/55 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.2-point gray45 stroke.

Draw national boundaries (level 1) with a 0.5-point
gray30 stroke.

Draw permanent major rivers (class 1) with a 0.55-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional major rivers (class 2) with a 0.35-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional rivers (class 3) with a 0.22-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.

Draw minor rivers (class 4) with a 0.12-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.

On the longitude (x) axis, label every 2 degrees;
draw ticks every 1 degrees (f).
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Argument(s) Meaning in this example
-Bya2f1 On the latitude (y) axis, label every 2 degrees; draw
ticks every 1 degrees (f).

GMT-03-009 - 4 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-03-009 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-009 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-010

Add canals without thickening the river network

Keep the preceding river hierarchy and add canal classes 8-10 with a thin dashed teal pen. Lake and river-lake areas retain a light-blue fill. The
layers come from the installed WDBII/GSHHG snapshot.

Compare with GMT-03-009 - Give major and minor rivers separate pens.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-03-010
mkdir -p figures

gmt begin figures/GMT-03-010 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R4/16/47/55 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W@.2p,gray45
-N1/0.5p,gray30 -I11/0.55p,royalblue -12/0.35p,royalblue -13/0.22p,steelblue
-14/0.12p,steelblue -1c/0.18p,0/128/128,- -Bxa2f1 -Bya2f1

gmt basemap -B+t"GMT-03-010"

gmt end

ne 6°F 8°E 10°E 12°E 14°E 16°E

GMT-03-010 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map




Parameters explained - GMT-03-010

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.
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GMT-03-010 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-010 png,pdf

E200,H2,Qg4,Qt4

GMT-03-010 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

GMT-03-010 - 3 - gmt coast

Meaning in this example Argument(s)

Start an independent modern session; the output -R4/16/47/55
stem figures/GMT-03-010 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-JM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Df
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.
-Ggray95

-Saliceblue

Meaning in this example “Clightblue

Disable automatic data downloads. These examples ~W6.2p,gray45

use installed GSHHG/DCW and, where declared,

bundled BKG input files. N1/0.5p,gray30

Use a plain map frame rather than the default fancy

. -11/0.55p, royalblue
alternating border. p.roy

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type. -12/0.35p, royalblue
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

-13/0.22p,steelblue
Use semicircular line ends.

Round the joins between stroke segments.

-14/0.12p,steelblue

* GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
4/16/47/55 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.2-point gray45 stroke.

Draw national boundaries (level 1) with a 0.5-point
gray30 stroke.

Draw permanent major rivers (class 1) with a 0.55-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional major rivers (class 2) with a 0.35-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional rivers (class 3) with a 0.22-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.

Draw minor rivers (class 4) with a 0.12-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.
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Argument(s)

-1c/0.18p,0/128/128, -

-Bxa2f1

-Bya2f1

Meaning in this example

Draw canals (classes 8-10) with a 0.18-point
0/128/128 stroke with a dashed pattern. Higher
class numbers add different features; -Df supplies
finer geometry for the selected classes.

On the longitude (x) axis, label every 2 degrees;
draw ticks every 1 degrees (f).

On the latitude (y) axis, label every 2 degrees; draw
ticks every 1 degrees (f).

GMT-03-010 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-03-010

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-010 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-011

Select European countries by their codes

Use DCW country polygons to outline Germany and eight neighbours by ISO country code. Here state means a country. -D does not refine DCW: it
is independent of the GSHHG/WDBII layers. For German federal states, use the BKG examples below.

Compare with GMT-03-007 - Draw European country borders in high detail.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-03-011
mkdir -p figures SN ] ;
’ ° . 5 g
gmt begin figures/GMT-03-011 png,pdf E200,H2,Qg4,Qt4 -C ) H/‘;w%k ! o }” (} N
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm (§£¢1\ L LN P 7

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN 56N
round \
gmt coast -R-2/24/44/58 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W@.25p,gray45

-Bxab5g5 -Bya2g2

gmt coast -EDE,FR,BE,NL,LU,CH,AT,CZ,PL+p@.7p,purple

gmt basemap -B+t"GMT-03-011" 52°N
gmt end

54°N

50°N

48°N

46°N I\ : ‘\g:vwm 7
F ) TN

44°N ~
0° 5°E 10°E 15°E 20°E

GMT-03-011 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-03-011

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-011 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example

Start an independent modern session; the output
stem figures/GMT-03-011 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

figures/GMT-03-011 png,pdf

E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

-C Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-03-011 - 2 - gmt set - GMT reference

Argument(s) Meaning in this example

Disable automatic data downloads. These examples
use installed GSHHG/DCW and, where declared,
bundled BKG input files.

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy

alternating border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

GMT-03-011 - 3 - gmt coast

Argument(s)

-R-2/24/44/58

-JM13c

-Df

-Ggray95
-Saliceblue
-Clightblue
-W0.25p,gray45

-Bxabgh

-Bya2g2

GMT-03-011 - 4 - gmt coast

Argument(s)

-EDE, FR,BE,NL,LU,CH,AT,CZ,PL+p@.7p, pu
rple

= GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-2/24/44/58 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.25-point gray45 stroke.

On the longitude (x) axis, label every 5 degrees;
draw grid lines every 5 degrees (g).

On the latitude (y) axis, label every 2 degrees; draw
grid lines every 2 degrees (g).

* GMT reference

Meaning in this example

Select DCW country outlines for DE Germany, FR
France, BE Belgium, NL Netherlands, LU
Luxembourg, CH Switzerland, AT Austria, CZ Czechia
and PL Poland. +p draws 0.7-point purple outlines.
DCW is a separate country-polygon dataset; -D does
not refine its vertices.
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GMT-03-011 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-03-011 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-011 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-012

Draw Germany and its sixteen federal states

Draw the actual outlines of all 16 German Lander from the bundled official BKG VG250 land-area layer dated 1 January 2026. The linework retains
the source vertices after coordinate conversion. GMT -N2 covers the Americas, so it cannot supply this layer. Unpack the script + data ZIP to
reproduce the figure offline.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GNT-03:012
mkdir -p figures

gmt begin figures/GMT-03-012 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

[[ -s examples/data/germany-laender.gmt 1] || { printf "%s\n" "Missing local data;
unpack the script + data ZIP first." >&2; exit 1; }

gmt coast -R5/16/47/56 -JL10/51/47/55/13c -Df -Ggray95 -Saliceblue -Clightblue
-W0.2p,gray60 -Bxa2f1 -Bya2fl

gmt plot examples/data/germany-laender.gmt -W0.55p,navy

printf '5.3 47.15 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text
-F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c

gmt basemap -B+t"GMT-03-012"

gmt end

GMT-03-012 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map - Script + data ZIP

Unpack the script + data ZIP and run from its folder. Local inputs: germany-laender.gmt.

Data: © BKG 2026 dl-de/by-2-0. VG250, 1 January 2026. Changes: land areas selected, coordinates converted, rings exported without simplification. Source and changes.
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Parameters explained - GMT-03-012

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-012 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-012 png,pdf

E200,H2,Qg4,Qt4

GMT-03-012 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example Argument(s)

Start an independent modern session; the output -R5/16/47/56
stem figures/GMT-03-012 becomes an opaque PNG

and a PDF (vector linework, embedded rasters

where used).

-JL10/51/47/55/13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and

text anti-aliasing subsampling to 4. -Df

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults.
-Ggray95
-Saliceblue
Meaning in this example
-Clightblue

Disable automatic data downloads. These examples
use installed GSHHG/DCW and, where declared, ~W6.2p, gray6e

bundled BKG input files.
-Bxa2f1

Use a plain map frame rather than the default fancy

alternating border.
-Bya2f1

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-03-012 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
5/16/47/56 degrees. Negative longitude is west;
negative latitude is south.

Lambert conformal conic: central longitude 10,
latitude of origin 51, standard parallels 47 and 55
degrees; width 13 cm.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.2-point gray60 stroke.

On the longitude (x) axis, label every 2 degrees;
draw ticks every 1 degrees (f).

On the latitude (y) axis, label every 2 degrees; draw
ticks every 1 degrees (f).
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GMT-03-012 - 4 - gmt plot
Argument(s)

examples/data/germany-laender.gmt

-W0.55p, navy

GMT-03-012 - 5 - gmt text

Argument(s)

-F+f6p,Helvetica,gray30+jBL

-Gwhite

-C0.04c

* GMT reference

Meaning in this example

Read the bundled BKG VG250 land-area rings for all
16 German Lander (GF=4, 1 January 2026). Each >
header starts a ring; coordinates are longitude/
latitude after conversion from EPSG:25832. No line
smoothing or simplification was applied. Read
longitude and latitude from the preceding printf
pipeline.

Draw 0.55-point navy stroke.

= GMT reference

Meaning in this example

Use 6-point Helvetica in dark gray and bottom-left
justification for the visible BKG source and
modification credit. Text comes from the preceding
printf pipeline.

Put an opaque white background behind each label
or source credit so underlying map lines remain
legible.

Leave 0.04 cm clearance between text and its white
background box.

GMT-03-012 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-03-012

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-012 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-013

Label the German Lander with their state codes

Keep the same federal-state geometry and add the official two-letter LKZ abbreviations. Label anchors are authored for legibility and do not
represent measured locations. The bundled data README expands every abbreviation. City states remain visible without long overlapping names.

Compare with GMT-03-012 - Draw Germany and its sixteen federal states.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GuT03-013
mkdir -p figures

gmt begin figures/GMT-03-013 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

[[ -s examples/data/germany-laender.gmt 1] || { printf "%s\n" "Missing local data;
unpack the script + data ZIP first." >&2; exit 1; }

gmt coast -R5/16/47/56 -JL10/51/47/55/13c -Df -Ggray95 -Saliceblue -Clightblue
-W0.2p,gray60 -Bxa2f1 -Bya2f1

gmt plot examples/data/germany-laender.gmt -W@.55p,navy

gmt text examples/data/germany-labels.txt -F+f8p,Helvetica-Bold,navy+jCM -Gwhite
-C0.04c

printf '5.3 47.15 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text
-F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c

gmt basemap -B+t"GMT-03-013"

gmt end

GMT-03-013 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map - Script + data ZIP

Unpack the script + data ZIP and run from its folder. Local inputs: germany-laender.gmt - germany-labels.txt.
Data: © BKG 2026 dl-de/by-2-0. VG250, 1 January 2026. Changes: land areas selected, coordinates converted, rings exported without simplification. Source and changes.
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Parameters explained - GMT-03-013

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-03-013 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-013 png,pdf

E200,H2,Qg4,Qt4

GMT-03-013 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example Argument(s)

Start an independent modern session; the output -R5/16/47/56
stem figures/GMT-03-013 becomes an opaque PNG

and a PDF (vector linework, embedded rasters

where used).

-JL10/51/47/55/13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and

text anti-aliasing subsampling to 4. -Df

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults.
-Ggray95
-Saliceblue
Meaning in this example
-Clightblue

Disable automatic data downloads. These examples
use installed GSHHG/DCW and, where declared, ~W6.2p, gray6e

bundled BKG input files.
-Bxa2f1

Use a plain map frame rather than the default fancy

alternating border.
-Bya2f1

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-03-013 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
5/16/47/56 degrees. Negative longitude is west;
negative latitude is south.

Lambert conformal conic: central longitude 10,
latitude of origin 51, standard parallels 47 and 55
degrees; width 13 cm.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.2-point gray60 stroke.

On the longitude (x) axis, label every 2 degrees;
draw ticks every 1 degrees (f).

On the latitude (y) axis, label every 2 degrees; draw
ticks every 1 degrees (f).
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GMT-03-013 - 4 - gmt plot
Argument(s)

examples/data/germany-laender.gmt

-W0.55p, navy

GMT-03-013 - 5 - gmt text

Argument(s)

examples/data/germany-labels. txt

-F+f8p,Helvetica-Bold, navy+jCM

-Gwhite

-C0.04c

* GMT reference

Meaning in this example

Read the bundled BKG VG250 land-area rings for all
16 German Lander (GF=4, 1 January 2026). Each >
header starts a ring; coordinates are longitude/
latitude after conversion from EPSG:25832. No line
smoothing or simplification was applied. Read
longitude and latitude from the preceding printf
pipeline.

Draw 0.55-point navy stroke.

= GMT reference

Meaning in this example

Read authored longitude/latitude label anchors and
the official two-letter LKZ state abbreviations. These
are label placements, not measured station
positions; the data README gives the full names.

Use 8-point bold Helvetica in navy; centre each two-
letter state label on its anchor (+jCM).

Put an opaque white background behind each label
or source credit so underlying map lines remain
legible.

Leave 0.04 cm clearance between text and its white
background box.

GMT-03-013 - 6 - gmt text

Argument(s)

-F+f6p,Helvetica,gray30+jBL

-Gwhite

-C0.04c

* GMT reference

Meaning in this example

Use 6-point Helvetica in dark gray and bottom-left
justification for the visible BKG source and
modification credit. Text comes from the preceding
printf pipeline.

Put an opaque white background behind each label
or source credit so underlying map lines remain
legible.

Leave 0.04 cm clearance between text and its white
background box.

GMT-03-013 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-03-013

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-03-013 - 8 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-03-014

Inspect North Rhine-Westphalia beside its rivers

Zoom to North Rhine-Westphalia and outline it in orange against neighbouring German states. Full-resolution WDBII river classes show the available
waterway network. The BKG state geometry and the GSHHG/WDBII hydrology are separate datasets; their generalisation and reference dates differ.
The BKG line is not replaced by a fitted spline.

Compare with GMT-03-012 - Draw Germany and its sixteen federal states.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMIT-03-014
mkdir -p figures

gmt begin figures/GMT-03-014 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round 52°00'N {
[[ -s examples/data/germany-laender.gmt 1] || { printf "%s\n" "Missing local data;
unpack the script + data ZIP first." >&2; exit 1; }

[[ -s examples/data/nrw.gmt 1] || { printf "%s\n" "Missing local data; unpack the 51°30N
script + data ZIP first." >&2; exit 1; }

gmt coast -R5.6/9.5/50.2/52.6 -JM13c -Df -Ggray95 -Saliceblue -Clightblue
-W0.2p,gray60 -11/0.55p,royalblue -I12/0.35p,royalblue -I13/0.22p,steelblue 51500
-14/0.12p,steelblue -Bxal1f0.5 -Bya0.5f0.1

gmt plot examples/data/germany-laender.gmt -W@.3p,gray50

gmt plot examples/data/nrw.gmt -W@.8p,darkorange

printf '5.67 50.24 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text
-F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c

gmt basemap -B+t"GMT-03-014"

gmt end GMT-03-014 - Rendered by GMT

52°30'N

50°30'N 1

6°E 7E 8°E 9°E

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map - Script + data ZIP

Unpack the script + data ZIP and run from its folder. Local inputs: germany-laender.gmt - nrw.gmt.
Data: © BKG 2026 dl-de/by-2-0. VG250, 1 January 2026. Changes: land areas selected, coordinates converted, rings exported without simplification. Source and changes.
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Parameters explained - GMT-03-014

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.
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GMT-03-014 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-03-014 png,pdf

E200,H2,Qg4,Qt4

GMT-03-014 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

GMT-03-014 - 3 - gmt coast

Meaning in this example Argument(s)

Start an independent modern session; the output -R5.6/9.5/50.2/52.6
stem figures/GMT-03-014 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-JM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Df
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.
-Ggray95

-Saliceblue

Meaning in this example “Clightblue

Disable automatic data downloads. These examples ~W6.2p, gray6e

use installed GSHHG/DCW and, where declared,

-11/0.55p, 1bl
bundled BKG input files. P royathiue

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit, -12/@.35p, royalblue

including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type. -13/0.22p,steelblue
The map title uses 11-point type.

Use semicircular line ends.

L -14/0.12p,steelblue
Round the joins between stroke segments.

-Bxalf0.5

-Bya0.5f0.1

* GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
5.6/9.5/50.2/52.6 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution shorelines and the associated
river/border geometry from the installed GSHHG/
WDBII files. This changes the source vertices, not
PNG DPI; no lower-resolution fallback is requested.

Fill land areas with gray95.

Fill water areas with aliceblue.

Fill lakes and river-lakes with lightblue.
Draw 0.2-point gray60 stroke.

Draw permanent major rivers (class 1) with a 0.55-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional major rivers (class 2) with a 0.35-
point royalblue stroke. Higher class numbers add
different features; -Df supplies finer geometry for
the selected classes.

Draw additional rivers (class 3) with a 0.22-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.

Draw minor rivers (class 4) with a 0.12-point
steelblue stroke. Higher class numbers add different
features; -Df supplies finer geometry for the
selected classes.

On the longitude (x) axis, label every 1 degrees;
draw ticks every 0.5 degrees (f).

On the latitude (y) axis, label every 0.5 degrees;
draw ticks every 0.1 degrees (f).
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GMT-03-014 - 4 - gmt plot + GMT reference GMT-03-014 - 7 - gmt basemap - GMT reference

Argument(s) Meaning in this example Argument(s) Meaning in this example
examples/data/germany-laender.gmt Read the bundled BKG VG250 land-area rings for all -B+tGMT-03-014 Add the stable example ID as the map title, reusing
16 German Lander (GF=4, 1 January 2026). Each > the current region and projection.

header starts a ring; coordinates are longitude/
latitude after conversion from EPSG:25832. No line
smoothing or simplification was applied. Read
longitude and latitude from the preceding printf

GMT-03-014 - 8 - gmt end - GMT reference

pipeline. Argument(s) Meaning in this example
-Wo. 3p,gray50 Draw 0.3-point gray50 stroke. (no arguments) End the modern session and wrlte.both requ_ested
figure formats; omitting show avoids launching a
viewer.

GMT-03-014 - 5 - gmt plot : GMT reference

Argument(s) Meaning in this example

examples/data/nrw.gmt Read the bundled BKG land-area rings for
Nordrhein-Westfalen only (SN_L=05); geometry was
converted to longitude/latitude without
simplification. Read longitude and latitude from the
preceding printf pipeline.

-W0.8p,darkorange Draw 0.8-point darkorange stroke.

GMT-03-014 - 6 - gmt text - GMT reference

Argument(s) Meaning in this example

-F+f6p,Helvetica, gray30+jBL Use 6-point Helvetica in dark gray and bottom-left
justification for the visible BKG source and
modification credit. Text comes from the preceding
printf pipeline.

-Gwhite Put an opaque white background behind each label
or source credit so underlying map lines remain
legible.

-C0.04c Leave 0.04 cm clearance between text and its white

background box.
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Put points on a map

GMT-04-001

Plot longitude and latitude

The local table contains three illustrative stations. plot reads the first two columns as longitude and latitude; -i0,1 selects them explicitly. -Sc0.24c
draws equal-sized circles, -G fills them and -W outlines them. The stations are teaching data, not observations.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-001
mkdir -p figures

gmt begin figures/GMT-04-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -Sc@.24c -Gdarkorange -W@.5p,white

gmt basemap -B+t"GMT-04-001"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-04-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-04-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-04-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-04-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-04-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-04-001 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-04-001 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.24c
-Gdarkorange

-Wo.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-04-001 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-04-001 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-001 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-002

Change the point symbol

Change -Sc0.24c to -St0.3c for triangles. The same coordinates and colours let you see the effect of the symbol choice. A letter following -S selects
a symbol; the following size is a physical drawing size.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-002
mkdir -p figures

gmt begin figures/GMT-04-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -St0.3c -Gdarkorange -W0@.5p,white

gmt basemap -B+t"GMT-04-002"

gmt end

40°N -

30°N T T T
0° 10°E 20°E 30°E

GMT-04-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-04-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-04-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R-8/30/30/48
stem figures/GMT-04-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

GMT-04-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

defaults. -Ggray90
-Slightblue
-Wo. 4p

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-04-002 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-04-002 - 4 - gmt plot : GMT reference

Argument(s)

sites.txt

-i0,1

-St0.3c

-Gdarkorange

-W0.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.

plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw triangles with circumscribed-circle diameter
0.3 cm.

Fill the symbols with darkorange.

Draw 0.5-point white stroke.

GMT-04-002 - 5 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-04-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-002 - 6 - gmt end * GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested

figure formats; omitting show avoids launching a
viewer.
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GMT-04-003

Read symbol sizes from a column

Change: supply a third numeric column and omit the fixed circle size after -Sc. Those values are symbol diameters in centimetres because this
script explicitly sets PROJ_LENGTH_UNIT to cm. This example demonstrates size encoding without implying that circle area is proportional to a
measurement.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-003
mkdir -p figures

gmt begin figures/GMT-04-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round
cat > sizes.txt <<'DATA'
12 42 0.2
15 39 0.4
22 38 0.6 40°N 4
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W@.4p -Baf
gmt plot sizes.txt -Sc -Gdarkorange -W@.5p,white
gmt basemap -B+t"GMT-04-003"
gmt end
30°N T

0° 10°E 20°E 30°E

GMT-04-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-04-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-04-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-04-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-04-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-04-003 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-04-003 - 4 - gmt plot : GMT reference

Argument(s)

sizes.txt

-Sc

-Gdarkorange

-W0.5p,white

Meaning in this example

Read longitude, latitude and circle diameter (0.2,
0.4, 0.6 cm). These are diameters, not area-
proportional values.

Draw circles; read their diameters from column 3 in
cm, because PROJ_LENGTH_UNIT is cm.

Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-04-003 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-04-003 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-003 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-004

Use square point symbols

Change the symbol to squares with a circumscribing-circle diameter of 0.3 cm. The coordinates, fill and outline remain the same.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-004
mkdir -p figures

gmt begin figures/GMT-04-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i0,1 -Ss0@.3c -Gdarkorange -W0.5p,white

gmt basemap -B+t"GMT-04-004"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-04-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map

113



Parameters explained - GMT-04-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-04-004 - 1 - gmt begin - GMT reference GMT-04-004 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-04-004 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-04-004 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90 Fill land areas with gray90.
-Slightblue Fill water areas with lightblue.
GMT-04-004 - 2 - gmt set - GMT reference )
-Wo. 4p Draw 0.4-point black (the default) stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

114


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/coast.html

GMT-04-004 - 4 - gmt plot + GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-i0,1 Read zero-based columns 0 and 1 as longitude and

latitude; ignore the trailing site name.

-Ss0.3c Draw squares whose circumscribing-circle diameter
is 0.3 cm.

-Gdarkorange Fill the symbols with darkorange.

-Wo.5p,white Draw 0.5-point white stroke.

GMT-04-004 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-04-004 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-004 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-005

Use diamond point symbols

Use diamonds to distinguish a category. The 0.3 cm size describes the circumscribing circle, not the diamond side length.

Compare with GMT-04-004 - Use square point symbols.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-005
mkdir -p figures

gmt begin figures/GMT-04-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i0,1 -Sd@.3c -Gdarkorange -W0.5p,white

gmt basemap -B+t"GMT-04-005"

gmt end
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GMT-04-005 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-04-005 - 1 - gmt begin - GMT reference GMT-04-005 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-04-005 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-04-005 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90 Fill land areas with gray90.
-Slightblue Fill water areas with lightblue.
GMT-04-005 - 2 - gmt set - GMT reference )
-Wo. 4p Draw 0.4-point black (the default) stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-04-005 - 4 - gmt plot : GMT reference

Argument(s)

sites.txt

-i0,1

-Sdo.3c

-Gdarkorange

-W0.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.

plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw diamonds whose circumscribing-circle
diameter is 0.3 cm.

Fill the symbols with darkorange.

Draw 0.5-point white stroke.

GMT-04-005 - 5 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-04-005

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.

GMT-04-005 - 6 - gmt end -+ GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-006

Draw hollow station symbols

Omit the fill and draw a heavier navy outline. The coastline remains visible through the circle interiors.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-006
mkdir -p figures

gmt begin figures/GMT-04-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -Sc@.24c -W0.8p,navy

gmt basemap -B+t"GMT-04-006"

gmt end
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GMT-04-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-04-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-04-006 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-04-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-04-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-04-006 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-04-006 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.24c

-W0.8p,navy

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.

Draw 0.8-point navy stroke.
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GMT-04-006 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-04-006 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-006 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-007

Increase a fixed circle diameter

Change the fixed circle diameter from 0.24 to 0.45 cm. All three synthetic stations retain equal size.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-007
mkdir -p figures

gmt begin figures/GMT-04-007 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -Sc@.45c -Gdarkorange -W0.5p,white

gmt basemap -B+t"GMT-04-007"

gmt end
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GMT-04-007 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-007

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-04-007 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-04-007 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-04-007 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-04-007 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-04-007 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-04-007 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.45¢
-Gdarkorange

-Wo.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.45 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-04-007 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-04-007 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-007 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-008

Make a symbol fill translucent

Use 55 percent transparency for the larger orange circles. Their white outlines remain opaque.

Compare with GMT-04-007 - Increase a fixed circle diameter.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-04-008
mkdir -p figures

gmt begin figures/GMT-04-008 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i0,1 -Sc@.45c -Gdarkorange@55 -W@.5p,white

gmt basemap -B+t"GMT-04-008"

gmt end
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GMT-04-008 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-04-008

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-04-008 - 1 - gmt begin - GMT reference GMT-04-008 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-04-008 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-04-008 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90 Fill land areas with gray90.
-Slightblue Fill water areas with lightblue.
GMT-04-008 - 2 - gmt set - GMT reference )
-Wo. 4p Draw 0.4-point black (the default) stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-04-008 - 4 - gmt plot

Argument(s)

sites.txt

-i0,1

-Sc0.45c¢c

-Gdarkorange@55

-W0.5p,white

* GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.45 cm.

Fill symbols with darkorange at 55 percent
transparency (0 is opaque; 100 is invisible).

Draw 0.5-point white stroke.

GMT-04-008 - 5 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-04-008

GMT-04-008 - 6 - gmt end

Argument(s)

(no arguments)

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-04-009

Distinguish two groups and explain them

Plot two synthetic groups with separate symbol styles and collect their labels in an automatic legend. Colour and shape give two ways to identify a

group.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-04-009 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
printf '9 40 D\n18 43 E\n27 35 F\n' > other.txt

gmt plot sites.txt -i0,1 -Sc@.24c -Gdarkorange -W@.5p,white -1"Group A"
gmt plot other.txt -i0,1 -Ss0@.3c -Groyalblue -W@.5p,white -1"Group B"
gmt legend -DjTR+00.2c -F+gwhite+p@.4p

gmt basemap -B+t"GMT-04-009"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output
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Parameters explained - GMT-04-009

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-04-009 - 1 - gmt begin - GMT reference GMT-04-009 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-04-009 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-04-009 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90 Fill land areas with gray90.
-Slightblue Fill water areas with lightblue.
GMT-04-009 - 2 - gmt set - GMT reference )
-Wo. 4p Draw 0.4-point black (the default) stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-04-009 - 4 - gmt plot : GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.24c
-Gdarkorange
-W0.5p,white

'-1Group A'

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.
Draw 0.5-point white stroke.

Register the plotted symbol style in the automatic
legend with label Group A.

GMT-04-009 - 5 - gmt plot - GMT reference

Argument(s)

other.txt

-i0,1

-Ss0.3c

-Groyalblue
-Wo.5p,white

'-1Group B'

Meaning in this example

Read a second synthetic group of longitude/latitude/

name records; its separate plot command assigns a
different symbol style.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw squares whose circumscribing-circle diameter
is 0.3 cm.

Fill the symbols with royalblue.
Draw 0.5-point white stroke.

Register the plotted symbol style in the automatic
legend with label Group B.

GMT-04-009 - 6 - gmt legend - GMT reference

Argument(s)

-DjTR+00.2c

-F+gwhite+p0.4p

Meaning in this example

jTR places the automatically collected symbol legend
inside the map at top-right; +00.2c offsets it inward
by 0.2 cm in both directions.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.4-point black (the
default) stroke.

GMT-04-009 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-04-009

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-04-009 - 8 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Labels, routes and areas

GMT-05-001

Label the stations

Change: pass the same local table to text. -F sets a 10-point Helvetica font, a navy colour and bottom-left justification; -D offsets each label from
its station. The names A, B and C are illustrative.

Compare with GMT-04-001 - Plot longitude and latitude.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-001
mkdir -p figures

gmt begin figures/GMT-05-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C 40°N
DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc@.24c -Gdarkorange -W@.5p,white

gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c

gmt basemap -B+t"GMT-05-001"

gmt end

30°N T T T
0° 10°E 20°E 30°E

GMT-05-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-001 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-05-001 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.24c
-Gdarkorange

-Wo.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-05-001 - 5 - gmt text - GMT reference

Argument(s)

sites.txt

-F+f10p,Helvetica,navy+jBL

-D0@.15¢c/0.12c

Meaning in this example

Read the local table: longitude, latitude, site name.

plot selects numeric columns; text uses the trailing
name.

+f selects 10-point Helvetica text in navy; +jBL
anchors each label at its bottom-left corner. Read
the text after longitude and latitude.

Offset labels by +0.15 cm horizontally and +0.12
cm vertically from the input coordinates.

GMT-05-001 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-05-001

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.

GMT-05-001 - 7 - gmt end  GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-05-002

Connect a route

Change: draw the station coordinates as a line before plotting the symbols and labels. -W1.5p,royalblue chooses the route pen. On a geographic
projection GMT connects the geographic positions; this illustrative line is not a transport network or a measured track.

Compare with GMT-05-001 - Label the stations.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-002
mkdir -p figures

gmt begin figures/GMT-05-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -W1.5p,royalblue

40°N -

gmt plot sites.txt -i0,1 -Sc@.24c -Gdarkorange -W@.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c
gmt basemap -B+t"GMT-05-002"

gmt end

30°N T T T
0° 10°E 20°E 30°E

GMT-05-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-05-002 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-W1.5p, royalblue

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw 1.5-point royalblue stroke.
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GMT-05-002 - 5 - gmt plot : GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-i0,1 Read zero-based columns 0 and 1 as longitude and

latitude; ignore the trailing site name.

-Sc0.24c Draw circles with diameter 0.24 cm.
-Gdarkorange Fill the symbols with darkorange.
-Wo.5p,white Draw 0.5-point white stroke.

GMT-05-002 - 6 - gmt text - GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-F+f10p,Helvetica,navy+3jBL +f selects 10-point Helvetica text in navy; +jBL

anchors each label at its bottom-left corner. Read
the text after longitude and latitude.

-D0.15¢/0.12¢ Offset labels by +0.15 cm horizontally and +0.12
cm vertically from the input coordinates.

GMT-05-002 - 7 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-05-002 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-05-002 - 8 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-05-003

Fill an illustrative area

plot can also draw a closed polygon. -L closes the path, -G gives it a partly transparent fill, and -W draws the edge. The coordinates below are an
invented study area; they are not a historical, political or administrative boundary.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-003
mkdir -p figures

gmt begin figures/GMT-05-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot -L -Ggold@50 -Wip,darkorange <<'DATA'

S35

18 35

20 42

8 44

DATA

gmt basemap -B+t"GMT-05-003"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-05-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-003 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

GMT-05-003 - 4 - gmt plot
Argument(s)

-L

-Ggoldese

-W1p,darkorange

<< DATA

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

= GMT reference

Meaning in this example

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Fill the polygon gold with 50 percent transparency
(@50).

Draw 1-point darkorange stroke.

Read the following DATA-delimited here document as
longitude/latitude polygon vertices; DATA itself is a
shell delimiter, not a GMT option.
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GMT-05-003 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-05-003 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-05-003 - 6 - gmt end * GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

139


https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

GMT-05-004

Anchor labels above and left of their points

Use top-right text justification and negative offsets. The label moves to the other side of its point while the station coordinates stay fixed.

Compare with GMT-05-001 - Label the stations.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-004
mkdir -p figures

gmt begin figures/GMT-05-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -Sc@.24c -Gdarkorange -W0.5p,white

gmt text sites.txt -F+f10p,Helvetica,navy+jTR -D-0.15c/-0.12c

gmt basemap -B+t"GMT-05-004"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-05-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-004 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-05-004 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.24c
-Gdarkorange

-Wo.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-05-004 - 5 - gmt text - GMT reference

Argument(s)

sites.txt

-F+f10p,Helvetica,navy+jTR

-D-0.15¢/-0.12¢

Meaning in this example

Read the local table: longitude, latitude, site name.

plot selects numeric columns; text uses the trailing
name.

+f sets 10-point Helvetica text in navy; +jTR
anchors the top-right corner of each label to its
offset position.

Offset labels 0.15 cm left and 0.12 cm down from
the station coordinates.

GMT-05-004 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-05-004

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.

GMT-05-004 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-05-005

Give labels a readable background

Put a lightly translucent white box behind each label. Clearance and a thin border separate the name from nearby map detail.

Compare with GMT-05-001 - Label the stations.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-005
mkdir -p figures

gmt begin figures/GMT-05-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > sites.txt <<'DATA'

12 42 A

15 39 B

22 38 C

DATA

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot sites.txt -i@,1 -Sc@.24c -Gdarkorange -W0.5p,white

gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D@.15c/0.12c -Gwhite@20 -C0.08c
-W0.2p,gray50

gmt basemap -B+t"GMT-05-005"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-05-005 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-005 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-005 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-005 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-05-005 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-Sc0.24c
-Gdarkorange

-Wo.5p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.
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GMT-05-005 - 5 - gmt text - GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-F+f10p,Helvetica,navy+jBL +f selects 10-point Helvetica text in navy; +jBL

anchors each label at its bottom-left corner. Read
the text after longitude and latitude.

-D0.15¢/0.12¢ Offset labels by +0.15 cm horizontally and +0.12
cm vertically from the input coordinates.

-Gwhite@20 For text, fill each label background white with 20
percent transparency; the label font remains navy.

-C0.08c For text, leave 0.08 cm of clearance between each
label and its background box.

-W0.2p,gray50 Draw 0.2-point gray50 stroke.

GMT-05-005 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-05-005 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-05-005 - 7 - gmt end * GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-05-006

Draw an unfilled study-area outline

Remove the polygon fill while retaining its closed outline. The geography underneath the invented study area remains unobscured.

Compare with GMT-05-003 - Fill an illustrative area.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-05-006
mkdir -p figures

gmt begin figures/GMT-05-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt plot -L -Wip,darkorange <<'DATA'

535

18 35

20 42

8 44

DATA

gmt basemap -B+t"GMT-05-006"

gmt end

40°N A

30°N T T T
0° 10°E 20°E 30°E

GMT-05-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-05-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-05-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-05-006 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-05-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-05-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Draw a plain map border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-05-006 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-05-006 - 4 - gmt plot - GMT reference

Argument(s)

-L

-W1p,darkorange

<< DATA

Meaning in this example

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1-point darkorange stroke.

Read the following DATA-delimited here document as
longitude/latitude polygon vertices; DATA itself is a
shell delimiter, not a GMT option.
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GMT-05-006 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-05-006 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-05-006 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

148


https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

Values, colour scales and legends

GMT-06-001

Colour points by value

The third column now holds an illustrative numeric value. makecpt builds a viridis palette from zero to sixty in steps of ten; -H writes it to a named
local file. plot -Cvalues.cpt maps each value to that palette while keeping circle size fixed. A palette encodes values, so the next example adds the
scale needed to interpret them.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-06-001
mkdir -p figures

gmt begin figures/GMT-06-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

cat > values.txt <<'DATA'

12 42 10

15 39 30

22 38 50

DATA

gmt makecpt -Cviridis -T@/60/10 -H > values.cpt

gmt plot values.txt -Sc@.3c -Cvalues.cpt -W@.5p,black

gmt basemap -B+t"GMT-06-001"

gmt end

40°N

30°N T T T
0° 10°E 20°E 30°E

GMT-06-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-06-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-06-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-06-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-06-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-06-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-06-001 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-06-001 - 4 - gmt makecpt - GMT reference

Argument(s)

-Cviridis

-T0/60/10

> values.cpt

Meaning in this example

Use the built-in viridis colour palette as the source
colour sequence.

Construct palette intervals from 0 to 60 in steps of
10 illustrative data units.

Also write the palette to standard output in modern
mode, so the shell can save values.cpt.

Shell redirection: save standard output in
values.cpt.
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GMT-06-001 - 5 - gmt plot : GMT reference

Argument(s)

values. txt

-Sc0.3c

-Cvalues.cpt

-Wo.5p,black

Meaning in this example

Read longitude, latitude and illustrative scalar value;
the third column selects the palette colour.

Draw circles with diameter 0.3 cm.

Map the third input column to colours using the
explicit palette file values.cpt; the fixed symbol
diameter is separate.

Draw 0.5-point black stroke.

GMT-06-001 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-06-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-06-001 - 7 - gmt end * GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-06-002

Explain the colour scale

Change: add colorbar. -DjBC anchors it inside the map at bottom centre, +w sets its dimensions and +h makes it horizontal. The annotations and

label state the numeric range; the table values have no physical unit in this teaching example.

Compare with GMT-06-001 - Colour points by value.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-06-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W@.4p -Baf

cat > values.txt <<'DATA'

12 42 10

15 39 30

22 38 50

DATA

gmt makecpt -Cviridis -T@/60/10 -H > values.cpt

gmt plot values.txt -Sc@.3c -Cvalues.cpt -W@.5p,black

gmt colorbar -Cvalues.cpt -DjBC+o0c/0.5ctw7c/0.3c+h -Bxal@+1l"Illustrative value"
-F+gwhite+p0.3p

gmt basemap -B+t"GMT-06-002"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-06-002

40°N -

lllustrative value
30

50

60

30°N T

GMT-06-002 - Rendered by GMT

GMT - exit O

10°E

20°E

30°E
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Parameters explained - GMT-06-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-06-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-06-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-06-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-06-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-06-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-06-002 - 4 - gmt makecpt - GMT reference

Argument(s)

-Cviridis

-T0/60/10

> values.cpt

Meaning in this example

Use the built-in viridis colour palette as the source
colour sequence.

Construct palette intervals from 0 to 60 in steps of
10 illustrative data units.

Also write the palette to standard output in modern
mode, so the shell can save values.cpt.

Shell redirection: save standard output in
values.cpt.
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GMT-06-002 - 5 - gmt plot * GMT reference

Argument(s)

values. txt

-Sc0.3c

-Cvalues.cpt

-Wo.5p,black

Meaning in this example

Read longitude, latitude and illustrative scalar value;
the third column selects the palette colour.

Draw circles with diameter 0.3 cm.

Map the third input column to colours using the
explicit palette file values.cpt; the fixed symbol
diameter is separate.

Draw 0.5-point black stroke.

GMT-06-002 - 6 - gmt colorbar - GMT reference

Argument(s)

-Cvalues.cpt

-DjBC+00c/0.5c+w7¢c/0.3cth

'-Bxal@+1lI1lustrative value'

-F+gwhite+p0.3p

Meaning in this example

Read the same explicit palette file as the coloured
point symbols.

jBC anchors inside the map at bottom-centre; +o
shifts it 0 cm horizontally and 0.5 cm vertically; +w
makes it 7 cm long and 0.3 cm thick; +h makes it
horizontal.

Colour-bar x axis: annotate every 10 data units
(al0); +I sets the label to Illustrative value.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.

GMT-06-002 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-06-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-06-002 - 8 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-06-003

Explain categories with a legend

For categories, choose distinct symbols and provide explicit labels with -I. legend collects those entries. -DjTR places it inside the top-right corner
and -F draws a white box with a thin border. Categories A and B have no measured magnitude.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-06-003
mkdir -p figures
gmt begin figures/GMT-06-003 png,pdf E200,H2,Qg4,Qt4 -C ~ = T
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm ;5,‘?*"" . - ’ 2 g:gﬂz/é
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN o : ’

FIUE

,

round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

printf '12 42\n15 39\n' | gmt plot -Sc@.25c -Gdarkorange -W@.4p -1'Group A'
printf '22 38\n' | gmt plot -St@.3c -Groyalblue -W@.4p -1'Group B'

gmt legend -DjTR+00.2c -F+gwhite+p0.4p

gmt basemap -B+t"GMT-06-003"

gmt end

40°N

30°N T T T
0° 10°E 20°E 30°E

GMT-06-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-06-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-06-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-06-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-06-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-06-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-06-003 - 3 - gmt coast -

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-06-003 - 4 - gmt plot - GMT reference

Argument(s)

-Sc0.25¢

-Gdarkorange
-Wo. 4p

'-1Group A'

Meaning in this example

Draw circles with diameter 0.25 cm. Read longitude
and latitude from the preceding printf pipeline.

Fill the symbols with darkorange.
Draw 0.4-point black (the default) stroke.

Register the plotted symbol style in the automatic
legend with label Group A.
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GMT-06-003 - 5 - gmt plot

Argument(s)

-St0.3c

-Groyalblue
-W0.4p

'-1Group B'

* GMT reference

Meaning in this example

Draw triangles with circumscribed-circle diameter
0.3 cm. Read longitude and latitude from the
preceding printf pipeline.

Fill the symbols with royalblue.
Draw 0.4-point black (the default) stroke.

Register the plotted symbol style in the automatic
legend with label Group B.

GMT-06-003 - 6 - gmt legend - GMT reference

Argument(s)

-DjTR+00.2c

-F+gwhite+p@.4p

Meaning in this example

jTR places the automatically collected symbol legend
inside the map at top-right; +00.2c offsets it inward
by 0.2 cm in both directions.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.4-point black (the
default) stroke.

GMT-06-003 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-06-003

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-06-003 - 8 - gmt end * GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Grids and shaded relief

GMT-07-001

Create and colour a synthetic grid

grdmath creates a smooth Gaussian hill on a 0.2-degree grid. Its reverse-Polish expression squares offsets from longitude 12 and latitude 40, adds

them, applies a negative exponential and scales the amplitude. grdimage colours that local grid. The surface is synthetic, not an elevation model of

the Mediterranean.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt begin figures/GMT-07-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

gmt grdmath -R-8/30/30/48 -1I0.2 X 12 SUB DUP MUL Y 4@ SUB DUP MUL ADD -0.03 MUL EXP

1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -Baf
gmt coast -Dh -We.4p

gmt basemap -B+t"GMT-07-001"

gmt end

Download: Runnable script - PNG map

- Vector PDF map

Actual output

GMT-07-001

40°N

30°N
0° 10°E 20°E 30°E

GMT-07-001 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-07-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-07-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-07-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-07-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-07-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-07-001 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-10.2

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 0.2 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-07-001 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-07-001 - 5 - gmt coast - GMT reference

Meaning in this example

Argument(s)

-Dh Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

-Wo. 4p Draw 0.4-point black (the default) stroke.

GMT-07-001 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

Add the stable example ID as the map title, reusing

-B+tGMT-07-001
the current region and projection.

GMT-07-001 - 7 - gmt end - GMT reference

Argument(s) Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

(no arguments)
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GMT-07-002

Illuminate the synthetic surface

Change: add -I+d to grdimage to derive illumination using GMT defaults. Compare the shaded hill with the unshaded amplitude map. Illumination
adds a visual cue to slope; it does not turn the synthetic field into real terrain.

Compare with GMT-07-001 - Create and colour a synthetic grid.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-07-002
mkdir -p figures

gmt begin figures/GMT-07-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt grdmath -R-8/30/30/48 -10.2 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP
1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -I+d -Baf

gmt coast -Dh -W@.4p

gmt basemap -B+t"GMT-07-002"

gmt end

40°N

30°N
0° 10°E 20°E 30°E

GMT-07-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-07-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-07-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-07-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-07-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-07-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-07-002 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-10.2

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 0.2 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-07-002 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-I+d

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Derive illumination from this grid using GMT default
gradient settings; this changes shading, not grid
values.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-07-002 - 5 - gmt coast - GMT reference

Meaning in this example

Argument(s)

-Dh Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

-Wo. 4p Draw 0.4-point black (the default) stroke.

GMT-07-002 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

Add the stable example ID as the map title, reusing

-B+tGMT-07-002
the current region and projection.

GMT-07-002 - 7 - gmt end * GMT reference

Argument(s) Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

(no arguments)
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GMT-07-003

Overlay labelled contours

Change: overlay grdcontour on the shaded grid. -C100 draws contours every hundred amplitude units and -A200 annotates every two hundred. The
contour pen is white for contrast; +f sets the annotation font. These values belong to the same synthetic grid.

Compare with GMT-07-002 - Illuminate the synthetic surface.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-07-003
mkdir -p figures

gmt begin figures/GMT-07-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt grdmath -R-8/30/30/48 -10.2 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP
1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -I+d -Baf

gmt grdcontour hill.nc -C100 -A200+f8p -W0.3p,white

gmt coast -Dh -W@.4p

gmt basemap -B+t"GMT-07-003"

gmt end

40°N

30°N
0° 10°E 20°E 30°E

GMT-07-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-07-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-07-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-07-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-07-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-07-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-07-003 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-10.2

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 0.2 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-07-003 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-I+d

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Derive illumination from this grid using GMT default
gradient settings; this changes shading, not grid
values.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-07-003 - 5 - gmt grdcontour - GMT reference

Argument(s)

hill.nc

-C100

-A200+f8p

-Wo.3p,white

GMT-07-003 - 6 - gmt coast -

Argument(s)

-Dh

-Wo.4p

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Draw contour levels every 100 synthetic amplitude
units.

Annotate every 200 amplitude units; +f8p uses 8-
point contour labels.

Draw 0.3-point white stroke.

GMT reference

Meaning in this example

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Draw 0.4-point black (the default) stroke.

GMT-07-003 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-07-003

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-07-003 - 8 - gmt end  GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Map furniture and a finished layout

GMT-08-001

Add a geographic scale bar

Change: add a 500-kilometre scale bar at bottom left. +c40 defines its reference latitude, +w500k gives the length and units, and +f selects the
decorated form. A scale bar is locally representative; projection scale varies across this Mercator map.

Compare with GMT-03-001 - Increase coastline detail.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-08-001
mkdir -p figures

gmt begin figures/GMT-08-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf

gmt basemap -LjBL+c40+w500k+00.5c/0.5c+f+u -F+gwhite+p0.3p

gmt basemap -B+t"GMT-08-001"

gmt end 40°N 4

P p———
0 km 500 km

30°N T T
0° 10°E 20°E 30°E

GMT-08-001 - Rendered by GMT
GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-08-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-08-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-08-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-08-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-08-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-08-001 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-08-001 - 4 - gmt basemap - GMT reference

Argument(s)

-LjBL+c40+w500k+00.5¢c/0.5c+f+u

-F+gwhite+p0.3p

Meaning in this example

jBL anchors inside at bottom-left; +c40 computes
scale at latitude 40 degrees; +w500k sets a 500 km
length; +o0 offsets by 0.5 cm in both directions; +f
selects a fancy segmented bar; +u appends the
units to annotations.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.
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GMT-08-001 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-08-001 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-08-001 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-08-002

Add a locator inset

Change: open a small inset at top right. It has its own global region and orthographic projection, with a red locator point near the main region. inset
end restores the main map context before the example title is added.

Compare with GMT-08-001 - Add a geographic scale bar.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-08-002
mkdir -p figures

gmt begin figures/GMT-08-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W@.4p -Baf

gmt basemap -LjBL+c40+w500k+00.5c/0.5c+f+u -F+gwhite+p@.3p

gmt inset begin -DjTR+w3c+00.2c -F+gwhite+p@.5p

gmt coast -Rg -JG12/40/3c -D1 -Ggray90 -Slightblue -W@.2p

printf '12 40\n' | gmt plot -Sc@.18c -Gred

gmt inset end

gmt basemap -B+t"GMT-08-002"

gmt end

40°N -

———

0 km 500 km
30°N T T T
0° 10°E 20°E 30°E

GMT-08-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-08-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-08-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-08-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-08-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-08-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-08-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-08-002 - 4 - gmt basemap - GMT reference

Argument(s)

-LjBL+c40+w500k+00.5¢c/0.5c+f+u

-F+gwhite+p0.3p

Meaning in this example

jBL anchors inside at bottom-left; +c40 computes
scale at latitude 40 degrees; +w500k sets a 500 km
length; +o0 offsets by 0.5 cm in both directions; +f
selects a fancy segmented bar; +u appends the
units to annotations.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.
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GMT-08-002 - 5 - gmt inset -
Argument(s)

begin

-DjTR+w3c+00.2c

-F+gwhite+p@.5p

GMT-08-002 - 6 - gmt coast -

Argument(s)

-Rg

-JG12/40/3c

-D1

-Ggray9o

-Slightblue

-Wo. 2p

GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

jTR anchors an inset inside the map at top-right;
+w3c makes it 3 cm wide; +00.2c offsets it inward
0.2 cm in both directions.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.5-point black (the
default) stroke.

GMT reference

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Orthographic globe view, centred at longitude 12,
latitude 40 degrees; map width 3 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.

Draw 0.2-point black (the default) stroke.

GMT-08-002 - 7 - gmt plot * GMT reference

Argument(s)

-Sc0.18c

-Gred

Meaning in this example

Draw circles with diameter 0.18 cm. Read longitude
and latitude from the preceding printf pipeline.

Fill the symbols with red.

GMT-08-002 - 8 - gmt inset -
Argument(s)

end

GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

GMT-08-002 - 9 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-08-002

GMT-08-002 - 10 - gmt end -

Argument(s)

(no arguments)

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-08-003

Assemble a finished map

Combine the established layers: local coastline, illustrative route, stations, offset labels, scale bar and locator globe. Draw the route before the

station symbols so the points remain visible. Every command and input is included; this map can be regenerated independently of earlier examples.

Compare with GMT-08-002 - Add a locator inset.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

begin figures/GMT-08-003 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

round

cat

> sites.txt <<'DATA'

12 42 A
15 39 B
22 38 C

DATA

gmt
gmt
gmt
gmt
gmt
gmt

coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W@.4p -Baf
plot sites.txt -i@,1 -W1.5p,royalblue, -

plot sites.txt -i@,1 -Sc@.24c -Gdarkorange -W@.5p,white

text sites.txt -F+f10p,Helvetica,navy+jBL -D@.15c/0.12c

basemap -LjBL+c40+w500k+00.5c/0.5c+f+u -F+gwhite+p0.3p

inset begin -DjTR+w3c+00.2c -F+gwhite+p0.5p

gmt coast -Rg -JG12/40/3c -D1 -Ggray90 -Slightblue -W0.2p
printf '12 40\n' | gmt plot -Sc@.18c -Gred

gmt inset end

gmt basemap -B+t"GMT-08-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-08-003

40°N -

———
0 km 500 km

30°N T
00

GMT-08-003 - Rendered by GMT

GMT - exit O

10°E

20°E

30°E
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Parameters explained - GMT-08-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-08-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-08-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-08-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-08-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-08-003 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Dh

-Ggray90

-Slightblue

-Wo.4p

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.4-point black (the default) stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-08-003 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-W1.5p, royalblue, -

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw 1.5-point royalblue stroke with a dashed
pattern.
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GMT-08-003 - 5 - gmt plot
Argument(s)

sites.txt

-i0,1

-Sc0.24c
-Gdarkorange

-W0.5p,white

GMT-08-003 - 6 - gmt text

Argument(s)

sites.txt

-F+f10p,Helvetica, navy+jBL

-D0.15¢c/0.12c

* GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.

= GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

+f selects 10-point Helvetica text in navy; +jBL
anchors each label at its bottom-left corner. Read
the text after longitude and latitude.

Offset labels by +0.15 cm horizontally and +0.12
cm vertically from the input coordinates.

GMT-08-003 - 7 - gmt basemap - GMT reference

Argument(s)

-LjBL+c40+w500k+00.5¢c/0.5c+f+u

-F+gwhite+p0.3p

Meaning in this example

jBL anchors inside at bottom-left; +c40 computes
scale at latitude 40 degrees; +w500k sets a 500 km
length; +o0 offsets by 0.5 cm in both directions; +f
selects a fancy segmented bar; +u appends the
units to annotations.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.

GMT-08-003 - 8 - gmt inset -
Argument(s)

begin

-DjTR+w3c+00.2c

-F+gwhite+p0.5p

GMT-08-003 - 9 - gmt coast -

Argument(s)

-Rg

-JG12/40/3c

-D1

-Ggray90

-Slightblue

-Wo.2p

GMT-08-003 - 10 - gmt plot -
Argument(s)

-Sc0.18c

-Gred

GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

jTR anchors an inset inside the map at top-right;
+w3c makes it 3 cm wide; +00.2c offsets it inward
0.2 cm in both directions.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.5-point black (the
default) stroke.

GMT reference

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Orthographic globe view, centred at longitude 12,
latitude 40 degrees; map width 3 cm.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.

Draw 0.2-point black (the default) stroke.

GMT reference

Meaning in this example

Draw circles with diameter 0.18 cm. Read longitude
and latitude from the preceding printf pipeline.

Fill the symbols with red.
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GMT-08-003 - 11 - gmt inset - GMT reference

Argument(s) Meaning in this example
end Leave the inset and restore the main-map region,
projection and plotting origin.
GMT-08-003 - 12 - gmt basemap * GMT reference

Argument(s) Meaning in this example

-B+tGMT-08-003 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-08-003 - 13 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Coastline resolution at close range

GMT-09-001

Crete with crude shoreline detail

This deliberately coarse close-up is the baseline. -Dc selects the most simplified installed GSHHG shoreline. At this scale the angular outline reflects
sparse geographic vertices; extra PNG pixels cannot restore the omitted shoreline detail.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-09-001
mkdir -p figures

gmt begin figures/GMT-09-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm 36°00'N
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round
gmt coast -R23/27/34.7/36.1 -JM13c -Dc -Ggray90 -Slightblue -W0.6p -Bxalf@.5
-Bya0.5f0.1 35°30'N
gmt basemap -B+t"GMT-09-001"
gmt end

35°00'N

T T T
23°E 24°E 25°E 26°E 27°E

GMT-09-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-09-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-001 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

figures/GMT-09-001 png,pdf

Argument(s)

-R23/27/34.7/36.1

GMT-09-001 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

E200,H2,Qg4,Qt4

GMT-09-001 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M

E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and “De

text anti-aliasing subsampling to 4.

Select crude-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults. -Ggray90 Fill land areas with gray90.

-Slightblue Fill water areas with lightblue.

-Wo. 6p Draw 0.6-point black (the default) stroke.
Meaning in this example -Bxalfe.5 On the longitude (x) axis, label every 1 degrees;

Disable automatic data downloads; geographic draw ticks every 0.5 degrees (f).

layers use locally installed GSHHG files. -Bya0.5f0.1 On the latitude (y) axis, label every 0.5 degrees;

Use a plain map frame rather than the default fancy draw ticks every 0.1 degrees (f).

alternating border.

Use centimetres for plot lengths that omit a unit, GMT-09-001 - 4 - gmt basemap - GMT reference

including variable symbol diameters. o i
Argument(s) Meaning in this example

Primary axis annotations use 9-point type.
Y P P -B+tGMT-09-001 Add the stable example ID as the map title, reusing

Axis and decoration labels use 10-point type. the current region and projection.

The map title uses 11-point type.
Use semicircular line ends.

Round the joins between stroke segments.
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GMT-09-001 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-09-002

Crete with low shoreline detail

Change only -Dc to -Dl. The low-resolution shoreline keeps more geographic detail. Compare the island outline with the crude baseline using the

full-size map or PDF, rather than judging only the gallery thumbnail.

Compare with GMT-09-001 - Crete with crude shoreline detail.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-09-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R23/27/34.7/36.1 -JM13c -D1 -Ggray90 -Slightblue -W0.6p -Bxalf0.5
-Bya0.5f0.1

gmt basemap -B+t"GMT-09-002"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-09-002
36°00'N
\
35°30'N _
35°00'N
N
23°E 24°F 25°E 26°E

GMT-09-002 - Rendered by GMT

GMT - exit O

27°E
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Parameters explained - GMT-09-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-002 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

figures/GMT-09-002 png,pdf

Argument(s)

-R23/27/34.7/36.1

GMT-09-002 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

E200,H2,Qg4,Qt4

GMT-09-002 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M

E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -D1

text anti-aliasing subsampling to 4.

Select low-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults. -Ggray90 Fill land areas with gray90.

-Slightblue Fill water areas with lightblue.

-Wo. 6p Draw 0.6-point black (the default) stroke.
Meaning in this example -Bxalfe.5 On the longitude (x) axis, label every 1 degrees;

Disable automatic data downloads; geographic draw ticks every 0.5 degrees (f).

layers use locally installed GSHHG files. -Bya0.5f0.1 On the latitude (y) axis, label every 0.5 degrees;

Use a plain map frame rather than the default fancy draw ticks every 0.1 degrees (f).

alternating border.

Use centimetres for plot lengths that omit a unit, GMT-09-002 - 4 - gmt basemap - GMT reference

including variable symbol diameters. o i
Argument(s) Meaning in this example

Primary axis annotations use 9-point type.
Y P P -B+tGMT-09-002 Add the stable example ID as the map title, reusing

Axis and decoration labels use 10-point type. the current region and projection.

The map title uses 11-point type.
Use semicircular line ends.

Round the joins between stroke segments.
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GMT-09-002 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-09-003

Crete with intermediate shoreline detail

Change -DI to -Di. Intermediate resolution adds smaller bends and features. Choose a level appropriate to the map extent and physical output size;

more detail is useful only while the map can display it.

Compare with GMT-09-002 - Crete with low shoreline detail.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-09-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R23/27/34.7/36.1 -JM13c -Di -Ggray90 -Slightblue -W0.6p -Bxalf0.5
-Bya0.5f0.1

gmt basemap -B+t"GMT-09-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-09-003
36°00N{ .
\\
35°30'N - »
0z
35°00'N -
Q
23°E 24°E 25°E 26°E 27°E

GMT-09-003 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-09-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-09-003 png,pdf

E200,H2,Qg4,Qt4

GMT-09-003 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT

defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy

alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-09-003 - 3 - gmt coast - GMT reference

Argument(s)

-R23/27/34.7/36.1

-JM13c

-Di

-Ggray90

-Slightblue

-Wo.6p

-Bxa1f0.5

-Bya0.5f0.1

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.6-point black (the default) stroke.

On the longitude (x) axis, label every 1 degrees;
draw ticks every 0.5 degrees (f).

On the latitude (y) axis, label every 0.5 degrees;
draw ticks every 0.1 degrees (f).

GMT-09-003 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-09-003

Meaning in this example

Add the stable example ID as the map title, reusing

the current region and projection.
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GMT-09-003 - 5 - gmt end * GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-09-004

Crete with high shoreline detail

Change -Di to -Dh. High resolution retains finer shoreline geometry. It can improve a close-up while adding clutter at continental scale. The

requested local dataset must be installed; this example does not silently fall back to a coarser shoreline.

Compare with GMT-09-003 - Crete with intermediate shoreline detail.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-09-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R23/27/34.7/36.1 -JM13c -Dh -Ggray90 -Slightblue -W0.6p -Bxalf0.5
-Bya0.5f0.1

gmt basemap -B+t"GMT-09-004"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-09-004
36°00N{ .

“ 1
35°30'N 1 -
35°00'N

23°E 24°E 25°E 26°E 27°E

GMT-09-004 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-09-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-004 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

figures/GMT-09-004 png,pdf

Argument(s)

-R23/27/34.7/36.1

GMT-09-004 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

E200,H2,Qg4,Qt4

GMT-09-004 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M

E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh

text anti-aliasing subsampling to 4.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults. -Ggray90 Fill land areas with gray90.

-Slightblue Fill water areas with lightblue.

-Wo. 6p Draw 0.6-point black (the default) stroke.
Meaning in this example -Bxalfe.5 On the longitude (x) axis, label every 1 degrees;

Disable automatic data downloads; geographic draw ticks every 0.5 degrees (f).

layers use locally installed GSHHG files. -Bya0.5f0.1 On the latitude (y) axis, label every 0.5 degrees;

Use a plain map frame rather than the default fancy draw ticks every 0.1 degrees (f).

alternating border.

Use centimetres for plot lengths that omit a unit, GMT-09-004 - 4 - gmt basemap - GMT reference

including variable symbol diameters. o i
Argument(s) Meaning in this example

Primary axis annotations use 9-point type.
Y P P -B+tGMT-09-004 Add the stable example ID as the map title, reusing

Axis and decoration labels use 10-point type. the current region and projection.

The map title uses 11-point type.
Use semicircular line ends.

Round the joins between stroke segments.
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GMT-09-004 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-09-005

Crete with full shoreline detail

Change -Dh to -Df. Full resolution uses the most detailed installed shoreline. Natural shores can remain irregular because they contain real
geographic structure. This increases geometric detail; it does not fit an invented smooth curve to the coast.

Compare with GMT-09-004 - Crete with high shoreline detail.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-09-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray90 -Slightblue -W0.6p -Bxalf@.5
-Bya0.5f0.1

gmt basemap -B+t"GMT-09-005"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-09-005
36°00N{ .

“ (]
35°30'N -
35°00'N

23°E 24°E 25°E 26°E 27°E

GMT-09-005 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-09-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-005 - 1 - gmt begin - GMT reference

Argument(s) Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

figures/GMT-09-005 png,pdf

Argument(s)

-R23/27/34.7/36.1

GMT-09-005 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

E200,H2,Qg4,Qt4

GMT-09-005 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M

E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Df

text anti-aliasing subsampling to 4.

Select full-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Ignore user gmt.conf files and start from clean GMT

- gmt set - GMT reference

defaults. -Ggray90 Fill land areas with gray90.

-Slightblue Fill water areas with lightblue.

-Wo. 6p Draw 0.6-point black (the default) stroke.
Meaning in this example -Bxalfe.5 On the longitude (x) axis, label every 1 degrees;

Disable automatic data downloads; geographic draw ticks every 0.5 degrees (f).

layers use locally installed GSHHG files. -Bya0.5f0.1 On the latitude (y) axis, label every 0.5 degrees;

Use a plain map frame rather than the default fancy draw ticks every 0.1 degrees (f).

alternating border.

Use centimetres for plot lengths that omit a unit, GMT-09-005 - 4 - gmt basemap - GMT reference

including variable symbol diameters. o i
Argument(s) Meaning in this example

Primary axis annotations use 9-point type.
Y P P -B+tGMT-09-005 Add the stable example ID as the map title, reusing

Axis and decoration labels use 10-point type. the current region and projection.

The map title uses 11-point type.
Use semicircular line ends.

Round the joins between stroke segments.
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GMT-09-005 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-09-006

Refine the full-resolution shoreline pen

Change the full-resolution pen from a 0.6-point black line to a 0.25-point gray30 line. Round joins and the narrower stroke keep tight bends from
merging into a heavy band. The geographic vertices remain identical to the preceding example; use the vector PDF to inspect them when zooming.

Compare with GMT-09-005 - Crete with full shoreline detail.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-09-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray90 -Slightblue -W@.25p,gray30 -Bxalf0.5
-Bya0.5f0.1

gmt basemap -B+t"GMT-09-006"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-09-006

36°00N{ .
N
3 L : g

35°30'N f \M’QL " .

S ‘ : Z

Mmﬁ\/ﬂw . A

°N0O'N - v\ﬂm\/«/‘“‘vj
35°00'N % XLMF/ .
Q -

23°E 24°E 25°E 26°E 27°E

GMT-09-006 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-09-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-09-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-09-006 png,pdf

E200,H2,Qg4,Qt4

GMT-09-006 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-09-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-09-006 - 3 - gmt coast - GMT reference

Argument(s)

-R23/27/34.7/36.1

-JM13c

-Df

-Ggray90

-Slightblue

-W0.25p,gray30

-Bxa1f0.5

-Bya0.5f0.1

GMT-09-006

Argument(s)

-B+tGMT-09-006

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.25-point gray30 stroke.

On the longitude (x) axis, label every 1 degrees;
draw ticks every 0.5 degrees (f).

On the latitude (y) axis, label every 0.5 degrees;
draw ticks every 0.1 degrees (f).

+ 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-09-006 - 5 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Line ends, corners and border styling
GMT-10-001

Flat ends and miter joins

Baseline: PS_LINE_CAP butt gives flat ends and PS_LINE_JOIN miter gives sharp joins. A thick synthetic line makes these choices visible. -A
connects the projected vertices directly.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-10-001
mkdir -p figures
gmt begin figures/GMT-10-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round p—
gmt set PS_LINE_CAP butt PS_LINE_JOIN miter
cat > line.txt <<'DATA'
12 36 20N
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue
gmt basemap -B+t"GMT-10-001"
gmt end 35°N
10°E 15 20°E

GMT-10-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-10-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-001 - 1 - gmt begin - GMT reference GMT-10-001 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-001 png,pdf Start an independent modern session; the output PS_LINE_CAP butt Stop strokes squarely at their endpoint, without
stem figures/GMT-10-001 becomes an opaque PNG projecting beyond it.
and a PDF (vector linework, embedded rasters
where used). PS_LINE_JOIN miter Extend adjoining stroke edges to a pointed join
(subject to the miter limit).
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and GMT-10-001 - 4 - gmt coast - GMT reference
text anti-aliasing subsampling to 4.
Argument(s) Meaning in this example
-C Ignore user gmt.conf files and start from clean GMT .
defaults. -R10/24/34/44 Geographic bounds west/east/south/north =

10/24/34/44 degrees. Negative longitude is west;
negative latitude is south.
GMT-10-001 - 2 - gmt set - GMT reference

-JM13c Mercator projection; map width 13 cm. Uppercase M
Argument(s) Meaning in this example specifies width rather than scale.
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic -Di Select intermediate-resolution GSHHG geography
layers use locally installed GSHHG files. from the local installation; this controls source
geometry, not raster DPI.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy
alternating border. -Ggray95 Fill land areas with gray95.
PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, -Slightblue Fill water areas with lightblue.
including variable symbol diameters. .
9 Y -W0.2p,gray60 Draw 0.2-point gray60 stroke.
FONT_ANNOT_PRIMARY 9 Primary axis annotations use 9-point type. . .
P Y P P -Baf Draw the frame with automatically chosen
FONT_LABEL 10p Axis and decoration labels use 10-point type. annotation (a) and tick (f) intervals; this does not
request grid lines.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-001 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W6p, royalblue

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 6-point royalblue stroke.

GMT-10-001 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-10-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-001 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

197


https://docs.generic-mapping-tools.org/6.7/plot.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

GMT-10-002

Round the line ends

Change PS_LINE_CAP to round. Semicircular stroke ends extend beyond the endpoint; the coordinates stay fixed. Joins remain mitered for

comparison.

Compare with GMT-10-001 - Flat ends and miter joins.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-10-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt set PS_LINE_CAP round PS_LINE_JOIN miter

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue

gmt basemap -B+t"GMT-10-002"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-10-002

40°N

35°N

10°E

GMT-10-002 - Rendered by GMT

GMT - exit O

15°E

20°E
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Parameters explained - GMT-10-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-002 - 1 - gmt begin - GMT reference GMT-10-002 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-002 png,pdf Start an independent modern session; the output PS_LINE_CAP round Use semicircular line ends.
stem figures/GMT-10-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters PS_LINE_JOIN miter Extend adjoining stroke edges to a pointed join
where used). (subject to the miter limit).
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to GMT-10-002 - 4 - gmt coast - GMT reference

the requested DPI. Qg4 and Qt4 set graphics and

text anti-aliasing subsampling to 4. Bz L) e
—c Ignore user gmt.conf files and start from clean GMT -R10/24/34/44 Geographic bounds west/east/south/north =
defaults 10/24/34/44 degrees. Negative longitude is west;
negative latitude is south.
GMT-10-002 - 2 - gmt set - GMT reference -JM13c Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.
Argument(s) Meaning in this example -Di Select intermediate-resolution GSHHG geography
GMT _AUTO_DOWNLOAD of Disable automatic data downloads; geographic from the local installation; this controls source
layers use locally installed GSHHG files. geometry, not raster DPL.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy -Ggray95 Fill land areas with gray95.
alternating border. -Slightblue Fill water areas with lightblue.
ntim fi lot lengths th mi ni
PROJLENGTH-UNIT cm :isc(leuf:l?ng v:rti;ebsleosr;lpr)n%toledig;wcsat:arzt omit a unit, -W0.2p,gray60 Draw 0.2-point gray60 stroke.
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. “Baf Draw thg frame W'th_ automatlcally chos_en
annotation (a) and tick (f) intervals; this does not
FONT_LABEL 10p Axis and decoration labels use 10-point type. request grid lines.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-002 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W6p, royalblue

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 6-point royalblue stroke.

GMT-10-002 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-10-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-002 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-10-003

Round the corners of the stroke

Change PS_LINE_JOIN to round. It rounds the outside of each stroke corner without moving vertices or fitting a new route. The thick line exposes

the difference.

Compare with GMT-10-002 - Round the line ends.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-10-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue

gmt basemap -B+t"GMT-10-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-10-003

40°N

35°N

10°E

GMT-10-003 - Rendered by GMT

GMT - exit O

15°E

20°E
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Parameters explained - GMT-10-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-003 - 1 - gmt begin - GMT reference GMT-10-003 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-003 png,pdf Start an independent modern session; the output PS_LINE_CAP round Use semicircular line ends.
stem figures/GMT-10-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters PS_LINE_JOIN round Round the joins between stroke segments.

where used).

E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 GMT-10-003 - 4 - gmt coast - GMT reference

rasterizes at 2 times that resolution, then reduces to L
the requested DPI. Qg4 and Qt4 set graphics and Argument(s) Meaning in this example
text anti-aliasing subsampling to 4.

-R10/24/34/44 Geographic bounds west/east/south/north =
- Ignore user gmt.conf files and start from clean GMT 10/24/34/44 degrees. Negative longitude is west;
defaults. negative latitude is south.
-IM13c Mercator projection; map width 13 cm. Uppercase M
GMT-10-003 - 2 - gmt set - GMT reference specifies width rather than scale.
Argument(s) Meanind in this examble -Di Select intermediate-resolution GSHHG geography
2 2 > from the local installation; this controls source
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic geometry, not raster DPI.
layers use locally installed GSHHG files.
4 Y -Ggray95 Fill land areas with gray95.
MAP_FRAME_TYPE plai Use a plain map frame rather than the default fanc
~FRAVE- prain p_ P 4 -Slightblue Fill water areas with lightblue.
alternating border.
PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, “Wo.2p, gray6o Draw 0.2-point gray60 stroke.
including variable symbol diameters. -Baf Draw the frame with automatically chosen

annotation (a) and tick (f) intervals; this does not

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. o
request grid lines.

FONT_LABEL 10p Axis and decoration labels use 10-point type.

FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-003 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W6p, royalblue

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 6-point royalblue stroke.

GMT-10-003 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-10-003

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-003 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-10-004

Bevel a sharp corner

Change the join to bevel. The cut-off corner differs from both a miter spike and a round join. Stroke style is independent of geographic detail.

Compare with GMT-10-002 - Round the line ends.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-10-004
mkdir -p figures

gmt begin figures/GMT-10-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt set PS_LINE_CAP round PS_LINE_JOIN bevel

cat > line.txt <<'DATA'

12 36 40°N 4
20 36

14 41

22 42

DATA

gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf

gmt plot line.txt -A -W6p,royalblue

gmt basemap -B+t"GMT-10-004"

gmt end 350N

T T
10°E 15°E 20°E

GMT-10-004 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-10-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-004 - 1 - gmt begin - GMT reference GMT-10-004 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-004 png,pdf Start an independent modern session; the output PS_LINE_CAP round Use semicircular line ends.
stem figures/GMT-10-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters PS_LINE_JOIN bevel Cut off the join with a straight bevel.

where used).

E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 GMT-10-004 - 4 - gmt coast - GMT reference

rasterizes at 2 times that resolution, then reduces to L
the requested DPI. Qg4 and Qt4 set graphics and Argument(s) Meaning in this example
text anti-aliasing subsampling to 4.

-R10/24/34/44 Geographic bounds west/east/south/north =
- Ignore user gmt.conf files and start from clean GMT 10/24/34/44 degrees. Negative longitude is west;
defaults. negative latitude is south.
-IM13c Mercator projection; map width 13 cm. Uppercase M
GMT-10-004 - 2 - gmt set - GMT reference specifies width rather than scale.
Argument(s) Meanind in this examble -Di Select intermediate-resolution GSHHG geography
2 2 > from the local installation; this controls source
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic geometry, not raster DPI.
layers use locally installed GSHHG files.
4 Y -Ggray95 Fill land areas with gray95.
MAP_FRAME_TYPE plai Use a plain map frame rather than the default fanc
~FRAVE- prain p_ P 4 -Slightblue Fill water areas with lightblue.
alternating border.
PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, “Wo.2p, gray6o Draw 0.2-point gray60 stroke.
including variable symbol diameters. -Baf Draw the frame with automatically chosen

annotation (a) and tick (f) intervals; this does not

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. o
request grid lines.

FONT_LABEL 10p Axis and decoration labels use 10-point type.

FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-004 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W6p, royalblue

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 6-point royalblue stroke.

GMT-10-004 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-10-004

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-004 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-10-005

Use a lighter dashed boundary

The dashed 2-point pen reduces the visual weight of this illustrative boundary. Round caps soften dash ends. Keep dashes and gaps legible at the

intended print size.

Compare with GMT-10-003 - Round the corners of the stroke.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt begin figures/GMT-10-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA

gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W2p,royalblue, -

gmt basemap -B+t"GMT-10-005"
gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-10-005

40°N

35°N

10°E

GMT-10-005 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-10-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-005 - 1 - gmt begin - GMT reference GMT-10-005 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-005 png,pdf Start an independent modern session; the output PS_LINE_CAP round Use semicircular line ends.
stem figures/GMT-10-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters PS_LINE_JOIN round Round the joins between stroke segments.

where used).

E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 GMT-10-005 - 4 - gmt coast - GMT reference

rasterizes at 2 times that resolution, then reduces to L
the requested DPI. Qg4 and Qt4 set graphics and Argument(s) Meaning in this example
text anti-aliasing subsampling to 4.

-R10/24/34/44 Geographic bounds west/east/south/north =
- Ignore user gmt.conf files and start from clean GMT 10/24/34/44 degrees. Negative longitude is west;
defaults. negative latitude is south.
-IM13c Mercator projection; map width 13 cm. Uppercase M
GMT-10-005 - 2 - gmt set - GMT reference specifies width rather than scale.
Argument(s) Meanind in this examble -Di Select intermediate-resolution GSHHG geography
2 2 > from the local installation; this controls source
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic geometry, not raster DPI.
layers use locally installed GSHHG files.
4 Y -Ggray95 Fill land areas with gray95.
MAP_FRAME_TYPE plai Use a plain map frame rather than the default fanc
~FRAVE- prain p_ P 4 -Slightblue Fill water areas with lightblue.
alternating border.
PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, “Wo.2p, gray6o Draw 0.2-point gray60 stroke.
including variable symbol diameters. -Baf Draw the frame with automatically chosen

annotation (a) and tick (f) intervals; this does not

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. o
request grid lines.

FONT_LABEL 10p Axis and decoration labels use 10-point type.

FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-005 - 5 - gmt plot : GMT reference

Argument(s) Meaning in this example

line.txt Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

-A Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

-W2p, royalblue, - Draw 2-point royalblue stroke with a dashed
pattern.

GMT-10-005 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-10-005 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-005 - 7 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-10-006

Separate a route from its background

Draw the same line twice: a wider white casing under a narrower blue stroke. This separates the illustrative route from coastlines beneath it without
changing the route coordinates.

Compare with GMT-10-003 - Round the corners of the stroke.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-10-006
mkdir -p figures

gmt begin figures/GMT-10-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36 10N
20 36

14 41

22 42

DATA

gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W7p,white

gmt plot line.txt -A -W3p,royalblue

gmt basemap -B+t"GMT-10-006"

gmt end

35°N

10°E 15°E 20°E

GMT-10-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-10-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-10-006 - 1 - gmt begin - GMT reference GMT-10-006 - 3 - gmt set - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-10-006 png,pdf Start an independent modern session; the output PS_LINE_CAP round Use semicircular line ends.
stem figures/GMT-10-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters PS_LINE_JOIN round Round the joins between stroke segments.

where used).

E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 GMT-10-006 - 4 - gmt coast - GMT reference

rasterizes at 2 times that resolution, then reduces to L
the requested DPI. Qg4 and Qt4 set graphics and Argument(s) Meaning in this example
text anti-aliasing subsampling to 4.

-R10/24/34/44 Geographic bounds west/east/south/north =
- Ignore user gmt.conf files and start from clean GMT 10/24/34/44 degrees. Negative longitude is west;
defaults. negative latitude is south.
-IM13c Mercator projection; map width 13 cm. Uppercase M
GMT-10-006 - 2 - gmt set - GMT reference specifies width rather than scale.
Argument(s) Meanind in this examble -Di Select intermediate-resolution GSHHG geography
2 2 > from the local installation; this controls source
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic geometry, not raster DPI.
layers use locally installed GSHHG files.
4 Y -Ggray95 Fill land areas with gray95.
MAP_FRAME_TYPE plai Use a plain map frame rather than the default fanc
~FRAVE- prain p_ P 4 -Slightblue Fill water areas with lightblue.
alternating border.
PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, “Wo.2p, gray6o Draw 0.2-point gray60 stroke.
including variable symbol diameters. -Baf Draw the frame with automatically chosen

annotation (a) and tick (f) intervals; this does not

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. o
request grid lines.

FONT_LABEL 10p Axis and decoration labels use 10-point type.

FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-10-006 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W7p,white

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 7-point white stroke.

GMT-10-006 - 6 - gmt plot - GMT reference

Argument(s)

line.txt

-W3p, royalblue

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 3-point royalblue stroke.

GMT-10-006 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-10-006

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-10-006 - 8 - gmt end * GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Curves, interpolation and smoothing

GMT-11-001

Connect a sparse illustrative route

The first column is an increasing parameter, followed by longitude and latitude. plot -i1,2 selects the coordinates; -A draws straight projected
segments. Orange points mark the supplied vertices. This invented route supports interpolation experiments; it is not an observed track.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-11-001
mkdir -p figures

gmt begin figures/GMT-11-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > track.txt <<'DATA'

0 10 36 )

114 41

218 37 40°N

3 22 42

4 28 38 f
DATA ’

45°N

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W@.2p,gray60 -Baf
gmt plot track.txt -i1,2 -A -W2p,royalblue

gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white 350N 4
gmt basemap -B+t"GMT-11-001"
gmt end

T T T
10°E 15°E 20°E 25°E 30°E

GMT-11-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-11-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R8/30/33/45
stem figures/GMT-11-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Di
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray95

-Slightblue

GMT-11-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-W0.2p,gray60

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-001 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-11-001 - 4 - gmt plot
Argument(s)

track. txt

-i1,2

-W2p, royalblue

GMT-11-001 - 5 - gmt plot
Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-Wo.4p,white

* GMT reference

GMT-11-001 - 7 - gmt end

Meaning in this example Argument(s)

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

(no arguments)

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 2-point royalblue stroke.

= GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

GMT-11-001 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-11-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-11-002

Draw a Bezier curve through the route

Change the pen to -W2p,royalblue+s to draw a Bezier spline. The route acquires a curved path between the supplied positions. Use this for an
illustrative connection when that shape is intended; it does not provide additional observations or an authoritative boundary.

Compare with GMT-11-001 - Connect a sparse illustrative route.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-11-002
mkdir -p figures

gmt begin figures/GMT-11-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > track.txt <<'DATA'

0 10 36 ‘
1 14 41

2 18 37 40°N

3 22 42

4 28 38

DATA

45°N

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W@.2p,gray60 -Baf
gmt plot track.txt -i1,2 -A -W2p,royalblue+s

gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white 35°N -
gmt basemap -B+t"GMT-11-002"
gmt end

T T T
10°E 15°E 20°E 25°E 30°E

GMT-11-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-11-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R8/30/33/45
stem figures/GMT-11-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Di
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray95

-Slightblue

GMT-11-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-W0.2p,gray60

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-002 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-11-002

Argument(s)

track. txt

-i1,2

-W2p, royalblue+s

GMT-11-002

Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-Wo.4p,white

GMT-11-002

Argument(s)

-B+tGMT-11-002

+ 4 - gmt plot - GMT reference

GMT-11-002 - 7 - gmt end

Meaning in this example Argument(s)

Read the local table: track parameter (0 to 4), (no arguments)
longitude and latitude. These five positions define

the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 2-point royalblue stroke; +s draws a Bezier
spline through the line vertices.

+ 5 - gmt plot - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

+ 6 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-11-003

Add linearly interpolated positions

-FI samples each coordinate linearly against the first column at increments of 0.05. More vertices describe that chosen interpolation; they are not
more measurements. A Mercator projection can bend the display of a line interpolated in longitude and latitude.

Compare with GMT-11-001 - Connect a sparse illustrative route.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-11-003
mkdir -p figures

gmt begin figures/GMT-11-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > track.txt <<'DATA'

0 10 36 ‘
1 14 41

2 18 37 40°N

3 22 42

4 28 38

DATA

45°N

gmt sampleld track.txt -T0/4/0.05 -F1 > curve.txt

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf

gmt plot curve.txt -i1,2 -A -W2p,royalblue 35°N -
gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white

gmt basemap -B+t"GMT-11-003"

gmt end 10°E 15°E 20°E 25°E 30°E

GMT-11-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-11-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-11-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-11-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-003 - 3 - gmt sampleld - GMT reference

Argument(s)

track. txt

-T0/4/0.05

-F1

> curve.txt

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Resample the first column (track parameter, not
geographic distance) from 0 to 4 in steps of 0.05;
interpolate longitude and latitude as dependent
columns.

Piecewise linear interpolation; the path passes
through the input positions and retains corners.

Shell redirection: save standard output in curve.txt.
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GMT-11-003 - 4 - gmt coast -

Argument(s)

-R8/30/33/45

-JM13c

-Di

-Ggray95

-Slightblue

-W0.2p,gray60

-Baf

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-11-003 - 5 - gmt plot : GMT reference

Argument(s)

curve. txt

-i1,2

-W2p,royalblue

Meaning in this example

Read the resampled table: track parameter,
interpolated longitude and interpolated latitude.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle

resampling.

Draw 2-point royalblue stroke.

GMT-11-003 -6 -

Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-W0.4p,white

GMT-11-003 -7 -

Argument(s)

-B+tGMT-11-003

GMT-11-003 - 8 -

Argument(s)

(no arguments)

gmt plot - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-11-004

Interpolate with an Akima spline

Change -Fl to -Fa to interpolate the longitude and latitude columns with Akima splines. The source vertices remain visible in orange. Examine the
intervening path and any overshoot before interpreting an interpolated route.

Compare with GMT-11-003 - Add linearly interpolated positions.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-11-004
mkdir -p figures

gmt begin figures/GMT-11-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > track.txt <<'DATA'

0 10 36 ‘
1 14 41

2 18 37 40°N

3 22 42

4 28 38

DATA

45°N

gmt sampleld track.txt -T@/4/0.05 -Fa > curve.txt

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue 35°N -
gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white
gmt basemap -B+t"GMT-11-004'

gmt end

T T T
10°E 15°E 20°E 25°E 30°E

GMT-11-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-11-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-11-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-11-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-004 - 3 - gmt sampleld - GMT reference

Argument(s)

track. txt

-T0/4/0.05

-Fa

> curve.txt

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Resample the first column (track parameter, not
geographic distance) from 0 to 4 in steps of 0.05;
interpolate longitude and latitude as dependent
columns.

Akima interpolation: a local spline passing through
the input positions.

Shell redirection: save standard output in curve.txt.
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GMT-11-004 - 4 - gmt coast -

Argument(s)

-R8/30/33/45

-JM13c

-Di

-Ggray95

-Slightblue

-W0.2p,gray60

-Baf

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-11-004 - 5 - gmt plot : GMT reference

Argument(s)

curve. txt

-i1,2

-W2p,royalblue

Meaning in this example

Read the resampled table: track parameter,
interpolated longitude and interpolated latitude.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle

resampling.

Draw 2-point royalblue stroke.

GMT-11-004 -6 -

Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-W0.4p,white

GMT-11-004 -7 -

Argument(s)

-B+tGMT-11-004

GMT-11-004 - 8 -

Argument(s)

(no arguments)

gmt plot - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-11-005

Compare a natural cubic spline

Change the interpolation choice to -Fc. A natural cubic spline produces another smooth route through the input positions. A visually smooth result

still depends on this interpolation model, especially where stations are sparse.

Compare with GMT-11-003 - Add linearly interpolated positions.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-11-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > track.txt <<'DATA'

0 10 36

114 41

2 18 37

3 22 42

4 28 38

DATA

gmt sampleld track.txt -T@/4/0.05 -Fc > curve.txt

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue

gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white

gmt basemap -B+t"GMT-11-005"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-11-005

PY D

45°N

40°N -

35°N A
GMT-11-005
GMT - exit O

T T
10°E 15°E

- Rendered by GMT

20°E

25°E

30°E
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Parameters explained - GMT-11-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-005 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-11-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-11-005 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-005 - 3 - gmt sampleld - GMT reference

Argument(s)

track. txt

-T0/4/0.05

-Fc

> curve.txt

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Resample the first column (track parameter, not
geographic distance) from 0 to 4 in steps of 0.05;
interpolate longitude and latitude as dependent
columns.

Natural cubic-spline interpolation through the input
positions; curvature can produce overshoot.

Shell redirection: save standard output in curve.txt.
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GMT-11-005 - 4 - gmt coast -

Argument(s)

-R8/30/33/45

-JM13c

-Di

-Ggray95

-Slightblue

-W0.2p,gray60

-Baf

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-11-005 - 5 - gmt plot : GMT reference

Argument(s)

curve. txt

-i1,2

-W2p,royalblue

Meaning in this example

Read the resampled table: track parameter,
interpolated longitude and interpolated latitude.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle

resampling.

Draw 2-point royalblue stroke.

GMT-11-005-6 -

Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-W0.4p,white

GMT-11-005-7 -

Argument(s)

-B+tGMT-11-005

GMT-11-005-8 -

Argument(s)

(no arguments)

gmt plot - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-11-006

Fit a smoothing spline

-Fs0.05 trades fit against curvature. Unlike exact interpolation, the smoothed curve need not pass through the orange source positions. The fit
parameter is specific to the coordinate and parameter scales here; it is not a universal smoothing setting.

Compare with GMT-11-005 - Compare a natural cubic spline.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-11-006
mkdir -p figures

gmt begin figures/GMT-11-006 png,pdf E200,H2,Qg4,Qt4 -C 45N
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

cat > track.txt <<'DATA'

0 10 36

114 41

218 37 40°N
3 22 42

4 28 38

DATA

gmt sampleld track.txt -T0/4/0.05 -Fs0.05 > curve.txt

gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf

gmt plot curve.txt -i1,2 -A -W2p,royalblue 35°N -
gmt plot track.txt -i1,2 -Sc@.16c -Gdarkorange -W@.4p,white

gmt basemap -B+t"GMT-11-006"

gmt end 10°E 15°E 20°E 25°E 30°E

GMT-11-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-11-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-11-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-11-006 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output track. txt
stem figures/GMT-11-006 becomes an opaque PNG

and a PDF (vector linework, embedded rasters

where used).

-T0/4/0.05
E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.
-Fs0.05

Ignore user gmt.conf files and start from clean GMT
defaults.

> curve.txt

GMT-11-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-11-006 - 3 - gmt sampleld - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Resample the first column (track parameter, not
geographic distance) from 0 to 4 in steps of 0.05;
interpolate longitude and latitude as dependent
columns.

Fit a smoothing cubic spline with fit parameter 0.05,
trading residual error against curvature; it need not
pass through the input positions.

Shell redirection: save standard output in curve.txt.

229


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/sample1d.html

GMT-11-006 - 4 - gmt coast -

Argument(s)

-R8/30/33/45

-JM13c

-Di

-Ggray95

-Slightblue

-W0.2p,gray60

-Baf

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.2-point gray60 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-11-006 - 5 - gmt plot : GMT reference

Argument(s)

curve. txt

-i1,2

-W2p,royalblue

Meaning in this example

Read the resampled table: track parameter,
interpolated longitude and interpolated latitude.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle

resampling.

Draw 2-point royalblue stroke.

GMT-11-006 - 6 -

Argument(s)

track. txt

-i1,2

-Sc0.16¢
-Gdarkorange

-W0.4p,white

GMT-11-006 - 7 -

Argument(s)

-B+tGMT-11-006

GMT-11-006 - 8 -

Argument(s)

(no arguments)

gmt plot - GMT reference

Meaning in this example

Read the local table: track parameter (0 to 4),
longitude and latitude. These five positions define
the schematic route.

Read zero-based columns 1 and 2 as longitude and
latitude; skip column 0, the track parameter.

Draw circles with diameter 0.16 cm.
Fill the symbols with darkorange.

Draw 0.4-point white stroke.

gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Regional projections and difficult extents

GMT-12-001

Use Lambert conformal conic for a region

-JL10/45/35/55/13c sets the central meridian and latitude, two standard parallels and map width. A conformal conic projection is a useful choice for
some regional maps; inspect its scale away from the standard parallels.

Complete GMT script Actual output

GMT-12-001

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-12-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/30/60 -JL10/45/35/55/13c -Dh -Ggray90 -Slightblue -W0.3p
-N1/0.25p,gray50 -B10g5

gmt basemap -B+t"GMT-12-001"

gmt end

GMT-12-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-12-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-12-001 png,pdf

E200,H2,Qg4,Qt4

GMT-12-001- 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-12-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-001 - 3 - gmt coast - GMT reference

Argument(s)

-R-12/32/30/60

-JL10/45/35/55/13c

-Dh

-Ggray90
-Slightblue
-Wo.3p

-N1/0.25p,gray50

-B10g5

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Lambert conformal conic: central longitude 10,
latitude of origin 45, standard parallels 35 and 55
degrees; width 13 cm.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On both geographic axes, label every 10 degrees
and draw grid lines every 5 degrees.

GMT-12-001 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-12-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-001 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-12-002

Compare Albers equal-area conic

Change the projection to -JB with the same centre and standard parallels. Albers preserves area while changing shapes. The regional extent, coast
data and graticule stay fixed for comparison.

Compare with GMT-12-001 - Use Lambert conformal conic for a region.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-12-002
mkdir -p figures

gmt begin figures/GMT-12-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/32/30/60 -JB10/45/35/55/13c -Dh -Ggray90 -Slightblue -W0.3p
-N1/0.25p,gray50 -B10g5

gmt basemap -B+t"GMT-12-002"

gmt end

GMT-12-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-12-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-12-002 png,pdf

E200,H2,Qg4,Qt4

GMT-12-002 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-12-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-002 - 3 - gmt coast - GMT reference

Argument(s)

-R-12/32/30/60

-JB10/45/35/55/13c

-Dh

-Ggray90
-Slightblue
-Wo.3p

-N1/0.25p,gray50

-B10g5

Meaning in this example

Geographic bounds west/east/south/north =
-12/32/30/60 degrees. Negative longitude is west;
negative latitude is south.

Albers equal-area conic: central longitude 10,
latitude of origin 45, standard parallels 35 and 55
degrees; width 13 cm.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On both geographic axes, label every 10 degrees
and draw grid lines every 5 degrees.

GMT-12-002 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-12-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-002 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-12-003

Centre a Lambert azimuthal equal-area map

-JA10/45/13c places a Lambert azimuthal equal-area projection at 10 degrees east and 45 degrees north. -R-12/30/32/60+r supplies the lower-left

and upper-right corners for a rectangular regional view. Equal-area projections can support area comparisons, but they do not preserve every

distance or angle.

Compare with GMT-12-002 - Compare Albers equal-area conic.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-12-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-12/30/32/60+r -JA10/45/13c -Dh -Ggray90 -Slightblue -W0.3p
-N1/0.25p,gray50 -B10g5

gmt basemap -B+t"GMT-12-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-12-003

GMT-12-003 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-12-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-12-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R-12/30/32/60+r
stem figures/GMT-12-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-JA10/45/13¢

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90

-Slightblue

GMT-12-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-Wo.3p

Meaning in this example
-N1/0.25p,gray50

Disable automatic data downloads; geographic

layers use locally installed GSHHG files.
-B10g5

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.
Argument(s)

Primary axis annotations use 9-point type.

4 P P -B+tGMT-12-003
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-003 - 3 - gmt coast - GMT reference

Meaning in this example

+r reads opposite corners: lower-left longitude/
latitude -12/30, upper-right 32/60 degrees; use a
rectangular regional frame.

Lambert azimuthal equal-area projection, centred at
longitude 10, latitude 45 degrees; map width 13 cm.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On both geographic axes, label every 10 degrees
and draw grid lines every 5 degrees.

GMT-12-003 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-003 - 5 - gmt end * GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-12-004

Use a local UTM zone

-JU32N/13c uses UTM zone 32 in the northern hemisphere. The explicitly selected region fits that zone. Choosing UTM requires the appropriate zone
and datum for the actual project; this example teaches the projection syntax.

Complete GMT script Actual output

GMT-12:004

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-12-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R6/12/47/55 -JU32N/13c -Dh -Ggray90 -Slightblue -W@.3p -N1/0.25p,gray50
-Bxa2g2 -Bya2g2

gmt basemap -B+t"GMT-12-004"

gmt end

GMT-12-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-12-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-004 -1

Argument(s)

figures/GMT-12-004 png,pdf

E200,H2,Qg4,Qt4

GMT-12-004 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

- gmt begin - GMT reference

Meaning in this example Argument(s)
Start an independent modern session; the output -R6/12/47/55
stem figures/GMT-12-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

-JU32N/13¢

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90

-Slightblue

- gmt set - GMT reference
-Wo.3p

Meaning in this example
-N1/0.25p,gray50

Disable automatic data downloads; geographic

layers use locally installed GSHHG files.
-Bxa2g2

Use a plain map frame rather than the default fancy
alternating border.
-Bya2g2
Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type. Argument(s)

The map title uses 11-point type. -B+tGMT-12-004
Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-004 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
6/12/47/55 degrees. Negative longitude is west;
negative latitude is south.

UTM zone 32, northern hemisphere (N); map width
13 cm.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On the longitude (x) axis, label every 2 degrees;
draw grid lines every 2 degrees (g).

On the latitude (y) axis, label every 2 degrees; draw
grid lines every 2 degrees (g).

GMT-12-004 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-004 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-12-005

Map the Arctic with stereographic projection

-JS0/90/13c gives a north-polar stereographic view. The region extends from 60 to 90 degrees north. The longitude graticule converges at the pole;
rectangular latitude-longitude display conventions are not suitable for every polar map.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-12-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-180/180/60/90 -JS0/90/13c -Di -Ggray90 -Slightblue -W0.3p
-N1/0.25p,gray50 -B30g15

gmt basemap -B+t"GMT-12-005"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-12-005

GMT-12-005 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-12-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-12-005 png,pdf

E200,H2,Qg4,Qt4

GMT-12-005- 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example Argument(s)

Start an independent modern session; the output -R-180/180/60/90
stem figures/GMT-12-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-750/90/13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Di
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray90

-Slightblue

- gmt set - GMT reference

-Wo.3p

Meaning in this example
-N1/0.25p,gray50

Disable automatic data downloads; geographic

layers use locally installed GSHHG files.
-B30g15

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,

including variable symbol diameters.
Argument(s)

Primary axis annotations use 9-point type.

4 P P -B+tGMT-12-005
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-005 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-180/180/60/90 degrees. Negative longitude is
west; negative latitude is south.

Stereographic conformal projection, centred at
longitude 0, latitude 90 degrees; map width 13 cm.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On both geographic axes, label every 30 degrees
and draw grid lines every 15 degrees.

GMT-12-005 - 4 - gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-005 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-12-006

Cross the international date line

Use a continuous longitude interval from 160 to 200 degrees and centre the Mercator projection at 180. This draws one region spanning the date
line. Do not split a continuous study area merely because longitude labels wrap between east and west.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ G0t
mkdir -p figures

gmt begin figures/GMT-12-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R160/200/-30/30 -JM180/13c -Di -Ggray9e0 -Slightblue -W@.3p
-N1/0.25p,gray50 -B10g10

gmt basemap -B+t"GMT-12-006"

gmt end

5&7

(s f,
\.\%\%

30°S.
160°E 170°E 180° 170°W 160°W

GMT-12-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-12-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-12-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-12-006 png,pdf

E200,H2,Qg4,Qt4

GMT-12-006 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-12-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-12-006 - 3 - gmt coast - GMT reference

Argument(s)

-R160/200/-30/30

-JM180/13c

-Ggray90
-Slightblue
-Wo.3p

-N1/0.25p,gray50

-B10g10

Meaning in this example

Geographic bounds west/east/south/north =
160/200/-30/30 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; central meridian 180 degrees;
map width 13 cm. Uppercase M specifies width
rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.
Draw 0.3-point black (the default) stroke.

Draw national boundaries (level 1) with a 0.25-point
gray50 stroke.

On both geographic axes, label every 10 degrees
and draw grid lines every 10 degrees.

GMT-12-006 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-12-006

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-12-006 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Grid interpolation and contour quality

GMT-13-001

Expose a coarse grid with nearest-neighbour display

Evaluate the synthetic Gaussian field only every degree and display it with -nn, nearest-neighbour interpolation. grdimage -E200 fixes the projected
image resampling resolution at 200 dpi for this comparison. Individual grid cells become conspicuous. The coarse grid is deliberate; it is a field
defined by the formula, not a terrain measurement.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-13-001
mkdir -p figures

gmt begin figures/GMT-13-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP
1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -nn -E200 -Baf

gmt coast -Di -W0.3p,gray40 40°N
gmt basemap -B+t"GMT-13-001"
gmt end

30°N
0° 10°E 20°E 30°E

GMT-13-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-13-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-001 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-11

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-001 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-nn

-E200

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Nearest-neighbour interpolation: use the closest grid
node; coarse cells remain visible.

Resample the projected grid image at 200 dpi;
separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-13-001 - 5 - gmt coast - GMT reference
Argument(s) Meaning in this example
Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

-Di

-Wo. 3p,gray40 Draw 0.3-point gray40 stroke.

GMT-13-001 - 6 - gmt basemap - GMT reference
Argument(s) Meaning in this example
Add the stable example ID as the map title, reusing

-B+tGMT-13-001
the current region and projection.

GMT-13-001 - 7 - gmt end * GMT reference

Argument(s) Meaning in this example
End the modern session and write both requested
figure formats; omitting show avoids launching a

viewer.

(no arguments)
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GMT-13-002

Change the image interpolation

With grdimage -E200 fixing the projected image resampling resolution, change -nn to -nc for bicubic image interpolation. The displayed colour
transitions become smoother while the input grid still has one-degree spacing. Interpolation changes how the field is displayed between its nodes; it
does not add measured information.

Compare with GMT-13-001 - Expose a coarse grid with nearest-neighbour display.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-13-002
mkdir -p figures

gmt begin figures/GMT-13-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP

1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf

gmt coast -Di -W0.3p,gray40 40°N
gmt basemap -B+t"GMT-13-002"

gmt end

30°N
0° 10°E 20°E 30°E

GMT-13-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-13-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-002 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-11

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-002 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-nc

-E200

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Resample the projected grid image at 200 dpi;
separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-13-002 - 5 - gmt coast - GMT reference
Argument(s) Meaning in this example
Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

-Di

-Wo. 3p,gray40 Draw 0.3-point gray40 stroke.

GMT-13-002 - 6 - gmt basemap - GMT reference
Argument(s) Meaning in this example
Add the stable example ID as the map title, reusing

-B+tGMT-13-002
the current region and projection.

GMT-13-002 - 7 - gmt end * GMT reference

Argument(s) Meaning in this example
End the modern session and write both requested
figure formats; omitting show avoids launching a

viewer.

(no arguments)
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GMT-13-003

Evaluate the model on a finer grid

Change the grdmath spacing from one degree to 0.1 degree. Here the formula is known, so new nodes are direct evaluations of that model. This
differs from interpolating a coarse measured grid, where finer spacing alone cannot recover unsampled detail.

Compare with GMT-13-002 - Change the image interpolation.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-13-003
mkdir -p figures

gmt begin figures/GMT-13-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

gmt grdmath -R-8/30/30/48 -1I0.1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP

1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf

gmt coast -Di -W@.3p,gray40 40°N
gmt basemap -B+t"GMT-13-003"

gmt end

30°N
0° 10°E 20°E 30°E

GMT-13-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-13-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-003 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-10.1

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 0.1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-003 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-nc

-E200

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Resample the projected grid image at 200 dpi;
separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-13-003 - 5 - gmt coast - GMT reference
Argument(s) Meaning in this example
Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

-Di

-Wo. 3p,gray40 Draw 0.3-point gray40 stroke.

GMT-13-003 - 6 - gmt basemap - GMT reference
Argument(s) Meaning in this example
Add the stable example ID as the map title, reusing

-B+tGMT-13-003
the current region and projection.

GMT-13-003 - 7 - gmt end - GMT reference

Argument(s) Meaning in this example
End the modern session and write both requested
figure formats; omitting show avoids launching a

viewer.

(no arguments)
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GMT-13-004

Resample the coarse grid explicitly

grdsample -10.1 -nc creates a finer grid by bicubic interpolation of the original one-degree grid. Compare it with the direct model evaluation. A
denser file and a smoother image do not imply that the source measurements became more accurate.

Compare with GMT-13-003 - Evaluate the model on a finer grid.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-13-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP
1000 MUL = hill.nc

gmt grdsample hill.nc -I0.1 -nc -Gresampled.nc

gmt grdimage resampled.nc -JM13c -Cviridis -nc -E200 -Baf

gmt coast -Di -W0.3p,gray40

gmt basemap -B+t"GMT-13-004"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-13-004

40°N

30°N
0° 10°E 20°E 30°E

GMT-13-004 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-13-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-004 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-11

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-004 - 4 - gmt grdsample - GMT reference

Argument(s)

hill.nc

-10.1

-nc

-Gresampled.nc

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Grid-node spacing 0.1 degrees in both longitude and
latitude; interpolate the existing coarse grid onto
these nodes.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Write the interpolated output grid to resampled.nc;
the input grid is unchanged.
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GMT-13-004 - 5 - gmt grdimage - GMT reference

Argument(s)

resampled.nc

-JM13c

-Cviridis

-nc

-E200

-Baf

GMT-13-004 - 6 - gmt coast -

Argument(s)

-Di

-W0.3p,gray40

GMT-13-004 - 7 - gmt basem

Argument(s)

-B+tGMT-13-004

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Resample the projected grid image at 200 dpi;

separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT reference

Meaning in this example

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Draw 0.3-point gray40 stroke.

ap * GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-13-004 - 8 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-13-005

Inspect unsmoothed contour segments

Extract contours from the coarse one-degree grid with -S1, keeping the default contour-smoothing factor explicitly low. The background uses
bicubic display interpolation. Its smooth colours and the contour segment geometry are separate choices.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

begin figures/GMT-13-005 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt

grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP

1000 MUL = hill.nc

gmt
gmt
gmt
gmt
gmt

grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf
coast -Di -W0.3p,gray40

grdcontour hill.nc -C100 -A200+f8p -S1 -W@.6p,white
basemap -B+t"GMT-13-005"

end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-13-005

40°N

30°N
0° 10°E 20°E 30°E

GMT-13-005 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-13-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-005 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-005 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-005 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-11

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-005 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-nc

-E200

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Resample the projected grid image at 200 dpi;
separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-13-005 - 5 - gmt coast - GMT reference

Argument(s) Meaning in this example

-Di Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

-Wo. 3p,gray40 Draw 0.3-point gray40 stroke.

GMT-13-005 - 6 - gmt grdcontour * GMT reference

Argument(s) Meaning in this example

hill.nc Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

-C100 Draw contour levels every 100 synthetic amplitude
units.
-A200+f8p Annotate every 200 amplitude units; +f8p uses 8-

point contour labels.

-S1 Contour-path resampling/smoothing factor 1; 1
keeps the low-smoothing baseline.

-Wo.6p,white Draw 0.6-point white stroke.

GMT-13-005 - 7 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-13-005 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-13-005 - 8 - gmt end * GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-13-006

Smooth the drawn contour path

Change only grdcontour -S1 to -S8. GMT resamples the contour with a larger smoothing factor. This refines its drawn path between the coarse grid-
derived segments; it does not make the underlying synthetic field or a measured dataset more detailed.

Compare with GMT-13-005 - Inspect unsmoothed contour segments.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-13-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP
1000 MUL = hill.nc

gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf

gmt coast -Di -W@.3p,gray40

gmt grdcontour hill.nc -C100 -A200+f8p -S8 -W@.6p,white

gmt basemap -B+t"GMT-13-006"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-13-006

40°N

30°N
0° 10°E 20°E 30°E

GMT-13-006 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-13-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-13-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-13-006 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-13-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-13-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-13-006 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-8/30/30/48

-11

X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD
-0.03 MUL EXP 1000 MUL = hill.nc

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Grid-node spacing 1 degrees in both longitude and
latitude; evaluate the formula at these nodes.

Evaluate 1000 * exp(-0.03 * ((longitude - 12)"2 +
(latitude - 40)72)). X and Y are node coordinates;
SUB subtracts, DUP duplicates, MUL multiplies, ADD
adds and EXP exponentiates. = hill.nc writes the
result. Values are synthetic amplitude units.

GMT-13-006 - 4 - gmt grdimage - GMT reference

Argument(s)

hill.nc

-JM13c

-Cviridis

-nc

-E200

-Baf

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Colour the synthetic grid with viridis, automatically
scaled to the grid-value range.

Bicubic interpolation between existing grid nodes;
this adds no measured information.

Resample the projected grid image at 200 dpi;
separate from the final PNG export DPI set by begin.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-13-006 - 5 - gmt coast - GMT reference

Argument(s)

-Di

-W0.3p,gray40

Meaning in this example

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Draw 0.3-point gray40 stroke.

GMT-13-006 - 6 - gmt grdcontour - GMT reference

Argument(s)

hill.nc

-C100

-A200+f8p

-S8

-W0.6p,white

Meaning in this example

Read the locally generated synthetic Gaussian grid;
its amplitude is illustrative, not elevation in metres.

Draw contour levels every 100 synthetic amplitude
units.

Annotate every 200 amplitude units; +f8p uses 8-
point contour labels.

Contour-path resampling/smoothing factor 8; 8 adds
intermediate path samples for a smoother drawn
contour, without refining the input grid.

Draw 0.6-point white stroke.

GMT-13-006 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-13-006

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-13-006 - 8 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

266


https://docs.generic-mapping-tools.org/6.7/coast.html
https://docs.generic-mapping-tools.org/6.7/grdcontour.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

Raster quality and a polished map

GMT-14-001

A deliberately rough raster export

Use E120,H1,Qg1,Qtl to produce a 120-dpi PNG without graphics or text anti-aliasing. This deliberately rough export makes pixel stair-steps easier
to inspect at native size. The accompanying PDF keeps vector linework; the underlying map geometry is unchanged.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-14-001 png,pdf E120,H1,Qg1,Qt1 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt plot line.txt -A -W1.5p,navy

gmt basemap -B+t"GMT-14-001"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-14-001

40°N

30°N

T
0° 10°E 20°E 30°E

GMT-14-001 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-14-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-14-001 - 1 - gmt begin - GMT reference GMT-14-001 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-14-001 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-14-001 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E120,H1,Qg1,Qt1 E120 sets final raster resolution to 120 dpi. H1 uses specifies width rather than scale.
no extra supersampling. Qgl and Qt1 disable
graphics and text anti-aliasing (1). -Di Select intermediate-resolution GSHHG geography
from the local installation; this controls source
-C Ignore user gmt.conf files and start from clean GMT geometry, not raster DPI.
defaults.
-Ggray94 Fill land areas with gray94.
GMT-14-001 - 2 - gmt set - GMT reference -Slightblue Fill water areas with lightblue.
Argument(s) Meaning in this example -Wo.35p,gray40 Draw 0.35-point gray40 stroke.
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic -Baf Draw the frame with automatically chosen

layers use locally installed GSHHG files. annotation (a) and tick (f) intervals; this does not
request grid lines.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy

It ting border.
atternating border GMT-14-001 - 4 - gmt set - GMT reference

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters. Argument(s) Meaning in this example
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. PS_LINE_CAP round Use semicircular line ends.
FONT_LABEL 10p Axis and decoration labels use 10-point type. PS_LINE_JOIN round Round the joins between stroke segments.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-14-001 - 5 - gmt plot - GMT reference

Argument(s)

line.txt

-W1.5p,navy

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 1.5-point navy stroke.

GMT-14-001 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-14-001

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-001 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.

269


https://docs.generic-mapping-tools.org/6.7/plot.html
https://docs.generic-mapping-tools.org/6.7/basemap.html
https://docs.generic-mapping-tools.org/6.7/end.html

GMT-14-002

Anti-alias graphics and text

Change Qg1,Qtl1 to Qg4,Qt4, keeping the same 120-dpi output. Ghostscript uses subsampling for graphics and text edges. Native image dimensions
stay comparable; the benefit is edge rendering rather than new coastline vertices.

Compare with GMT-14-001 - A deliberately rough raster export.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-14-002
mkdir -p figures

gmt begin figures/GMT-14-002 png,pdf E120,H1,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt plot line.txt -A -W1.5p,navy

gmt basemap -B+t"GMT-14-002"

gmt end

40°N 1

30°N T T y
0° 10°E 20°E 30°E

GMT-14-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-14-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-14-002 - 1 - gmt begin - GMT reference GMT-14-002 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-14-002 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-14-002 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E120,H1,Qg4,Qt4 E120 sets final raster resolution to 120 dpi. H1 uses specifies width rather than scale.
no extra supersampling. Qg4 and Qt4 set graphics
and text anti-aliasing subsampling to 4. -Di Select intermediate-resolution GSHHG geography
from the local installation; this controls source
-C Ignore user gmt.conf files and start from clean GMT geometry, not raster DPI.
defaults.
-Ggray94 Fill land areas with gray94.
GMT-14-002 - 2 - gmt set - GMT reference -Slightblue Fill water areas with lightblue.
Argument(s) Meaning in this example -Wo.35p,gray40 Draw 0.35-point gray40 stroke.
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic -Baf Draw the frame with automatically chosen

layers use locally installed GSHHG files. annotation (a) and tick (f) intervals; this does not
request grid lines.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy

It ting border.
atternating border GMT-14-002 - 4 - gmt set - GMT reference

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters. Argument(s) Meaning in this example
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. PS_LINE_CAP round Use semicircular line ends.
FONT_LABEL 10p Axis and decoration labels use 10-point type. PS_LINE_JOIN round Round the joins between stroke segments.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-14-002 - 5 - gmt plot - GMT reference

Argument(s)

line.txt

-W1.5p,navy

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 1.5-point navy stroke.

GMT-14-002 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-14-002

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-002 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-14-003

Supersample before reducing the PNG

Change H1 to H3. GMT rasterizes at a temporarily higher resolution, then downsamples to the requested 120 dpi. Compare the sloping line and
small text at native pixel size. This takes more processing and can reduce raster aliasing.

Compare with GMT-14-002 - Anti-alias graphics and text.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-14-003 png,pdf E120,H3,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W@.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt plot line.txt -A -W1.5p,navy

gmt basemap -B+t"GMT-14-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-14-003

PICYE

30°N T
00

GMT-14-003 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-14-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-14-003 - 1 - gmt begin - GMT reference GMT-14-003 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-14-003 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-14-003 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E120,H3,Qg4,Qt4 E120 sets final raster resolution to 120 dpi. H3 specifies width rather than scale.
rasterizes at 3 times that resolution, then reduces to ) ) )
the requested DPI. Qg4 and Qt4 set graphics and -Di Select intermediate-resolution GSHHG geography
text anti-aliasing subsampling to 4. from the local installation; this controls source
geometry, not raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-14-003 - 2 - gmt set - GMT reference )
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy

alternating border. GMT-14-003 - 4 - gmt set - GMT reference

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, Argument(s) Meaning in this example
including variable symbol diameters. L .
PS_LINE_CAP round Use semicircular line ends.
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. .
PS_LINE_JOIN round Round the joins between stroke segments.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-14-003 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W1.5p,navy

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 1.5-point navy stroke.

GMT-14-003 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-14-003

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-003 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-14-004

Export more pixels for a larger image

Change the output resolution to 300 dpi, with H3 and the same anti-aliasing settings. The PNG contains more pixels at the same physical map
width. More pixels improve larger raster reproductions; they do not substitute for appropriate geographic resolution.

Compare with GMT-14-003 - Supersample before reducing the PNG.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-14-004
mkdir -p figures

gmt begin figures/GMT-14-004 png,pdf E300,H3,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt set PS_LINE_CAP round PS_LINE_JOIN round

cat > line.txt <<'DATA'

12 36

20 36

14 41

22 42

DATA

gmt plot line.txt -A -W1.5p,navy

gmt basemap -B+t"GMT-14-004"

gmt end

40°N -

30°N T T T
0° 10°E 20°E 30°E

GMT-14-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-14-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-14-004 - 1 - gmt begin - GMT reference GMT-14-004 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-14-004 png,pdf Start an independent modern session; the output -R-8/30/30/48 Geographic bounds west/east/south/north =
stem figures/GMT-14-004 becomes an opaque PNG -8/30/30/48 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E300,H3,Qg4,Qt4 E300 sets final raster resolution to 300 dpi. H3 specifies width rather than scale.
rasterizes at 3 times that resolution, then reduces to ) ) )
the requested DPI. Qg4 and Qt4 set graphics and -Di Select intermediate-resolution GSHHG geography
text anti-aliasing subsampling to 4. from the local installation; this controls source
geometry, not raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-14-004 - 2 - gmt set - GMT reference )
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.
MAP_FRAME_TYPE plain Use a plain map frame rather than the default fancy

alternating border. GMT-14-004 - 4 - gmt set - GMT reference

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit, Argument(s) Meaning in this example
including variable symbol diameters. L .
PS_LINE_CAP round Use semicircular line ends.
FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type. .
PS_LINE_JOIN round Round the joins between stroke segments.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.
PS_LINE_CAP round Use semicircular line ends.
PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-14-004 - 5 - gmt plot : GMT reference

Argument(s)

line.txt

-W1.5p,navy

Meaning in this example

Read the local ordered longitude/latitude vertices as
a line; its sharp turns expose the pen cap and join
settings.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 1.5-point navy stroke.

GMT-14-004 - 6 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-14-004

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-004 - 7 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-14-005

Give borders and graticules a clear hierarchy

Use an intermediate coastline with a 0.45-point shore pen, lighter dashed national borders and a very light graticule. Round joins soften the stroke
corners without moving the boundary data. A clear hierarchy is often more effective than increasing the width of every line.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-14-005
mkdir -p figures

gmt begin figures/GMT-14-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

gmt set MAP_GRID_PEN_PRIMARY 0.2p,gray75, -

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray95 -Slightblue -W@.45p,gray25
-N1/0.3p,gray50,- -Bxa5g5 -Bya5gbh

gmt basemap -B+t"GMT-14-005"

gmt end

45°N A

aon

35°N A

30°N . : . — . T T
5°W 0° 5°E 10°E 15°E 20°E 25°E 30°E

GMT-14-005 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-14-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-14-005 - 1 - gmt begin - GMT reference GMT-14-005 - 3 - gmt set - GMT reference

Argument(s) Meaning in this example Argument(s) Meaning in this example

figures/GMT-14-005 png,pdf Start an independent modern session; the output MAP_GRID_PEN_PRIMARY 0.2p,gray75, - Draw primary graticule lines with a 0.2-point gray75

E200,H2,Qg4,Qt4

GMT-14-005 - 2

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

stem figures/GMT-14-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

- gmt set - GMT reference

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-14-005 - 4 - gmt coast -

Argument(s)

-R-8/30/30/48

-JM13c

-Di

-Ggray95

-Slightblue

-W0.45p,gray25

-N1/0.3p,gray50, -

-Bxabgbh

-Byabgb

stroke with a dashed pattern.

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray95.
Fill water areas with lightblue.
Draw 0.45-point gray25 stroke.

Draw national boundaries (level 1) with a 0.3-point
gray50 stroke with a dashed pattern.

On the longitude (x) axis, label every 5 degrees;
draw grid lines every 5 degrees (g).

On the latitude (y) axis, label every 5 degrees; draw
grid lines every 5 degrees (g).
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GMT-14-005 - 5 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-14-005 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-005 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-14-006

Finish a detailed map with smooth raster edges

Combine the intermediate shoreline, restrained line widths, round caps and joins, labelled illustrative stations, scale bar and locator inset. Export

with 300 dpi and H2 supersampling. Use the native vector PDF for scalable linework; geographic detail remains controlled by -Di, independently of
raster quality.

Compare with GMT-08-003 - Assemble a finished map.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

begin figures/GMT-14-006 png,pdf E300,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

round

gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W@.35p,gray40 -Baf

cat

> sites.txt <<'DATA'

12 42 A
15 39 B
22 38 C

DATA

gmt
gmt
gmt

plot sites.txt -i@,1 -W1.2p,royalblue, -
plot sites.txt -i@,1 -Sc@.24c -Gdarkorange -W@.5p,white
text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c

gmt basemap -LjBL+c40+w500k+00.5c/0.5c+f+u -F+gwhite+p@.3p
gmt inset begin -DjTR+w3c+00.2c -F+gwhite+p0.5p

gmt coast -Rg -JG12/40/3c -Dc -Ggray90 -Slightblue -W@.2p
printf '12 40\n' | gmt plot -Sc@.18c -Gred

gmt inset end

gmt basemap -B+t"GMT-14-006"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-14-006

40°N A

o p———

0 km 500 km

30°N T T T
0° 10°E 20°E 30°E

GMT-14-006 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-14-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse

the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-14-006 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-14-006 png,pdf

E300,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-14-006 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E300 sets final raster resolution to 300 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-14-006 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-14-006 - 3 - gmt coast - GMT reference

Argument(s)

-R-8/30/30/48

-JM13c

-Di

-Ggray94

-Slightblue

-W0.35p,gray40

-Baf

Meaning in this example

Geographic bounds west/east/south/north =
-8/30/30/48 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M

specifies width rather than scale.

Select intermediate-resolution GSHHG geography
from the local installation; this controls source
geometry, not raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.

GMT-14-006 - 4 - gmt plot - GMT reference

Argument(s)

sites.txt

-10,1

-W1.2p, royalblue, -

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw 1.2-point royalblue stroke with a dashed
pattern.
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GMT-14-006 - 5 - gmt plot
Argument(s)

sites.txt

-i0,1

-Sc0.24c
-Gdarkorange

-W0.5p,white

GMT-14-006 - 6 - gmt text

Argument(s)

sites.txt

-F+f10p,Helvetica, navy+jBL

-D0.15¢c/0.12c

* GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.24 cm.
Fill the symbols with darkorange.

Draw 0.5-point white stroke.

= GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

+f selects 10-point Helvetica text in navy; +jBL
anchors each label at its bottom-left corner. Read
the text after longitude and latitude.

Offset labels by +0.15 cm horizontally and +0.12
cm vertically from the input coordinates.

GMT-14-006 - 7 - gmt basemap - GMT reference

Argument(s)

-LjBL+c40+w500k+00.5¢c/0.5c+f+u

-F+gwhite+p0.3p

Meaning in this example

jBL anchors inside at bottom-left; +c40 computes
scale at latitude 40 degrees; +w500k sets a 500 km
length; +o0 offsets by 0.5 cm in both directions; +f
selects a fancy segmented bar; +u appends the
units to annotations.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.

GMT-14-006 - 8 - gmt inset -
Argument(s)

begin

-DjTR+w3c+00.2c

-F+gwhite+p0.5p

GMT-14-006 - 9 - gmt coast -

Argument(s)

-Rg

-JG12/40/3c

-Dc

-Ggray90

-Slightblue

-Wo.2p

GMT-14-006 - 10 - gmt plot -
Argument(s)

-Sc0.18c

-Gred

GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

jTR anchors an inset inside the map at top-right;
+w3c makes it 3 cm wide; +00.2c offsets it inward
0.2 cm in both directions.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.5-point black (the
default) stroke.

GMT reference

Meaning in this example

Global geographic region: longitudes 0 to 360
degrees, latitudes -90 to 90 degrees.

Orthographic globe view, centred at longitude 12,
latitude 40 degrees; map width 3 cm.

Select crude-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray90.
Fill water areas with lightblue.

Draw 0.2-point black (the default) stroke.

GMT reference

Meaning in this example

Draw circles with diameter 0.18 cm. Read longitude
and latitude from the preceding printf pipeline.

Fill the symbols with red.
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GMT-14-006 - 11 - gmt inset - GMT reference

Argument(s) Meaning in this example
end Leave the inset and restore the main-map region,
projection and plotting origin.
GMT-14-006 - 12 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-14-006 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-14-006 - 13 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Zooming into a region

GMT-15-001

Mark the area to zoom into

Start with an eastern Mediterranean overview. The orange rectangle marks 23 to 27 degrees east and 34.7 to 36.1 degrees north around Crete.
Four longitude/latitude corners define the window, and three invented sites provide landmarks for the following close-ups. This first map establishes
the geographic context.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-15-001
mkdir -p figures 5N
gmt begin figures/GMT-15-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round
cat > focus.txt <<'DATA'
23 34.7
27 34.7
27 36.1 40N
23 36.1
DATA
cat > sites.txt <<'DATA'
23.9 35.5 A
25.1 35.3 B
26.1 35.2 C 5N 4
DATA
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange 10|°E 15'°E zd°E 25|°E 30°E
gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white
gmt basemap -B+t"GMT-15-001" GMT-15-001 - Rendered by GMT
gmt end
GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-001

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-15-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-15-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R8/30/33/45
stem figures/GMT-15-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94

-Slightblue

GMT-15-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-W0.35p,gray40

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-15-001 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-15-001

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-001

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-W0.4p,white

GMT-15-001

Argument(s)

-B+tGMT-15-001

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the zoom
window: west 23, east 27, south 34.7, north 36.1
degrees. The same bounds define the close-up
region.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

+ 6 - gmt basemap -+ GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-15-001 - 7 - gmt end

Argument(s)

(no arguments)

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-002

Zoom by narrowing the geographic region

Change only the main coast command region from -R8/30/33/45 to -R23/27/34.7/36.1. At the same 13 cm map width, the smaller extent gives
more space to Crete and the same three illustrative sites. The orange outline now follows the map extent. Coastline resolution stays -Df and export

stays 200 dpi: geographic zoom changes the region and map scale. Compare chapter 09 when the close-up needs finer shoreline geometry.

Compare with GMT-15-001 - Mark the area to zoom into.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-15-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > focus.txt <<'DATA'

23 34.7

27 34.7

27 36.1

23 36.1

DATA

cat > sites.txt <<'DATA'

23.9 35.5 A

25.1 35.3 B

26.1 35.2 C

DATA

gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray94 -Slightblue -W@.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W0.4p,white

gmt basemap -B+t"GMT-15-002"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-15-002
A
N{ .
n ) [}
o
35°N 1
23°F 24°F 25°F 26°E 27°F

GMT-15-002 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-15-002

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-15-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-15-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R23/27/34.7/36.1

stem figures/GMT-15-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Df
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94

-Slightblue

GMT-15-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-W0.35p,gray40

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-15-002 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select full-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-15-002

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-002

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-W0.4p,white

GMT-15-002

Argument(s)

-B+tGMT-15-002

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the zoom
window: west 23, east 27, south 34.7, north 36.1
degrees. The same bounds define the close-up
region.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

+ 6 - gmt basemap -+ GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT-15-002 - 7 - gmt end

Argument(s)

(no arguments)

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-003

Keep the overview and add a zoom-in inset

Magnify the orange window in a matching inset. Its own region and fitted scale create the zoom; inset end restores the overview.

Compare with GMT-15-001 - Mark the area to zoom into.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-15-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

cat > focus.txt <<'DATA'

23 34.7

27 34.7

27 36.1

23 36.1

DATA

cat > sites.txt <<'DATA'

23.9 35.5 A

25.1 35.3 B

26.1 35.2 C

DATA

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white

gmt inset begin -DjTL+w7c/3.5c+00.25c -C1c/0.5¢c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5
-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end

gmt basemap -B+t"GMT-15-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-15-003

45N P

36°N

40°N 4, *

35°N

T T T
10°E 15°E 20°E 25°E 30°E

GMT-15-003 - Rendered by GMT

GMT - exit 0
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Parameters explained - GMT-15-003

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the

output directory.

GMT-15-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-15-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example Argument(s)

Start an independent modern session; the output -R8/30/33/45
stem figures/GMT-15-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters

where used).
-IM13c

E200 sets final raster resolution to 200 dpi. H2

rasterizes at 2 times that resolution, then reduces to

the requested DPI. Qg4 and Qt4 set graphics and -Dh
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94

-Slightblue

GMT-15-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round

PS_LINE_JOIN round

-W0.35p,gray40

Meaning in this example —paf

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

GMT-15-003 - 3 - gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
8/30/33/45 degrees. Negative longitude is west;
negative latitude is south.

Mercator projection; map width 13 cm. Uppercase M
specifies width rather than scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Draw the frame with automatically chosen
annotation (a) and tick (f) intervals; this does not
request grid lines.
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GMT-15-003 - 4 - gmt plot : GMT reference

Argument(s)

focus. txt

-W1.2p,darkorange

Meaning in this example

Read the four longitude/latitude corners of the zoom
window: west 23, east 27, south 34.7, north 36.1
degrees. The same bounds define the close-up
region.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

GMT-15-003 - 5 - gmt plot : GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-W0.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-003 - 6 - gmt inset -

Argument(s)

begin

-DjTL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Place the inset inside the top-left (jTL) of the main
map. +w sets a 7 cm by 3.5 cm box; +o offsets it
inward by 0.25 cm in both directions. Position it
away from the highlighted Crete window.

Reserve 1 cm on the left and right and 0.5 cm on
the top and bottom of the inset box, leaving space
for the close-up frame and annotations.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-003 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94
-Slightblue
-W0.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: GMT fits the
new region into the inset plot area after subtracting
its clearances. The inset has its own region and
scale.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

On the longitude (x) axis, label every 1 degree;
draw ticks every 0.5 degrees (f).

On the latitude (y) axis, label every 1 degree; draw
ticks every 0.5 degrees (f).

Use 7-point axis annotations for this inset command
only; the main-map annotation setting stays at 9
points.

GMT-15-003 - 8 - gmt plot * GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-i0,1 Read zero-based columns 0 and 1 as longitude and

latitude; ignore the trailing site name.

-Sc0.14c Draw circles with diameter 0.14 cm.
-Gnavy Fill the symbols with navy.
-W0.4p,white Draw 0.4-point white stroke.

GMT-15-003 - 9 - gmt inset - GMT reference

Argument(s) Meaning in this example
end Leave the inset and restore the main-map region,
projection and plotting origin.
GMT-15-003 - 10 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-15-003 Add the stable example ID as the map title, reusing
the current region and projection.

GMT-15-003 - 11 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-004

Move the enlarged inset to bottom-left

Change only the inset anchor from top-left to bottom-left. Keep the selected Crete window visible beside the inset.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-15-004
mkdir -p figures

gmt begin figures/GMT-15-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white

gmt inset begin -DjBL+w7c/3.5c+00.25c -C1c/0.5¢c -F+gwhite+p1.2p,darkorange

gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5
-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end 35°N 4
gmt basemap -B+t"GMT-15-004"

gmt end

45°N

40°N -

T T T
23°E 24°E 25°E 26°E 27°E

T T T
10°E 15°E 20°E 25°E 30°E

GMT-15-004 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-004

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-004 - 1 - gmt begin - GMT reference GMT-15-004 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-004 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-004 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-004 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

297


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/coast.html

GMT-15-004

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-004

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-004 - 6 - gmt inset

Argument(s)

begin

-DjBL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at bottom-left; +w sets
panel width/height to 7c¢/3.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-004 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-004 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-004 - 9 - gmt inset * GMT reference

Argument(s)

end

GMT-15-004 - 10

Argument(s)

-B+tGMT-15-004

GMT-15-004 - 11

Argument(s)

(no arguments)

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-005

Allocate a larger inset panel

Increase the inset box to 9 by 4.2 cm. Its fitted map scale grows while the highlighted geographic region stays fixed.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-15-005
mkdir -p figures

45°N .
gmt begin figures/GMT-15-005 png,pdf E200,H2,Qg4,Qt4 -C LA
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm .

36°N4 .
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN A

round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt plot focus.txt -A -L -W1.2p,darkorange 40N
gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white

gmt inset begin -DjTL+w9c/4.2c+00.25c -C1c/0.5¢c -F+gwhite+pl.2p,darkorange

gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5

-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end 35°N 4
gmt basemap -B+t"GMT-15-005"

gmt end

T T T
10°E 15°E 20°E

GMT-15-005 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-005

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-005 - 1 - gmt begin - GMT reference GMT-15-005 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-005 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-005 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-005 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

301


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/coast.html

GMT-15-005

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-005

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-005 - 6 - gmt inset

Argument(s)

begin

-DjTL+w9c/4.2c+00.25¢c

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-left; +w sets
panel width/height to 9c¢/4.2c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-005 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-005 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-005 - 9 - gmt inset - GMT reference

Argument(s)

end

GMT-15-005- 10

Argument(s)

-B+tGMT-15-005

GMT-15-005- 11

Argument(s)

(no arguments)

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-006

Use finer geography in the close-up

Keep high-resolution geography on the overview and switch only the inset from high to full resolution. Zoom and source detail can be controlled
independently.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-15-006
mkdir -p figures

gmt begin figures/GMT-15-006 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf

gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset begin -DjTL+w7c¢/3.5c+00.25c -C1c/0.5¢c -F+gwhite+pl.2p,darkorange

gmt coast -R23/27/34.7/36.1 -JM -Df -Ggray94 -Slightblue -W@.35p,gray4@ -Bxalf0.5
-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end 35°N -
gmt basemap -B+t"GMT-15-006"

gmt end

45°N

40°N 4

T T T
10°E 15°E 20°E 25°E 30°E

GMT-15-006 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-006

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-006 - 1 - gmt begin - GMT reference GMT-15-006 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-006 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-006 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-006 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-006

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-006

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-006 - 6 - gmt inset

Argument(s)

begin

-DjTL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-left; +w sets
panel width/height to 7c¢/3.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-006 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Df

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select full-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-006 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-006 - 9 - gmt inset - GMT reference

Argument(s)

end

GMT-15-006 - 10

Argument(s)

-B+tGMT-15-006

GMT-15-006 - 11

Argument(s)

(no arguments)

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-007

Choose an independent inset projection

Use a Lambert conformal conic projection inside the Mercator overview. Each inset has its own region, projection and fitted scale.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-15-007
mkdir -p figures
gmt begin figures/GMT-15-007 png,pdf E200,H2,Qg4,Qt4 -C 4N EA
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm 36N - =
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN ¢ '
round ' 7 .
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt 35°N
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt {: 2¥E 20E 25 266 27°E o5 ,
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf .
gmt plot focus.txt -A -L -W1.2p,darkorange AN
gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white
gmt inset begin -DjTL+w7c/3.5c+00.25c -C1c/0.5¢c -F+gwhite+pl.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JL25/35.4/35/36/ -Dh -Ggray94 -Slightblue -W0.35p,gray40
-Bxa1f0.5 -Byalf@.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white
gmt inset end 35°N 4
gmt basemap -B+t"GMT-15-007"
gmt end

T T T
10°E 15°E 20°E 25°E

GMT-15-007 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map

30°E
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Parameters explained - GMT-15-007

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-007 - 1 - gmt begin - GMT reference GMT-15-007 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-007 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-007 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-007 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-007

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-007

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-007 - 6 - gmt inset

Argument(s)

begin

-DjTL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-left; +w sets
panel width/height to 7c¢/3.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-007 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JL25/35.4/35/36/

-Dh

-Ggray94
-Slightblue
-W0.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example Argument(s)

Geographic bounds west/east/south/north = end

23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Lambert conformal conic centred at longitude 25 GMT-15-007 - 10
and latitude 35.4 degrees, with standard parallels 35
and 36. The final width is omitted so GMT fits the

inset panel.

Argument(s)

-B+tGMT-15-007
Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not

raster DPI. GMT-15-007 - 11

Fill land areas with gray94.
Argument(s)

Fill water areas with lightblue.
(no arguments)

Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-007 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-007 - 9 - gmt inset * GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

- gmt end - GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-008

Show two successive zoom levels

The orange panel magnifies Crete. A blue window inside it selects the smaller region shown in the blue panel. The same synthetic stations are

reused at both scales.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

begin figures/GMT-15-008 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt
gmt
gmt

coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf
plot focus.txt -A -L -W1.2p,darkorange
plot sites.txt -i@,1 -Sc@.14c -Gnavy -W0.4p,white

printf '24.5 35\n25.5 35\n25.5 35.7\n24.5 35.7\n' > inner.txt

gmt
gmt

inset begin -DjTL+w7c/3.5c+00.25c -C1c/0.5c -F+gwhite+pl.2p,darkorange
coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Bxalf0.5

-Byalf@.5 --FONT_ANNOT_PRIMARY=7p

gmt
gmt
gmt
gmt
gmt

plot sites.txt -i@,1 -Sc@.14c -Gnavy -W0.4p,white

plot inner.txt -A -L -Wip,royalblue

inset end

inset begin -DjTR+w5c/3.5c+00.25c -C1.3c/0.55¢c -F+gwhite+plp,royalblue

coast -R24.5/25.5/35/35.7 -JM -Df -Ggray94 -Slightblue -W@.35p,gray40 -Bxa@.5f0.1

-Bya0.5f0.1 --FONT_ANNOT_PRIMARY=7p --FORMAT_GEO_MAP=ddd.xF

gmt
gmt
gmt
gmt

plot sites.txt -i@,1 -Sc@.14c -Gnavy -W0.4p,white
inset end

basemap -B+t"GMT-15-008"

end

Download: Runnable script - PNG map - Vector PDF map

Actual output
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Parameters explained - GMT-15-008

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-008 - 1 - gmt begin - GMT reference GMT-15-008 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-008 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-008 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-008 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.

313


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/coast.html

GMT-15-008

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-008

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-008 - 6 - gmt inset

Argument(s)

begin

-DjTL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-left; +w sets
panel width/height to 7c¢/3.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-008 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-008 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-008 - 9 - gmt plot : GMT reference

Argument(s)

inner.txt

-W1p, royalblue

GMT-15-008 - 10

Argument(s)

end

GMT-15-008 - 11

Argument(s)

begin

-DjTR+w5c/3.5¢c+00.25¢c

-C1.3c/0.55¢

-F+gwhite+pip, royalblue

Meaning in this example

Read the corners of the second zoom window:
longitudes 24.5 to 25.5 and latitudes 35 to 35.7
degrees, within the Crete window.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1-point royalblue stroke.

- gmt inset - GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt inset - GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-right; +w sets
panel width/height to 5¢/3.5c and +o offsets it
inward by 0.25c. c means cm.

Reserve 1.3c horizontally and 0.55c vertically inside
the inset panel for its frame and annotations; c
means cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1-point royalblue
stroke.
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GMT-15-008 - 12

Argument(s)

-R24.5/25.5/35/35.7

-JM

-Df

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa0.5f0.1

-Bya0.5f0.1

--FONT_ANNOT_PRIMARY=7p

--FORMAT__GEO_MAP=ddd. xF

- gmt coast - GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
24.5/25.5/35/35.7 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select full-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 0.5 degrees. Add
ticks every 0.1 degrees (f).

Label the latitude (y) axis every 0.5 degrees. Add
ticks every 0.1 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

Format geographic annotations as decimal degrees
with one decimal place and a hemisphere suffix;
keep close-up tick labels compact.

GMT-15-008 - 13

Argument(s)

sites.txt

-10,1

-Sc0.14c
-Gnavy

-W0.4p,white

GMT-15-008 - 14

Argument(s)

end

GMT-15-008 - 15

Argument(s)

-B+tGMT-15-008

GMT-15-008 - 16

Argument(s)

(no arguments)

- gmt plot

= GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

- gmt inset - GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example
Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-009

Connect the selection to its inset

Anchor the panel in main-map coordinates and connect its bottom corners to the orange selection with dashed guides. Draw the connectors before
the panel so they remain behind it.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-15-009
mkdir -p figures 5N
gmt begin figures/GMT-15-009 png,pdf E200,H2,Qg4,Q0t4 -C Vi i
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm /\ A’\ & _
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round T
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt ‘v
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf {% 35°N
gmt plot focus.txt -A -L -W1.2p,darkorange 4N 23 24 25  26F  27°E
gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white 4
printf '23 36.1\n8.5 39\n>\n27 36.1\n19.5 39\n' > connectors.txt

gmt plot connectors.txt -A -W@.6p,darkorange, -

gmt inset begin -Dg8.5/39+w6.5c/3.5c+jBL -C1c/0.5c -F+gwhitet+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5
-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end

gmt basemap -B+t"GMT-15-009"

gmt end

35°N

T T T
10°E 15°E 20°E 25°E 30°E

GMT-15-009 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-009

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-009 - 1 - gmt begin - GMT reference GMT-15-009 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-009 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-009 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-009 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-009

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-009

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-009 - 6 - gmt plot : GMT reference

Argument(s)

connectors. txt

-W0.6p,darkorange, -

GMT-15-009 - 7 - gmt inset
Argument(s)

begin

-Dg8.5/39+w6.5¢/3.5¢c+jBL

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

Meaning in this example

Read two separate longitude/latitude connector
segments. A line containing > starts the second
segment; these guides connect the selection corners
to the inset panel corners.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Draw 0.6-point darkorange stroke with a dashed
pattern.

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor the panel bottom-left (+jBL) at main-map
longitude 8.5 and latitude 39 (g). Use a 6.5 by 3.5
cm panel (+w). Its width is half the 13 cm main
map, so its bottom-right corner is at longitude 19.5;
these exact corners define the connector endpoints.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; ¢ means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-009 - 8 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-009 - 9 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-009 -

Argument(s)

end

GMT-15-009 -

Argument(s)

-B+tGMT-15-009

GMT-15-009 -

Argument(s)

(no arguments)

10

11

12

- gmt inset - GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-010

Reuse the zoom layout for Sicily

Select a different geographic window and synthetic station table. Place the enlarged Sicily view at top-right, clear of its highlighted source area.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-15-010 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

printf '12 36.3\n16 36.3\n16 38.6\n12 38.6\n' > focus.txt

printf '13.1 37.6 A\n14.2 37.5 B\n15.1 37.9 C\n' > sites.txt

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white

gmt inset begin -DjTR+w7c/4.5c+00.25c -C1c/0.5¢c -F+gwhite+p1.2p,darkorange

gmt coast -R12/16/36.3/38.6 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5
-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt inset end

gmt basemap -B+t"GMT-15-010"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-15-010
45°N
i [ii
38°N 4 2
37°N B
40°N -
12°E
4 L)
o .
S
35°N
1OI°E 15|°E 20|°E 25I°E

GMT-15-010 - Rendered by GMT

GMT - exit 0

30°E
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Parameters explained - GMT-15-010

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-010 - 1 - gmt begin - GMT reference GMT-15-010 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-010 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-010 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-010 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-010

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-010

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-010 - 6 - gmt inset

Argument(s)

begin

-DjTR+w7c/4.5¢c+00.25¢c

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-right; +w sets
panel width/height to 7c/4.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-010 - 7 - gmt coast -

Argument(s)

-R12/16/36.3/38.6

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
12/16/36.3/38.6 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-010 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-010 - 9 - gmt inset : GMT reference

Argument(s)

end

GMT-15-010- 10

Argument(s)

-B+tGMT-15-010

GMT-15-010- 11

Argument(s)

(no arguments)

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-15-011

Use geographic distances for circle sizes

Draw 30 km diameter circles at the same sites. Geographic size follows map scale; the earlier -Sc symbols used a fixed physical diameter on the
page.

Compare with GMT-15-002 - Zoom by narrowing the geographic region.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

begin figures/GMT-15-011 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt
gmt
gmt
gmt
gmt

coast -R23/27/34.7/36.1 -JM13c -Df -Ggray94 -Slightblue -W@.35p,gray40 -Baf
plot focus.txt -A -L -W1.2p,darkorange

plot sites.txt -i@,1 -SE30k -Gnavy@65 -W@.4p,navy
basemap -B+t"GMT-15-011"
end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-15-011
3BN{
" ‘_
-
35°N
23°E 24°E 25°E 26°E 27°E

GMT-15-011 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-15-011

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-011 - 1 - gmt begin - GMT reference GMT-15-011 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-011 png,pdf Start an independent modern session; the output -R23/27/34.7/36.1 Geographic bounds west/east/south/north =
stem figures/GMT-15-011 becomes an opaque PNG 23/27/34.7/36.1 degrees. Negative longitude is
and a PDF (vector linework, embedded rasters west; negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to )
the requested DPI. Qg4 and Qt4 set graphics and -Df Select full-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-011 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-011 - 4 - gmt plot - GMT reference GMT-15-011 - 7 - gmt end - GMT reference

Argument(s) Meaning in this example Argument(s) Meaning in this example

focus. txt Read the four longitude/latitude corners of the (no arguments) End the modern session and write both requested
highlighted region. Its bounds match the close-up figure formats; omitting show avoids launching a
coast command in this script. viewer.

-A Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

-L Close the longitude/latitude input as a polygon,

connecting its final vertex to its first.

-W1.2p,darkorange Draw 1.2-point darkorange stroke.

GMT-15-011 - 5 - gmt plot - GMT reference

Argument(s) Meaning in this example

sites.txt Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

-i0,1 Read zero-based columns 0 and 1 as longitude and

latitude; ignore the trailing site name.

-SE30k Draw geographic circles with a 30 km diameter (15
km radius). Uppercase E uses map distances; the
projection determines their appearance on the page.

-Gnavy@65 Fill symbols with navy at 65 percent transparency (0
is opaque; 100 is invisible).

-Wo. 4p, navy Draw 0.4-point navy stroke.

GMT-15-011 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-15-011 Add the stable example ID as the map title, reusing
the current region and projection.
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GMT-15-012

Explain the close-up scale inside its panel

Place a 100 km scale bar inside the enlarged map. Compute it at latitude 35.4 degrees and keep its annotation sizes local to the inset.

Compare with GMT-15-003 - Keep the overview and add a zoom-in inset.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-15-012
mkdir -p figures 45N
gmt begin figures/GMT-15-012 png,pdf E200,H2,Qg4,Qt4 -C 5 o MY

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm -~ =
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN

round

printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt

printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt

gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W@.35p,gray40 -Baf

gmt plot focus.txt -A -L -W1.2p,darkorange

gmt plot sites.txt -i@,1 -Sc@.14c -Gnavy -W@.4p,white

gmt inset begin -DjTL+w7c/3.5c+00.25c -C1c/0.5¢c -F+gwhite+pl.2p,darkorange

gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxalf0.5

-Byal1f@.5 --FONT_ANNOT_PRIMARY=7p

gmt plot sites.txt -i0,1 -Sc@.14c -Gnavy -W0.4p,white

gmt basemap -LjTR+c35.4+w100k+00.25¢c/0.25c+f+u -F+gwhite+p0.3p -- 35°N 4
FONT_ANNOT_PRIMARY=7p --FONT_LABEL=8p
gmt inset end

gmt basemap -B+t"GMT-15-012"

gmt end

40°N 4% °

T T T
10°E 15°E 20°E 25°E 30°E

GMT-15-012 - Rendered by GMT

GMT - exit 0

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-15-012

Commands follow script order. Coordinates are longitude, then latitude, in degrees; c means centimetres and p means typographic points (1/72 inch). Later plotting commands reuse
the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p figures creates the
output directory.

GMT-15-012 - 1 - gmt begin - GMT reference GMT-15-012 - 3 - gmt coast - GMT reference
Argument(s) Meaning in this example Argument(s) Meaning in this example
figures/GMT-15-012 png,pdf Start an independent modern session; the output -R8/30/33/45 Geographic bounds west/east/south/north =
stem figures/GMT-15-012 becomes an opaque PNG 8/30/33/45 degrees. Negative longitude is west;
and a PDF (vector linework, embedded rasters negative latitude is south.
where used).
-JM13c Mercator projection; map width 13 cm. Uppercase M
E200,H2,Qg4,Qt4 E200 sets final raster resolution to 200 dpi. H2 specifies width rather than scale.
rasterizes at 2 times that resolution, then reduces to ) )
the requested DPI. Qg4 and Qt4 set graphics and -Dh Select high-resolution GSHHG geography from the
text anti-aliasing subsampling to 4. local installation; this controls source geometry, not
raster DPI.
-C Ignore user gmt.conf files and start from clean GMT
defaults. -Ggray94 Fill land areas with gray94.
-Slightblue Fill water areas with lightblue.
GMT-15-012 - 2 - gmt set - GMT reference .
-Wo.35p,gray40 Draw 0.35-point gray40 stroke.
Argument(s) LG ETEIC LTl -Baf Draw the frame with automatically chosen
GMT_AUTO_DOWNLOAD of f Disable automatic data downloads; geographic annotation (a) and tick (f) intervals; this does not

layers use locally installed GSHHG files. request grid lines.

MAP_FRAME_TYPE plain Draw a plain map border.

PROJ_LENGTH_UNIT cm Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

FONT_ANNOT_PRIMARY 9p Primary axis annotations use 9-point type.
FONT_LABEL 10p Axis and decoration labels use 10-point type.
FONT_TITLE 11p The map title uses 11-point type.

PS_LINE_CAP round Use semicircular line ends.

PS_LINE_JOIN round Round the joins between stroke segments.
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GMT-15-012

Argument(s)

focus. txt

-W1.2p,darkorange

GMT-15-012

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

+ 4 - gmt plot - GMT reference

Meaning in this example

Read the four longitude/latitude corners of the
highlighted region. Its bounds match the close-up
coast command in this script.

Connect the supplied geographic vertices as straight
projected segments; suppress automatic great-circle
resampling.

Close the longitude/latitude input as a polygon,
connecting its final vertex to its first.

Draw 1.2-point darkorange stroke.

+ 5« gmt plot - GMT reference

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-012 - 6 - gmt inset

Argument(s)

begin

-DjTL+w7c/3.5¢c+00.25¢

-C1c/0.5¢c

-F+gwhite+p1.2p,darkorange

= GMT reference

Meaning in this example

Save the main-map state and enter a separate inset
coordinate system; the following coast command
defines its own region and projection.

Anchor inside the main map at top-left; +w sets
panel width/height to 7c¢/3.5c and +o offsets it
inward by 0.25c. ¢ means cm.

Reserve 1c horizontally and 0.5c vertically inside the
inset panel for its frame and annotations; c means
cm.

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 1.2-point darkorange
stroke.
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GMT-15-012 - 7 - gmt coast -

Argument(s)

-R23/27/34.7/36.1

-JM

-Dh

-Ggray94

-Slightblue

-Wo.35p,gray40

-Bxa1f0.5

-Byalfo.5

--FONT_ANNOT_PRIMARY=7p

GMT reference

Meaning in this example

Geographic bounds west/east/south/north =
23/27/34.7/36.1 degrees. Negative longitude is
west; negative latitude is south.

Mercator projection with width omitted: fit the inset

region into its panel after subtracting the clearances.

Select high-resolution GSHHG geography from the
local installation; this controls source geometry, not
raster DPI.

Fill land areas with gray94.
Fill water areas with lightblue.
Draw 0.35-point gray40 stroke.

Label the longitude (x) axis every 1 degree. Add
ticks every 0.5 degrees (f).

Label the latitude (y) axis every 1 degree. Add ticks
every 0.5 degrees (f).

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

GMT-15-012 - 8 - gmt plot - GMT reference

Argument(s)

sites.txt

-i0,1

-Sc0.14c
-Gnavy

-Wo.4p,white

Meaning in this example

Read the local table: longitude, latitude, site name.
plot selects numeric columns; text uses the trailing
name.

Read zero-based columns 0 and 1 as longitude and
latitude; ignore the trailing site name.

Draw circles with diameter 0.14 cm.
Fill the symbols with navy.

Draw 0.4-point white stroke.

GMT-15-012 - 9 - gmt basemap - GMT reference

Argument(s)

-LjTR+c35.4+w100k+00.25c/0.25c+f+u

-F+gwhite+p@.3p

--FONT_ANNOT_PRIMARY=7p

--FONT_LABEL=8p

GMT-15-012- 10

Argument(s)

end

GMT-15-012 - 11

Argument(s)

-B+tGMT-15-012

GMT-15-012-12
Argument(s)

(no arguments)

- gmt inset

Meaning in this example

Anchor a scale at the inset top-right (jTR), compute
it at latitude 35.4 degrees (+c), use a 100 km
length (+w), offset by 0.25 cm in both directions
(+0), draw a fancy bar (+f) and append units (+u).

Place a white background panel (+gwhite) behind
this map decoration; +p sets a 0.3-point black (the
default) stroke.

Use 7-point axis or scale annotations for this
command only; keep the main-map defaults.

Use 8-point scale labels for this command only.

= GMT reference

Meaning in this example

Leave the inset and restore the main-map region,
projection and plotting origin.

- gmt basemap - GMT reference

-gmt end -

Meaning in this example

Add the stable example ID as the map title, reusing
the current region and projection.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Scattered samples become a grid

Interpolation between sparse samples is a modelling choice. These examples use Cartesian x/y and 25 synthetic samples, not longitude/latitude or measured

terrain. Compare support and gaps as well as smooth appearance. See surface, nearneighbor and triangulate.

GMT-16-001

Interpolate scattered samples with tension

Start with 25 slightly irregular, synthetic x/y/amplitude records. surface solves a continuous-curvature grid with tension 0.35. Dots show the

constraints; the space between them is interpolated, not measured.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

begin figures/GMT-16-001 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY

9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85

printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70 -3.70

-0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74 -0.730415\n0.02 -1.90
-0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 -0.026238\n-1.90 0.06
-0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10 0.002694\n-3.70 1.70
-0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86 0.160590\n3.50 1.70
0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50 0.000073\n1.70 3.50
0.000151\n3.50 3.50 0.000000\n' > samples.txt

gmt
gmt
gmt
gmt
gmt
gmt
gmt

surface samples.txt -R-4/4/-4/4 -10.1 -T0.35 -Ggridded.nc

makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
plot samples.txt -i@,1 -Sc@.12c '-G#132b36"' -W0.3p,white

colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+00/0.9c -Bxal+lAmplitude

basemap -B+t"GMT-16-001"

end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-16-001

-4 T

T
-4 -2 0
X

Amplitude

GMT-16-001 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-16-001

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-16-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-16-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-16-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-16-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-16-001 - 3 - gmt surface - GMT reference

Argument(s)

samples. txt

-R-4/4/-4/4

-10.1

-T0.35

-Ggridded.nc

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and vy, in both directions.

Set both interior and boundary tension to 0.35
(allowed range 0 to 1). This controls the continuous-
curvature solution; it is not an error estimate. Each
input here occupies a different output cell.

Write the resulting NetCDF grid to gridded.nc. The
original input is retained.

GMT-16-001 - 4 - gmt makecpt - GMT reference

Argument(s)

' -C#00549f ,white, #f6a800'

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-16-001 - 5 - gmt grdimage - GMT reference

Argument(s)

gridded.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the grid produced by this example gridding
algorithm; its 0.1-unit nodes interpolate the same
local synthetic samples.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-16-001 - 6 - gmt plot
Argument(s)

samples. txt

-i0,1

-Sc0.12c

'-G#132b36'

-W0.3p,white

* GMT reference

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Read zero-based columns 0 and 1 as Cartesian
sample positions; column 2 contains the synthetic
scalar value.

Draw sample locations as circles with a fixed
diameter of 0.12 cm, independent of their scalar
values.

Fill symbols, arrowheads or bins with #132b36.

Draw a 0.3-point white stroke.

GMT-16-001 - 7 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9c

-Bxal+1Amplitude

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 1 data units; label it
Amplitude.

GMT-16-001 - 8 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-16-001

Meaning in this example

Add MT-16-001 as the stable example title.

GMT-16-001 - 9 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-16-002

Keep gaps where local coverage is insufficient

Replace only the gridding algorithm with nearneighbor. Its radius and sector requirement leave unsupported grid nodes undefined (NaN), shown
light gray. A smaller display pixel cannot restore missing observations.

Compare with GMT-16-001 - Interpolate scattered samples with tension.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-16-002
mkdir -p figures

gmt begin figures/GMT-16-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85 . ° .
printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70
-3.70 -0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74
-0.730415\n0.02 -1.90 -0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 > 04 . . |
-0.026238\n-1.90 0.06 -0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10
0.002694\n-3.70 1.70 -0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86
0.160590\n3.50 1.70 0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50
0.000073\n1.70 3.50 0.000151\n3.50 3.50 0.000000\n' > samples.txt -2 ° ° R
gmt nearneighbor samples.txt -R-4/4/-4/4 -10.1 -S1.2 -N4+m2 -Ggridded.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

. . o . .

gmt grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly . . . . .
-BWSne “ 5 0 2 4
gmt plot samples.txt -i0,1 -Sc@.12c '-G#132b36' -W0.3p,white e — |
gmt colorbar -Cfield.cpt -DJBC+w8c/@.3c+h+00/0.9c -Bxal+lAmplitude = b Amp‘l’“ude ! 2
gmt basemap -B+t"GMT-16-002"
gmt end GMT-16-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map

n
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Parameters explained - GMT-16-002

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-16-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-16-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-16-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-16-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-16-002 - 3 - gmt nearneighbor - GMT reference

Argument(s)

samples. txt

-R-4/4/-4/4

-10.1

-S1.2

-N4+m2

-Ggridded.nc

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and vy, in both directions.

Search within radius 1.2 in the same Cartesian units
as x and y; this is a local weighted average, not a
global spline.

Split the search circle into four sectors and require
data in at least two (+m2); nodes without enough
coverage become NaN. A sector contributes its
nearest sample.

Write the resulting NetCDF grid to gridded.nc. The
original input is retained.

GMT-16-002 - 4 - gmt makecpt - GMT reference

Argument(s)

' -C#00549f ,white, #f6a800'

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-16-002 - 5 - gmt grdimage - GMT reference

Argument(s)

gridded.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the grid produced by this example gridding
algorithm; its 0.1-unit nodes interpolate the same
local synthetic samples.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-16-002 - 6 - gmt plot
Argument(s)

samples. txt

-i0,1

-Sc0.12c

'-G#132b36'

-W0.3p,white

* GMT reference

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Read zero-based columns 0 and 1 as Cartesian
sample positions; column 2 contains the synthetic
scalar value.

Draw sample locations as circles with a fixed
diameter of 0.12 cm, independent of their scalar
values.

Fill symbols, arrowheads or bins with #132b36.

Draw a 0.3-point white stroke.

GMT-16-002 - 7 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9c

-Bxal+1Amplitude

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 1 data units; label it
Amplitude.

GMT-16-002 - 8 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-16-002

Meaning in this example

Add MT-16-002 as the stable example title.

GMT-16-002 - 9 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-16-003

Interpolate within Delaunay triangles

Use triangulate to linearly interpolate the same samples within their Delaunay triangles. Outside the convex hull, grid cells remain undefined and
appear light gray. Compare its local planar pieces with the tensioned surface.

Compare with GMT-16-001 - Interpolate scattered samples with tension.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ GMT-16-003
mkdir -p figures

gmt begin figures/GMT-16-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85 ¥ b K
printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70
-3.70 -0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74
-0.730415\n0.02 -1.90 -0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 > 04 . . |
-0.026238\n-1.90 0.06 -0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10
0.002694\n-3.70 1.70 -0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86
0.160590\n3.50 1.70 0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50
0.000073\n1.70 3.50 0.000151\n3.50 3.50 0.000000\n' > samples.txt 24 ° - " |g
gmt triangulate samples.txt -R-4/4/-4/4 -10.1 -Ggridded.nc

gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

. . . . .

gmt grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly e s r B 3
-BWSne L ) 0 2 4
gmt plot samples.txt -i0,1 -Sc@.12c '-G#132b36' -W0.3p,white e — ]
gmt colorbar -Cfield.cpt -DJBC+w8c/@.3c+h+00/0.9c -Bxal+lAmplitude = b Amp‘l’“ude ! 2
gmt basemap -B+t"GMT-16-003"
gmt end GMT-16-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-16-003

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-16-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-16-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-16-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-16-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-16-003 - 3 - gmt triangulate - GMT reference

Argument(s)

samples. txt

-R-4/4/-4/4

-10.1

-Ggridded.nc

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and vy, in both directions.

Write the resulting NetCDF grid to gridded.nc. The
original input is retained.

GMT-16-003 - 4 - gmt makecpt - GMT reference

Argument(s)

'-C#00549F ,white , #62800"

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-16-003 - 5 - gmt grdimage - GMT reference

Argument(s)

gridded.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the grid produced by this example gridding
algorithm; its 0.1-unit nodes interpolate the same
local synthetic samples.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-16-003 - 6 - gmt plot
Argument(s)

samples. txt

-i0,1

-Sc0.12c

'-G#132b36'

-W0.3p,white

* GMT reference

Meaning in this example

Read the 25 local synthetic x/y/amplitude triplets.
Coordinates are Cartesian teaching units and the
amplitudes are sampled from the formula printed in
chapter 17.

Read zero-based columns 0 and 1 as Cartesian
sample positions; column 2 contains the synthetic
scalar value.

Draw sample locations as circles with a fixed
diameter of 0.12 cm, independent of their scalar
values.

Fill symbols, arrowheads or bins with #132b36.

Draw a 0.3-point white stroke.

GMT-16-003 - 7 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9c

-Bxal+1Amplitude

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 1 data units; label it
Amplitude.

GMT-16-003 - 8 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-16-003

Meaning in this example

Add MT-16-003 as the stable example title.

GMT-16-003 - 9 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Calculate with grids and extract a transect

Use one signed synthetic field to distinguish data processing from rendering. Its formula is f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5 exp(-0.7((x+1.4)"2+
(y+0.8)72)). Coordinates have local Cartesian units; values have synthetic amplitude units. A narrower palette can make a small residual look strong. DDX
measures only change along x; it does not report steepest-slope magnitude. See grdmath, grdfilter, project and grdtrack.

GMT-17-001

Build a signed analytic field

Two explicitly synthetic Gaussian anomalies make a positive peak and a negative basin. x and y are Cartesian teaching units; amplitudes are not
metres. This is the reference for the following grid calculations.

Complete GMT script

export GMT_SESSION_NAME=$$
mkdir -p figures

gmt
gmt

begin figures/GMT-17-001 png,pdf E200,H2,Qg4,Qt4 -C
set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY

9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85

gmt
0.8
gmt
gmt
gmt
gmt
gmt

grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y
ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

grdimage field.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
colorbar -Cfield.cpt -DJBC+w8c/@.3c+h+00/0.9c -Bxal+lAmplitude

basemap -B+t"GMT-17-001"

end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-17-001

-4

Amplitude

GMT-17-001 - Rendered by GMT

GMT - exit 0
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Parameters explained - GMT-17-001

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-17-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-17-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-17-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-17-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-17-001 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-17-001 - 4 - gmt makecpt - GMT reference

Argument(s)

'-C#00549F ,white, #f62800"

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-17-001 - 5 - gmt grdimage - GMT reference

Argument(s)

field.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the locally generated signed field: a positive
Gaussian centred at (1,0.5), minus a broader
negative Gaussian centred at (-1.4,-0.8). These are
synthetic amplitudes.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-17-001 - 6 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9¢c

-Bxal+1lAmplitude

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 1 data units; label it
Amplitude.

GMT-17-001 - 7 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-17-001

Meaning in this example

Add MT-17-001 as the stable example title.

GMT-17-001 - 8 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-17-002

Filter the field without changing its grid

Apply a Gaussian filter of full width 1.2 coordinate units. The output has the same nodes and colour limits as the reference; smoothing changes
amplitudes and spatial detail.

Compare with GMT-17-001 - Build a signed analytic field.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ ‘ GMT-17-002
mkdir -p figures

gmt begin figures/GMT-17-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD
SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt grdfilter field.nc -DO@ -Fg1.2 -Gsmooth.nc > 0]
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

gmt grdimage smooth.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly

-BWSne

gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+00/0.9c -Bxal+lAmplitude -2
gmt basemap -B+t"GMT-17-002"

gmt end

Amplitude

GMT-17-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-17-002

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-17-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-17-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-17-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-17-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-17-002 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-17-002 - 4 - gmt grdfilter - GMT reference

Argument(s)

field.nc

-Do

-Fg1.2

-Gsmooth.nc

Meaning in this example

Read the locally generated signed field: a positive
Gaussian centred at (1,0.5), minus a broader
negative Gaussian centred at (-1.4,-0.8). These are
synthetic amplitudes.

Treat x and y as Cartesian coordinates with the
same units; filter distances use those coordinate
units.

Apply a Gaussian filter with full width 1.2 coordinate
units (six standard deviations); grid spacing remains
0.1.

Write the resulting NetCDF grid to smooth.nc. The
original input is retained.

GMT-17-002 - 5 - gmt makecpt - GMT reference

Argument(s)

' -C#00549f ,white, #f6a800'

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.
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GMT-17-002 - 6 - gmt grdimage - GMT reference

Argument(s)

smooth.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the Gaussian-filtered version of field.nc on the
same grid.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

GMT-17-002 - 7 - gmt colorbar - GMT reference

Argument(s) Meaning in this example

-Cfield.cpt Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

-DJBC+w8c/0. 3c+h+00/0. 9c Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

-Bxal+1Amplitude On the x axis, annotate every 1 data units; label it

Amplitude.

GMT-17-002 - 8 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-17-002 Add MT-17-002 as the stable example title.

GMT-17-002 - 9 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a

viewer.
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GMT-17-003

Subtract the smooth field to show a residual

Subtract the filtered grid from the original at corresponding nodes. The narrower symmetric palette makes small local differences visible. Check the

colour bar before comparing apparent contrast with the original field.

Compare with GMT-17-002 - Filter the field without changing its grid.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-17-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD
SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt grdfilter field.nc -D@ -Fgl1.2 -Gsmooth.nc

gmt grdmath field.nc smooth.nc SUB = residual.nc

gmt makecpt '-C#00549f,white,#f6a800' -T-0.2/0.2/0.01 -Z -H > field.cpt

gmt grdimage residual.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly
-BWSne

gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+00/0.9c -Bxa@.1+1Residual

gmt basemap -B+t"GMT-17-003"

gmt end

GMT-17-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map

GMT-17-003

| —

-0.1

-0.2

-2

0

X

0.0
Residual

0.2
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Parameters explained - GMT-17-003

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-17-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-17-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-17-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-17-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-17-003 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-17-003 - 4 - gmt grdfilter - GMT reference

Argument(s)

field.nc

-Do

-Fg1.2

-Gsmooth.nc

Meaning in this example

Read the locally generated signed field: a positive
Gaussian centred at (1,0.5), minus a broader
negative Gaussian centred at (-1.4,-0.8). These are
synthetic amplitudes.

Treat x and y as Cartesian coordinates with the
same units; filter distances use those coordinate
units.

Apply a Gaussian filter with full width 1.2 coordinate
units (six standard deviations); grid spacing remains
0.1.

Write the resulting NetCDF grid to smooth.nc. The
original input is retained.

GMT-17-003 - 5 - gmt grdmath - GMT reference

Argument(s)

field.nc smooth.nc SUB = residual.nc

Meaning in this example

Subtract each smooth.nc cell from the matching
field.nc cell (SUB); = residual.nc writes the
difference on the unchanged grid.

GMT-17-003 - 6 - gmt makecpt - GMT reference

Argument(s)

' -C#00549f ,white, #f6a800'

-T-0.2/0.2/0.01

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-0.2/0.2/0.01. These are synthetic amplitude units,
or amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.
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GMT-17-003 - 7 - gmt grdimage - GMT reference

Argument(s)

residual.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the original field minus its Gaussian-filtered
version, cell by cell.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

GMT-17-003 - 8 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9c

-Bxa@.1+1Residual

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 0.1 data units; label it
Residual.

GMT-17-003 - 9 - gmt basemap - GMT reference

Argument(s)
-B+tGMT-17-003

GMT-17-003 - 10 - gmt end -

Argument(s)

(no arguments)

Meaning in this example

Add MT-17-003 as the stable example title.

GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-17-004

Differentiate in the x direction

DDX estimates how amplitude changes along increasing x. It is a directional derivative, not the steepest-slope magnitude. Blue and orange
distinguish falling and rising parts; units are amplitude per coordinate unit.

Compare with GMT-17-001 - Build a signed analytic field.

Complete GMT script Actual output

export GMT_SESSION_NAME=$$ . GMT-17-004
mkdir -p figures

gmt begin figures/GMT-17-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD
SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt grdmath field.nc DDX = slope.nc - o
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage slope.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly .
-BWSne
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+00/0.9c -Bxal+lDerivative -2
gmt basemap -B+t"GMT-17-004"
gmt end

-4 T

4 -2 0 2 4

Derivative

GMT-17-004 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-17-004

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-17-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-17-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-17-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-17-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-17-004 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-17-004 - 4 - gmt grdmath - GMT reference

Argument(s)

field.nc DDX = slope.nc

Meaning in this example

DDX estimates the derivative along increasing x, not
gradient magnitude or steepest slope. Positive
values rise toward larger x; negative values fall. =
slope.nc writes amplitude per coordinate unit.

GMT-17-004 - 5 - gmt makecpt : GMT reference

Argument(s)

'-C#00549F ,white, #f62800"

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-17-004 - 6 - gmt grdimage - GMT reference

Argument(s)

slope.nc

-R-4/4/-4/4

-JX11c

-Cfield.cpt

-E200

-nc

-Bxa2+1x

-Bya2+ly

-BWSne

Meaning in this example

Read the x derivative of the synthetic field; units are
amplitude per Cartesian coordinate unit.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Resample the displayed image at 200 dpi; this
changes the image sampling, not the input grid
spacing or the support of the sample data.

Use bicubic interpolation when resampling the
displayed grid image. This improves its visual
sampling but adds no observations.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-17-004 - 7 - gmt colorbar - GMT reference

Argument(s)

-Cfield.cpt

-DJBC+w8c/0.3c+h+00/0.9¢c

-Bxal+lDerivative

Meaning in this example

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Place a horizontal colour bar outside the bottom-
centre of the frame (JBC); make it 8 cm long and
0.3 cm thick and offset it 0.9 cm down.

On the x axis, annotate every 1 data units; label it
Derivative.

GMT-17-004 - 8 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-17-004

Meaning in this example

Add MT-17-004 as the stable example title.

GMT-17-004 - 9 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-17-005

Extract a transect from the grid

Generate a horizontal path at y=0.5, sample the field with grdtrack, then plot amplitude against x. project also writes along-track distance, but
-i0,3 deliberately chooses x and the appended amplitude. All 161 positions are regenerated inside this script.

Compare with GMT-17-001 - Build a signed analytic field.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-17-005
mkdir -p figures 2 ] ] L

gmt begin figures/GMT-17-005 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85 17
gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD
SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt project -C-4/0.5 -E4/0.5 -G0.05 -N > track.txt

Amplitude

gmt grdtrack track.txt -Gfield.nc > sampled.txt 0 B
gmt plot sampled.txt -i@0,3 -R-4/4/-2/2 -JX11c/6c '-W1.5p,#f6a800' -Bxa2+1lx
-Byal+lAmplitude -BWSne
gmt basemap -B+t"GMT-17-005"

-1 .
gmt end

_2 T T 1

-4 -2 0 2 4

GMT-17-005 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-17-005

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-17-005 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-17-005 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-17-005 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-17-005 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-17-005 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-17-005 - 4 - gmt project - GMT reference

Argument(s)
-C-4/0.5

-E4/0.5

-G0.05

> track.txt

Meaning in this example
Start the transect at Cartesian x=-4, y=0.5.

End the transect at x=4, y=0.5; together with -C
this defines a horizontal line.

Generate positions every 0.05 coordinate units along
the line; output columns are X, y and along-track
distance p.

Use Cartesian geometry; the coordinates and
spacing are not longitude/Ilatitude or kilometres.

Shell output redirection: save the generated table or
palette in track.txt.

GMT-17-005

Argument(s)

track. txt

-Gfield.nc

> sampled. txt

+ 5« gmt grdtrack - GMT reference

Meaning in this example

Read the generated transect table: x, y and distance
from the start.

Sample the synthetic field grid at input x/y positions
and append the interpolated value as column 3
(zero-based); the input distance column is retained.

Shell output redirection: save the generated table or
palette in sampled.txt.

GMT-17-005 - 6 - gmt plot - GMT reference

Argument(s)

sampled. txt

-i0,3

-R-4/4/-2/2

-JX11c/6¢

'-W1.5p,#f6a800'

-Bxa2+1x

-Byal+1lAmplitude

-BWSne

Meaning in this example

Read x, y, along-track distance and interpolated field
value, in that order.

Read zero-based columns 0 and 3 as x and sampled
amplitude. Column 2 is distance from the start, and
is deliberately not used on this x axis.

Display Cartesian x from -4 to 4 and synthetic
amplitude from -2 to 2; the horizontal coordinate is
not along-track distance or longitude.

Use linear Cartesian axes with a 11 cm width and 6
cm height.

Draw a 1.5-point #f6a800 stroke.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 1 data units; label it
Amplitude.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-17-005 - 7 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-17-005 Add MT-17-005 as the stable example title.

GMT-17-005 - 8 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Perspective surfaces and vector fields

A perspective view adds a display dimension; it does not add measurements. The surface uses the same signed analytic field as chapter 17. The vector example
separately defines u=-y and v=x and explains the arrow scale in component units per centimetre. See grdview and grdvector.

GMT-18-001

View the signed field as a 3D surface

Render the chapter-17 field as a perspective surface. -JZ sets the displayed height independently of x/y, and -p sets the viewing direction. The

shape is synthetic, and changing the viewing angle adds no data.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-18-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY
9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y
0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

gmt grdview field.nc -R-4/4/-4/4/-2/2 -JX10c -JZ4c -Cfield.cpt -Qs '-N-2+g#e8f1fa' -p145/30
-Bxa2+1x -Bya2+ly -Bzal+lAmplitude -BWSneZ+tGMT-18-001

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-18-001

Amplitude

GMT-18-001 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-18-001

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-18-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-18-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-18-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-18-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-18-001 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

GMT-18-001

Argument(s)

field.nc

-R-4/4/-4/4/-2/2

+ 5 - gmt grdview - GMT reference

Meaning in this example

Read the locally generated signed field: a positive
Gaussian centred at (1,0.5), minus a broader
negative Gaussian centred at (-1.4,-0.8). These are
synthetic amplitudes.

Cartesian plot bounds xmin/xmax/ymin/ymax/zmin/
zmax = -4/4/-4/4/-2/2. x/y are local coordinate

X 1 SUB SQR Y 0.5 SUB SQR ADD NEG ExP  Evaluate f(x,y)=2 exp(-((x-1)"~2+(y-0.5)"2))-1.5 units, not degrees; a displayed z range is synthetic
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD ~ eXp(-0.7((x+1.4)"2+(y+0.8)"2)). X/Y are node amplitude.
-0.7 MUL EXP 1.5 MUL SUB = field.nc coordinates; SUB subtracts, ADD adds, SQR

squares, NEG negates, MUL multiplies and EXP -JX10c Use linear Cartesian axes with a 10 cm width; an
exponentiates. The final SUB subtracts the negative omitted height retains equal x/y scales. For rose this
anomaly; = field.nc saves the grid. width sets the polar diagram diameter.
-JZ4c Make the displayed z range 4 cm high,
GMT-18-001 - 4 - gmt makecpt - GMT reference independently of x/y width. This is vertical
exaggeration for display, not a change in the grid

Argument(s) Meaning in this example values.

'-C#00549F ,white, #f6a800" Interpolate through RWTH blue, white and orange; -Cfield.cpt Read field.cpt as the explicit colour palette; fixed
with the symmetric limits white represents zero. symmetric limits let the compared images use the

o o same numeric colours.

-T-2/2/0.1 Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or -0s Draw a coloured surface using the palette; the grid
amplitude per coordinate unit for the derivative. is synthetic amplitude, not terrain elevation.

-z Interpolate colours continuously between the colour "-N-2+gHesf1fa’ Extend a light-blue facade to z=-2, the bottom of
nodes. the displayed z range.

-H Write the palette to standard output in modern -p145/30 View the 3D scene from azimuth 145 degrees and
mode so the shell can save an explicit, reusable CPT elevation 30 degrees above the horizontal; this
file. changes viewpoint only.

> field.cpt Shell output redirection: save the generated table or _Bxa2+1x On the x axis, annotate every 2 data units; label it
palette in field.cpt. X.

-Bya2+ly On the y axis, annotate every 2 data units; label it

-Bzal+1Amplitude

-BWSneZ+tGMT-18-001

y.

On the z axis, annotate every 1 data units; label it
Amplitude.

Annotate west, south and the z axis; draw the
north/east frame without annotations. +t adds
GMT-18-001 as the stable example title in this same
frame option.
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GMT-18-001 - 6 - gmt end -+ GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-18-002

Reveal the grid with a perspective mesh

Replace the coloured surface with a wire mesh using the same field, region, vertical scale and viewpoint. The mesh exposes the

spacing; its perspective changes only the display.

Compare with GMT-18-001 - View the signed field as a 3D surface.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-18-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

gmt grdmath -R-4/4/-4/4 -10.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD
SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc

gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt

gmt grdview field.nc -R-4/4/-4/4/-2/2 -JX10c -JZ4c -Cfield.cpt -Qm '-Wm@.25p,#00549f"
'-N-2+g#e8f1fa' -p145/30 -Bxa2+lx -Bya2+ly -Bzal+lAmplitude -BWSneZ+tGMT-18-002

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-18-002
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GMT-18-002 - Rendered by GMT

GMT - exit O

0.1-unit node
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Parameters explained - GMT-18-002

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-18-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-18-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-18-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-18-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-18-002 - 3 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.1

X 1 SUB SQR Y ©0.5 SUB SQR ADD NEG EXP
2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD
-0.7 MUL EXP 1.5 MUL SUB = field.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.1 in the same Cartesian
units as x and y, in both directions.

Evaluate f(x,y)=2 exp(-((x-1)"2+(y-0.5)"2))-1.5
exp(-0.7((x+1.4)~2+(y+0.8)"2)). X/Y are node
coordinates; SUB subtracts, ADD adds, SQR
squares, NEG negates, MUL multiplies and EXP
exponentiates. The final SUB subtracts the negative
anomaly; = field.nc saves the grid.

GMT-18-002 - 4 - gmt makecpt - GMT reference

Argument(s)

'-C#00549F ,white, #f62800"

-T-2/2/0.1

> field.cpt

Meaning in this example

Interpolate through RWTH blue, white and orange;
with the symmetric limits white represents zero.

Palette limits and colour-slice increment are
-2/2/0.1. These are synthetic amplitude units, or
amplitude per coordinate unit for the derivative.

Interpolate colours continuously between the colour
nodes.

Write the palette to standard output in modern
mode so the shell can save an explicit, reusable CPT
file.

Shell output redirection: save the generated table or
palette in field.cpt.

GMT-18-002 - 5 - gmt grdview : GMT reference

Argument(s)

field.nc

-R-4/4/-4/4/-2/2

-JX10c

-JZ4c

-Cfield.cpt

-Qm

'-Wmo.25p,#00549f '

'-N-2+g#e8f1fa’

-p145/30

-Bxa2+1x

-Bya2+ly

-Bzal+1lAmplitude

Meaning in this example

Read the locally generated signed field: a positive
Gaussian centred at (1,0.5), minus a broader
negative Gaussian centred at (-1.4,-0.8). These are
synthetic amplitudes.

Cartesian plot bounds xmin/xmax/ymin/ymax/zmin/
zmax = -4/4/-4/4/-2/2. x/y are local coordinate
units, not degrees; a displayed z range is synthetic
amplitude.

Use linear Cartesian axes with a 10 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Make the displayed z range 4 cm high,
independently of x/y width. This is vertical
exaggeration for display, not a change in the grid
values.

Read field.cpt as the explicit colour palette; fixed
symmetric limits let the compared images use the
same numeric colours.

Draw the grid as a perspective mesh; this changes
the representation without altering its node values.

Draw a 0.25-point #00549f stroke.

Extend a light-blue facade to z=-2, the bottom of
the displayed z range.

View the 3D scene from azimuth 145 degrees and
elevation 30 degrees above the horizontal; this
changes viewpoint only.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 2 data units; label it
y.

On the z axis, annotate every 1 data units; label it
Amplitude.
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Argument(s) Meaning in this example

-BWSneZ+tGMT-18-002 Annotate west, south and the z axis; draw the
north/east frame without annotations. +t adds
GMT-18-002 as the stable example title in this same
frame option.

GMT-18-002 - 6 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-18-003

Draw a vector field from two grids

Create u=-y and v=x on a half-unit grid. The resulting arrows rotate counter-clockwise and length grows with distance from the origin. Plot every

second node so arrowheads remain legible; a magnitude of 4 is drawn 1 cm long. x/y and components use synthetic units.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-18-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

gmt grdmath -R-4/4/-4/4 -10.5 Y NEG = u.nc

gmt grdmath -R-4/4/-4/4 -10.5 X = v.nc

gmt grdvector u.nc v.nc -R-4/4/-4/4 -JX11c -Ix2 -S4c -Q0.18c+e+n@.4c '-WO.6p,#00549f"
'-G#00549f "' -Bxa2g2+1lx -Bya2g2+ly -BWSne

gmt basemap -B+t"GMT-18-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

-2

-4
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GMT-18-003 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-18-003

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-18-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-18-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-18-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-18-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

GMT-18-003 - 3

Argument(s)

-R-4/4/-4/4

-10.5

Y NEG = u.nc

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.

- gmt grdmath - GMT reference

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.5 in the same Cartesian
units as x and vy, in both directions.

Use the negative y coordinate as the x component
u=-y (NEG negates); save it to u.nc.

373


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html
https://docs.generic-mapping-tools.org/6.7/grdmath.html

GMT-18-003 - 4 - gmt grdmath - GMT reference

Argument(s)

-R-4/4/-4/4

-10.5

X = v.nc

Meaning in this example

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Set grid-node spacing to 0.5 in the same Cartesian
units as x and y, in both directions.

Use the x coordinate as the y component v=x; save
it to v.nc. Combined with u=-y this is a counter-
clockwise rotational field.

GMT-18-003 - 5 - gmt grdvector : GMT reference

Argument(s)

u.nc

-R-4/4/-4/4

-JX11c

-Ix2

-S4c

-Q0.18c+e+n0.4c

'-W0. 6p, #00549F '
' -G#00549F '

-Bxa2g2+1x

-Bya2g2+ly

-BWSne

Meaning in this example
Read the synthetic x-component grid u=-y.

Read the synthetic y-component grid v=x; together
with u=-y these arrows rotate counter-clockwise.

Cartesian plot bounds xmin/xmax/ymin/ymax =
-4/4/-4/4. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Draw every second row and column of the
component grids; this reduces arrow density without
changing the underlying grid values.

Use four component-value units per centimetre of
arrow length; a vector with magnitude 4 is 1 cm
long. This is the direct scale, not its reciprocal.

Use 0.18 cm arrowheads at the end (+e); shrink
head and pen attributes for vectors shorter than 0.4
cm (+n). Zero vectors have no direction or visible
length.

Draw a 0.6-point #00549f stroke.
Fill symbols, arrowheads or bins with #00549f.

On the x axis, annotate every 2 data units and draw
grid lines every 2 data units; label it x.

On the y axis, annotate every 2 data units and draw
grid lines every 2 data units; label it y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).
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GMT-18-003 - 6 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-18-003 Add MT-18-003 as the stable example title.

GMT-18-003 - 7 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Directions and scalar distributions

A rose diagram bins directions; a histogram bins scalar values. Bin width and normalization affect what is visible, so comparisons retain their complete synthetic
input. Rose radii normalized to a maximum of one are not probabilities; histogram frequency percent is not density. See rose and histogram.

GMT-19-001

Summarize directions in a rose diagram

Bin 36 invented directions into 15-degree sectors. Angles are clockwise from north, and each observation has unit weight. -S scales the largest
sector to radius 1; these relative sector radii are not percentages.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-19-001
mkdir -p figures North

gmt begin figures/GMT-19-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY

9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85

printf -- '1 12\n1 18\n1 22\n1 26\n1 29\n1 31\n1 33\n1 36\n1 39\n1 41\n1 44\n1 46\n1 49\n1

52\n1 55\n1 58\n1 192\n1 198\n1 202\n1 206\n1 209\n1 211\n1 213\n1 216\n1 219\n1 221\n1

224\n1 226\n1 229\n1 232\n1 235\n1 238\n1 110\n1 125\n1 290\n1 305\n' > directions.txt

gmt rose directions.txt -R0/1/0/360 -JX10c -A15 -S '-G#00549f' -WQ.5p,white -Bxg0.25 -Byg45s

-B+tGMT-19-001

gmt end West

East

South 025

GMT-19-001 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-19-001

Commands follow script order. Rose input is weight, then azimuth in degrees clockwise from north; -R sets radial and angular bounds. ¢ means centimetres and p means typographic
points (1/72 inch). Later plotting commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands
in the same session; mkdir -p figures creates the output directory.

GMT-19-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-19-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-19-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-19-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.

377


https://docs.generic-mapping-tools.org/6.7/begin.html
https://docs.generic-mapping-tools.org/6.7/gmtset.html

GMT-19-001 - 3 - gmt rose

Argument(s)

directions.txt

-R0/1/0/360

-JX1ec

-A15

' -G#00549f '
-W0.5p,white

-Bxg0.25

-Byg45

-B+tGMT-19-001

= GMT reference

Meaning in this example

Read unit weight followed by clockwise azimuth in
degrees from north; all 36 directions have equal
weight.

Use normalized radial bounds 0 to 1 and azimuth
bounds 0 to 360 degrees; these are polar bounds,
not a longitude/latitude rectangle.

Use linear Cartesian axes with a 10 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Accumulate unit-weight directions in 15-degree
sectors; angles increase clockwise from north by
default.

Normalize sector lengths so that the largest bin has
radius 1; radii are relative bin totals, not
probabilities summing to 1.

Fill symbols, arrowheads or bins with #00549f.
Draw a 0.5-point white stroke.

On the x axis, draw grid lines every 0.25 data units.
In rose, x is radius and y is azimuth in degrees.

On the y axis, draw grid lines every 45 data units. In
rose, X is radius and y is azimuth in degrees.

Add MT-19-001 as the stable example title.

GMT-19-001 - 4 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-19-002

Change only the angular bin width

Keep every input direction and the same normalization, but use 30-degree sectors. Broader sectors combine nearby orientations. Compare the
placement and width of the two preferred directions.

Compare with GMT-19-001 - Summarize directions in a rose diagram.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-19-002
mkdir -p figures North

gmt begin figures/GMT-19-002 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 1@p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

printf -- '1 12\n1 18\n1 22\n1 26\n1 29\n1 31\n1 33\n1 36\n1 39\n1 41\n1 44\n1 46\n1
49\n1 52\n1 55\n1 58\n1 192\n1 198\n1 202\n1 206\n1 209\n1 211\n1 213\n1 216\n1 219\n1
221\n1 224\n1 226\n1 229\n1 232\n1 235\n1 238\n1 110\n1 125\n1 290\n1 305\n' >
directions. txt

gmt rose directions.txt -R0/1/0/360 -JX10c -A30 -S '-G#00549f' -W0.5p,white -Bxg@.25
-Byg45 -B+tGMT-19-002

gmt end

West

East

South 0.25

GMT-19-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-19-002

Commands follow script order. Rose input is weight, then azimuth in degrees clockwise from north; -R sets radial and angular bounds. ¢ means centimetres and p means typographic
points (1/72 inch). Later plotting commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands
in the same session; mkdir -p figures creates the output directory.

GMT-19-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-19-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-19-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-19-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-19-002 - 3 - gmt rose

Argument(s)

directions.txt

-R0/1/0/360

-JX1ec

-A30

' -G#00549f '
-W0.5p,white

-Bxg0.25

-Byg45

-B+tGMT-19-002

= GMT reference

Meaning in this example

Read unit weight followed by clockwise azimuth in
degrees from north; all 36 directions have equal
weight.

Use normalized radial bounds 0 to 1 and azimuth
bounds 0 to 360 degrees; these are polar bounds,
not a longitude/latitude rectangle.

Use linear Cartesian axes with a 10 cm width; an
omitted height retains equal x/y scales. For rose this
width sets the polar diagram diameter.

Accumulate the same unit-weight directions in 30-
degree sectors; the wider bins merge nearby
orientations.

Normalize sector lengths so that the largest bin has
radius 1; radii are relative bin totals, not
probabilities summing to 1.

Fill symbols, arrowheads or bins with #00549f.
Draw a 0.5-point white stroke.

On the x axis, draw grid lines every 0.25 data units.
In rose, x is radius and y is azimuth in degrees.

On the y axis, draw grid lines every 45 data units. In
rose, X is radius and y is azimuth in degrees.

Add MT-19-002 as the stable example title.

GMT-19-002 - 4 - gmt end * GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-19-003

Count scalar values in fixed bins

Plot the 48 synthetic amplitudes with 0.5-unit bins. The horizontal axis keeps amplitude units, while the vertical axis counts records. The two groups

are invented teaching data rather than measurements.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-19-003 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

printf --
'-2.4\n-2.1\n-2\n-1.9\n-1.8\n-1.8\n-1.7\n-1.6\n-1.6\n-1.5\n-1.5\n-1.4\n-1.4\n-1.3\n-1.
3\n-1.2\n-1.2\n-1.7\n-1\n-0.9\n-0.8\n-0.7\n-0.5\n-0.3\n@.1\n@.3\n0.5\n0.6\nd.7\n0.8\n0O
.8\n0.9\n0.9\n1\n1\n1.1\n1.1\n1.2\n1.2\n1.3\n1.4\n1.5\n1.6\n1.7\n1.8\n1.9\n2.1\n2.3\n"
> values.txt

gmt histogram values.txt -R-3/3/0/12 -JX11c/6¢c -T-3/3/0.5 -Z0 '-G#00549f"'

-W0.5p,white -Bxal+lAmplitude -Bya2+1Count -BWSne

gmt basemap -B+t"GMT-19-003"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-19-003

10 1

Count
()]

GMT-19-003 - Rendered by GMT

GMT - exit O

0
Amplitude

1
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Parameters explained - GMT-19-003

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-19-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-19-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-19-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-19-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-19-003

Argument(s)

values. txt

-R-3/3/0/12

-JX11c/6¢c

-T-3/3/0.5

-70

' -G#00549f '
-W0.5p,white

-Bxal+1Amplitude

-Bya2+1Count

-BWSne

GMT-19-003

Argument(s)

-B+tGMT-19-003

» 3 - gmt histogram - GMT reference

GMT-19-003 - 5 - gmt end

Meaning in this example Argument(s)

Read 48 locally specified synthetic scalar values
from two overlapping groups; there is one value per
record.

(no arguments)

Display amplitudes from -3 to 3 on x, and counts
from 0 to 12 on y. These bounds control the axes; -T
fixes bin edges.

Use linear Cartesian axes with a 11 cm width and 6
cm height.

Use fixed bin edges from -3 to 3 at intervals of 0.5
amplitude units. Both histogram examples keep
these exact bins.

Plot raw counts in each bin; bar heights sum to the
48 input values.

Fill symbols, arrowheads or bins with #00549f.
Draw a 0.5-point white stroke.

On the x axis, annotate every 1 data units; label it
Amplitude.

On the y axis, annotate every 2 data units; label it
Count.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

+ 4 - gmt basemap - GMT reference

Meaning in this example

Add MT-19-003 as the stable example title.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-19-004

Express the same bins as frequency percent

Keep the data and bin edges but request percent with -Z1. A count of 12 out of 48 becomes 25 percent; bar heights sum to 100. Percent per bin is

different from probability density, which also accounts for bin width.

Compare with GMT-19-003 - Count scalar values in fixed bins.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-19-004 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm
FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

printf --
'-2.4\n-2.1\n-2\n-1.9\n-1.8\n-1.8\n-1.7\n-1.6\n-1.6\n-1.5\n-1.5\n-1.4\n-1.4\n-1.3\n-1.
3\n-1.2\n-1.2\n-1.1\n-1\n-0.9\n-0.8\n-0.7\n-0.5\n-0.3\n0.1\n0.3\n0.5\n0.6\n0.7\n0.8\n0
.8\n0.9\nB.9\n1\n1\n1.1\n1.1\n1.2\n1.2\n1.3\n1.4\n1.5\n1.6\n1.7\n1.8\n1.9\n2.1\n2.3\n"
> values. txt

gmt histogram values.txt -R-3/3/0/30 -JX11c/6c -T-3/3/0.5 -Z1 '-G#00549f"'

-W0.5p,white -Bxal+lAmplitude -Bya5+1lPercent -BWSne

gmt basemap -B+t"GMT-19-004"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-19-004

25 1

20 1

Percent
o
1

-3 -2 -1

GMT-19-004 - Rendered by GMT

GMT - exit O

0
Amplitude
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Parameters explained - GMT-19-004

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-19-004 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-19-004 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-19-004 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-19-004 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-19-004

Argument(s)

values. txt

-R-3/3/0/30

-JX11c/6¢c

-T-3/3/0.5

-Z1

' -G#00549f '
-W0.5p,white

-Bxal+1Amplitude

-Bya5+1Percent

-BWSne

GMT-19-004

Argument(s)

-B+tGMT-19-004

» 3 - gmt histogram - GMT reference

Meaning in this example

Read 48 locally specified synthetic scalar values
from two overlapping groups; there is one value per
record.

Display amplitudes from -3 to 3 on x, and frequency
percent from 0 to 30 on y. These bounds control the
axes; -T fixes bin edges.

Use linear Cartesian axes with a 11 cm width and 6
cm height.

Use fixed bin edges from -3 to 3 at intervals of 0.5
amplitude units. Both histogram examples keep
these exact bins.

Plot frequency percent: 100 times each bin count
divided by 48. Bar heights sum to 100; this is not
probability density.

Fill symbols, arrowheads or bins with #00549f.
Draw a 0.5-point white stroke.

On the x axis, annotate every 1 data units; label it
Amplitude.

On the y axis, annotate every 5 data units; label it
Percent.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

+ 4 - gmt basemap - GMT reference

Meaning in this example

Add MT-19-004 as the stable example title.

GMT-19-004 - 5 - gmt end - GMT reference

Argument(s) Meaning in this example

(no arguments) End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Geophysical symbols and uncertainty

Focal mechanisms and velocities use different column formats and symbol meanings. Every record here is invented, including the positions, mechanisms, motion

and uncertainties. Coordinates use Cartesian teaching units. Velocity components and their one-sigma uncertainties share mm/year units; correlation describes their

dependence. See meca and velo.

GMT-20-001

Read strike, dip and rake as focal mechanisms

Three invented magnitude-5 events illustrate normal, reverse and strike-slip mechanisms. The beachballs encode orientation and slip: strike is
clockwise from north, dip is the plane inclination, and rake describes slip within that plane. Blue marks compression, white extension. These

symbols are conceptual examples, not an earthquake catalogue.

Complete GMT script

export GMT_SESSION_NAME=$$

mkdir -p figures

gmt begin figures/GMT-20-001 png,pdf E200,H2,Qg4,Qt4 -C

gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY
9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '2 48 0 45 -90 5 @ 0 Normal\n5 4 8 0 45 90 5 0 0 Reverse\n8 4 8 0 90 0 5 0 0
Strike-slip\n' > mechanisms.txt

gmt meca mechanisms.txt -R0/10/0/7 -JX11c/7c -Sal.5c+f9p '-G#00549f' -Ewhite '-
Wo.6p,#00549f"' -Bxa2+lx -Byal+ly -BWSne

gmt basemap -B+t"GMT-20-001"

gmt end

Download: Runnable script - PNG map - Vector PDF map

Actual output

GMT-20-001

Normal

Reverse

Strike-slip

GMT-20-001 - Rendered by GMT

GMT - exit O
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Parameters explained - GMT-20-001

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-20-001 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-20-001 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-20-001 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-20-001 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-20-001 - 3 - gmt meca - GMT reference

Argument(s) Meaning in this example

mechanisms. txt Read invented x/y, depth, strike, dip, rake,
magnitude, two unused relocation coordinates (0,0),
and name. Strike is clockwise from north, dip is
0-90 degrees, and rake sets slip direction. These are
not real earthquakes.

-R0/10/0/7 Cartesian plot bounds xmin/xmax/ymin/ymax =
0/10/0/7. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

-JX11¢c/7c Use linear Cartesian axes with a 11 cm width and 7
cm height.
-Sal.5c+f9p Read Aki-Richards strike/dip/rake records. A

magnitude-5 mechanism has a 1.5 cm diameter; all
three invented events have magnitude 5. Use 9-

point labels.
'-G#00549F " Fill compression quadrants with #00549f.
-Ewhite Fill the extensive quadrants white; the compression

quadrants use the colour supplied with -G.

'-WQ. 6p, #00549f ' Draw a 0.6-point #00549f stroke.

-Bxa2+1x On the x axis, annotate every 2 data units; label it
X.

-Byal+ly On the y axis, annotate every 1 data units; label it
y.

-BWSne Annotate the west and south axes (uppercase W/S);

retain only the frame on the north and east sides
(lowercase n/e).

GMT-20-001 - 4 - gmt basemap - GMT reference

Argument(s) Meaning in this example

-B+tGMT-20-001 Add MT-20-001 as the stable example title.

GMT-20-001 - 5 - gmt end - GMT reference

Argument(s)

(no arguments)

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-20-002

Plot horizontal motion with 68 percent ellipses

At six synthetic positions, east/north motion is measured in invented mm/year. One-sigma uncertainties and correlations define the covariance. velo
draws a joint 68% confidence ellipse at each vector tip under a bivariate normal model; the input sigmas are not themselves the ellipse semiaxes.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-20-002
mkdir -p figures 7 L k k k
gmt begin figures/GMT-20-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm 6 i

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

printf -- 5 D\ E\ /F i

'222.41.10.350.50.25 A\n5 2 1.22.10.50.3 -0.2B\n82-21.50.40.60.4C\n2

51.8-1.10.30.45 -0.25D\n5 5 0.8 -1.8 0.5 0.35 0.1 E\n8 5 -1.8 -1.2 0.45 0.5 -0.3 47 i
F\n"' > velocities.txt >
gmt velo velocities.txt -R0/10/0/7 -JX11c/7c -Se@.45c/0.68+f9p '- 3 B
AQ.22c+e+p@.6p,#00549f ' '-G#00549f' '-E#8ebae5' '-W0.6p,#00549f' -Bxa2+lx -Byal+ly / \
-BWSne 2 A/ B C -
gmt basemap -B+t"GMT-20-002"
gmt end 14 |

0 T T 1 T

0 2 4 6 8 10

GMT-20-002 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-20-002

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-20-002 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-20-002 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-20-002 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-20-002 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-20-002 - 3 - gmt velo - GMT reference

Argument(s)

velocities. txt

-R0/10/0/7

-JX11c/7c

-Se0.45¢/0.68+f9p

'-AQ.22cte+p0.6p,#00549f"

' -G#00549f '

' -E#8ebaeb’

'-W0.6p,#00549f "

-Bxa2+1x

-Byal+ly

-BWSne

GMT-20-002 - 5 - gmt end

Meaning in this example Argument(s)

Read invented x/y, east/north velocity, east/north
one-sigma uncertainty, correlation (-1 to 1), and
name. Velocities and uncertainties use mm/year;
positions use Cartesian teaching units. Ellipses
assume a bivariate normal error model.

(no arguments)

Cartesian plot bounds xmin/xmax/ymin/ymax =
0/10/0/7. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width and 7
cm height.

Read east/north components, their one-sigma
uncertainties and correlation. Scale motion to 0.45
cm per velocity unit; draw a joint 68% confidence
ellipse and 9-point station labels.

Draw a 0.22 cm arrowhead at each velocity tip (+e),
with a 0.6-point RWTH-blue head outline (+p).

Fill symbols, arrowheads or bins with #00549f.

Fill the uncertainty ellipses with RWTH light blue; -G
supplies the arrowhead fill.

Draw a 0.6-point #00549f stroke.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 1 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

GMT-20-002 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-20-002

Meaning in this example

Add MT-20-002 as the stable example title.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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GMT-20-003

Increase confidence without changing motion

Change only the confidence level from 0.68 to 0.95. The arrows retain their direction and length; ellipses expand to enclose more probability under
the same covariance model. A joint 95% ellipse is not obtained by simply doubling each input sigma.

Compare with GMT-20-002 - Plot horizontal motion with 68 percent ellipses.

Complete GMT script Actual output
export GMT_SESSION_NAME=$$ GMT-20-003
mkdir -p figures 7 ! ] | |
gmt begin figures/GMT-20-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm 6 |

FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN
round COLOR_NAN gray85

printf — > ° g E\ e

'222.41.10.350.50.25 A\n521.22.10.50.3-0.2B\n82-21.50.40.60.4C\n2

51.8-1.10.30.45 -0.25D\n5 5 0.8 -1.8 0.5 0.35 0.1 E\n8 5 -1.8 -1.2 0.45 0.5 -0.3 41 i
F\n' > velocities.txt >
gmt velo velocities.txt -R0/10/0/7 -JX11c/7c -Se@.45c/0.95+f9p '- 3 B
AQ.22c+e+p0.6p,#00549f ' '-G#0O0549f' '-E#8ebae5' '-WO.6p,#00549f' -Bxa2+lx -Byal+ly / / \
-BWSne 2 A B C L
gmt basemap -B+t"GMT-20-003"
gmt end 1 |

0 T T T T

0 2 4 6 8 10

GMT-20-003 - Rendered by GMT

GMT - exit O

Download: Runnable script - PNG map - Vector PDF map
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Parameters explained - GMT-20-003

Commands follow script order. Coordinates and axes use the Cartesian or data units explained below; c means centimetres and p means typographic points (1/72 inch). Later plotting
commands reuse the current region and projection unless they supply new ones. The shell exports GMT_SESSION_NAME=$$ to keep piped commands in the same session; mkdir -p

figures creates the output directory.

GMT-20-003 - 1 - gmt begin - GMT reference

Argument(s)

figures/GMT-20-003 png,pdf

E200,H2,Qg4,Qt4

Meaning in this example

Start an independent modern session; the output
stem figures/GMT-20-003 becomes an opaque PNG
and a PDF (vector linework, embedded rasters
where used).

E200 sets final raster resolution to 200 dpi. H2
rasterizes at 2 times that resolution, then reduces to
the requested DPI. Qg4 and Qt4 set graphics and
text anti-aliasing subsampling to 4.

Ignore user gmt.conf files and start from clean GMT
defaults.

GMT-20-003 - 2 - gmt set - GMT reference

Argument(s)

GMT_AUTO_DOWNLOAD off

MAP_FRAME_TYPE plain

PROJ_LENGTH_UNIT cm

FONT_ANNOT_PRIMARY 9p
FONT_LABEL 10p
FONT_TITLE 11p
PS_LINE_CAP round
PS_LINE_JOIN round

COLOR_NAN gray85

Meaning in this example

Disable automatic data downloads; geographic
layers use locally installed GSHHG files.

Use a plain map frame rather than the default fancy
alternating border.

Use centimetres for plot lengths that omit a unit,
including variable symbol diameters.

Primary axis annotations use 9-point type.
Axis and decoration labels use 10-point type.
The map title uses 11-point type.

Use semicircular line ends.

Round the joins between stroke segments.

Display undefined grid values (NaN) in light gray
(gray85), separately from the palette colour for a
defined value of zero.
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GMT-20-003 - 3 - gmt velo * GMT reference

Argument(s)

velocities. txt

-R0/10/0/7

-JX11c/7c

-Se0.45¢/0.95+f9p

'-AQ.22cte+p0.6p,#00549f"

' -G#00549f '

' -E#8ebaeb’

'-W0.6p,#00549f "

-Bxa2+1x

-Byal+ly

-BWSne

GMT-20-003 - 5 - gmt end

Meaning in this example Argument(s)

Read invented x/y, east/north velocity, east/north
one-sigma uncertainty, correlation (-1 to 1), and
name. Velocities and uncertainties use mm/year;
positions use Cartesian teaching units. Ellipses
assume a bivariate normal error model.

(no arguments)

Cartesian plot bounds xmin/xmax/ymin/ymax =
0/10/0/7. x/y are local coordinate units, not
degrees; a displayed z range is synthetic amplitude.

Use linear Cartesian axes with a 11 cm width and 7
cm height.

Use the same 0.45 cm per velocity unit and input
covariance, but draw joint 95% confidence ellipses.
This increases ellipse size, not arrow length. Labels
use 9-point type.

Draw a 0.22 cm arrowhead at each velocity tip (+e),
with a 0.6-point RWTH-blue head outline (+p).

Fill symbols, arrowheads or bins with #00549f.

Fill the uncertainty ellipses with RWTH light blue; -G
supplies the arrowhead fill.

Draw a 0.6-point #00549f stroke.

On the x axis, annotate every 2 data units; label it
X.

On the y axis, annotate every 1 data units; label it
y.

Annotate the west and south axes (uppercase W/S);
retain only the frame on the north and east sides
(lowercase n/e).

GMT-20-003 - 4 - gmt basemap - GMT reference

Argument(s)

-B+tGMT-20-003

Meaning in this example

Add MT-20-003 as the stable example title.

= GMT reference

Meaning in this example

End the modern session and write both requested
figure formats; omitting show avoids launching a
viewer.
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Example and command index

e GMT-01-001 - Draw a geographic frame

e GMT-01-002 - Add a coastline

e GMT-01-003 - Distinguish land and water

e GMT-01-004 - Choose annotation and tick intervals

e GMT-01-005 - Add a regular geographic grid
e GMT-01-006 - Annotate only two sides

e GMT-01-007 - Use a fancy map border

e GMT-01-008 - Style the graticule independently

e GMT-01-009 - Choose a smaller geographic extent
e GMT-02-001 - A rectangular world map

e GMT-02-002 - Preserve area with Mollweide

e GMT-02-003 - Look at a hemisphere

e GMT-02-004 - Compare the Robinson world projection

e GMT-02-005 - Compare the Hammer equal-area world

e GMT-02-006 - Limit a Mercator world map before the poles

e GMT-02-007 - Re-centre the rectangular world on the Pacific

e GMT-02-008 - Choose another visible hemisphere
e GMT-02-009 - Set a cylindrical standard parallel
e GMT-03-001 - Increase coastline detail

e GMT-03-002 - Add geographic boundaries

e GMT-03-003 - Add major rivers and lakes

e GMT-03-004 - Filter out small islands and lakes

e GMT-03-005 - Show US state boundaries

e GMT-03-006 - Include all permanent river classes

e GMT-03-007 - Draw European country borders in high detail

e GMT-03-008 - Use full-resolution European boundaries

e GMT-03-009 - Give major and minor rivers separate pens

e GMT-03-010 - Add canals without thickening the river network

e GMT-03-011 - Select European countries by their codes

e GMT-03-012 - Draw Germany and its sixteen federal states
e GMT-03-013 - Label the German Lander with their state codes

e GMT-03-014 - Inspect North Rhine-Westphalia beside its rivers

e GMT-04-001 - Plot longitude and latitude

e GMT-04-002 - Change the point symbol

e GMT-04-003 - Read symbol sizes from a column

e GMT-04-004 - Use square point symbols

e GMT-04-005 - Use diamond point symbols

e GMT-04-006 - Draw hollow station symbols

e GMT-04-007 - Increase a fixed circle diameter

e GMT-04-008 - Make a symbol fill translucent

e GMT-04-009 - Distinguish two groups and explain them
e GMT-05-001 - Label the stations

e GMT-05-002 - Connect a route
e GMT-05-003 - Fill an illustrative area

e GMT-05-004 - Anchor labels above and left of their points

e GMT-05-005 - Give labels a readable background
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e GMT-05-006 - Draw an unfilled study-area outline
e GMT-06-001 - Colour points by value

e GMT-06-002 - Explain the colour scale

e GMT-06-003 - Explain categories with a legend

e GMT-07-001 - Create and colour a synthetic grid

e GMT-07-002 - Illuminate the synthetic surface

e GMT-07-003 - Overlay labelled contours

e GMT-08-001 - Add a geographic scale bar
e GMT-08-002 - Add a locator inset

e GMT-08-003 - Assemble a finished map

e GMT-09-001 - Crete with crude shoreline detail
e GMT-09-002 - Crete with low shoreline detail
e GMT-09-003 - Crete with intermediate shoreline detail

e GMT-09-004 - Crete with high shoreline detail

e GMT-09-005 - Crete with full shoreline detail

e GMT-09-006 - Refine the full-resolution shoreline pen

e GMT-10-001 - Flat ends and miter joins

e GMT-10-002 - Round the line ends

e GMT-10-003 - Round the corners of the stroke

e GMT-10-004 - Bevel a sharp corner

e GMT-10-005 - Use a lighter dashed boundary

e GMT-10-006 - Separate a route from its background
e GMT-11-001 - Connect a sparse illustrative route

e GMT-11-002 - Draw a Bezier curve through the route
e GMT-11-003 - Add linearly interpolated positions

e GMT-11-004 - Interpolate with an Akima spline

e GMT-11-005 - Compare a natural cubic spline

e GMT-11-006 - Fit a smoothing spline

e GMT-12-001 - Use Lambert conformal conic for a region

e GMT-12-002 - Compare Albers equal-area conic

e GMT-12-003

- Centre a Lambert azimuthal equal-area map

e GMT-12-004

- Use a local UTM zone

e GMT-12-005

- Map the Arctic with stereographic projection

e GMT-12-006

- Cross the international date line

e GMT-13-001

- Expose a coarse grid with nearest-neighbour display

e GMT-13-002

- Change the image interpolation

e GMT-13-003

- Evaluate the model on a finer grid

e GMT-13-004 - Resample the coarse grid explicitly

e GMT-13-005 - Inspect unsmoothed contour segments

e GMT-13-006 - Smooth the drawn contour path

e GMT-14-001 - A deliberately rough raster export

e GMT-14-002 - Anti-alias graphics and text

e GMT-14-003

- Supersample before reducing the PNG

e GMT-14-004

- Export more pixels for a larger image

e GMT-14-005

- Give borders and graticules a clear hierarchy

e GMT-14-006

- Finish a detailed map with smooth raster edges

e GMT-15-001

- Mark the area to zoom into

e GMT-15-002

- Zoom by narrowing the geographic region

e GMT-15-003

- Keep the overview and add a zoom-in inset

e GMT-15-004

- Move the enlarged inset to bottom-left

e GMT-15-005 - Allocate a larger inset panel

e GMT-15-006 - Use finer geography in the close-up

e GMT-15-007 - Choose an independent inset projection

e GMT-15-008 - Show two successive zoom levels

e GMT-15-009 - Connect the selection to its inset

e GMT-15-010 - Reuse the zoom layout for Sicily

e GMT-15-011 - Use geographic distances for circle sizes
e GMT-15-012 - Explain the close-up scale inside its panel
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e GMT-16-001 - Interpolate scattered samples with tension

e GMT-16-002

- Keep gaps where local coverage is insufficient

e GMT-16-003

- Interpolate within Delaunay triangles

e GMT-17-001

- Build a signed analytic field

e GMT-17-002

- Filter the field without changing its grid

e GMT-17-003

- Subtract the smooth field to show a residual

e GMT-17-004

- Differentiate in the x direction

e GMT-17-005

- Extract a transect from the grid

e GMT-18-001

- View the signed field as a 3D surface

e GMT-18-002 - Reveal the grid with a perspective mesh

e GMT-18-003

- Draw a vector field from two grids

e GMT-19-001

- Summarize directions in a rose diagram

e GMT-19-002

- Change only the angular bin width

e GMT-19-003

- Count scalar values in fixed bins

e GMT-19-004

- Express the same bins as frequency percent

e GMT-20-001

- Read strike, dip and rake as focal mechanisms

e GMT-20-002

- Plot horizontal motion with 68 percent ellipses

e GMT-20-003 - Increase confidence without changing motion

Content: CCO 1.0. Structure and publishing framework: CC BY 4.0 by Lukas C. Bossert. Repository source - Publishing framework source - License scope and third-
party notices.

399


https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/licenses/by/4.0/
https://codeberg.org/lukascbossert/gmt-tour
https://codeberg.org/lukascbossert/tourguides

	GMT,one change at a time
	All maps at a glance
	Your first map
	Choose a projection
	Coastlines and geographic context
	Put points on a map
	Labels, routes and areas
	Values, colour scales and legends
	Grids and shaded relief
	Map furniture and a finished layout
	Coastline resolution at close range
	Line ends, corners and border styling
	Curves, interpolation and smoothing
	Regional projections and difficult extents
	Grid interpolation and contour quality
	Raster quality and a polished map
	Zooming into a region
	Scattered samples become a grid
	Calculate with grids and extract a transect
	Perspective surfaces and vector fields
	Directions and scalar distributions
	Geophysical symbols and uncertainty

	Three ways to see a change
	Map conventions and sources
	Smoother lines: choose the right control
	Your first map
	Draw a geographic frame
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-001
	GMT-01-001 · 1 · gmt begin · GMT reference
	GMT-01-001 · 2 · gmt set · GMT reference
	GMT-01-001 · 3 · gmt basemap · GMT reference
	GMT-01-001 · 4 · gmt basemap · GMT reference
	GMT-01-001 · 5 · gmt end · GMT reference


	Add a coastline
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-002
	GMT-01-002 · 1 · gmt begin · GMT reference
	GMT-01-002 · 2 · gmt set · GMT reference
	GMT-01-002 · 3 · gmt coast · GMT reference
	GMT-01-002 · 4 · gmt basemap · GMT reference
	GMT-01-002 · 5 · gmt end · GMT reference


	Distinguish land and water
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-003
	GMT-01-003 · 1 · gmt begin · GMT reference
	GMT-01-003 · 2 · gmt set · GMT reference
	GMT-01-003 · 3 · gmt coast · GMT reference
	GMT-01-003 · 4 · gmt basemap · GMT reference
	GMT-01-003 · 5 · gmt end · GMT reference


	Choose annotation and tick intervals
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-004
	GMT-01-004 · 1 · gmt begin · GMT reference
	GMT-01-004 · 2 · gmt set · GMT reference
	GMT-01-004 · 3 · gmt basemap · GMT reference
	GMT-01-004 · 4 · gmt basemap · GMT reference
	GMT-01-004 · 5 · gmt end · GMT reference


	Add a regular geographic grid
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-005
	GMT-01-005 · 1 · gmt begin · GMT reference
	GMT-01-005 · 2 · gmt set · GMT reference
	GMT-01-005 · 3 · gmt basemap · GMT reference
	GMT-01-005 · 4 · gmt basemap · GMT reference
	GMT-01-005 · 5 · gmt end · GMT reference


	Annotate only two sides
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-006
	GMT-01-006 · 1 · gmt begin · GMT reference
	GMT-01-006 · 2 · gmt set · GMT reference
	GMT-01-006 · 3 · gmt basemap · GMT reference
	GMT-01-006 · 4 · gmt basemap · GMT reference
	GMT-01-006 · 5 · gmt end · GMT reference


	Use a fancy map border
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-007
	GMT-01-007 · 1 · gmt begin · GMT reference
	GMT-01-007 · 2 · gmt set · GMT reference
	GMT-01-007 · 3 · gmt basemap · GMT reference
	GMT-01-007 · 4 · gmt basemap · GMT reference
	GMT-01-007 · 5 · gmt end · GMT reference


	Style the graticule independently
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-008
	GMT-01-008 · 1 · gmt begin · GMT reference
	GMT-01-008 · 2 · gmt set · GMT reference
	GMT-01-008 · 3 · gmt set · GMT reference
	GMT-01-008 · 4 · gmt basemap · GMT reference
	GMT-01-008 · 5 · gmt basemap · GMT reference
	GMT-01-008 · 6 · gmt end · GMT reference


	Choose a smaller geographic extent
	Complete GMT script
	Actual output
	Parameters explained · GMT-01-009
	GMT-01-009 · 1 · gmt begin · GMT reference
	GMT-01-009 · 2 · gmt set · GMT reference
	GMT-01-009 · 3 · gmt basemap · GMT reference
	GMT-01-009 · 4 · gmt basemap · GMT reference
	GMT-01-009 · 5 · gmt end · GMT reference


	Choose a projection
	A rectangular world map
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-001
	GMT-02-001 · 1 · gmt begin · GMT reference
	GMT-02-001 · 2 · gmt set · GMT reference
	GMT-02-001 · 3 · gmt coast · GMT reference
	GMT-02-001 · 4 · gmt basemap · GMT reference
	GMT-02-001 · 5 · gmt end · GMT reference


	Preserve area with Mollweide
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-002
	GMT-02-002 · 1 · gmt begin · GMT reference
	GMT-02-002 · 2 · gmt set · GMT reference
	GMT-02-002 · 3 · gmt coast · GMT reference
	GMT-02-002 · 4 · gmt basemap · GMT reference
	GMT-02-002 · 5 · gmt end · GMT reference


	Look at a hemisphere
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-003
	GMT-02-003 · 1 · gmt begin · GMT reference
	GMT-02-003 · 2 · gmt set · GMT reference
	GMT-02-003 · 3 · gmt coast · GMT reference
	GMT-02-003 · 4 · gmt basemap · GMT reference
	GMT-02-003 · 5 · gmt end · GMT reference


	Compare the Robinson world projection
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-004
	GMT-02-004 · 1 · gmt begin · GMT reference
	GMT-02-004 · 2 · gmt set · GMT reference
	GMT-02-004 · 3 · gmt coast · GMT reference
	GMT-02-004 · 4 · gmt basemap · GMT reference
	GMT-02-004 · 5 · gmt end · GMT reference


	Compare the Hammer equal-area world
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-005
	GMT-02-005 · 1 · gmt begin · GMT reference
	GMT-02-005 · 2 · gmt set · GMT reference
	GMT-02-005 · 3 · gmt coast · GMT reference
	GMT-02-005 · 4 · gmt basemap · GMT reference
	GMT-02-005 · 5 · gmt end · GMT reference


	Limit a Mercator world map before the poles
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-006
	GMT-02-006 · 1 · gmt begin · GMT reference
	GMT-02-006 · 2 · gmt set · GMT reference
	GMT-02-006 · 3 · gmt coast · GMT reference
	GMT-02-006 · 4 · gmt basemap · GMT reference
	GMT-02-006 · 5 · gmt end · GMT reference


	Re-centre the rectangular world on the Pacific
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-007
	GMT-02-007 · 1 · gmt begin · GMT reference
	GMT-02-007 · 2 · gmt set · GMT reference
	GMT-02-007 · 3 · gmt coast · GMT reference
	GMT-02-007 · 4 · gmt basemap · GMT reference
	GMT-02-007 · 5 · gmt end · GMT reference


	Choose another visible hemisphere
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-008
	GMT-02-008 · 1 · gmt begin · GMT reference
	GMT-02-008 · 2 · gmt set · GMT reference
	GMT-02-008 · 3 · gmt coast · GMT reference
	GMT-02-008 · 4 · gmt basemap · GMT reference
	GMT-02-008 · 5 · gmt end · GMT reference


	Set a cylindrical standard parallel
	Complete GMT script
	Actual output
	Parameters explained · GMT-02-009
	GMT-02-009 · 1 · gmt begin · GMT reference
	GMT-02-009 · 2 · gmt set · GMT reference
	GMT-02-009 · 3 · gmt coast · GMT reference
	GMT-02-009 · 4 · gmt basemap · GMT reference
	GMT-02-009 · 5 · gmt end · GMT reference


	Coastlines and geographic context
	Increase coastline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-001
	GMT-03-001 · 1 · gmt begin · GMT reference
	GMT-03-001 · 2 · gmt set · GMT reference
	GMT-03-001 · 3 · gmt coast · GMT reference
	GMT-03-001 · 4 · gmt basemap · GMT reference
	GMT-03-001 · 5 · gmt end · GMT reference


	Add geographic boundaries
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-002
	GMT-03-002 · 1 · gmt begin · GMT reference
	GMT-03-002 · 2 · gmt set · GMT reference
	GMT-03-002 · 3 · gmt coast · GMT reference
	GMT-03-002 · 4 · gmt basemap · GMT reference
	GMT-03-002 · 5 · gmt end · GMT reference


	Add major rivers and lakes
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-003
	GMT-03-003 · 1 · gmt begin · GMT reference
	GMT-03-003 · 2 · gmt set · GMT reference
	GMT-03-003 · 3 · gmt coast · GMT reference
	GMT-03-003 · 4 · gmt basemap · GMT reference
	GMT-03-003 · 5 · gmt end · GMT reference


	Filter out small islands and lakes
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-004
	GMT-03-004 · 1 · gmt begin · GMT reference
	GMT-03-004 · 2 · gmt set · GMT reference
	GMT-03-004 · 3 · gmt coast · GMT reference
	GMT-03-004 · 4 · gmt basemap · GMT reference
	GMT-03-004 · 5 · gmt end · GMT reference


	Show US state boundaries
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-005
	GMT-03-005 · 1 · gmt begin · GMT reference
	GMT-03-005 · 2 · gmt set · GMT reference
	GMT-03-005 · 3 · gmt coast · GMT reference
	GMT-03-005 · 4 · gmt basemap · GMT reference
	GMT-03-005 · 5 · gmt end · GMT reference


	Include all permanent river classes
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-006
	GMT-03-006 · 1 · gmt begin · GMT reference
	GMT-03-006 · 2 · gmt set · GMT reference
	GMT-03-006 · 3 · gmt coast · GMT reference
	GMT-03-006 · 4 · gmt basemap · GMT reference
	GMT-03-006 · 5 · gmt end · GMT reference


	Draw European country borders in high detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-007
	GMT-03-007 · 1 · gmt begin · GMT reference
	GMT-03-007 · 2 · gmt set · GMT reference
	GMT-03-007 · 3 · gmt coast · GMT reference
	GMT-03-007 · 4 · gmt basemap · GMT reference
	GMT-03-007 · 5 · gmt end · GMT reference


	Use full-resolution European boundaries
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-008
	GMT-03-008 · 1 · gmt begin · GMT reference
	GMT-03-008 · 2 · gmt set · GMT reference
	GMT-03-008 · 3 · gmt coast · GMT reference
	GMT-03-008 · 4 · gmt basemap · GMT reference
	GMT-03-008 · 5 · gmt end · GMT reference


	Give major and minor rivers separate pens
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-009
	GMT-03-009 · 1 · gmt begin · GMT reference
	GMT-03-009 · 2 · gmt set · GMT reference
	GMT-03-009 · 3 · gmt coast · GMT reference
	GMT-03-009 · 4 · gmt basemap · GMT reference
	GMT-03-009 · 5 · gmt end · GMT reference


	Add canals without thickening the river network
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-010
	GMT-03-010 · 1 · gmt begin · GMT reference
	GMT-03-010 · 2 · gmt set · GMT reference
	GMT-03-010 · 3 · gmt coast · GMT reference
	GMT-03-010 · 4 · gmt basemap · GMT reference
	GMT-03-010 · 5 · gmt end · GMT reference


	Select European countries by their codes
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-011
	GMT-03-011 · 1 · gmt begin · GMT reference
	GMT-03-011 · 2 · gmt set · GMT reference
	GMT-03-011 · 3 · gmt coast · GMT reference
	GMT-03-011 · 4 · gmt coast · GMT reference
	GMT-03-011 · 5 · gmt basemap · GMT reference
	GMT-03-011 · 6 · gmt end · GMT reference


	Draw Germany and its sixteen federal states
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-012
	GMT-03-012 · 1 · gmt begin · GMT reference
	GMT-03-012 · 2 · gmt set · GMT reference
	GMT-03-012 · 3 · gmt coast · GMT reference
	GMT-03-012 · 4 · gmt plot · GMT reference
	GMT-03-012 · 5 · gmt text · GMT reference
	GMT-03-012 · 6 · gmt basemap · GMT reference
	GMT-03-012 · 7 · gmt end · GMT reference


	Label the German Länder with their state codes
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-013
	GMT-03-013 · 1 · gmt begin · GMT reference
	GMT-03-013 · 2 · gmt set · GMT reference
	GMT-03-013 · 3 · gmt coast · GMT reference
	GMT-03-013 · 4 · gmt plot · GMT reference
	GMT-03-013 · 5 · gmt text · GMT reference
	GMT-03-013 · 6 · gmt text · GMT reference
	GMT-03-013 · 7 · gmt basemap · GMT reference
	GMT-03-013 · 8 · gmt end · GMT reference


	Inspect North Rhine-Westphalia beside its rivers
	Complete GMT script
	Actual output
	Parameters explained · GMT-03-014
	GMT-03-014 · 1 · gmt begin · GMT reference
	GMT-03-014 · 2 · gmt set · GMT reference
	GMT-03-014 · 3 · gmt coast · GMT reference
	GMT-03-014 · 4 · gmt plot · GMT reference
	GMT-03-014 · 5 · gmt plot · GMT reference
	GMT-03-014 · 6 · gmt text · GMT reference
	GMT-03-014 · 7 · gmt basemap · GMT reference
	GMT-03-014 · 8 · gmt end · GMT reference


	Put points on a map
	Plot longitude and latitude
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-001
	GMT-04-001 · 1 · gmt begin · GMT reference
	GMT-04-001 · 2 · gmt set · GMT reference
	GMT-04-001 · 3 · gmt coast · GMT reference
	GMT-04-001 · 4 · gmt plot · GMT reference
	GMT-04-001 · 5 · gmt basemap · GMT reference
	GMT-04-001 · 6 · gmt end · GMT reference


	Change the point symbol
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-002
	GMT-04-002 · 1 · gmt begin · GMT reference
	GMT-04-002 · 2 · gmt set · GMT reference
	GMT-04-002 · 3 · gmt coast · GMT reference
	GMT-04-002 · 4 · gmt plot · GMT reference
	GMT-04-002 · 5 · gmt basemap · GMT reference
	GMT-04-002 · 6 · gmt end · GMT reference


	Read symbol sizes from a column
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-003
	GMT-04-003 · 1 · gmt begin · GMT reference
	GMT-04-003 · 2 · gmt set · GMT reference
	GMT-04-003 · 3 · gmt coast · GMT reference
	GMT-04-003 · 4 · gmt plot · GMT reference
	GMT-04-003 · 5 · gmt basemap · GMT reference
	GMT-04-003 · 6 · gmt end · GMT reference


	Use square point symbols
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-004
	GMT-04-004 · 1 · gmt begin · GMT reference
	GMT-04-004 · 2 · gmt set · GMT reference
	GMT-04-004 · 3 · gmt coast · GMT reference
	GMT-04-004 · 4 · gmt plot · GMT reference
	GMT-04-004 · 5 · gmt basemap · GMT reference
	GMT-04-004 · 6 · gmt end · GMT reference


	Use diamond point symbols
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-005
	GMT-04-005 · 1 · gmt begin · GMT reference
	GMT-04-005 · 2 · gmt set · GMT reference
	GMT-04-005 · 3 · gmt coast · GMT reference
	GMT-04-005 · 4 · gmt plot · GMT reference
	GMT-04-005 · 5 · gmt basemap · GMT reference
	GMT-04-005 · 6 · gmt end · GMT reference


	Draw hollow station symbols
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-006
	GMT-04-006 · 1 · gmt begin · GMT reference
	GMT-04-006 · 2 · gmt set · GMT reference
	GMT-04-006 · 3 · gmt coast · GMT reference
	GMT-04-006 · 4 · gmt plot · GMT reference
	GMT-04-006 · 5 · gmt basemap · GMT reference
	GMT-04-006 · 6 · gmt end · GMT reference


	Increase a fixed circle diameter
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-007
	GMT-04-007 · 1 · gmt begin · GMT reference
	GMT-04-007 · 2 · gmt set · GMT reference
	GMT-04-007 · 3 · gmt coast · GMT reference
	GMT-04-007 · 4 · gmt plot · GMT reference
	GMT-04-007 · 5 · gmt basemap · GMT reference
	GMT-04-007 · 6 · gmt end · GMT reference


	Make a symbol fill translucent
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-008
	GMT-04-008 · 1 · gmt begin · GMT reference
	GMT-04-008 · 2 · gmt set · GMT reference
	GMT-04-008 · 3 · gmt coast · GMT reference
	GMT-04-008 · 4 · gmt plot · GMT reference
	GMT-04-008 · 5 · gmt basemap · GMT reference
	GMT-04-008 · 6 · gmt end · GMT reference


	Distinguish two groups and explain them
	Complete GMT script
	Actual output
	Parameters explained · GMT-04-009
	GMT-04-009 · 1 · gmt begin · GMT reference
	GMT-04-009 · 2 · gmt set · GMT reference
	GMT-04-009 · 3 · gmt coast · GMT reference
	GMT-04-009 · 4 · gmt plot · GMT reference
	GMT-04-009 · 5 · gmt plot · GMT reference
	GMT-04-009 · 6 · gmt legend · GMT reference
	GMT-04-009 · 7 · gmt basemap · GMT reference
	GMT-04-009 · 8 · gmt end · GMT reference


	Labels, routes and areas
	Label the stations
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-001
	GMT-05-001 · 1 · gmt begin · GMT reference
	GMT-05-001 · 2 · gmt set · GMT reference
	GMT-05-001 · 3 · gmt coast · GMT reference
	GMT-05-001 · 4 · gmt plot · GMT reference
	GMT-05-001 · 5 · gmt text · GMT reference
	GMT-05-001 · 6 · gmt basemap · GMT reference
	GMT-05-001 · 7 · gmt end · GMT reference


	Connect a route
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-002
	GMT-05-002 · 1 · gmt begin · GMT reference
	GMT-05-002 · 2 · gmt set · GMT reference
	GMT-05-002 · 3 · gmt coast · GMT reference
	GMT-05-002 · 4 · gmt plot · GMT reference
	GMT-05-002 · 5 · gmt plot · GMT reference
	GMT-05-002 · 6 · gmt text · GMT reference
	GMT-05-002 · 7 · gmt basemap · GMT reference
	GMT-05-002 · 8 · gmt end · GMT reference


	Fill an illustrative area
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-003
	GMT-05-003 · 1 · gmt begin · GMT reference
	GMT-05-003 · 2 · gmt set · GMT reference
	GMT-05-003 · 3 · gmt coast · GMT reference
	GMT-05-003 · 4 · gmt plot · GMT reference
	GMT-05-003 · 5 · gmt basemap · GMT reference
	GMT-05-003 · 6 · gmt end · GMT reference


	Anchor labels above and left of their points
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-004
	GMT-05-004 · 1 · gmt begin · GMT reference
	GMT-05-004 · 2 · gmt set · GMT reference
	GMT-05-004 · 3 · gmt coast · GMT reference
	GMT-05-004 · 4 · gmt plot · GMT reference
	GMT-05-004 · 5 · gmt text · GMT reference
	GMT-05-004 · 6 · gmt basemap · GMT reference
	GMT-05-004 · 7 · gmt end · GMT reference


	Give labels a readable background
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-005
	GMT-05-005 · 1 · gmt begin · GMT reference
	GMT-05-005 · 2 · gmt set · GMT reference
	GMT-05-005 · 3 · gmt coast · GMT reference
	GMT-05-005 · 4 · gmt plot · GMT reference
	GMT-05-005 · 5 · gmt text · GMT reference
	GMT-05-005 · 6 · gmt basemap · GMT reference
	GMT-05-005 · 7 · gmt end · GMT reference


	Draw an unfilled study-area outline
	Complete GMT script
	Actual output
	Parameters explained · GMT-05-006
	GMT-05-006 · 1 · gmt begin · GMT reference
	GMT-05-006 · 2 · gmt set · GMT reference
	GMT-05-006 · 3 · gmt coast · GMT reference
	GMT-05-006 · 4 · gmt plot · GMT reference
	GMT-05-006 · 5 · gmt basemap · GMT reference
	GMT-05-006 · 6 · gmt end · GMT reference


	Values, colour scales and legends
	Colour points by value
	Complete GMT script
	Actual output
	Parameters explained · GMT-06-001
	GMT-06-001 · 1 · gmt begin · GMT reference
	GMT-06-001 · 2 · gmt set · GMT reference
	GMT-06-001 · 3 · gmt coast · GMT reference
	GMT-06-001 · 4 · gmt makecpt · GMT reference
	GMT-06-001 · 5 · gmt plot · GMT reference
	GMT-06-001 · 6 · gmt basemap · GMT reference
	GMT-06-001 · 7 · gmt end · GMT reference


	Explain the colour scale
	Complete GMT script
	Actual output
	Parameters explained · GMT-06-002
	GMT-06-002 · 1 · gmt begin · GMT reference
	GMT-06-002 · 2 · gmt set · GMT reference
	GMT-06-002 · 3 · gmt coast · GMT reference
	GMT-06-002 · 4 · gmt makecpt · GMT reference
	GMT-06-002 · 5 · gmt plot · GMT reference
	GMT-06-002 · 6 · gmt colorbar · GMT reference
	GMT-06-002 · 7 · gmt basemap · GMT reference
	GMT-06-002 · 8 · gmt end · GMT reference


	Explain categories with a legend
	Complete GMT script
	Actual output
	Parameters explained · GMT-06-003
	GMT-06-003 · 1 · gmt begin · GMT reference
	GMT-06-003 · 2 · gmt set · GMT reference
	GMT-06-003 · 3 · gmt coast · GMT reference
	GMT-06-003 · 4 · gmt plot · GMT reference
	GMT-06-003 · 5 · gmt plot · GMT reference
	GMT-06-003 · 6 · gmt legend · GMT reference
	GMT-06-003 · 7 · gmt basemap · GMT reference
	GMT-06-003 · 8 · gmt end · GMT reference


	Grids and shaded relief
	Create and colour a synthetic grid
	Complete GMT script
	Actual output
	Parameters explained · GMT-07-001
	GMT-07-001 · 1 · gmt begin · GMT reference
	GMT-07-001 · 2 · gmt set · GMT reference
	GMT-07-001 · 3 · gmt grdmath · GMT reference
	GMT-07-001 · 4 · gmt grdimage · GMT reference
	GMT-07-001 · 5 · gmt coast · GMT reference
	GMT-07-001 · 6 · gmt basemap · GMT reference
	GMT-07-001 · 7 · gmt end · GMT reference


	Illuminate the synthetic surface
	Complete GMT script
	Actual output
	Parameters explained · GMT-07-002
	GMT-07-002 · 1 · gmt begin · GMT reference
	GMT-07-002 · 2 · gmt set · GMT reference
	GMT-07-002 · 3 · gmt grdmath · GMT reference
	GMT-07-002 · 4 · gmt grdimage · GMT reference
	GMT-07-002 · 5 · gmt coast · GMT reference
	GMT-07-002 · 6 · gmt basemap · GMT reference
	GMT-07-002 · 7 · gmt end · GMT reference


	Overlay labelled contours
	Complete GMT script
	Actual output
	Parameters explained · GMT-07-003
	GMT-07-003 · 1 · gmt begin · GMT reference
	GMT-07-003 · 2 · gmt set · GMT reference
	GMT-07-003 · 3 · gmt grdmath · GMT reference
	GMT-07-003 · 4 · gmt grdimage · GMT reference
	GMT-07-003 · 5 · gmt grdcontour · GMT reference
	GMT-07-003 · 6 · gmt coast · GMT reference
	GMT-07-003 · 7 · gmt basemap · GMT reference
	GMT-07-003 · 8 · gmt end · GMT reference


	Map furniture and a finished layout
	Add a geographic scale bar
	Complete GMT script
	Actual output
	Parameters explained · GMT-08-001
	GMT-08-001 · 1 · gmt begin · GMT reference
	GMT-08-001 · 2 · gmt set · GMT reference
	GMT-08-001 · 3 · gmt coast · GMT reference
	GMT-08-001 · 4 · gmt basemap · GMT reference
	GMT-08-001 · 5 · gmt basemap · GMT reference
	GMT-08-001 · 6 · gmt end · GMT reference


	Add a locator inset
	Complete GMT script
	Actual output
	Parameters explained · GMT-08-002
	GMT-08-002 · 1 · gmt begin · GMT reference
	GMT-08-002 · 2 · gmt set · GMT reference
	GMT-08-002 · 3 · gmt coast · GMT reference
	GMT-08-002 · 4 · gmt basemap · GMT reference
	GMT-08-002 · 5 · gmt inset · GMT reference
	GMT-08-002 · 6 · gmt coast · GMT reference
	GMT-08-002 · 7 · gmt plot · GMT reference
	GMT-08-002 · 8 · gmt inset · GMT reference
	GMT-08-002 · 9 · gmt basemap · GMT reference
	GMT-08-002 · 10 · gmt end · GMT reference


	Assemble a finished map
	Complete GMT script
	Actual output
	Parameters explained · GMT-08-003
	GMT-08-003 · 1 · gmt begin · GMT reference
	GMT-08-003 · 2 · gmt set · GMT reference
	GMT-08-003 · 3 · gmt coast · GMT reference
	GMT-08-003 · 4 · gmt plot · GMT reference
	GMT-08-003 · 5 · gmt plot · GMT reference
	GMT-08-003 · 6 · gmt text · GMT reference
	GMT-08-003 · 7 · gmt basemap · GMT reference
	GMT-08-003 · 8 · gmt inset · GMT reference
	GMT-08-003 · 9 · gmt coast · GMT reference
	GMT-08-003 · 10 · gmt plot · GMT reference
	GMT-08-003 · 11 · gmt inset · GMT reference
	GMT-08-003 · 12 · gmt basemap · GMT reference
	GMT-08-003 · 13 · gmt end · GMT reference


	Coastline resolution at close range
	Crete with crude shoreline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-001
	GMT-09-001 · 1 · gmt begin · GMT reference
	GMT-09-001 · 2 · gmt set · GMT reference
	GMT-09-001 · 3 · gmt coast · GMT reference
	GMT-09-001 · 4 · gmt basemap · GMT reference
	GMT-09-001 · 5 · gmt end · GMT reference


	Crete with low shoreline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-002
	GMT-09-002 · 1 · gmt begin · GMT reference
	GMT-09-002 · 2 · gmt set · GMT reference
	GMT-09-002 · 3 · gmt coast · GMT reference
	GMT-09-002 · 4 · gmt basemap · GMT reference
	GMT-09-002 · 5 · gmt end · GMT reference


	Crete with intermediate shoreline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-003
	GMT-09-003 · 1 · gmt begin · GMT reference
	GMT-09-003 · 2 · gmt set · GMT reference
	GMT-09-003 · 3 · gmt coast · GMT reference
	GMT-09-003 · 4 · gmt basemap · GMT reference
	GMT-09-003 · 5 · gmt end · GMT reference


	Crete with high shoreline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-004
	GMT-09-004 · 1 · gmt begin · GMT reference
	GMT-09-004 · 2 · gmt set · GMT reference
	GMT-09-004 · 3 · gmt coast · GMT reference
	GMT-09-004 · 4 · gmt basemap · GMT reference
	GMT-09-004 · 5 · gmt end · GMT reference


	Crete with full shoreline detail
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-005
	GMT-09-005 · 1 · gmt begin · GMT reference
	GMT-09-005 · 2 · gmt set · GMT reference
	GMT-09-005 · 3 · gmt coast · GMT reference
	GMT-09-005 · 4 · gmt basemap · GMT reference
	GMT-09-005 · 5 · gmt end · GMT reference


	Refine the full-resolution shoreline pen
	Complete GMT script
	Actual output
	Parameters explained · GMT-09-006
	GMT-09-006 · 1 · gmt begin · GMT reference
	GMT-09-006 · 2 · gmt set · GMT reference
	GMT-09-006 · 3 · gmt coast · GMT reference
	GMT-09-006 · 4 · gmt basemap · GMT reference
	GMT-09-006 · 5 · gmt end · GMT reference


	Line ends, corners and border styling
	Flat ends and miter joins
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-001
	GMT-10-001 · 1 · gmt begin · GMT reference
	GMT-10-001 · 2 · gmt set · GMT reference
	GMT-10-001 · 3 · gmt set · GMT reference
	GMT-10-001 · 4 · gmt coast · GMT reference
	GMT-10-001 · 5 · gmt plot · GMT reference
	GMT-10-001 · 6 · gmt basemap · GMT reference
	GMT-10-001 · 7 · gmt end · GMT reference


	Round the line ends
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-002
	GMT-10-002 · 1 · gmt begin · GMT reference
	GMT-10-002 · 2 · gmt set · GMT reference
	GMT-10-002 · 3 · gmt set · GMT reference
	GMT-10-002 · 4 · gmt coast · GMT reference
	GMT-10-002 · 5 · gmt plot · GMT reference
	GMT-10-002 · 6 · gmt basemap · GMT reference
	GMT-10-002 · 7 · gmt end · GMT reference


	Round the corners of the stroke
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-003
	GMT-10-003 · 1 · gmt begin · GMT reference
	GMT-10-003 · 2 · gmt set · GMT reference
	GMT-10-003 · 3 · gmt set · GMT reference
	GMT-10-003 · 4 · gmt coast · GMT reference
	GMT-10-003 · 5 · gmt plot · GMT reference
	GMT-10-003 · 6 · gmt basemap · GMT reference
	GMT-10-003 · 7 · gmt end · GMT reference


	Bevel a sharp corner
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-004
	GMT-10-004 · 1 · gmt begin · GMT reference
	GMT-10-004 · 2 · gmt set · GMT reference
	GMT-10-004 · 3 · gmt set · GMT reference
	GMT-10-004 · 4 · gmt coast · GMT reference
	GMT-10-004 · 5 · gmt plot · GMT reference
	GMT-10-004 · 6 · gmt basemap · GMT reference
	GMT-10-004 · 7 · gmt end · GMT reference


	Use a lighter dashed boundary
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-005
	GMT-10-005 · 1 · gmt begin · GMT reference
	GMT-10-005 · 2 · gmt set · GMT reference
	GMT-10-005 · 3 · gmt set · GMT reference
	GMT-10-005 · 4 · gmt coast · GMT reference
	GMT-10-005 · 5 · gmt plot · GMT reference
	GMT-10-005 · 6 · gmt basemap · GMT reference
	GMT-10-005 · 7 · gmt end · GMT reference


	Separate a route from its background
	Complete GMT script
	Actual output
	Parameters explained · GMT-10-006
	GMT-10-006 · 1 · gmt begin · GMT reference
	GMT-10-006 · 2 · gmt set · GMT reference
	GMT-10-006 · 3 · gmt set · GMT reference
	GMT-10-006 · 4 · gmt coast · GMT reference
	GMT-10-006 · 5 · gmt plot · GMT reference
	GMT-10-006 · 6 · gmt plot · GMT reference
	GMT-10-006 · 7 · gmt basemap · GMT reference
	GMT-10-006 · 8 · gmt end · GMT reference


	Curves, interpolation and smoothing
	Connect a sparse illustrative route
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-001
	GMT-11-001 · 1 · gmt begin · GMT reference
	GMT-11-001 · 2 · gmt set · GMT reference
	GMT-11-001 · 3 · gmt coast · GMT reference
	GMT-11-001 · 4 · gmt plot · GMT reference
	GMT-11-001 · 5 · gmt plot · GMT reference
	GMT-11-001 · 6 · gmt basemap · GMT reference
	GMT-11-001 · 7 · gmt end · GMT reference


	Draw a Bezier curve through the route
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-002
	GMT-11-002 · 1 · gmt begin · GMT reference
	GMT-11-002 · 2 · gmt set · GMT reference
	GMT-11-002 · 3 · gmt coast · GMT reference
	GMT-11-002 · 4 · gmt plot · GMT reference
	GMT-11-002 · 5 · gmt plot · GMT reference
	GMT-11-002 · 6 · gmt basemap · GMT reference
	GMT-11-002 · 7 · gmt end · GMT reference


	Add linearly interpolated positions
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-003
	GMT-11-003 · 1 · gmt begin · GMT reference
	GMT-11-003 · 2 · gmt set · GMT reference
	GMT-11-003 · 3 · gmt sample1d · GMT reference
	GMT-11-003 · 4 · gmt coast · GMT reference
	GMT-11-003 · 5 · gmt plot · GMT reference
	GMT-11-003 · 6 · gmt plot · GMT reference
	GMT-11-003 · 7 · gmt basemap · GMT reference
	GMT-11-003 · 8 · gmt end · GMT reference


	Interpolate with an Akima spline
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-004
	GMT-11-004 · 1 · gmt begin · GMT reference
	GMT-11-004 · 2 · gmt set · GMT reference
	GMT-11-004 · 3 · gmt sample1d · GMT reference
	GMT-11-004 · 4 · gmt coast · GMT reference
	GMT-11-004 · 5 · gmt plot · GMT reference
	GMT-11-004 · 6 · gmt plot · GMT reference
	GMT-11-004 · 7 · gmt basemap · GMT reference
	GMT-11-004 · 8 · gmt end · GMT reference


	Compare a natural cubic spline
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-005
	GMT-11-005 · 1 · gmt begin · GMT reference
	GMT-11-005 · 2 · gmt set · GMT reference
	GMT-11-005 · 3 · gmt sample1d · GMT reference
	GMT-11-005 · 4 · gmt coast · GMT reference
	GMT-11-005 · 5 · gmt plot · GMT reference
	GMT-11-005 · 6 · gmt plot · GMT reference
	GMT-11-005 · 7 · gmt basemap · GMT reference
	GMT-11-005 · 8 · gmt end · GMT reference


	Fit a smoothing spline
	Complete GMT script
	Actual output
	Parameters explained · GMT-11-006
	GMT-11-006 · 1 · gmt begin · GMT reference
	GMT-11-006 · 2 · gmt set · GMT reference
	GMT-11-006 · 3 · gmt sample1d · GMT reference
	GMT-11-006 · 4 · gmt coast · GMT reference
	GMT-11-006 · 5 · gmt plot · GMT reference
	GMT-11-006 · 6 · gmt plot · GMT reference
	GMT-11-006 · 7 · gmt basemap · GMT reference
	GMT-11-006 · 8 · gmt end · GMT reference


	Regional projections and difficult extents
	Use Lambert conformal conic for a region
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-001
	GMT-12-001 · 1 · gmt begin · GMT reference
	GMT-12-001 · 2 · gmt set · GMT reference
	GMT-12-001 · 3 · gmt coast · GMT reference
	GMT-12-001 · 4 · gmt basemap · GMT reference
	GMT-12-001 · 5 · gmt end · GMT reference


	Compare Albers equal-area conic
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-002
	GMT-12-002 · 1 · gmt begin · GMT reference
	GMT-12-002 · 2 · gmt set · GMT reference
	GMT-12-002 · 3 · gmt coast · GMT reference
	GMT-12-002 · 4 · gmt basemap · GMT reference
	GMT-12-002 · 5 · gmt end · GMT reference


	Centre a Lambert azimuthal equal-area map
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-003
	GMT-12-003 · 1 · gmt begin · GMT reference
	GMT-12-003 · 2 · gmt set · GMT reference
	GMT-12-003 · 3 · gmt coast · GMT reference
	GMT-12-003 · 4 · gmt basemap · GMT reference
	GMT-12-003 · 5 · gmt end · GMT reference


	Use a local UTM zone
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-004
	GMT-12-004 · 1 · gmt begin · GMT reference
	GMT-12-004 · 2 · gmt set · GMT reference
	GMT-12-004 · 3 · gmt coast · GMT reference
	GMT-12-004 · 4 · gmt basemap · GMT reference
	GMT-12-004 · 5 · gmt end · GMT reference


	Map the Arctic with stereographic projection
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-005
	GMT-12-005 · 1 · gmt begin · GMT reference
	GMT-12-005 · 2 · gmt set · GMT reference
	GMT-12-005 · 3 · gmt coast · GMT reference
	GMT-12-005 · 4 · gmt basemap · GMT reference
	GMT-12-005 · 5 · gmt end · GMT reference


	Cross the international date line
	Complete GMT script
	Actual output
	Parameters explained · GMT-12-006
	GMT-12-006 · 1 · gmt begin · GMT reference
	GMT-12-006 · 2 · gmt set · GMT reference
	GMT-12-006 · 3 · gmt coast · GMT reference
	GMT-12-006 · 4 · gmt basemap · GMT reference
	GMT-12-006 · 5 · gmt end · GMT reference


	Grid interpolation and contour quality
	Expose a coarse grid with nearest-neighbour display
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-001
	GMT-13-001 · 1 · gmt begin · GMT reference
	GMT-13-001 · 2 · gmt set · GMT reference
	GMT-13-001 · 3 · gmt grdmath · GMT reference
	GMT-13-001 · 4 · gmt grdimage · GMT reference
	GMT-13-001 · 5 · gmt coast · GMT reference
	GMT-13-001 · 6 · gmt basemap · GMT reference
	GMT-13-001 · 7 · gmt end · GMT reference


	Change the image interpolation
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-002
	GMT-13-002 · 1 · gmt begin · GMT reference
	GMT-13-002 · 2 · gmt set · GMT reference
	GMT-13-002 · 3 · gmt grdmath · GMT reference
	GMT-13-002 · 4 · gmt grdimage · GMT reference
	GMT-13-002 · 5 · gmt coast · GMT reference
	GMT-13-002 · 6 · gmt basemap · GMT reference
	GMT-13-002 · 7 · gmt end · GMT reference


	Evaluate the model on a finer grid
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-003
	GMT-13-003 · 1 · gmt begin · GMT reference
	GMT-13-003 · 2 · gmt set · GMT reference
	GMT-13-003 · 3 · gmt grdmath · GMT reference
	GMT-13-003 · 4 · gmt grdimage · GMT reference
	GMT-13-003 · 5 · gmt coast · GMT reference
	GMT-13-003 · 6 · gmt basemap · GMT reference
	GMT-13-003 · 7 · gmt end · GMT reference


	Resample the coarse grid explicitly
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-004
	GMT-13-004 · 1 · gmt begin · GMT reference
	GMT-13-004 · 2 · gmt set · GMT reference
	GMT-13-004 · 3 · gmt grdmath · GMT reference
	GMT-13-004 · 4 · gmt grdsample · GMT reference
	GMT-13-004 · 5 · gmt grdimage · GMT reference
	GMT-13-004 · 6 · gmt coast · GMT reference
	GMT-13-004 · 7 · gmt basemap · GMT reference
	GMT-13-004 · 8 · gmt end · GMT reference


	Inspect unsmoothed contour segments
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-005
	GMT-13-005 · 1 · gmt begin · GMT reference
	GMT-13-005 · 2 · gmt set · GMT reference
	GMT-13-005 · 3 · gmt grdmath · GMT reference
	GMT-13-005 · 4 · gmt grdimage · GMT reference
	GMT-13-005 · 5 · gmt coast · GMT reference
	GMT-13-005 · 6 · gmt grdcontour · GMT reference
	GMT-13-005 · 7 · gmt basemap · GMT reference
	GMT-13-005 · 8 · gmt end · GMT reference


	Smooth the drawn contour path
	Complete GMT script
	Actual output
	Parameters explained · GMT-13-006
	GMT-13-006 · 1 · gmt begin · GMT reference
	GMT-13-006 · 2 · gmt set · GMT reference
	GMT-13-006 · 3 · gmt grdmath · GMT reference
	GMT-13-006 · 4 · gmt grdimage · GMT reference
	GMT-13-006 · 5 · gmt coast · GMT reference
	GMT-13-006 · 6 · gmt grdcontour · GMT reference
	GMT-13-006 · 7 · gmt basemap · GMT reference
	GMT-13-006 · 8 · gmt end · GMT reference


	Raster quality and a polished map
	A deliberately rough raster export
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-001
	GMT-14-001 · 1 · gmt begin · GMT reference
	GMT-14-001 · 2 · gmt set · GMT reference
	GMT-14-001 · 3 · gmt coast · GMT reference
	GMT-14-001 · 4 · gmt set · GMT reference
	GMT-14-001 · 5 · gmt plot · GMT reference
	GMT-14-001 · 6 · gmt basemap · GMT reference
	GMT-14-001 · 7 · gmt end · GMT reference


	Anti-alias graphics and text
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-002
	GMT-14-002 · 1 · gmt begin · GMT reference
	GMT-14-002 · 2 · gmt set · GMT reference
	GMT-14-002 · 3 · gmt coast · GMT reference
	GMT-14-002 · 4 · gmt set · GMT reference
	GMT-14-002 · 5 · gmt plot · GMT reference
	GMT-14-002 · 6 · gmt basemap · GMT reference
	GMT-14-002 · 7 · gmt end · GMT reference


	Supersample before reducing the PNG
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-003
	GMT-14-003 · 1 · gmt begin · GMT reference
	GMT-14-003 · 2 · gmt set · GMT reference
	GMT-14-003 · 3 · gmt coast · GMT reference
	GMT-14-003 · 4 · gmt set · GMT reference
	GMT-14-003 · 5 · gmt plot · GMT reference
	GMT-14-003 · 6 · gmt basemap · GMT reference
	GMT-14-003 · 7 · gmt end · GMT reference


	Export more pixels for a larger image
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-004
	GMT-14-004 · 1 · gmt begin · GMT reference
	GMT-14-004 · 2 · gmt set · GMT reference
	GMT-14-004 · 3 · gmt coast · GMT reference
	GMT-14-004 · 4 · gmt set · GMT reference
	GMT-14-004 · 5 · gmt plot · GMT reference
	GMT-14-004 · 6 · gmt basemap · GMT reference
	GMT-14-004 · 7 · gmt end · GMT reference


	Give borders and graticules a clear hierarchy
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-005
	GMT-14-005 · 1 · gmt begin · GMT reference
	GMT-14-005 · 2 · gmt set · GMT reference
	GMT-14-005 · 3 · gmt set · GMT reference
	GMT-14-005 · 4 · gmt coast · GMT reference
	GMT-14-005 · 5 · gmt basemap · GMT reference
	GMT-14-005 · 6 · gmt end · GMT reference


	Finish a detailed map with smooth raster edges
	Complete GMT script
	Actual output
	Parameters explained · GMT-14-006
	GMT-14-006 · 1 · gmt begin · GMT reference
	GMT-14-006 · 2 · gmt set · GMT reference
	GMT-14-006 · 3 · gmt coast · GMT reference
	GMT-14-006 · 4 · gmt plot · GMT reference
	GMT-14-006 · 5 · gmt plot · GMT reference
	GMT-14-006 · 6 · gmt text · GMT reference
	GMT-14-006 · 7 · gmt basemap · GMT reference
	GMT-14-006 · 8 · gmt inset · GMT reference
	GMT-14-006 · 9 · gmt coast · GMT reference
	GMT-14-006 · 10 · gmt plot · GMT reference
	GMT-14-006 · 11 · gmt inset · GMT reference
	GMT-14-006 · 12 · gmt basemap · GMT reference
	GMT-14-006 · 13 · gmt end · GMT reference


	Zooming into a region
	Mark the area to zoom into
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-001
	GMT-15-001 · 1 · gmt begin · GMT reference
	GMT-15-001 · 2 · gmt set · GMT reference
	GMT-15-001 · 3 · gmt coast · GMT reference
	GMT-15-001 · 4 · gmt plot · GMT reference
	GMT-15-001 · 5 · gmt plot · GMT reference
	GMT-15-001 · 6 · gmt basemap · GMT reference
	GMT-15-001 · 7 · gmt end · GMT reference


	Zoom by narrowing the geographic region
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-002
	GMT-15-002 · 1 · gmt begin · GMT reference
	GMT-15-002 · 2 · gmt set · GMT reference
	GMT-15-002 · 3 · gmt coast · GMT reference
	GMT-15-002 · 4 · gmt plot · GMT reference
	GMT-15-002 · 5 · gmt plot · GMT reference
	GMT-15-002 · 6 · gmt basemap · GMT reference
	GMT-15-002 · 7 · gmt end · GMT reference


	Keep the overview and add a zoom-in inset
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-003
	GMT-15-003 · 1 · gmt begin · GMT reference
	GMT-15-003 · 2 · gmt set · GMT reference
	GMT-15-003 · 3 · gmt coast · GMT reference
	GMT-15-003 · 4 · gmt plot · GMT reference
	GMT-15-003 · 5 · gmt plot · GMT reference
	GMT-15-003 · 6 · gmt inset · GMT reference
	GMT-15-003 · 7 · gmt coast · GMT reference
	GMT-15-003 · 8 · gmt plot · GMT reference
	GMT-15-003 · 9 · gmt inset · GMT reference
	GMT-15-003 · 10 · gmt basemap · GMT reference
	GMT-15-003 · 11 · gmt end · GMT reference


	Move the enlarged inset to bottom-left
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-004
	GMT-15-004 · 1 · gmt begin · GMT reference
	GMT-15-004 · 2 · gmt set · GMT reference
	GMT-15-004 · 3 · gmt coast · GMT reference
	GMT-15-004 · 4 · gmt plot · GMT reference
	GMT-15-004 · 5 · gmt plot · GMT reference
	GMT-15-004 · 6 · gmt inset · GMT reference
	GMT-15-004 · 7 · gmt coast · GMT reference
	GMT-15-004 · 8 · gmt plot · GMT reference
	GMT-15-004 · 9 · gmt inset · GMT reference
	GMT-15-004 · 10 · gmt basemap · GMT reference
	GMT-15-004 · 11 · gmt end · GMT reference


	Allocate a larger inset panel
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-005
	GMT-15-005 · 1 · gmt begin · GMT reference
	GMT-15-005 · 2 · gmt set · GMT reference
	GMT-15-005 · 3 · gmt coast · GMT reference
	GMT-15-005 · 4 · gmt plot · GMT reference
	GMT-15-005 · 5 · gmt plot · GMT reference
	GMT-15-005 · 6 · gmt inset · GMT reference
	GMT-15-005 · 7 · gmt coast · GMT reference
	GMT-15-005 · 8 · gmt plot · GMT reference
	GMT-15-005 · 9 · gmt inset · GMT reference
	GMT-15-005 · 10 · gmt basemap · GMT reference
	GMT-15-005 · 11 · gmt end · GMT reference


	Use finer geography in the close-up
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-006
	GMT-15-006 · 1 · gmt begin · GMT reference
	GMT-15-006 · 2 · gmt set · GMT reference
	GMT-15-006 · 3 · gmt coast · GMT reference
	GMT-15-006 · 4 · gmt plot · GMT reference
	GMT-15-006 · 5 · gmt plot · GMT reference
	GMT-15-006 · 6 · gmt inset · GMT reference
	GMT-15-006 · 7 · gmt coast · GMT reference
	GMT-15-006 · 8 · gmt plot · GMT reference
	GMT-15-006 · 9 · gmt inset · GMT reference
	GMT-15-006 · 10 · gmt basemap · GMT reference
	GMT-15-006 · 11 · gmt end · GMT reference


	Choose an independent inset projection
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-007
	GMT-15-007 · 1 · gmt begin · GMT reference
	GMT-15-007 · 2 · gmt set · GMT reference
	GMT-15-007 · 3 · gmt coast · GMT reference
	GMT-15-007 · 4 · gmt plot · GMT reference
	GMT-15-007 · 5 · gmt plot · GMT reference
	GMT-15-007 · 6 · gmt inset · GMT reference
	GMT-15-007 · 7 · gmt coast · GMT reference
	GMT-15-007 · 8 · gmt plot · GMT reference
	GMT-15-007 · 9 · gmt inset · GMT reference
	GMT-15-007 · 10 · gmt basemap · GMT reference
	GMT-15-007 · 11 · gmt end · GMT reference


	Show two successive zoom levels
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-008
	GMT-15-008 · 1 · gmt begin · GMT reference
	GMT-15-008 · 2 · gmt set · GMT reference
	GMT-15-008 · 3 · gmt coast · GMT reference
	GMT-15-008 · 4 · gmt plot · GMT reference
	GMT-15-008 · 5 · gmt plot · GMT reference
	GMT-15-008 · 6 · gmt inset · GMT reference
	GMT-15-008 · 7 · gmt coast · GMT reference
	GMT-15-008 · 8 · gmt plot · GMT reference
	GMT-15-008 · 9 · gmt plot · GMT reference
	GMT-15-008 · 10 · gmt inset · GMT reference
	GMT-15-008 · 11 · gmt inset · GMT reference
	GMT-15-008 · 12 · gmt coast · GMT reference
	GMT-15-008 · 13 · gmt plot · GMT reference
	GMT-15-008 · 14 · gmt inset · GMT reference
	GMT-15-008 · 15 · gmt basemap · GMT reference
	GMT-15-008 · 16 · gmt end · GMT reference


	Connect the selection to its inset
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-009
	GMT-15-009 · 1 · gmt begin · GMT reference
	GMT-15-009 · 2 · gmt set · GMT reference
	GMT-15-009 · 3 · gmt coast · GMT reference
	GMT-15-009 · 4 · gmt plot · GMT reference
	GMT-15-009 · 5 · gmt plot · GMT reference
	GMT-15-009 · 6 · gmt plot · GMT reference
	GMT-15-009 · 7 · gmt inset · GMT reference
	GMT-15-009 · 8 · gmt coast · GMT reference
	GMT-15-009 · 9 · gmt plot · GMT reference
	GMT-15-009 · 10 · gmt inset · GMT reference
	GMT-15-009 · 11 · gmt basemap · GMT reference
	GMT-15-009 · 12 · gmt end · GMT reference


	Reuse the zoom layout for Sicily
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-010
	GMT-15-010 · 1 · gmt begin · GMT reference
	GMT-15-010 · 2 · gmt set · GMT reference
	GMT-15-010 · 3 · gmt coast · GMT reference
	GMT-15-010 · 4 · gmt plot · GMT reference
	GMT-15-010 · 5 · gmt plot · GMT reference
	GMT-15-010 · 6 · gmt inset · GMT reference
	GMT-15-010 · 7 · gmt coast · GMT reference
	GMT-15-010 · 8 · gmt plot · GMT reference
	GMT-15-010 · 9 · gmt inset · GMT reference
	GMT-15-010 · 10 · gmt basemap · GMT reference
	GMT-15-010 · 11 · gmt end · GMT reference


	Use geographic distances for circle sizes
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-011
	GMT-15-011 · 1 · gmt begin · GMT reference
	GMT-15-011 · 2 · gmt set · GMT reference
	GMT-15-011 · 3 · gmt coast · GMT reference
	GMT-15-011 · 4 · gmt plot · GMT reference
	GMT-15-011 · 5 · gmt plot · GMT reference
	GMT-15-011 · 6 · gmt basemap · GMT reference
	GMT-15-011 · 7 · gmt end · GMT reference


	Explain the close-up scale inside its panel
	Complete GMT script
	Actual output
	Parameters explained · GMT-15-012
	GMT-15-012 · 1 · gmt begin · GMT reference
	GMT-15-012 · 2 · gmt set · GMT reference
	GMT-15-012 · 3 · gmt coast · GMT reference
	GMT-15-012 · 4 · gmt plot · GMT reference
	GMT-15-012 · 5 · gmt plot · GMT reference
	GMT-15-012 · 6 · gmt inset · GMT reference
	GMT-15-012 · 7 · gmt coast · GMT reference
	GMT-15-012 · 8 · gmt plot · GMT reference
	GMT-15-012 · 9 · gmt basemap · GMT reference
	GMT-15-012 · 10 · gmt inset · GMT reference
	GMT-15-012 · 11 · gmt basemap · GMT reference
	GMT-15-012 · 12 · gmt end · GMT reference


	Scattered samples become a grid
	Interpolate scattered samples with tension
	Complete GMT script
	Actual output
	Parameters explained · GMT-16-001
	GMT-16-001 · 1 · gmt begin · GMT reference
	GMT-16-001 · 2 · gmt set · GMT reference
	GMT-16-001 · 3 · gmt surface · GMT reference
	GMT-16-001 · 4 · gmt makecpt · GMT reference
	GMT-16-001 · 5 · gmt grdimage · GMT reference
	GMT-16-001 · 6 · gmt plot · GMT reference
	GMT-16-001 · 7 · gmt colorbar · GMT reference
	GMT-16-001 · 8 · gmt basemap · GMT reference
	GMT-16-001 · 9 · gmt end · GMT reference


	Keep gaps where local coverage is insufficient
	Complete GMT script
	Actual output
	Parameters explained · GMT-16-002
	GMT-16-002 · 1 · gmt begin · GMT reference
	GMT-16-002 · 2 · gmt set · GMT reference
	GMT-16-002 · 3 · gmt nearneighbor · GMT reference
	GMT-16-002 · 4 · gmt makecpt · GMT reference
	GMT-16-002 · 5 · gmt grdimage · GMT reference
	GMT-16-002 · 6 · gmt plot · GMT reference
	GMT-16-002 · 7 · gmt colorbar · GMT reference
	GMT-16-002 · 8 · gmt basemap · GMT reference
	GMT-16-002 · 9 · gmt end · GMT reference


	Interpolate within Delaunay triangles
	Complete GMT script
	Actual output
	Parameters explained · GMT-16-003
	GMT-16-003 · 1 · gmt begin · GMT reference
	GMT-16-003 · 2 · gmt set · GMT reference
	GMT-16-003 · 3 · gmt triangulate · GMT reference
	GMT-16-003 · 4 · gmt makecpt · GMT reference
	GMT-16-003 · 5 · gmt grdimage · GMT reference
	GMT-16-003 · 6 · gmt plot · GMT reference
	GMT-16-003 · 7 · gmt colorbar · GMT reference
	GMT-16-003 · 8 · gmt basemap · GMT reference
	GMT-16-003 · 9 · gmt end · GMT reference


	Calculate with grids and extract a transect
	Build a signed analytic field
	Complete GMT script
	Actual output
	Parameters explained · GMT-17-001
	GMT-17-001 · 1 · gmt begin · GMT reference
	GMT-17-001 · 2 · gmt set · GMT reference
	GMT-17-001 · 3 · gmt grdmath · GMT reference
	GMT-17-001 · 4 · gmt makecpt · GMT reference
	GMT-17-001 · 5 · gmt grdimage · GMT reference
	GMT-17-001 · 6 · gmt colorbar · GMT reference
	GMT-17-001 · 7 · gmt basemap · GMT reference
	GMT-17-001 · 8 · gmt end · GMT reference


	Filter the field without changing its grid
	Complete GMT script
	Actual output
	Parameters explained · GMT-17-002
	GMT-17-002 · 1 · gmt begin · GMT reference
	GMT-17-002 · 2 · gmt set · GMT reference
	GMT-17-002 · 3 · gmt grdmath · GMT reference
	GMT-17-002 · 4 · gmt grdfilter · GMT reference
	GMT-17-002 · 5 · gmt makecpt · GMT reference
	GMT-17-002 · 6 · gmt grdimage · GMT reference
	GMT-17-002 · 7 · gmt colorbar · GMT reference
	GMT-17-002 · 8 · gmt basemap · GMT reference
	GMT-17-002 · 9 · gmt end · GMT reference


	Subtract the smooth field to show a residual
	Complete GMT script
	Actual output
	Parameters explained · GMT-17-003
	GMT-17-003 · 1 · gmt begin · GMT reference
	GMT-17-003 · 2 · gmt set · GMT reference
	GMT-17-003 · 3 · gmt grdmath · GMT reference
	GMT-17-003 · 4 · gmt grdfilter · GMT reference
	GMT-17-003 · 5 · gmt grdmath · GMT reference
	GMT-17-003 · 6 · gmt makecpt · GMT reference
	GMT-17-003 · 7 · gmt grdimage · GMT reference
	GMT-17-003 · 8 · gmt colorbar · GMT reference
	GMT-17-003 · 9 · gmt basemap · GMT reference
	GMT-17-003 · 10 · gmt end · GMT reference


	Differentiate in the x direction
	Complete GMT script
	Actual output
	Parameters explained · GMT-17-004
	GMT-17-004 · 1 · gmt begin · GMT reference
	GMT-17-004 · 2 · gmt set · GMT reference
	GMT-17-004 · 3 · gmt grdmath · GMT reference
	GMT-17-004 · 4 · gmt grdmath · GMT reference
	GMT-17-004 · 5 · gmt makecpt · GMT reference
	GMT-17-004 · 6 · gmt grdimage · GMT reference
	GMT-17-004 · 7 · gmt colorbar · GMT reference
	GMT-17-004 · 8 · gmt basemap · GMT reference
	GMT-17-004 · 9 · gmt end · GMT reference


	Extract a transect from the grid
	Complete GMT script
	Actual output
	Parameters explained · GMT-17-005
	GMT-17-005 · 1 · gmt begin · GMT reference
	GMT-17-005 · 2 · gmt set · GMT reference
	GMT-17-005 · 3 · gmt grdmath · GMT reference
	GMT-17-005 · 4 · gmt project · GMT reference
	GMT-17-005 · 5 · gmt grdtrack · GMT reference
	GMT-17-005 · 6 · gmt plot · GMT reference
	GMT-17-005 · 7 · gmt basemap · GMT reference
	GMT-17-005 · 8 · gmt end · GMT reference


	Perspective surfaces and vector fields
	View the signed field as a 3D surface
	Complete GMT script
	Actual output
	Parameters explained · GMT-18-001
	GMT-18-001 · 1 · gmt begin · GMT reference
	GMT-18-001 · 2 · gmt set · GMT reference
	GMT-18-001 · 3 · gmt grdmath · GMT reference
	GMT-18-001 · 4 · gmt makecpt · GMT reference
	GMT-18-001 · 5 · gmt grdview · GMT reference
	GMT-18-001 · 6 · gmt end · GMT reference


	Reveal the grid with a perspective mesh
	Complete GMT script
	Actual output
	Parameters explained · GMT-18-002
	GMT-18-002 · 1 · gmt begin · GMT reference
	GMT-18-002 · 2 · gmt set · GMT reference
	GMT-18-002 · 3 · gmt grdmath · GMT reference
	GMT-18-002 · 4 · gmt makecpt · GMT reference
	GMT-18-002 · 5 · gmt grdview · GMT reference
	GMT-18-002 · 6 · gmt end · GMT reference


	Draw a vector field from two grids
	Complete GMT script
	Actual output
	Parameters explained · GMT-18-003
	GMT-18-003 · 1 · gmt begin · GMT reference
	GMT-18-003 · 2 · gmt set · GMT reference
	GMT-18-003 · 3 · gmt grdmath · GMT reference
	GMT-18-003 · 4 · gmt grdmath · GMT reference
	GMT-18-003 · 5 · gmt grdvector · GMT reference
	GMT-18-003 · 6 · gmt basemap · GMT reference
	GMT-18-003 · 7 · gmt end · GMT reference


	Directions and scalar distributions
	Summarize directions in a rose diagram
	Complete GMT script
	Actual output
	Parameters explained · GMT-19-001
	GMT-19-001 · 1 · gmt begin · GMT reference
	GMT-19-001 · 2 · gmt set · GMT reference
	GMT-19-001 · 3 · gmt rose · GMT reference
	GMT-19-001 · 4 · gmt end · GMT reference


	Change only the angular bin width
	Complete GMT script
	Actual output
	Parameters explained · GMT-19-002
	GMT-19-002 · 1 · gmt begin · GMT reference
	GMT-19-002 · 2 · gmt set · GMT reference
	GMT-19-002 · 3 · gmt rose · GMT reference
	GMT-19-002 · 4 · gmt end · GMT reference


	Count scalar values in fixed bins
	Complete GMT script
	Actual output
	Parameters explained · GMT-19-003
	GMT-19-003 · 1 · gmt begin · GMT reference
	GMT-19-003 · 2 · gmt set · GMT reference
	GMT-19-003 · 3 · gmt histogram · GMT reference
	GMT-19-003 · 4 · gmt basemap · GMT reference
	GMT-19-003 · 5 · gmt end · GMT reference


	Express the same bins as frequency percent
	Complete GMT script
	Actual output
	Parameters explained · GMT-19-004
	GMT-19-004 · 1 · gmt begin · GMT reference
	GMT-19-004 · 2 · gmt set · GMT reference
	GMT-19-004 · 3 · gmt histogram · GMT reference
	GMT-19-004 · 4 · gmt basemap · GMT reference
	GMT-19-004 · 5 · gmt end · GMT reference


	Geophysical symbols and uncertainty
	Read strike, dip and rake as focal mechanisms
	Complete GMT script
	Actual output
	Parameters explained · GMT-20-001
	GMT-20-001 · 1 · gmt begin · GMT reference
	GMT-20-001 · 2 · gmt set · GMT reference
	GMT-20-001 · 3 · gmt meca · GMT reference
	GMT-20-001 · 4 · gmt basemap · GMT reference
	GMT-20-001 · 5 · gmt end · GMT reference


	Plot horizontal motion with 68 percent ellipses
	Complete GMT script
	Actual output
	Parameters explained · GMT-20-002
	GMT-20-002 · 1 · gmt begin · GMT reference
	GMT-20-002 · 2 · gmt set · GMT reference
	GMT-20-002 · 3 · gmt velo · GMT reference
	GMT-20-002 · 4 · gmt basemap · GMT reference
	GMT-20-002 · 5 · gmt end · GMT reference


	Increase confidence without changing motion
	Complete GMT script
	Actual output
	Parameters explained · GMT-20-003
	GMT-20-003 · 1 · gmt begin · GMT reference
	GMT-20-003 · 2 · gmt set · GMT reference
	GMT-20-003 · 3 · gmt velo · GMT reference
	GMT-20-003 · 4 · gmt basemap · GMT reference
	GMT-20-003 · 5 · gmt end · GMT reference


	Example and command index



#+TITLE: GMT - One change at a time
#+LANGUAGE: en
#+OPTIONS: toc:2 num:nil
#+PROPERTY: header-args :results output verbatim :exports both :session none :eval never-export

* A visual reference
:PROPERTIES:
:CUSTOM_ID: GMT-00-001
:GUIDE_ROLE: cover
:END:
From a first map frame to projections, geographic layers and readable map layouts.
Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work,
or download its PDF and source for offline reading.

#+begin_last-changes
*Last changes: 2026-10-19.* Expanded to 122 examples in 20 chapters. Regional fundamentals now use high-resolution geography, with finer zoom baselines. Eight new European examples compare high/full border detail, river classes and canals, DCW country selections, Germany's 16 Länder and a North Rhine-Westphalia close-up. BKG data dated 1 January 2026 is bundled for offline reproduction, with parameter explanations and source credits.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: GMT-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Three ways to see a change
:END:
#+begin_flow
#+begin_way
*Complete script*

Read every GMT command and its local input, including the region and projection.
#+end_way

#+begin_way
*Actual map*

Choose a map in the gallery and compare the rendered figure with its source.
#+end_way

#+begin_way
*One change*

Follow a named baseline, download the runnable script and export PNG or vector PDF.
#+end_way
#+end_flow

Read from the beginning or jump to a stable example ID. Each example includes
its complete input, captured result and command-by-command parameter tables. The tables explain the values in that script, including the shared session settings; omitted region/projection options reuse the current map state. Copy link preserves the address of the
guide you are reading, including its current domain and path.

* Map conventions and sources
:PROPERTIES:
:CUSTOM_ID: GMT-00-003
:END:
This tour uses the GMT command-line interface in modern mode, driven by Bash.
GMT 6 and Ghostscript are needed to regenerate maps. Ordinary HTML/PDF builds
use the prepared figures, and the HTML embeds its map images for offline reading.

For geographic maps, coordinates are longitude, then latitude, in decimal degrees. -R specifies
west/east/south/north. Each script explicitly starts a clean session, sets its
frame and font sizes, disables automatic data downloads and exports both an
opaque PNG and a vector PDF. A frame title records the stable example ID. Chapters 16-20 use explicitly
labelled Cartesian data axes or polar direction/radius axes instead of geographic
coordinates; their parameter tables state the units. Each figure is independent; the snippets do not rely on an
accumulating interactive GMT session.

All station tables, routes, study-area polygons, values and analytic grids
are synthetic teaching inputs. Coastlines, rivers and contextual borders come
from the locally installed GSHHG database. They retain their own notices in
[[file:LICENSES/GSHHG-NOTICE.txt][the GSHHG notice]] and accompanying license texts;
the tour does not relicense those geographic data. The coastline resolution is
selected explicitly. Geographic boundaries reflect that dataset, not a claim
about historical extent or current jurisdiction.


European country and river examples distinguish the installed GSHHG/WDBII
layers from DCW country polygons. German federal-state linework is real BKG
geography, not synthetic input. The bundled VG250 land-area snapshot is dated
1 January 2026 and has reference scale 1:250,000. It was converted from
EPSG:25832 to longitude/latitude, without line simplification. Label positions
are authored separately. Data: © [[https://www.bkg.bund.de][BKG]] 2026
[[https://www.govdata.de/dl-de/by-2-0][dl-de/by-2-0]],
[[file:LICENSES/BKG-VG250-DATA-SOURCES.pdf][original data sources]].
See [[file:LICENSES/BKG-VG250-NOTICE.md][the retained source and modification notice]]
and [[file:examples/data/provenance.json][the dataset provenance]]. Each BKG
example offers a script + data ZIP so reproduction needs no network access.

Start with [[https://docs.generic-mapping-tools.org/6.7/begin.html][GMT modern sessions]],
[[https://docs.generic-mapping-tools.org/6.7/coast.html][coast]],
[[https://docs.generic-mapping-tools.org/6.7/plot.html][plot]],
[[https://docs.generic-mapping-tools.org/6.7/text.html][text]],
[[https://docs.generic-mapping-tools.org/6.7/grdmath.html][grdmath]],
[[https://docs.generic-mapping-tools.org/6.7/grdimage.html][grdimage]],
[[https://docs.generic-mapping-tools.org/6.7/colorbar.html][colorbar]] and
[[https://docs.generic-mapping-tools.org/6.7/inset.html][inset]] in the official GMT reference.


Chapters 16-20 extend ideas reviewed in the
[[https://codeberg.org/lukascbossert/root-capability-atlases/src/commit/26039d49fe2e6399552114160e7c7850fd6c4fb9/root-atlas-gmt.org][GMT capability atlas (commit 26039d49)]].
The scripts here have their own inline synthetic inputs, independent sessions,
full parameter tables and stable tour IDs. Projection and inset ideas already
covered in earlier chapters are retained there. The atlas's x-derivative study
is described here as a directional derivative, rather than steepest slope.

* Smoother lines: choose the right control
:PROPERTIES:
:CUSTOM_ID: GMT-00-004
:END:
The word /smooth/ can refer to several independent choices. Start with the
kind of problem visible in the figure, then compare one change at a time.

| What looks rough? | Control to inspect | Complete example |
|-------------------+--------------------+------------------|
| Sparse shoreline geometry in a close-up | coast -Di, -Dh or -Df | [[#GMT-09-003][GMT-09-003]] |
| Heavy pointed ends or joins | PS_LINE_CAP and PS_LINE_JOIN | [[#GMT-10-003][GMT-10-003]] |
| An intentionally schematic route | plot -W...+s or sample1d | [[#GMT-11-002][GMT-11-002]] |
| A blocky scalar grid | Grid spacing, grdimage -E and image interpolation | [[#GMT-13-002][GMT-13-002]] |
| Angular extracted contours | grdcontour -S | [[#GMT-13-006][GMT-13-006]] |
| Stair-steps in a PNG edge | Qg/Qt anti-aliasing, H supersampling and E DPI | [[#GMT-14-003][GMT-14-003]] |

More detailed geographic data, round stroke joins and a higher-quality PNG
solve different problems. Rounding a stroke does not move its source vertices.
Fitting a spline can change the path between positions, and a smoothing spline
can also miss the input positions. Use those curve-fitting examples for the
invented route shown here; do not treat the fitted curve as an observed coast,
surveyed boundary or measured track. Natural coastlines can be irregular even
at full resolution.

The regular exports now use 200 dpi, H2 supersampling and explicit graphics/text
anti-aliasing, with round caps and joins. The stroke and raster-quality chapters
deliberately override those settings for comparisons. The vector PDF preserves
vector paths for coastline and line layers; a grid image embedded in a PDF
still has raster sampling. Use the full-size downloads to compare fine detail. In the grid comparisons,
grdimage -E200 controls resampling of the map image; the E option supplied to
gmt begin controls the final raster export. They act at different stages.

Further references: [[https://docs.generic-mapping-tools.org/6.7/coast.html][shoreline resolutions]],
[[https://docs.generic-mapping-tools.org/6.7/gmt.conf.html][stroke and frame settings]],
[[https://docs.generic-mapping-tools.org/6.7/plot.html][line plotting]],
[[https://docs.generic-mapping-tools.org/6.7/sample1d.html][interpolation and smoothing]],
[[https://docs.generic-mapping-tools.org/6.7/grdsample.html][grid resampling]],
[[https://docs.generic-mapping-tools.org/6.7/grdcontour.html][contour smoothing]] and
[[https://docs.generic-mapping-tools.org/6.7/psconvert.html][raster conversion]].

* Your first map
:PROPERTIES:
:CUSTOM_ID: GMT-01-000
:CHAPTER: 01
:OVERVIEW: A region, a projection and a frame form the smallest useful map.
:END:

** Draw a geographic frame
:PROPERTIES:
:CUSTOM_ID: GMT-01-001
:FIGURE: figures/GMT-01-001.png
:END:

Start here: -R gives west/east/south/north in degrees. -JM13c selects a Mercator map 13 cm wide; -Baf adds automatic annotations and ticks. Longitude comes before latitude. A geographic frame is already a complete figure.

#+name: GMT-01-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R-12/32/30/60 -JM13c -Baf
gmt basemap -B+t"GMT-01-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-001 png,pdf | Start an independent modern session; the output stem figures/GMT-01-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-01-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add a coastline
:PROPERTIES:
:CUSTOM_ID: GMT-01-002
:FIGURE: figures/GMT-01-002.png
:COMPARE_TO: GMT-01-001
:END:

Change: replace basemap with coast and add -Dh and -W0.4p. The high-resolution local GSHHG coastline outlines land; the region, Mercator projection and frame stay the same. A pen width in points controls the line.

#+name: GMT-01-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/30/60 -JM13c -Dh -W0.4p -Baf
gmt basemap -B+t"GMT-01-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-002 png,pdf | Start an independent modern session; the output stem figures/GMT-01-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-01-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Distinguish land and water
:PROPERTIES:
:CUSTOM_ID: GMT-01-003
:FIGURE: figures/GMT-01-003.png
:COMPARE_TO: GMT-01-002
:END:

Change: add -Ggray90 for land and -Slightblue for water. coast uses separate fills, so the map becomes easier to read without changing its geometry. This map uses the locally installed coastline database.

#+name: GMT-01-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/30/60 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt basemap -B+t"GMT-01-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-003 png,pdf | Start an independent modern session; the output stem figures/GMT-01-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-01-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Choose annotation and tick intervals
:PROPERTIES:
:CUSTOM_ID: GMT-01-004
:FIGURE: figures/GMT-01-004.png
:COMPARE_TO: GMT-01-001
:END:

Set longitude and latitude labels every 10 degrees and minor ticks every 5 degrees. Each axis has an explicit -B setting.

#+name: GMT-01-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R-12/32/30/60 -JM13c -Bxa10f5 -Bya10f5
gmt basemap -B+t"GMT-01-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-004 png,pdf | Start an independent modern session; the output stem figures/GMT-01-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Bxa10f5 | Label the longitude (x) axis every 10 degrees. Add ticks every 5 degrees (f). |
| 3 basemap | -Bya10f5 | Label the latitude (y) axis every 10 degrees. Add ticks every 5 degrees (f). |
| 4 basemap | -B+tGMT-01-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add a regular geographic grid
:PROPERTIES:
:CUSTOM_ID: GMT-01-005
:FIGURE: figures/GMT-01-005.png
:COMPARE_TO: GMT-01-004
:END:

Append g10 on both axes to draw grid lines every 10 degrees while retaining the same labels and ticks.

#+name: GMT-01-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R-12/32/30/60 -JM13c -Bxa10f5g10 -Bya10f5g10
gmt basemap -B+t"GMT-01-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-005 png,pdf | Start an independent modern session; the output stem figures/GMT-01-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Bxa10f5g10 | Label the longitude (x) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 3 basemap | -Bya10f5g10 | Label the latitude (y) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 4 basemap | -B+tGMT-01-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Annotate only two sides
:PROPERTIES:
:CUSTOM_ID: GMT-01-006
:FIGURE: figures/GMT-01-006.png
:COMPARE_TO: GMT-01-005
:END:

Keep the grid but use -BWSen to label only the west and south axes. Uppercase side letters request annotations; lowercase side letters keep the frame and ticks.

#+name: GMT-01-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R-12/32/30/60 -JM13c -Bxa10f5g10 -Bya10f5g10 -BWSen
gmt basemap -B+t"GMT-01-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-006 png,pdf | Start an independent modern session; the output stem figures/GMT-01-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Bxa10f5g10 | Label the longitude (x) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 3 basemap | -Bya10f5g10 | Label the latitude (y) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 3 basemap | -BWSen | Annotate the west (W) and south (S) axes; draw east (e) and north (n) edges with ticks but no annotations. |
| 4 basemap | -B+tGMT-01-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use a fancy map border
:PROPERTIES:
:CUSTOM_ID: GMT-01-007
:FIGURE: figures/GMT-01-007.png
:COMPARE_TO: GMT-01-006
:END:

Set MAP_FRAME_TYPE to fancy. Compare the alternating border with the plain frame around the same region.

#+name: GMT-01-007
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-007 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE fancy PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R-12/32/30/60 -JM13c -Bxa10f5g10 -Bya10f5g10 -BWSen
gmt basemap -B+t"GMT-01-007"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-007 png,pdf | Start an independent modern session; the output stem figures/GMT-01-007 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE fancy | Draw the alternating fancy map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Bxa10f5g10 | Label the longitude (x) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 3 basemap | -Bya10f5g10 | Label the latitude (y) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 3 basemap | -BWSen | Annotate the west (W) and south (S) axes; draw east (e) and north (n) edges with ticks but no annotations. |
| 4 basemap | -B+tGMT-01-007 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Style the graticule independently
:PROPERTIES:
:CUSTOM_ID: GMT-01-008
:FIGURE: figures/GMT-01-008.png
:COMPARE_TO: GMT-01-005
:END:

Give the graticule a dashed gray pen while keeping the same geographic grid intervals. The grid pen is independent of the map frame and coastline pen.

#+name: GMT-01-008
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-008 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set MAP_GRID_PEN_PRIMARY 0.4p,gray60,-
gmt basemap -R-12/32/30/60 -JM13c -Bxa10f5g10 -Bya10f5g10
gmt basemap -B+t"GMT-01-008"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-008 png,pdf | Start an independent modern session; the output stem figures/GMT-01-008 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | MAP_GRID_PEN_PRIMARY 0.4p,gray60,- | Draw primary graticule lines with a 0.4-point gray60 stroke with a dashed pattern. |
| 4 basemap | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 4 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 basemap | -Bxa10f5g10 | Label the longitude (x) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 4 basemap | -Bya10f5g10 | Label the latitude (y) axis every 10 degrees. Add ticks every 5 degrees (f). Add grid lines every 10 degrees (g). |
| 5 basemap | -B+tGMT-01-008 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Choose a smaller geographic extent
:PROPERTIES:
:CUSTOM_ID: GMT-01-009
:FIGURE: figures/GMT-01-009.png
:COMPARE_TO: GMT-01-001
:END:

Change only -R to crop the empty frame to 0/20/35/55 degrees. The same 13 cm width now covers a smaller region. Chapter 15 combines this idea with overview maps.

#+name: GMT-01-009
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-01-009 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt basemap -R0/20/35/55 -JM13c -Baf
gmt basemap -B+t"GMT-01-009"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-01-009 png,pdf | Start an independent modern session; the output stem figures/GMT-01-009 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 basemap | -R0/20/35/55 | Geographic bounds west/east/south/north = 0/20/35/55 degrees. Negative longitude is west; negative latitude is south. |
| 3 basemap | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 basemap | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-01-009 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Choose a projection
:PROPERTIES:
:CUSTOM_ID: GMT-02-000
:CHAPTER: 02
:OVERVIEW: Compare world projection shapes, central meridians, standard parallels and a polar-limited Mercator extent.
:END:

** A rectangular world map
:PROPERTIES:
:CUSTOM_ID: GMT-02-001
:FIGURE: figures/GMT-02-001.png
:END:

Use -Rg for the whole globe and -JQ0/13c for an equidistant cylindrical map centred on longitude zero. -B30g30 sets a 30-degree annotated graticule. Distances and areas are not preserved everywhere; choose a projection for the purpose of a map.

#+name: GMT-02-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JQ0/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-001 png,pdf | Start an independent modern session; the output stem figures/GMT-02-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JQ0/13c | Equidistant cylindrical projection, central meridian 0 degrees, map width 13 cm. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Preserve area with Mollweide
:PROPERTIES:
:CUSTOM_ID: GMT-02-002
:FIGURE: figures/GMT-02-002.png
:COMPARE_TO: GMT-02-001
:END:

Change only the projection to -JW0/13c. Mollweide is equal-area, so relative areas are preserved while shapes change. Compare the same coastline and graticule with the rectangular world map.

#+name: GMT-02-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JW0/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-002 png,pdf | Start an independent modern session; the output stem figures/GMT-02-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JW0/13c | Mollweide equal-area projection, central meridian 0 degrees, map width 13 cm. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Look at a hemisphere
:PROPERTIES:
:CUSTOM_ID: GMT-02-003
:FIGURE: figures/GMT-02-003.png
:COMPARE_TO: GMT-02-001
:END:

Change the projection to -JG15/40/13c: an orthographic view centred on 15 degrees east and 40 degrees north. The visible hemisphere looks like a globe viewed from far away; features near the limb are foreshortened.

#+name: GMT-02-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JG15/40/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-003 png,pdf | Start an independent modern session; the output stem figures/GMT-02-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JG15/40/13c | Orthographic globe view, centred at longitude 15, latitude 40 degrees; map width 13 cm. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Compare the Robinson world projection
:PROPERTIES:
:CUSTOM_ID: GMT-02-004
:FIGURE: figures/GMT-02-004.png
:COMPARE_TO: GMT-02-001
:END:

Use Robinson as a compromise world projection. Inspect its curved outer meridians and compare with the rectangular world map.

#+name: GMT-02-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JN0/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-004 png,pdf | Start an independent modern session; the output stem figures/GMT-02-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JN0/13c | Robinson projection, central meridian 0 degrees, map width 13 cm. This compromise projection preserves neither area nor angles exactly. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Compare the Hammer equal-area world
:PROPERTIES:
:CUSTOM_ID: GMT-02-005
:FIGURE: figures/GMT-02-005.png
:COMPARE_TO: GMT-02-002
:END:

Hammer preserves area and has a different graticule and oval outline from Mollweide. Projection choice changes how the same geography is arranged.

#+name: GMT-02-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JH0/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-005 png,pdf | Start an independent modern session; the output stem figures/GMT-02-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JH0/13c | Hammer equal-area projection, central meridian 0 degrees and map width 13 cm; compare its outline with Mollweide. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Limit a Mercator world map before the poles
:PROPERTIES:
:CUSTOM_ID: GMT-02-006
:FIGURE: figures/GMT-02-006.png
:COMPARE_TO: GMT-02-001
:END:

Use Mercator over latitudes -70 to 70 degrees. Mercator cannot display the geographic poles at finite map height; inspect the enlarged high-latitude shapes.

#+name: GMT-02-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-180/180/-70/70 -JM13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-006 png,pdf | Start an independent modern session; the output stem figures/GMT-02-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-180/180/-70/70 | Geographic bounds west/east/south/north = -180/180/-70/70 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Re-centre the rectangular world on the Pacific
:PROPERTIES:
:CUSTOM_ID: GMT-02-007
:FIGURE: figures/GMT-02-007.png
:COMPARE_TO: GMT-02-001
:END:

Move the central meridian from 0 to 150 degrees. The whole globe remains in view while the map cut moves away from the Pacific centre.

#+name: GMT-02-007
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-007 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JQ150/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-007"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-007 png,pdf | Start an independent modern session; the output stem figures/GMT-02-007 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JQ150/13c | Equidistant cylindrical projection, central meridian 150 degrees, map width 13 cm. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-007 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Choose another visible hemisphere
:PROPERTIES:
:CUSTOM_ID: GMT-02-008
:FIGURE: figures/GMT-02-008.png
:COMPARE_TO: GMT-02-003
:END:

An orthographic view centred at 140 east and 35 north shows a different hemisphere. Compare the globe view centred on Europe and the Mediterranean.

#+name: GMT-02-008
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-008 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JG140/35/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-008"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-008 png,pdf | Start an independent modern session; the output stem figures/GMT-02-008 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JG140/35/13c | Orthographic globe view, centred at longitude 140, latitude 35 degrees; map width 13 cm. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-008 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Set a cylindrical standard parallel
:PROPERTIES:
:CUSTOM_ID: GMT-02-009
:FIGURE: figures/GMT-02-009.png
:COMPARE_TO: GMT-02-001
:END:

Add latitude 30 as the standard parallel in -JQ0/30/13c. At the same physical width, the relative horizontal and vertical scales change.

#+name: GMT-02-009
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-02-009 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -Rg -JQ0/30/13c -Dl -Ggray90 -Slightblue -W0.3p -B30g30
gmt basemap -B+t"GMT-02-009"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-02-009 png,pdf | Start an independent modern session; the output stem figures/GMT-02-009 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 3 coast | -JQ0/30/13c | Equidistant cylindrical projection centred at longitude 0, with standard parallel 30 degrees and width 13 cm. The standard parallel changes the horizontal scale relative to the vertical scale. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -B30g30 | On both geographic axes, label every 30 degrees and draw grid lines every 30 degrees. |
| 4 basemap | -B+tGMT-02-009 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Coastlines and geographic context
:PROPERTIES:
:CUSTOM_ID: GMT-03-000
:CHAPTER: 03
:OVERVIEW: Choose coastline detail, then add boundaries and rivers.
:END:

Higher detail has two controls: -Dh/-Df selects finer source geometry;
-I selects which river classes are drawn. A thinner pen and a higher raster DPI
change the appearance, not the geographic data. Examples 007-010 compare these
choices in Europe. -N1 draws national borders; -N2 only supplies state boundaries
within the Americas. European country selections can use DCW (-E), while the
German Länder examples use the bundled BKG VG250 layer. DCW is independent of
GSHHG, so -D does not refine its country polygons.

** Increase coastline detail
:PROPERTIES:
:CUSTOM_ID: GMT-03-001
:FIGURE: figures/GMT-03-001.png
:END:

Use -Dh for high-resolution coastlines, rivers and borders, and narrow the view to the Mediterranean. Detail should suit the map scale. The tour explicitly selects a local resolution so the result does not depend on automatic resolution choices.

#+name: GMT-03-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt basemap -B+t"GMT-03-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-001 png,pdf | Start an independent modern session; the output stem figures/GMT-03-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-03-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add geographic boundaries
:PROPERTIES:
:CUSTOM_ID: GMT-03-002
:FIGURE: figures/GMT-03-002.png
:COMPARE_TO: GMT-03-001
:END:

Change: add -N1/0.35p,gray40 to draw national boundaries from the installed geographic database. The width and colour belong to the boundary pen. These contextual boundaries follow that database, whose age and conventions matter for real research.

#+name: GMT-03-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40
gmt basemap -B+t"GMT-03-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-002 png,pdf | Start an independent modern session; the output stem figures/GMT-03-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 3 coast | -N1/0.35p,gray40 | Draw national boundaries (level 1) with a 0.35-point gray40 stroke. |
| 4 basemap | -B+tGMT-03-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add major rivers and lakes
:PROPERTIES:
:CUSTOM_ID: GMT-03-003
:FIGURE: figures/GMT-03-003.png
:COMPARE_TO: GMT-03-002
:END:

Change: add -I1/0.5p,royalblue for major rivers and -Clightblue for inland water. Rivers and shorelines are separate layers in GSHHG; no remote relief or basemap tiles are used.

#+name: GMT-03-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40 -I1/0.5p,royalblue -Clightblue
gmt basemap -B+t"GMT-03-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-003 png,pdf | Start an independent modern session; the output stem figures/GMT-03-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 3 coast | -N1/0.35p,gray40 | Draw national boundaries (level 1) with a 0.35-point gray40 stroke. |
| 3 coast | -I1/0.5p,royalblue | Draw permanent major rivers (class 1) with a 0.5-point royalblue stroke. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 4 basemap | -B+tGMT-03-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Filter out small islands and lakes
:PROPERTIES:
:CUSTOM_ID: GMT-03-004
:FIGURE: figures/GMT-03-004.png
:COMPARE_TO: GMT-03-001
:END:

Add -A1000 to omit polygons smaller than 1000 square kilometres. An area filter and the -Dh shoreline resolution control different aspects of the map.

#+name: GMT-03-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -A1000 -Ggray90 -Slightblue -W0.4p -Baf
gmt basemap -B+t"GMT-03-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-004 png,pdf | Start an independent modern session; the output stem figures/GMT-03-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -A1000 | For coast, omit GSHHG polygons smaller than 1000 square kilometres. This area filter removes small features independently of shoreline resolution. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -B+tGMT-03-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Show US state boundaries
:PROPERTIES:
:CUSTOM_ID: GMT-03-005
:FIGURE: figures/GMT-03-005.png
:COMPARE_TO: GMT-03-002
:END:

Select the contiguous-US region and draw both national boundaries and state boundaries. The second -N option assigns a separate blue pen to level 2.

#+name: GMT-03-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-125/-66/24/50 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40 -N2/0.25p,royalblue
gmt basemap -B+t"GMT-03-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-005 png,pdf | Start an independent modern session; the output stem figures/GMT-03-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-125/-66/24/50 | Geographic bounds west/east/south/north = -125/-66/24/50 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 3 coast | -N1/0.35p,gray40 | Draw national boundaries (level 1) with a 0.35-point gray40 stroke. |
| 3 coast | -N2/0.25p,royalblue | Draw state boundaries within the Americas (level 2) with a 0.25-point royalblue pen. The US region makes this level visible. |
| 4 basemap | -B+tGMT-03-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Include all permanent river classes
:PROPERTIES:
:CUSTOM_ID: GMT-03-006
:FIGURE: figures/GMT-03-006.png
:COMPARE_TO: GMT-03-003
:END:

Change the river selector from class 1 to r, the group of permanent rivers including river-lakes. Keep the same pen, lake fill and geographic extent.

#+name: GMT-03-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf -N1/0.35p,gray40 -Ir/0.5p,royalblue -Clightblue
gmt basemap -B+t"GMT-03-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-006 png,pdf | Start an independent modern session; the output stem figures/GMT-03-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 3 coast | -N1/0.35p,gray40 | Draw national boundaries (level 1) with a 0.35-point gray40 stroke. |
| 3 coast | -Ir/0.5p,royalblue | Draw all permanent river classes 0 to 4, including river-lakes, with a 0.5-point royalblue pen. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 4 basemap | -B+tGMT-03-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw European country borders in high detail
:PROPERTIES:
:CUSTOM_ID: GMT-03-007
:FIGURE: figures/GMT-03-007.png
:END:

A Lambert conformal conic view shows European countries using high-resolution GSHHG/WDBII geography. National borders (-N1), shorelines (-W) and lake fill (-C) are separate controls. This is the baseline for the full-resolution comparison.

#+name: GMT-03-007
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-007 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/35/62 -JL10/50/40/60/13c -Dh -Ggray95 -Saliceblue -Clightblue -W0.25p,gray45 -N1/0.5p,gray25 -Bxa10g10 -Bya5g5
gmt basemap -B+t"GMT-03-007"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-007 png,pdf | Start an independent modern session; the output stem figures/GMT-03-007 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/35/62 | Geographic bounds west/east/south/north = -12/32/35/62 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JL10/50/40/60/13c | Lambert conformal conic: central longitude 10, latitude of origin 50, standard parallels 40 and 60 degrees; width 13 cm. |
| 3 coast | -Dh | Select high-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.25p,gray45 | Draw 0.25-point gray45 stroke. |
| 3 coast | -N1/0.5p,gray25 | Draw national boundaries (level 1) with a 0.5-point gray25 stroke. |
| 3 coast | -Bxa10g10 | On the longitude (x) axis, label every 10 degrees; draw grid lines every 10 degrees (g). |
| 3 coast | -Bya5g5 | On the latitude (y) axis, label every 5 degrees; draw grid lines every 5 degrees (g). |
| 4 basemap | -B+tGMT-03-007 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use full-resolution European boundaries
:PROPERTIES:
:CUSTOM_ID: GMT-03-008
:FIGURE: figures/GMT-03-008.png
:COMPARE_TO: GMT-03-007
:END:

Change only -Dh to -Df in the same European view. Border and coastline paths contain more source vertices; their pen widths and the PNG export settings stay fixed. This demonstrates geometry detail independently of raster quality.

#+name: GMT-03-008
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-008 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/35/62 -JL10/50/40/60/13c -Df -Ggray95 -Saliceblue -Clightblue -W0.25p,gray45 -N1/0.5p,gray25 -Bxa10g10 -Bya5g5
gmt basemap -B+t"GMT-03-008"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-008 png,pdf | Start an independent modern session; the output stem figures/GMT-03-008 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/35/62 | Geographic bounds west/east/south/north = -12/32/35/62 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JL10/50/40/60/13c | Lambert conformal conic: central longitude 10, latitude of origin 50, standard parallels 40 and 60 degrees; width 13 cm. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.25p,gray45 | Draw 0.25-point gray45 stroke. |
| 3 coast | -N1/0.5p,gray25 | Draw national boundaries (level 1) with a 0.5-point gray25 stroke. |
| 3 coast | -Bxa10g10 | On the longitude (x) axis, label every 10 degrees; draw grid lines every 10 degrees (g). |
| 3 coast | -Bya5g5 | On the latitude (y) axis, label every 5 degrees; draw grid lines every 5 degrees (g). |
| 4 basemap | -B+tGMT-03-008 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Give major and minor rivers separate pens
:PROPERTIES:
:CUSTOM_ID: GMT-03-009
:FIGURE: figures/GMT-03-009.png
:COMPARE_TO: GMT-03-008
:END:

A closer central-European view draws river classes 1-4 at full resolution. Major channels have a stronger pen and smaller rivers a thinner pen. Adding classes increases the number of waterways; -Df separately increases their available geometric detail.

#+name: GMT-03-009
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-009 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R4/16/47/55 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W0.2p,gray45 -N1/0.5p,gray30 -I1/0.55p,royalblue -I2/0.35p,royalblue -I3/0.22p,steelblue -I4/0.12p,steelblue -Bxa2f1 -Bya2f1
gmt basemap -B+t"GMT-03-009"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-009 png,pdf | Start an independent modern session; the output stem figures/GMT-03-009 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R4/16/47/55 | Geographic bounds west/east/south/north = 4/16/47/55 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.2p,gray45 | Draw 0.2-point gray45 stroke. |
| 3 coast | -N1/0.5p,gray30 | Draw national boundaries (level 1) with a 0.5-point gray30 stroke. |
| 3 coast | -I1/0.55p,royalblue | Draw permanent major rivers (class 1) with a 0.55-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I2/0.35p,royalblue | Draw additional major rivers (class 2) with a 0.35-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I3/0.22p,steelblue | Draw additional rivers (class 3) with a 0.22-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I4/0.12p,steelblue | Draw minor rivers (class 4) with a 0.12-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -Bxa2f1 | On the longitude (x) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 3 coast | -Bya2f1 | On the latitude (y) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 4 basemap | -B+tGMT-03-009 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add canals without thickening the river network
:PROPERTIES:
:CUSTOM_ID: GMT-03-010
:FIGURE: figures/GMT-03-010.png
:COMPARE_TO: GMT-03-009
:END:

Keep the preceding river hierarchy and add canal classes 8-10 with a thin dashed teal pen. Lake and river-lake areas retain a light-blue fill. The layers come from the installed WDBII/GSHHG snapshot.

#+name: GMT-03-010
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-010 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R4/16/47/55 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W0.2p,gray45 -N1/0.5p,gray30 -I1/0.55p,royalblue -I2/0.35p,royalblue -I3/0.22p,steelblue -I4/0.12p,steelblue -Ic/0.18p,0/128/128,- -Bxa2f1 -Bya2f1
gmt basemap -B+t"GMT-03-010"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-010 png,pdf | Start an independent modern session; the output stem figures/GMT-03-010 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R4/16/47/55 | Geographic bounds west/east/south/north = 4/16/47/55 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.2p,gray45 | Draw 0.2-point gray45 stroke. |
| 3 coast | -N1/0.5p,gray30 | Draw national boundaries (level 1) with a 0.5-point gray30 stroke. |
| 3 coast | -I1/0.55p,royalblue | Draw permanent major rivers (class 1) with a 0.55-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I2/0.35p,royalblue | Draw additional major rivers (class 2) with a 0.35-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I3/0.22p,steelblue | Draw additional rivers (class 3) with a 0.22-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I4/0.12p,steelblue | Draw minor rivers (class 4) with a 0.12-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -Ic/0.18p,0/128/128,- | Draw canals (classes 8-10) with a 0.18-point 0/128/128 stroke with a dashed pattern. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -Bxa2f1 | On the longitude (x) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 3 coast | -Bya2f1 | On the latitude (y) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 4 basemap | -B+tGMT-03-010 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Select European countries by their codes
:PROPERTIES:
:CUSTOM_ID: GMT-03-011
:FIGURE: figures/GMT-03-011.png
:COMPARE_TO: GMT-03-007
:END:

Use DCW country polygons to outline Germany and eight neighbours by ISO country code. Here state means a country. -D does not refine DCW: it is independent of the GSHHG/WDBII layers. For German federal states, use the BKG examples below.

#+name: GMT-03-011
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-011 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-2/24/44/58 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W0.25p,gray45 -Bxa5g5 -Bya2g2
gmt coast -EDE,FR,BE,NL,LU,CH,AT,CZ,PL+p0.7p,purple
gmt basemap -B+t"GMT-03-011"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-011 png,pdf | Start an independent modern session; the output stem figures/GMT-03-011 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-2/24/44/58 | Geographic bounds west/east/south/north = -2/24/44/58 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.25p,gray45 | Draw 0.25-point gray45 stroke. |
| 3 coast | -Bxa5g5 | On the longitude (x) axis, label every 5 degrees; draw grid lines every 5 degrees (g). |
| 3 coast | -Bya2g2 | On the latitude (y) axis, label every 2 degrees; draw grid lines every 2 degrees (g). |
| 4 coast | -EDE,FR,BE,NL,LU,CH,AT,CZ,PL+p0.7p,purple | Select DCW country outlines for DE Germany, FR France, BE Belgium, NL Netherlands, LU Luxembourg, CH Switzerland, AT Austria, CZ Czechia and PL Poland. +p draws 0.7-point purple outlines. DCW is a separate country-polygon dataset; -D does not refine its vertices. |
| 5 basemap | -B+tGMT-03-011 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw Germany and its sixteen federal states
:PROPERTIES:
:CUSTOM_ID: GMT-03-012
:FIGURE: figures/GMT-03-012.png
:DATA_FILES: examples/data/germany-laender.gmt
:DATA_CREDIT: BKG-VG250
:END:

Draw the actual outlines of all 16 German Länder from the bundled official BKG VG250 land-area layer dated 1 January 2026. The linework retains the source vertices after coordinate conversion. GMT -N2 covers the Americas, so it cannot supply this layer. Unpack the script + data ZIP to reproduce the figure offline.

#+name: GMT-03-012
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-012 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
[[ -s examples/data/germany-laender.gmt ]] || { printf "%s\n" "Missing local data; unpack the script + data ZIP first." >&2; exit 1; }
gmt coast -R5/16/47/56 -JL10/51/47/55/13c -Df -Ggray95 -Saliceblue -Clightblue -W0.2p,gray60 -Bxa2f1 -Bya2f1
gmt plot examples/data/germany-laender.gmt -W0.55p,navy
printf '5.3 47.15 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text -F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c
gmt basemap -B+t"GMT-03-012"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-012 png,pdf | Start an independent modern session; the output stem figures/GMT-03-012 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R5/16/47/56 | Geographic bounds west/east/south/north = 5/16/47/56 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JL10/51/47/55/13c | Lambert conformal conic: central longitude 10, latitude of origin 51, standard parallels 47 and 55 degrees; width 13 cm. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 3 coast | -Bxa2f1 | On the longitude (x) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 3 coast | -Bya2f1 | On the latitude (y) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 4 plot | examples/data/germany-laender.gmt | Read the bundled BKG VG250 land-area rings for all 16 German Länder (GF=4, 1 January 2026). Each > header starts a ring; coordinates are longitude/latitude after conversion from EPSG:25832. No line smoothing or simplification was applied. Read longitude and latitude from the preceding printf pipeline. |
| 4 plot | -W0.55p,navy | Draw 0.55-point navy stroke. |
| 5 text | -F+f6p,Helvetica,gray30+jBL | Use 6-point Helvetica in dark gray and bottom-left justification for the visible BKG source and modification credit. Text comes from the preceding printf pipeline. |
| 5 text | -Gwhite | Put an opaque white background behind each label or source credit so underlying map lines remain legible. |
| 5 text | -C0.04c | Leave 0.04 cm clearance between text and its white background box. |
| 6 basemap | -B+tGMT-03-012 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Label the German Länder with their state codes
:PROPERTIES:
:CUSTOM_ID: GMT-03-013
:FIGURE: figures/GMT-03-013.png
:COMPARE_TO: GMT-03-012
:DATA_FILES: examples/data/germany-laender.gmt examples/data/germany-labels.txt
:DATA_CREDIT: BKG-VG250
:END:

Keep the same federal-state geometry and add the official two-letter LKZ abbreviations. Label anchors are authored for legibility and do not represent measured locations. The bundled data README expands every abbreviation. City states remain visible without long overlapping names.

#+name: GMT-03-013
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-013 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
[[ -s examples/data/germany-laender.gmt ]] || { printf "%s\n" "Missing local data; unpack the script + data ZIP first." >&2; exit 1; }
gmt coast -R5/16/47/56 -JL10/51/47/55/13c -Df -Ggray95 -Saliceblue -Clightblue -W0.2p,gray60 -Bxa2f1 -Bya2f1
gmt plot examples/data/germany-laender.gmt -W0.55p,navy
gmt text examples/data/germany-labels.txt -F+f8p,Helvetica-Bold,navy+jCM -Gwhite -C0.04c
printf '5.3 47.15 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text -F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c
gmt basemap -B+t"GMT-03-013"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-013 png,pdf | Start an independent modern session; the output stem figures/GMT-03-013 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R5/16/47/56 | Geographic bounds west/east/south/north = 5/16/47/56 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JL10/51/47/55/13c | Lambert conformal conic: central longitude 10, latitude of origin 51, standard parallels 47 and 55 degrees; width 13 cm. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 3 coast | -Bxa2f1 | On the longitude (x) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 3 coast | -Bya2f1 | On the latitude (y) axis, label every 2 degrees; draw ticks every 1 degrees (f). |
| 4 plot | examples/data/germany-laender.gmt | Read the bundled BKG VG250 land-area rings for all 16 German Länder (GF=4, 1 January 2026). Each > header starts a ring; coordinates are longitude/latitude after conversion from EPSG:25832. No line smoothing or simplification was applied. Read longitude and latitude from the preceding printf pipeline. |
| 4 plot | -W0.55p,navy | Draw 0.55-point navy stroke. |
| 5 text | examples/data/germany-labels.txt | Read authored longitude/latitude label anchors and the official two-letter LKZ state abbreviations. These are label placements, not measured station positions; the data README gives the full names. |
| 5 text | -F+f8p,Helvetica-Bold,navy+jCM | Use 8-point bold Helvetica in navy; centre each two-letter state label on its anchor (+jCM). |
| 5 text | -Gwhite | Put an opaque white background behind each label or source credit so underlying map lines remain legible. |
| 5 text | -C0.04c | Leave 0.04 cm clearance between text and its white background box. |
| 6 text | -F+f6p,Helvetica,gray30+jBL | Use 6-point Helvetica in dark gray and bottom-left justification for the visible BKG source and modification credit. Text comes from the preceding printf pipeline. |
| 6 text | -Gwhite | Put an opaque white background behind each label or source credit so underlying map lines remain legible. |
| 6 text | -C0.04c | Leave 0.04 cm clearance between text and its white background box. |
| 7 basemap | -B+tGMT-03-013 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Inspect North Rhine-Westphalia beside its rivers
:PROPERTIES:
:CUSTOM_ID: GMT-03-014
:FIGURE: figures/GMT-03-014.png
:COMPARE_TO: GMT-03-012
:DATA_FILES: examples/data/germany-laender.gmt examples/data/nrw.gmt
:DATA_CREDIT: BKG-VG250
:END:

Zoom to North Rhine-Westphalia and outline it in orange against neighbouring German states. Full-resolution WDBII river classes show the available waterway network. The BKG state geometry and the GSHHG/WDBII hydrology are separate datasets; their generalisation and reference dates differ. The BKG line is not replaced by a fitted spline.

#+name: GMT-03-014
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-03-014 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
[[ -s examples/data/germany-laender.gmt ]] || { printf "%s\n" "Missing local data; unpack the script + data ZIP first." >&2; exit 1; }
[[ -s examples/data/nrw.gmt ]] || { printf "%s\n" "Missing local data; unpack the script + data ZIP first." >&2; exit 1; }
gmt coast -R5.6/9.5/50.2/52.6 -JM13c -Df -Ggray95 -Saliceblue -Clightblue -W0.2p,gray60 -I1/0.55p,royalblue -I2/0.35p,royalblue -I3/0.22p,steelblue -I4/0.12p,steelblue -Bxa1f0.5 -Bya0.5f0.1
gmt plot examples/data/germany-laender.gmt -W0.3p,gray50
gmt plot examples/data/nrw.gmt -W0.8p,darkorange
printf '5.67 50.24 (c) BKG 2026 dl-de/by-2-0; VG250 geometry converted.\n' | gmt text -F+f6p,Helvetica,gray30+jBL -Gwhite -C0.04c
gmt basemap -B+t"GMT-03-014"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-03-014 png,pdf | Start an independent modern session; the output stem figures/GMT-03-014 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads. These examples use installed GSHHG/DCW and, where declared, bundled BKG input files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R5.6/9.5/50.2/52.6 | Geographic bounds west/east/south/north = 5.6/9.5/50.2/52.6 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution shorelines and the associated river/border geometry from the installed GSHHG/WDBII files. This changes the source vertices, not PNG DPI; no lower-resolution fallback is requested. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Saliceblue | Fill water areas with aliceblue. |
| 3 coast | -Clightblue | Fill lakes and river-lakes with lightblue. |
| 3 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 3 coast | -I1/0.55p,royalblue | Draw permanent major rivers (class 1) with a 0.55-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I2/0.35p,royalblue | Draw additional major rivers (class 2) with a 0.35-point royalblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I3/0.22p,steelblue | Draw additional rivers (class 3) with a 0.22-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -I4/0.12p,steelblue | Draw minor rivers (class 4) with a 0.12-point steelblue stroke. Higher class numbers add different features; -Df supplies finer geometry for the selected classes. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 plot | examples/data/germany-laender.gmt | Read the bundled BKG VG250 land-area rings for all 16 German Länder (GF=4, 1 January 2026). Each > header starts a ring; coordinates are longitude/latitude after conversion from EPSG:25832. No line smoothing or simplification was applied. Read longitude and latitude from the preceding printf pipeline. |
| 4 plot | -W0.3p,gray50 | Draw 0.3-point gray50 stroke. |
| 5 plot | examples/data/nrw.gmt | Read the bundled BKG land-area rings for Nordrhein-Westfalen only (SN_L=05); geometry was converted to longitude/latitude without simplification. Read longitude and latitude from the preceding printf pipeline. |
| 5 plot | -W0.8p,darkorange | Draw 0.8-point darkorange stroke. |
| 6 text | -F+f6p,Helvetica,gray30+jBL | Use 6-point Helvetica in dark gray and bottom-left justification for the visible BKG source and modification credit. Text comes from the preceding printf pipeline. |
| 6 text | -Gwhite | Put an opaque white background behind each label or source credit so underlying map lines remain legible. |
| 6 text | -C0.04c | Leave 0.04 cm clearance between text and its white background box. |
| 7 basemap | -B+tGMT-03-014 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Put points on a map
:PROPERTIES:
:CUSTOM_ID: GMT-04-000
:CHAPTER: 04
:OVERVIEW: Read longitude before latitude, change a symbol and encode its size.
:END:

** Plot longitude and latitude
:PROPERTIES:
:CUSTOM_ID: GMT-04-001
:FIGURE: figures/GMT-04-001.png
:END:

The local table contains three illustrative stations. plot reads the first two columns as longitude and latitude; -i0,1 selects them explicitly. -Sc0.24c draws equal-sized circles, -G fills them and -W outlines them. The stations are teaching data, not observations.

#+name: GMT-04-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-001 png,pdf | Start an independent modern session; the output stem figures/GMT-04-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Change the point symbol
:PROPERTIES:
:CUSTOM_ID: GMT-04-002
:FIGURE: figures/GMT-04-002.png
:COMPARE_TO: GMT-04-001
:END:

Change -Sc0.24c to -St0.3c for triangles. The same coordinates and colours let you see the effect of the symbol choice. A letter following -S selects a symbol; the following size is a physical drawing size.

#+name: GMT-04-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -St0.3c -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-002 png,pdf | Start an independent modern session; the output stem figures/GMT-04-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -St0.3c | Draw triangles with circumscribed-circle diameter 0.3 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Read symbol sizes from a column
:PROPERTIES:
:CUSTOM_ID: GMT-04-003
:FIGURE: figures/GMT-04-003.png
:COMPARE_TO: GMT-04-001
:END:

Change: supply a third numeric column and omit the fixed circle size after -Sc. Those values are symbol diameters in centimetres because this script explicitly sets PROJ_LENGTH_UNIT to cm. This example demonstrates size encoding without implying that circle area is proportional to a measurement.

#+name: GMT-04-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sizes.txt <<'DATA'
12 42 0.2
15 39 0.4
22 38 0.6
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sizes.txt -Sc -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-003 png,pdf | Start an independent modern session; the output stem figures/GMT-04-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sizes.txt | Read longitude, latitude and circle diameter (0.2, 0.4, 0.6 cm). These are diameters, not area-proportional values. |
| 4 plot | -Sc | Draw circles; read their diameters from column 3 in cm, because PROJ_LENGTH_UNIT is cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use square point symbols
:PROPERTIES:
:CUSTOM_ID: GMT-04-004
:FIGURE: figures/GMT-04-004.png
:COMPARE_TO: GMT-04-001
:END:

Change the symbol to squares with a circumscribing-circle diameter of 0.3 cm. The coordinates, fill and outline remain the same.

#+name: GMT-04-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Ss0.3c -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-004 png,pdf | Start an independent modern session; the output stem figures/GMT-04-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Ss0.3c | Draw squares whose circumscribing-circle diameter is 0.3 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use diamond point symbols
:PROPERTIES:
:CUSTOM_ID: GMT-04-005
:FIGURE: figures/GMT-04-005.png
:COMPARE_TO: GMT-04-004
:END:

Use diamonds to distinguish a category. The 0.3 cm size describes the circumscribing circle, not the diamond side length.

#+name: GMT-04-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sd0.3c -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-005 png,pdf | Start an independent modern session; the output stem figures/GMT-04-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sd0.3c | Draw diamonds whose circumscribing-circle diameter is 0.3 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw hollow station symbols
:PROPERTIES:
:CUSTOM_ID: GMT-04-006
:FIGURE: figures/GMT-04-006.png
:COMPARE_TO: GMT-04-001
:END:

Omit the fill and draw a heavier navy outline. The coastline remains visible through the circle interiors.

#+name: GMT-04-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.24c -W0.8p,navy
gmt basemap -B+t"GMT-04-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-006 png,pdf | Start an independent modern session; the output stem figures/GMT-04-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -W0.8p,navy | Draw 0.8-point navy stroke. |
| 5 basemap | -B+tGMT-04-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Increase a fixed circle diameter
:PROPERTIES:
:CUSTOM_ID: GMT-04-007
:FIGURE: figures/GMT-04-007.png
:COMPARE_TO: GMT-04-001
:END:

Change the fixed circle diameter from 0.24 to 0.45 cm. All three synthetic stations retain equal size.

#+name: GMT-04-007
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-007 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.45c -Gdarkorange -W0.5p,white
gmt basemap -B+t"GMT-04-007"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-007 png,pdf | Start an independent modern session; the output stem figures/GMT-04-007 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.45c | Draw circles with diameter 0.45 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-007 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Make a symbol fill translucent
:PROPERTIES:
:CUSTOM_ID: GMT-04-008
:FIGURE: figures/GMT-04-008.png
:COMPARE_TO: GMT-04-007
:END:

Use 55 percent transparency for the larger orange circles. Their white outlines remain opaque.

#+name: GMT-04-008
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-008 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.45c -Gdarkorange@55 -W0.5p,white
gmt basemap -B+t"GMT-04-008"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-008 png,pdf | Start an independent modern session; the output stem figures/GMT-04-008 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.45c | Draw circles with diameter 0.45 cm. |
| 4 plot | -Gdarkorange@55 | Fill symbols with darkorange at 55 percent transparency (0 is opaque; 100 is invisible). |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 basemap | -B+tGMT-04-008 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Distinguish two groups and explain them
:PROPERTIES:
:CUSTOM_ID: GMT-04-009
:FIGURE: figures/GMT-04-009.png
:COMPARE_TO: GMT-04-001
:END:

Plot two synthetic groups with separate symbol styles and collect their labels in an automatic legend. Colour and shape give two ways to identify a group.

#+name: GMT-04-009
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-04-009 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
printf '9 40 D\n18 43 E\n27 35 F\n' > other.txt
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white -l"Group A"
gmt plot other.txt -i0,1 -Ss0.3c -Groyalblue -W0.5p,white -l"Group B"
gmt legend -DjTR+o0.2c -F+gwhite+p0.4p
gmt basemap -B+t"GMT-04-009"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-04-009 png,pdf | Start an independent modern session; the output stem figures/GMT-04-009 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 4 plot | '-lGroup A' | Register the plotted symbol style in the automatic legend with label Group A. |
| 5 plot | other.txt | Read a second synthetic group of longitude/latitude/name records; its separate plot command assigns a different symbol style. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Ss0.3c | Draw squares whose circumscribing-circle diameter is 0.3 cm. |
| 5 plot | -Groyalblue | Fill the symbols with royalblue. |
| 5 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 plot | '-lGroup B' | Register the plotted symbol style in the automatic legend with label Group B. |
| 6 legend | -DjTR+o0.2c | jTR places the automatically collected symbol legend inside the map at top-right; +o0.2c offsets it inward by 0.2 cm in both directions. |
| 6 legend | -F+gwhite+p0.4p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.4-point black (the default) stroke. |
| 7 basemap | -B+tGMT-04-009 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Labels, routes and areas
:PROPERTIES:
:CUSTOM_ID: GMT-05-000
:CHAPTER: 05
:OVERVIEW: Add readable labels, connect a route and fill an illustrative area.
:END:

** Label the stations
:PROPERTIES:
:CUSTOM_ID: GMT-05-001
:FIGURE: figures/GMT-05-001.png
:COMPARE_TO: GMT-04-001
:END:

Change: pass the same local table to text. -F sets a 10-point Helvetica font, a navy colour and bottom-left justification; -D offsets each label from its station. The names A, B and C are illustrative.

#+name: GMT-05-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c
gmt basemap -B+t"GMT-05-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-001 png,pdf | Start an independent modern session; the output stem figures/GMT-05-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 text | -F+f10p,Helvetica,navy+jBL | +f selects 10-point Helvetica text in navy; +jBL anchors each label at its bottom-left corner. Read the text after longitude and latitude. |
| 5 text | -D0.15c/0.12c | Offset labels by +0.15 cm horizontally and +0.12 cm vertically from the input coordinates. |
| 6 basemap | -B+tGMT-05-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Connect a route
:PROPERTIES:
:CUSTOM_ID: GMT-05-002
:FIGURE: figures/GMT-05-002.png
:COMPARE_TO: GMT-05-001
:END:

Change: draw the station coordinates as a line before plotting the symbols and labels. -W1.5p,royalblue chooses the route pen. On a geographic projection GMT connects the geographic positions; this illustrative line is not a transport network or a measured track.

#+name: GMT-05-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -W1.5p,royalblue
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c
gmt basemap -B+t"GMT-05-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-002 png,pdf | Start an independent modern session; the output stem figures/GMT-05-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -W1.5p,royalblue | Draw 1.5-point royalblue stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 5 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 5 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 6 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 6 text | -F+f10p,Helvetica,navy+jBL | +f selects 10-point Helvetica text in navy; +jBL anchors each label at its bottom-left corner. Read the text after longitude and latitude. |
| 6 text | -D0.15c/0.12c | Offset labels by +0.15 cm horizontally and +0.12 cm vertically from the input coordinates. |
| 7 basemap | -B+tGMT-05-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Fill an illustrative area
:PROPERTIES:
:CUSTOM_ID: GMT-05-003
:FIGURE: figures/GMT-05-003.png
:END:

plot can also draw a closed polygon. -L closes the path, -G gives it a partly transparent fill, and -W draws the edge. The coordinates below are an invented study area; they are not a historical, political or administrative boundary.

#+name: GMT-05-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot -L -Ggold@50 -W1p,darkorange <<'DATA'
5 35
18 35
20 42
8 44
DATA
gmt basemap -B+t"GMT-05-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-003 png,pdf | Start an independent modern session; the output stem figures/GMT-05-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -Ggold@50 | Fill the polygon gold with 50 percent transparency (@50). |
| 4 plot | -W1p,darkorange | Draw 1-point darkorange stroke. |
| 4 plot | << DATA | Read the following DATA-delimited here document as longitude/latitude polygon vertices; DATA itself is a shell delimiter, not a GMT option. |
| 5 basemap | -B+tGMT-05-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Anchor labels above and left of their points
:PROPERTIES:
:CUSTOM_ID: GMT-05-004
:FIGURE: figures/GMT-05-004.png
:COMPARE_TO: GMT-05-001
:END:

Use top-right text justification and negative offsets. The label moves to the other side of its point while the station coordinates stay fixed.

#+name: GMT-05-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jTR -D-0.15c/-0.12c
gmt basemap -B+t"GMT-05-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-004 png,pdf | Start an independent modern session; the output stem figures/GMT-05-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 text | -F+f10p,Helvetica,navy+jTR | +f sets 10-point Helvetica text in navy; +jTR anchors the top-right corner of each label to its offset position. |
| 5 text | -D-0.15c/-0.12c | Offset labels 0.15 cm left and 0.12 cm down from the station coordinates. |
| 6 basemap | -B+tGMT-05-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Give labels a readable background
:PROPERTIES:
:CUSTOM_ID: GMT-05-005
:FIGURE: figures/GMT-05-005.png
:COMPARE_TO: GMT-05-001
:END:

Put a lightly translucent white box behind each label. Clearance and a thin border separate the name from nearby map detail.

#+name: GMT-05-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c -Gwhite@20 -C0.08c -W0.2p,gray50
gmt basemap -B+t"GMT-05-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-005 png,pdf | Start an independent modern session; the output stem figures/GMT-05-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 5 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 text | -F+f10p,Helvetica,navy+jBL | +f selects 10-point Helvetica text in navy; +jBL anchors each label at its bottom-left corner. Read the text after longitude and latitude. |
| 5 text | -D0.15c/0.12c | Offset labels by +0.15 cm horizontally and +0.12 cm vertically from the input coordinates. |
| 5 text | -Gwhite@20 | For text, fill each label background white with 20 percent transparency; the label font remains navy. |
| 5 text | -C0.08c | For text, leave 0.08 cm of clearance between each label and its background box. |
| 5 text | -W0.2p,gray50 | Draw 0.2-point gray50 stroke. |
| 6 basemap | -B+tGMT-05-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw an unfilled study-area outline
:PROPERTIES:
:CUSTOM_ID: GMT-05-006
:FIGURE: figures/GMT-05-006.png
:COMPARE_TO: GMT-05-003
:END:

Remove the polygon fill while retaining its closed outline. The geography underneath the invented study area remains unobscured.

#+name: GMT-05-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-05-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot -L -W1p,darkorange <<'DATA'
5 35
18 35
20 42
8 44
DATA
gmt basemap -B+t"GMT-05-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-05-006 png,pdf | Start an independent modern session; the output stem figures/GMT-05-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1p,darkorange | Draw 1-point darkorange stroke. |
| 4 plot | << DATA | Read the following DATA-delimited here document as longitude/latitude polygon vertices; DATA itself is a shell delimiter, not a GMT option. |
| 5 basemap | -B+tGMT-05-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Values, colour scales and legends
:PROPERTIES:
:CUSTOM_ID: GMT-06-000
:CHAPTER: 06
:OVERVIEW: Separate numeric values from categories and explain their visual encodings.
:END:

** Colour points by value
:PROPERTIES:
:CUSTOM_ID: GMT-06-001
:FIGURE: figures/GMT-06-001.png
:END:

The third column now holds an illustrative numeric value. makecpt builds a viridis palette from zero to sixty in steps of ten; -H writes it to a named local file. plot -Cvalues.cpt maps each value to that palette while keeping circle size fixed. A palette encodes values, so the next example adds the scale needed to interpret them.

#+name: GMT-06-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-06-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
cat > values.txt <<'DATA'
12 42 10
15 39 30
22 38 50
DATA
gmt makecpt -Cviridis -T0/60/10 -H > values.cpt
gmt plot values.txt -Sc0.3c -Cvalues.cpt -W0.5p,black
gmt basemap -B+t"GMT-06-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-06-001 png,pdf | Start an independent modern session; the output stem figures/GMT-06-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 makecpt | -Cviridis | Use the built-in viridis colour palette as the source colour sequence. |
| 4 makecpt | -T0/60/10 | Construct palette intervals from 0 to 60 in steps of 10 illustrative data units. |
| 4 makecpt | -H | Also write the palette to standard output in modern mode, so the shell can save values.cpt. |
| 4 makecpt | > values.cpt | Shell redirection: save standard output in values.cpt. |
| 5 plot | values.txt | Read longitude, latitude and illustrative scalar value; the third column selects the palette colour. |
| 5 plot | -Sc0.3c | Draw circles with diameter 0.3 cm. |
| 5 plot | -Cvalues.cpt | Map the third input column to colours using the explicit palette file values.cpt; the fixed symbol diameter is separate. |
| 5 plot | -W0.5p,black | Draw 0.5-point black stroke. |
| 6 basemap | -B+tGMT-06-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Explain the colour scale
:PROPERTIES:
:CUSTOM_ID: GMT-06-002
:FIGURE: figures/GMT-06-002.png
:COMPARE_TO: GMT-06-001
:END:

Change: add colorbar. -DjBC anchors it inside the map at bottom centre, +w sets its dimensions and +h makes it horizontal. The annotations and label state the numeric range; the table values have no physical unit in this teaching example.

#+name: GMT-06-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-06-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
cat > values.txt <<'DATA'
12 42 10
15 39 30
22 38 50
DATA
gmt makecpt -Cviridis -T0/60/10 -H > values.cpt
gmt plot values.txt -Sc0.3c -Cvalues.cpt -W0.5p,black
gmt colorbar -Cvalues.cpt -DjBC+o0c/0.5c+w7c/0.3c+h -Bxa10+l"Illustrative value" -F+gwhite+p0.3p
gmt basemap -B+t"GMT-06-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-06-002 png,pdf | Start an independent modern session; the output stem figures/GMT-06-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 makecpt | -Cviridis | Use the built-in viridis colour palette as the source colour sequence. |
| 4 makecpt | -T0/60/10 | Construct palette intervals from 0 to 60 in steps of 10 illustrative data units. |
| 4 makecpt | -H | Also write the palette to standard output in modern mode, so the shell can save values.cpt. |
| 4 makecpt | > values.cpt | Shell redirection: save standard output in values.cpt. |
| 5 plot | values.txt | Read longitude, latitude and illustrative scalar value; the third column selects the palette colour. |
| 5 plot | -Sc0.3c | Draw circles with diameter 0.3 cm. |
| 5 plot | -Cvalues.cpt | Map the third input column to colours using the explicit palette file values.cpt; the fixed symbol diameter is separate. |
| 5 plot | -W0.5p,black | Draw 0.5-point black stroke. |
| 6 colorbar | -Cvalues.cpt | Read the same explicit palette file as the coloured point symbols. |
| 6 colorbar | -DjBC+o0c/0.5c+w7c/0.3c+h | jBC anchors inside the map at bottom-centre; +o shifts it 0 cm horizontally and 0.5 cm vertically; +w makes it 7 cm long and 0.3 cm thick; +h makes it horizontal. |
| 6 colorbar | '-Bxa10+lIllustrative value' | Colour-bar x axis: annotate every 10 data units (a10); +l sets the label to Illustrative value. |
| 6 colorbar | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 7 basemap | -B+tGMT-06-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Explain categories with a legend
:PROPERTIES:
:CUSTOM_ID: GMT-06-003
:FIGURE: figures/GMT-06-003.png
:END:

For categories, choose distinct symbols and provide explicit labels with -l. legend collects those entries. -DjTR places it inside the top-right corner and -F draws a white box with a thin border. Categories A and B have no measured magnitude.

#+name: GMT-06-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-06-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
printf '12 42\n15 39\n' | gmt plot -Sc0.25c -Gdarkorange -W0.4p -l'Group A'
printf '22 38\n' | gmt plot -St0.3c -Groyalblue -W0.4p -l'Group B'
gmt legend -DjTR+o0.2c -F+gwhite+p0.4p
gmt basemap -B+t"GMT-06-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-06-003 png,pdf | Start an independent modern session; the output stem figures/GMT-06-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | -Sc0.25c | Draw circles with diameter 0.25 cm. Read longitude and latitude from the preceding printf pipeline. |
| 4 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 4 plot | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 4 plot | '-lGroup A' | Register the plotted symbol style in the automatic legend with label Group A. |
| 5 plot | -St0.3c | Draw triangles with circumscribed-circle diameter 0.3 cm. Read longitude and latitude from the preceding printf pipeline. |
| 5 plot | -Groyalblue | Fill the symbols with royalblue. |
| 5 plot | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 5 plot | '-lGroup B' | Register the plotted symbol style in the automatic legend with label Group B. |
| 6 legend | -DjTR+o0.2c | jTR places the automatically collected symbol legend inside the map at top-right; +o0.2c offsets it inward by 0.2 cm in both directions. |
| 6 legend | -F+gwhite+p0.4p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.4-point black (the default) stroke. |
| 7 basemap | -B+tGMT-06-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Grids and shaded relief
:PROPERTIES:
:CUSTOM_ID: GMT-07-000
:CHAPTER: 07
:OVERVIEW: Create an explicitly synthetic grid, colour it, illuminate it and add contours.
:END:

** Create and colour a synthetic grid
:PROPERTIES:
:CUSTOM_ID: GMT-07-001
:FIGURE: figures/GMT-07-001.png
:END:

grdmath creates a smooth Gaussian hill on a 0.2-degree grid. Its reverse-Polish expression squares offsets from longitude 12 and latitude 40, adds them, applies a negative exponential and scales the amplitude. grdimage colours that local grid. The surface is synthetic, not an elevation model of the Mediterranean.

#+name: GMT-07-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-07-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I0.2 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -Baf
gmt coast -Dh -W0.4p
gmt basemap -B+t"GMT-07-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-07-001 png,pdf | Start an independent modern session; the output stem figures/GMT-07-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I0.2 | Grid-node spacing 0.2 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 6 basemap | -B+tGMT-07-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Illuminate the synthetic surface
:PROPERTIES:
:CUSTOM_ID: GMT-07-002
:FIGURE: figures/GMT-07-002.png
:COMPARE_TO: GMT-07-001
:END:

Change: add -I+d to grdimage to derive illumination using GMT defaults. Compare the shaded hill with the unshaded amplitude map. Illumination adds a visual cue to slope; it does not turn the synthetic field into real terrain.

#+name: GMT-07-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-07-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I0.2 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -I+d -Baf
gmt coast -Dh -W0.4p
gmt basemap -B+t"GMT-07-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-07-002 png,pdf | Start an independent modern session; the output stem figures/GMT-07-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I0.2 | Grid-node spacing 0.2 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -I+d | Derive illumination from this grid using GMT default gradient settings; this changes shading, not grid values. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 6 basemap | -B+tGMT-07-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Overlay labelled contours
:PROPERTIES:
:CUSTOM_ID: GMT-07-003
:FIGURE: figures/GMT-07-003.png
:COMPARE_TO: GMT-07-002
:END:

Change: overlay grdcontour on the shaded grid. -C100 draws contours every hundred amplitude units and -A200 annotates every two hundred. The contour pen is white for contrast; +f sets the annotation font. These values belong to the same synthetic grid.

#+name: GMT-07-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-07-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I0.2 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -I+d -Baf
gmt grdcontour hill.nc -C100 -A200+f8p -W0.3p,white
gmt coast -Dh -W0.4p
gmt basemap -B+t"GMT-07-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-07-003 png,pdf | Start an independent modern session; the output stem figures/GMT-07-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I0.2 | Grid-node spacing 0.2 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -I+d | Derive illumination from this grid using GMT default gradient settings; this changes shading, not grid values. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 grdcontour | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 5 grdcontour | -C100 | Draw contour levels every 100 synthetic amplitude units. |
| 5 grdcontour | -A200+f8p | Annotate every 200 amplitude units; +f8p uses 8-point contour labels. |
| 5 grdcontour | -W0.3p,white | Draw 0.3-point white stroke. |
| 6 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 6 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 7 basemap | -B+tGMT-07-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Map furniture and a finished layout
:PROPERTIES:
:CUSTOM_ID: GMT-08-000
:CHAPTER: 08
:OVERVIEW: Add a scale bar and locator inset, then assemble a complete map.
:END:

** Add a geographic scale bar
:PROPERTIES:
:CUSTOM_ID: GMT-08-001
:FIGURE: figures/GMT-08-001.png
:COMPARE_TO: GMT-03-001
:END:

Change: add a 500-kilometre scale bar at bottom left. +c40 defines its reference latitude, +w500k gives the length and units, and +f selects the decorated form. A scale bar is locally representative; projection scale varies across this Mercator map.

#+name: GMT-08-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-08-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt basemap -LjBL+c40+w500k+o0.5c/0.5c+f+u -F+gwhite+p0.3p
gmt basemap -B+t"GMT-08-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-08-001 png,pdf | Start an independent modern session; the output stem figures/GMT-08-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -LjBL+c40+w500k+o0.5c/0.5c+f+u | jBL anchors inside at bottom-left; +c40 computes scale at latitude 40 degrees; +w500k sets a 500 km length; +o offsets by 0.5 cm in both directions; +f selects a fancy segmented bar; +u appends the units to annotations. |
| 4 basemap | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 5 basemap | -B+tGMT-08-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add a locator inset
:PROPERTIES:
:CUSTOM_ID: GMT-08-002
:FIGURE: figures/GMT-08-002.png
:COMPARE_TO: GMT-08-001
:END:

Change: open a small inset at top right. It has its own global region and orthographic projection, with a red locator point near the main region. inset end restores the main map context before the example title is added.

#+name: GMT-08-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-08-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt basemap -LjBL+c40+w500k+o0.5c/0.5c+f+u -F+gwhite+p0.3p
gmt inset begin -DjTR+w3c+o0.2c -F+gwhite+p0.5p
gmt coast -Rg -JG12/40/3c -Dl -Ggray90 -Slightblue -W0.2p
printf '12 40\n' | gmt plot -Sc0.18c -Gred
gmt inset end
gmt basemap -B+t"GMT-08-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-08-002 png,pdf | Start an independent modern session; the output stem figures/GMT-08-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 basemap | -LjBL+c40+w500k+o0.5c/0.5c+f+u | jBL anchors inside at bottom-left; +c40 computes scale at latitude 40 degrees; +w500k sets a 500 km length; +o offsets by 0.5 cm in both directions; +f selects a fancy segmented bar; +u appends the units to annotations. |
| 4 basemap | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 5 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 5 inset | -DjTR+w3c+o0.2c | jTR anchors an inset inside the map at top-right; +w3c makes it 3 cm wide; +o0.2c offsets it inward 0.2 cm in both directions. |
| 5 inset | -F+gwhite+p0.5p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.5-point black (the default) stroke. |
| 6 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 6 coast | -JG12/40/3c | Orthographic globe view, centred at longitude 12, latitude 40 degrees; map width 3 cm. |
| 6 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 6 coast | -Ggray90 | Fill land areas with gray90. |
| 6 coast | -Slightblue | Fill water areas with lightblue. |
| 6 coast | -W0.2p | Draw 0.2-point black (the default) stroke. |
| 7 plot | -Sc0.18c | Draw circles with diameter 0.18 cm. Read longitude and latitude from the preceding printf pipeline. |
| 7 plot | -Gred | Fill the symbols with red. |
| 8 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 9 basemap | -B+tGMT-08-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 10 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Assemble a finished map
:PROPERTIES:
:CUSTOM_ID: GMT-08-003
:FIGURE: figures/GMT-08-003.png
:COMPARE_TO: GMT-08-002
:END:

Combine the established layers: local coastline, illustrative route, stations, offset labels, scale bar and locator globe. Draw the route before the station symbols so the points remain visible. Every command and input is included; this map can be regenerated independently of earlier examples.

#+name: GMT-08-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-08-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt coast -R-8/30/30/48 -JM13c -Dh -Ggray90 -Slightblue -W0.4p -Baf
gmt plot sites.txt -i0,1 -W1.5p,royalblue,-
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c
gmt basemap -LjBL+c40+w500k+o0.5c/0.5c+f+u -F+gwhite+p0.3p
gmt inset begin -DjTR+w3c+o0.2c -F+gwhite+p0.5p
gmt coast -Rg -JG12/40/3c -Dl -Ggray90 -Slightblue -W0.2p
printf '12 40\n' | gmt plot -Sc0.18c -Gred
gmt inset end
gmt basemap -B+t"GMT-08-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-08-003 png,pdf | Start an independent modern session; the output stem figures/GMT-08-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.4p | Draw 0.4-point black (the default) stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -W1.5p,royalblue,- | Draw 1.5-point royalblue stroke with a dashed pattern. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 5 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 5 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 6 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 6 text | -F+f10p,Helvetica,navy+jBL | +f selects 10-point Helvetica text in navy; +jBL anchors each label at its bottom-left corner. Read the text after longitude and latitude. |
| 6 text | -D0.15c/0.12c | Offset labels by +0.15 cm horizontally and +0.12 cm vertically from the input coordinates. |
| 7 basemap | -LjBL+c40+w500k+o0.5c/0.5c+f+u | jBL anchors inside at bottom-left; +c40 computes scale at latitude 40 degrees; +w500k sets a 500 km length; +o offsets by 0.5 cm in both directions; +f selects a fancy segmented bar; +u appends the units to annotations. |
| 7 basemap | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 8 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 8 inset | -DjTR+w3c+o0.2c | jTR anchors an inset inside the map at top-right; +w3c makes it 3 cm wide; +o0.2c offsets it inward 0.2 cm in both directions. |
| 8 inset | -F+gwhite+p0.5p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.5-point black (the default) stroke. |
| 9 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 9 coast | -JG12/40/3c | Orthographic globe view, centred at longitude 12, latitude 40 degrees; map width 3 cm. |
| 9 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 9 coast | -Ggray90 | Fill land areas with gray90. |
| 9 coast | -Slightblue | Fill water areas with lightblue. |
| 9 coast | -W0.2p | Draw 0.2-point black (the default) stroke. |
| 10 plot | -Sc0.18c | Draw circles with diameter 0.18 cm. Read longitude and latitude from the preceding printf pipeline. |
| 10 plot | -Gred | Fill the symbols with red. |
| 11 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 12 basemap | -B+tGMT-08-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 13 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Coastline resolution at close range
:PROPERTIES:
:CUSTOM_ID: GMT-09-000
:CHAPTER: 09
:OVERVIEW: Compare five installed shoreline resolutions on the same map of Crete, then refine the pen.
:END:

** Crete with crude shoreline detail
:PROPERTIES:
:CUSTOM_ID: GMT-09-001
:FIGURE: figures/GMT-09-001.png
:END:

This deliberately coarse close-up is the baseline. -Dc selects the most simplified installed GSHHG shoreline. At this scale the angular outline reflects sparse geographic vertices; extra PNG pixels cannot restore the omitted shoreline detail.

#+name: GMT-09-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Dc -Ggray90 -Slightblue -W0.6p -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-001 png,pdf | Start an independent modern session; the output stem figures/GMT-09-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dc | Select crude-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.6p | Draw 0.6-point black (the default) stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Crete with low shoreline detail
:PROPERTIES:
:CUSTOM_ID: GMT-09-002
:FIGURE: figures/GMT-09-002.png
:COMPARE_TO: GMT-09-001
:END:

Change only -Dc to -Dl. The low-resolution shoreline keeps more geographic detail. Compare the island outline with the crude baseline using the full-size map or PDF, rather than judging only the gallery thumbnail.

#+name: GMT-09-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Dl -Ggray90 -Slightblue -W0.6p -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-002 png,pdf | Start an independent modern session; the output stem figures/GMT-09-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dl | Select low-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.6p | Draw 0.6-point black (the default) stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Crete with intermediate shoreline detail
:PROPERTIES:
:CUSTOM_ID: GMT-09-003
:FIGURE: figures/GMT-09-003.png
:COMPARE_TO: GMT-09-002
:END:

Change -Dl to -Di. Intermediate resolution adds smaller bends and features. Choose a level appropriate to the map extent and physical output size; more detail is useful only while the map can display it.

#+name: GMT-09-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Di -Ggray90 -Slightblue -W0.6p -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-003 png,pdf | Start an independent modern session; the output stem figures/GMT-09-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.6p | Draw 0.6-point black (the default) stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Crete with high shoreline detail
:PROPERTIES:
:CUSTOM_ID: GMT-09-004
:FIGURE: figures/GMT-09-004.png
:COMPARE_TO: GMT-09-003
:END:

Change -Di to -Dh. High resolution retains finer shoreline geometry. It can improve a close-up while adding clutter at continental scale. The requested local dataset must be installed; this example does not silently fall back to a coarser shoreline.

#+name: GMT-09-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Dh -Ggray90 -Slightblue -W0.6p -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-004 png,pdf | Start an independent modern session; the output stem figures/GMT-09-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.6p | Draw 0.6-point black (the default) stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Crete with full shoreline detail
:PROPERTIES:
:CUSTOM_ID: GMT-09-005
:FIGURE: figures/GMT-09-005.png
:COMPARE_TO: GMT-09-004
:END:

Change -Dh to -Df. Full resolution uses the most detailed installed shoreline. Natural shores can remain irregular because they contain real geographic structure. This increases geometric detail; it does not fit an invented smooth curve to the coast.

#+name: GMT-09-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray90 -Slightblue -W0.6p -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-005 png,pdf | Start an independent modern session; the output stem figures/GMT-09-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.6p | Draw 0.6-point black (the default) stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Refine the full-resolution shoreline pen
:PROPERTIES:
:CUSTOM_ID: GMT-09-006
:FIGURE: figures/GMT-09-006.png
:COMPARE_TO: GMT-09-005
:END:

Change the full-resolution pen from a 0.6-point black line to a 0.25-point gray30 line. Round joins and the narrower stroke keep tight bends from merging into a heavy band. The geographic vertices remain identical to the preceding example; use the vector PDF to inspect them when zooming.

#+name: GMT-09-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-09-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray90 -Slightblue -W0.25p,gray30 -Bxa1f0.5 -Bya0.5f0.1
gmt basemap -B+t"GMT-09-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-09-006 png,pdf | Start an independent modern session; the output stem figures/GMT-09-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.25p,gray30 | Draw 0.25-point gray30 stroke. |
| 3 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degrees; draw ticks every 0.5 degrees (f). |
| 3 coast | -Bya0.5f0.1 | On the latitude (y) axis, label every 0.5 degrees; draw ticks every 0.1 degrees (f). |
| 4 basemap | -B+tGMT-09-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Line ends, corners and border styling
:PROPERTIES:
:CUSTOM_ID: GMT-10-000
:CHAPTER: 10
:OVERVIEW: Change the drawn stroke while keeping the original vertices fixed.
:END:

** Flat ends and miter joins
:PROPERTIES:
:CUSTOM_ID: GMT-10-001
:FIGURE: figures/GMT-10-001.png
:END:

Baseline: PS_LINE_CAP butt gives flat ends and PS_LINE_JOIN miter gives sharp joins. A thick synthetic line makes these choices visible. -A connects the projected vertices directly.

#+name: GMT-10-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP butt PS_LINE_JOIN miter
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue
gmt basemap -B+t"GMT-10-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-001 png,pdf | Start an independent modern session; the output stem figures/GMT-10-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP butt | Stop strokes squarely at their endpoint, without projecting beyond it. |
| 3 set | PS_LINE_JOIN miter | Extend adjoining stroke edges to a pointed join (subject to the miter limit). |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W6p,royalblue | Draw 6-point royalblue stroke. |
| 6 basemap | -B+tGMT-10-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Round the line ends
:PROPERTIES:
:CUSTOM_ID: GMT-10-002
:FIGURE: figures/GMT-10-002.png
:COMPARE_TO: GMT-10-001
:END:

Change PS_LINE_CAP to round. Semicircular stroke ends extend beyond the endpoint; the coordinates stay fixed. Joins remain mitered for comparison.

#+name: GMT-10-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP round PS_LINE_JOIN miter
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue
gmt basemap -B+t"GMT-10-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-002 png,pdf | Start an independent modern session; the output stem figures/GMT-10-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP round | Use semicircular line ends. |
| 3 set | PS_LINE_JOIN miter | Extend adjoining stroke edges to a pointed join (subject to the miter limit). |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W6p,royalblue | Draw 6-point royalblue stroke. |
| 6 basemap | -B+tGMT-10-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Round the corners of the stroke
:PROPERTIES:
:CUSTOM_ID: GMT-10-003
:FIGURE: figures/GMT-10-003.png
:COMPARE_TO: GMT-10-002
:END:

Change PS_LINE_JOIN to round. It rounds the outside of each stroke corner without moving vertices or fitting a new route. The thick line exposes the difference.

#+name: GMT-10-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue
gmt basemap -B+t"GMT-10-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-003 png,pdf | Start an independent modern session; the output stem figures/GMT-10-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP round | Use semicircular line ends. |
| 3 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W6p,royalblue | Draw 6-point royalblue stroke. |
| 6 basemap | -B+tGMT-10-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Bevel a sharp corner
:PROPERTIES:
:CUSTOM_ID: GMT-10-004
:FIGURE: figures/GMT-10-004.png
:COMPARE_TO: GMT-10-002
:END:

Change the join to bevel. The cut-off corner differs from both a miter spike and a round join. Stroke style is independent of geographic detail.

#+name: GMT-10-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP round PS_LINE_JOIN bevel
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W6p,royalblue
gmt basemap -B+t"GMT-10-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-004 png,pdf | Start an independent modern session; the output stem figures/GMT-10-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP round | Use semicircular line ends. |
| 3 set | PS_LINE_JOIN bevel | Cut off the join with a straight bevel. |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W6p,royalblue | Draw 6-point royalblue stroke. |
| 6 basemap | -B+tGMT-10-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use a lighter dashed boundary
:PROPERTIES:
:CUSTOM_ID: GMT-10-005
:FIGURE: figures/GMT-10-005.png
:COMPARE_TO: GMT-10-003
:END:

The dashed 2-point pen reduces the visual weight of this illustrative boundary. Round caps soften dash ends. Keep dashes and gaps legible at the intended print size.

#+name: GMT-10-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W2p,royalblue,-
gmt basemap -B+t"GMT-10-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-005 png,pdf | Start an independent modern session; the output stem figures/GMT-10-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP round | Use semicircular line ends. |
| 3 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W2p,royalblue,- | Draw 2-point royalblue stroke with a dashed pattern. |
| 6 basemap | -B+tGMT-10-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Separate a route from its background
:PROPERTIES:
:CUSTOM_ID: GMT-10-006
:FIGURE: figures/GMT-10-006.png
:COMPARE_TO: GMT-10-003
:END:

Draw the same line twice: a wider white casing under a narrower blue stroke. This separates the illustrative route from coastlines beneath it without changing the route coordinates.

#+name: GMT-10-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-10-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt coast -R10/24/34/44 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot line.txt -A -W7p,white
gmt plot line.txt -A -W3p,royalblue
gmt basemap -B+t"GMT-10-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-10-006 png,pdf | Start an independent modern session; the output stem figures/GMT-10-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | PS_LINE_CAP round | Use semicircular line ends. |
| 3 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 4 coast | -R10/24/34/44 | Geographic bounds west/east/south/north = 10/24/34/44 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W7p,white | Draw 7-point white stroke. |
| 6 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 6 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 6 plot | -W3p,royalblue | Draw 3-point royalblue stroke. |
| 7 basemap | -B+tGMT-10-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Curves, interpolation and smoothing
:PROPERTIES:
:CUSTOM_ID: GMT-11-000
:CHAPTER: 11
:OVERVIEW: Compare straight segments, Bezier curves and explicit interpolation of an invented route.
:END:

** Connect a sparse illustrative route
:PROPERTIES:
:CUSTOM_ID: GMT-11-001
:FIGURE: figures/GMT-11-001.png
:END:

The first column is an increasing parameter, followed by longitude and latitude. plot -i1,2 selects the coordinates; -A draws straight projected segments. Orange points mark the supplied vertices. This invented route supports interpolation experiments; it is not an observed track.

#+name: GMT-11-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot track.txt -i1,2 -A -W2p,royalblue
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-001 png,pdf | Start an independent modern session; the output stem figures/GMT-11-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 4 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -W2p,royalblue | Draw 2-point royalblue stroke. |
| 5 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 5 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 basemap | -B+tGMT-11-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw a Bezier curve through the route
:PROPERTIES:
:CUSTOM_ID: GMT-11-002
:FIGURE: figures/GMT-11-002.png
:COMPARE_TO: GMT-11-001
:END:

Change the pen to -W2p,royalblue+s to draw a Bezier spline. The route acquires a curved path between the supplied positions. Use this for an illustrative connection when that shape is intended; it does not provide additional observations or an authoritative boundary.

#+name: GMT-11-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot track.txt -i1,2 -A -W2p,royalblue+s
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-002 png,pdf | Start an independent modern session; the output stem figures/GMT-11-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray95 | Fill land areas with gray95. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 4 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -W2p,royalblue+s | Draw 2-point royalblue stroke; +s draws a Bezier spline through the line vertices. |
| 5 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 5 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 basemap | -B+tGMT-11-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Add linearly interpolated positions
:PROPERTIES:
:CUSTOM_ID: GMT-11-003
:FIGURE: figures/GMT-11-003.png
:COMPARE_TO: GMT-11-001
:END:

-Fl samples each coordinate linearly against the first column at increments of 0.05. More vertices describe that chosen interpolation; they are not more measurements. A Mercator projection can bend the display of a line interpolated in longitude and latitude.

#+name: GMT-11-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt sample1d track.txt -T0/4/0.05 -Fl > curve.txt
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-003 png,pdf | Start an independent modern session; the output stem figures/GMT-11-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 sample1d | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 3 sample1d | -T0/4/0.05 | Resample the first column (track parameter, not geographic distance) from 0 to 4 in steps of 0.05; interpolate longitude and latitude as dependent columns. |
| 3 sample1d | -Fl | Piecewise linear interpolation; the path passes through the input positions and retains corners. |
| 3 sample1d | > curve.txt | Shell redirection: save standard output in curve.txt. |
| 4 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | curve.txt | Read the resampled table: track parameter, interpolated longitude and interpolated latitude. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W2p,royalblue | Draw 2-point royalblue stroke. |
| 6 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 6 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 6 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 6 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 6 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 7 basemap | -B+tGMT-11-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Interpolate with an Akima spline
:PROPERTIES:
:CUSTOM_ID: GMT-11-004
:FIGURE: figures/GMT-11-004.png
:COMPARE_TO: GMT-11-003
:END:

Change -Fl to -Fa to interpolate the longitude and latitude columns with Akima splines. The source vertices remain visible in orange. Examine the intervening path and any overshoot before interpreting an interpolated route.

#+name: GMT-11-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt sample1d track.txt -T0/4/0.05 -Fa > curve.txt
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-004 png,pdf | Start an independent modern session; the output stem figures/GMT-11-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 sample1d | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 3 sample1d | -T0/4/0.05 | Resample the first column (track parameter, not geographic distance) from 0 to 4 in steps of 0.05; interpolate longitude and latitude as dependent columns. |
| 3 sample1d | -Fa | Akima interpolation: a local spline passing through the input positions. |
| 3 sample1d | > curve.txt | Shell redirection: save standard output in curve.txt. |
| 4 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | curve.txt | Read the resampled table: track parameter, interpolated longitude and interpolated latitude. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W2p,royalblue | Draw 2-point royalblue stroke. |
| 6 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 6 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 6 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 6 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 6 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 7 basemap | -B+tGMT-11-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Compare a natural cubic spline
:PROPERTIES:
:CUSTOM_ID: GMT-11-005
:FIGURE: figures/GMT-11-005.png
:COMPARE_TO: GMT-11-003
:END:

Change the interpolation choice to -Fc. A natural cubic spline produces another smooth route through the input positions. A visually smooth result still depends on this interpolation model, especially where stations are sparse.

#+name: GMT-11-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt sample1d track.txt -T0/4/0.05 -Fc > curve.txt
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-005 png,pdf | Start an independent modern session; the output stem figures/GMT-11-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 sample1d | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 3 sample1d | -T0/4/0.05 | Resample the first column (track parameter, not geographic distance) from 0 to 4 in steps of 0.05; interpolate longitude and latitude as dependent columns. |
| 3 sample1d | -Fc | Natural cubic-spline interpolation through the input positions; curvature can produce overshoot. |
| 3 sample1d | > curve.txt | Shell redirection: save standard output in curve.txt. |
| 4 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | curve.txt | Read the resampled table: track parameter, interpolated longitude and interpolated latitude. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W2p,royalblue | Draw 2-point royalblue stroke. |
| 6 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 6 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 6 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 6 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 6 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 7 basemap | -B+tGMT-11-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Fit a smoothing spline
:PROPERTIES:
:CUSTOM_ID: GMT-11-006
:FIGURE: figures/GMT-11-006.png
:COMPARE_TO: GMT-11-005
:END:

-Fs0.05 trades fit against curvature. Unlike exact interpolation, the smoothed curve need not pass through the orange source positions. The fit parameter is specific to the coordinate and parameter scales here; it is not a universal smoothing setting.

#+name: GMT-11-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-11-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > track.txt <<'DATA'
0 10 36
1 14 41
2 18 37
3 22 42
4 28 38
DATA
gmt sample1d track.txt -T0/4/0.05 -Fs0.05 > curve.txt
gmt coast -R8/30/33/45 -JM13c -Di -Ggray95 -Slightblue -W0.2p,gray60 -Baf
gmt plot curve.txt -i1,2 -A -W2p,royalblue
gmt plot track.txt -i1,2 -Sc0.16c -Gdarkorange -W0.4p,white
gmt basemap -B+t"GMT-11-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-11-006 png,pdf | Start an independent modern session; the output stem figures/GMT-11-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 sample1d | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 3 sample1d | -T0/4/0.05 | Resample the first column (track parameter, not geographic distance) from 0 to 4 in steps of 0.05; interpolate longitude and latitude as dependent columns. |
| 3 sample1d | -Fs0.05 | Fit a smoothing cubic spline with fit parameter 0.05, trading residual error against curvature; it need not pass through the input positions. |
| 3 sample1d | > curve.txt | Shell redirection: save standard output in curve.txt. |
| 4 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.2p,gray60 | Draw 0.2-point gray60 stroke. |
| 4 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 plot | curve.txt | Read the resampled table: track parameter, interpolated longitude and interpolated latitude. |
| 5 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W2p,royalblue | Draw 2-point royalblue stroke. |
| 6 plot | track.txt | Read the local table: track parameter (0 to 4), longitude and latitude. These five positions define the schematic route. |
| 6 plot | -i1,2 | Read zero-based columns 1 and 2 as longitude and latitude; skip column 0, the track parameter. |
| 6 plot | -Sc0.16c | Draw circles with diameter 0.16 cm. |
| 6 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 6 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 7 basemap | -B+tGMT-11-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Regional projections and difficult extents
:PROPERTIES:
:CUSTOM_ID: GMT-12-000
:CHAPTER: 12
:OVERVIEW: Choose regional and polar projections, and cross the date line without splitting the map.
:END:

** Use Lambert conformal conic for a region
:PROPERTIES:
:CUSTOM_ID: GMT-12-001
:FIGURE: figures/GMT-12-001.png
:END:

-JL10/45/35/55/13c sets the central meridian and latitude, two standard parallels and map width. A conformal conic projection is a useful choice for some regional maps; inspect its scale away from the standard parallels.

#+name: GMT-12-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/30/60 -JL10/45/35/55/13c -Dh -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -B10g5
gmt basemap -B+t"GMT-12-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-001 png,pdf | Start an independent modern session; the output stem figures/GMT-12-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JL10/45/35/55/13c | Lambert conformal conic: central longitude 10, latitude of origin 45, standard parallels 35 and 55 degrees; width 13 cm. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -B10g5 | On both geographic axes, label every 10 degrees and draw grid lines every 5 degrees. |
| 4 basemap | -B+tGMT-12-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Compare Albers equal-area conic
:PROPERTIES:
:CUSTOM_ID: GMT-12-002
:FIGURE: figures/GMT-12-002.png
:COMPARE_TO: GMT-12-001
:END:

Change the projection to -JB with the same centre and standard parallels. Albers preserves area while changing shapes. The regional extent, coast data and graticule stay fixed for comparison.

#+name: GMT-12-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/32/30/60 -JB10/45/35/55/13c -Dh -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -B10g5
gmt basemap -B+t"GMT-12-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-002 png,pdf | Start an independent modern session; the output stem figures/GMT-12-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/32/30/60 | Geographic bounds west/east/south/north = -12/32/30/60 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JB10/45/35/55/13c | Albers equal-area conic: central longitude 10, latitude of origin 45, standard parallels 35 and 55 degrees; width 13 cm. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -B10g5 | On both geographic axes, label every 10 degrees and draw grid lines every 5 degrees. |
| 4 basemap | -B+tGMT-12-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Centre a Lambert azimuthal equal-area map
:PROPERTIES:
:CUSTOM_ID: GMT-12-003
:FIGURE: figures/GMT-12-003.png
:COMPARE_TO: GMT-12-002
:END:

-JA10/45/13c places a Lambert azimuthal equal-area projection at 10 degrees east and 45 degrees north. -R-12/30/32/60+r supplies the lower-left and upper-right corners for a rectangular regional view. Equal-area projections can support area comparisons, but they do not preserve every distance or angle.

#+name: GMT-12-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-12/30/32/60+r -JA10/45/13c -Dh -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -B10g5
gmt basemap -B+t"GMT-12-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-003 png,pdf | Start an independent modern session; the output stem figures/GMT-12-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-12/30/32/60+r | +r reads opposite corners: lower-left longitude/latitude -12/30, upper-right 32/60 degrees; use a rectangular regional frame. |
| 3 coast | -JA10/45/13c | Lambert azimuthal equal-area projection, centred at longitude 10, latitude 45 degrees; map width 13 cm. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -B10g5 | On both geographic axes, label every 10 degrees and draw grid lines every 5 degrees. |
| 4 basemap | -B+tGMT-12-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use a local UTM zone
:PROPERTIES:
:CUSTOM_ID: GMT-12-004
:FIGURE: figures/GMT-12-004.png
:END:

-JU32N/13c uses UTM zone 32 in the northern hemisphere. The explicitly selected region fits that zone. Choosing UTM requires the appropriate zone and datum for the actual project; this example teaches the projection syntax.

#+name: GMT-12-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R6/12/47/55 -JU32N/13c -Dh -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -Bxa2g2 -Bya2g2
gmt basemap -B+t"GMT-12-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-004 png,pdf | Start an independent modern session; the output stem figures/GMT-12-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R6/12/47/55 | Geographic bounds west/east/south/north = 6/12/47/55 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JU32N/13c | UTM zone 32, northern hemisphere (N); map width 13 cm. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -Bxa2g2 | On the longitude (x) axis, label every 2 degrees; draw grid lines every 2 degrees (g). |
| 3 coast | -Bya2g2 | On the latitude (y) axis, label every 2 degrees; draw grid lines every 2 degrees (g). |
| 4 basemap | -B+tGMT-12-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Map the Arctic with stereographic projection
:PROPERTIES:
:CUSTOM_ID: GMT-12-005
:FIGURE: figures/GMT-12-005.png
:END:

-JS0/90/13c gives a north-polar stereographic view. The region extends from 60 to 90 degrees north. The longitude graticule converges at the pole; rectangular latitude-longitude display conventions are not suitable for every polar map.

#+name: GMT-12-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-180/180/60/90 -JS0/90/13c -Di -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -B30g15
gmt basemap -B+t"GMT-12-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-005 png,pdf | Start an independent modern session; the output stem figures/GMT-12-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-180/180/60/90 | Geographic bounds west/east/south/north = -180/180/60/90 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JS0/90/13c | Stereographic conformal projection, centred at longitude 0, latitude 90 degrees; map width 13 cm. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -B30g15 | On both geographic axes, label every 30 degrees and draw grid lines every 15 degrees. |
| 4 basemap | -B+tGMT-12-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Cross the international date line
:PROPERTIES:
:CUSTOM_ID: GMT-12-006
:FIGURE: figures/GMT-12-006.png
:END:

Use a continuous longitude interval from 160 to 200 degrees and centre the Mercator projection at 180. This draws one region spanning the date line. Do not split a continuous study area merely because longitude labels wrap between east and west.

#+name: GMT-12-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-12-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R160/200/-30/30 -JM180/13c -Di -Ggray90 -Slightblue -W0.3p -N1/0.25p,gray50 -B10g10
gmt basemap -B+t"GMT-12-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-12-006 png,pdf | Start an independent modern session; the output stem figures/GMT-12-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R160/200/-30/30 | Geographic bounds west/east/south/north = 160/200/-30/30 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM180/13c | Mercator projection; central meridian 180 degrees; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray90 | Fill land areas with gray90. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.3p | Draw 0.3-point black (the default) stroke. |
| 3 coast | -N1/0.25p,gray50 | Draw national boundaries (level 1) with a 0.25-point gray50 stroke. |
| 3 coast | -B10g10 | On both geographic axes, label every 10 degrees and draw grid lines every 10 degrees. |
| 4 basemap | -B+tGMT-12-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Grid interpolation and contour quality
:PROPERTIES:
:CUSTOM_ID: GMT-13-000
:CHAPTER: 13
:OVERVIEW: Separate grid spacing, image interpolation, resampling and contour smoothing.
:END:

** Expose a coarse grid with nearest-neighbour display
:PROPERTIES:
:CUSTOM_ID: GMT-13-001
:FIGURE: figures/GMT-13-001.png
:END:

Evaluate the synthetic Gaussian field only every degree and display it with -nn, nearest-neighbour interpolation. grdimage -E200 fixes the projected image resampling resolution at 200 dpi for this comparison. Individual grid cells become conspicuous. The coarse grid is deliberate; it is a field defined by the formula, not a terrain measurement.

#+name: GMT-13-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -nn -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt basemap -B+t"GMT-13-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-001 png,pdf | Start an independent modern session; the output stem figures/GMT-13-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I1 | Grid-node spacing 1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -nn | Nearest-neighbour interpolation: use the closest grid node; coarse cells remain visible. |
| 4 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 6 basemap | -B+tGMT-13-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Change the image interpolation
:PROPERTIES:
:CUSTOM_ID: GMT-13-002
:FIGURE: figures/GMT-13-002.png
:COMPARE_TO: GMT-13-001
:END:

With grdimage -E200 fixing the projected image resampling resolution, change -nn to -nc for bicubic image interpolation. The displayed colour transitions become smoother while the input grid still has one-degree spacing. Interpolation changes how the field is displayed between its nodes; it does not add measured information.

#+name: GMT-13-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt basemap -B+t"GMT-13-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-002 png,pdf | Start an independent modern session; the output stem figures/GMT-13-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I1 | Grid-node spacing 1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 4 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 6 basemap | -B+tGMT-13-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Evaluate the model on a finer grid
:PROPERTIES:
:CUSTOM_ID: GMT-13-003
:FIGURE: figures/GMT-13-003.png
:COMPARE_TO: GMT-13-002
:END:

Change the grdmath spacing from one degree to 0.1 degree. Here the formula is known, so new nodes are direct evaluations of that model. This differs from interpolating a coarse measured grid, where finer spacing alone cannot recover unsampled detail.

#+name: GMT-13-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I0.1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt basemap -B+t"GMT-13-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-003 png,pdf | Start an independent modern session; the output stem figures/GMT-13-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I0.1 | Grid-node spacing 0.1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 4 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 6 basemap | -B+tGMT-13-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Resample the coarse grid explicitly
:PROPERTIES:
:CUSTOM_ID: GMT-13-004
:FIGURE: figures/GMT-13-004.png
:COMPARE_TO: GMT-13-003
:END:

grdsample -I0.1 -nc creates a finer grid by bicubic interpolation of the original one-degree grid. Compare it with the direct model evaluation. A denser file and a smoother image do not imply that the source measurements became more accurate.

#+name: GMT-13-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdsample hill.nc -I0.1 -nc -Gresampled.nc
gmt grdimage resampled.nc -JM13c -Cviridis -nc -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt basemap -B+t"GMT-13-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-004 png,pdf | Start an independent modern session; the output stem figures/GMT-13-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I1 | Grid-node spacing 1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdsample | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdsample | -I0.1 | Grid-node spacing 0.1 degrees in both longitude and latitude; interpolate the existing coarse grid onto these nodes. |
| 4 grdsample | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 4 grdsample | -Gresampled.nc | Write the interpolated output grid to resampled.nc; the input grid is unchanged. |
| 5 grdimage | resampled.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 5 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 5 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 5 grdimage | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 5 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 5 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 6 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 6 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 7 basemap | -B+tGMT-13-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Inspect unsmoothed contour segments
:PROPERTIES:
:CUSTOM_ID: GMT-13-005
:FIGURE: figures/GMT-13-005.png
:END:

Extract contours from the coarse one-degree grid with -S1, keeping the default contour-smoothing factor explicitly low. The background uses bicubic display interpolation. Its smooth colours and the contour segment geometry are separate choices.

#+name: GMT-13-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt grdcontour hill.nc -C100 -A200+f8p -S1 -W0.6p,white
gmt basemap -B+t"GMT-13-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-005 png,pdf | Start an independent modern session; the output stem figures/GMT-13-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I1 | Grid-node spacing 1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 4 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 6 grdcontour | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 6 grdcontour | -C100 | Draw contour levels every 100 synthetic amplitude units. |
| 6 grdcontour | -A200+f8p | Annotate every 200 amplitude units; +f8p uses 8-point contour labels. |
| 6 grdcontour | -S1 | Contour-path resampling/smoothing factor 1; 1 keeps the low-smoothing baseline. |
| 6 grdcontour | -W0.6p,white | Draw 0.6-point white stroke. |
| 7 basemap | -B+tGMT-13-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Smooth the drawn contour path
:PROPERTIES:
:CUSTOM_ID: GMT-13-006
:FIGURE: figures/GMT-13-006.png
:COMPARE_TO: GMT-13-005
:END:

Change only grdcontour -S1 to -S8. GMT resamples the contour with a larger smoothing factor. This refines its drawn path between the coarse grid-derived segments; it does not make the underlying synthetic field or a measured dataset more detailed.

#+name: GMT-13-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-13-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt grdmath -R-8/30/30/48 -I1 X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc
gmt grdimage hill.nc -JM13c -Cviridis -nc -E200 -Baf
gmt coast -Di -W0.3p,gray40
gmt grdcontour hill.nc -C100 -A200+f8p -S8 -W0.6p,white
gmt basemap -B+t"GMT-13-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-13-006 png,pdf | Start an independent modern session; the output stem figures/GMT-13-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 grdmath | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 grdmath | -I1 | Grid-node spacing 1 degrees in both longitude and latitude; evaluate the formula at these nodes. |
| 3 grdmath | X 12 SUB DUP MUL Y 40 SUB DUP MUL ADD -0.03 MUL EXP 1000 MUL = hill.nc | Evaluate 1000 * exp(-0.03 * ((longitude - 12)^2 + (latitude - 40)^2)). X and Y are node coordinates; SUB subtracts, DUP duplicates, MUL multiplies, ADD adds and EXP exponentiates. = hill.nc writes the result. Values are synthetic amplitude units. |
| 4 grdimage | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 4 grdimage | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 grdimage | -Cviridis | Colour the synthetic grid with viridis, automatically scaled to the grid-value range. |
| 4 grdimage | -nc | Bicubic interpolation between existing grid nodes; this adds no measured information. |
| 4 grdimage | -E200 | Resample the projected grid image at 200 dpi; separate from the final PNG export DPI set by begin. |
| 4 grdimage | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 5 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 5 coast | -W0.3p,gray40 | Draw 0.3-point gray40 stroke. |
| 6 grdcontour | hill.nc | Read the locally generated synthetic Gaussian grid; its amplitude is illustrative, not elevation in metres. |
| 6 grdcontour | -C100 | Draw contour levels every 100 synthetic amplitude units. |
| 6 grdcontour | -A200+f8p | Annotate every 200 amplitude units; +f8p uses 8-point contour labels. |
| 6 grdcontour | -S8 | Contour-path resampling/smoothing factor 8; 8 adds intermediate path samples for a smoother drawn contour, without refining the input grid. |
| 6 grdcontour | -W0.6p,white | Draw 0.6-point white stroke. |
| 7 basemap | -B+tGMT-13-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Raster quality and a polished map
:PROPERTIES:
:CUSTOM_ID: GMT-14-000
:CHAPTER: 14
:OVERVIEW: Compare anti-aliasing, supersampling and DPI, then finish with a clear hierarchy of lines.
:END:

** A deliberately rough raster export
:PROPERTIES:
:CUSTOM_ID: GMT-14-001
:FIGURE: figures/GMT-14-001.png
:END:

Use E120,H1,Qg1,Qt1 to produce a 120-dpi PNG without graphics or text anti-aliasing. This deliberately rough export makes pixel stair-steps easier to inspect at native size. The accompanying PDF keeps vector linework; the underlying map geometry is unchanged.

#+name: GMT-14-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-001 png,pdf E120,H1,Qg1,Qt1 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt plot line.txt -A -W1.5p,navy
gmt basemap -B+t"GMT-14-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-001 png,pdf | Start an independent modern session; the output stem figures/GMT-14-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E120,H1,Qg1,Qt1 | E120 sets final raster resolution to 120 dpi. H1 uses no extra supersampling. Qg1 and Qt1 disable graphics and text anti-aliasing (1). |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 set | PS_LINE_CAP round | Use semicircular line ends. |
| 4 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W1.5p,navy | Draw 1.5-point navy stroke. |
| 6 basemap | -B+tGMT-14-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Anti-alias graphics and text
:PROPERTIES:
:CUSTOM_ID: GMT-14-002
:FIGURE: figures/GMT-14-002.png
:COMPARE_TO: GMT-14-001
:END:

Change Qg1,Qt1 to Qg4,Qt4, keeping the same 120-dpi output. Ghostscript uses subsampling for graphics and text edges. Native image dimensions stay comparable; the benefit is edge rendering rather than new coastline vertices.

#+name: GMT-14-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-002 png,pdf E120,H1,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt plot line.txt -A -W1.5p,navy
gmt basemap -B+t"GMT-14-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-002 png,pdf | Start an independent modern session; the output stem figures/GMT-14-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E120,H1,Qg4,Qt4 | E120 sets final raster resolution to 120 dpi. H1 uses no extra supersampling. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 set | PS_LINE_CAP round | Use semicircular line ends. |
| 4 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W1.5p,navy | Draw 1.5-point navy stroke. |
| 6 basemap | -B+tGMT-14-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Supersample before reducing the PNG
:PROPERTIES:
:CUSTOM_ID: GMT-14-003
:FIGURE: figures/GMT-14-003.png
:COMPARE_TO: GMT-14-002
:END:

Change H1 to H3. GMT rasterizes at a temporarily higher resolution, then downsamples to the requested 120 dpi. Compare the sloping line and small text at native pixel size. This takes more processing and can reduce raster aliasing.

#+name: GMT-14-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-003 png,pdf E120,H3,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt plot line.txt -A -W1.5p,navy
gmt basemap -B+t"GMT-14-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-003 png,pdf | Start an independent modern session; the output stem figures/GMT-14-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E120,H3,Qg4,Qt4 | E120 sets final raster resolution to 120 dpi. H3 rasterizes at 3 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 set | PS_LINE_CAP round | Use semicircular line ends. |
| 4 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W1.5p,navy | Draw 1.5-point navy stroke. |
| 6 basemap | -B+tGMT-14-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Export more pixels for a larger image
:PROPERTIES:
:CUSTOM_ID: GMT-14-004
:FIGURE: figures/GMT-14-004.png
:COMPARE_TO: GMT-14-003
:END:

Change the output resolution to 300 dpi, with H3 and the same anti-aliasing settings. The PNG contains more pixels at the same physical map width. More pixels improve larger raster reproductions; they do not substitute for appropriate geographic resolution.

#+name: GMT-14-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-004 png,pdf E300,H3,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt set PS_LINE_CAP round PS_LINE_JOIN round
cat > line.txt <<'DATA'
12 36
20 36
14 41
22 42
DATA
gmt plot line.txt -A -W1.5p,navy
gmt basemap -B+t"GMT-14-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-004 png,pdf | Start an independent modern session; the output stem figures/GMT-14-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E300,H3,Qg4,Qt4 | E300 sets final raster resolution to 300 dpi. H3 rasterizes at 3 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 set | PS_LINE_CAP round | Use semicircular line ends. |
| 4 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 5 plot | line.txt | Read the local ordered longitude/latitude vertices as a line; its sharp turns expose the pen cap and join settings. |
| 5 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 5 plot | -W1.5p,navy | Draw 1.5-point navy stroke. |
| 6 basemap | -B+tGMT-14-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Give borders and graticules a clear hierarchy
:PROPERTIES:
:CUSTOM_ID: GMT-14-005
:FIGURE: figures/GMT-14-005.png
:END:

Use an intermediate coastline with a 0.45-point shore pen, lighter dashed national borders and a very light graticule. Round joins soften the stroke corners without moving the boundary data. A clear hierarchy is often more effective than increasing the width of every line.

#+name: GMT-14-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt set MAP_GRID_PEN_PRIMARY 0.2p,gray75,-
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray95 -Slightblue -W0.45p,gray25 -N1/0.3p,gray50,- -Bxa5g5 -Bya5g5
gmt basemap -B+t"GMT-14-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-005 png,pdf | Start an independent modern session; the output stem figures/GMT-14-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 set | MAP_GRID_PEN_PRIMARY 0.2p,gray75,- | Draw primary graticule lines with a 0.2-point gray75 stroke with a dashed pattern. |
| 4 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 4 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 4 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 4 coast | -Ggray95 | Fill land areas with gray95. |
| 4 coast | -Slightblue | Fill water areas with lightblue. |
| 4 coast | -W0.45p,gray25 | Draw 0.45-point gray25 stroke. |
| 4 coast | -N1/0.3p,gray50,- | Draw national boundaries (level 1) with a 0.3-point gray50 stroke with a dashed pattern. |
| 4 coast | -Bxa5g5 | On the longitude (x) axis, label every 5 degrees; draw grid lines every 5 degrees (g). |
| 4 coast | -Bya5g5 | On the latitude (y) axis, label every 5 degrees; draw grid lines every 5 degrees (g). |
| 5 basemap | -B+tGMT-14-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Finish a detailed map with smooth raster edges
:PROPERTIES:
:CUSTOM_ID: GMT-14-006
:FIGURE: figures/GMT-14-006.png
:COMPARE_TO: GMT-08-003
:END:

Combine the intermediate shoreline, restrained line widths, round caps and joins, labelled illustrative stations, scale bar and locator inset. Export with 300 dpi and H2 supersampling. Use the native vector PDF for scalable linework; geographic detail remains controlled by -Di, independently of raster quality.

#+name: GMT-14-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-14-006 png,pdf E300,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
gmt coast -R-8/30/30/48 -JM13c -Di -Ggray94 -Slightblue -W0.35p,gray40 -Baf
cat > sites.txt <<'DATA'
12 42 A
15 39 B
22 38 C
DATA
gmt plot sites.txt -i0,1 -W1.2p,royalblue,-
gmt plot sites.txt -i0,1 -Sc0.24c -Gdarkorange -W0.5p,white
gmt text sites.txt -F+f10p,Helvetica,navy+jBL -D0.15c/0.12c
gmt basemap -LjBL+c40+w500k+o0.5c/0.5c+f+u -F+gwhite+p0.3p
gmt inset begin -DjTR+w3c+o0.2c -F+gwhite+p0.5p
gmt coast -Rg -JG12/40/3c -Dc -Ggray90 -Slightblue -W0.2p
printf '12 40\n' | gmt plot -Sc0.18c -Gred
gmt inset end
gmt basemap -B+t"GMT-14-006"
gmt end
#+end_src


#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-14-006 png,pdf | Start an independent modern session; the output stem figures/GMT-14-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E300,H2,Qg4,Qt4 | E300 sets final raster resolution to 300 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R-8/30/30/48 | Geographic bounds west/east/south/north = -8/30/30/48 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Di | Select intermediate-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 4 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 4 plot | -W1.2p,royalblue,- | Draw 1.2-point royalblue stroke with a dashed pattern. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.24c | Draw circles with diameter 0.24 cm. |
| 5 plot | -Gdarkorange | Fill the symbols with darkorange. |
| 5 plot | -W0.5p,white | Draw 0.5-point white stroke. |
| 6 text | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 6 text | -F+f10p,Helvetica,navy+jBL | +f selects 10-point Helvetica text in navy; +jBL anchors each label at its bottom-left corner. Read the text after longitude and latitude. |
| 6 text | -D0.15c/0.12c | Offset labels by +0.15 cm horizontally and +0.12 cm vertically from the input coordinates. |
| 7 basemap | -LjBL+c40+w500k+o0.5c/0.5c+f+u | jBL anchors inside at bottom-left; +c40 computes scale at latitude 40 degrees; +w500k sets a 500 km length; +o offsets by 0.5 cm in both directions; +f selects a fancy segmented bar; +u appends the units to annotations. |
| 7 basemap | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 8 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 8 inset | -DjTR+w3c+o0.2c | jTR anchors an inset inside the map at top-right; +w3c makes it 3 cm wide; +o0.2c offsets it inward 0.2 cm in both directions. |
| 8 inset | -F+gwhite+p0.5p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.5-point black (the default) stroke. |
| 9 coast | -Rg | Global geographic region: longitudes 0 to 360 degrees, latitudes -90 to 90 degrees. |
| 9 coast | -JG12/40/3c | Orthographic globe view, centred at longitude 12, latitude 40 degrees; map width 3 cm. |
| 9 coast | -Dc | Select crude-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 9 coast | -Ggray90 | Fill land areas with gray90. |
| 9 coast | -Slightblue | Fill water areas with lightblue. |
| 9 coast | -W0.2p | Draw 0.2-point black (the default) stroke. |
| 10 plot | -Sc0.18c | Draw circles with diameter 0.18 cm. Read longitude and latitude from the preceding printf pipeline. |
| 10 plot | -Gred | Fill the symbols with red. |
| 11 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 12 basemap | -B+tGMT-14-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 13 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Zooming into a region
:PROPERTIES:
:CUSTOM_ID: GMT-15-000
:CHAPTER: 15
:OVERVIEW: Highlight and enlarge geographic windows; vary inset placement, size, detail and projection; add connectors, successive zoom levels and scale bars.
:END:

** Mark the area to zoom into
:PROPERTIES:
:CUSTOM_ID: GMT-15-001
:FIGURE: figures/GMT-15-001.png
:END:

Start with an eastern Mediterranean overview. The orange rectangle marks 23 to 27 degrees east and 34.7 to 36.1 degrees north around Crete. Four longitude/latitude corners define the window, and three invented sites provide landmarks for the following close-ups. This first map establishes the geographic context.

#+name: GMT-15-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > focus.txt <<'DATA'
23 34.7
27 34.7
27 36.1
23 36.1
DATA
cat > sites.txt <<'DATA'
23.9 35.5 A
25.1 35.3 B
26.1 35.2 C
DATA
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt basemap -B+t"GMT-15-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-001 png,pdf | Start an independent modern session; the output stem figures/GMT-15-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the zoom window: west 23, east 27, south 34.7, north 36.1 degrees. The same bounds define the close-up region. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 basemap | -B+tGMT-15-001 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Zoom by narrowing the geographic region
:PROPERTIES:
:CUSTOM_ID: GMT-15-002
:FIGURE: figures/GMT-15-002.png
:COMPARE_TO: GMT-15-001
:END:

Change only the main coast command region from -R8/30/33/45 to -R23/27/34.7/36.1. At the same 13 cm map width, the smaller extent gives more space to Crete and the same three illustrative sites. The orange outline now follows the map extent. Coastline resolution stays -Df and export stays 200 dpi: geographic zoom changes the region and map scale. Compare chapter 09 when the close-up needs finer shoreline geometry.

#+name: GMT-15-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > focus.txt <<'DATA'
23 34.7
27 34.7
27 36.1
23 36.1
DATA
cat > sites.txt <<'DATA'
23.9 35.5 A
25.1 35.3 B
26.1 35.2 C
DATA
gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt basemap -B+t"GMT-15-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-002 png,pdf | Start an independent modern session; the output stem figures/GMT-15-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the zoom window: west 23, east 27, south 34.7, north 36.1 degrees. The same bounds define the close-up region. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 basemap | -B+tGMT-15-002 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Keep the overview and add a zoom-in inset
:PROPERTIES:
:CUSTOM_ID: GMT-15-003
:FIGURE: figures/GMT-15-003.png
:COMPARE_TO: GMT-15-001
:END:

Magnify the orange window in a matching inset. Its own region and fitted scale create the zoom; inset end restores the overview.

#+name: GMT-15-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
cat > focus.txt <<'DATA'
23 34.7
27 34.7
27 36.1
23 36.1
DATA
cat > sites.txt <<'DATA'
23.9 35.5 A
25.1 35.3 B
26.1 35.2 C
DATA
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-003 png,pdf | Start an independent modern session; the output stem figures/GMT-15-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the zoom window: west 23, east 27, south 34.7, north 36.1 degrees. The same bounds define the close-up region. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w7c/3.5c+o0.25c | Place the inset inside the top-left (jTL) of the main map. +w sets a 7 cm by 3.5 cm box; +o offsets it inward by 0.25 cm in both directions. Position it away from the highlighted Crete window. |
| 6 inset | -C1c/0.5c | Reserve 1 cm on the left and right and 0.5 cm on the top and bottom of the inset box, leaving space for the close-up frame and annotations. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: GMT fits the new region into the inset plot area after subtracting its clearances. The inset has its own region and scale. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | On the longitude (x) axis, label every 1 degree; draw ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | On the latitude (y) axis, label every 1 degree; draw ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis annotations for this inset command only; the main-map annotation setting stays at 9 points. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-003 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Move the enlarged inset to bottom-left
:PROPERTIES:
:CUSTOM_ID: GMT-15-004
:FIGURE: figures/GMT-15-004.png
:COMPARE_TO: GMT-15-003
:END:

Change only the inset anchor from top-left to bottom-left. Keep the selected Crete window visible beside the inset.

#+name: GMT-15-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjBL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-004 png,pdf | Start an independent modern session; the output stem figures/GMT-15-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjBL+w7c/3.5c+o0.25c | Anchor inside the main map at bottom-left; +w sets panel width/height to 7c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-004 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Allocate a larger inset panel
:PROPERTIES:
:CUSTOM_ID: GMT-15-005
:FIGURE: figures/GMT-15-005.png
:COMPARE_TO: GMT-15-003
:END:

Increase the inset box to 9 by 4.2 cm. Its fitted map scale grows while the highlighted geographic region stays fixed.

#+name: GMT-15-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTL+w9c/4.2c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-005 png,pdf | Start an independent modern session; the output stem figures/GMT-15-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w9c/4.2c+o0.25c | Anchor inside the main map at top-left; +w sets panel width/height to 9c/4.2c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-005 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use finer geography in the close-up
:PROPERTIES:
:CUSTOM_ID: GMT-15-006
:FIGURE: figures/GMT-15-006.png
:COMPARE_TO: GMT-15-003
:END:

Keep high-resolution geography on the overview and switch only the inset from high to full resolution. Zoom and source detail can be controlled independently.

#+name: GMT-15-006
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-006 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Df -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-006"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-006 png,pdf | Start an independent modern session; the output stem figures/GMT-15-006 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w7c/3.5c+o0.25c | Anchor inside the main map at top-left; +w sets panel width/height to 7c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-006 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Choose an independent inset projection
:PROPERTIES:
:CUSTOM_ID: GMT-15-007
:FIGURE: figures/GMT-15-007.png
:COMPARE_TO: GMT-15-003
:END:

Use a Lambert conformal conic projection inside the Mercator overview. Each inset has its own region, projection and fitted scale.

#+name: GMT-15-007
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-007 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JL25/35.4/35/36/ -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-007"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-007 png,pdf | Start an independent modern session; the output stem figures/GMT-15-007 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w7c/3.5c+o0.25c | Anchor inside the main map at top-left; +w sets panel width/height to 7c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JL25/35.4/35/36/ | Lambert conformal conic centred at longitude 25 and latitude 35.4 degrees, with standard parallels 35 and 36. The final width is omitted so GMT fits the inset panel. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-007 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Show two successive zoom levels
:PROPERTIES:
:CUSTOM_ID: GMT-15-008
:FIGURE: figures/GMT-15-008.png
:COMPARE_TO: GMT-15-003
:END:

The orange panel magnifies Crete. A blue window inside it selects the smaller region shown in the blue panel. The same synthetic stations are reused at both scales.

#+name: GMT-15-008
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-008 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
printf '24.5 35\n25.5 35\n25.5 35.7\n24.5 35.7\n' > inner.txt
gmt inset begin -DjTL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt plot inner.txt -A -L -W1p,royalblue
gmt inset end
gmt inset begin -DjTR+w5c/3.5c+o0.25c -C1.3c/0.55c -F+gwhite+p1p,royalblue
gmt coast -R24.5/25.5/35/35.7 -JM -Df -Ggray94 -Slightblue -W0.35p,gray40 -Bxa0.5f0.1 -Bya0.5f0.1 --FONT_ANNOT_PRIMARY=7p --FORMAT_GEO_MAP=ddd.xF
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-008"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-008 png,pdf | Start an independent modern session; the output stem figures/GMT-15-008 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w7c/3.5c+o0.25c | Anchor inside the main map at top-left; +w sets panel width/height to 7c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 plot | inner.txt | Read the corners of the second zoom window: longitudes 24.5 to 25.5 and latitudes 35 to 35.7 degrees, within the Crete window. |
| 9 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 9 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 9 plot | -W1p,royalblue | Draw 1-point royalblue stroke. |
| 10 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 11 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 11 inset | -DjTR+w5c/3.5c+o0.25c | Anchor inside the main map at top-right; +w sets panel width/height to 5c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 11 inset | -C1.3c/0.55c | Reserve 1.3c horizontally and 0.55c vertically inside the inset panel for its frame and annotations; c means cm. |
| 11 inset | -F+gwhite+p1p,royalblue | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1-point royalblue stroke. |
| 12 coast | -R24.5/25.5/35/35.7 | Geographic bounds west/east/south/north = 24.5/25.5/35/35.7 degrees. Negative longitude is west; negative latitude is south. |
| 12 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 12 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 12 coast | -Ggray94 | Fill land areas with gray94. |
| 12 coast | -Slightblue | Fill water areas with lightblue. |
| 12 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 12 coast | -Bxa0.5f0.1 | Label the longitude (x) axis every 0.5 degrees. Add ticks every 0.1 degrees (f). |
| 12 coast | -Bya0.5f0.1 | Label the latitude (y) axis every 0.5 degrees. Add ticks every 0.1 degrees (f). |
| 12 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 12 coast | --FORMAT_GEO_MAP=ddd.xF | Format geographic annotations as decimal degrees with one decimal place and a hemisphere suffix; keep close-up tick labels compact. |
| 13 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 13 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 13 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 13 plot | -Gnavy | Fill the symbols with navy. |
| 13 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 14 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 15 basemap | -B+tGMT-15-008 | Add the stable example ID as the map title, reusing the current region and projection. |
| 16 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Connect the selection to its inset
:PROPERTIES:
:CUSTOM_ID: GMT-15-009
:FIGURE: figures/GMT-15-009.png
:COMPARE_TO: GMT-15-003
:END:

Anchor the panel in main-map coordinates and connect its bottom corners to the orange selection with dashed guides. Draw the connectors before the panel so they remain behind it.

#+name: GMT-15-009
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-009 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
printf '23 36.1\n8.5 39\n>\n27 36.1\n19.5 39\n' > connectors.txt
gmt plot connectors.txt -A -W0.6p,darkorange,-
gmt inset begin -Dg8.5/39+w6.5c/3.5c+jBL -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-009"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-009 png,pdf | Start an independent modern session; the output stem figures/GMT-15-009 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 plot | connectors.txt | Read two separate longitude/latitude connector segments. A line containing > starts the second segment; these guides connect the selection corners to the inset panel corners. |
| 6 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 6 plot | -W0.6p,darkorange,- | Draw 0.6-point darkorange stroke with a dashed pattern. |
| 7 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 7 inset | -Dg8.5/39+w6.5c/3.5c+jBL | Anchor the panel bottom-left (+jBL) at main-map longitude 8.5 and latitude 39 (g). Use a 6.5 by 3.5 cm panel (+w). Its width is half the 13 cm main map, so its bottom-right corner is at longitude 19.5; these exact corners define the connector endpoints. |
| 7 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 7 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 8 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 8 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 8 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 8 coast | -Ggray94 | Fill land areas with gray94. |
| 8 coast | -Slightblue | Fill water areas with lightblue. |
| 8 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 8 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 8 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 8 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 9 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 9 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 9 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 9 plot | -Gnavy | Fill the symbols with navy. |
| 9 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 10 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 11 basemap | -B+tGMT-15-009 | Add the stable example ID as the map title, reusing the current region and projection. |
| 12 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Reuse the zoom layout for Sicily
:PROPERTIES:
:CUSTOM_ID: GMT-15-010
:FIGURE: figures/GMT-15-010.png
:COMPARE_TO: GMT-15-003
:END:

Select a different geographic window and synthetic station table. Place the enlarged Sicily view at top-right, clear of its highlighted source area.

#+name: GMT-15-010
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-010 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '12 36.3\n16 36.3\n16 38.6\n12 38.6\n' > focus.txt
printf '13.1 37.6 A\n14.2 37.5 B\n15.1 37.9 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTR+w7c/4.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R12/16/36.3/38.6 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset end
gmt basemap -B+t"GMT-15-010"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-010 png,pdf | Start an independent modern session; the output stem figures/GMT-15-010 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTR+w7c/4.5c+o0.25c | Anchor inside the main map at top-right; +w sets panel width/height to 7c/4.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R12/16/36.3/38.6 | Geographic bounds west/east/south/north = 12/16/36.3/38.6 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 10 basemap | -B+tGMT-15-010 | Add the stable example ID as the map title, reusing the current region and projection. |
| 11 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Use geographic distances for circle sizes
:PROPERTIES:
:CUSTOM_ID: GMT-15-011
:FIGURE: figures/GMT-15-011.png
:COMPARE_TO: GMT-15-002
:END:

Draw 30 km diameter circles at the same sites. Geographic size follows map scale; the earlier -Sc symbols used a fixed physical diameter on the page.

#+name: GMT-15-011
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-011 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R23/27/34.7/36.1 -JM13c -Df -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -SE30k -Gnavy@65 -W0.4p,navy
gmt basemap -B+t"GMT-15-011"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-011 png,pdf | Start an independent modern session; the output stem figures/GMT-15-011 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Df | Select full-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -SE30k | Draw geographic circles with a 30 km diameter (15 km radius). Uppercase E uses map distances; the projection determines their appearance on the page. |
| 5 plot | -Gnavy@65 | Fill symbols with navy at 65 percent transparency (0 is opaque; 100 is invisible). |
| 5 plot | -W0.4p,navy | Draw 0.4-point navy stroke. |
| 6 basemap | -B+tGMT-15-011 | Add the stable example ID as the map title, reusing the current region and projection. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Explain the close-up scale inside its panel
:PROPERTIES:
:CUSTOM_ID: GMT-15-012
:FIGURE: figures/GMT-15-012.png
:COMPARE_TO: GMT-15-003
:END:

Place a 100 km scale bar inside the enlarged map. Compute it at latitude 35.4 degrees and keep its annotation sizes local to the inset.

#+name: GMT-15-012
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-15-012 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round
printf '23 34.7\n27 34.7\n27 36.1\n23 36.1\n' > focus.txt
printf '23.9 35.5 A\n25.1 35.3 B\n26.1 35.2 C\n' > sites.txt
gmt coast -R8/30/33/45 -JM13c -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Baf
gmt plot focus.txt -A -L -W1.2p,darkorange
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt inset begin -DjTL+w7c/3.5c+o0.25c -C1c/0.5c -F+gwhite+p1.2p,darkorange
gmt coast -R23/27/34.7/36.1 -JM -Dh -Ggray94 -Slightblue -W0.35p,gray40 -Bxa1f0.5 -Bya1f0.5 --FONT_ANNOT_PRIMARY=7p
gmt plot sites.txt -i0,1 -Sc0.14c -Gnavy -W0.4p,white
gmt basemap -LjTR+c35.4+w100k+o0.25c/0.25c+f+u -F+gwhite+p0.3p --FONT_ANNOT_PRIMARY=7p --FONT_LABEL=8p
gmt inset end
gmt basemap -B+t"GMT-15-012"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-15-012 png,pdf | Start an independent modern session; the output stem figures/GMT-15-012 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Draw a plain map border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 3 coast | -R8/30/33/45 | Geographic bounds west/east/south/north = 8/30/33/45 degrees. Negative longitude is west; negative latitude is south. |
| 3 coast | -JM13c | Mercator projection; map width 13 cm. Uppercase M specifies width rather than scale. |
| 3 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 3 coast | -Ggray94 | Fill land areas with gray94. |
| 3 coast | -Slightblue | Fill water areas with lightblue. |
| 3 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 3 coast | -Baf | Draw the frame with automatically chosen annotation (a) and tick (f) intervals; this does not request grid lines. |
| 4 plot | focus.txt | Read the four longitude/latitude corners of the highlighted region. Its bounds match the close-up coast command in this script. |
| 4 plot | -A | Connect the supplied geographic vertices as straight projected segments; suppress automatic great-circle resampling. |
| 4 plot | -L | Close the longitude/latitude input as a polygon, connecting its final vertex to its first. |
| 4 plot | -W1.2p,darkorange | Draw 1.2-point darkorange stroke. |
| 5 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 5 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 5 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 5 plot | -Gnavy | Fill the symbols with navy. |
| 5 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 6 inset | begin | Save the main-map state and enter a separate inset coordinate system; the following coast command defines its own region and projection. |
| 6 inset | -DjTL+w7c/3.5c+o0.25c | Anchor inside the main map at top-left; +w sets panel width/height to 7c/3.5c and +o offsets it inward by 0.25c. c means cm. |
| 6 inset | -C1c/0.5c | Reserve 1c horizontally and 0.5c vertically inside the inset panel for its frame and annotations; c means cm. |
| 6 inset | -F+gwhite+p1.2p,darkorange | Place a white background panel (+gwhite) behind this map decoration; +p sets a 1.2-point darkorange stroke. |
| 7 coast | -R23/27/34.7/36.1 | Geographic bounds west/east/south/north = 23/27/34.7/36.1 degrees. Negative longitude is west; negative latitude is south. |
| 7 coast | -JM | Mercator projection with width omitted: fit the inset region into its panel after subtracting the clearances. |
| 7 coast | -Dh | Select high-resolution GSHHG geography from the local installation; this controls source geometry, not raster DPI. |
| 7 coast | -Ggray94 | Fill land areas with gray94. |
| 7 coast | -Slightblue | Fill water areas with lightblue. |
| 7 coast | -W0.35p,gray40 | Draw 0.35-point gray40 stroke. |
| 7 coast | -Bxa1f0.5 | Label the longitude (x) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | -Bya1f0.5 | Label the latitude (y) axis every 1 degree. Add ticks every 0.5 degrees (f). |
| 7 coast | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 8 plot | sites.txt | Read the local table: longitude, latitude, site name. plot selects numeric columns; text uses the trailing name. |
| 8 plot | -i0,1 | Read zero-based columns 0 and 1 as longitude and latitude; ignore the trailing site name. |
| 8 plot | -Sc0.14c | Draw circles with diameter 0.14 cm. |
| 8 plot | -Gnavy | Fill the symbols with navy. |
| 8 plot | -W0.4p,white | Draw 0.4-point white stroke. |
| 9 basemap | -LjTR+c35.4+w100k+o0.25c/0.25c+f+u | Anchor a scale at the inset top-right (jTR), compute it at latitude 35.4 degrees (+c), use a 100 km length (+w), offset by 0.25 cm in both directions (+o), draw a fancy bar (+f) and append units (+u). |
| 9 basemap | -F+gwhite+p0.3p | Place a white background panel (+gwhite) behind this map decoration; +p sets a 0.3-point black (the default) stroke. |
| 9 basemap | --FONT_ANNOT_PRIMARY=7p | Use 7-point axis or scale annotations for this command only; keep the main-map defaults. |
| 9 basemap | --FONT_LABEL=8p | Use 8-point scale labels for this command only. |
| 10 inset | end | Leave the inset and restore the main-map region, projection and plotting origin. |
| 11 basemap | -B+tGMT-15-012 | Add the stable example ID as the map title, reusing the current region and projection. |
| 12 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Scattered samples become a grid
:PROPERTIES:
:CUSTOM_ID: GMT-16-000
:CHAPTER: 16
:OVERVIEW: Compare three gridding methods with the same local synthetic samples and colour limits.
:END:

Interpolation between sparse samples is a modelling choice. These examples use Cartesian x/y and 25 synthetic samples, not longitude/latitude or measured terrain. Compare support and gaps as well as smooth appearance. See [[https://docs.generic-mapping-tools.org/6.7/surface.html][surface]], [[https://docs.generic-mapping-tools.org/6.7/nearneighbor.html][nearneighbor]] and [[https://docs.generic-mapping-tools.org/6.7/triangulate.html][triangulate]].

** Interpolate scattered samples with tension
:PROPERTIES:
:CUSTOM_ID: GMT-16-001
:FIGURE: figures/GMT-16-001.png
:COORDINATES: cartesian
:END:

Start with 25 slightly irregular, synthetic x/y/amplitude records. surface solves a continuous-curvature grid with tension 0.35. Dots show the constraints; the space between them is interpolated, not measured.

#+name: GMT-16-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-16-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70 -3.70 -0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74 -0.730415\n0.02 -1.90 -0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 -0.026238\n-1.90 0.06 -0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10 0.002694\n-3.70 1.70 -0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86 0.160590\n3.50 1.70 0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50 0.000073\n1.70 3.50 0.000151\n3.50 3.50 0.000000\n' > samples.txt
gmt surface samples.txt -R-4/4/-4/4 -I0.1 -T0.35 -Ggridded.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt plot samples.txt -i0,1 -Sc0.12c '-G#132b36' -W0.3p,white
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lAmplitude
gmt basemap -B+t"GMT-16-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-16-001 png,pdf | Start an independent modern session; the output stem figures/GMT-16-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 surface | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 3 surface | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 surface | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 surface | -T0.35 | Set both interior and boundary tension to 0.35 (allowed range 0 to 1). This controls the continuous-curvature solution; it is not an error estimate. Each input here occupies a different output cell. |
| 3 surface | -Ggridded.nc | Write the resulting NetCDF grid to gridded.nc. The original input is retained. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdimage | gridded.nc | Read the grid produced by this example gridding algorithm; its 0.1-unit nodes interpolate the same local synthetic samples. |
| 5 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 5 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 5 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 6 plot | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 6 plot | -i0,1 | Read zero-based columns 0 and 1 as Cartesian sample positions; column 2 contains the synthetic scalar value. |
| 6 plot | -Sc0.12c | Draw sample locations as circles with a fixed diameter of 0.12 cm, independent of their scalar values. |
| 6 plot | '-G#132b36' | Fill symbols, arrowheads or bins with #132b36. |
| 6 plot | -W0.3p,white | Draw a 0.3-point white stroke. |
| 7 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 7 colorbar | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 8 basemap | -B+tGMT-16-001 | Add MT-16-001 as the stable example title. |
| 9 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Keep gaps where local coverage is insufficient
:PROPERTIES:
:CUSTOM_ID: GMT-16-002
:FIGURE: figures/GMT-16-002.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-16-001
:END:

Replace only the gridding algorithm with nearneighbor. Its radius and sector requirement leave unsupported grid nodes undefined (NaN), shown in light gray. A smaller display pixel cannot restore missing observations.

#+name: GMT-16-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-16-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70 -3.70 -0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74 -0.730415\n0.02 -1.90 -0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 -0.026238\n-1.90 0.06 -0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10 0.002694\n-3.70 1.70 -0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86 0.160590\n3.50 1.70 0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50 0.000073\n1.70 3.50 0.000151\n3.50 3.50 0.000000\n' > samples.txt
gmt nearneighbor samples.txt -R-4/4/-4/4 -I0.1 -S1.2 -N4+m2 -Ggridded.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt plot samples.txt -i0,1 -Sc0.12c '-G#132b36' -W0.3p,white
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lAmplitude
gmt basemap -B+t"GMT-16-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-16-002 png,pdf | Start an independent modern session; the output stem figures/GMT-16-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 nearneighbor | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 3 nearneighbor | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 nearneighbor | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 nearneighbor | -S1.2 | Search within radius 1.2 in the same Cartesian units as x and y; this is a local weighted average, not a global spline. |
| 3 nearneighbor | -N4+m2 | Split the search circle into four sectors and require data in at least two (+m2); nodes without enough coverage become NaN. A sector contributes its nearest sample. |
| 3 nearneighbor | -Ggridded.nc | Write the resulting NetCDF grid to gridded.nc. The original input is retained. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdimage | gridded.nc | Read the grid produced by this example gridding algorithm; its 0.1-unit nodes interpolate the same local synthetic samples. |
| 5 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 5 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 5 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 6 plot | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 6 plot | -i0,1 | Read zero-based columns 0 and 1 as Cartesian sample positions; column 2 contains the synthetic scalar value. |
| 6 plot | -Sc0.12c | Draw sample locations as circles with a fixed diameter of 0.12 cm, independent of their scalar values. |
| 6 plot | '-G#132b36' | Fill symbols, arrowheads or bins with #132b36. |
| 6 plot | -W0.3p,white | Draw a 0.3-point white stroke. |
| 7 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 7 colorbar | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 8 basemap | -B+tGMT-16-002 | Add MT-16-002 as the stable example title. |
| 9 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Interpolate within Delaunay triangles
:PROPERTIES:
:CUSTOM_ID: GMT-16-003
:FIGURE: figures/GMT-16-003.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-16-001
:END:

Use triangulate to linearly interpolate the same samples within their Delaunay triangles. Outside the convex hull, grid cells remain undefined and appear light gray. Compare its local planar pieces with the tensioned surface.

#+name: GMT-16-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-16-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '-3.70 -3.70 -0.000103\n-1.90 -3.70 -0.003495\n-0.10 -3.70 -0.001275\n1.70 -3.70 -0.000005\n3.50 -3.70 -0.000000\n-3.70 -1.90 -0.015851\n-1.78 -1.74 -0.730415\n0.02 -1.90 -0.154352\n1.82 -1.74 0.006190\n3.50 -1.90 0.000012\n-3.70 -0.10 -0.026238\n-1.90 0.06 -0.749954\n-0.10 -0.10 0.089985\n1.70 0.06 1.008522\n3.50 -0.10 0.002694\n-3.70 1.70 -0.000465\n-1.78 1.86 -0.009437\n0.02 1.70 0.176760\n1.82 1.86 0.160590\n3.50 1.70 0.000915\n-3.70 3.50 -0.000000\n-1.90 3.50 -0.000003\n-0.10 3.50 0.000073\n1.70 3.50 0.000151\n3.50 3.50 0.000000\n' > samples.txt
gmt triangulate samples.txt -R-4/4/-4/4 -I0.1 -Ggridded.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage gridded.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt plot samples.txt -i0,1 -Sc0.12c '-G#132b36' -W0.3p,white
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lAmplitude
gmt basemap -B+t"GMT-16-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-16-003 png,pdf | Start an independent modern session; the output stem figures/GMT-16-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 triangulate | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 3 triangulate | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 triangulate | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 triangulate | -Ggridded.nc | Write the resulting NetCDF grid to gridded.nc. The original input is retained. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdimage | gridded.nc | Read the grid produced by this example gridding algorithm; its 0.1-unit nodes interpolate the same local synthetic samples. |
| 5 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 5 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 5 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 6 plot | samples.txt | Read the 25 local synthetic x/y/amplitude triplets. Coordinates are Cartesian teaching units and the amplitudes are sampled from the formula printed in chapter 17. |
| 6 plot | -i0,1 | Read zero-based columns 0 and 1 as Cartesian sample positions; column 2 contains the synthetic scalar value. |
| 6 plot | -Sc0.12c | Draw sample locations as circles with a fixed diameter of 0.12 cm, independent of their scalar values. |
| 6 plot | '-G#132b36' | Fill symbols, arrowheads or bins with #132b36. |
| 6 plot | -W0.3p,white | Draw a 0.3-point white stroke. |
| 7 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 7 colorbar | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 8 basemap | -B+tGMT-16-003 | Add MT-16-003 as the stable example title. |
| 9 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Calculate with grids and extract a transect
:PROPERTIES:
:CUSTOM_ID: GMT-17-000
:CHAPTER: 17
:OVERVIEW: Filter, subtract, differentiate and sample an explicit signed analytic field.
:END:

Use one signed synthetic field to distinguish data processing from rendering. Its formula is f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). Coordinates have local Cartesian units; values have synthetic amplitude units. A narrower palette can make a small residual look strong. DDX measures only change along x; it does not report steepest-slope magnitude. See [[https://docs.generic-mapping-tools.org/6.7/grdmath.html][grdmath]], [[https://docs.generic-mapping-tools.org/6.7/grdfilter.html][grdfilter]], [[https://docs.generic-mapping-tools.org/6.7/project.html][project]] and [[https://docs.generic-mapping-tools.org/6.7/grdtrack.html][grdtrack]].

** Build a signed analytic field
:PROPERTIES:
:CUSTOM_ID: GMT-17-001
:FIGURE: figures/GMT-17-001.png
:COORDINATES: cartesian
:END:

Two explicitly synthetic Gaussian anomalies make a positive peak and a negative basin. x and y are Cartesian teaching units; amplitudes are not metres. This is the reference for the following grid calculations.

#+name: GMT-17-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-17-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage field.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lAmplitude
gmt basemap -B+t"GMT-17-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-17-001 png,pdf | Start an independent modern session; the output stem figures/GMT-17-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdimage | field.nc | Read the locally generated signed field: a positive Gaussian centred at (1,0.5), minus a broader negative Gaussian centred at (-1.4,-0.8). These are synthetic amplitudes. |
| 5 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 5 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 5 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 6 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 6 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 6 colorbar | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 7 basemap | -B+tGMT-17-001 | Add MT-17-001 as the stable example title. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Filter the field without changing its grid
:PROPERTIES:
:CUSTOM_ID: GMT-17-002
:FIGURE: figures/GMT-17-002.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-17-001
:END:

Apply a Gaussian filter of full width 1.2 coordinate units. The output has the same nodes and colour limits as the reference; smoothing changes amplitudes and spatial detail.

#+name: GMT-17-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-17-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt grdfilter field.nc -D0 -Fg1.2 -Gsmooth.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage smooth.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lAmplitude
gmt basemap -B+t"GMT-17-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-17-002 png,pdf | Start an independent modern session; the output stem figures/GMT-17-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 grdfilter | field.nc | Read the locally generated signed field: a positive Gaussian centred at (1,0.5), minus a broader negative Gaussian centred at (-1.4,-0.8). These are synthetic amplitudes. |
| 4 grdfilter | -D0 | Treat x and y as Cartesian coordinates with the same units; filter distances use those coordinate units. |
| 4 grdfilter | -Fg1.2 | Apply a Gaussian filter with full width 1.2 coordinate units (six standard deviations); grid spacing remains 0.1. |
| 4 grdfilter | -Gsmooth.nc | Write the resulting NetCDF grid to smooth.nc. The original input is retained. |
| 5 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 5 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 5 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 5 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 5 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 6 grdimage | smooth.nc | Read the Gaussian-filtered version of field.nc on the same grid. |
| 6 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 6 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 6 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 6 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 6 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 6 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 6 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 6 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 7 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 7 colorbar | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 8 basemap | -B+tGMT-17-002 | Add MT-17-002 as the stable example title. |
| 9 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Subtract the smooth field to show a residual
:PROPERTIES:
:CUSTOM_ID: GMT-17-003
:FIGURE: figures/GMT-17-003.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-17-002
:END:

Subtract the filtered grid from the original at corresponding nodes. The narrower symmetric palette makes small local differences visible. Check the colour bar before comparing apparent contrast with the original field.

#+name: GMT-17-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-17-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt grdfilter field.nc -D0 -Fg1.2 -Gsmooth.nc
gmt grdmath field.nc smooth.nc SUB = residual.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-0.2/0.2/0.01 -Z -H > field.cpt
gmt grdimage residual.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa0.1+lResidual
gmt basemap -B+t"GMT-17-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-17-003 png,pdf | Start an independent modern session; the output stem figures/GMT-17-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 grdfilter | field.nc | Read the locally generated signed field: a positive Gaussian centred at (1,0.5), minus a broader negative Gaussian centred at (-1.4,-0.8). These are synthetic amplitudes. |
| 4 grdfilter | -D0 | Treat x and y as Cartesian coordinates with the same units; filter distances use those coordinate units. |
| 4 grdfilter | -Fg1.2 | Apply a Gaussian filter with full width 1.2 coordinate units (six standard deviations); grid spacing remains 0.1. |
| 4 grdfilter | -Gsmooth.nc | Write the resulting NetCDF grid to smooth.nc. The original input is retained. |
| 5 grdmath | field.nc smooth.nc SUB = residual.nc | Subtract each smooth.nc cell from the matching field.nc cell (SUB); = residual.nc writes the difference on the unchanged grid. |
| 6 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 6 makecpt | -T-0.2/0.2/0.01 | Palette limits and colour-slice increment are -0.2/0.2/0.01. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 6 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 6 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 6 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 7 grdimage | residual.nc | Read the original field minus its Gaussian-filtered version, cell by cell. |
| 7 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 7 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 7 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 7 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 7 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 7 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 7 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 8 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 8 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 8 colorbar | -Bxa0.1+lResidual | On the x axis, annotate every 0.1 data units; label it Residual. |
| 9 basemap | -B+tGMT-17-003 | Add MT-17-003 as the stable example title. |
| 10 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Differentiate in the x direction
:PROPERTIES:
:CUSTOM_ID: GMT-17-004
:FIGURE: figures/GMT-17-004.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-17-001
:END:

DDX estimates how amplitude changes along increasing x. It is a directional derivative, not the steepest-slope magnitude. Blue and orange distinguish falling and rising parts; units are amplitude per coordinate unit.

#+name: GMT-17-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-17-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt grdmath field.nc DDX = slope.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdimage slope.nc -R-4/4/-4/4 -JX11c -Cfield.cpt -E200 -nc -Bxa2+lx -Bya2+ly -BWSne
gmt colorbar -Cfield.cpt -DJBC+w8c/0.3c+h+o0/0.9c -Bxa1+lDerivative
gmt basemap -B+t"GMT-17-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-17-004 png,pdf | Start an independent modern session; the output stem figures/GMT-17-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 grdmath | field.nc DDX = slope.nc | DDX estimates the derivative along increasing x, not gradient magnitude or steepest slope. Positive values rise toward larger x; negative values fall. = slope.nc writes amplitude per coordinate unit. |
| 5 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 5 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 5 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 5 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 5 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 6 grdimage | slope.nc | Read the x derivative of the synthetic field; units are amplitude per Cartesian coordinate unit. |
| 6 grdimage | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 6 grdimage | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 6 grdimage | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 6 grdimage | -E200 | Resample the displayed image at 200 dpi; this changes the image sampling, not the input grid spacing or the support of the sample data. |
| 6 grdimage | -nc | Use bicubic interpolation when resampling the displayed grid image. This improves its visual sampling but adds no observations. |
| 6 grdimage | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 6 grdimage | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 6 grdimage | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 7 colorbar | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 7 colorbar | -DJBC+w8c/0.3c+h+o0/0.9c | Place a horizontal colour bar outside the bottom-centre of the frame (JBC); make it 8 cm long and 0.3 cm thick and offset it 0.9 cm down. |
| 7 colorbar | -Bxa1+lDerivative | On the x axis, annotate every 1 data units; label it Derivative. |
| 8 basemap | -B+tGMT-17-004 | Add MT-17-004 as the stable example title. |
| 9 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Extract a transect from the grid
:PROPERTIES:
:CUSTOM_ID: GMT-17-005
:FIGURE: figures/GMT-17-005.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-17-001
:END:

Generate a horizontal path at y=0.5, sample the field with grdtrack, then plot amplitude against x. project also writes along-track distance, but -i0,3 deliberately chooses x and the appended amplitude. All 161 positions are regenerated inside this script.

#+name: GMT-17-005
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-17-005 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt project -C-4/0.5 -E4/0.5 -G0.05 -N > track.txt
gmt grdtrack track.txt -Gfield.nc > sampled.txt
gmt plot sampled.txt -i0,3 -R-4/4/-2/2 -JX11c/6c '-W1.5p,#f6a800' -Bxa2+lx -Bya1+lAmplitude -BWSne
gmt basemap -B+t"GMT-17-005"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-17-005 png,pdf | Start an independent modern session; the output stem figures/GMT-17-005 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 project | -C-4/0.5 | Start the transect at Cartesian x=-4, y=0.5. |
| 4 project | -E4/0.5 | End the transect at x=4, y=0.5; together with -C this defines a horizontal line. |
| 4 project | -G0.05 | Generate positions every 0.05 coordinate units along the line; output columns are x, y and along-track distance p. |
| 4 project | -N | Use Cartesian geometry; the coordinates and spacing are not longitude/latitude or kilometres. |
| 4 project | > track.txt | Shell output redirection: save the generated table or palette in track.txt. |
| 5 grdtrack | track.txt | Read the generated transect table: x, y and distance from the start. |
| 5 grdtrack | -Gfield.nc | Sample the synthetic field grid at input x/y positions and append the interpolated value as column 3 (zero-based); the input distance column is retained. |
| 5 grdtrack | > sampled.txt | Shell output redirection: save the generated table or palette in sampled.txt. |
| 6 plot | sampled.txt | Read x, y, along-track distance and interpolated field value, in that order. |
| 6 plot | -i0,3 | Read zero-based columns 0 and 3 as x and sampled amplitude. Column 2 is distance from the start, and is deliberately not used on this x axis. |
| 6 plot | -R-4/4/-2/2 | Display Cartesian x from -4 to 4 and synthetic amplitude from -2 to 2; the horizontal coordinate is not along-track distance or longitude. |
| 6 plot | -JX11c/6c | Use linear Cartesian axes with a 11 cm width and 6 cm height. |
| 6 plot | '-W1.5p,#f6a800' | Draw a 1.5-point #f6a800 stroke. |
| 6 plot | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 6 plot | -Bya1+lAmplitude | On the y axis, annotate every 1 data units; label it Amplitude. |
| 6 plot | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 7 basemap | -B+tGMT-17-005 | Add MT-17-005 as the stable example title. |
| 8 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Perspective surfaces and vector fields
:PROPERTIES:
:CUSTOM_ID: GMT-18-000
:CHAPTER: 18
:OVERVIEW: Change representation with a surface, mesh and two-component arrows.
:END:

A perspective view adds a display dimension; it does not add measurements. The surface uses the same signed analytic field as chapter 17. The vector example separately defines u=-y and v=x and explains the arrow scale in component units per centimetre. See [[https://docs.generic-mapping-tools.org/6.7/grdview.html][grdview]] and [[https://docs.generic-mapping-tools.org/6.7/grdvector.html][grdvector]].

** View the signed field as a 3D surface
:PROPERTIES:
:CUSTOM_ID: GMT-18-001
:FIGURE: figures/GMT-18-001.png
:COORDINATES: cartesian
:END:

Render the chapter-17 field as a perspective surface. -JZ sets the displayed height independently of x/y, and -p sets the viewing direction. The shape is synthetic, and changing the viewing angle adds no data.

#+name: GMT-18-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-18-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdview field.nc -R-4/4/-4/4/-2/2 -JX10c -JZ4c -Cfield.cpt -Qs '-N-2+g#e8f1fa' -p145/30 -Bxa2+lx -Bya2+ly -Bza1+lAmplitude -BWSneZ+tGMT-18-001
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-18-001 png,pdf | Start an independent modern session; the output stem figures/GMT-18-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdview | field.nc | Read the locally generated signed field: a positive Gaussian centred at (1,0.5), minus a broader negative Gaussian centred at (-1.4,-0.8). These are synthetic amplitudes. |
| 5 grdview | -R-4/4/-4/4/-2/2 | Cartesian plot bounds xmin/xmax/ymin/ymax/zmin/zmax = -4/4/-4/4/-2/2. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdview | -JX10c | Use linear Cartesian axes with a 10 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdview | -JZ4c | Make the displayed z range 4 cm high, independently of x/y width. This is vertical exaggeration for display, not a change in the grid values. |
| 5 grdview | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdview | -Qs | Draw a coloured surface using the palette; the grid is synthetic amplitude, not terrain elevation. |
| 5 grdview | '-N-2+g#e8f1fa' | Extend a light-blue facade to z=-2, the bottom of the displayed z range. |
| 5 grdview | -p145/30 | View the 3D scene from azimuth 145 degrees and elevation 30 degrees above the horizontal; this changes viewpoint only. |
| 5 grdview | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdview | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdview | -Bza1+lAmplitude | On the z axis, annotate every 1 data units; label it Amplitude. |
| 5 grdview | -BWSneZ+tGMT-18-001 | Annotate west, south and the z axis; draw the north/east frame without annotations. +t adds GMT-18-001 as the stable example title in this same frame option. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Reveal the grid with a perspective mesh
:PROPERTIES:
:CUSTOM_ID: GMT-18-002
:FIGURE: figures/GMT-18-002.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-18-001
:END:

Replace the coloured surface with a wire mesh using the same field, region, vertical scale and viewpoint. The mesh exposes the 0.1-unit node spacing; its perspective changes only the display.

#+name: GMT-18-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-18-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.1 X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc
gmt makecpt '-C#00549f,white,#f6a800' -T-2/2/0.1 -Z -H > field.cpt
gmt grdview field.nc -R-4/4/-4/4/-2/2 -JX10c -JZ4c -Cfield.cpt -Qm '-Wm0.25p,#00549f' '-N-2+g#e8f1fa' -p145/30 -Bxa2+lx -Bya2+ly -Bza1+lAmplitude -BWSneZ+tGMT-18-002
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-18-002 png,pdf | Start an independent modern session; the output stem figures/GMT-18-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.1 | Set grid-node spacing to 0.1 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | X 1 SUB SQR Y 0.5 SUB SQR ADD NEG EXP 2 MUL X 1.4 ADD SQR Y 0.8 ADD SQR ADD -0.7 MUL EXP 1.5 MUL SUB = field.nc | Evaluate f(x,y)=2 exp(-((x-1)^2+(y-0.5)^2))-1.5 exp(-0.7((x+1.4)^2+(y+0.8)^2)). X/Y are node coordinates; SUB subtracts, ADD adds, SQR squares, NEG negates, MUL multiplies and EXP exponentiates. The final SUB subtracts the negative anomaly; = field.nc saves the grid. |
| 4 makecpt | '-C#00549f,white,#f6a800' | Interpolate through RWTH blue, white and orange; with the symmetric limits white represents zero. |
| 4 makecpt | -T-2/2/0.1 | Palette limits and colour-slice increment are -2/2/0.1. These are synthetic amplitude units, or amplitude per coordinate unit for the derivative. |
| 4 makecpt | -Z | Interpolate colours continuously between the colour nodes. |
| 4 makecpt | -H | Write the palette to standard output in modern mode so the shell can save an explicit, reusable CPT file. |
| 4 makecpt | > field.cpt | Shell output redirection: save the generated table or palette in field.cpt. |
| 5 grdview | field.nc | Read the locally generated signed field: a positive Gaussian centred at (1,0.5), minus a broader negative Gaussian centred at (-1.4,-0.8). These are synthetic amplitudes. |
| 5 grdview | -R-4/4/-4/4/-2/2 | Cartesian plot bounds xmin/xmax/ymin/ymax/zmin/zmax = -4/4/-4/4/-2/2. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdview | -JX10c | Use linear Cartesian axes with a 10 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdview | -JZ4c | Make the displayed z range 4 cm high, independently of x/y width. This is vertical exaggeration for display, not a change in the grid values. |
| 5 grdview | -Cfield.cpt | Read field.cpt as the explicit colour palette; fixed symmetric limits let the compared images use the same numeric colours. |
| 5 grdview | -Qm | Draw the grid as a perspective mesh; this changes the representation without altering its node values. |
| 5 grdview | '-Wm0.25p,#00549f' | Draw a 0.25-point #00549f stroke. |
| 5 grdview | '-N-2+g#e8f1fa' | Extend a light-blue facade to z=-2, the bottom of the displayed z range. |
| 5 grdview | -p145/30 | View the 3D scene from azimuth 145 degrees and elevation 30 degrees above the horizontal; this changes viewpoint only. |
| 5 grdview | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 5 grdview | -Bya2+ly | On the y axis, annotate every 2 data units; label it y. |
| 5 grdview | -Bza1+lAmplitude | On the z axis, annotate every 1 data units; label it Amplitude. |
| 5 grdview | -BWSneZ+tGMT-18-002 | Annotate west, south and the z axis; draw the north/east frame without annotations. +t adds GMT-18-002 as the stable example title in this same frame option. |
| 6 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Draw a vector field from two grids
:PROPERTIES:
:CUSTOM_ID: GMT-18-003
:FIGURE: figures/GMT-18-003.png
:COORDINATES: cartesian
:END:

Create u=-y and v=x on a half-unit grid. The resulting arrows rotate counter-clockwise and length grows with distance from the origin. Plot every second node so arrowheads remain legible; a magnitude of 4 is drawn 1 cm long. x/y and components use synthetic units.

#+name: GMT-18-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-18-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
gmt grdmath -R-4/4/-4/4 -I0.5 Y NEG = u.nc
gmt grdmath -R-4/4/-4/4 -I0.5 X = v.nc
gmt grdvector u.nc v.nc -R-4/4/-4/4 -JX11c -Ix2 -S4c -Q0.18c+e+n0.4c '-W0.6p,#00549f' '-G#00549f' -Bxa2g2+lx -Bya2g2+ly -BWSne
gmt basemap -B+t"GMT-18-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-18-003 png,pdf | Start an independent modern session; the output stem figures/GMT-18-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 grdmath | -I0.5 | Set grid-node spacing to 0.5 in the same Cartesian units as x and y, in both directions. |
| 3 grdmath | Y NEG = u.nc | Use the negative y coordinate as the x component u=-y (NEG negates); save it to u.nc. |
| 4 grdmath | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 4 grdmath | -I0.5 | Set grid-node spacing to 0.5 in the same Cartesian units as x and y, in both directions. |
| 4 grdmath | X = v.nc | Use the x coordinate as the y component v=x; save it to v.nc. Combined with u=-y this is a counter-clockwise rotational field. |
| 5 grdvector | u.nc | Read the synthetic x-component grid u=-y. |
| 5 grdvector | v.nc | Read the synthetic y-component grid v=x; together with u=-y these arrows rotate counter-clockwise. |
| 5 grdvector | -R-4/4/-4/4 | Cartesian plot bounds xmin/xmax/ymin/ymax = -4/4/-4/4. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 5 grdvector | -JX11c | Use linear Cartesian axes with a 11 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 5 grdvector | -Ix2 | Draw every second row and column of the component grids; this reduces arrow density without changing the underlying grid values. |
| 5 grdvector | -S4c | Use four component-value units per centimetre of arrow length; a vector with magnitude 4 is 1 cm long. This is the direct scale, not its reciprocal. |
| 5 grdvector | -Q0.18c+e+n0.4c | Use 0.18 cm arrowheads at the end (+e); shrink head and pen attributes for vectors shorter than 0.4 cm (+n). Zero vectors have no direction or visible length. |
| 5 grdvector | '-W0.6p,#00549f' | Draw a 0.6-point #00549f stroke. |
| 5 grdvector | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 5 grdvector | -Bxa2g2+lx | On the x axis, annotate every 2 data units and draw grid lines every 2 data units; label it x. |
| 5 grdvector | -Bya2g2+ly | On the y axis, annotate every 2 data units and draw grid lines every 2 data units; label it y. |
| 5 grdvector | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 6 basemap | -B+tGMT-18-003 | Add MT-18-003 as the stable example title. |
| 7 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Directions and scalar distributions
:PROPERTIES:
:CUSTOM_ID: GMT-19-000
:CHAPTER: 19
:OVERVIEW: Compare angular bin width, counts and frequency percent.
:END:

A rose diagram bins directions; a histogram bins scalar values. Bin width and normalization affect what is visible, so comparisons retain their complete synthetic input. Rose radii normalized to a maximum of one are not probabilities; histogram frequency percent is not density. See [[https://docs.generic-mapping-tools.org/6.7/rose.html][rose]] and [[https://docs.generic-mapping-tools.org/6.7/histogram.html][histogram]].

** Summarize directions in a rose diagram
:PROPERTIES:
:CUSTOM_ID: GMT-19-001
:FIGURE: figures/GMT-19-001.png
:COORDINATES: polar
:END:

Bin 36 invented directions into 15-degree sectors. Angles are clockwise from north, and each observation has unit weight. -S scales the largest sector to radius 1; these relative sector radii are not percentages.

#+name: GMT-19-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-19-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '1 12\n1 18\n1 22\n1 26\n1 29\n1 31\n1 33\n1 36\n1 39\n1 41\n1 44\n1 46\n1 49\n1 52\n1 55\n1 58\n1 192\n1 198\n1 202\n1 206\n1 209\n1 211\n1 213\n1 216\n1 219\n1 221\n1 224\n1 226\n1 229\n1 232\n1 235\n1 238\n1 110\n1 125\n1 290\n1 305\n' > directions.txt
gmt rose directions.txt -R0/1/0/360 -JX10c -A15 -S '-G#00549f' -W0.5p,white -Bxg0.25 -Byg45 -B+tGMT-19-001
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-19-001 png,pdf | Start an independent modern session; the output stem figures/GMT-19-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 rose | directions.txt | Read unit weight followed by clockwise azimuth in degrees from north; all 36 directions have equal weight. |
| 3 rose | -R0/1/0/360 | Use normalized radial bounds 0 to 1 and azimuth bounds 0 to 360 degrees; these are polar bounds, not a longitude/latitude rectangle. |
| 3 rose | -JX10c | Use linear Cartesian axes with a 10 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 3 rose | -A15 | Accumulate unit-weight directions in 15-degree sectors; angles increase clockwise from north by default. |
| 3 rose | -S | Normalize sector lengths so that the largest bin has radius 1; radii are relative bin totals, not probabilities summing to 1. |
| 3 rose | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 rose | -W0.5p,white | Draw a 0.5-point white stroke. |
| 3 rose | -Bxg0.25 | On the x axis, draw grid lines every 0.25 data units. In rose, x is radius and y is azimuth in degrees. |
| 3 rose | -Byg45 | On the y axis, draw grid lines every 45 data units. In rose, x is radius and y is azimuth in degrees. |
| 3 rose | -B+tGMT-19-001 | Add MT-19-001 as the stable example title. |
| 4 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Change only the angular bin width
:PROPERTIES:
:CUSTOM_ID: GMT-19-002
:FIGURE: figures/GMT-19-002.png
:COORDINATES: polar
:COMPARE_TO: GMT-19-001
:END:

Keep every input direction and the same normalization, but use 30-degree sectors. Broader sectors combine nearby orientations. Compare the placement and width of the two preferred directions.

#+name: GMT-19-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-19-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '1 12\n1 18\n1 22\n1 26\n1 29\n1 31\n1 33\n1 36\n1 39\n1 41\n1 44\n1 46\n1 49\n1 52\n1 55\n1 58\n1 192\n1 198\n1 202\n1 206\n1 209\n1 211\n1 213\n1 216\n1 219\n1 221\n1 224\n1 226\n1 229\n1 232\n1 235\n1 238\n1 110\n1 125\n1 290\n1 305\n' > directions.txt
gmt rose directions.txt -R0/1/0/360 -JX10c -A30 -S '-G#00549f' -W0.5p,white -Bxg0.25 -Byg45 -B+tGMT-19-002
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-19-002 png,pdf | Start an independent modern session; the output stem figures/GMT-19-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 rose | directions.txt | Read unit weight followed by clockwise azimuth in degrees from north; all 36 directions have equal weight. |
| 3 rose | -R0/1/0/360 | Use normalized radial bounds 0 to 1 and azimuth bounds 0 to 360 degrees; these are polar bounds, not a longitude/latitude rectangle. |
| 3 rose | -JX10c | Use linear Cartesian axes with a 10 cm width; an omitted height retains equal x/y scales. For rose this width sets the polar diagram diameter. |
| 3 rose | -A30 | Accumulate the same unit-weight directions in 30-degree sectors; the wider bins merge nearby orientations. |
| 3 rose | -S | Normalize sector lengths so that the largest bin has radius 1; radii are relative bin totals, not probabilities summing to 1. |
| 3 rose | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 rose | -W0.5p,white | Draw a 0.5-point white stroke. |
| 3 rose | -Bxg0.25 | On the x axis, draw grid lines every 0.25 data units. In rose, x is radius and y is azimuth in degrees. |
| 3 rose | -Byg45 | On the y axis, draw grid lines every 45 data units. In rose, x is radius and y is azimuth in degrees. |
| 3 rose | -B+tGMT-19-002 | Add MT-19-002 as the stable example title. |
| 4 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Count scalar values in fixed bins
:PROPERTIES:
:CUSTOM_ID: GMT-19-003
:FIGURE: figures/GMT-19-003.png
:COORDINATES: cartesian
:END:

Plot the 48 synthetic amplitudes with 0.5-unit bins. The horizontal axis keeps amplitude units, while the vertical axis counts records. The two groups are invented teaching data rather than measurements.

#+name: GMT-19-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-19-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '-2.4\n-2.1\n-2\n-1.9\n-1.8\n-1.8\n-1.7\n-1.6\n-1.6\n-1.5\n-1.5\n-1.4\n-1.4\n-1.3\n-1.3\n-1.2\n-1.2\n-1.1\n-1\n-0.9\n-0.8\n-0.7\n-0.5\n-0.3\n0.1\n0.3\n0.5\n0.6\n0.7\n0.8\n0.8\n0.9\n0.9\n1\n1\n1.1\n1.1\n1.2\n1.2\n1.3\n1.4\n1.5\n1.6\n1.7\n1.8\n1.9\n2.1\n2.3\n' > values.txt
gmt histogram values.txt -R-3/3/0/12 -JX11c/6c -T-3/3/0.5 -Z0 '-G#00549f' -W0.5p,white -Bxa1+lAmplitude -Bya2+lCount -BWSne
gmt basemap -B+t"GMT-19-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-19-003 png,pdf | Start an independent modern session; the output stem figures/GMT-19-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 histogram | values.txt | Read 48 locally specified synthetic scalar values from two overlapping groups; there is one value per record. |
| 3 histogram | -R-3/3/0/12 | Display amplitudes from -3 to 3 on x, and counts from 0 to 12 on y. These bounds control the axes; -T fixes bin edges. |
| 3 histogram | -JX11c/6c | Use linear Cartesian axes with a 11 cm width and 6 cm height. |
| 3 histogram | -T-3/3/0.5 | Use fixed bin edges from -3 to 3 at intervals of 0.5 amplitude units. Both histogram examples keep these exact bins. |
| 3 histogram | -Z0 | Plot raw counts in each bin; bar heights sum to the 48 input values. |
| 3 histogram | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 histogram | -W0.5p,white | Draw a 0.5-point white stroke. |
| 3 histogram | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 3 histogram | -Bya2+lCount | On the y axis, annotate every 2 data units; label it Count. |
| 3 histogram | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 4 basemap | -B+tGMT-19-003 | Add MT-19-003 as the stable example title. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Express the same bins as frequency percent
:PROPERTIES:
:CUSTOM_ID: GMT-19-004
:FIGURE: figures/GMT-19-004.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-19-003
:END:

Keep the data and bin edges but request percent with -Z1. A count of 12 out of 48 becomes 25 percent; bar heights sum to 100. Percent per bin is different from probability density, which also accounts for bin width.

#+name: GMT-19-004
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-19-004 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '-2.4\n-2.1\n-2\n-1.9\n-1.8\n-1.8\n-1.7\n-1.6\n-1.6\n-1.5\n-1.5\n-1.4\n-1.4\n-1.3\n-1.3\n-1.2\n-1.2\n-1.1\n-1\n-0.9\n-0.8\n-0.7\n-0.5\n-0.3\n0.1\n0.3\n0.5\n0.6\n0.7\n0.8\n0.8\n0.9\n0.9\n1\n1\n1.1\n1.1\n1.2\n1.2\n1.3\n1.4\n1.5\n1.6\n1.7\n1.8\n1.9\n2.1\n2.3\n' > values.txt
gmt histogram values.txt -R-3/3/0/30 -JX11c/6c -T-3/3/0.5 -Z1 '-G#00549f' -W0.5p,white -Bxa1+lAmplitude -Bya5+lPercent -BWSne
gmt basemap -B+t"GMT-19-004"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-19-004 png,pdf | Start an independent modern session; the output stem figures/GMT-19-004 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 histogram | values.txt | Read 48 locally specified synthetic scalar values from two overlapping groups; there is one value per record. |
| 3 histogram | -R-3/3/0/30 | Display amplitudes from -3 to 3 on x, and frequency percent from 0 to 30 on y. These bounds control the axes; -T fixes bin edges. |
| 3 histogram | -JX11c/6c | Use linear Cartesian axes with a 11 cm width and 6 cm height. |
| 3 histogram | -T-3/3/0.5 | Use fixed bin edges from -3 to 3 at intervals of 0.5 amplitude units. Both histogram examples keep these exact bins. |
| 3 histogram | -Z1 | Plot frequency percent: 100 times each bin count divided by 48. Bar heights sum to 100; this is not probability density. |
| 3 histogram | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 histogram | -W0.5p,white | Draw a 0.5-point white stroke. |
| 3 histogram | -Bxa1+lAmplitude | On the x axis, annotate every 1 data units; label it Amplitude. |
| 3 histogram | -Bya5+lPercent | On the y axis, annotate every 5 data units; label it Percent. |
| 3 histogram | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 4 basemap | -B+tGMT-19-004 | Add MT-19-004 as the stable example title. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

* Geophysical symbols and uncertainty
:PROPERTIES:
:CUSTOM_ID: GMT-20-000
:CHAPTER: 20
:OVERVIEW: Read invented focal mechanisms and compare two joint confidence levels.
:END:

Focal mechanisms and velocities use different column formats and symbol meanings. Every record here is invented, including the positions, mechanisms, motion and uncertainties. Coordinates use Cartesian teaching units. Velocity components and their one-sigma uncertainties share mm/year units; correlation describes their dependence. See [[https://docs.generic-mapping-tools.org/6.7/supplements/seis/meca.html][meca]] and [[https://docs.generic-mapping-tools.org/6.7/supplements/geodesy/velo.html][velo]].

** Read strike, dip and rake as focal mechanisms
:PROPERTIES:
:CUSTOM_ID: GMT-20-001
:FIGURE: figures/GMT-20-001.png
:COORDINATES: cartesian
:END:

Three invented magnitude-5 events illustrate normal, reverse and strike-slip mechanisms. The beachballs encode orientation and slip: strike is clockwise from north, dip is the plane inclination, and rake describes slip within that plane. Blue marks compression, white extension. These symbols are conceptual examples, not an earthquake catalogue.

#+name: GMT-20-001
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-20-001 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '2 4 8 0 45 -90 5 0 0 Normal\n5 4 8 0 45 90 5 0 0 Reverse\n8 4 8 0 90 0 5 0 0 Strike-slip\n' > mechanisms.txt
gmt meca mechanisms.txt -R0/10/0/7 -JX11c/7c -Sa1.5c+f9p '-G#00549f' -Ewhite '-W0.6p,#00549f' -Bxa2+lx -Bya1+ly -BWSne
gmt basemap -B+t"GMT-20-001"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-20-001 png,pdf | Start an independent modern session; the output stem figures/GMT-20-001 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 meca | mechanisms.txt | Read invented x/y, depth, strike, dip, rake, magnitude, two unused relocation coordinates (0,0), and name. Strike is clockwise from north, dip is 0-90 degrees, and rake sets slip direction. These are not real earthquakes. |
| 3 meca | -R0/10/0/7 | Cartesian plot bounds xmin/xmax/ymin/ymax = 0/10/0/7. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 meca | -JX11c/7c | Use linear Cartesian axes with a 11 cm width and 7 cm height. |
| 3 meca | -Sa1.5c+f9p | Read Aki-Richards strike/dip/rake records. A magnitude-5 mechanism has a 1.5 cm diameter; all three invented events have magnitude 5. Use 9-point labels. |
| 3 meca | '-G#00549f' | Fill compression quadrants with #00549f. |
| 3 meca | -Ewhite | Fill the extensive quadrants white; the compression quadrants use the colour supplied with -G. |
| 3 meca | '-W0.6p,#00549f' | Draw a 0.6-point #00549f stroke. |
| 3 meca | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 3 meca | -Bya1+ly | On the y axis, annotate every 1 data units; label it y. |
| 3 meca | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 4 basemap | -B+tGMT-20-001 | Add MT-20-001 as the stable example title. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Plot horizontal motion with 68 percent ellipses
:PROPERTIES:
:CUSTOM_ID: GMT-20-002
:FIGURE: figures/GMT-20-002.png
:COORDINATES: cartesian
:END:

At six synthetic positions, east/north motion is measured in invented mm/year. One-sigma uncertainties and correlations define the covariance. velo draws a joint 68% confidence ellipse at each vector tip under a bivariate normal model; the input sigmas are not themselves the ellipse semiaxes.

#+name: GMT-20-002
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-20-002 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '2 2 2.4 1.1 0.35 0.5 0.25 A\n5 2 1.2 2.1 0.5 0.3 -0.2 B\n8 2 -2 1.5 0.4 0.6 0.4 C\n2 5 1.8 -1.1 0.3 0.45 -0.25 D\n5 5 0.8 -1.8 0.5 0.35 0.1 E\n8 5 -1.8 -1.2 0.45 0.5 -0.3 F\n' > velocities.txt
gmt velo velocities.txt -R0/10/0/7 -JX11c/7c -Se0.45c/0.68+f9p '-A0.22c+e+p0.6p,#00549f' '-G#00549f' '-E#8ebae5' '-W0.6p,#00549f' -Bxa2+lx -Bya1+ly -BWSne
gmt basemap -B+t"GMT-20-002"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-20-002 png,pdf | Start an independent modern session; the output stem figures/GMT-20-002 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 velo | velocities.txt | Read invented x/y, east/north velocity, east/north one-sigma uncertainty, correlation (-1 to 1), and name. Velocities and uncertainties use mm/year; positions use Cartesian teaching units. Ellipses assume a bivariate normal error model. |
| 3 velo | -R0/10/0/7 | Cartesian plot bounds xmin/xmax/ymin/ymax = 0/10/0/7. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 velo | -JX11c/7c | Use linear Cartesian axes with a 11 cm width and 7 cm height. |
| 3 velo | -Se0.45c/0.68+f9p | Read east/north components, their one-sigma uncertainties and correlation. Scale motion to 0.45 cm per velocity unit; draw a joint 68% confidence ellipse and 9-point station labels. |
| 3 velo | '-A0.22c+e+p0.6p,#00549f' | Draw a 0.22 cm arrowhead at each velocity tip (+e), with a 0.6-point RWTH-blue head outline (+p). |
| 3 velo | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 velo | '-E#8ebae5' | Fill the uncertainty ellipses with RWTH light blue; -G supplies the arrowhead fill. |
| 3 velo | '-W0.6p,#00549f' | Draw a 0.6-point #00549f stroke. |
| 3 velo | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 3 velo | -Bya1+ly | On the y axis, annotate every 1 data units; label it y. |
| 3 velo | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 4 basemap | -B+tGMT-20-002 | Add MT-20-002 as the stable example title. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters

** Increase confidence without changing motion
:PROPERTIES:
:CUSTOM_ID: GMT-20-003
:FIGURE: figures/GMT-20-003.png
:COORDINATES: cartesian
:COMPARE_TO: GMT-20-002
:END:

Change only the confidence level from 0.68 to 0.95. The arrows retain their direction and length; ellipses expand to enclose more probability under the same covariance model. A joint 95% ellipse is not obtained by simply doubling each input sigma.

#+name: GMT-20-003
#+begin_src bash :tangle no
export GMT_SESSION_NAME=$$
mkdir -p figures
gmt begin figures/GMT-20-003 png,pdf E200,H2,Qg4,Qt4 -C
gmt set GMT_AUTO_DOWNLOAD off MAP_FRAME_TYPE plain PROJ_LENGTH_UNIT cm FONT_ANNOT_PRIMARY 9p FONT_LABEL 10p FONT_TITLE 11p PS_LINE_CAP round PS_LINE_JOIN round COLOR_NAN gray85
printf -- '2 2 2.4 1.1 0.35 0.5 0.25 A\n5 2 1.2 2.1 0.5 0.3 -0.2 B\n8 2 -2 1.5 0.4 0.6 0.4 C\n2 5 1.8 -1.1 0.3 0.45 -0.25 D\n5 5 0.8 -1.8 0.5 0.35 0.1 E\n8 5 -1.8 -1.2 0.45 0.5 -0.3 F\n' > velocities.txt
gmt velo velocities.txt -R0/10/0/7 -JX11c/7c -Se0.45c/0.95+f9p '-A0.22c+e+p0.6p,#00549f' '-G#00549f' '-E#8ebae5' '-W0.6p,#00549f' -Bxa2+lx -Bya1+ly -BWSne
gmt basemap -B+t"GMT-20-003"
gmt end
#+end_src

#+begin_gmt_parameters
| Command | Argument(s) | Explanation |
|---------+-------------+-------------|
| 1 begin | figures/GMT-20-003 png,pdf | Start an independent modern session; the output stem figures/GMT-20-003 becomes an opaque PNG and a PDF (vector linework, embedded rasters where used). |
| 1 begin | E200,H2,Qg4,Qt4 | E200 sets final raster resolution to 200 dpi. H2 rasterizes at 2 times that resolution, then reduces to the requested DPI. Qg4 and Qt4 set graphics and text anti-aliasing subsampling to 4. |
| 1 begin | -C | Ignore user gmt.conf files and start from clean GMT defaults. |
| 2 set | GMT_AUTO_DOWNLOAD off | Disable automatic data downloads; geographic layers use locally installed GSHHG files. |
| 2 set | MAP_FRAME_TYPE plain | Use a plain map frame rather than the default fancy alternating border. |
| 2 set | PROJ_LENGTH_UNIT cm | Use centimetres for plot lengths that omit a unit, including variable symbol diameters. |
| 2 set | FONT_ANNOT_PRIMARY 9p | Primary axis annotations use 9-point type. |
| 2 set | FONT_LABEL 10p | Axis and decoration labels use 10-point type. |
| 2 set | FONT_TITLE 11p | The map title uses 11-point type. |
| 2 set | PS_LINE_CAP round | Use semicircular line ends. |
| 2 set | PS_LINE_JOIN round | Round the joins between stroke segments. |
| 2 set | COLOR_NAN gray85 | Display undefined grid values (NaN) in light gray (gray85), separately from the palette colour for a defined value of zero. |
| 3 velo | velocities.txt | Read invented x/y, east/north velocity, east/north one-sigma uncertainty, correlation (-1 to 1), and name. Velocities and uncertainties use mm/year; positions use Cartesian teaching units. Ellipses assume a bivariate normal error model. |
| 3 velo | -R0/10/0/7 | Cartesian plot bounds xmin/xmax/ymin/ymax = 0/10/0/7. x/y are local coordinate units, not degrees; a displayed z range is synthetic amplitude. |
| 3 velo | -JX11c/7c | Use linear Cartesian axes with a 11 cm width and 7 cm height. |
| 3 velo | -Se0.45c/0.95+f9p | Use the same 0.45 cm per velocity unit and input covariance, but draw joint 95% confidence ellipses. This increases ellipse size, not arrow length. Labels use 9-point type. |
| 3 velo | '-A0.22c+e+p0.6p,#00549f' | Draw a 0.22 cm arrowhead at each velocity tip (+e), with a 0.6-point RWTH-blue head outline (+p). |
| 3 velo | '-G#00549f' | Fill symbols, arrowheads or bins with #00549f. |
| 3 velo | '-E#8ebae5' | Fill the uncertainty ellipses with RWTH light blue; -G supplies the arrowhead fill. |
| 3 velo | '-W0.6p,#00549f' | Draw a 0.6-point #00549f stroke. |
| 3 velo | -Bxa2+lx | On the x axis, annotate every 2 data units; label it x. |
| 3 velo | -Bya1+ly | On the y axis, annotate every 1 data units; label it y. |
| 3 velo | -BWSne | Annotate the west and south axes (uppercase W/S); retain only the frame on the north and east sides (lowercase n/e). |
| 4 basemap | -B+tGMT-20-003 | Add MT-20-003 as the stable example title. |
| 5 end | (no arguments) | End the modern session and write both requested figure formats; omitting show avoids launching a viewer. |
#+end_gmt_parameters



[
  {
    "id": "GMT-01-001",
    "title": "Draw a geographic frame"
  },
  {
    "id": "GMT-01-002",
    "title": "Add a coastline"
  },
  {
    "id": "GMT-01-003",
    "title": "Distinguish land and water"
  },
  {
    "id": "GMT-01-004",
    "title": "Choose annotation and tick intervals"
  },
  {
    "id": "GMT-01-005",
    "title": "Add a regular geographic grid"
  },
  {
    "id": "GMT-01-006",
    "title": "Annotate only two sides"
  },
  {
    "id": "GMT-01-007",
    "title": "Use a fancy map border"
  },
  {
    "id": "GMT-01-008",
    "title": "Style the graticule independently"
  },
  {
    "id": "GMT-01-009",
    "title": "Choose a smaller geographic extent"
  },
  {
    "id": "GMT-02-001",
    "title": "A rectangular world map"
  },
  {
    "id": "GMT-02-002",
    "title": "Preserve area with Mollweide"
  },
  {
    "id": "GMT-02-003",
    "title": "Look at a hemisphere"
  },
  {
    "id": "GMT-02-004",
    "title": "Compare the Robinson world projection"
  },
  {
    "id": "GMT-02-005",
    "title": "Compare the Hammer equal-area world"
  },
  {
    "id": "GMT-02-006",
    "title": "Limit a Mercator world map before the poles"
  },
  {
    "id": "GMT-02-007",
    "title": "Re-centre the rectangular world on the Pacific"
  },
  {
    "id": "GMT-02-008",
    "title": "Choose another visible hemisphere"
  },
  {
    "id": "GMT-02-009",
    "title": "Set a cylindrical standard parallel"
  },
  {
    "id": "GMT-03-001",
    "title": "Increase coastline detail"
  },
  {
    "id": "GMT-03-002",
    "title": "Add geographic boundaries"
  },
  {
    "id": "GMT-03-003",
    "title": "Add major rivers and lakes"
  },
  {
    "id": "GMT-03-004",
    "title": "Filter out small islands and lakes"
  },
  {
    "id": "GMT-03-005",
    "title": "Show US state boundaries"
  },
  {
    "id": "GMT-03-006",
    "title": "Include all permanent river classes"
  },
  {
    "id": "GMT-03-007",
    "title": "Draw European country borders in high detail"
  },
  {
    "id": "GMT-03-008",
    "title": "Use full-resolution European boundaries"
  },
  {
    "id": "GMT-03-009",
    "title": "Give major and minor rivers separate pens"
  },
  {
    "id": "GMT-03-010",
    "title": "Add canals without thickening the river network"
  },
  {
    "id": "GMT-03-011",
    "title": "Select European countries by their codes"
  },
  {
    "id": "GMT-03-012",
    "title": "Draw Germany and its sixteen federal states"
  },
  {
    "id": "GMT-03-013",
    "title": "Label the German Länder with their state codes"
  },
  {
    "id": "GMT-03-014",
    "title": "Inspect North Rhine-Westphalia beside its rivers"
  },
  {
    "id": "GMT-04-001",
    "title": "Plot longitude and latitude"
  },
  {
    "id": "GMT-04-002",
    "title": "Change the point symbol"
  },
  {
    "id": "GMT-04-003",
    "title": "Read symbol sizes from a column"
  },
  {
    "id": "GMT-04-004",
    "title": "Use square point symbols"
  },
  {
    "id": "GMT-04-005",
    "title": "Use diamond point symbols"
  },
  {
    "id": "GMT-04-006",
    "title": "Draw hollow station symbols"
  },
  {
    "id": "GMT-04-007",
    "title": "Increase a fixed circle diameter"
  },
  {
    "id": "GMT-04-008",
    "title": "Make a symbol fill translucent"
  },
  {
    "id": "GMT-04-009",
    "title": "Distinguish two groups and explain them"
  },
  {
    "id": "GMT-05-001",
    "title": "Label the stations"
  },
  {
    "id": "GMT-05-002",
    "title": "Connect a route"
  },
  {
    "id": "GMT-05-003",
    "title": "Fill an illustrative area"
  },
  {
    "id": "GMT-05-004",
    "title": "Anchor labels above and left of their points"
  },
  {
    "id": "GMT-05-005",
    "title": "Give labels a readable background"
  },
  {
    "id": "GMT-05-006",
    "title": "Draw an unfilled study-area outline"
  },
  {
    "id": "GMT-06-001",
    "title": "Colour points by value"
  },
  {
    "id": "GMT-06-002",
    "title": "Explain the colour scale"
  },
  {
    "id": "GMT-06-003",
    "title": "Explain categories with a legend"
  },
  {
    "id": "GMT-07-001",
    "title": "Create and colour a synthetic grid"
  },
  {
    "id": "GMT-07-002",
    "title": "Illuminate the synthetic surface"
  },
  {
    "id": "GMT-07-003",
    "title": "Overlay labelled contours"
  },
  {
    "id": "GMT-08-001",
    "title": "Add a geographic scale bar"
  },
  {
    "id": "GMT-08-002",
    "title": "Add a locator inset"
  },
  {
    "id": "GMT-08-003",
    "title": "Assemble a finished map"
  },
  {
    "id": "GMT-09-001",
    "title": "Crete with crude shoreline detail"
  },
  {
    "id": "GMT-09-002",
    "title": "Crete with low shoreline detail"
  },
  {
    "id": "GMT-09-003",
    "title": "Crete with intermediate shoreline detail"
  },
  {
    "id": "GMT-09-004",
    "title": "Crete with high shoreline detail"
  },
  {
    "id": "GMT-09-005",
    "title": "Crete with full shoreline detail"
  },
  {
    "id": "GMT-09-006",
    "title": "Refine the full-resolution shoreline pen"
  },
  {
    "id": "GMT-10-001",
    "title": "Flat ends and miter joins"
  },
  {
    "id": "GMT-10-002",
    "title": "Round the line ends"
  },
  {
    "id": "GMT-10-003",
    "title": "Round the corners of the stroke"
  },
  {
    "id": "GMT-10-004",
    "title": "Bevel a sharp corner"
  },
  {
    "id": "GMT-10-005",
    "title": "Use a lighter dashed boundary"
  },
  {
    "id": "GMT-10-006",
    "title": "Separate a route from its background"
  },
  {
    "id": "GMT-11-001",
    "title": "Connect a sparse illustrative route"
  },
  {
    "id": "GMT-11-002",
    "title": "Draw a Bezier curve through the route"
  },
  {
    "id": "GMT-11-003",
    "title": "Add linearly interpolated positions"
  },
  {
    "id": "GMT-11-004",
    "title": "Interpolate with an Akima spline"
  },
  {
    "id": "GMT-11-005",
    "title": "Compare a natural cubic spline"
  },
  {
    "id": "GMT-11-006",
    "title": "Fit a smoothing spline"
  },
  {
    "id": "GMT-12-001",
    "title": "Use Lambert conformal conic for a region"
  },
  {
    "id": "GMT-12-002",
    "title": "Compare Albers equal-area conic"
  },
  {
    "id": "GMT-12-003",
    "title": "Centre a Lambert azimuthal equal-area map"
  },
  {
    "id": "GMT-12-004",
    "title": "Use a local UTM zone"
  },
  {
    "id": "GMT-12-005",
    "title": "Map the Arctic with stereographic projection"
  },
  {
    "id": "GMT-12-006",
    "title": "Cross the international date line"
  },
  {
    "id": "GMT-13-001",
    "title": "Expose a coarse grid with nearest-neighbour display"
  },
  {
    "id": "GMT-13-002",
    "title": "Change the image interpolation"
  },
  {
    "id": "GMT-13-003",
    "title": "Evaluate the model on a finer grid"
  },
  {
    "id": "GMT-13-004",
    "title": "Resample the coarse grid explicitly"
  },
  {
    "id": "GMT-13-005",
    "title": "Inspect unsmoothed contour segments"
  },
  {
    "id": "GMT-13-006",
    "title": "Smooth the drawn contour path"
  },
  {
    "id": "GMT-14-001",
    "title": "A deliberately rough raster export"
  },
  {
    "id": "GMT-14-002",
    "title": "Anti-alias graphics and text"
  },
  {
    "id": "GMT-14-003",
    "title": "Supersample before reducing the PNG"
  },
  {
    "id": "GMT-14-004",
    "title": "Export more pixels for a larger image"
  },
  {
    "id": "GMT-14-005",
    "title": "Give borders and graticules a clear hierarchy"
  },
  {
    "id": "GMT-14-006",
    "title": "Finish a detailed map with smooth raster edges"
  },
  {
    "id": "GMT-15-001",
    "title": "Mark the area to zoom into"
  },
  {
    "id": "GMT-15-002",
    "title": "Zoom by narrowing the geographic region"
  },
  {
    "id": "GMT-15-003",
    "title": "Keep the overview and add a zoom-in inset"
  },
  {
    "id": "GMT-15-004",
    "title": "Move the enlarged inset to bottom-left"
  },
  {
    "id": "GMT-15-005",
    "title": "Allocate a larger inset panel"
  },
  {
    "id": "GMT-15-006",
    "title": "Use finer geography in the close-up"
  },
  {
    "id": "GMT-15-007",
    "title": "Choose an independent inset projection"
  },
  {
    "id": "GMT-15-008",
    "title": "Show two successive zoom levels"
  },
  {
    "id": "GMT-15-009",
    "title": "Connect the selection to its inset"
  },
  {
    "id": "GMT-15-010",
    "title": "Reuse the zoom layout for Sicily"
  },
  {
    "id": "GMT-15-011",
    "title": "Use geographic distances for circle sizes"
  },
  {
    "id": "GMT-15-012",
    "title": "Explain the close-up scale inside its panel"
  },
  {
    "id": "GMT-16-001",
    "title": "Interpolate scattered samples with tension"
  },
  {
    "id": "GMT-16-002",
    "title": "Keep gaps where local coverage is insufficient"
  },
  {
    "id": "GMT-16-003",
    "title": "Interpolate within Delaunay triangles"
  },
  {
    "id": "GMT-17-001",
    "title": "Build a signed analytic field"
  },
  {
    "id": "GMT-17-002",
    "title": "Filter the field without changing its grid"
  },
  {
    "id": "GMT-17-003",
    "title": "Subtract the smooth field to show a residual"
  },
  {
    "id": "GMT-17-004",
    "title": "Differentiate in the x direction"
  },
  {
    "id": "GMT-17-005",
    "title": "Extract a transect from the grid"
  },
  {
    "id": "GMT-18-001",
    "title": "View the signed field as a 3D surface"
  },
  {
    "id": "GMT-18-002",
    "title": "Reveal the grid with a perspective mesh"
  },
  {
    "id": "GMT-18-003",
    "title": "Draw a vector field from two grids"
  },
  {
    "id": "GMT-19-001",
    "title": "Summarize directions in a rose diagram"
  },
  {
    "id": "GMT-19-002",
    "title": "Change only the angular bin width"
  },
  {
    "id": "GMT-19-003",
    "title": "Count scalar values in fixed bins"
  },
  {
    "id": "GMT-19-004",
    "title": "Express the same bins as frequency percent"
  },
  {
    "id": "GMT-20-001",
    "title": "Read strike, dip and rake as focal mechanisms"
  },
  {
    "id": "GMT-20-002",
    "title": "Plot horizontal motion with 68 percent ellipses"
  },
  {
    "id": "GMT-20-003",
    "title": "Increase confidence without changing motion"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
Both Creative Commons legal tools include their own warranty disclaimers.

## BKG VG250 boundary data

The German Länder inputs and their geographic linework retain
[dl-de/by-2-0](https://www.govdata.de/dl-de/by-2-0), attributed to
[BKG](https://www.bkg.bund.de) 2026. They are excluded from the CC0 dedication
of original tutorial material. See [the BKG source and changes notice](LICENSES/BKG-VG250-NOTICE.md)
and the original terms and data-source list in LICENSES/.
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Bundesamt fiir
Kartographie und Geodasie

Aufstellung der Datenurheber/Bereitsteller:

Verwaltungsgebiete und NUTS-Gebiete
(VG250, VG1000, VG2500, VG5000, NUTS250,
NUTS5000)

Produktstand: 31.12.2025/01.01.2026

e NUTS-Codes des Statistischen Amtes der Europaischen Union (EUROSTAT) nach der
Verordnung (EG) Nr. 1059/2003 des Europdaischen Parlaments und des Rates vom 26.
Mai 2003 in der jeweils aktuellen Fassung

e Statistische Schlissel des Statistischen Bundesamtes (Gemeindeverzeichnis):
© Daten (im Auftrag der Herausgebergemeinschaft Statistische Amter des Bundes und
der Lander) Statistisches Bundesamt (Destatis), 2026

Verwaltungsgebiete mit Einwohnerzahlen
(VG250-EW)

Produktstand: 31.12.2024

o Einwohnerzahlen des Statistischen Bundesamtes (Gemeindeverzeichnis):
© Daten (im Auftrag der Herausgebergemeinschaft Statistische Amter des Bundes und
der Lander) Statistisches Bundesamt (Destatis), 2025

o Katasterflachen des Statistischen Bundesamtes (Gemeindeverzeichnis):
Daten (im Auftrag der Herausgebergemeinschaft Statistische Amter des Bundes und der
Lander) Statistisches Bundesamt (Destatis), 2025

e NUTS-Codes des Statistischen Amtes der Européaischen Union (EUROSTAT) nach der
Verordnung (EG) Nr. 1059/2003 des Europaischen Parlaments und des Rates vom 26.
Mai 2003 in der jeweils aktuellen Fassung

e Statistische Schlissel des Statistischen Bundesamtes (Gemeindeverzeichnis):
© Daten (im Auftrag der Herausgebergemeinschaft Statistische Amter des Bundes und
der Lander) Statistisches Bundesamt (Destatis), 2025
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# BKG VG250 federal-state geometry

Data: © [BKG](https://www.bkg.bund.de) 2026
[dl-de/by-2-0](https://www.govdata.de/dl-de/by-2-0).
Dataset: VG250, dated **1 January 2026**, reference scale 1:250,000.

Source archive: https://daten.gdz.bkg.bund.de/produkte/vg/vg250_ebenen_0101/aktuell/vg250_01-01.utm32s.shape.ebenen.zip
Source archive SHA-256: a21bd17e3616fded6a1cae3311f6b0e8f156ba3939d113b8b760fec5664dd529
Acquired: 2026-10-19.

Original data sources: [BKG-VG250-DATA-SOURCES.pdf](BKG-VG250-DATA-SOURCES.pdf),
also published by BKG at https://sgx.geodatenzentrum.de/web_public/gdz/datenquellen/datenquellen_vg_nuts.pdf.
Original supplied terms: [BKG-VG250-TERMS.pdf](BKG-VG250-TERMS.pdf).
Full licence: [DL-DE-BY-2.0.txt](DL-DE-BY-2.0.txt).

Changes: selected the 16 GF=4 land-area records from VG250_LAN; transformed
EPSG:25832 to OGC:CRS84 longitude/latitude using GDAL ogr2ogr; emitted polygon
rings as GMT multi-segment lines and rounded coordinates to six decimals.
No geometric simplification or fitted-line smoothing was applied. Maritime
records are excluded. The NRW subset selects SN_L=05. Label positions are
authored for legibility and use the official LKZ abbreviations.

The converted linework is stored in examples/data/germany-laender.gmt and
examples/data/nrw.gmt; source and output hashes are in examples/data/provenance.json.
The BKG data and resulting geography retain the data licence above and are
excluded from this repository's CC0 dedication of original tutorial material.
GSHHG/WDBII and DCW are separate installed datasets; their -D resolution flags
do not refine this fixed BKG layer. The figures combine separate data snapshots.



Nutzungsbedingungen und Quellenvermerk
Verwaltungsgebiete 1 : 250 000
VG250 und VG250-EW

Produktstand ab 31.12.2023

1 Nutzungsbedingungen

Die Daten sind urheberrechtlich geschitzt. Die Daten werden geldleistungsfrei gemaf der
Datenlizenz Deutschland Namensnennung 2.0 zur Verfiigung gestellt. Die Verwendung des
Datensatzes fiur die Pflege und Erweiterung der Daten des OpenStreetMap Projektes wird
unter Einhaltung der im Erganzungstext beschriebenen Angaben zur Namensnennung
ausdriicklich erlaubt. Der Quellenvermerk ist zu beachten.

Erganzung der ,Datenlizenz Deutschland — Namensnennung — Version 2.0" fur die Nutzung
von Daten der Behérden durch das OpenStreetMap Projekt (PDF, 135 KB)

2 Quellenvermerk

Der Lizenznehmer ist verpflichtet, bei jeder o6ffentlichen Wiedergabe, Verbreitung oder
Prasentation der Daten sowie bei jeder Verodffentlichung oder externer Nutzung einer
Bearbeitung oder Umgestaltung einen deutlich sichtbaren Quellenvermerk und folgenden
Veranderungshinweis anzubringen. Bei der Darstellung auf einer Webseite sind "BKG" mit der
URL "https://www.bkg.bund.de" und "dl-de/by-2-0" mit der URL "https://www.govdata.de/dl-
de/by-2-0" zu verlinken.

© BKG (Jahr des letzten Datenbezugs) dI-de/by-2-0, Datenquellen:
https://sgx.geodatenzentrum.de/web public/gdz/datenquellen/datenquellen vg nuts.pdf

3  Weiterfilhrende Informationen

Weiterfuhrende Informationen zum Produkt sind im Geodatenzentrum des Bundesamtes fir
Kartographie und Geodasie unter gdz.bkg.bund.de auf der zugehorigen Produktseite
bereitgestellt.

Fur Fragen steht IThnen das Dienstleistungszentrum unter dlz@bkg.bund.de zur Verfligung.
Allgemeine Informationen zum Bundesamt flr Kartographie und Geodasie finden Sie auf
unserer Homepage https://www.bkg.bund.de.

Stand Dokument: 19.08.2025 Seite 1 von 1
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Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.



                   GNU LESSER GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <https://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.


  This version of the GNU Lesser General Public License incorporates
the terms and conditions of version 3 of the GNU General Public
License, supplemented by the additional permissions listed below.

  0. Additional Definitions.

  As used herein, "this License" refers to version 3 of the GNU Lesser
General Public License, and the "GNU GPL" refers to version 3 of the GNU
General Public License.

  "The Library" refers to a covered work governed by this License,
other than an Application or a Combined Work as defined below.

  An "Application" is any work that makes use of an interface provided
by the Library, but which is not otherwise based on the Library.
Defining a subclass of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

  A "Combined Work" is a work produced by combining or linking an
Application with the Library.  The particular version of the Library
with which the Combined Work was made is also called the "Linked
Version".

  The "Minimal Corresponding Source" for a Combined Work means the
Corresponding Source for the Combined Work, excluding any source code
for portions of the Combined Work that, considered in isolation, are
based on the Application, and not on the Linked Version.

  The "Corresponding Application Code" for a Combined Work means the
object code and/or source code for the Application, including any data
and utility programs needed for reproducing the Combined Work from the
Application, but excluding the System Libraries of the Combined Work.

  1. Exception to Section 3 of the GNU GPL.

  You may convey a covered work under sections 3 and 4 of this License
without being bound by section 3 of the GNU GPL.

  2. Conveying Modified Versions.

  If you modify a copy of the Library, and, in your modifications, a
facility refers to a function or data to be supplied by an Application
that uses the facility (other than as an argument passed when the
facility is invoked), then you may convey a copy of the modified
version:

   a) under this License, provided that you make a good faith effort to
   ensure that, in the event an Application does not supply the
   function or data, the facility still operates, and performs
   whatever part of its purpose remains meaningful, or

   b) under the GNU GPL, with none of the additional permissions of
   this License applicable to that copy.

  3. Object Code Incorporating Material from Library Header Files.

  The object code form of an Application may incorporate material from
a header file that is part of the Library.  You may convey such object
code under terms of your choice, provided that, if the incorporated
material is not limited to numerical parameters, data structure
layouts and accessors, or small macros, inline functions and templates
(ten or fewer lines in length), you do both of the following:

   a) Give prominent notice with each copy of the object code that the
   Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the object code with a copy of the GNU GPL and this license
   document.

  4. Combined Works.

  You may convey a Combined Work under terms of your choice that,
taken together, effectively do not restrict modification of the
portions of the Library contained in the Combined Work and reverse
engineering for debugging such modifications, if you also do each of
the following:

   a) Give prominent notice with each copy of the Combined Work that
   the Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the Combined Work with a copy of the GNU GPL and this license
   document.

   c) For a Combined Work that displays copyright notices during
   execution, include the copyright notice for the Library among
   these notices, as well as a reference directing the user to the
   copies of the GNU GPL and this license document.

   d) Do one of the following:

       0) Convey the Minimal Corresponding Source under the terms of this
       License, and the Corresponding Application Code in a form
       suitable for, and under terms that permit, the user to
       recombine or relink the Application with a modified version of
       the Linked Version to produce a modified Combined Work, in the
       manner specified by section 6 of the GNU GPL for conveying
       Corresponding Source.

       1) Use a suitable shared library mechanism for linking with the
       Library.  A suitable mechanism is one that (a) uses at run time
       a copy of the Library already present on the user's computer
       system, and (b) will operate properly with a modified version
       of the Library that is interface-compatible with the Linked
       Version.

   e) Provide Installation Information, but only if you would otherwise
   be required to provide such information under section 6 of the
   GNU GPL, and only to the extent that such information is
   necessary to install and execute a modified version of the
   Combined Work produced by recombining or relinking the
   Application with a modified version of the Linked Version. (If
   you use option 4d0, the Installation Information must accompany
   the Minimal Corresponding Source and Corresponding Application
   Code. If you use option 4d1, you must provide the Installation
   Information in the manner specified by section 6 of the GNU GPL
   for conveying Corresponding Source.)

  5. Combined Libraries.

  You may place library facilities that are a work based on the
Library side by side in a single library together with other library
facilities that are not Applications and are not covered by this
License, and convey such a combined library under terms of your
choice, if you do both of the following:

   a) Accompany the combined library with a copy of the same work based
   on the Library, uncombined with any other library facilities,
   conveyed under the terms of this License.

   b) Give prominent notice with the combined library that part of it
   is a work based on the Library, and explaining where to find the
   accompanying uncombined form of the same work.

  6. Revised Versions of the GNU Lesser General Public License.

  The Free Software Foundation may publish revised and/or new versions
of the GNU Lesser General Public License from time to time. Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.

  Each version is given a distinguishing version number. If the
Library as you received it specifies that a certain numbered version
of the GNU Lesser General Public License "or any later version"
applies to it, you have the option of following the terms and
conditions either of that published version or of any later version
published by the Free Software Foundation. If the Library as you
received it does not specify a version number of the GNU Lesser
General Public License, you may choose any version of the GNU Lesser
General Public License ever published by the Free Software Foundation.

  If the Library as you received it specifies that a proxy can decide
whether future versions of the GNU Lesser General Public License shall
apply, that proxy's public statement of acceptance of any version is
permanent authorization for you to choose that version for the
Library.



# DCW-GMT: The Digital Chart of the World for GMT

![GitHub release (latest by date)](https://img.shields.io/github/v/release/GenericMappingTools/dcw-gmt)
![GitHub](https://img.shields.io/github/license/GenericMappingTools/dcw-gmt)

This repository contains the data and scripts that maintain and build
the dcw-gmt package used by **GMT 5 or later**.  **Note**: DCW 2.0.1
requires GMT 6.1.1 or later. Building the DCW netCDF database requires
the netCDF executables *ncgen* and *nccopy*, usually available in a port
called *netcdf-bin* or similar (i.e, separate from the netCDF library).

This README contains the documentation for DCW. For information about building
and modifying DCW, please refer to the [contributing guide](CONTRIBUTING.md).

![Global map of the DCW-GMT polygons](https://docs.generic-mapping-tools.org/6.2/_images/dcw-figure.png)

## About

The Digital Chart of the World is a comprehensive 1:1,000,000 scale
vector basemap of the world. The charts were designed to meet the needs
of pilots and air crews in medium- and low-altitude en route navigation
and to support military operational planning, intelligence briefings,
and other needs. For basic background information about DCW, see the
[Wikipedia entry](http://en.wikipedia.org/wiki/Digital_Chart_of_the_World).

DCW-GMT is an enhancement to DCW in a few ways:

1. It contains more state boundaries (the largest 8 countries and Norway are now represented).
2. The data have been reformatted to save space and are distributed as a single deflated netCDF-4 file.

## Download

You can download the latest dcw-gmt package from
[GitHub releases](https://github.com/GenericMappingTools/dcw-gmt/releases)
or from the [GMT main site](https://www.generic-mapping-tools.org/download/).

## Usage

DCW-GMT is an optional install for GMT and its wrappers.  If you did install it
then you can access the DCW data for plotting or analysis via GMT's
[coast](https://docs.generic-mapping-tools.org/latest/coast.html) module. You
can also use the [ISO 2-character codes](https://en.wikipedia.org/wiki/ISO_3166-1_alpha-2)
for countries as a way to specify map domains via the **-R** option.  For
instance, to make a map showing France with a region rounded to the nearest 2
degrees in longitude and latitude, you can run:

	gmt coast -RFR+r2 -Glightgray -B -pdf france

If in addition you want to paint the landmass of France blue, you can run:

	gmt coast -RFR+r2 -Glightgray -B -EFR+gblue -pdf france

To access states without countries you must use the *country.state* syntax. See
the [coast](https://docs.generic-mapping-tools.org/latest/coast.html)
documentation for details.  For instance, to make a map of the US and show Texas
and Mississippi as red states, try:

	gmt coast -RUS+r2 -Glightgray -B -EUS.TX,US.MS+gred -pdf us
	
### DCW Collections	

From versions 2.1.0 and GMT 6.4.0 onwards you can also use named regions (continents, seas, etc) using their names.
We offer 37 geographic regions based on [Natural Earth](https://www.naturalearthdata.com) at scale 1:110, 104 seas 
named (102 based on [IHO1953](https://epic.awi.de/id/eprint/29772/1/IHO1953a.pdf), most of them taken from 
[Fourcy and Lorvelec (2013)](https://www6.rennes.inrae.fr/ese_eng/HRMLOS)) and 57 lakes, islands and archipelagoes.
You can also use 46 collections of countries; 30 are from [UN49](https://unstats.un.org/unsd/methodology/m49/) 
and the rest were obtained from from [Wikipedia](https://en.wikipedia.org/wiki/Subregion). 
You can see the full list at [dcw-collections.txt](dcw-collections.txt). 
These allow you to make maps matching those regions, such as

	gmt coast -RScandinavia -Glightgray -B -pdf Scandinavia
	gmt coast -RIHO28 -Glightgray -B -pdf MediterraneanSea
	gmt coast -RSAM -Glightgray -B -pdf SouthAmerica
	gmt coast -RHMLY -Glightgray -B -pdf Himalayas

## Notes

If you are building GMT from source then you should set the parameter
**DCW_ROOT** in the *cmake/ConfigUser.cmake* to point to the directory where
*dcw-gmt.nc* has been placed.  If you add this file after GMT installation
was completed then you can always have GMT find it by placing it in your
user *~/.gmt* directory or by setting the **DIR_DCW** parameter in the
*gmt.conf* settings.

## Changelog

The detailed changelog is available [here](ChangeLog).

## License

The project is distributed under the
[GNU Lesser General Public License](http://www.gnu.org/licenses/lgpl-3.0.html).
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                    GNU GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.

                            Preamble

  The GNU General Public License is a free, copyleft license for
software and other kinds of works.

  The licenses for most software and other practical works are designed
to take away your freedom to share and change the works.  By contrast,
the GNU General Public License is intended to guarantee your freedom to
share and change all versions of a program--to make sure it remains free
software for all its users.  We, the Free Software Foundation, use the
GNU General Public License for most of our software; it applies also to
any other work released this way by its authors.  You can apply it to
your programs, too.

  When we speak of free software, we are referring to freedom, not
price.  Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
them if you wish), that you receive source code or can get it if you
want it, that you can change the software or use pieces of it in new
free programs, and that you know you can do these things.

  To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights.  Therefore, you have
certain responsibilities if you distribute copies of the software, or if
you modify it: responsibilities to respect the freedom of others.

  For example, if you distribute copies of such a program, whether
gratis or for a fee, you must pass on to the recipients the same
freedoms that you received.  You must make sure that they, too, receive
or can get the source code.  And you must show them these terms so they
know their rights.

  Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

  For the developers' and authors' protection, the GPL clearly explains
that there is no warranty for this free software.  For both users' and
authors' sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

  Some devices are designed to deny users access to install or run
modified versions of the software inside them, although the manufacturer
can do so.  This is fundamentally incompatible with the aim of
protecting users' freedom to change the software.  The systematic
pattern of such abuse occurs in the area of products for individuals to
use, which is precisely where it is most unacceptable.  Therefore, we
have designed this version of the GPL to prohibit the practice for those
products.  If such problems arise substantially in other domains, we
stand ready to extend this provision to those domains in future versions
of the GPL, as needed to protect the freedom of users.

  Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of
software on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could
make it effectively proprietary.  To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

  The precise terms and conditions for copying, distribution and
modification follow.

                       TERMS AND CONDITIONS

  0. Definitions.

  "This License" refers to version 3 of the GNU General Public License.

  "Copyright" also means copyright-like laws that apply to other kinds of
works, such as semiconductor masks.

  "The Program" refers to any copyrightable work licensed under this
License.  Each licensee is addressed as "you".  "Licensees" and
"recipients" may be individuals or organizations.

  To "modify" a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of an
exact copy.  The resulting work is called a "modified version" of the
earlier work or a work "based on" the earlier work.

  A "covered work" means either the unmodified Program or a work based
on the Program.

  To "propagate" a work means to do anything with it that, without
permission, would make you directly or secondarily liable for
infringement under applicable copyright law, except executing it on a
computer or modifying a private copy.  Propagation includes copying,
distribution (with or without modification), making available to the
public, and in some countries other activities as well.

  To "convey" a work means any kind of propagation that enables other
parties to make or receive copies.  Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

  An interactive user interface displays "Appropriate Legal Notices"
to the extent that it includes a convenient and prominently visible
feature that (1) displays an appropriate copyright notice, and (2)
tells the user that there is no warranty for the work (except to the
extent that warranties are provided), that licensees may convey the
work under this License, and how to view a copy of this License.  If
the interface presents a list of user commands or options, such as a
menu, a prominent item in the list meets this criterion.

  1. Source Code.

  The "source code" for a work means the preferred form of the work
for making modifications to it.  "Object code" means any non-source
form of a work.

  A "Standard Interface" means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that
is widely used among developers working in that language.

  The "System Libraries" of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form.  A
"Major Component", in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system
(if any) on which the executable work runs, or a compiler used to
produce the work, or an object code interpreter used to run it.

  The "Corresponding Source" for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts to
control those activities.  However, it does not include the work's
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work.  For example, Corresponding Source
includes interface definition files associated with source files for
the work, and the source code for shared libraries and dynamically
linked subprograms that the work is specifically designed to require,
such as by intimate data communication or control flow between those
subprograms and other parts of the work.

  The Corresponding Source need not include anything that users
can regenerate automatically from other parts of the Corresponding
Source.

  The Corresponding Source for a work in source code form is that
same work.

  2. Basic Permissions.

  All rights granted under this License are granted for the term of
copyright on the Program, and are irrevocable provided the stated
conditions are met.  This License explicitly affirms your unlimited
permission to run the unmodified Program.  The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work.  This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

  You may make, run and propagate covered works that you do not
convey, without conditions so long as your license otherwise remains
in force.  You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do
not control copyright.  Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

  Conveying under any other circumstances is permitted solely under
the conditions stated below.  Sublicensing is not allowed; section 10
makes it unnecessary.

  3. Protecting Users' Legal Rights From Anti-Circumvention Law.

  No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such
measures.

  When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circumvention
is effected by exercising rights under this License with respect to
the covered work, and you disclaim any intention to limit operation or
modification of the work as a means of enforcing, against the work's
users, your or third parties' legal rights to forbid circumvention of
technological measures.

  4. Conveying Verbatim Copies.

  You may convey verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and
appropriately publish on each copy an appropriate copyright notice;
keep intact all notices stating that this License and any
non-permissive terms added in accord with section 7 apply to the code;
keep intact all notices of the absence of any warranty; and give all
recipients a copy of this License along with the Program.

  You may charge any price or no price for each copy that you convey,
and you may offer support or warranty protection for a fee.

  5. Conveying Modified Source Versions.

  You may convey a work based on the Program, or the modifications to
produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:

    a) The work must carry prominent notices stating that you modified
    it, and giving a relevant date.

    b) The work must carry prominent notices stating that it is
    released under this License and any conditions added under section
    7.  This requirement modifies the requirement in section 4 to
    "keep intact all notices".

    c) You must license the entire work, as a whole, under this
    License to anyone who comes into possession of a copy.  This
    License will therefore apply, along with any applicable section 7
    additional terms, to the whole of the work, and all its parts,
    regardless of how they are packaged.  This License gives no
    permission to license the work in any other way, but it does not
    invalidate such permission if you have separately received it.

    d) If the work has interactive user interfaces, each must display
    Appropriate Legal Notices; however, if the Program has interactive
    interfaces that do not display Appropriate Legal Notices, your
    work need not make them do so.

  A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
"aggregate" if the compilation and its resulting copyright are not
used to limit the access or legal rights of the compilation's users
beyond what the individual works permit.  Inclusion of a covered work
in an aggregate does not cause this License to apply to the other
parts of the aggregate.

  6. Conveying Non-Source Forms.

  You may convey a covered work in object code form under the terms
of sections 4 and 5, provided that you also convey the
machine-readable Corresponding Source under the terms of this License,
in one of these ways:

    a) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by the
    Corresponding Source fixed on a durable physical medium
    customarily used for software interchange.

    b) Convey the object code in, or embodied in, a physical product
    (including a physical distribution medium), accompanied by a
    written offer, valid for at least three years and valid for as
    long as you offer spare parts or customer support for that product
    model, to give anyone who possesses the object code either (1) a
    copy of the Corresponding Source for all the software in the
    product that is covered by this License, on a durable physical
    medium customarily used for software interchange, for a price no
    more than your reasonable cost of physically performing this
    conveying of source, or (2) access to copy the
    Corresponding Source from a network server at no charge.

    c) Convey individual copies of the object code with a copy of the
    written offer to provide the Corresponding Source.  This
    alternative is allowed only occasionally and noncommercially, and
    only if you received the object code with such an offer, in accord
    with subsection 6b.

    d) Convey the object code by offering access from a designated
    place (gratis or for a charge), and offer equivalent access to the
    Corresponding Source in the same way through the same place at no
    further charge.  You need not require recipients to copy the
    Corresponding Source along with the object code.  If the place to
    copy the object code is a network server, the Corresponding Source
    may be on a different server (operated by you or a third party)
    that supports equivalent copying facilities, provided you maintain
    clear directions next to the object code saying where to find the
    Corresponding Source.  Regardless of what server hosts the
    Corresponding Source, you remain obligated to ensure that it is
    available for as long as needed to satisfy these requirements.

    e) Convey the object code using peer-to-peer transmission, provided
    you inform other peers where the object code and Corresponding
    Source of the work are being offered to the general public at no
    charge under subsection 6d.

  A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be
included in conveying the object code work.

  A "User Product" is either (1) a "consumer product", which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorporation
into a dwelling.  In determining whether a product is a consumer product,
doubtful cases shall be resolved in favor of coverage.  For a particular
product received by a particular user, "normally used" refers to a
typical or common use of that class of product, regardless of the status
of the particular user or of the way in which the particular user
actually uses, or expects or is expected to use, the product.  A product
is a consumer product regardless of whether the product has substantial
commercial, industrial or non-consumer uses, unless such uses represent
the only significant mode of use of the product.

  "Installation Information" for a User Product means any methods,
procedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product from
a modified version of its Corresponding Source.  The information must
suffice to ensure that the continued functioning of the modified object
code is in no case prevented or interfered with solely because
modification has been made.

  If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a
fixed term (regardless of how the transaction is characterized), the
Corresponding Source conveyed under this section must be accompanied
by the Installation Information.  But this requirement does not apply
if neither you nor any third party retains the ability to install
modified object code on the User Product (for example, the work has
been installed in ROM).

  The requirement to provide Installation Information does not include a
requirement to continue to provide support service, warranty, or updates
for a work that has been modified or installed by the recipient, or for
the User Product in which it has been modified or installed.  Access to a
network may be denied when the modification itself materially and
adversely affects the operation of the network or violates the rules and
protocols for communication across the network.

  Corresponding Source conveyed, and Installation Information provided,
in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying.

  7. Additional Terms.

  "Additional permissions" are terms that supplement the terms of this
License by making exceptions from one or more of its conditions.
Additional permissions that are applicable to the entire Program shall
be treated as though they were included in this License, to the extent
that they are valid under applicable law.  If additional permissions
apply only to part of the Program, that part may be used separately
under those permissions, but the entire Program remains governed by
this License without regard to the additional permissions.

  When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part of
it.  (Additional permissions may be written to require their own
removal in certain cases when you modify the work.)  You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

  Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders of
that material) supplement the terms of this License with terms:

    a) Disclaiming warranty or limiting liability differently from the
    terms of sections 15 and 16 of this License; or

    b) Requiring preservation of specified reasonable legal notices or
    author attributions in that material or in the Appropriate Legal
    Notices displayed by works containing it; or

    c) Prohibiting misrepresentation of the origin of that material, or
    requiring that modified versions of such material be marked in
    reasonable ways as different from the original version; or

    d) Limiting the use for publicity purposes of names of licensors or
    authors of the material; or

    e) Declining to grant rights under trademark law for use of some
    trade names, trademarks, or service marks; or

    f) Requiring indemnification of licensors and authors of that
    material by anyone who conveys the material (or modified versions of
    it) with contractual assumptions of liability to the recipient, for
    any liability that these contractual assumptions directly impose on
    those licensors and authors.

  All other non-permissive additional terms are considered "further
restrictions" within the meaning of section 10.  If the Program as you
received it, or any part of it, contains a notice stating that it is
governed by this License along with a term that is a further
restriction, you may remove that term.  If a license document contains
a further restriction but permits relicensing or conveying under this
License, you may add to a covered work material governed by the terms
of that license document, provided that the further restriction does
not survive such relicensing or conveying.

  If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the
additional terms that apply to those files, or a notice indicating
where to find the applicable terms.

  Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions;
the above requirements apply either way.

  8. Termination.

  You may not propagate or modify a covered work except as expressly
provided under this License.  Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

  However, if you cease all violation of this License, then your
license from a particular copyright holder is reinstated (a)
provisionally, unless and until the copyright holder explicitly and
finally terminates your license, and (b) permanently, if the copyright
holder fails to notify you of the violation by some reasonable means
prior to 60 days after the cessation.

  Moreover, your license from a particular copyright holder is
reinstated permanently if the copyright holder notifies you of the
violation by some reasonable means, this is the first time you have
received notice of violation of this License (for any work) from that
copyright holder, and you cure the violation prior to 30 days after
your receipt of the notice.

  Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License.  If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10.

  9. Acceptance Not Required for Having Copies.

  You are not required to accept this License in order to receive or
run a copy of the Program.  Ancillary propagation of a covered work
occurring solely as a consequence of using peer-to-peer transmission
to receive a copy likewise does not require acceptance.  However,
nothing other than this License grants you permission to propagate or
modify any covered work.  These actions infringe copyright if you do
not accept this License.  Therefore, by modifying or propagating a
covered work, you indicate your acceptance of this License to do so.

  10. Automatic Licensing of Downstream Recipients.

  Each time you convey a covered work, the recipient automatically
receives a license from the original licensors, to run, modify and
propagate that work, subject to this License.  You are not responsible
for enforcing compliance by third parties with this License.

  An "entity transaction" is a transaction transferring control of an
organization, or substantially all assets of one, or subdividing an
organization, or merging organizations.  If propagation of a covered
work results from an entity transaction, each party to that
transaction who receives a copy of the work also receives whatever
licenses to the work the party's predecessor in interest had or could
give under the previous paragraph, plus a right to possession of the
Corresponding Source of the work from the predecessor in interest, if
the predecessor has it or can get it with reasonable efforts.

  You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License.  For example, you may
not impose a license fee, royalty, or other charge for exercise of
rights granted under this License, and you may not initiate litigation
(including a cross-claim or counterclaim in a lawsuit) alleging that
any patent claim is infringed by making, using, selling, offering for
sale, or importing the Program or any portion of it.

  11. Patents.

  A "contributor" is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based.  The
work thus licensed is called the contributor's "contributor version".

  A contributor's "essential patent claims" are all patent claims
owned or controlled by the contributor, whether already acquired or
hereafter acquired, that would be infringed by some manner, permitted
by this License, of making, using, or selling its contributor version,
but do not include claims that would be infringed only as a
consequence of further modification of the contributor version.  For
purposes of this definition, "control" includes the right to grant
patent sublicenses in a manner consistent with the requirements of
this License.

  Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor's essential patent claims, to
make, use, sell, offer for sale, import and otherwise run, modify and
propagate the contents of its contributor version.

  In the following three paragraphs, a "patent license" is any express
agreement or commitment, however denominated, not to enforce a patent
(such as an express permission to practice a patent or covenant not to
sue for patent infringement).  To "grant" such a patent license to a
party means to make such an agreement or commitment not to enforce a
patent against the party.

  If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through a
publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the
patent license for this particular work, or (3) arrange, in a manner
consistent with the requirements of this License, to extend the patent
license to downstream recipients.  "Knowingly relying" means you have
actual knowledge that, but for the patent license, your conveying the
covered work in a country, or your recipient's use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

  If, pursuant to or in connection with a single transaction or
arrangement, you convey, or propagate by procuring conveyance of, a
covered work, and grant a patent license to some of the parties
receiving the covered work authorizing them to use, propagate, modify
or convey a specific copy of the covered work, then the patent license
you grant is automatically extended to all recipients of the covered
work and works based on it.

  A patent license is "discriminatory" if it does not include within
the scope of its coverage, prohibits the exercise of, or is
conditioned on the non-exercise of one or more of the rights that are
specifically granted under this License.  You may not convey a covered
work if you are a party to an arrangement with a third party that is
in the business of distributing software, under which you make payment
to the third party based on the extent of your activity of conveying
the work, and under which the third party grants, to any of the
parties who would receive the covered work from you, a discriminatory
patent license (a) in connection with copies of the covered work
conveyed by you (or copies made from those copies), or (b) primarily
for and in connection with specific products or compilations that
contain the covered work, unless you entered into that arrangement,
or that patent license was granted, prior to 28 March 2007.

  Nothing in this License shall be construed as excluding or limiting
any implied license or other defenses to infringement that may
otherwise be available to you under applicable patent law.

  12. No Surrender of Others' Freedom.

  If conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License.  If you cannot convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may
not convey it at all.  For example, if you agree to terms that obligate you
to collect a royalty for further conveying from those to whom you convey
the Program, the only way you could satisfy both those terms and this
License would be to refrain entirely from conveying the Program.

  13. Use with the GNU Affero General Public License.

  Notwithstanding any other provision of this License, you have
permission to link or combine any covered work with a work licensed
under version 3 of the GNU Affero General Public License into a single
combined work, and to convey the resulting work.  The terms of this
License will continue to apply to the part which is the covered work,
but the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such.

  14. Revised Versions of this License.

  The Free Software Foundation may publish revised and/or new versions of
the GNU General Public License from time to time.  Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

  Each version is given a distinguishing version number.  If the
Program specifies that a certain numbered version of the GNU General
Public License "or any later version" applies to it, you have the
option of following the terms and conditions either of that numbered
version or of any later version published by the Free Software
Foundation.  If the Program does not specify a version number of the
GNU General Public License, you may choose any version ever published
by the Free Software Foundation.

  If the Program specifies that a proxy can decide which future
versions of the GNU General Public License can be used, that proxy's
public statement of acceptance of a version permanently authorizes you
to choose that version for the Program.

  Later license versions may give you additional or different
permissions.  However, no additional obligations are imposed on any
author or copyright holder as a result of your choosing to follow a
later version.

  15. Disclaimer of Warranty.

  THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW.  EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.  THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU.  SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

  16. Limitation of Liability.

  IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY
GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS),
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

  17. Interpretation of Sections 15 and 16.

  If the disclaimer of warranty and limitation of liability provided
above cannot be given local legal effect according to their terms,
reviewing courts shall apply local law that most closely approximates
an absolute waiver of all civil liability in connection with the
Program, unless a warranty or assumption of liability accompanies a
copy of the Program in return for a fee.

                     END OF TERMS AND CONDITIONS

            How to Apply These Terms to Your New Programs

  If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

  To do so, attach the following notices to the program.  It is safest
to attach them to the start of each source file to most effectively
state the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

    <one line to give the program's name and a brief idea of what it does.>
    Copyright (C) <year>  <name of author>

    This program is free software: you can redistribute it and/or modify
    it under the terms of the GNU General Public License as published by
    the Free Software Foundation, either version 3 of the License, or
    (at your option) any later version.

    This program is distributed in the hope that it will be useful,
    but WITHOUT ANY WARRANTY; without even the implied warranty of
    MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
    GNU General Public License for more details.

    You should have received a copy of the GNU General Public License
    along with this program.  If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper mail.

  If the program does terminal interaction, make it output a short
notice like this when it starts in an interactive mode:

    <program>  Copyright (C) <year>  <name of author>
    This program comes with ABSOLUTELY NO WARRANTY; for details type `show w'.
    This is free software, and you are welcome to redistribute it
    under certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the appropriate
parts of the General Public License.  Of course, your program's commands
might be different; for a GUI interface, you would use an "about box".

  You should also get your employer (if you work as a programmer) or school,
if any, to sign a "copyright disclaimer" for the program, if necessary.
For more information on this, and how to apply and follow the GNU GPL, see
<http://www.gnu.org/licenses/>.

  The GNU General Public License does not permit incorporating your program
into proprietary programs.  If your program is a subroutine library, you
may consider it more useful to permit linking proprietary applications with
the library.  If this is what you want to do, use the GNU Lesser General
Public License instead of this License.  But first, please read
<http://www.gnu.org/philosophy/why-not-lgpl.html>.



                   GNU LESSER GENERAL PUBLIC LICENSE
                       Version 3, 29 June 2007

 Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/>
 Everyone is permitted to copy and distribute verbatim copies
 of this license document, but changing it is not allowed.


  This version of the GNU Lesser General Public License incorporates
the terms and conditions of version 3 of the GNU General Public
License, supplemented by the additional permissions listed below.

  0. Additional Definitions.

  As used herein, "this License" refers to version 3 of the GNU Lesser
General Public License, and the "GNU GPL" refers to version 3 of the GNU
General Public License.

  "The Library" refers to a covered work governed by this License,
other than an Application or a Combined Work as defined below.

  An "Application" is any work that makes use of an interface provided
by the Library, but which is not otherwise based on the Library.
Defining a subclass of a class defined by the Library is deemed a mode
of using an interface provided by the Library.

  A "Combined Work" is a work produced by combining or linking an
Application with the Library.  The particular version of the Library
with which the Combined Work was made is also called the "Linked
Version".

  The "Minimal Corresponding Source" for a Combined Work means the
Corresponding Source for the Combined Work, excluding any source code
for portions of the Combined Work that, considered in isolation, are
based on the Application, and not on the Linked Version.

  The "Corresponding Application Code" for a Combined Work means the
object code and/or source code for the Application, including any data
and utility programs needed for reproducing the Combined Work from the
Application, but excluding the System Libraries of the Combined Work.

  1. Exception to Section 3 of the GNU GPL.

  You may convey a covered work under sections 3 and 4 of this License
without being bound by section 3 of the GNU GPL.

  2. Conveying Modified Versions.

  If you modify a copy of the Library, and, in your modifications, a
facility refers to a function or data to be supplied by an Application
that uses the facility (other than as an argument passed when the
facility is invoked), then you may convey a copy of the modified
version:

   a) under this License, provided that you make a good faith effort to
   ensure that, in the event an Application does not supply the
   function or data, the facility still operates, and performs
   whatever part of its purpose remains meaningful, or

   b) under the GNU GPL, with none of the additional permissions of
   this License applicable to that copy.

  3. Object Code Incorporating Material from Library Header Files.

  The object code form of an Application may incorporate material from
a header file that is part of the Library.  You may convey such object
code under terms of your choice, provided that, if the incorporated
material is not limited to numerical parameters, data structure
layouts and accessors, or small macros, inline functions and templates
(ten or fewer lines in length), you do both of the following:

   a) Give prominent notice with each copy of the object code that the
   Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the object code with a copy of the GNU GPL and this license
   document.

  4. Combined Works.

  You may convey a Combined Work under terms of your choice that,
taken together, effectively do not restrict modification of the
portions of the Library contained in the Combined Work and reverse
engineering for debugging such modifications, if you also do each of
the following:

   a) Give prominent notice with each copy of the Combined Work that
   the Library is used in it and that the Library and its use are
   covered by this License.

   b) Accompany the Combined Work with a copy of the GNU GPL and this license
   document.

   c) For a Combined Work that displays copyright notices during
   execution, include the copyright notice for the Library among
   these notices, as well as a reference directing the user to the
   copies of the GNU GPL and this license document.

   d) Do one of the following:

       0) Convey the Minimal Corresponding Source under the terms of this
       License, and the Corresponding Application Code in a form
       suitable for, and under terms that permit, the user to
       recombine or relink the Application with a modified version of
       the Linked Version to produce a modified Combined Work, in the
       manner specified by section 6 of the GNU GPL for conveying
       Corresponding Source.

       1) Use a suitable shared library mechanism for linking with the
       Library.  A suitable mechanism is one that (a) uses at run time
       a copy of the Library already present on the user's computer
       system, and (b) will operate properly with a modified version
       of the Library that is interface-compatible with the Linked
       Version.

   e) Provide Installation Information, but only if you would otherwise
   be required to provide such information under section 6 of the
   GNU GPL, and only to the extent that such information is
   necessary to install and execute a modified version of the
   Combined Work produced by recombining or relinking the
   Application with a modified version of the Linked Version. (If
   you use option 4d0, the Installation Information must accompany
   the Minimal Corresponding Source and Corresponding Application
   Code. If you use option 4d1, you must provide the Installation
   Information in the manner specified by section 6 of the GNU GPL
   for conveying Corresponding Source.)

  5. Combined Libraries.

  You may place library facilities that are a work based on the
Library side by side in a single library together with other library
facilities that are not Applications and are not covered by this
License, and convey such a combined library under terms of your
choice, if you do both of the following:

   a) Accompany the combined library with a copy of the same work based
   on the Library, uncombined with any other library facilities,
   conveyed under the terms of this License.

   b) Give prominent notice with the combined library that part of it
   is a work based on the Library, and explaining where to find the
   accompanying uncombined form of the same work.

  6. Revised Versions of the GNU Lesser General Public License.

  The Free Software Foundation may publish revised and/or new versions
of the GNU Lesser General Public License from time to time. Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns.

  Each version is given a distinguishing version number. If the
Library as you received it specifies that a certain numbered version
of the GNU Lesser General Public License "or any later version"
applies to it, you have the option of following the terms and
conditions either of that published version or of any later version
published by the Free Software Foundation. If the Library as you
received it does not specify a version number of the GNU Lesser
General Public License, you may choose any version of the GNU Lesser
General Public License ever published by the Free Software Foundation.

  If the Library as you received it specifies that a proxy can decide
whether future versions of the GNU Lesser General Public License shall
apply, that proxy's public statement of acceptance of any version is
permanent authorization for you to choose that version for the
Library.
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As of GSHHG 2.2.2, GSHHG is distributed under the GNU Lesser General Public
License (LGPL) version 3 or later. Copies of the The GNU General Public
License (GPL) and the GNU Lesser General Public License (LGPL) are
distributed along with the sources. Refer to the files COPYINGv3 and
COPYING.LESSERv3.

Permission to use, copy, modify, and distribute (with no more than a
reasonable redistribution fee) this data and its documentation for
any purpose is hereby granted, provided that the above copyright notice
appear in all copies, that both that copyright notice and this
permission notice appear in supporting documentation, and that the name
of GSHHG not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
 The GSHHG package may be included in a bundled distribution of software
for which a fee may be charged. The University of Hawaii (UH) and the
National Oceanic and Atmospheric Administration (NOAA) make no
representations about the suitability of this software for any purpose. 
It is provided "as is" without expressed or implied warranty.  It is
provided with no support and without obligation on the part of UH or
NOAA, to assist in its use, correction, modification, or enhancement.


