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Introduction

GMT is a collection of programs that generate postscript language code.  Postscript is a language that can be read by printers and postscript viewing programs like ghostscript or gv.

GMT is specifically designed to generate high-quality figures of geologic data, but can be used to create any 2d plot one wishes.  The high quality images that GMT can create are ideal for publication.

Tutorial

Ok, so let’s get going.  The best way to learn GMT, in my opinion, is to jump right in.  So, get a terminal open and type the following:

%psbasemap –JM15c –R5/45/-20/20 –Ba10f5g1/a10f5g1 >map.ps

Congratulations, you’ve just created a figure.  Let’s take a look at it:

%gs map.ps

Hit the q key to get out of ghostview.

Alright, so you made a pretty picture with some lines on it, but you may not understand what all the crap you typed in means, so I am going to explain it to you.

psbasemap is a GMT command that creates a map with a border, labels, etc.  The stuff after the command are the various parameters that psbasemap needs to make this map.  In GMT these options are generally consistent between commands, so what I am going to explain here is also applicable to the other GMT commands we will use later.

-JM15c
The –J option describes the projection that is used to create the map.  GMT uses many different projections, all of which are described in the psbasemap man page (type %man psbasemap to see it).  The M here means Mercator and the 15c specifies the plot width in cm.  Another projection example could be: -JX5i, which would be a linear plot five inches wide.
-R5/45/-20/20

The –R option specifies the boundary of the plot.  Because this is a geographic plot, the bounds are in latitude and longitude, in the order:   -Rlongmin/longmax/latmin/latmax.  So this plot straddles the equator.  For a linear projection (-JX) this region would be -Rxmin/xmax/ymin/ymax, because it has no association with the Earth.

-Ba10f5g1/a10f5g1
The –B option is one of the most complicated in GMT.  It specifies the annotation of the plot.  In this example, the stuff before the slash formats the x axis and the stuff after the slash formats the y axis.  a10 means an annotation interval of 10, f5 means frame ticks occur every 5 units and g1 means the grid interval is 1.

Lets explore this option in a bit more detail.  Try typing the following command:

%psbasemap –JM15c –R5/45/-20/20 –B5/10 >map.ps

and look at the results.  There is now no grid and the frame ticks fall on the annotation interval.  Now type:

%psbasemap –JM15c –R5/45/-20/20  –Ba10/a10:.Plot\ Title:  >map.ps
and see what happens here.
That is the basics of the –B option, however this option can be quite complicated and the best way to learn how to use it is by looking at examples.

Well, now we have a plot, but it isn’t that useful, as there is no data plotted on it.  So we need to add some data.  GMT has a couple of databases built right in.  The most useful one is the coastline database.  GMT plots coastlines using the pscoast command.  Type:
%pscoast –JM15c –R5/45/-20/20 –W1 >map.ps

And take a look.  We now have a bunch of lines on the map—whose width is specified by the –W option—but no annotation.  To add that back in type:

%pscoast –JM15c –R5/45/-20/20 –B10 –W1 >map.ps

Ah Ha! We now have a map with labels and lines that delineate the coast of Africa.  We can add in a few more features of the pscoast command:

%pscoast –Jm15c –R5/45/-20/20 –B10 –W1/255/0/0  -Df -Ia/5/0/255/0 –S100 –G0/0/255 –C0 -Na/1/255 >map.ps

and look at the results.  Let me explain these extra options.

-W is the option that causes the coastlines to be plotted.  Any time we are drawing a line in GMT we have to specify pen attributes, which are appended onto the option that causes a line to be drawn.  The form of these attributes is:

-W{pen thickness}/{red 0-255}/{green 0-255}/{blue 0-255}
so from above we can see why the coastlines are thin and red.

The –I option plots rivers.  It has an extra part, the letter a. –Ia means to plot all rivers and canals, -I1 plots major rivers –I2 plots more rivers etc.  To see all the options for plotting rivers see the pscoast man page. After the a, the pen attributes are appended, so we have fat (size 5) green rivers in the above command.

The –N option is like the –I option, but plots national boundaries.  Above we have:

-Na/1/255 

which is:

-N{which national boundaries are plotted}/{pen thickness}/{grayscale from 0-255}

instead of using the red/blue/green form for color we can optionally just specify a grayscale value with one number.

The –S (ocean color) –G (land color) and –C (lake color) options specify fill colors and therefore do not have a pen size attribute associated with them.

All right, now you’re on your own.  Try to give the map of Africa some more reasonable colors and add a title or anything else you wish.  Once you have done this we will move on to the next section.

Stringing GMT Commands Together

 Often we want to apply several GMT commands to a single plot.  For example we may want to plot coastlines and earthquake locations on the same plot.  To do this we have to call 2 GMT commands and apply them to the same map.  So far we have been using the command line to generate plots, but this is not the best mode of operation when we have to use multiple GMT commands.  The best way is to create a script that can be run again and again so that we can avoid having to retype everything each time we want to make a change to a map.  The scripting language that you use does not matter, but I use Perl, so That is what we are going to use in this tutorial.  To make a Perl script create a new file in your favorite text editor and call it “tutorial.pl”.  On the first line of this file type:
#!/usr/bin/perl

now to run GMT commands in Perl we type
system(“{type your command here}”);

in this file.  For example:

system(“Pscoast –JM15c –R5/45/-20/20 –W1 >map.ps”);

type this in your file.  Change the permissions on the file (type %chmod 777 tutorial.pl on the command line) and execute it (%./tutorial.pl)

Now look at map.ps and see if it worked.

So the next part of this tutorial involves making a map of southern California.  Change the pscoast command in your Perl file so that it plots the coastline in southern California.  Change the annotation to anything you like, add a title and use the region 

–R-120/-114/32/36
color in the land and the ocean and add anything else you want to the plot.
Alright now you should have a pretty map of southern California.  Let’s say that we’re seismologists and want to plot earthquake locations on this map.  Well the first thing we need to do is to get a file with the locations in it and then we need to use GMT to plot the locations.  Where do you get the data you ask?  Well we have it all in our system in a special directory called datalib.  Lets take a look in  datalib:

%ls /home/datalib

in there is a directory called Earthquake_Catalogs.  Let’s look in there”

%ls /home/datalib/Earthquake_Catalogs

We keep searching and find that the data we need is in the file:

/home/datalib/Earthquake_Catalogs/Relocated_Cal/Dinger-Shearer/dinger-shearer.cat
Ok so copy that file into your local directory.
Now this file is not in a GMT friendly format so we need to plumb it a bit:

%awk ‘{print $8,$7}’ dinger-shearer.cat | head -1000 >locations.xy
Don’t worry about what this does, it isn’t important.  What is important is that the file locations.xy now has long and lat of some of the events in the dinger-shearer.cat file.  This can then be used by GMT to make a plot of Earthquake locations.

Alright, now we need to plot the data.  To do this we add another line to our Perl file as a system call:

system(“psxy locations.xy –J{} –R{} >>map.ps”);

where the –J and –R options are the same as the first system call.

Hang on now, where are the earthquake locations? By default, each GMT command call creates a new postscript file.  Each postscript file contains a header, a body and a footer.  So in our script, since we have two calls there are two complete postscript files in map.ps, and the interpreter only sees the first and everything after the first footer is ignored.  To get around this problem, GMT has two options –K and –O.  –K suppresses the printing of a footer, while –O suppresses the printing of a header, so we need to add a –K to the first command in our file and a –O to the second.  Do that now and look at how your figure changes.

Now we see that our figure has a bunch of scribbles on it.  The default behavior of psxy is to draw a line connecting all the points in the file, but this is not what we want.  What we do want is to have a dot at each location.  The way to do this is to add the –S option to our psxy call.  The –S option decides which type of symbol is plotted and what its size and color is etc.  

 Try the following –S options in your psxy call and see how your map looks:

-Sa5p

-Sc0.2c

-St5p

-Sd3p

The general form of the –S option is:

-S{symbol type}{symbol size}{units for symbol size p=points, c=cm, i=in}

symbol types can be:

a=star, c=circle, t=triangle, etc.  The full list can be seen on the psxy man page.

Now say we want to add some color to our symbols, the –G option does this.  It has the same form as for the pscoast command, so add some color to you symbols and check to make sure it worked.

To add an outline to the symbols, the –W option is used, with associated pen attributes as described for pscoast.  Add an outline to your symbols.
Now you may be thinking that your map looks pretty crappy as all the edges are rough etc.  Trust me, it looks better than you think, and will look better printed out.  One way to see this is to use Imagemagick to look at your map instead.  Type:

%display map.ps

and you will see a better looking version of your map.

Ok, so now we have a bunch of earthquakes, but we don’t really know where they are in relation to the southern California faults.  Luckily we have a fault database in datalib.  Copy the file:

/home/datalib/Faults/Cal/jennings.xy 

into your working directory.  This file has lat and long of faults in California that we can use to draw the faults on our map with psxy.  To do this, add another psxy call before the one that plots the Earthquakes.  Make sure you use the proper header and footer options for this command (hint: we want neither a header nor a footer) and plot the faults on your map.  If you get an error about invalid data points in the file add the –M option.  Look at the psxy man page to see what this does.  Change the pen attributes to make the faults plot with an appropriate color.

Ok, so now we have a pretty respectable map, but it is pretty flat.  What we would like to do now is to add topography to the map as a color image.  To do this we use the command grdimage, but before we get to that we once again have to get the topo data.  Where is this data, you ask?  Well I’m sure you know the answer: It’s in datalib.  Specifically the file we are going to work with is:
/home/datalib/Topography/World_Topo/topo_8.2.img

However do not copy this to your directory.  This file is in img format which is a binary storage format, what we want is grd format.  Luckily, GMT provides some conversion programs.  img2grd is the one that we wish to use.  So, on the command line type:

%img2grd  {img file} –R{} –Gtopo.grd –T1
Where img file is the above file and –R is the same as for our plotting commands. We type this at the command line because we only need to make this file once.  So now we have the topo in grd format in the file topo.grd, which is a format that GMT is able to read.  Now we need to make a color scale.  GMT provides another utility for creating color scale or *.cpt files, makecpt.  Type:

%makecpt -Cglobe  -T-5100/5000/500 –Z >topo.cpt

Ok, now we have the data and a color file that we can use to make an image of the topography.  We can now add another command to our Perl file to image the topography data.  At the end of the file add the line:

system(“grdimage topo.grd –Ctopo.cpt –J{} –R{} –O >>map.ps”);

Remember to add a –K option to the second psxy command before running the script.

Look at the result.  Where did the Earthquakes go? Where are the faults?  The answer is that they are still there, they are just underneath the image of the topography.  To see them again move the bottom command in the file up above the two psxy commands and ajust the –O and –K options of all three commands to suit.  Ok now we have the faults and earthquakes on top of the image but where is the coast?  Move the grdimage command to the top of your Perl file, get rid of the –G option in pscoast, adjust the –O and –K options and the rerun the file.
Ok, now we have a pretty nice map but it is still a little flat.  To add shading to the relief we need to generate another file.  This time the file is made with the grdgradient command.  Type, at the command line:

%grdgradient topo.grd –Gtopo.grad –A45 –Ne0.8
This makes a new file called topo.grad.  To understand this command and what it does, look at the grdgradient man page.  Now we need to add another option to grdimage, the –I option. Add:

-Itopo.grad 

to the grdimage command in your Perl script and then run it and examine the results.

 We now have our final image that looks pretty good.  It has topography, faults and earthquake locations.  The image does look a little coarse though.  That is because we have used a low resolution dataset.  To use a higher resolution dataset instead, run the following commands on the command line:
%grdsample /home/datalib/Topography/Southern_California/USGS_90m/ dem_-123_-114_32_38.grd  -Gtopo.grd –T0.01/0.01
%grdgradient topo.grd –Gtopo.grad –A45 –Ne0.8
re-run your Perl script and then look at the results (using display).  You should have a very nice map of southern California complete with earthquake locations and faults.

That is the end of this tutorial.  I hope that you understood what was going on and now feel confident enough to generate your own GMT figures.

For Further Information

To learn more about GMT you can do the gmt tutorial on the gmt home page: http://gmt.soest.hawaii.edu
Or look at the documentation there for GMT.
Another good way is to look at other peoples scripts and see how they made their figures.

The GMT man pages are very helpful for utilizing the most powerful parts of the various GMT commands.

