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What is GMT?

GMT stands for Generic Mapping Tools.

GMT is a collection of commands that can be executed at
the Unix/Linux terminal to produce graphic outputs.

Often, GMT commands are written to a text file (with
extension .gmt or .sh) and execute the file as a shell script.

GMT need UNIX/Linux Environment.

Graphic output from GMT is in the postscript format.
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A sample GMT file
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History

Initiated in 1987 at Lamont-Doherty Earth
Observatory, Columbia University by
graduate students Paul Wessel and Walter
H. F. Smith.

Grew out of frustration with the existing
geophysics software.

Version 1.0 in 1988.

Version 2.0 was released 1991, and quickly
spread worldwide.

A major upgrade (GMT 4.0) n 2004.

GMT 5.0 in 2013.

GMT 6.0 is under development.

Paul Wessel
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Let us Begin with An Exercise

Method - 1 Run at Linux terminal.

gmt psbasemap -P -JX10 -R0/10/-20/20 -B5/10 > fig.ps
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Method - 2 Run as a file

(1) Save the command to a file, say, 1.gmt

(2) Execute the command ’sh 1.gmt’ at the terminal
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How to Install GMT

Using software manager. Search for ’gmt’ and install.

Installing from source. For this, download the files from
GMT website and follow instructions.

Using command (in Debian based systems)

sudo apt-get install gmt gmt-dcw gmt-gshhg-full
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Design Philosophy

GMT consists of modules (programs) focussing on specific
tasks.

Users have to combine several GMT modules to get the
desired output.

Integrates with Unix tools

Can run modules in command-line or as shell script files.
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Why use GMT?

Free of cost.

Open source code.

Works in all OS platforms

Support over 30 map projections with high resolution
coastline.

Works with ascii, netcdf file formats.

Produces quality postscript outputs that can be converted
to other formats

Developers are also geophysical scientists who uses GMT.
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What GMT can do?

Data processing and manipulation
Filter time series, filter 2D data, trend fitting, gridding xyz
data, resampling, grid masking, optimal triangulations,
spectral estimation, data reformatting, geospatial
operations, subset extraction.

Postscript plot generation
Points, lines, symbols, polygons Text, labels, legends
Histograms, geographical map, Contour maps, Color
images, Vector fields
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GMT suppliments

Earthquake focal mechanisms

Sandwell/Smith IMG files

Plate tectonics

MGD77 analysis and plotting

Crossover analysis

Spherical gridding



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

Getting Help

GMT Website

https://www.soest.hawaii.edu/gmt/
http://gmt.soest.hawaii.edu/

Man pages (from terminal or google)
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How GMT Works?
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GMT Module

Syntax for a GMT module :

gmt command options redirection outputfile

where

command Graphic and data processing GMT commands

options Various options which start with a negative sign
followed by a capital letter and values

redirection Either single arrow (>) or double arrow (>>).
Single arrow will delete all the present contents of
the output file and write new contents to it.
Double arrow will keep its present content and
append new content to it.

outputfile This can be either a postscript graphic file or a
text file or a binary file depends upon the gmt
command used.
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GMT Commands

GMT has about 80 programs/commands to produce graphic
and data outputs.
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Standardized Options

-J Map projection

-R Extent of the map/plot region

-B Defines tickmarks, annotations, and labels for
basemaps and axes

-P Selects Portrait plot orientation [Default is
landscape]

-X Sets the x-coordinate for the plot origin on the
page

-Y Sets the y-coordinate for the plot origin on the
page

-K Allows more plot code to be appended to this
plot later

-O Allows this plot code to be appended to an
existing plot

-V Selects verbose operation; reporting on progress
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Projections

GMT offers 31 map projections that are classified into

Azimuthal Projection

Conical Projection

Cylindrical Projection

Miscellaneous Projections

Non-geographic Projections
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Some Unix/Linux Basics
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Redirection

To save the results of a command to an output file.

Single arrow (>) to start new output.

Syntax: gmt module inputfile > outputfile
For example,
gmt pscoast -P -JM10 -R30/100/-30/30 -B10 -W1 -G200 > fig.ps

Double arrow (>>) to update/append the output

Syntax: gmt module inputfile >> outputfile

For example,

gmt psxy sample.txt -P -JX10 -R0/100/0/30 -B10 -W1 -O >> fig.ps
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Piping

Used when the output from one module in taken as the input
to another module.

Someprogram | gmt module1 | gmt module1 > OutputFile



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

”wild cards”

Code Meaning

* Matches everything

? Matches any single character
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awk

awk is one of the most prominent text/data processing
utility on GNU/Linux.

It is very powerful and uses simple programming language.

It is used to extract data from files.

Writing codes in other languages (C, fortran) is
time-consuming and inconvenient.

awk can perform this in one or two lines of codes.
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Example:

Create a file that store the output of the ’ls -l’ command

ls -l * > x.txt

Print first line
awk ’ {print $1}’ x.txt

Multiply 7th column with 2
awk ’ {print $7*2}’ x.txt

Printing 7th column for lines from 10th onwards
awk ’ NR > 10 {print $7 }’ x.txt

Another example
awk ’ NR > 10 && $3 > 100 { print $7 }’ x.txt
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echo command

The echo program displays text.

It is a handy tool to create customized output to terminal
or files.

Example
echo ’Hello’
echo ’4’
echo ’4+3’
echo ’Hello’ > hello.txt
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Basemap Plot
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Basemap is to set the various aspects of a plot such as
projection, axis ranges, tick mark labels and intervals,
position etc.

The GMT command ’psbasemap’ is used to generate
basemaps.

Syntax
gmt psbasemap options > psfile
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Options for psbasemap

Mandatory Options

-J Projection (geographic or non-geographic)

-R Region or range of X and Y axes. Should be given as
-Rxmin/xmax/ymin/ymax

-B Tick mark details (labels, intervals, grids, axis title)

Additional options

-G Sets background color

-X X position

-Y Y position
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Exercise (Linear Projection)

gmt psbasemap -P -JX10 -R0/10/0/20 -Ba5 > fig.ps
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Modify -J (Axis length)

-JX10/5 (Change different axis lengths)

-JX10/-5 (Reverse Y axis)

-Jx0.5 (Scale)
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Modify -J (Logarithmic Projection)

Append ’l’ to -JX

gmt psbasemap -R1/10000/1e20/1e25 -P -JX9l/6l -Ba1pf3/a1pf3 > fig.ps
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Modify -J (Metcator Projection)

Mercator Projection (-Jm or -JM)

gmt psbasemap -P -Jm0.15 -R30/100/-30/30 -B20/10 > fig.ps

Here the -R option should have the geographic limits.
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Modify -B (Axis title, annotation etc.)

-Ba5/a10 [Different label annotations]

-Ba5f1/a10f5 [Adding minor ticks]

-Ba5f1g1/a10f5g5 [Adding grids]

-Ba5f1g1:”X axis”:/a10f5g5:”Y axis”: [Axis labels]

-Ba5f1g1:”X axis”:/a10f5g5:”Y axis”:WS [Select west and
south axis]
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Add Basemap background color with -G

-Gblue Fill with blue color

-G255/0/0 Red colour in RGB format
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Change figure Position with -X, -Y

Positions are relative to the previous figure.

Default position is at the bottom left corner of the page.

-X5 (shift 5cm to right)

-Y10 (shift 10cm up)

-X-8 (shift 8cm to the left)
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Using variables

Variables can be defined in the beginning of a gmt file and can
be referred within the script. While referring, the variable must
be preceded with ’$’. For example,

psfile=fig.ps
region=30/100/-30/30
gmt psbasemap -P -Jm0.15 -R$region -B20/10 > $psfile
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More Plots with -K, -O Options

The -K and -O options control the generation of PostScript
code for multiple overlay plots. All PostScript files must have a
header (for initializations), a body (drawing the figure), and a
trailer (printing it out).

Thus, when overlaying several GMT plots we must make sure
that the first plot call ommits the trailer, that all intermediate
calls omit both header and trailer, and that the final overlay
omits the header.

-K omits the trailer which implies that more PostScript code
will be appended later.

-O selects Overlay plot mode and ommits the header
information
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Example -1 : Two Plots

gmt psbasemap -P -JX10 -R0/100/0/10 -B20/5 -X5 -Y5 -K > fig.ps

gmt psbasemap -P -JX10 -R0/100/0/10 -B20/5 -X0 -Y12 -O >> fig.ps
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Example - 2: Four Plots

gmt psbasemap -P -JX6 -R0/100/0/10 -B20/5 -X5 -Y5 -K > fig.ps
gmt psbasemap -P -JX -R -B -X8 -O -K >> fig.ps
gmt psbasemap -P -JX -R -B -X-8 -Y8 -O -K >> fig.ps

gmt psbasemap -P -JX -R -B -X8 -O >> fig.ps
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pscoast

The pscoast command can plot coastline, river and national
border derived from the GSHHG database. It is available at
different resolutions such as low, crude, high, and full.

Standardized options: -P -J -R -B
Additional options :

-D Data resolution (-Dl, -Dc, -Dh, -Df)

-W Draw coastline and line thickness.

-G Color land area

-S Color water area

-I Draw rivers

-L Plot map scale

-A Exclude small features

-N Draw political borders

Note : One of -W, -G, and -S is mandatory.
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Mercator Projection
gmt pscoast -P -JM15 -R180W/180E/-60/60 -B90/30 -Ggrey -W1 > fig.ps



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

Lambert azimuthal equal-area projection
pscoast -Rg -JA280/30/3.5i -B30g30/15g15 -Dc -A1000 -Gblack -P
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Albers equal area Conic Projection
pscoast -R110/140/20/35 -JB125/20/25/45/5i -B10g5 -Dl -Glightgray -W0.25p

-A250 -P
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Polar stereographic conformal projection with rectangular
borders.
pscoast -R-25/59/70/72r -JS10/90/11c -B30g10/5g5 -Dl -A250 -Glightgray

-W.25p -P
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psbasemap and pscoast

gmt psbasemap -P -JM10 -R30/110/-30/30 -Ba20/10 -X5 -Y10 -K > fig.ps

gmt pscoast -J -R -B -Dl -W -Ggrey -O >> fig.ps
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Write text with pstext
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pstext Options

pstext command is used to write text on maps with variable
size, font, and orientation. The options are:

fileFile name of the input file. The file should contain data
in the format ”x,y,Text”

-J Projection

-R Region

-F Font parameters

-N Plot text outside the domain (-R)
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-F Option

Syntax: -F+a+f+j+t

+a Font angle. Example, +a90
+f Font (size,type,color). Example. +f12p,Helvetica,red
+j Justify (L,C,R,T,M,B). Example, +jLM
+t Text
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Example-1

The file sample1.txt contains only one line as ”40 0 Figure”.

gmt psbasemap -P -JX10 -R0/100/0/10 -B20/5 -X5 -Y5 -K > fig.ps
gmt pstext sample1.txt -N -R -J -F+f14p,Helvetica,black+a0+jLB -B -O >>
fig.ps
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Example-2

The sample2.txt file contains the following data
80 9 Text1
80 8.5 Text2
80 8 Text3

gmt psbasemap -P -JX10 -R0/100/0/10 -B20/5 -X5 -Y5 -K > fig.ps
gmt pstext sample2.txt -N -R -J -F+f11p,Helvetica,black+a0+jLB -B -O >>
fig.ps
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Line Plot
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psxy command

The psxy gmt command is used plot lines, polygons, and
symbols on maps

In addition to the basemap options (-P -J -R -B, psxy
requires the option -W that represent line properties.

psxy needs an input file as input. It takes the first column
data in the file as X series and second as Y series.
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Example - 1

gmt psbasemap -P -JX10 -R0/12/0/100 -B2/10 -X4 -Y10 -K > fig.ps

psxy sample.txt -J -R -B -W -O >> fig.ps
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Additional options for -W

-W Normal line (with thickness 1)

-W3 Thicker line

-W1,’–’ Dashed line

-W1,red Red color line using color name

-W1/255/0/0 Red color line with R/G/B
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-W3

-W,red

-W1,’-’

-W3,100/200/200
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Example -2: Ocean Temperature profile

gmt psbasemap -P -JX8/-12 -R0/30/0/3000 -B10:”T (@+o@+C)”:/500:”Depth
(m)”:WN -X4 -Y10 -K > fig.ps

gmt psxy profile-t.txt -J -R -B -W2 -O >> fig.ps
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Example -3: Temperature, Salinity, Density

Input file : profile.txt
Data format : Depth, Temperature, Salinity, Density
gmt code :
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To plot symbols, gmt uses the command psxy itself with the
option -S.

Options for -S
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Example-1: Temperature profile

Circle with 0.15cm diameter
gmt psxy profile-t.txt -J -R -B -Sc0.15 -O >> fig.ps
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Example-2: Temperature profile

Red color filled circle with 0.15cm diameter
gmt psxy profile-t.txt -J -R -B -Sc0.15 -G255/0/0 -O >> fig.ps
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Example-3: Temperature profile

Drawing a rectangle in the plot

gmt psbasemap -P -JX8/-12 -R0/30/0/3000 -B10:”T (@+o@+C)”:/500:”Depth
(m)”:WN -X4 -Y10 -K > fig.ps

gmt psxy profile-t.txt -J -R -B -Sc0.15 -G255/0/0 -O -K >> fig.ps

echo ”23 500 2.8 2” > junk

gmt psxy junk -J -R -B -Sr -O >> fig.ps
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Adding text inside the box



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

Other symbols
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Contour Plots
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’makecpt’ command

Purpose : To create a color palette table used to plot contour
maps.

Syntax : makecpt -T -C > outputfile

Options
-T Define the range of values of the parameter to be plotted
given in the format ”low/high/increment”
-C Type of color palette (rainbow, polar, grey, gebco, no green)

Example : makecpt -T20/40/2 -Crainbow > out.cpt
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Contour commands

1 pscontour
Contour table data by direct triangulation

2 grdcontour
Make contour map using grided data

3 grdimage
Color map using grided data
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(1) pscontour

pscontour requires an input file which contains data in the
x,y,parameter format.

Basemap options : -J, -R, -B

Additional options :
-C : filename of the color palette table
-A : Annotation interval
-W : Line thickness
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Example: SST map

GMT script
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Color map with -I option
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(2) grdcontour

grdcontour requires the input file in the gridded (binary)
format. Hence the xyz file in the ascii format has to be
converted to binary using one of the three gridding commands.

The GMT modules for gridding are:

1 nearneighbor (Grid table data using a ”Nearest neighbor”
algorithm”)

2 triangulate (Do optimal (Delaunay) triangulation and
gridding of Cartesian table data)

3 surface Grid table data using adjustable tension
continuous curvature splines
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Example : Gridding with nearneighbor

gmt nearneighbor junk -V -R -I1 -Gjunk.grd -S100

-I Grid size
-G Output filename
-S Search radius hat determines which data points are
considered close to a node.
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GMT Script
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Gridding with triangulate

triangulate reads one or more ASCII [or binary] files
containing x,y[,z] and performs Delaunay triangulation.

It finds how the points should be connected to give the
most equilateral triangulation possible.
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Gridding with ’surface’

GMT script:
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Restricting data plotting with -L option.
GMT script:
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(3) grdimage

Makes color map using gridded data.
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Color Scale with psscale

Purpose: Plot a gray or color scale-bar on maps
psscale Options

-D Defines the reference point on the map for the
color scale

-C Name of the cpt file

-B Set annotation, tick, and gridline interval for the
colorbar
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Example: Vertical scale
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Example: Horizontal scale



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

Example: Horizontal scale



Introduction

How GMT
Works?

Some
Unix/Linux
Basics

Basemap Plot

Geographical
Map

Write Text

Line Plot

Symbol Plot

Contour Plots

Vector Plots

Session - 10

Vector Plots
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Methods

1 Using psxy

2 Using grdvector
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(1) Vector Plot using psxy

The options -Sv and -SV in psxy is used to plot vectors.

-Sv Syntax : -Svsize
Direction (in degrees counterclockwise from
horizontal) and length must be found in column 3
and 4. size provides the size of the arrow head.

-SV Syntax : -Svsize
Direction (in degrees clockwise with respect to
north) and length must be found in column 3 and
4.

The option -G can be used to color the arrow.
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Example -3: Vector on geographical map

A sample current data for Indian Ocean was generated using a
matlab/octave program.
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(2) Vector plot using grdvector

grdvector plots vector field from two velocity component grided
data sets.

Options

-J Projection

-W Line thickness

-Q Vector parameters

-C Color to indicate vector magnitude.
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Example - 2:
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Example-3: Magnitude and vector
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