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INTRODUCTION

The purpose of this tutorial is to introduce new userst@Y, outline theGwm> environment, and enable
you to make several forms of graphics without having to knesvrhuch aboutUNIX andUNIX tools. We
will not be able to cover all aspects Gy nor will we necessarily cover the selected topics in sufficie
detail. Nevertheless, it is hoped that the exposure willppbthe users to improve the&w> andUNIX
skills after completion of this short tutorial.

GMT overview: History, philosophy, and usage

Historical highlights

The GMD system was initiated in late 1987 at Lamont-Doherty Eartisédtmtory, Columbia University
by graduate students Paul Wessel and Walter H. F. Smithiovetswas officially introduced to Lamont
scientists in July 1988GM> 1 migrated by word of mouth (and tape) to other institutianghie United
States, UK, Japan, and France and attracted a small folpwiaul took a Post-doctoral position at SOEST
in December 1989 and continued #3&)> development. Version 2.0 was released with an article in, EOS
October 1991, and quickly spread worldwide. We obtained Hi8¥ing for GM> version 3.0 in 1993
which was released with another article in EOS on August 2851 Significantly improved versions (3.1—
3.3, 3.3.1-6; 3.4, 3.4.1-5) were released between Noveh#8® and October 2004, culminating in the
September 2005 release of 3.4.6 (and new version & now is used by-10,000 users worldwide in

a broad range of disciplines.

Philosophy

awmd follows theUNIX philosophy in which complex tasks are broken down into senahd more man-
ageable components. Individualy> modules are small, easy to maintain, and can be used as amy oth
UNIX tool. GMY is written in the ANSI C programming language (very portabie POSIX compliant,
and is independent of hardware constraints (e.g., memaw)> was deliberately written for command-
line usage, not a windows environment, in order to maximigeiffility. We standardized early on to use
PostScriptoutput instead of other graphics formats. Apart from thdtfmisupport for coastlinesavd
completely decouples data retrieval from the m@i®> programs.GMY uses architecture-independent
file formats.

Why is GMT so popular?

The price is right! AlsoGwM> offers unlimited flexibility since it can be called from theraomand line,
inside scripts, and from user progran®W) has attracted many users because of its high quRdisyScript
output.GM> easily installs on almost any computer.

GMT installation considerations

GMY has been installed on machines ranging from super-congpiatéap-top PCsGMY only contains
some 55,000 lines of code and has modest space/memoryaegits. Minimum requirements are

e The netCDF library 3.4 or higher (free from www.unidata.edu

A C Compiler (free from www.gnu.org).
e About 100 Mb disk space (70 Mb additional for full- and higésolution coast-lines).
e About 32 Mb memory.

In addition, we recommend access tBa@stScriptprinter or equivalent (e.gghostscript), PostScript
previewer (e.g.ghostview), any flavor of thdJNIX operating system, and more disk space and memory.
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1.

SESSION ONE

1.1 Tutorial setup

1.

We assume th&aM> has been properly and fully installed and that you have titeistensetenv
GMTHOMEK:ppath to &GwM> directory > in your .loginas described in th&vw> README
file.

. All aw> man pages, documentation, and example scripts are aeditabil theGv> documentation

web page. It is assumed these pages have been installely ltcgbur site; if not they are always
available from the main GMT home page

. We recommend you create a sub-directory called tutac@hlinto that directory, and copy all the

tutorial files directly there with¢p -r $GMTHOME/tutorial/ * 7

. As we discusssMD principles it may be a good idea to consult ta&)> Technical Reference and

Cookbook for more detailed explanations.

. The tutorial uses the supplemenil)> programgrdraster to extract subsets of global gridded
data sets. For your convenience we also supply the substts gvent you do not wish to install
grdraster and the public data sets it can read. Thus, rumgttteaster commands if you have made
the installation or ignore them if you have not.

. For all but the simplesswM? jobs it is recommended that you place all t8a&)> (andUNIX) com-
mands in acshell script file and make it executable. To ensure thbliX recognizes your script as
acshell script it is a good habit always to start the script with tleel#!/bin/csh. All the examples
in this tutorial assumes you are running ttshell, if you are using something different then you are
on your own.

. Making a script executable is accomplished usingctimaod command, e.g., the script figudecsh
is made executable witlchmod +x figure _l.csh ".

. To view aPostScripffile (e.g., map.pson a UNIX workstation we usghostviewmap.ps On some
systems there will be similar commands, like imagetnad pagevievon Sun workstations. In this
text we will refer toghostview, please substitute the relevadrastScriptpreviewer on your system.

. Please cd into the directory tutori&lle are now ready to start.

1.2 The GMT environment: What happens when you run GMT?

To get a good grasp aBMY one must understand what is going on “under the hood”. Figiurdlustrates
the relationships you need to be aware of at run-time.

1.2.1 Input data

A GMD program may or may not take input files. Three different typemput are recognized (more
details can be found in Appendix B in the Technical Refergnce

1. Data tables. These are “spreadsheet” tables with a fixetbauof columns and unlimited number

of rows. We distinguish between two groups:

e ASCII (Preferred unless files are huge)

— Single segment [Default]

Lhttp://gmt.soest.hawaii.edu
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INPUT JOB CONTROL OUTPUT

Command Line Options}

¥ Color Palette Table (cpt)}/

................ Pl

....... Optional
Required

Figure 1.1: The&GMT run-time environment.

— Multi-segment with internal header recordd\)
e Binary (to speed up input/output)

— Single segment [Default]
— Multi-segment (segment headers are all NaN field&)

2. Gridded dated sets. These are data matrices (evenlydspab&o coordinates) that come in two
flavors:

e Grid-line registration
o Pixel registration

You may choose among several file formats (even define yourfommat), but theaw> default is
the architecture-independent netCDF format.

3. Color palette table (For imaging, color plots, and contaaps). We will discuss these later.

1.2.2 Job Control

GMD programs may get operational parameters from severalglace
1. Supplied command line options/switches or program disfau
2. Short-hand notation to select previously used optionments (stored in .gmtcommands
3. Implicitly usingGM> defaults for a variety of parameters (stored in .gmtdegault

4. May use hidden support data like coastlineRastScriptpatterns.

1.2.3 Output data

There are 6 general categories of output producegd iy :
1. PostScriptplot commands.
2. Data Table(s).
3. Gridded data set(s).

4, Statistics & Summaries.



CHAPTER 1. SESSION ONE 4

5. Warnings and Errors, written stderr.

6. Exit status (0 means success, otherwise failure).

Note: GMD automatically creates and updates a history of @a$d command options for the common
switches. This history file is called .gmtcommaradsl one will be created in every directory from which

GMD programs are executed. Many initial problems wiivy usage result from not fully appreciating
the relationships shown in Figure 1.1.

1.3 The UNIX Environment: Entry Level Knowledge

1.3.1 Redirection

Most GMD programs read their input from the terminal (calkdin) or from files, and write their output
to the terminal (calledtdou). To use files instead one can UgNIX redirection:

GMTprogram input-file >! output-file
GMTprogram < input-file >! output-file
GMTprogram input-file >> output-file # Append to existing f ile

The exclamation sign (!) allows us to overwrite existingdile

1.3.2 Piping ()

Sometimes we want to use the output from one program as iapuidther program. This is achieved with
UNIX pipes:

Someprogram | GMTprograml | GMTprogram2 >! Output-file (or | Ip)

1.3.3 Standard error (stderr)

Most UNIX andGWMY programs will on occasion write error messages. These aieatyy written to a
separate data stream caltderrand can be redirected separately from the standard outpithgoes to
stdou). To redirect error messages we use

UNIXprogram >& errors.log

When we want to save both program output and error messagep#nate files we use the following
syntax:

(GMTprogram > output.d) >& errors.log

1.3.4 File name expansion or “wild cards”

UNIX provides several ways to select groups of files based on nattexips (Table 1.1):

Code Meaning
* Matches anything
? Matches any single character
[list] Matches characters in the list
[rangd | Matches characters in the given range

Table 1.1:UNIX wildcards.

You can save much time by getting into the habit of selectopgpt!” filenames that make it easy to select
subsets of all files using tHéNIX wild card notation.
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Examples
e GMTprogram data'.d operates on all files starting with “dataand ending in “.d”.

e GMTprogram line?.d works on all files starting with “liné followed by any single character and
ending in “.d".

e GMTprogram sectiori[0-9]0.part[12] only processes data from sections 100 through 190, only
using every 10th profile, and gets both part 1 and 2.

1.4 GMT Defaults

Numerous minor options (more than 50) can only be changetpearily) by modifying thesv> defaults
settings. These settings control such aspectsid as font types and sizes, pen thickness used for
basemaps, interpolants used when interpolation is neaakthany more (Figures 1.2, 1.3, and 1.4 show
the subset of parameters that affects plots). &w> defaults reside in a file named .gmtdefauls
user will typically have a “master” .gmtdefaulite in the home directory, and possibly more specialized
.gmtdefaultdiles in certain sub-directories. If no such file exist in therent directoryGwv> will attempt

to open the user’s master defaults file. If it is not preseantthe site-specifiaM> defaults are used.
These come preset from tk&@V> developers but may be modified prior&Ww installation. One typical
change at this level is to select Sl units rather than theultef#5/British units. It is recommended not
to modify the systenaM> defaults substantially since some applications may relyherpresence of a
standard set of default values. Users may create a new .fauttddile with the currentaM? preset values
using thegmtdefaults utility.

Plot Title —— HEADER_FONT

FRAME_WIDTH HEADER_FONT_SIZE
. BASEMAP_FRAME_RGB

- A
10°N i

-+ + o+ -

TICK_PEN

4+ + + o+

TICK_LEN

108

60'W v 50'W 0w M 30w

BASEMAP_TYPE ANOT_OFFSET

Figure 1.2: Som&MT parameters that affect plot appearance.

There are at least two good reasons why &> default options are placed in a separate parameter
file:

1. Itwould not be practical to allow for command-line syntawering so many options, many of which
are rarely or never changed (such as the ellipsoid used fpmprgections).

2. Itis convenient to keep separate .gmtdefaiilés for specific projects, so that one may achieve a
special effect simply by runningM> commands in a sub-directory whose .gmtdefdiltshas the
desired settings. For example, when making final illustregifor a journal article one must often
standardize on font sizes and font types, etc. Keepingaditisettings in a separate .gmtdefafilkks
simplifies this process. Likewis&M> scripts that make slides often use a different color scheme
and font size than output intended for laser printers. Qrjagthese various scenarios into separate
.gmtdefaultdiles will minimize headaches associated with micro-editiiillustrations.
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DEGREE_FORMAT ANOT_MAX_ANGLE
S, * 2 , 3,
2 2 A 2
FRAME_PEN GRID_PEN
A A
v 7_0'“
oW
LINE_STEP
X_ORIGIN
Y Oo‘
<
AN
oN ™
e | %, 3, T~
z Y_ORIGINZ 2 OBLIQUE_ANOTATION

Figure 1.3: MoreGMT parameters that affect plot appearance.

As mentioned GVY programs will attempt to open a file named .gmtdefault$ times it may be
desirable to override that default action. As an altereative may supply another filename using the
+filenamesyntax, i.e., on the same command line as &®> command we append the name of the
alternate .gmtdefaulfge with the plus sign as a prefix. A perhaps less tedious nuethto start each script
with making a backup copy of the current .gmtdefa(it®ne exists), then copy the desired .gmtdefaults
file to the current directory, and finally undo the changebaiend of the script.

To change some of them> parameters on the fly inside a script tp@tset utility can be used. E.g.,
to change the annotation font to 12 point Times-Bold we run

gmtset ANOT _-FONT Times-Bold ANOT _FONTSIZE 12p

In addition to these 29 parameters that directly affect thetpere are numerous parameters that modify
units, scales, etc. For a complete listing, seegimedefaults man pages.

X_AXIS_LENGTH PAPER_MEDIA
PAGE_COLOR > Plot Title *
<4
102
Y_AXIS_TYPE
BASEMAP_AXES >
101
Y_AXIS_LENGTH N
©
Qo
<
o 10°
=
4
>
ANOT_FONT
* g0t
B
ANOT_FONT_SIZE
UNIX_TIME_POS 102
[} 200 400 600 800 1000
UNIX_TIME x-axis label
v <
M > LABEL_FONT
. Feb 607:49:26 1996 | Dazed and Confused LABEL_FONT_SIZE

Figure 1.4: Even mor&MT parameters that affect plot appearance.

At the end of the script one can then reset the specific pasamback to their original values. We
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suggest that you go through all the available parameteesat bnce so that you know what is available to
change via one of the proposed mechanisms.

1.5 GMT Units

GMD programs can accept dimensional quantities in cmifch (), meter (), or point ). There are
two ways to ensure tha&M> understands which unit you intend to use.

1. Append the desired unit abbreviation to the dimensionstqmply. This way is explicit and clearly
communicates what you intend, e.gX4c means 4 cm.

2. Set the parameter MEASURENIT to the desired unit. Then, all dimensions without egiplunit
will be interpreted accordingly, i.e5X5i will always means 5 inches whileX5 depends on the
chosen MEASUREUNIT.

The latter method is less secure as other users may haveseediffunit set and your script may not
work as intended for them. We therefore recommend you alsapply the desired unit explicitly.

1.6 GMT Common Command Line Options

GMY has 13 common options that have identical function in algpams. It is vital that you understand
how to use these options, which we here present alphabgtical

1.6.1 The —B option

This is by far the most complicated optiondn>, but most examples of its usage are actually quite sim-
ple. Given as-Bxinfo[/yinfo][:."title string”:] W|w][E|€][ S|sI[N|n], this switch specifies a map boundary
to be plotted by using the selected tick-mark intervals. Aihé andyinfo strings are of the form

[a]tickIm|c][ ftick{m|c]][ gtickim|c]][ || p][:"axis label”:][:,"unit label":]

wherea, f, andg stand for annotation, frame, and grid interval. Thie indicates minutesnf) or seconds
(c). By default, all 4 boundaries are plotted (denoW¥dE, S, N). To change this selection, append the
codes for those you want (e.§NSn). Upper case (e.gW) will annotate in addition to draw axis/tick-
marks. The title, if given, will appear centered above thapl

Options for logyp axes

1. Heretick must be 1, 2, or 3. Annotations/ticks will then occur at pasvefr 10 times 1, 1-2-5, or
1,2,3,4,...,9, respectively.

2. Append totick. Then, logg of the annotation is plotted at every integeriggalue.

3. Appendp totick. Then, annotations appear as 10 raised tedofithe value (e.g., 10°).

Options for exponential axes

Appendp to tick, and the annotation interval is expected to be in transfdramits, yet the annotation will
be plotted as un-transformed units. E.gtjdk = 1 and power = 0.5 (i.e., square root transformation), then
equidistant annotations labeled 1, 4, 9, ... will appear.

2Unfortunately,s was already taken to mean “south”.
SHowever, it is suppressed when a 3-D perspective view istsele
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1.6.2 The —c option

The—coption specifies the number of plot copies. [Default is 1]

1.6.3 The —H option

The —H[n_recq option letsGWM> know that input file(s) have one [Default] or more header rdso If
there are more than one header record you must specify thberuafter the-H option, e.g.—H4. See
Figure 1.10.

1.6.4 The —J? options

Selects the map projection. The following character c@jielétermines the projection. Specify majuith
(or axis lengths) in the unit of your choiteThe projections avaiable i@W> are presented in Figure 1.9.
For this tutorial we will choose one of the following projexts (for details on akasM? projections see the
psbasemap man page):

Mercator: —IM width.

Orthographic: —JGlong/late/width. Thelong/late specifies the projection center.

Albers conic: —JBlong/laty/laty /lat,/width. Give projection center and two standard parallels.
Eckert IV and VI: =JK [f|g]long/width. Give the central meridian.

Linear: —JXwidth/height Give width [and height] of plotwidth [and/orheigh{ can be given in any of
the following 3 formats:

1. —IXwidth[d]—Regular linear scaling. Append”if x andy are geographical coordinates in
degrees; this allows for 38@eriodicity and degree-symbols in annotations.

2. —JIXwidthl—Take log of values before scaling.
3. —=IXwidthppower—Raise values tpowerbefore scaling.

Use negativevidth [and heighkto reverse the direction of an axis (e.g., to hgnae positive down).

1.6.5 The —-K -0 options

The—K and—0O options control the generation BbstScriptcode for multiple overlay plots. APostScript
files must have a header (for initializations), a body (dreyithe figure), and a trailer (printing it out) (see
Figure 1.10). Thus, when overlaying seves> plots we must make sure that the first plot call ommits
the trailer, that all intermediate calls omit both headet taailer, and that the final overlay omits the header.
The—K switch omits the trailer which implies that moRestScriptcode will be appended later [Default
terminates the plot system]. Th® switch selects Overlay plot mode and ommits the headerrmdtion
[Default initializes a new plot system]. Most unexpecteslifs for multiple overlay plots can be traced to
the incorrect use of these options.

1.6.6 The —P option

The—P switch selects Portrait plotting motléThe default Landscape orientation is obtained by traingjat
the origin in thex-direction (by the width of the chosen paper PAPEFIEDIA) and then rotating the
coordinate system counterclockwise by 9By default the PAPERMEDIA is set to Letter (or A4 if Sl is
chosen); this value must be changed when using differentangach as 11” x 17” or large format plotters
(Figure 1.11).

4Upper case character code expects mvajth while lower case character code expects meale

SFor historical reasons (and to maintain backwards comibigfibthe GMD Default is Landscape, segntdefaults to change
this.
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1.6.7 The —R option

Setting—Rxminxmaxyminymaxr] specifies the Region of interest. Decimal or exponentidghtions
(e.g., 1.3e7) are supported. To use degrees and minutesdaadds], use the dd:mm[:ss] format. Append
r if lower left and upper right corners are given instead ofimiiim and maximum extent of a rectangular
region (Figure 1.12).

1.6.8 The —U option

Select-U to draw aUNIX System time stamp. Optionally, append an arbitrary tekigisurrounded by
double quotes), or the codewhich will plot the current command string (Figure 1.13).

1.6.9 The -V option

The-V switch selects verbose mode, which will send progress tepmstderr [Default runs “silently”].

1.6.10 The —X-Y options

Using—X and-Y shifts the origin of the plot byxoffyoff) inches (Default is (1i,1i) for new pldtsand
(0,0) for overlays£0)). By default, all translations are relative to the predauigin (see Figure 1.11).
Absolute translations (i.e., relative to a fixed point (&0bhe lower left corner of the paper) can be achieve
by prepending &” to the offsets. Subsequent overlays will be co-registevied the previous plot unless
the origin is shifted using these options. The offsets arasueed in the current coordinates system (which
can be rotated using the initiaP option; subsequenrtP options for overlays are quietly ignored).

1.6.11 The —: option

For geographical data, the first column is expected to cotdagitudes and the second to contain latitudes.
To reverse this expectation you must apply-theption.

1.7 Laboratory Exercises

We will begin our adventure by making some simple plot axe$ @astline basemaps. We will do this
in order to introduce the all-importarB, —J, and—R switches and to familiarize ourselves with a few
selectedaMY projections. Theawd programs we will utilize arpsbasemap andpscoast. Please
consult their manual pages on 3> web site for reference.

1.7.1 Linear projection

We start by making the basemap frame for a linegiplot. We want it to go from 10 to 70 ir, annotating
every 10, and from -3 to 8 iy, annotating every 1. The final plot should be 4 by 3 inchesza.sHere’s
how we do it:

psbasemap -R10/70/-3/8 -JX4i/3i -B10/1:."My first plot": -P >! plot.ps

You can view the result with the commang#ostviewplot.ps.

Exercises
1. Try change theJX values.
2. Try change theB values.

3. Omit the-P.

6This ensures that boundary annotations do not fall off trgepa
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1.7.2 Logarithmic projection

We next will show how to do a basemap for a log—log plot. We aglfume that the rawdata range from
3to 9613 ang ranges from 2- 10?°to 6.8- 10?4 One possibility is

psbasemap -R1/10000/1e20/1e25 -JX9il/6il \
-B2:"Wavelength (m)":/alpf3:"Power (W)":WS >! plot.ps

(The backslash makesUNIX ignore the carriage return that follows and treat the twedias one long
command).

Exercises
1. Do not appendto the axes lengths.
2. Leave the modifier out of the-B string.

3. Addga3 to each side of the slash-#B.

1.7.3 Mercator projection

Despite the problems of extreme horizontal exaggeratidrigit latitudes, the conformal Mercator pro-
jection JM) remains the stalwart of location maps used by scientidtés dne of several cylindrical
projections offered byam>; here we will only have time to focus on one such projectiohe Tomplete
syntax is simply

—JMwidth

To make coastline maps we ysecoast which automatically will access th@wv> coastline data base
derived from the GSHHS databdsen addition to the common switches we may need to use some of
severapscoast -specific options (see Table 1.2).

Option Purpose

-A Exclude small features or those of high hierarchical le{gte Appendix K)
-D Select data resolutioril, high, intermediatelow, or crude)

-G Set color of dry areas (default does not paint)

=l Draw rivers (chose features from one or more hierarchidsigraies)

-L Plot map scale (length scale can be km, miles, or nauticalahil

-N Draw political borders (including US state borders)

-S Set color for wet areas (default does not paint)

-W Draw coastlines and set pen thickness

Table 1.2: Main options when making coastline plots or axes]

One of-W, —G, —Smust be selected. Our first coastline example is from LatireAca:

pscoast -R-90/-70/0/20 -JM6i -P -B5g5 -G180/120/60 >! map. ps

Exercises
1. Add the-V option.
2. Try—R270/290/0/20 instead. What happens to the annotations?

3. Edit your .gmtdefault§ile, change DEGREEF-ORMAT to another number in the 0-4 range, and
plot again.

“SeeWessel and Smit1996].
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4. Pick another region and change land color.
5. Pick a region that includes the north or south poles.

6. Try—WO0.25 instead of (or in addition to}G.

1.7.4 Albers projection

The Albers projection{JB) is an equal-area conical projection; its conformal coisthe Lambert conic
projection (JL). Their usages are almost identical so we will only use tHeefd here. The general syntax
is

—JBlong/lato/lats /latz/width
where (0ong, latp) is the map (projection) center afat1,lat, are the two standard parallels where the cone
intersects the Earth’s surface. We try the following comchan
pscoast -R-130/-70/24/52 -JB-100/35/33/45/6i -B10g5:." Conic Projection™: \

-N1/2p -N2/0.25p -A500 -G200 -WO0.25p -P >! map.ps

Exercises

1. Change the parameter GRICROSSSIZE to make grid crosses instead of gridlines.

2. Change-R to a rectangular box specification instead of minimum andimasn values.

1.7.5 Orthographic projection

The azimuthal orthographic projection)G) is one of several projections with similar syntax and bérav
the one we have chosen mimics viewing the Earth from spaceiafinite distance; it is neither conformal
nor equal-area. The syntax for this projection is

—JGlong/laty/width

where (ong, latp) is the center of the map (projection). As an example we will t

pscoast -R0/360/-90/90 -JG280/30/6i -Bg30/g1l5 -Dc -A5000 \
-G255/255/255 -S150/50/150 -P >! map.ps

Exercises

1. Use the rectangular option+#R to make a rectangular map showing the US only.

1.7.6 Eckert IV and VI projection

We conclude the survey of map projections with the Eckertiid ®I projections €£JK), two of several
projections used for global thematic maps; They are botlalegea projections whose syntax is

—JK[f|s]long/width

wheref gives Eckert IV (4) and (Default) gives Eckert VI (6). Théong is the central meridian (which
takes precedence over the mid-value implied by-tResetting). A simple Eckert VI world map is thus
generated by

pscoast -R0/360/-90/90 -JKs180/9i -B60g30/30g15 -Dc -A50 00 -G180/120/60 \
-S100/180/255 -W0.25p >! map.ps
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Exercises
1. Center the map on Greenwich.

2. Add a map scale withL.

12
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GMT PROJECTIONS

C = Conformal
E = Equal Area

GEOGRAPHIC PROJECTIONS

A

CYLINDRICAL CONICAL AZIMUTHAL THEMATIC OTHER

Basic [E] Albers [E] Equidistant Eckert IV + VI [E] Linear
Cassini Lambert [C] Gnomonic Hammer [E] Logarithmic
Equidistant Equidistant Orthographic Mollweide [E] Exponential
Mercator [C] Lambert [E] Robinson Polar

Miller Stereographic [C]  Sinusoidal [E]

Oblique Mercator [C] Winkel Tripel

Transverse Mercator [C] Van der Grinten

UTM [C]

17
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Data from NGDC
File contains gravity
lon lat faa
122.55 16.77 -23.9
122.51 16.47 -20.4
122.3516.14 -13.8
122.05 15.83 -10.9
121.8515.36 -9.9
121.04 15.11 -11.1
120.49 14.87 -12.7
120.11 14.31 -17.6
119.78 14.01 -19.7
119.41 13.71 -22.6
119.22 13.33 -26.2
118.81 13.06 -29.2
118.5512.83-35.1
118.27 12.43 -36.2

18
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2. SESSION TWO

2.1 General Information

There are 163MY programs that directly create (or add overlays to plotshiga.1); the remaining 43 are
mostly concerned with data processing. This session wli$an the task of plotting lines, symbols, and
text on maps. We will build on the skills we acquired while fhamizing ourselves with the variousv>
map projections as well as how to select a data domain anddaoyiannotations.

Program | Purpose

BASEMAPS

psbasemap Create an empty basemap frame with optional scale

pscoast Plot coastlines, filled continents, rivers, and politicaiders

POINTS AND LINES

pswiggle Draw spatial time-series along thék; y)-tracks

psSxy Plot symbols, polygons, and lines in 2-D

psSxyz Plot symbols, polygons, and lines in 3-D

HISTOGRAMS

pshistogram | Plot a rectangular histogram

psrose Plot a polar histogram(sector/rose diagram)
CONTOURS

grdcontour Contouring of 2-D gridded data sets

pscontour Direct contouring or imaging ofyzdata by optimal triangulation
SURFACES

grdimage Produce color images from 2-D gridded data

grdvector Plot vector fields from 2-D gridded data

grdview 3-D perspective imaging of 2-D gridded data
UTILITIES

psclip Use polygon files to initiate custom clipping paths

psimage Plot Sun rasterfiles

psmask Create clipping paths or generate overlay to mask

psscale Plot grayscale or colorscale bar

pstext Plot textstrings on maps

Table 2.1: List of all 1-D and 2-D plotting programs@GMT .

Plotting lines and symbolfsxy is one of the most frequently used programs3m>. In addition
to the common command line switches it has numerous spegificrns, and expects different file formats
depending on what action has been selected. These ciraurestmakgsxy harder to master than most
GMD tools. Table 2.2 shows a complete list of the options.

Option Purpose
-A Suppress line interpolation along great circles
—Ccpt Let symbol color be determined fromvalues and theptfile
—E[x|X][y|Y][capd[/penl | Draw selected error bars with specified attributes
—Gfill Set color for symbol or fill for polygons
-L Explicitly close polygons
—M([flag] Multiple segment input data; headers start ity
-N Do Not clip symbols at map borders
—S[symbol]sizg Select one of 16 symbols (See Table 2.3)
—Wpen Setpenfor line or symbol outline

Table 2.2: Optional switches in thesxy program.

The symbols can either be transparent (usiigonly, not—G) or solid G, with optional outline using
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—W). The—Soption takes the code for the desired symbol and optionalisibrmation. If no symbol is
given it is expected to be given in the last column of eachneothe input file. Thesizeis optional since
individual sizes for symbols may also be provided by the trgata. The 17 symbols available to us are

shown in Table 2.3.

Option Symbol

—Sasize star; sizeis radius of circumscribing circle

—Shsizd/basd[ u] bar; sizeis bar width, append if sizeis in x-units
Bar extends frontbase[0] to they-value

—-Scsize circle; sizeis the diameter

—Sckize diamond;sizeis its side

-Se dlipse; direction (CCW from horizontal)major, andminor axes in inches
are read from the input file

-SE dlipse; azimuth(CW from vertical),major, andminor axes in kilometers

are read from the input file

—STgapticKIL|1|R]

fault; gapandtick set length of and distance between ticks.

If gap < 0 it means the number of ticksor r will draw ticks to left or right
side of line [Default is centered]

Use upper cask or R to draw triangles instead of ticks

—Shsize hexagonssizeis its side

—Sisize inverted trianglesizeis its side

—Slsizdstring[%fon{] letter;sizeis fontsize. Append a letter or text string, and optionalfpiat
-Sp point; no size needed (1 pixel at current resolution is used)

—-Ssize sguare sizeis its side

—Stsize triangle;sizeis its side

—S\thicklengthwidth][ nnorm]

vector;direction (CCW from horizontal) andengthare read from input data
Optionally, append the thickness of the vector and the wadithlength of the
arrow-head. If theanormis appended, all vectors whose lengths are less than
normwill have their attributes scaled by lengtiofm

—SVthickllengthwidth][ nnorm

vector, excepazimuth(degrees east of north) is expected insteadirefction
The angle on the map is calculated based on the chosen magtonj

—Sw[size

pie wedge;startandstopdirections (CCW from horizontal) are read from input da

ita

-Sxsize

cross;sizeis length of crossing lines

Table 2.3: The symbol option ipsxy. Lower case symbols( c, d, h, i, s, t, 3 will fit inside a circle of
given diameter. Upper case symbads C, D, H, I, S, T, X) will have area equal to that of a circle of given

diameter.

Because some symbols require more input data than otherbesause the size of symbols as well as
their color can be determined from the input data, the fowhdata can be confusing. The general format
for the input data is (optional items are in brackets []):

xy[z][size][ ox][ oy ][ symboll

Thus, the only required input columns are the first two whiaksttontain the longitude and latitude
(orxandy). The remaining items apply when one (or more) of the follmponditions are met:

1. If you want the color of each symbol to be determined irdiiaily, supply a cptfile with the-C
option and let the 3rd data column contain #alues to be used with the cptfile.

2. If you want the size of each symbol to be determined indigily, append the size in a separate

column.

3. To draw error bars, use th€& option and give one or two additional data columns with-tftx and
+dy values; the form of-E determines if one~{Ex or —Ey) or two (-Exy) columns are needed. If
upper case flagX or Y are given then we will instead draw a “box-and-whisker” syidrdind the
ox (or ay) must represent 4 columns containing the minimum, the 257&9% quartiles, and the
maximum value. The givex(ory) coordinate is taken as the 50% quartile (median).
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4. If you draw vectors with-Sv (or —SV) thensizeis actually two columns containing ttigrection (or
azimuth andlengthof each vector.

5. If you draw ellipses<{S¢ thensizeis actually three columns containing tleectionand themajor
andminoraxes in plot units (with-SEwe expectzimuthinstead and axes lengths in km).

Before we try some examples we need to discuss two key swit¢hey specify pen attributes and
symbol or polygon fill.

2.1.1 Specifying pen attributes

A pen inGMD has three attributesvidth, color, andtexture Most programs will accept pen attributes in
the form of an option argument, e.g.,

—Wwidth[/color][ ttexturd[ p]

— Widthis normally measured in units of the current device resotuti.e., DOTSPRINCH in your
.gmtdefaultile). Thus, if the dpi is set to 300 this unit is 1/300th of anhn Appendp to specify
pen width in points (1/72 of an inch) Note that a pen thickness of 5 will be of different physical
width depending on your dpi setting, whereas a thicknesspoivlil always be 5/72 of an inch.
Minimume-thickness pens can be achieved by giving zero widitihthe result is device-dependent.

— Thecolor can be specified asgray shade in the range 0-255 (linearly going from black to white)
using the RGB system where you spedaifg/b, each ranging from 0-255. Here 0/0/0 is black and
255/255/255 is white, with 255/0/0 being red, etc.

— Thetextureattribute controls the appearance of the line. To get a dditie, simply appendt6” after
the width and color arguments; a dashed pen is requested tgith For exact specifications you
may appendtstring:offset, wherestring is a series of numbers separated by underscores. These
numbers represent a pattern by indicating the length oBlamgnents and the gap between segments.
The offsetphase-shifts the pattern along the line. For example, ifwant a yellow line of width 2
that alternates between long dashes (20 units), a 10 unitlgapa 5 unit dash, then another 10 unit
gap, with pattern offset by 10 units from the origin, speeiy/2/255/255/§20.10.5_10:10. Here,
the texture units can be specified in dpi units or points (besa).

2.1.2 Specifying fill attributes

Many plotting programs will allow the user to draw filled pglyns or symbols. The fill may take two
forms:

—Gfill
—Gpdpi/patterr: Br/g/b[Fr/g/b]]

In the first case we may specifygaay shade (0—255) or a colar/¢y/b in the 0—255 range), similar to the pen
color settings. The second form allows us to use a predefirémhage pattern. Thpatterncan either be a
number in the range 1-90 or the name of a 1-, 8-, or 24-bit Ssteréile. The former will result in one of
the 90 predefined 64 x 64 bit-patterns provided witkd> and reproduced in Appendix E in the Technical
Reference. The latter allows the user to create customiepdating images using standard Sun rasterfiles.
Thedpi parameter sets the resolution of this image on the pagerdaefil is thus made up of a series of
these “tiles”. Specifyinglpi as 0 will result in highest resolution obtainable given thesent dpi setting

in .gmtdefaults By specifying upper caseGP instead of~Gp the image will be bit-reversed, i.e., white
and black areas will be interchanged (only applies to 1rb#ages or predefined bit-image patterns). For
these patterns and other 1-bit images one may specify atteerbackground and foreground colors (by
appendingBr/g/b[Fr/g/b]) that will replace the default white and black pixels, resfively. Setting one of

IpostScriptdefinition. In the typesetting industry a slighly differetefinition of point (1/72.27 inch) is used.
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the fore- or background colors to — yields a transparent analgere only the back- or foreground pixels
will be painted. Due td?ostScriptimplementation limitations the rasterimages used withmust be less
than 146 x 146 pixels in size; for larger images peemage. The format of Sun raster files is outlined in
Appendix B in the Technical Reference. Note that urfetestScript_evel 1 the patterns are filled by using
the polygon as alip path Complex clip paths may require more memory thanRhstScriptinterpreter
has been assigned. There is therefore the possibility tmae ®ostScriptinterpreters (especially those
supplied with older laser printers) will run out of memorydaabort. Should that occur we recommend that
you use a regular grayshade fill instead of the patternsallimg more memory in your printenayor may
notsolve the problem!

2.1.3 Examples

We will start off using the file datan your directory. Using the&swd utility minmax we find the extent of
the data region:

minmax data
which returns
data: N = 7 <1/5> <1/5>

telling us that the file dathas 7 records and gives the minimum and maximum values fofirgtewo
columns. Given our knowledge of how to set up linear proggiwith—R and—JX, try the following:

1. Plot the data as transparent circles of size 0.3 inches.
2. Plot the data as solid white circles instead.

3. Plot the data using 0.5” stars, making them red with a thiglth = 1.5p), dashed pen.
To simply plot the data as a line we choose no symbol and gpagién thickness instead:

psxy data -R -JX -P -B -WO0.5p >! plot.ps

2.1.4 Exercises

1. Plot the data as a green-blue polygon instead.

2. Try using a predefined pattern.

A common question is : “How can | plot symbols connected byna livith psxy?”. The surprising
answer is that we must cadbxy twice. While this sounds cumbersome there is a reason farBaisically,
polygons need to be kept in memory since they may need to ppedli hence computer RAM places a
limit on how large polygons we may plot. Symbols, on the othend, can be plotted one at the time so
there is no limit to how many symbols one may plot. Thereftwesonnect symbols with a line we must
use the overlay approach:

psxy data -R -JX -B -P -K -WO0.5p >! plot.ps
psxy data -R -JX -O -W -Si0.2i >> plot.ps

Our finalpsxy example involves a more complicated scenario in which wet weaplot the epicenters
of several earthquakes over the background of a coastlisentep. We want the symbols to have a size
that reflects the magnitude of the earthquakes, and thatabler should reflect the depth of the hypocen-
ter. You will find the two files quakes.ngdmd quakes.cph your directory. The first few lines in the
guakes.ngdtooks like this:
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<blank line first>

Historical Tsunami Earthquakes from the NGDC Database
Year Mo Da Lat+N Long+E Dep Mag

1987 01 04 49.77 149.29 489 4.1

1987 01 09 39.90 14168 067 6.8

Thus the file has three header records (including the blael},Ibut we are only interested in columns
5, 4, 6, and 7. In addition to extract those columns we mustsdale the magnitudes into symbols sizes
in inches. Given their range it looks like multiplying the gmitude by 0.02 will work well. Reformatting
this file to comply with theosxy input format can be done in a number of ways, including maadting,
using MATLAB, a spreadsheet program,WNIX tools. Here, without further elaboration, we simply use
the UNIX tool awk to do the job ($5 refers to the 5'th column etc., and NR is theent record number):

awk {if (NR > 3) print $5, $4, $6, 0.02 *$7} quakes.ngdc >! quakes.d

The awk statement is automatically applied to each data record;ehtbre output file quakessthould
now look like this (try it!):

149.29 49.77 489 0.082
141.68 39.90 067 0.136
...etc etc

We will follow conventional color schemes for seismicitydaassign red to shallow quakes (depth 0—
100 km), green to intermediate quakes (100-300 km), andtbldeep earthquakes (deptB800 km). The
guakes.cpfile establishes the relationship between depth and color:

# color palette for seismicity

#20 red green blue z1 red green blue

0 255 0 0 100 255 0 0
100 0 255 0 300 0 255 0
300 0 0 255 1000 0 0 255

Apart from comment lines (starting with #), each record ie tipt file governs the color of a symbol
whosez value falls in the range betweenandz. If the lower and upper red/green/blue triplets differ then
an intermediate color will be linearly interpolated givéae £ value. Here, we have chosen constant color
intervals.

We may now complete our example using the Mercator projecti@ throw in a map scale out of pure
generosity:

pscoast -R130/150/35/50 -JM6i -B5 -P -G200 -Lf134/49/42.5 /500 -K >! map.ps
psxy -R -JM -O -Cquakes.cpt quakes.d -Sci -W0.25p >> map.ps

where the appended to theScoption ensures that symbols sizes are interpreted to belem

2.1.5 More exercises
1. Select another symbol.

2. Letthe deep earthquakes be cyan instead of blue.

2.2 Plotting text strings

In many situations we need to annotate plots or maps withsteixigs; inGW> this is done usingstext.
Apart from the common switches, there are 7 options that aricplarly useful (Table 2.4).
The input data tpstext is expected to contain the following information:
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Option Purpose
—Cdx/dy Spacing between text and the text box (s&é)
—Ddx/dy Offsets the projected location of the strings
—Gfill Sets the color of the text
-L Lists the font ids and exits
-N Deactivates clipping at the borders
—Spen Selects outline font and sets pen attributes
—WIfill][o[peri] | Paint the text box; draw the outlinedfis appended (also se€)

Table 2.4: Some of the most frequently used optionsstext.

Xy size angle fontno justify text

Thesizeargument s the font size in points, taegleis the angle (measured counterclockwise) between

the text's baseline and the horizonfaistify indicates which point on the text-string should corresptond
the givenx, ylocation, andextis the text string or sentence to plot. Figure 2.2 illussdteese concepts
and shows the relevant two-character codes used for jasiific

The text string can be one or several words and may includd ootles for special characters and
escape-sequences used to select subscripts or symbol Toret®scape sequences that are recognized by

GMD are given in Table 2.5.

Code Effect
@~ Turns symbol font on or off
@%ontnd | Switches to another font; @%% resets to previous font
@+ Turns superscript on or off
@- Turns subscript on or off
@# Turns small caps on or off
@! Creates one composite character of the next two characters
@@ Prints the @ sign itself
@E @e £ e
@0 @o Do
@A @a Aa

Table 2.5:GMT text escape sequences.

Note that these escape sequences (as well as octal codds} caed anywhere &MY, including
in arguments to theB option. A chart of octal codes can be found in Appendix F in@> technical
reference book. For accented European characters you stM#ANT_EURO FONT to TRUE in your
.gmtdefaultdile.

We will demonstratgstext with the following script:

cat << EOF | pstext -RO/7/0/7 -JX7i -P -Blgl -G255/128/0 | gho stview -
0 4 BL Its P@al, not Pall

BL Try @%33%ZapfChancery@%% today

BL @ D@ 9@-b@- = 2@ pr@ G@ D@

B

30
30
30
30 L University of Hawaii at M@!'!a\305no0a

11
12 04
13 04
14 04
E

OF

Here we have used the “here document” notatiodMiX: The << EOF will treat the following lines
as the input file until it detects the word EOF. We pipe BostScriptdirectly throughghostview (the —
tells ghostviewthat piping is happening).

2.3 Exercises

1. Aty =5, add the sentence® = x? + y?”.
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2. Aty =6, add the sentence “Itis 8@oday”.
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L (Left) C (Center)

R (Right)

T (Top)
p— M (Middle)
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3. SESSION THREE

3.1 Contouring gridded data sets

GMY comes with several utilities that can create gridded dats see will discuss two such programs
later this session. First, we will assume that we already lggidded data sets. In the supplemedahd
archive there is a program that serves as a data extractordeveral public domain global gridded data
sets. Among these data are ETOPOS5, crustal ages, gravityenid, and DEM for the continental US.
Here, we will usegrdraster to extract aamM>-ready grid that we will next use for contouring:

grdraster 1 -R-66/-60/30/35 -Gbermuda.grd -V
We first use thesM> programgrdinfo to see what'’s in this file:
grdinfo bermuda.grd

The file contains bathymetry for the Bermuda region and hpghdealues from -5475 to -89 meters. We
want to make a contour map of this data; this is a jobgflatcontour. As with previous plot commands
we need to set up the map projection with Here, however, we do not have to specify the region since
that is by default assumed to be the extent of the grid file. Sitegate any plot we will in addition need to
supply information about which contours to draw. Unfortiehg grdcontour is a complicated program
with too many options. We put a positive spin on this situatiy touting its flexibility. Here are the most
useful options:

Option Purpose
—Aannotint Annotation interval
—Ccont.int Contour interval
—-Ggap Sets distance between contour annotations
—Llow/high Only draw contours within thiow to highrange
—Nunit Appendunit to contour annotations
—Qcut Do not draw contours with fewer thanut points
—Ssmooth Resample contours evexyinc/smoothincrement
—T[+|-][gaplengtH[:LH] | Draw tick-marks in downhill direction for innermost closedntours
Add tick spacing and length, and characters to plot at theecer closed contours
-WI[a|c]pen Set contour and annotation pens
—Zfactorf/offset [Subtractoffsel and multiply data byfactor prior to processing

Table 3.1: The most useful optionsgmdcontour.

We will first make a plain contour map using 1 km as annotaterival and 250 m as contour interval.
We choose a 7-inch-wide Mercator plot and annotate the bemery 2:

grdcontour bermuda.grd -JM7i -C250 -A1000 -P -B2 | ghostvie w -

3.1.1 Exercises

1. Add smoothing with-$4.

2. Try tick all highs and lows witk-T.

3. Skip small features withQ10.

4. Override region usingR-70/-60/25/35.

5. Try another region that clips our data domain.
6

. Scale data to km and use the km unit in the annotations.
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3.2 Gridding of arbitrarily spaced data

Except in the situation above when a gridded file is availals&emust convert our data to the right format
readable byaM> before we can make contour plots and color-coded images.istiieglish between two
scenarios:

1. The k&, v, 2) data are available on a regular lattice grid.

2. The §, v, 2) data are distributed unevenly in the plane.

The former situation may require a simple reformattingr{ggiyz2grd), while the latter must be inter-
polated onto a regular lattice; this process is known aglgrgd GMY supports three different approaches
to gridding; here, we will briefly discuss the two most comntechniques.

All Y gridding programs have in common the requirement that the msist specify the grid do-
main and output filename:

—Rxmin’xmaxyminymax The desired grid extent
—Ixindmic][/yindmi|c]]  The grid spacing (appemna or ¢ for minutes or seconds of arc)
—Ggridfile The output grid filename

3.2.1 Nearest neighbor gridding

TheGM> programnearneighbor implements a simple “nearest neighbor” averaging operatids the
preferred way to grid data when the data density is higdgarneighbor is a local procedure which means
it will only consider the control data that is close to theite$output grid node. Only data points inside a
specified search radius will be used, and we may also impeseotiidition that each of thesectors must
have at least one data point in order to assign the nodal vahenodal value is computed as a weighted
average of the nearest data point per sector inside thehsesaticis, with each point weighted according to
its distance from the node as follows:

-1
— YW of
Z= Zin:lwi wi= |1+ =7

The most important switches are listed in Table 3.2.

Option Purpose
—Sradiugk] | Sets search radius. Appekdo indicate radius in kilometers [Defaultxsunits]
—Eempty Assign this value to unconstrained nodes [Default is NaN]
—Nsectors | Sector search, indicate number of sectors [Default is 4]
-W Read relative weights from the 4th column of input data

Table 3.2: Switches used with thearneighbor program.

We will grid the data in the file ship.xywhich contains ship observations of bathymetry off Baja
California. We desire to make a 5’ by 5’ grid. Runnimgnmax on the file yields

ship.xyz: N = 82970 <245/254.705><20/29.99131><-7708/-9 >
so we choose the region accordingly:

nearneighbor -R245/255/20/30 -I5m -S40k -Gship.grd -V shi p.xXyz
We may get a view of the contour map using

grdcontour ship.grd -JM6i -P -B2 -C250 -A1000 | ghostview -
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Exercises

1. Try using a 100 km search radius and a 10 minute grid spacing

3.2.2 Gridding with Splines in Tension

As an alternative, we may use a global procedure to grid ota. dahis approach, implemented in the
programsurface, represents an improvement over standard minimum cuevatgorithms by allowing
users to introduce some tension into the surface. Phygicadl are trying to force a thin elastic plate
to go through all our data points; the values of this surfacthe grid points become the gridded data.
Mathematically, we want to find the functiax, y) that satisfies the following constraints:

Z(X, Yk) = %, for all data(xy, Yk, z), k = 1,n
(1-t)0%—t0%z=0 elsewhere

wheret is the “tension”, 0<'t < 1. Basically, ag — 0 we obtain the minimum curvature solution, while
ast — o we go towards a harmonic solution (which is linear in crosstisn). The theory behind all this
is quite involved and we do not have the time to explain it alieh please seéemith and Wess§1990] for
details. Some of the most important switches for this progaae indicated in Table 3'3

Option Purpose
—Aaspect | Sets aspect ratio for anisotropic grids.
—Climit Sets convergence limit. Default is 1/1000 of data range.
—Ttension | Sets the tension [Default is 0]

Table 3.3: Some of the options surface.

3.2.3 Preprocessing

Thesurface program assumes that the data have been preprocesseditatdialiasing, hence we must
ensure that this step is completed prior to griddi&W> comes with three preprocessors, calddck-
mean, blockmedian, andblockmode. The first averages values inside the grid-spacing boxes, th
second returns median values, wile the latter returns madaés. As a rule of thumb, we use means for
most smooth data (such as potential fields) and medians (deshor rough, non-Gaussian data (such as
topography). In addition to the requiredR and—I switches, these preprocessors all take the same options,
listed in Table 3.4.

Option Purpose
-N Choose pixel registration [Default is gridline]
—WIilo] | Appendi or o to read or write weights in the 4th column

Table 3.4: Some of the preprocessing options.

With respect to our ship data we preprocess it using the mede&hod:
blockmedian -R245/255/20/30 -I5m -V ship.xyz >! ship_5m.x yz
The output data can now be used with surface:
surface ship_5m.xyz -R245/255/20/30 -I5m -Gship.grd -V

If you rerungrdcontour on the new grid file (try it!) you will notice a big differencempared to the
grid made bynearneighbor: sincesurface is a global method it will evaluate the solution at all nodes,
even if there are no data constraints. There are numeroisnsjatvailable to us at this point:

1The—A option is necessary for geographic grids simdac shrinks with latitude. Rule of thumb: sespect= cosine of the
average latitude.
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1. We can reset all nodes too far from a data constraint to #i¢ Wilue.
2. We can pour white paint over those regions where contaergraeliable.
3. We can plot the landmass which will cover most (but notaflthe unconstrained areas.

4. We can set up a clip path so that only the contours in thetined region will show.

Here we have only time to explore the latter approach. pemask program can read the same
preprocessed data and set up a contour mask based on thésttéatébn. Once the clip path is activated
we can contour the final grid; we finally deactivate the clifgpivith a second call tpsmask. Here’s the
recipe:

psmask -R245/255/20/30 -I5m ship_5m.xyz -JM6i -B2 -P -K -V > I map.ps
grdcontour ship.grd -JM -O -K -C250 -A1000 >> map.ps
psmask -C -O >> map.ps

3.3 Exercises

1. Add the continents using any color you want.

2. Color the clip path light gray (useG in the firstpsmask call).
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4. SESSION FOUR

In our final session we will concentrate on color images amdgextive views of gridded data sets. Before
we start that discussion we need to cover two important aspéplotting that must be understood. These
are

1. Color tables and pseudo-colors@wmy.

2. Atrtificial illumination and how it affects colors.

4.1 The cpt file format

The cpt file has already been briefly mentioned in connectibim @ur seismicity plot in session 2. Here
we will treat the issue in more detail. The general formatiffies is

29 Rmin  Gmin  Bmin 21 Rmax Gmax Bmax [A]

Zn—2 Rmin  Gmin Bmin Zn-1 Rmax Gmax Bmax [A]

Since a cpt file may contain only shades of gray (here listetth@sed component), the green and blue
columns are optional and only used for color tables. An atidinal column may be used to affect
annotation of color bars (created bgscale). TheU, L, andB flags (positionA) indicate we want to
annotate the upper, lower, and both color boundaries, cégply. Alternatively, you can use thgsscale
—B option in the same way you use it in, spgbasemap.

Cpt files can be created in any number of wags)> provides two mechanisms:

1. Create simple, linear color tables given a master coldetéseveral are built-in) and the desired
z-values at color boundariem@kecpt)

2. Create color tables based on a master cpt color table &ndistogram-equalized distribution of
z-values in a gridded data filg(d2cpt)

One can also make these files manually or vaitbk or other tools. Here we will limit our discussion to
makecpt. Its main argument is the name of the master color tablet(glghown if you run the program
with no arguments) and the equidistantalues to go with it. The main options are given below.

Option Purpose

-C Set the name of the master cpt file to use

=l Reverse the sense of the color progression
-V Run in verbose mode

-Z Make a continuous rather than discrete table

Table 4.1: Prime options availablemmakecpt.

To make discrete and continuous color cpt files for data Hrages from -20 to 60, with color changes
at every 10, try these two variants:

makecpt -Crainbow -T-20/60/10 >! disc.cpt
makecpt -Crainbow -T-20/60/10 -Z >! cont.cpt

We can plot these color tables wifisscale; the options worth mentioning here are listed in Table 4.2.
In addition, the-B option can be used to set the title and unit label (and oplfipt@aset the annotation-,
tick-, and grid-line intervals for the colorbars.)

psbasemap -R0/8.5/0/11 -Jx1li -P -BO -K >! bar.ps

psscale -D3i/3i/4i/0.5ih -Cdisc.cpt -B:discrete: -O -K >> bar.ps
psscale -D3i/5i/4i/0.5ih -Ccont.cpt -B:continuous: -O -K >> bar.ps
psscale -D3i/7i/4i/0.5ih -Cdisc.cpt -B:discrete: -10.5 - O -K >> bar.ps

psscale -D3i/9i/4i/0.5ih -Ccont.cpt -B:continuous: -I0. 5 -O >> bar.ps
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Option Purpose
—Ccptfile The required cpt file
—Dxpogypodlengthiwidth[h] | Sets the position of the center/left and dimensions of duale
Appendh to get horizontal bar and give center/top instead
—Imaxintensity Add illumination effects

Table 4.2: The main switches and optionpsscale.

4.1.1 Exercises
1. Redo thenakecpt exercise using the master talblet and redo the bar plot.

2. Try specifying-B10g5.

4.2 lllumination and intensities

aWMD allows for artificial illumination and shading. What this ams is that we imagine an artificial sun
placed at infinity in some azimuth and elevation positiaumilinating our surface. The parts of the surface
that slope toward the sun should brighten while those salgad away should become darker; no shadows
are cast as a result of topographic undulations.

While it is clear that the actual slopes of the surface andotfientation of the sun enter into these
calculations, there is clearly an arbitrary element wherstirface is not topographic relief but some other
guantity. For instance, what does the slope toward the swanrieve are plotting a grid of heat flow
anomalies? While there are many ways to accomplish what v, @)D offers a relatively simple way:
We may calculate the gradient of the surface in the direafdahe sun and normalize these values to fall in
the+1 range; +1 means maximum sun exposure and -1 means contee flthough we will not show
it here, it should be added thaw? treats the intensities as a separate data set. Thus, wede thalues
are often derived from the relief surface we want to imagg ttwuld be separately observed quantities
such as back-scatter information.

Colors inawM?Y are specified in the RGB system used for computer screensxetsmed, green, and
blue light to achieve other colors. The RGB system is a Cartesoordinate system and produces a color
cube. For reasons better explained in Appendix | in the Refar book it is difficult to darken and brighten
a color based on its RGB values and an alternative coordsiyatem is used instead; here we use the HSV
system. If you hold the color cube so that the black and whiteers are along a vertical axis, then the
other 6 corners project onto the horizontal plane to form»agen; the corners of this hexagon are the
primary colors Red, Yellow, Green, Cyan, Blue, and Mageftae CMY colors are the complimentary
colors and are used when paints are mixed to produce a new(tuilbis how printers operate; they also
add pure black (K) to avoid making gray from CMY). In this cdimrate system the angle 0—-368 the hue
(H); the Saturation and Value are harder to explain. Suffitesay here that we intend to darken any pure
color (on the cube facets) by keeping H fixed and adding bladkasighten it by adding white; for interior
points in the cube we will add or remove gray. This operatafficiently done in the HSV coordinate
system; hence aklsM> shading operations involve translating from RGB to HSV, He illumination
effect, and transform back the modified RGB values.

4.3 Colorimages

Once a cpt file has been made it is relatively straightforviargenerate a color image of a gridded data.
Here, we will extract a subset of the global 30" DEM (data idré)n USGS:

grdraster 9 -R-108/-103/35/40 -Gus.grd

Usinggrdinfo we find that the data ranges frorL000m to~4300m so we make a cpt file accordingly:
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makecpt -Crainbow -T1000/5000/500 -Z >! topo.cpt

Color images are made witlrdimage which takes the usual common command options (by default
the—R is taken from the data set) and a cptfile; the main other optiva

Option Purpose
—Edpi Sets the desired resolution of the image [Default is dataluten]
—lintenfile | Use artificial illumination using intensities fromtensfile
-M Force grayshade using the (television) YIQ conversion

Table 4.3: The main options grdimage.

We want to make a plain color map with a color bar superimpagede the plot. We try

grdimage us.grd -JM6i -P -B2 -Ctopo.cpt -V -K >! topo.ps
psscale -D3i/8.5i/5i/0.25ih -Ctopo.cpt -10.4 -B/:m: -O >> topo.ps

The plain color map lacks detail and fails to reveal the twpphic complexity of this Rocky Mountain
region. What it needs is artificial illumination. We want imslate shading by a sun source in the east,
hence we derive the required intensities from the gradigfittse topography in the NS& direction using
grdgradient. Other than the required input and output filenames, thdadlaioptions are

Option Purpose
—Aazimuth Azimuthal direction for gradients
-M Indicates that this is a geographic grid

—N[t|e][norm{/offsel] | Normalize gradients bgorm/offse{= 1/0 by default].
Insertt to normalize by théan—1 transformation.
Inserte to normalize by the cumulative Laplace distributian.

Table 4.4: Thegyrdgradient options.

Figure 4.1 shows that raw slopes from bathymetry tend to bdan normally distributed (left). By
using the inverse tangent transformation we can ensure@umifiorm distribution (right). The inverse tan-
gent transform simply takes the raw slope estimatextvedue at the arrow) and returns the corresponding
inverse tangent value (normalized to fall in thé& range; horizontal arrow pointing to tlyevalue).

Both—Neand—Nt yield well behaved gradients. Personally, we prefer to heeMeoption; the value
of normis subjective and you may experiment somewhat in the 0.53agera-or our case we choose

grdgradient us.grd -Ne0.8 -A100 -M -Gus_i.grd
Given the cpt file and the two gridded data sets we can creatghtided relief image:

grdimage us.grd -lus_i.grd -JM6i -P -B2 -Ctopo.cpt -K >! top 0.ps
psscale -D3i/8.5i/5i/0.25ih -Ctopo.cpt -10.4 -B/:m: -O >> topo.ps

4.3.1 Exercises

1. Force a gray-shade image.

2. Rerungrdgradient with —NL1.
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4.4 Perspective views

Our final undertaking in this tutorial is to examine threesdnsional perspective viewsMD is currently
limited to vantage points at infinity; thus we are unable toflgeby’s through canyons etc. Thawvd
module that produces perspective views of gridded dataifilgsdview. It can make two kinds of plots:

1. Mesh or wire-frame plot (with or without superimposed toams)

2. Color-coded surface (with optional shading, contoursiraping).
Regardless of plot type, some arguments must be specifiesk dre
1. relief_file; a gridded data set of the surface.

2. —Jfor the desired map projection.

3. =JZheightfor the vertical scaling.

4. —EazimutHelevationfor vantage point.

In addition, some options may be required:

Option Purpose
—Ccptfile Thecptfileis required for color -coded surfaces and for contoured rpésts
—Gdrapefile | Assign colors usinglrapefile instead ofrelief_file
—lintensfile | File with illumination intensities

-Qm Selects mesh plot

—-Qgm] Surface plot using polygons; appemdto show mesh. This option allows fekV

—Qidpi[g] Image by scan-line conversion. Spedifyi; append to force gray-shade imageB is disabled.
—Wpen Draw contours on top of surface (except wiQi)

Table 4.5: The most useful optionsgndview.

4.4.1 Mesh-plot

Mesh plots work best on smaller data sets. We again use thi smhbget of the ETOPO5 data over
Bermuda and make a quick-and-dirty cpt file:

grd2cpt bermuda.grd -Cocean >! bermuda.cpt
A simple mesh plot can therefore be obtained with

grdview bermuda.grd -JM5i -P -JZ2i -E135/30 -B2 -Cbermuda. cpt >! map.ps

Exercises

1. Select another vantage point and vertical height.

4.4.2 Color-coded view
We will make a perspective, color-coded view of the US Rogkiem the southeast. This is done using

grdview us.grd -JM6i -E135/35 -Qi50 -lus_i.grd -Ctopo.cpt -V -B2 \
-JZ0.5i >! view.ps

This plot is pretty crude since we selected 50 dpi but it ist@sender and allows us to try alternate values
for vantage point and scaling. When we settle on the finalesalve select the appropriatpi for the final
output device and let it rip.
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Exercises
1. Choose another vantage point and scaling.
2. Redogrdgradient with another illumination direction and replot.

3. Select a highedpi, e.g., 200.

40
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