GRDRASTER(1) GeneriMapping ols GRDRASTER(2)

NAME
grdraster — extract subregion from a binary raster and write a grid file

SYNOPSIS
grdraster [ filenumber| "text pattern"] —Rwesteastsouthinorth[r] [ —Ggrdfile] [ —Ixindm|c][/yind m|c]]
1[ —Jparameterd [ -V ][ —bo[gS|d|D[ncol]|c[varl/..]] ]

DESCRIPTION
grdraster reads a file calledrdraster.infofrom the current working directaorthe directories pointed to by
the environment ariables$GMT_DATADIR and $GMT_USERDIR, or in $GMT_SHAREDIR /dbase
(in that order). The filgrdraster.infodefines binary arrays of data stored in scan-line format in data files.
Each file is gren afilenumberin the info file. grdraster figures out hw to load the raster data into a grid
file spanning a igion defined by-R. By default the grid spacing equals the raster spacirtge —I option
may be used to sub-sample the raster data. No filtering or interpolating is deeeerhthe x_inc and
y_inc of the grid must be multiples of the increments of the raster filegedrdster simply takes eery
n'th point. The output ofjrdraster is either grid or pigl registered depending on the registration of the
raster used. It is up to tH@MT system person to maintain tigedraster.infofile in accordance with the
available rasters at each site. Raster data sets are not supplig@Mithout can be obtained by anpn
mous ftp and on CD-ROM (see README page in dbase directgrdraster will list the available files if
no arguments are\gn. Finally grdraster will write xyz-triplets to stdout if no output gridfile name is
given
filenumber
If an integer matching one of the files listed in gnéraster.infofile is given we will use that data
set, else we will match thevgh text pattern with the data set description in order to determine the
data set.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the gridIf r is appended, you may also specify a map projection to define the shape
of your region. Theoutput region will be rounded fofo the nearest whole grid-step in both
dimensions.

OPTIONS
-G Name of output grid file. If not set, the grid will be written as ASCII (or binary;—teexyz-
triplets to stdout instead.

= x_inc[and optionallyy _ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tos&e igimeter km,
miles, or nautical miles, respactly, and will be cowerted to the eqwalent degrees longitude at
the middle latitude of the region (the wersion depends oBELLIPSOID ). If /y_incis given but
set to O it will be reset equal ¥ inc otherwise it will be cowerted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/ceidaied a
gridline-registered or pigl-registered grid; see Appendix B for details. Note-fgrdfileis used
then grid spacing has already been initialized;tige override the values.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmgd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rangeRooption. Deéult
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standard parallel is the equatdfor map height, max dimension, or min dimension, apgend

or - to the width, respeaigly.
More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scal€UTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/lat0/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat(q/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)

—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).

—-Jdon0/lat(q/horizorj/scale(General Stereographic)
MISCELLANEOUS PROJECTIONS:

—-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))

—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary

output file. This option applies only if reG option has been set.
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EXAMPLES
To extract data from raster 1, taking one poingrg 30 minutes, in an area extended beyond 360 degrees to
allow later filtering, run

grdraster 1 -R-4/364/-62/62-1 30m -G data.grd

To adbtain data for an oblique Mercator projection we need to extract more data that is actually used. This is
necessary because the outpugafraster has edges defined by parallels and meridians, while the oblique
map in general does not. Hence, to get all the data from 82 data needed to nealt ©®ntour map

for the region defined by its lower left and upper right corners and the desired projection, use

grdraster ETOPO2-R 160/20/220/36-Joc 190/25.5/292/69/+G data.grd

To extract data from the 2 min Geare relief blend and write it as binary double precision xyz-triplets to
standard output:

grdraster "2 min Geavare" —R 20/25/-10/5-bo >! triplets.b

SEE ALSO
gmtdefaultél), GMT(1), grdsamplél), grdfilter(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME

gshhg - Extract ASCII listings from binary GSHHG data files
SYNOPSIS

gshhgbinaryfile.b[ —Aarea] [ -G ][ —-lid][ =L ][ =M ][ —Nlevel] [ —Q€li ] > asciifile.txt
DESCRIPTION

gshhgreads the binary coastline (GSHHS) or political boundaryvar (WDBII) files and extracts an
ASCII listing. It automatically handles byte-swabbing between different architect@nasonally, only
segment header info can be displayed. The output header information has thelfbrrpaints hierarchi-
cal-level source area f_area west east south north container ancegiere hierarchical iels for coast-

line polygons go from 1 (shoreline) to 4 (akside island inside la&kinside land). Source is either W
(World Vector Shoreline) or C (CIA World Data Bank Il); lower case is used ifeitalt iver-lake (a por-

tion of a river that is so wide it is better represented by a closed polygon)wé&sieeast south norik the
enclosing rectangl@reais the polygon area in km™2 while f_area is the actual area of the ancestor polygon
(at full resolution)containeris the ID of the polygon that contains this polygon (-1 if none),aamgstor

is the ID of the polygon in the full resolution set that was reduced to yield this polygon (-1 if full resolution
since there is no ancestorjor river and border data the header is simfly npoints hierarchical-level
souice west east south nortliror more information about the file formats, see TECHNICAL INFORMA-
TION below.

binaryfile.b
GSHHS or WDBII binary data file as distuted with the GSHHS data supplemeAny of the 5
standard resolutions (full, high, intermediatey,lorude) can be used.

-A Only output polygons whose area equals or exceedaréizevalue in km™2 [Default outputs all
polygons].

-G Write output that can be imported into GNU Qetaxr Matlab by ending each segment with a
NaN-record.

= Only output information for the polygon that matcles Use—Ic to get all the continents only
[Default outputs all polygons].

-L Only output a listing of polygon or line gment headers [Default outputs headers and data
records].

-M Start all header records with the GMT multiple segment indicator ">’ [Default uses P for polygons
and L for lines].

-N Only output features whosevit matches the gen level[Default will output all levels].

-Q Control what to do with vier-lakes (river sections large enough to be stored as closed polygons).
Use —-Qe to exclude them aneQi to exclude eerything else instead [Default outputs all poly-
gons].

EXAMPLES

To corvert the entire intermediate GSHHS binary data to ASCII files forv@f¢athlab, run
gshhg gshhs_i.b -G > gshhs_i.txt

To only get a listing of the headers for theeridata set at full resolution, try

gshhg wdb_giers_f.b -L > riverlisting.txt

To only extract lakes, excludingwer-lakes, from the high resolution file, try

gshhg gshhs_h.b -Ee -N2 > all_lakes.txt

TECHNICAL INFORMATION
Users who wish to access the GSHHG (GSHHS and WDBII) data directly from their custom programs
should consult the gshhg.c and gshhg.h source codeamnilibfize themselves with the data format and
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how various information flags are pask into a single 4-byte irger While we do not maintain gn
Octave/Matlab code to read these files we anere that both Matharks and IDL hae nade such tools
awailable to their usersHowever, they tend not to update their code and our file structure vagesl con-
siderably wer time, breaking their codeHere, some general technical comments on the binary data files
are gven.

GSHHS: These files contain completely closed polygons of continents and islaveld Jldakes (leel 2),
islands-in-lales (level 3) and ponds-in-islands-in-lakes g 4); a particular leel can be extracted using

the —N option. Continentsre identified as the first 6 polygons and caniemeted via the-Ic option.

The IDs for the continents are Eurasia (0), Africa (1), North America (2), South America (3), Antarctica
(4), and Australia (5). Files are sorted on area from large to sifladire are tw sub-groups for leel 2:
Regular lakes and the so-calledvéi-lakes”, the latter being sections of eerithat are so wide to avrant a
polygon representation. Thesgeartlakes are flagged in the header (also-98¢ All five resolutions are

free of self-intersections. Areas of all featuresehbeen computed using a Lambert azimuthal equal-area
projection centered on the polygon centroids, using WGS-84 as the ellipsoid. GMT use the GSHHS as a
starting point bt then partition the polygons into pieces using a resolution-dependent binning system; parts
of the world are then reift into closed polygons on the fly as need&dr more information on GSHHS
processing, see Wessel and Smith (1996).

WDBII . These files contain sets of line segments not necessarily ipaaticular order Thus, it is not
possible to extract information pertaining to just onerror one country Furthermore, the 4 eer resolu-

tions derwe drectly from the full resolution by application of the Douglas-Peucker algorithm (see
gshhg_dp), hence self-intersections are increasingdlyligs the resolution is geaded. Notethat the
river-lakes included in GSHHS are also duplicated in the WDB#Hrriiles so that each data set can be a
stand-alone representation. Users who wish to access both data sets can recoguerdatkesrieatures

by examining the header structure (see the source code for detajlsrettadso the only closed polygons

in the WDBII river file. Thereare mawg levds (classes) in thewdr file: River-lakes (0), Permanent major
rivers (1), Additional major viers (2), Additional nvers (3), Minor rvers (4), Intermittent kiers -- major

(6), Intermittent nvers -- additional (7), Intermittentwérs -- minor (8), Major canals (10), Canals of lesser
importance (11), and Canals -- imigpn type (12).For the border file there are threevdis: National
boundaries (1), Internal domestic boundaries (2), and international maritime boundariediy@jual lev-

els or classes may be extracted-via

REFERENCES
Douglas, D. H., and.TK. Peuckey 1973, Algorithms for the reduction of the number of points required to
represent a digitized line of its caricatu@an. Cartogr., 10112-122.
Gorry, A. J, 1977, Wald Data Bank Il General User GuideRep. PB 27188%p, Central Intelligence
Ageng/, Washington, DC.
Soluri, E. A., and VA. Woodson, 1990, World Vector Shorelinet. Hydrograph. Re., LXVII(1), 27-35.
Wessel, P., and WH. F. Snith, 1996, A global, self-consistent, hierarchical, high-resolution shoreline data-
baseJ. Geophys. Res., 101(B&741-8743.

SEE ALSO
GMT(1), gshhg_dgl) gshhgtograsd)
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NAME

gshhg_dp - Line reduction using the Douglas-Peucker algorithm
SYNOPSIS

gshhg_dpinput.b tolerance output.p-v]
DESCRIPTION

gshhg_dpreads the binary coastline (GSHHS) or political boundaryer iWDBII) files and and reduces
the compleity of the line by applying the Douglas-Peucker algorithm. It automatically handles bgbe-sw
bing between different architectures.

input.o GSHHS or WDBII binary data file as distributed with the GSHHG data supplerhagtof the 5
standard resolutions (full, high, intermediatey,lorude) can be used.

tolerance
tolerance is maximum mismatch in km. The larger the value the more reduction evitlated.

output.b
The reducted data set.

OPTIONS
-V Reports progress and statistics while running.

EXAMPLES
To dmplify the full GSHHS data set with a custom tolerance of 2 km, try

gshhg_dpgshhs_f.b 2 gshhs_2km.b

REFERENCES
Douglas, D. H., and.K. Peucker Algorithms for the reduction of the number of points required to repre-
sent a digitized line of its caricatu@an. Cartogr., 10112-122, 1973.

AUTHOR
This implementation of the D-P algorithm has been kindly provided b&&y J. Robinson, Efronmen-
tal Systems Science Centre, msity of Reading, Reading, UK (gazza@mail.nerc-essc.ac.uk); his sub-
routine forms the basis for this program.

SEE ALSO
GMT(1), gshhd1), gshhgtograsd)
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NAME

gshhgtograss - Extracting GSHHS and WDBII data in GRASS-compatible ASCII format
SYNOPSIS

gshhgtograss —gshhs_{[f|h[i|l|c].b £xminx] [-Xmaxx] [ —yminy] [ =Y maxy]
DESCRIPTION

gshhgtograsseads the binary coastline (GSHHS) or binaverfborder (WDBII) and and translates it into
an ASCII format suitable for import into GRASS. It automatically handles byte-swabbing betwfeen dif
ent architectures.

gshhs_[flhli|l|c].b
One of the GSHHG binary data file as distributed with the GSHHG data suppletmgraf the 5

standard resolutions (full, high, intermediatey,l@rude) can be used. The resulting files are
called dig_[ascii|att|cats].gshhs_[f|hli|l|c].

OPTIONS
—X Specify a minimum (west) longitude.
-X Specify a maximum (east) longitude.
-y Specify a minimum (south) latitude.
-Y Specify a maximum (north) latitude.
EXAMPLES

To oorvert the full GSHHS data set , try

gshhgtograsggshhs_f.b

BUGS
Not updated to handle the WDBII line data (borderswars).

AUTHOR
Original version by Simon Cox (simon@ned.dem.csiro.au) with some maintenance by Paul Wessel (pwes-
sel@havaii.edu).

SEE ALSO
GMT(1), gshhd1) gshhg_dj1)
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NAME
img2mercgrd — Extract region of img, preserving Mergamreas grd

SYNOPSIS
img2mercgrd imgfile -Ggrdfile —-Rwesteastsouthinorth[r] —Ttype[ —C ] [ —-D[minlat/maxla} ] [ -Nnavg
][ =Sscale] [ -V ][ “-Wmaxlon] [ -mminutes]

DESCRIPTION
img2mercgrd reads an img format file and creates a grid file. The Spherical Mercator projection of the
img file is preserved, so that thegien —-R set by the user is modified slightly; the modified region corre-
sponds to the edges of plg [or groups ohavgpixels]. Thegrid file header is set so that the x and y axis
lengths represent distance from the west and south edges of the image, measured ultsenitgfwith
-Jm 1 and the adjustedR. By setting the dedult ELLIPSOID = Sphere, the user can nakverlays with
the adjusted-R so that thg match. SedeXAMPLES belon. The adjusted-R is also written in the grd-
header remark, so it can be found laf€ne —Ttypeselects all data or only data at constrained pixels, and
can be used to create a grid of 1s and Os indicating constraint locafltmsutput grid file is pixel mgs-
tered; it inherits this from the img file.

imgfile An img format file such as the marine gitg or seafloor topograptfields estimated from satellite
altimeter data by Sandwell and Smith. If the user has set an environraeables
$GMT_IMGDIR , thenimg2mercgrd will try to find imgfilein $GMT_IMGDIR ; else it will try
to openimdfiledirectly.

-G grdfile is the name of the output grid file.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-T typehandles the encoding of constraint informatitype= 0 indicates that no such information is
encoded in the img file (used for pre-1995 versions of thatgmata; all more recent files do not
support this choice) and gets all datgpe > 0 indicates that constraint information is encoded
(1995 and later (currentewsions of the img files) so that one may produce a grid file asvfollo
—-T1 gets data alues at all points; T2 gets data values at constrained points and NaN at interpo-
lated points-T3 gets 1 at constrained points and O at interpolated points.

OPTIONS
-C Set the x and y Mercator coordinates re&atd projection center (lon = lat = 0) [Default is relai
to lower left corner of grid].

-D Use the extended latitude range -80.738/+80. A& rnatively, appendminlat/maxlatas the lati-
tude extent of the input img file. [Default is -72.006/72.006].

-N Average the values in the input img pixels im@vgby navgsquares, and create one outpuepix
for each such square. If used witfi 3 it will report an &erage constraint between 0 and I1.
used with-T2 the output will be werage data value or NaN according to whetharage con-
straint is > 0.5.navgmust @enly divide into the dimensions of the imdfile in pig. [Defult 1
does no weraging].

-S Multiply the img file values bycalebefore storing in grid file[Default is 1.0]. (img topo files
are stored in (corrected) meters; gravity files in mGal*10; vertical deflection files in microradi-
ans*10, vertical gravity gradient files in Eotvos*10. U&0.1 for those files.)

-V Selects erbose mode, which will send progress reports to stderr [Default runs "silefigtitu-
larly recommended here, as it is helpful to se® thee coordinates are adjusted.

-m Indicateminutesas the width of an input img pixel in minutes of longitude. [Default is 2.0].
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-W Indicatemaxlonas the maximum longitude extent of the input img fillersions since 1995 ke
hadmaxlon= 360.0, while some earlier files hathxlon=390.0. [Default is 360.0].

EXAMPLES
To extract data in the regionR-40/40/-70/-30 fronworld_grav.img.7.2run

img2mercgrd world_grav.img.7.2-G merc_gra.grd —R-40/40/-70/-30-T 1 -V

Note that the-V option tells us that the range was adjustedRe40/40/-70.0004681551/-29.9945810754.
We @n also usgrdinfo to find that the grid file header shows its region te-Re€)/80/0/67.9666667 This

is the range of xy we will get from a Spherical Mercator projection using
—R-40/40/-70.0004681551/-29.9945810754 aidch 1. Thus,to take hip.lonlatgra and use it to sample
the merc_gnagrd, we can do this:

gmtset ELLIPSOID Sphere
mapproject —R-40/40/-70.0004681551/-29.9945810754Jm 1 <hip.lonlatgr& | grdtrack -G
merc_gra.grd |mapproject —R-40/40/-70.0004681551/-29.994581075#n 1 -1 > ship.lonlatgravsat

It is recommended to use the abarethod of projecting and unprojecting the data in such an application,
because then there is only one interpolation stegr(itrack). If one first tries to corert the grid file to
lon,lat and then sample it, there ar@twterpolation steps (in caarsion and in sampling).

To make a bn,lat grid from the abe@ gid we can use
grdproject merc_gra.grd —R-40/40/-70.0004681551/-29.994581075¥m 1 -I -F -D 2m -G grav.grd

In some cases this will not be easy as-tRean the two coordinate systems may not align well. When this
happens, we can also use (in fact, it may beya better to use)

grd2xyz merc_gra.grd | mapproject —R-40/40/-70.0004681551/-29.994581073m 1 -I | surface
—R-40/40/-70/70-1 2m -G grav.grd

To make a Mercator map of the ale regon, suppose our .gmtdrilts4AMEASURE_UNIT is inch. Then
since the abee merc_gra.grd file is projected with-Jm 1 it is 80 inches wide.We @an male a map 8
inches wide by usingJx 0.1 on ag map programs applied to this grid (egydcontour, grdimage, grd-
view), and then for eerlays which work in lon,lat (e.gpsxy, pscoas} we can use the alve aljusted-R
and-Jm 0.1 to get the te systems to match up.

However, we can be smarter than thisRealizing that the input img file had pixels 2.0 minutes wide (or
checking the nx andyrwith grdinfo merc_gragrd) we realize that merc_grgrd used the full resolution
of the img file and it has 2400 by 2039 ¢lix and at 8 inches wide this is 300 pixels per intle. cecide

we dont need that manand we will be satisfied with 100 pixels per inch, so we want/épage the data
into 3 by 3 squares. (If we want a contour plot we will probably chooseetage the data much more
(e.g., 6 by 6) to get smooth contours.) Since 2039 dinisible by 3 we will get a diérent adjusted
OPT(R) this time:

img2mercgrd world_grav.img.7.2—-G merc_grav_2.gréR-40/40/-70/-30-T 1 -N 3 -V

This time we find the adjusted region-iR-40/40/-70.023256525/-29.9368261101 and the output is 800 by
601 pixels, a better size for us. Wave can create an artificial illumination file for this usiggigradient:

grdgradient merc_grav_2.gretG illum.grd —A 0/270-N e0.6

and if we also hae a @t file called "gra.cpt” we can create a color shaded relief mag thks:
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grdimage merc_grav_2.gretl illum.grd —C grav.cpt-Jx 0.1-K > map.ps
psbasemap —R40/40/-70.023256525/-29.93682611601Im 0.1-B a1l0-0O >> map.ps

Suppose you want to obtain only the constrained ddtees from an img file, in lat/lon coordinateBhen
run img2mercgrd with the =T 2 option, usegrd2xyz to dump the values, pipe through grep -v NaN to
eliminate NaNs, and pipe throughapproject with the irverse projection as ale.

SEE ALSO
GMT (1), grdproject(1), mapprojectl)
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NAME
img2grd — Extract region of img in Mercator or geographic form

SYNOPSIS
img2grd imgfile —-Ggrdfile —-Rwesteastsouttinorthr] -Ttype [ -C ] [ -D[minlat/maxlat][ -E][ -L ]|
-M ][ —Nnavg] [ —Sscale] [ -V ][ “-Wmaxlon] [ -mminutes]

DESCRIPTION
img2grd is a front-end tamg2mercgrd which reads an img format file and creates a grid filee —-M
option dictates whether or not the Spherical Mercator projection of the img file is preserved.

imgfile An img format file such as the marine gravity or seafloor topogréiplds estimated from satellite
altimeter data by Sandwell and Smith. If the user has set airomment \ariable
$GMT_DATADIR, thenimg2mercgrd will try to find imgfilein $GMT_DATADIR; else it will
try to openimgfiledirectly.

-G grdfile is the name of the output grid file.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-T typehandles the encoding of constraint informatitype= 0 indicates that no such information is
encoded in the img file (used for pre-1995 versions of the gravity data) and gets atypata0
indicates that constraint information is encoded (1995 and later (current) versions of the img files)
so that one may produce a grid file as fwlo—T1 gets data values at all pointsT2 gets data
values at constrained points and NaN at interpolated poiiidgets 1 at constrained points and 0
at interpolated points.

OPTIONS
-C Set the x and y Mercator coordinates reiatb projection center [Default is relag o lower left
corner of grid]. RequiresM.

-D Use the extended latitude range -80.738/+80. Ad&rnatively, appendminlat/maxlatas the lati-
tude extent of the input img file. [Default is -72.006/72.006].

-E Can be used wherM is not set to force the final grid tovgathe exact same region as requested
with —R. By default, the final rgion is a direct projection of the original Mercator region and will
typically extend slightly beyond the requested latitude range, and furthermore the grid increment
in latitude does not match the longitude incremddbwever, the extra resampling introduces
small interpolation errors and should only be used if the output grid must match the requested
region and hee x_inc = y_inc. In this case the region set4#y must be gien in multiples of the
increment (.e.gyR 0/45/45/72).

-L With no other arguments, list all *.img files found in the directory pointed to by
$GMT_DATADIR, or the current directory if not definedgnored if other options are present on
the command line.

-M Output a Spherical Mercator grid [Default is a geographic lon/lat grid].

-N Average the values in the input img pixels im@vgby navgsquares, and create one outpuepix
for each such squardf used with—T3 it will report an &erage constraint between 0 and I1.
used with-T2 the output will be werage data value or NaN according to whetharage con-
straint is > 0.5.navgmust @enly divide into the dimensions of the imdfile in pig. [Defult 1
does no weraging].

-S Multiply the img file values byscalebefore storing in grid file[Default is 1.0]. For recent img
files: img topo files are stored in (corrected) mete&1]; free-air gravity files in mGal*104S
0.1 to get mGal]; ertical deflectiorfiles in microradians*10{S 0.1 to get microradians]evtical
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gravity gradient files in Eotvos*56-§0.02 to get Eotvos, 6fS 0.002 to get mGal/kmy).

-V Selects vrbose mode, which will send progress reports to stderr [Default runs "silefigtitu-
larly recommended here, as it is helpful to se® thee coordinates are adjusted.

-m Indicateminutesas the width of an input img pixel in minutes of longitude. [Default is 2.0].
-W Indicatemaxlonas the maximum longitude extent of the input img filersions since 1995 ke
hadmaxlon= 360.0, while some earlier files hathxlon=390.0. [Default is 360.0].
EXAMPLES
To extract data in the ggon —R-40/40/-70/-30 fromworld_grav.img.7.2and preser the Mercator grid-
ding:

img2grd world_grav.img.7.2—-G merc_gra.grd -R-40/40/-70/-30-M -T 1-V

Without the-M option the same command will yield a geographic grid.

SEE ALSO
GMT(1), img2mercgrdl)
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NAME

img2google — Create Google Earth KMuzeplay tiles from bathymetry Mercator img grid

SYNOPSIS

img2google —Rvesteastsouthinorth[r] [ imgfile] [ ~Amodgaltitude] ] [ —C ] [ —Ffademin/fademak [
—Gprefix] [ -LLODmin/LODmay [ —Nlayernamg [ —Tdoctitle] [ —-UURL][ -V ][ -Z]

DESCRIPTION
img2googlereads a 1x1 minute Mercator sané relief img file and creates a Google Eaxtérlay KML
file and associated PNG tile for the specifigglae. If no input file is gren we wse topo.11.1.img.

-R

OPTIONS
imgfile

EXAMPLES

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

An img format batiimetry/topograph file such as those created by Sandwell and Smith. If this
files does not »ast in the current directory and the user has set the environnaeiable
$GMT_DATADIR, thenimg2mercgrd will try to find imgfilein $GMT_DATADIR.

Selects one of 5 altitude modes recognized by Google Earth that determines the altitude (in m) of
the imageG clamped to the ground,append altitude relat © ground,a append absolute alti-
tude,sappend altitude relat © seafloor and S clamp it to the seafloor [Default].

Turn on clipping so that only portions bel@ea level will be visible in the image [no clipping].

Sets the distancever which the geometry fades, from fully opaque to fully transparent. These
ramp values, expressed in screen pixels, are applied at the minimum and maximum end of the
LOD (visibility) limits, respectrely. [no fading (0/0)].

Specify the prefix for the output image file (theemsions are set automatically). Default uses the
naming topoN|Snorth>E|W<west.

Measurement in screen pixels that represents the minimum limit of the visibility range ¥en a gi
Region Google Earth calculates the size of thgi®e when projected onto screen space. Then it
computes the square root of thegia'’s aea (if, for example, the Region is square and th&-vie
point is directly abee the Region, and the Region is not tilted, this measurement is equal to the
width of the projected Rgon). If this measurement falls within the limits defined@Dminand
LODmax(and if the region is in view), the Region is aetilf this limit is not reached, the associ-
ated geometry is considered to be too far from the sisiexvpoint to be dran. LODmaxrepre-

sents the maximum limit of the visibility range for aegi Regon. A value of &1, the default, indi-
cates "actie o infinite size." [alvays actve].

Append the layername of the image (use quotes if strings contain spaces)
[topoN|Snorth>E|W<west].

Append the document title (use quotes if strings contain spaces) ['Predicted bathymetry"].

By default, images are referenced locally retatb the KML file. Specify an URL to prepend a
server address to the image name reference [local].

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Uses zip (which must be installed) to create a *.kmz file for easy distribution; apperdklete
the KML and PNG file after zipping [No zipping].

To aeate a 10x10 degree Google Earth KML tile for thgiae —-R 170/180/20/30 using the deflt
topo.11.1.im@and output naming ceention, try

GMT 4.5.11
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img2google —R170/180/20/30

To make the same tile with the prmustopo.10.1.imgrun in verbose mode, clip so only oceanic areas are

visible, name the output oldimage, specify the KML metadata directly (including setting the image altitude
to 10 km), and maka sngle *.kmz file, try

img2googletopo.10.1.img-R 170/180/20/30-AA 10000 -C -Goldimage —-N"My KML title" -T"My
KML title" —U http://my.server.com/images/ -Z

DATA SETS
For topo.11.1.img and other Sandwell/Smith altimetrygetiMercator grids, visit http://topex.ucsd.edu.

SEE ALSO
GMT(1),img2grd(1) img2mercgrdl) ps2rastefl)
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NAME
psmeca - Plot focal mechanisms on maps

SYNOPSIS
psmecafiles —Jparameters—Rwesteastsouthinorth[r] [ —B[p|s]parameters] [ —C[per[Ppointsizé ] [
—-Ddepmirddepmax] [ —Efill] [ =Gfill] [ -H[i][nred ][ -K ][ -L[ped ][ -M ][ -N][-O1[-P]I
—S<format><scale>[/d]] [ —Tnum_of_plangen ] [ —U[justdxdy/][cllabel]l ] [ -V ] [ “Wpen] [
—X[alclr][x-shiffu]] ] [ —Y[alc|r][y-shiffu]] ] [ —Zcptfilg] [ -z] [ -a[siz§P_symbdIT_symbdl] ] [ —dfill ]
[—fill ] [ —o] [ —ppen] [ —tpen] [ —:[i|o] ] [ —ccopies]

DESCRIPTION
psmecareads data values frofites [or standard input] and generatesstScriptcode that will plot focal
mechanisms on a map. Most options are the same asxXar The PostScriptcode is written to standard
output.

ARGUMENTS
filesList one or more file-names. If no files areayi, psmecawill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range 6R option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lonO/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scalédUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0O/lat0/lat1/lat2/scaléLambert Conic Conformal)
=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeus).
—-Jdon0/lat(q/horizor}/scale(General Stereographic)
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MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scal¢d|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

Selects the meaning of the columns in the data file . In order to use the same file to plot cross-sec-
tions, depth is in third columnNevertheless, it is possible to use "old styfgsvelomecainput
files without depth in third column using the option.

—Sascale[/fontsize[/offs@t]]]

Focal mechanisms in Aki and Richards eemtion. scaleadjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitud®cale is the size for magnitude = 5 in
inch (unles, i, m, or p is appended). Use thel option to render the beach ball transparent by
drawing only the nodal planes and the circumferentae color or shade of the compressi
guadrants can be specified with tH8 option. Thecolor or shade of thexeensive quadrants can
be specified with theE option. Rarameters are expected to be in the following columns:

longitude, latitude of\ent (—: option interchanges order)
depth of gent in kilometers

strike, dip and rakin degees

magnitude

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using0,0 in columns 8 and 9 will plot the
beach ball at the longitude, latitudevgi in columns 1 and 2.The —: option will inter
change the order of columns (1,2) and (8,9).

Text string to appear ahe the beach ball (optional).

-Scscale[/fontsize[/offséti]]]

GMT 4.5.11

Focal mechanisms in Harvard CMT a@ntion. scale adjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5 (that
is MO = 4.0E23 dynes-cm) in inch (unless, m, or p is appended). Use thel option to render

the beach ball transparent by drawing only the nodal planes and the circumference. The color or
shade of the compressi quadrants can be specified with 18 option. Thecolor or shade of the
extensive quadrants can be specified with tie option. Rirameters are expected to be in the fol-
lowing columns:
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longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

strike, dip, and rakof gane 1

strike, dip, and rakof gane 2

mantissa and exponent of moment in dyne-cm

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using(0,0) in columns 12 and 13 will
plot the beach ball at the longitude, latitudeegiin columns 1 and 2.The -:
option will interchange the order of columns (1,2) and (12,13).

Text string to appear ahe the beach ball (optional).

—Sm|d|zcale[/fontsize[/offsét]]]
Seismic moment tensor (Harvard CMiiith zero trace)scaleadjusts the scaling of the radius of
the "beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5
(that is scalar seismic moment = 4.0E23 dynes-cm) in inch (uoléssn, or p is appended).
(-TO option orerlays best double couple transpareptlyse—Smto plot the Harvard CMT seis-
mic moment tensor with zero tracelse—Sdto plot only the double couple part of moment ten-
sor. Use—Szto plot the anisotropic part of moment tensor (zero tra€bg color or shade of the
compressie quadrants can be specified with th@ option. Thecolor or shade of thextensie
guadrants can be specified with #e option. Rarameters are expected to be in the ¥alhgy col-
umns:

longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

mrr, mtt, mff, mrt, mrf, mtf in 10*exponent dynes-cm
exponent

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using(0,0) in columns 11 and 12 will
plot the beach ball at the longitude, latitudeegiin columns 1 and 2The-: option
will interchange the order of columns (1,2) and (11,12).

Text string to appear ahe the beach ball (optional).

—Spscale[/fontsize[/offsét]]]
Focal mechanisms gén with partial data on both planescaleadjusts the scaling of the radius of
the "beach ball", which will be proportional to the magnitude. Scale is the size for magnitude = 5
in inch (unlesg, i, m, or p is appended). The color or shade of the comprespiadrants can be
specified with the-G option. Thecolor or shade of thexeensve quadrants can be specified with
the—E option. Rwrameters are expected to be in the following columns:

longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

strike, dip of plane 1

strike of dane 2

must be -1/+1 for a normaliiarse fault

magnitude

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using(0,0) in columns 9 and 10 will plot
the beach ball at the longitude, latitudeegiin columns 1 and 2.The —: option will
interchange the order of columns (1,2) and (9,10).
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Text string to appear ahe the beach ball (optional).

—Sx|y|scale[/fontsize[/offsét]]]
Principal axis. scaleadjusts the scaling of the radius of the "beach ball", which will be propor
tional to the magnitude. Scale is the size for magnitude = 5 (that is seismic scalar moment =
4*10e+23 dynes-cm) in inch (unlessi, m, or p is appended)(-TO option overlays best double
couple transparently Use—-Sx to plot standard Harvard CMTUse -Sy to plot only the double
couple part of moment tensotse—-St to plot zero trace moment tensdrhe color or shade of
the compresse quadrants can be specified with th@ option. Thecolor or shade of thexten-
sive quadrants can be specified with tHe option. Rirameters are expected to be in the faithg
columns:

longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

value (in 10*exponent dynes-cm), azimuth, plunge d{l;TP ais.
exponent

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using(0,0) in columns 14 and 15
will plot the beach ball at the longitude, latitudeegi in columns 1 and 2The
—: option will interchange the order of columns (1,2) and (14,15).

Text string to appear ahe the beach ball (optional).

OPTIONS
No space between the option flag and the associated arguments.

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

—C[pen[Ppointsizé
Offsets focal mechanisms to the longitude, latitude specified in the @msblwmns of the input
file before the (optional) text stringd small circle is plotted at the initial location and a line con-
nects the beachball to the circl8pecifypenand/orpointsizeto change the line style and/or size
of the circle. [Defaultspenwidth = 1, color = 0/0/0, texture = soligpintsizeQ].

—Ddepmin/depmax
Plots &ents between depmin and depmax.

—Efill  Selects filling of gtensve quadrants. Usually white. Set the shade (0-255) or color (r/g/b)
[Default is 255/255/255].

—=Gfill  Selects filling of focal mechanism®y cornvention, the compressional quadrants of the focal
mechanism beach balls are shaded. Set the shade (0—-255) or color (r/g/b) [Default is 0/0/0].

-H Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals

skipped.

-K More PostScriptcode will be appended later [Default terminates the plot system].

~L[pen
Draws the "beach ball" outline withenattributes. [Deéults width = 1, color = 0/0/0, texture =
solid].

-M Use the same size foryamagnitude. Size is gén with —S.

-N DoesNOT skip symbols that fall outside frame boundary specifiedRyDefault plots symbols
inside frame only].
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-0 Selects Overlay plot mode [Default initializes avrgot system].
-P Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

=T[num_of_plands
Plots the nodal planes and outlines the bubble which is transparaotn Ibf _planess
0: both nodal planes are plotted;
1: only the first nodal plane is plotted;
2: only the second nodal plane is plotted.

-U Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoaldoih the page relat © lower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see tmtdefaults man page for detailsThe time string will be in the locale set
by the environment variableZ (generally local time).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-W
SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingokinys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-

ters, inches) or asint, thin[ner[nesi, thick[er|esi, fat[ter|tesf], or obese color specifies a gray
shade or color (see SPECIFYING COLOR ®élotextureis a combination of dashes ‘-’ and dots

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shif} is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page

size.

—Zcptfile
Give a olor palette file and let compregsipart color be determined by the z-value in the third
column.

-z Overlay zero trace moment tensor.

—a[sizd[P_axis_symb@T_axis_symbdj]
Computes and plots P and T axes with symbols. Optionally spgzéand (separate) P and T
axis symbols from the folleing: (c) circle, (d) diamond, f) hexagon, {) inverse triangle, (f)
point, () square, () triangle, &) cross. [Defaults: 0&@ccor 0.08/cc]

—efill  Selects filling of T axis symbol. Set the shade (0—-255) or color (r/g/b). Default is white.
—dfill  Selects filling of P axis symbol. Set the shade (0—255) or color (r/g/b). Default black.

-0 Use thepsvelomecanput format without depth in the third column.

—plpen
Draws the P axis outline using default pen (588, or sets pen attributes.

—t[per] Draws the T axis outline using default pen (s&é), or sets pen attributes.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

-C Specifies the number of plot copies. [Default is 1].
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EXAMPLES
The following file should gie a rormal-faulting CMT mechanism:
psmeca —R239/240/34/35.2Jm 4 -Sc0.4-H 1 <<END>! test.ps
lon lat depth str dip slip st dip slip mant exp plon plat
239.384 34.55612. 180 18 -880 72 90 5500 O
END

SEE ALSO
GMT(1), psbasemafd), psxy(1)

REFERENCES
Bomford, G., Geodesyth ed., Oxford Uniersity Press, 1980.
Aki, K. and P Richards, Quantitate Seismology Freeman, 1980.
F. A. Dahlen and Jeroen Tromp, Theoretical SeismglBggceton, 1998, p.167.
Cliff Frohlich, Cliff's Nodes Concerning Plotting Nodal Lines foiSh and Sv
Seismological Research Letters, Volume 67, Number 1, January-FeldQg8y
Thorne Lay Terry C. Wallace, Modern Global Seismolpggademic Press, 1995, p.384.
W.H. Press, S.A. TeukolgkW.T. Vetterling, B.PHannery Numerical Recipes in
C, Cambridge Uniersity press (routine jacobi)
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NAME
pscoupe - Plot cross-sections of focal mechanisms.

SYNOPSIS
pscoupefiles —Jparameters-Rwesteastsouthinorth[r] —Aparameterq —B[p|s|parameters [ —Efill ][
=Gfill ][ =H[i][nred ][ -K ][ -L[pen] ][ M ][ -N][ -O1[ -P ][ —S<format><scale>[/d] ] [
—s<symbol><sized/d] ] [ -Tn ] [ —U[justdxdy/][cllabell 1[ -V 1 [ “Wpen] [ —X[alc|r][x-shif{u]] ] [
=Y[alcIr][y-shifful]l ] [ -Zcpt] [ —a[siz€[P_symbd[T_symbdl] ] [ —dfill ][ —¢fill ][ —ppen] [ —tpen] [
—:[ilo] ][ —ccopies]

DESCRIPTION
pscoupereads data values frofitles [or standard input] and generatesstScriptcode that will plot sym-
bols, lines or polygons on a cross-sectiéiocal mechanisms may be specified and require additional col-
umns of data. ThPostScriptcode is written to standard output.

fileslist one or more file-names. If no files areagi, pscoupewill read standard input.

A new file is created with the mecoordinates X, y) and the mechanism (from lower focal half-sphere for
horizontal plane, to half-sphere behind a vertical plaM#)en the plane is not horizontal, - north direction
becomes upwards steepest descent direction of the plane (u) - east direction becantrediok of the
plane (s) - down direction (= north”east) becomes u"s

Axis angles are defined in the same way as in horizontal plane invitsystem.

Moment tensor (initially in,rt, f system that is up, south, east) is defined in (-u’s, -u, s) sygtefile is
created with extracted/ents.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range 6R option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apgenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lonO/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve nmeridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scaléUTM - Universal Transverse Mercator)
-Jy[lon0flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/lat0/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)

-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—Jpoly/[lon0flat0/]] scale((American) Polyconic)
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AZIMUTHAL PROJECTIONS:

—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid. If frame is defined from cross-section parametersA(sthes option is not
taken into account, but must be present.

—A selects the cross-section.
—Aalonl/lat1/lon2/lat2/dip/p_width/dmin/dm§k
lon andlat are the longitude and latitude of points 1 and 2 limiting the length of the cross-section.
dip is the dip of the plane on which the cross-section is made.
p_widthis the width of the cross-section on each side of a vertical plane we atmb under an
oblique plane.
dminanddmaxare the distances min and max from horizontal plane, along steepest descent direc-
tion.
Add f to get the frame from the cross-section parameters.
—Ablonl/lat1/strike/p_length/dip/p_width/dmin/dnfigx
lonlandlatl are the longitude and latitude of the beginning of the cross-section.
strikeis the azimuth of the direction of the cross-section.
p_lengthis the length along which the cross-section is made.
The other parameters are the same asMNaoption.
—Acx1/y1/x2/y2/dip/p_width/dmin/dmidk
The same asAa option withx andy cartesian coordinates.
—Adx1/y1/strike/p_length/dip/p_width/dmin/dnigx
The same asAb option withx andy cartesian coordinates.

-S selects the meaning of the columns in the data file and the figure to be plotted.

—Sascale[/fontsize[/offs¢t]]]
Focal mechanisms in Aki and Richards eemtion. scaleadjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitudée scaleis the size for magnitude =5
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in MEASURE_UNIT (unlessc, i, m, or p is appended to indicate that the size information is in
units of cm, inches, meters, or points, respelgfi. Usethe —T option to render the beach ball
transparent by dvéing only the nodal planes and the circumference. The color or shade of the
compressie quadrants can be specified with th@ option. Thecolor or shade of thextensie
guadrants can be specified with #e option. Rarameters are expected to be in the following col-
umns:

longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

strike, dip and rake

magnitude

not used; can be 0 O; allows use of the psmeca file format

text string to appear abe the beach ball (default) or under (agd

—-Scscale
Focal mechanisms in Harvard CMT a@ntion. scaleadjusts the scaling of the radius of the
"beach ball", which will be proportional to the magnitude. Staleis the size for magnitude = 5
(that is MO = 4E+23 dynes-cm.) MEASURE_UNIT (unlessc, i, m, or p is appended to indi-
cate that the size information is in units of cm, inches, meters, or points, nespectisethe
—T option to render the beach ball transparent by drawing only the nodal planes and the circum-
ference. The color or shade of the compressyiadrants can be specified with th& option.
The color or shade of thxtensve quadrants can be specified with thE option. Rarameters
are expected to be in the following columns:

longitude, latitude ofwent (—: option interchanges order)
depth of gent in kilometers

strike, dip, and slip of plane 1

strike, dip, and slip of plane 2

mantissa and exponent of moment in dyne-cm (if magnitude is uses instead of scalar moment, magnitude is
in column 10 and 0 must be in column 11)

not used; can be 0 0O; allows use of the psmeca file format

text string to appear abe the beach ball (default) or under (agdd

—Spscale[/fontsize[/offsét]]]
Focal mechanisms gén with partial data on both planescaleadjusts the scaling of the
radius of the "beach ball", which will be proportional to the magnitddes scaleis the size
for magnitude = 5 iMEASURE_UNIT (unlessc, i, m, or p is appended to indicate that the
size information is in units of cm, inches, meters, or points, respglti The color or
shade of the compressiquadrants can be specified with 1@ option. Thecolor or shade
of the extensvve quadrants can be specified with thé option. Rirameters are expected to
be in the following columns:

longitude, latitude ofwent (—: option interchanges order)
depth
strike, dip of plane 1

strike of dane 2
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must be -1/+1 for a normaliiarse fault
magnitude
not used; can be 0 0O; allows use of the psmeca file format

text string to appear abe the beach ball (default) or under (agdd

—Sm|d|zcale[/fontsize[/offsét]]]
Seismic moment tensor (Harvard CM#lith zero trace).scaleadjusts the scaling of the radius
of the "beach ball", which will be proportional to the magnitude. Sdadeis the size for magni-
tude = 5 (that is seismic scalar moment = 4E+23 dynes-cMEASURE_UNIT (unlessc, i,
m, or p is appended to indicate that the size information is in units of cm, inches, meters, or
points, respeotely). (-TO option oerlays best double couple transparently.) Put
—Sdscale[/fontsize[/offsét]]] to plot the only double couple part of moment tendeut —-Szs-
cale[/fontsize[/offsgti]]] to plot anisotropic part of moment tensor (zero trace). The color or
shade of the compressi quadrants can be specified with @ option. Thecolor or shade of
the extensve quadrants can be specified with thE option. Rirameters are expected to be in
the following columns:

longitude, latitude of\ent (—: option interchanges order)

depth of gent in kilometers

mrr, mtt, mff, mrt, mrf, mtf in 10*exponent dynes-cm

exponent

Not used; can be 0 0; allows use of the psmeca file format
Text string to appear ahve the beach ball (default) or under (agd

—Sxscale[/fontsize[/offs¢t]]]

Principal axis.scaleadjusts the scaling of the radius of the "beach ball", which will be pro-
portional to the magnitude. Ttezaleis the size for magnitude = 5 (that is seismic scalar
moment = 4*10e+23 dynes-cm) MEASURE_UNIT (unlessc, i, m, or p is appended to
indicate that the size information is in units of cm, inches, meters, or points, negdpecti
(-TO option overlays best double couple transparently.) PByscale[/fontsize[/offs¢u]]] to

plot the only double couple part of moment tendart —Stscale[/fontsize[/offséti]]] to plot
anisotropic part of moment tensor (zero trace). The color or shade of the covepgeasdi
rants can be specified with th& option. Thecolor or shade of thexeensve quadrants can

be specified with theE option. Rarameters are expected to be in the following columns:

longitude, latitude ofwent (—: option interchanges order)

depth of gent in kilometers

value (in 10*exponent dynes-cm), azimuth, plunge of thd,Tend P axes.
exponent

longitude, latitude at which to place beach ball. Entries in these
columns are necessary with th€ option. Using0,0 in columns 9 and 10 will plot the
beach ball at the longitude, latitudev@i in columns 1 and 2.The —: option will inter
change the order of columns (1,2) and (9,10).

Text string to appear ahe the beach ball (optional).

—ssymbol[size[/fontsize[/offset]]]
selects a symbol instead of mechanism. Choose from the follovdngirgle, (d) dia-
mond, {) itriangle, §) square, {) triangle, &) cross. sizeis the symbol size iMEA-
SURE_UNIT (unlessc, i, m, or p is appended to indicate that the size information is in
units of cm, inches, meters, or points, respelgtj. If sizemust be read, it must be in
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column 4 and the text string will start in column Baameters are expected to be in the
following columns:

longitude, latitude ofwvent (—: option interchanges order)

depth of gent in kilometers
Text string to appear ahwe the beach ball (default) or under (agd

OPTIONS

No space between the option flag and the associated arguments.

-B

—Efill

=Gfill

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Selects filling of gtensive quadrants. Usually white. Set the shade (0-255) or color (r/g/b)
[Default is 255/255/255].

Selects filling of focal mechanisms. By #ention, the compressional quadrants are shaed.

the shade (0-255) or color/d/b) [Default is 0/0/0. Optionally, specify —Gpicon_size/pattern
where pattern gives the number of the image pattern (1-90) OR the name of a Sun rasterfile.
icon_sizesets the unit size in inche3o invet black and white pixels, useGP instead of-Gp.

See Appendix E for information on individual patterns.

Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write

out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

More PostScriptcode will be appended later [Default terminates the plot system].

Draws the "beach ball" outline using current pen (348 or sts pen attributes.

Same size for gnmagnitude.

DoesNOT skip symbols that fall outside map border [Default plots points inside border only].
Selects Overlay plot mode [Default initializes avrgot system].

Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

=T[num_of_plands

GMT 4.5.11

Plots the nodal planes and outlines the bubble which is transparaotn Ibf _planess
0: both nodal planes are plotted;
1: only the first nodal plane is plotted;
2: only the second nodal plane is plotted [Default: 0].

Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect

the appearance; see timtdefaults man page for details. The time string will be in the locale set
by the environment variableZ (generally local time).

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

set pen attributes fortestring or default pen attributes for fault plane edges. [Defaults: widlth =
color =0/0/Q, texture =solid)].

Shift plot origin relatve © the current origin byx¢shift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shif} is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
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size.

—Z cptfile
Give a olor palette file and let compregsipart color be determined by the z-value in the third
column.

—a[sizd[P_axis_symbdIT_axis_symbd]
Computes and plots P and T axes with symbols. Optionally spgzéand (separate) P and T
axis symbols from the folleing: (c) circle, (d) diamond, f) hexagon, {) invase triangle,
(p)point, () square, () triangle, &) cross. [Defaults: 0&c/c or 0.08/c/c.]

—efill  Selects filling of T axis symbol. Set the shade (0—-255) or color (r/g/b) [Default is coleteof e
sive parts.]

—dfill  Selects filling of P axis symbol. Set the shade (0—-255) or color (r/g/byjibeé$ color of com-
pressie parts.]

—plpen
Draws the P axis outline using current pen (348, or sets pen attributes.

—t[per] Draws the T axis outline using current pen (S@é), or sets pen attributes.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

-C Specifies the number of plot copies. [Default is 1].

SEE ALSO
GMT(1), psbasemafl), psmecél), psxy1)

REFERENCES
Bomford, G., Geodesyth ed., Oxford Uniersity Press, 1980.
Aki, K. and P Richards, Quantitate Seismology Freeman, 1980.
F. A. Dahlen and Jeroenrdmp, Theoretical Seismolog¥rinceton, 1998, p.167. Definition of scalar
moment.
Cliff Frohlich, Cliff's Nodes Concerning Plotting Nodal Lines foiSh and Sv
Seismological Research Letters, Volume 67, Number 1, January-FeldQg8y
Thorne Lay Terry C. Wallace, Modern Global Seismolpggademic Press, 1995, p.384.
W.H. Press, S.A. dukolsk, W.T. Vetterling, B.PHannery Numerical Recipes in C, Cambridge Warsity
press (routine jacobi)
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NAME
pspolar - Plot polarities on the inferior focal half-sphere on maps

SYNOPSIS
pspolar files —Jparameters —Rwesteastsouttinorth[r] -Dlon/lat —-Msize -S<symbol><size> [
—B[p|s|parameterd [ —Clon/lat[/dash_widtipointsiz¢ | [ —Fcolor ][ =Gfill ][ —dfill ][ —H[i][nred ][ —h
J[-K]1[-L]1[-N][-O][ -P][ —sHalf-sizdv[[v_widthh_lengtlih_width'shapé][ g[color]][I] [ -Tan-
glefformvjustify/fontsize] [ —tpen] [ —U[justdx/dy/][cllabel ][ -V ] [ “Wpen] [ —X[alc|r][x-shif{u]] ] [
—Y[alcr][y-shif{u]] ] [ —ccopies]

DESCRIPTION
pspolar reads data values frofiles[or standard input] and generatstScriptcode that will plot stations
on focal mechanisms on a map. TestScriptcode is written to standard output.

Paameters are expected to be in the following columns

1,2,3,4 station_code, azimuth, takefahgle, polarity

polarity:

- compression can be ¢,C,u,U,+
- rarefaction can be d,D,I,R,-

- not defined is anything else

ARGUMENTS
filesList one or more file-names. If no files areegi, pspolar will read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gie meridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scal€dUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/lat0/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)

-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)
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AZIMUTHAL PROJECTIONS:

—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-D longitude/latitude

Maps the bubble atggn longitude and latitude point.

-M size

Sets the size of the beach ball to plot polaritiesSizeis in inch (unless, i, m, or p is appended).

—-S<symbol_type><size>

OPTIONS

Selectssymbol_typend symbokize Sze is in inch (unless, i, m, or p is appended).Choose
symbol type from s#)r, (c)ircle, (d)iamond, b)exagon, {()nverted triangle, g)oint, (S)quare,
(Hriangle, K)cross.

No space between the option flag and the associated arguments.

-B

-C

-Efill

—¢efpen]

—Fill

GMT 4.5.11

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Offsets focal mechanisms to the latitude and longitude specified in the tasbltunns of the
input file.

Selectsfilling of symbols for stations inxtensive quadrants. Sethe shade (0-255) or color
(r/g/b) [Default is 250/250/250]. HEfill is the same asFfill, use—eto outline.

Outline symbols in extens quadrants usingenor the default pen (seéV).

Sets background color of the beach ball. Default is no fill.
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—f[pen] Outlinethe beach ball usingenor the default pen (seéWV).

=Gfill

—g[pen]

-H

Selects filling of symbols for stations in compressional quadr&esthe shade (0-255) or color
(r/g/b) [Default is 0/0/0].

Outline symbols in compressional quadrants upegpor the default pen (seélV).

Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

Use special format derd from HYPO71 output

More PostScriptcode will be appended later [Default terminates the plot system].

DoesNOT skip symbols that fall outside map border [Default plots points inside border only].
Selects Overlay plot mode [Default initializes avrgot system].

Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

—shalf-size/[V[v_width/h_length/h_width/shape]§r/g/b][ L]

Plots S polarity azimuth.

S polarity is in last column. It may be a vectolV (option) or a sgment. Gie
half-size,v_width,h_length,h_width in inch (unlesd, m, or p is appended)[L] option is for
outline.

—Tangle/form/justify/fontsize in points

-t pen
-U

-C
EXAMPLES

To write station code. [Default is 0.0/0/5/12].
Sepen color to write station code. Default uses the default per-{8g¢e

Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoaldoih the page relat © lower left corner of the
plot. For example, BL/O/O will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect

the appearance; see tmtdefaults man page for detailsThe time string will be in the locale set
by the environment variableZ (generally local time).

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Set current pen attributes
[Defaults: width = 1, color = 0/0/0, texture = solid].

Shift plot origin relatve © the current origin byxtshift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shif} is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Specifies the number of plot copies. [Default is 1].

pspolar —R 239/240/34/35.2JM 8 -N —=Sc0.4-H 1 -D 239.5/34.5-M 5 <<END>! test.ps
stat azim ih pol

0481 11 147 c

6185 247 120d

0485 288 114+

GMT 4.5.11
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0490 223 112-
0487 212 109.

END
or

PSPOLAR(1)

pspolar —R 239/240/34/35.2JM 8 -N -=Sc0.4-H 1 -D 239.5/34.5-M 5 —h <<END>! test.ps
Date Ortime stat azim ih

910223
910223
910223
910223
910223
END

SEE ALSO

122
122
122
122
122

0481 11 147 ipu0
618247 120 ipd0

048288 114 epu0
049@23 112 epd0
0487212 109 epu0

GMT(1), psbasemafd), psxy(1)

REFERENCES

Bomford, G., Geodesyth ed., Oxford Uniersity Press, 1980.
Aki, K. and P Richards, Quantitate Sismology Freeman, 1980.

AUTHORS

Geneviee Paau

Seismology Dept.

Institut de Physique du Globe de Paris

(patau@ipgp.jussieu.fr)
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NAME
psvelo — Plot velocity vectors, crosses, and wedges on maps

SYNOPSIS
psvelo files —Jparameters—Rwesteastsouthinorth[r] [ —AArrow_width/Head_length/Head_width [
—B[p|s|parameterd [ -Dsigma_scalg [ —Fcolor] [ —Ecolor] [ =Gfill ][ —H[i][nred ][ -K ][ -L ][ =N
][ -O1[ —-P][ —Ssymbalscaldconffont_size [ —U[justdx/dy/][cllabell 1[ -V ][ ~Wpen] [ =X[alc|r][x-
shifful] ] [ —Y[alclr][y-shif{u]] ] [ —:[ilo] ] [ —ccopies]

DESCRIPTION
psveloreads data values frofiles [or standard input] and generatsstScriptcode that will plot elocity
arrons on a map. Most options are the same apdry, except—S. ThePostScriptcode is written to stan-
dard output. The previous versiopsyelomecd is now absolete. It has been replaced psvelo and
psmeca

ARGUMENTS
filesList one or more file-names. If no files areami, psvelowill read standard input.

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range 6R option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

=Jm[lonO/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve meridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scal€dUTM - Universal Transverse Mercator)
-Jy[lonO/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—Jelon0/latq/horizori/scale(Azimuthal Equidistant)
=Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizor}/scale(General Stereographic)
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MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scal¢d|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

—S Selects the meaning of the columns in the data file and the figure to be plotted.

—Sevelscale/confidence/fontsize

Velocity ellipses in (N,E) corention. Vscalesets the scaling of theelocity arravs. Thisscaling

gives inches (unless, i, m, or p is appended)Confidencesets the 2-dimensional confidence limit

for the ellipse, e.g., 0.95 for 95% confidence ellipBentsizesets the size of the text in points.
The ellipse will be filled with the color or shade specified by-tBeoption [default transparent].

The arrov and the circumference of the ellipse will be drawn with the pen attributes specified by
the—W option. Rirameters are expected to be in the following columns:

1,2 longitude, latitude of statiorn-( option interchanges order)

3,4 eastward, northward velocity(option interchanges order)

5,6 uncertainty of eastward, northward velocities (1-sigmapption interchanges order)

7 correlation between eastward and northward components

8 name of station (optional).

—-Snbarscale.
Anisotropy bars. Barscalesets the scaling of the bars This scalingegiinches (unless, i, m, or
p is appended)Paameters are expected to be in the following columns:

1,2 longitude, latitude of statiorn-( option interchanges order)

3,4 eastward, northward components of anisotnegctor (: option interchanges order)

—Srvelscale/confidence/fontsize

GMT 4.5.11

Velocity ellipses in rotated cemntion. Vscalesets the scaling of the velocity arrows. This scaling
gives inches (unless, i, m, or p is appended)Confidencesets the 2-dimensional confidence limit

for the ellipse, e.g., 0.95 for 95% confidence ellipBentsizesets the size of the text in points.
The ellipse will be filled with the color or shade specified by-tBeoption [default transparent].

The arrov and the circumference of the ellipse will be drawn with the pen attributes specified by
the—W option. Rarameters are expected to be in the following columns:
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1,2 longitude, latitude, of station-( option interchanges order)

3,4 eastward, northward velocity(option interchanges order)

5,6 semi-majoy semi-minor axes

7 counter-clockwise angle, in degrees, from horizontal axis to major axis of ellipse.
8 name of station (optional)

-Swwedge_scale/wedge_mag
Rotational wedgesWedge scalesets the size of the wedges in inches (untessm, or p is
appended). &lues are multiplied byWedge mag before plotting. For example, setting
Wadge_mago 1.e7 works well for rotations of the order of 100 nanoradianklye—G to set the
fill color or shade for the wedge, an# to set the color or shade for the uncertairRgrameters
are expected to be in the following columns:

1,2 longitude, latitude, of station-( option interchanges order)
3 rotation in radians
4 rotation uncertainty in radians

—-Sxcross_scale
gives Srain crosses.Cross_scalesets the size of the cross in inches (unkgss m, or p is
appended). &ameters are expected to be in the following columns:

1,2 longitude, latitude, of station-( option interchanges order)
epsl, the most extensional eigalne of strain tensowith extension taken posig.
eps2, the most compressional eiggue of strain tensomwith extension taken posig.

azimuth of eps2 in degrees CW from North.

OPTIONS
No space between the option flag and the associated arguments.

-A Arrow_width/Head_length/Head_wid8ize of arrav in inches. [Dedult is 0.03/0.12/0.09].

-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-D Sigma_scalecan be used to rescale the uncertainties of velociti®e §nd —Sr) and rotations

(-Sw). Canbe combined with theonfidencevariable.
—Ffill  Sets the color or shade used for frame and annotation. [Default is 0/0/0 (black)]

—Efill  Sets the color or shade used for filling uncertainty wedg@g)(or velocity error ellipses{Seor
=Sr). [If —Eis not specified, the uncertainty regions will be transparent.]

—=Gfill  Specify color (for symbols/polygons) or pattern (for polygons). Set the shade (0-255) or color
(r/g/b) [Default is 0/0/0].Optionally, specify —Gpicon_size/patterrwherepatterngives the num-
ber of the image pattern (1-90) OR the name of a icon-formatidite_sizesets the unit size in
inches. © invet black and white pixels, useGP instead of-Gp. Seepspatterns for informa-
tion on individual patterns.

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-K More PostScriptcode will be appended later [Default terminates the plot system].
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-L Draw lines. Ellipsesnd fault planes will hae teir outlines drawn using current pen (s¥¢€).

-N Do NOT skip symbols that fall outside the frame boundary specifieeRoy
[Default plots symbols inside frame only].

-0 Selects Overlay plot mode [Default initializes avrgot system].
-P Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

-U Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see timtdefaults man page for details. The time string will be in the locale set
by the environment variableZ (generally local time).

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set pen attributes for velocity arrows, ellipse circumference and fault plane edges.
[Defaults: width = 1, color = 0/0/0, texture = solid].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shif} is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

-C Specifies the number of plot copies. [Default is 1].

EXAMPLES
The following should mak kig red arrows with green ellipses, outlined in rédbte that the 39% confi-
dence scaling will gie an dlipse which fits inside a rectangle of dimension Esig by Nsig.

psvelo<< END -H 2 -R-10/10/-10/10-W 0.25p,red-G green-L -Se 0.2/0.39/18-B 1g1-Jx 0.4/0.4
-A 0.1/0.3/0.3-P -V >! test.ps

Long. Lat. Evel Nvel Esig NsigCorEN SITE

(deg) (degg) (mmlyr)  (mmiyr)

0. -8 0.0 00 4.0 6.0.500 4x6

-8. 5. 3.0 3.0 0.00.0 0.500 3x3

0. 0. 40 6.0 4.06.0 0.500

-5. -5. 6.0 40 6.0 4.®.500 6x4

5. 0. -6.0 40 6.0 4.60.500 -6x4

0. -5. 6.0 -40 6.0 4.0-0.500 6x-4
END
This example should plot some residual rates of rotation in the Westans\&rse Ranges, Californidhe
wedges will be dark grawith light gray wedges to represent the 2-sigma uncertainties.

psvelo <<END -Sw 0.4/1.e7 -W 0.75p -G darkgray -E lightgray -H 1 -D 2 -Jm 2.2 -R
240./243./132.5/34.75B f10ma60m/WeSrP >! test.ps

lon lat spin(rad/yr) spin_sigma (rad/yr)

241.4806 34.2073 5.65E-08 1.17E-08

241.6024 34.4468 -4.85E-08 1.85E-08

241.0952 34.4079 4.46E-09 3.07E-08

241.2542 34.2581 1.28E-07 1.59E-08

242.0593 34.0773 -6.62E-08 1.74E-08
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241.0553 34.5369 -2.38E-07 4.27E-08
241.1993 33.1894 -2.99E-10 7.64E-09
241.1084 34.2565 2.17E-08 3.53E-08
END

SEE ALSO
GMT(1), psbasemafd), psxy(1)

REFERENCES
Bomford, G., Geodesyth ed., Oxford Uniersity Press, 1980.

AUTHORS
Kurt Feigl
CNRS UMR 5562
Toulouse, France
(Kurt.Feigl@.cnes.fr)
Geneviee Paau
CNRS UMR 7580
Seismology Dept.
Institut de Physique du Globe de Paris
(patau@ipgp.jussieu.fr)
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NAME

mgd77comert — Translate between different formats of MGD77 files

SYNOPSIS

mgd77corvert NGDC-ids—Falcim|t —=T[+]albjm[t [ -L[w][e][+] ][ -V ][ —4]

DESCRIPTION
mgd77corvert reads ersions of MGD77 files and writes the same data in (probably) another format to a
new file in the current directoryBoth pre- and post-Y2K MGD77 formats can be processed.

NGDC-ids

OPTIONS

Can be one or more of &kinds of specifiers:

1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.

2) 2-character <agency> codes which will return all cruises from eachyagenc

3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.

4) =<list>, where <list> is a table with NGDC IDs, one per line.

5) If nothing is specified we return all cruises in the data base.

(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedfult to
$GMT_SHAREDIR /mgd77].

Specifies the format of the input (From) fileShoose froma for standard MGD77 ASCII table
(with extension .mgd77); for the nev MGD77+ netCDF format (withxtension .nc), nésed
MGD77T (tab-delimited; with extension .m77t) antbr a plain ASCII tab-separated table dump
(with extension .dat).Use —FC to recwer the original MGD77 setting from the MGD77+ file
[Default will apply aty E77 corrections encoded in the file].

Specifies the format of the outputofTfiles. Choose frona for standard MGD77 ASCII table
(with extension .mgd77); for the nev MGD77+ netCDF format (withxtension .nc), nésed
MGD77T (tab-delimited; with extension .m77t) antbr a plain ASCII tab-separated table dump
(with extension .dat)We will refuse to create the file(s) if thalready exist in the current direc-
tory. Prependt+ to override this polig.

No space between the option flag and the associated arguments.

EXAMPLES

Set the leel of verification reporting [none] and where to send such reports [stderr]. Append a
combination ofw for warningsge for errors, and- to send such log information to stdout.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

By default, the storage types used in a MGD77+ netCDF file greatly exceed the precision imposed
by the ASCII MGD77 format.However, for the five itemsfaa, eot, mag, diur andmsd we use

2-byte integers with implied precisions of 0.1 mGal, 0.&9Md, and 1 m as in the MGD77 format.

It is possible that at some point these items will need to be stored as 4-byte ints aidthlioy
precisions of 1 fTesla, 1 nGal, and 0.01 mm, respayti This option actiates such storage
[Default uses 2-byte integers].

To oorvert 01010047.mgd77 and 01010008.mgd77 tev metCDF .nc files, and capture aknfication
messages, try

mgd77corvert 01010047 01010008Fa -Tc -V —Lew+ > log.lis

To oorvert 01010047.nc back to MGD77 ASCIlI and reature it is identical to the original file, try
(Bourne shell syntax)

orig="mgd77path01010047-Ic’

GMT 4.5.11
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mgd77corvert 01010047-Fc —-Ta -V
diff $orig 01010047.mgd77

To corvert 01010047.nc to a plain ASCII table for manual editingywriting ary existing table, try
mgd77corvert 01010047~-Fc —-T+t -V

To recover the original NGDC MGD77 version of 01020051.nc and ignoseEatY corrections, use
mgd77corvert 01020051-FC -Ta -V

FILE FORMATS
mgd77corvert handles four different formats. (1) The MGD77 ASCII tables are theentianal standard
for distribution of underay geophysical data to and from the NGDC data ceiermally, only the ship-
operations people and the cruise Pl might belvred inmakingan MGD77 ASCII file for transmission to
NGDC; users are more interestedéadingsuch files. (2) The MGD77+ netCDF format waselgped to
fascilitate the use of MGD77 data by scientidtscontains all the information of the original MGD77 file
and if you comert back and forth you end up with the origin&lowever, file sizes are typically "30% of
the original ASCII format and is mucldter to operate on. (3) NGDC hasvngarted to use a metab-
delimited version of the MGD77 data, called MGD77Mh addition to all the info in old MGD77 files it
contains a f& more quality flags for gra mag, and baymetry (4) The plain ASCII tab-separated dump
is available for users who need to manually edit the content of a MGD77Tiles is usually easier to do
when the columns are tab-separated than whenateeall crunched together in the MGD77 punch-card
format. Itdiffers from format MGD77T in that missing items are written as NaNs.

OTHER TOOLS
The MGD77+ netCDF files are CF-1.0 and COARDS compliant and caxeb@reed with general-purpose
tools such as ncBrowse and navie

SEE ALSO
mgd77mange(1), mgd77lis{1), mgd77sampld), mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
ncBrowse, seattp://www.epic.noaa.gov/java/ncBrowse/
ncView, sehttp://meteora.ucsd.edu/ pierce/ncview_homeedaml
The Marine Geophysical Data Exchangarkat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME

mgd77header — Generate MGD77 header from data records
SYNOPSIS

mgd77headerNGDC-id.a77] —Hheadewalues.txt] [ -Mf|r ][ -V ]
DESCRIPTION

mgd77headergenerates an MGD77 header by reading A77 data (i.e., the data record portion of MGD77
files), determines temporal and spatikeats, ten degree boxes crossed, and data columns present. Option-
ally, it can also read an input file consisting of header field valkig}¥ to be ncluded in program output.
Header field alues determined from data and read from input are output in either MGD77 format (f) or as a
list (r) (-M).

OPTIONS
No space between the option flag and the associated arguments.

-H Obtain header field values from an inputttéle. Each rav of the input file should consist of a
header field name and its desired value, separated by a space. Se®ibalsample header file
and for the full list of header field names.

-M Choose between MGD77 formatted header outputistr.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Header Item Sample File:
Format_Acronym MGD77
Source_Institution SOEST - UNIXOF HAWAII
Country USA
Platform_Name KILO MOANA
Platform_Type Code 1
Platform_Type SHIP

Names of All MGD77 Header Fields
Suney_ldentifier
Format_Acronym
Data_Center_File_Number
Paameters_Sueyed_Code
File_Creation_Year
File_Creation_Month
File_Creation_Day
Source_Institution
Country
Platform_Name
Platform_Type Code
Platform_Type
Chief_Scientist
Project_Cruise_Leg
Funding
Suney Departure_Year
Suney_Departure_Month
Suney Departure_Day
Port_of Departure
Suney_Arriva_Year
Suney_Arriva_Month
Suney_Arrival_Day
Port_of Arrval
Navigation_Instrumentation
Geodetic_Datum_Position_Determination_Method
Bathymetry_Instrumentation
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Bathymetry Add_Forms_of Data
Magnetics_Instrumentation
Magnetics_Add_Forms_of Data
Gravity_Instrumentation
Gravity_Add_Forms_of Data
Seismic_Instrumentation
Seismic_Data_Formats
Format_Type

Format_Description
Topmost_Latitude
Bottommost_Latitude
Leftmost_Longitude
Rightmost_Longitude

Bathymetry_ Digitizing_Rate
Bathymetry Sampling_Rate
Bathymetry Assumed_Sound_Velocity
Bathymetry_Datum_Code
Bathymetry_Interpolation_Scheme
Magnetics_Digitizing_Rate
Magnetics_Sampling_Rate
Magnetics_Sensor oW _Distance
Magnetics_Sensor_Depth
Magnetics_Sensor_Separation
Magnetics_Ref Field_Code
Magnetics_Ref Field
Magnetics_Method_Applying_Res_Field
Gravity_Digitizing_Rate
Gravity_Sampling_Rate
Gravity_Theoretical_Formula_Code
Gravity_Theoretical_Formula
Gravity_Reference_System_Code
Gravity_Reference_System
Gravity_Corrections_Applied
Gravity _Departure_Base_Station
Gravity_Departure_Base_Station_Name
Gravity_Arrival_Base_Station
Gravity_Arrival_Base_Station_Name
Number_of Ten_Degree_ldentifiers
Ten_Degree_ldentifier
Additional_Documentation_1
Additional_Documentation_2
Additional_Documentation_3
Additional_Documentation_4
Additional_Documentation_5
Additional_Documentation_6
Additional_Documentation_7

EXAMPLES
To generate an MGD77 header from A77 input, try

mgd77headerkm0201-H kmheaderitems.txt -Mf > km0201.h77

SEE ALSO
mgd77lis{1), mgd77mange(1), mgd77patiil), mgd77trackl) x2sys_inif1)
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REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geopysical Data Exchange Format - "MGD77", dd://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME

mgd77info — Get information about MGD77[+] files
SYNOPSIS

mgd77infoNGDC-ids[ —-C[m|e] ][ —E[m|e] ][ —lignore] [ —Mf[item|r|elh ][ -L[V]][ -V ]
DESCRIPTION

mgd77info reads <legid>.[mgd77|nc] files and produces a single record of information about each cruise
specified. Thénformation includes beginning and end times, total track distances in km, longitude and lat-
itude range, and the total number of gemital obserations. Optionallychoose instead to see the origi-

nal MGD77 header meta-data section or its individual members.

If you need to knev which tracks are crossing through aegi regon and what kinds of geophysical obser
vations are wailable, consider using the x2sys tools to set up a tracks itmta base (see2sys_initfor

more information).

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

OPTIONS
No space between the option flag and the associated arguments.
-C List abbreviations for all columns present in the MGD77[+] filAppendm or e to limit the dis-
play to the MGD77 standard or MGD77+ extended set only.
-E Give a me-line summary for each cruise listed.

-M List the meta-data (header) and (if present) the MGD77+ history for each cipipendf for a
formatted display This will list individual parameters and their values, one entry per output line,
in a format that can be searched using standard UNidddels. Alternatively, append the name
of a particular parameter (you only need teeginough characters - starting at the beginning - to
uniquely identify the item)Give - b display the list of all parameter namegou may also spec-
ify the number of a parameteFor the rav, punchcard-formatted MGD77 original header block,
appendr instead. Br the MGD77+ E77 status, appeathstead. Finallyfor the MGD77+ his-
tory, appendh instead.

= Ignore certain data file formats from consideration. Appajafin|t to ignore MGD77 ASCII,
MGD77+ netCDF MGD77T ASCII or plain tab-separated ASCII table files, respaygti The
option may be repeated to ignore more than one format. [Default ignores nonel.

-L No cruise information is listed. Instead, we just display a list of the GEODAS institution 2-char
acter codes and their name3ptionally, appendv to also display theessels and their 4-character
codes for each institution. The following is the list of institutions:

(01) LAMONT (LDEO), (02) WOODS HOLE O.l., (03) NOAA, (04) US ARMY(05) NEW
ZEALAND, (06) US GEOL. SUREY, (07) OREGON STUNIV, (08) U.HAWAIl SOEST (09)
US NAVY, (10) UNIV OF TEXAS, (11) RICE UNIVY (12) CANADA, (13) UNIV OF CONN.,
(14) U.MIAMI (RSMAS), (15) SCRIPPS INST.OC, (16) CHAN(17) U RHODE ISLAND, (18)
DUKE UNIVERSITY, (19) UNITED KINGDOM, (20) U.WASHINGTON, (22) WESTERN
GEOPHY, (23) TEXAS A&M UNIV,, (24) AUSTRALIA, (25) MOMCO, (29) RUSSIA, (30)
SRAIN, (35) NIMA, (58) NETHERLANDS, (60) MIN MGMT SVC, (63) ISRAEL, (67)
FRANCE, (71) SOUTH AFRICA, (75) US G&BT GUARD, (76) BRAZIL, (77) INT GRAV.
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BUR, (83) GERMANY (84) ORSTOM NEW CAL, (86) CUB, (87) ARGENTINA, (88) US
NSF (89) INDIA, (90) PORTUGAL, (92) FINLAND, (93) CHILE, (J1) HYDR DEPTABAN,

(J2) GEOL SRY JAPAN, (J4) UNIV TOKYO, (J5) KOBE UNIV (J7) UNIV OF RIUKYUS,

(J8) J.0.D.C. JAPAN, (J9) CHIBUNIV, (JA) INST.POLAR RES., (ZZ) INST NDCODED.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To get one-line summary information about the cruises 01010047.mgd77 and 01010008.mgd77, try

mgd77info 01010047 01010008E > listing.lis

To see the original i@ MGD77 header meta-data for cruise 01010047.mgd77, run
mgd77info 0101004 7-Mr

To determine all the parameters related to Gravity during cruise 01010047.mgd77, run
mgd77info01010047-Mf | grep Gravity

To determine the Magnetic sampling rate used during cruise 01010047.mgd77, run
mgd77info 0101004 7-Mf Magnetics_Sampling_Rate

To =e all the columns that the MGD77+ cruise 01010047.nc contains, run
mgd77info01010047-C

To se the E77 status of all MGD77+ cruises collected by theetsitly of Hawaii, run

mgd77info08 —-la —Me

SEE ALSO
mgd77lis{1), mgd77mange(1), mgd77patiil), mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geopysical Data Exchange Format - "MGD77", dd://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME
mgd77list — A data-extractor for MGD77[+] files

SYNOPSIS
mgd77list NGDC-ids—Fcolumng,logic][: bittest [ —A[+]c|d|f|m]tcode] [ —Cf[gle ] [ —~DA|astartdate] [
—-DBjbstopdate] [ —-E ] [ —Gastartrec] [ —Gbstoprec] [ —H[i][nred ] [ —lignore] [ —L[corrtablg ] [
—Nd|sunit ] [ —Qalvmin/max] [ —Rwesteastsouthinorth[r] ] [ —Sastartdisfunit] ] [ —Sbstopdisfunit] ] [
=T[mle]] [ =V ][ “Wweight] [ =Z+]- ] [ —bo[g|S|d|D[ncoll|c[varl/..]] ] [ —-m[flag] ]

DESCRIPTION
mgd77list reads <NGDC-id>.[mgd77|nc] files and produces an ASCII [or binary] takike. <NGDC-
id>.[mgd77|nc] files contain track information such as leg-id, time and position, ygéegdhobserables
such as gndty, magnetics, and bagimetry, and control codes and corrections such as &o#and diurnal
corrections. Th&1GD77+ etended netCDF files may also contain additional user columns (for a listing of
awailable columns, usegd77info —C, and to learn he to add your own custom columns, segd77man-
age. Theuser may extract grcombination of these parametersy afi six computed quantities (distance,
heading, elocity, Carter correction, and gravity and magnetic global reference fields), calendar sub-units of
time (year month, dayhour, min, sec), the NGDC id, and finally a preset weight (3&8. A sub-section
can be specified by passing time- or distance-iateralong track or by selecting a geographicglore
Finally, each output record may be required to pagsramber of logical tests wolving data alues or bit
flags.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

-F The requireccolumnsstring must be a comma-separated list of parameter abbreviatiensirgi
the desired output ordeAny parameters gen in UPPER case must not be NaN in a record for
output to occur Unless specified separatethe output format (if ASCII) is controlled by the
GMT parameteD_FORMAT . The aailable abbreviations are:

drt The digital record type, usually 3 or 5 (for Y2K-compliant cruises).
id The surey ID string (leg name).

tz The time zone adjustment (in hours from -13 to +12)

ngdcid The 8-character NGDC cruise ID string (usually the file prefix).

time  Choose between Absolute calendar tiratinfe, the default) in the format dictated by the GMT
parametersOUTPUT_DATE_FORMAT and OUTPUT_CLOCK_FORMAT , Relatve tme
(rtime) in the format dictated by the GMT paramet&rsFORMAT and TIME_SYSTEM (or
TIME_EPOCH and TIME_UNIT )), or Fractional yearyf{ime) in the format dictated by
D_FORMAT.

lon Longitude in the format dictated by the GMT param&@&TPUT_DEGREE_FORMAT .
lat Longitude in the format dictated by the GMT param@&TPUT_DEGREE_FORMAT .
twt Two-Way Travel time (in s).
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depth Corrected bathymetry (in m, posii below sealevel).

mtfl ~ Magnetic Total Field intensity from sensor 1 (in nTesla).

mtf2 ~ Magnetic Total Field intensity from sensor 2 (in nTesla).

mag  Residual magnetic anomaly (in nTesla).

gobs  Observed gravity (in mGal).

faa Free-air gravity anomaly (in mGal).

ptc Position Type Code (1 = fix, 3 = interpolated, 9 = unspecified).

bcc Bathymetric Correction Code, indicating the procedure used twetotravel time to depth.
(01-55 = Matthews’ zone used to correct the depth, 59 = Medtterrections used but the zones
is unspecified in the data record, 60 = 8wklhara formula for -B, 61 = Wilson formula for-5,
62 = Del Grosso formula for-$, 63 = Cartes tables, 88 = Othedescribed in header sections, 99
= unspecified).

btc Bathymetric Type Code, indicating hothe batlymetry value was obtained (1 = observed, 3 =
interpolated, 9 = unspecified).

msens Magnetic sensor for used toaluate the residual field (1 = 1st or leading sen®er 2nd or trail-
ing sensqr9 = wnspecified).

msd  Depth (or altitude) of the magnetic sensor (in m, pesitelow sealevel).
diur Magnetic diurnal correction (in nTesla).

eot Eotvos correction (in mGal).

sln Seismic Line Number string.

sspn  Seismic Shot Point Number string.

nqc Navigation Quality Code (5 = suspected, by source institution, 6 = suspected, by NGDC, 9 = no
problems identified).

bqgc Bathymetry Quality Code (1 = good, 2 aif, 3 = poor, 4 = bad, 5 = bad, suspected by source insti-
tution, 6 = bad, suspected by NGDC, 9 = not set).

mgc  Magnetics Quality Code (1 = good, 2&irf 3 = poor, 4 = bad, 5 = bad, suspected by source insti-
tution, 6 = bad, suspected by NGDC, 9 = not set).

gqc Gravity Quality Code (1 = good, 2 =i, 3 = poor, 4 = bad, 5 = bad, suspected by source institu-
tion, 6 = bad, suspected by NGDC, 9 = not set).
In addition, the following devied quantities can be requested:

year  The year of each record.

month The month of each record.

day The day of the month of each record.

hour  The hour of each record.

min The minutes of each record.

sec The decimal seconds of each record.

date  The date in yyyymmdd string format.

hhmm The clock in hhmm.xxxx format (0-2359.xxxXx).

dmin  The decimal minutes of each record (0-59.xxxx).

dist Along-track distance from start ofge For method of calculation, se€C [spherical great circle
distances], and for distance units, sé&[km].
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az Ship azimuth (heading) measured clockwise from north (in degrees).
vel Ship speed; seeN for units [m/s].
weight Weight assigned to this data set (S&¥).

carter Carter depth correction, fivt is present in file (in m). Sign: Correction is to be subtracted from
uncorrected depths to yield a corrected depth.

igrf International geomagnetic reference field (total field) (in nTesla).

ngrav International Graity reference Field ("normal gravity") (in mGal). Field is selected based on the
parameter Gravity Theoreticabfmula Code in the cruiseMGD77 header|f this is not set or is
invalid we default to the IGF 1980Alternatively, specify the field directly usingAf (see that
option for more details).

The following short-hand flags are also recognized:
mgd77 This results in all 27 MGD77 fields being written out in the official MGD77 order.

mgd77t
This results in all 26 MGD77T fields being written out in the official MGD77T order.

all as mgd77 or mgd77t but time is written as a single date-time string.

geo This limits the output to 10 fieldgirhe, lon, lat plus the seen geoplysical obserationstwt,
depth, mtfl, mtf2, mag, gobs and faa). By appending+ to either of these set we will also
appendlist, azim, vel, and weight as listed abee.

As an option, logical tests may be added for @fithe observations by appenditogic, which is

itself composed of one or more comma-separated instructions of thedo@Rvalue wherepar

is one of the parameters listed eydOP is a logical operator (<, <=, =, I=, >=, >, |), arlueis a
constant used in the comparison. Floating point parameters are compared numerically; character
parameters are compared lexically (after leading and trailing blanksbhan remweed). Thebit
comparison (|) means that at least one of the bitaliremust be turned on ipar. At least one of

the tests must be true for the record to be outpuiakps for tests using UPPER case parameters
which all must be true for output to occiote that specifying a test does not imply that the cor
responding column will be included in the output stream; it must be presasitmnsfor that to

occur Note: some of the operators are special UNIX characters and you are advised to place
guotes around the entire argumentko

Finally, for MGD77+ files you may optionally apperittestswhich is : (a colon) followed by
one or more comma-separatedat-terms. Thiscompares specific bitflags only for each listed
column. Here; means the chosen bit must be 1 (ON) whereas - means it must be 0 @IFF).
bit tests gien must be passed. By default, MGD77+ files thatehthe speciaMGD77_flagscol-
umn present will use those flags, and obastions associated with ON-bits (meaningyttaee
flagged as bad) will be set to NaN; append : with no trailing information to turn thigidrebff
(i.e., no bit flags will be consulted).

OPTIONS
No space between the option flag and the associated arguments.

-A By default, corrected deptli€pth), magnetic residual anomalynég), free-air gravity anomaly
(faa), and the devied quantity Carter depth correctiongrter) are all output as is (if selected in
—F); this option adjusts that behar. For each of these columns there are 2—4 ways to adjust the
data. Append(arter), d(epth),f(aa), orm(ag) and select theodefor the procedure you ant
applied. You may select more than one procedure for a data column by summing their numerical
codes (1, 2, 4, and 8). E.g=Ac 3 will first try method—Ac 1 to estimate a Carter correction but if
depth is NaN we will next try—Ac 2 which only usegwt. In dl cases, if ap of the \alues
required by an adjustment procedure is NaN then the result will be NaN. This is also true if the
original anomaly is NaN Specify—A+ to recalculate anomalieyen if the anomaly in the file is
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NaN. Additionally you can use-At to create dke imes for cruises that has no time; these are
based on distances and cruise duration.

-Ac Determines ha the carter correction term is calculatedelow, C(twt) stands for the Cartegor-
rected depth (it also dependslon, lat), U(twt, v) is the uncorrected depth ¢wt * v/ 2) using
asv the "Assumed Sound Velocity" parameter in the MGD77 header (if itaichwelocity, other-
wise we default to 1500 m/s); altervaty, append your preferredelocity vin m/s, TU@epth, v)
is the 2-way treel time estimated from the (presumably) uncorrectepth, and TCdepth) is the
2-way travel time obtained by werting the (presumably) correctelépth using the Carter correc-
tion formula. Select from
—Acl],v] returns difference betweentuf, v) and depth [Default].

—Ac2[,v] returns difference betweentuf, v) and Carter tfwt).
—-Ac4[,V] returns difference between (assumed uncorrediegth and Carter (TW{epth)).
—Acg][,v] returns difference between U(Td&pth), v) and depth.

-Ad Determines he thedepth column output is obtained:
—Ad1 returnsdepth as stored in the data set [Default].
—Ad2[,v] returns calculated uncorrected deptimvd( v).
—Ad4 returns calculated corrected depthv@j.

—Af Determines ha the faa column output is obtained. ifgrav (i.e., the International Gvity refer
ence Field (IGF), or "normal grity") is required it is selected based on the MGD77 header
parameter "Theoretical Gravity Formula Code"; if this code is not present oglis iwe defult
to 4. Alternatively, gppend the preferrefield (1-4) to select 1 (Heiskanen 1924), 2 (IGF 1930), 3
(IGF 1967) or 4 (IGF 1980). Select from
—Af1[field] returnsfaa as stored in the data set [Default]. Optionadbts the IGHield to use if
you also hee requesteahgrav as an output column ifF.

—Af2[,field] returns the difference betwegobsandngrav (with optionalfield directive).
—Af3[,field] returns the combination gbbs+ eot- ngrav (with optionalfield directive).

—-Am  Determines he themag column output is obtained. There may be one ortbial field measure-
ments in the filerGtfl andmtf2), and the colummsensmay state which one is the leading sen-
sor (1 or 2; it may also be undefined). Select from
—Am1 returnsmag as stored in the data set [Default].

—Am?2 returns the difference betweemgfx andigrf, wherex is the leading sensot or 2) indi-
cated by thensensdata field (defaults tt if unspecified).

—Am4 returns the difference betweergfx andigrf, wherex is the sensor2(or 1) not indicated
by themsensdata field (defaults t& if unspecified).

-C Append a one-letter code to select the procedure for along-track distance calculatied {see
selecting units):
f Flat Earth distances.
g Great circle distances [Default].
e Geodesic distances on current GMT ellipsoid.

-Da Do not list data collected befostartdate(yyyy-mm-ddrl [hh:mm:ss]) [Dedult is start of cruise].
Use—-DA to exclude records whose time is undefined (i.e., NaN). [Default reports those records].

-Db Do not list data collected on or aftstopdate(yyyy-mm-ddl [hh:mm:ss]). [Dedult is end of
cruise]. Use-DB to exclude records whose time is undefined (i.e., NaN).adefeports those
records].

-E Exact match: Only output records that match all the requested yggcgdhcolumns [Default out-
puts records that matches at least one of the observed columns].

—-Ga Do not list records beforgtartrec [Default is 0, the first record].
-Gb Do not list data aftestoprec [Default is the last record].

-H Issue a header record with names for each data field.
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= Ignore certain data file formats from consideration. Appajafin|t to ignore MGD77 ASCII,
MGD77+ netCDF MGD77T ASCII or plain tab-separated ASCII table files, respeygti The
option may be repeated to ignore more than one format. [Default ignores nonel.

-L Apply optimal corrections to columns where such corrections\aitalsle. Appendthe correc-
tion table to use [Delilt uses the correction table mgd77_corrections.txt iSMh@D77_HOME
directory]. For the format of this file, see CORRECTIONS belo

-N Appendd for distance ors for speed, then gé the desiredunit ase (meter or m/s)k (km or
km/hr), m (miles or miles/hr), on (hautical miles or knots)[Default is -Ndk —Nse (km and
m/s)].

-Qa  Specify an accepted rangaifyma) of azimuths. Record#hose track azimuth falls outside this
range are ignored [0-360].

-Qv  Specify an accepted rangaifYmax or justmin if there is no upper limit) ofelocities. Records
whose track speed falls outside this range are ignored [0-infinity].

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-Sa Do not list data that are less thstartdistmeter along track from port of departusppendk for
km, m for miles, orn for nautical miles [Default is O meters].

-Sh Do not list data that argtopdistor more meters along track from port of departukppendk for
km, m for miles, orn for nautical miles [Default is end of track].

-T Turns OFF the otherwise automatic adjustmentadfies based on correction terms that are stored
in the MGD77+ file and used to counteract such things as wrong units used by the source institu-
tion when creating the original MGD77 file from which the MGD77+ filewdsr{the option has
no effect on plain MGD77 ASCII files)Appendm or e to limit the option to the MGD77 or
extended columns set only [Default applies to bothl].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Set the weight for these datseight output option must be set #F. This is useful if the data
are to be processed with the weighteeraging techniques offered fpjockmean, blockmedian,
andblockmode[1].

-Z Append the sign you want falepth, carter, and msd values belav sea level (-Z- gives regdive
bathymetry) [Default is posite cownl].

-bo Selects binary output mode (single precision; apgefat double precision, or usgD to swap
bytes on output) [Default is ASCII}-H is ignored if-bo is selected.Likewise, string-fields can-
not be selectedNote that if time is one of the binary output columns it will be stored as Unix-
time (seconds since 1970)o read this information in GMT to obtain absolute calendar time will
require you to use --TIME_SYSTEM=unix.

-m[flag]

Issue a multi-segment header record with cruise ID for each cruise.
EXAMPLES
To get a (distance, heading, gity, bathymetry) listing from 01010047.mgd77, starting at June 3 1971
20:45 and ending at distance = 5000 km, use the following command:

mgd77list01010047-Da 1971-06-03T20:45Sb 5000-F dist,azim,faa,depth > myfile.d

To make input for blockmean and surface using free-air anomalies from all the cruises listed in the file
cruises.lis, but only the data that are inside the specified area, aadhmakitput binary:
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mgd77list‘cat cruises.lis~F lon,lat,faa—R-40/-30/25/35-bo > dlgrav.b

To extract the locations of depthgezeding 9000 meter that were not interpolated (= 1) from all the
cruises listed in the file cruises.lis:

mgd77list‘cat cruises.lis-F"depth, DEPTH>9000,BTC!=1" > really _deep.d

To extract dist, faa, and gravl2_2 from records whose depths are shallower than 3 km and where none of
the requested fields are NaN, from all the MGD77+ netCDF files whose cruise ids are listed in the file
cruises.lis, we try

mgd77list‘cat cruises.lis-E —la —F"dist,faa,grav12_2,depth<3000" > shallow \gida

To extract dist, faa, and gvd2_2 from all the MGD77+ netCDF files whose cruise ids are listed in the file
cruises.lis, but only retne records whose bitflag for faa indicates BAD values, we try

mgd77list‘cat cruises.lis-E —la —F"dist,faa,gravl2_2:+faa" > bad_gra

To autput lon, lat, mag, and faa from all the cruises listed in the file cruises.lis, but recalculate sdw
uals based on the latest reference fields, try:

mgd77list‘cat cruises.lis-F lon,lat,mag,faaAf 2,4-Am 2 > data.d

RECALCULATED ANOMALIES

When recalculated anomalies are requested (either explicitly vigAtloption or implicitly via E77 meta-
data in the MGD77+ file) we only do so for the records whose original anomaly was not aTNiaN.
restriction is implemented since nyaanomaly columns contains corrections, usually in the form of hand-
edited changes, that cannot be duplicated from the corresponding observation.

IGRF
The IGRF calculations are based on a Fortran program written by Susan Macmillan, British Geological
Surnwey, translated to C via f2¢ by Joaquim Luis, U Algarve, and adapted to GMT-style by Paul Wessel.
IGF
The equations used are reproduced here using coefficients extracted directly from the source code (let us
know if you find errors):
(1) g =978052.0 * [1 + 0.005285 * sin"2(lat) - 7e-6 * sin"2(2*lat) + 27e-6 * cos™2(lat) * cos"2(lon-18)]
(2) g =978049.0 * [1 + 0.0052884 * sin"2(lat) - 0.0000059 * sin"2(2*at)]
(3) g =978031.846 * [1 + 0.0053024 * sin"2(lat) - 0.0000058 * sin"2(2*lat)]
(4) g =978032.67714 * [(1 + 0.00193185138639 * sin"2(lat)) / sqrt (1 - 0.00669437999013 * sin"2(lat))]
CORRECTIONS

The correction table is an ASCII file with coefficients and parameters needed to carry out corrections.
Comment records beginning with # are a#al. All correction records are of the form

cruiselD observation correction

wherecruiselD is a NGDC prefix,observationis one of the abbreviations for geophysical obestgons
listed under-F abore, and correctionconsists of one or moterms that will be summed up and theab-
tracted from the observation before output. Edetmmust hae this exact syntax:

factoif*[ functiorj([ scald(abbre\f-origin]))[" powei]

where terms in braeits are optional (the brackets themselves are not used but regular parentheses must be
used as indicated). No spaces are allowed except betesgen Thefactor is the amplitude of the basis
function, while the optionalunctioncan be one of sin, cos, ok The optionakcaleandorigin can be

used to translate thegament (before giving it to the optional function). Thguanentabbrevis one of the
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abbreviations for observations listed al@ If origin is given as T it means that we should replace it with
the value ofibbrevfor the very first record in the file (this is usually only donetifog). If the first record
entry is NaN we neert origin to zero. Optionally, raise the entire expression to theegi power, before
multiplying by the amplitude. The following is araenple of fictitious corrections to the cruise 99999999,
implying thedepth should hae the Carter correction remed, faa should hae a Inear trend remeed, the
magnetic anomalynfag) should be corrected by a strange depengamcsip heading and latitude, and
gobs reeds to hee 10 mGal added (hencegn as 410):

99999999 depth 1.0*((carter))

999999994&a  14.1  1le-5*((time-T))

99999999 mag 0.5*cos(0.5*(azim-19))"2 1.0%e(-1e-3(lat))"1.5
99999999 gobs -10

QUALITY CODES
The MGD77T format added three quality codes for bathymétyg)( magneticsriqc), and gravity §qc).
They are not present in the original MGD77 format, and if requested will return 9 or NULL.

SEE ALSO
mgd77conveffl), mgd77inf¢l), mgd77mange(1), mgd77trackl)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geophysical Data Exchangarkat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
IGRF, seehttp://www.ngdc.noaa.gov/IAGA/Vmod/igrf.html
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NAME
mgd77magref — Evaluate the IGRF or CM4 magnetic field models

SYNOPSIS
mgd77magref[ inputfile] [ —A[+aalt+tdatety] ] [ —Ccmd4file] [ —-DDstfile] [ —Ef107file] [ —Fflags] [ -G
11 —HJil[nred 1[ —-Sdllow/high] [ =V ][ —:[ilo] 1 [ —blilo][s|S|d|D[ncolj|c[varV..]] ] [ —f[ilo]colinfo] [
—mlijo][flag] ]
DESCRIPTION
mgd77magrefwill evaluate the IGRF or the CM4 geomagnetic models at the specified locations and times.

OPTIONS
No space between the option flag and the associated arguments.

inputfile
Contains the moments in space-time where &atuo &aluate the magnetic reference fieltihe
first two columns must contain longitude and latitudewheer, see—: for latitude and longitude
instead). Normallythe third and fourth columns must contain altitude (in km) and time, respec-
tively, but if one or both of these are constant for all recordg the be supplied via theA
option instead and are thus napected in the input file. If no input file isvgh we readstdin A
note about the CM4alidity domain. The core field of CM4 is valid from 1960-2002.5 but the
ionospheric and magnetospheric fields are computed aft&strend F10.7 coeficient files. Ve
extended here those coefficient files up to 2007, which means that one can compute external con-
tributions up until 2007 but the Secular Variation will be biased (non reliablg).iices files
may be retrieed from:ftp://ftp.ngdc.noaa.gov/STP/GEOMAGNETICADA/INDICES/DST/ (the
Dst coeficients) and ftp://ftp.ngdc.noaa g8 TP/SOLAR_[ATA/SOLAR_RADIO/FLUX/ (The
F10.7index file is a MONTHPI.ABS). NOTE: since theDst files in the .../DST/ directory are
still only up to 2007, for GMT4.5.3 we extended &t until April 2010 by reformatting the data
in the preliminary file Est_Ist_inde0_mean.pli, which is at ftp://ftp.ngdc.noaauRBTr P/GEO-
MAGNETIC_DATA/INDICES/EST_IST/

-A Adjusts hav the input record is interpretedppend+ato set a fied altitude (in km) that should
apply to all data records [Defaulkectsaltitudeto be in the 3rd column of all recordshppend
+t to set a fiedtimethat should apply to all data records [Defauppectstimeto be in the 4th col-
umn of all records].Finally, append+y to indicate that all times are specified as decimal years
[Default is 1ISOdateT colckformat].

-C Specify an alternate CM4 coefficient file [umdl.CM4].

-D Specify an alternate file with hourly means of the Dstiride CM4 [Dst_all.wdc]. Alternatively,
simply specify a single indeo gpply for all records.

-E Specify an alternate file with monthly means of absolute F10.7 solar radio flux for CM4
[F107_mon.plt]. Alternatiely, Smply specify a single flux to apply for all records.

-F Selects output itemélagsis a string made up of one or more of these characters:
r means output all input columns before adding the items below
t means list total field (nT).
h means list horizontal field (nT).
X means list X component (npositive rorth).
y means list Y component (npositive east).
zmeans list Z component (npositive down).
d means list declination (deg, clockwise from north).
i means list inclination (deg, pos#i cown).
Append one or more number to indicate the requested field contribution(s):
0 means IGRF field (no combinations allowed)
1 means CM4 Core field
2 means CM4 Lithospheric field
3 means CM4 Primary Magnetospheric field
4 means CM4 Induced Magnetospheric field
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5 means CM4 Primary ionospheric field

6 means CM4 Induced ionospheric field

7 means CM4 Toroidal field

9 means Core field from IGRF and other contributions from CM4. D@ NSE BOTH 1 AND
9.

Appending seeral numbers (1-7) will add up the flifent contributions. Forxample —Ft/12
computes the total field due to Core and Lithospheric sourbes.special cases are aied,
which mix which Core field from IGRF and other sources from CMEt/934 computes Core
field due to IGRF plus terms 3 and 4 from CM4t(lpou can add others)-Ft/934 the same as
above hut output the field components. The data is written out in the ordempipear inflags
[Default is—Frthxyzdi/1].

-G Specifies that coordinates are geocentric [geodetic].

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-L Computes J field vectors from certain external sources.
r means output all input columns before adding the itemswi@lbin Ampers/m).
t means list magnitude field.
X means list X component.
y means list Y component.
zmeans list Z or current function Psi.
Append a number to indicate the requested J contribution:
1 means Induced Magnetospheric field.
2 means Primary ionospheric field.
3 means Induced ionospheric field.
4 means Poloidal field.

-Sc Limits the wavdengths of the core field conttibion to the band indicated by themMand high
spherical harmonic order [1/13].

=Sl Limits the wavdengths of the lithosphere field contitibn to the band indicated by theM@nd
high spherical harmonic order [14/65].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or apmgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be regiefault is 4 input columns unles® is
used].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is reflected byF].

-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—-m setting applies to both input and output.
Use—-mi and—-mo to give $parate settings to input and output.

TIME SETTINGS
If binary input files are used then absolute time are stored as timeeddatie selected epochHowever,
since the epoch used is not stored in the data files there can be problems decoding the coridoe time.
mgd77 supplement uses the Unix time system as its default; thus you shoelduneathat binary data
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files with time uses the same system (see the GMT default TIME_SYSTEM).

EXAMPLES

To get the CM4 Total field, Declination and Inclination due to all but lithospheric and toroidal field at a one
point location and decimal time 2000.0, try

echo -28 38 0 2000.Gvjgd77magref —A+y —F tdi/13456
To do the same as albie kut at noon (Uniersal Time) of first May 2001, try

echo -28 38 0 2001-05-01T12:00:00¢d77magref —Ftdi/13456

SEE ALSO
GMT(1) mgd77inf@1l) mgd77lis{l) mgd77mange(1) mgd77trackl)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72

(41), p. 441.
"Comprehensie Modeling of the Geomagnetic Field", 9&t¢p://denali.gsfc.nasa.gov/cm/
"The International Geomagnetic Reference Field (IGRF)", see

http://www.iugy.org/IAGA/iaga_paes/pubs_prods/igrf.htm

GMT 4.5.11 5 Nov 2013 3



MGD77MANAGE(1) GeneridMapping Tools MGD77MANAGE(1)

NAME

mgd77manage — Manage extra columns in MGD77+ files

SYNOPSIS

mgd77manageNGDC-ids [ —A[+]alc|d|D|elE|g|i|n|t|Tfileinfo ] [ —Cf|gle ] [ —Dabbrevi,abbe\2,... ] [
—-Eempty] [ -F ] [ —labbrevnamédunit/t/scaldoffsetcommeni [ —Nelk|m|n ][ —Q[b|c|l|n][[/]threshold ]
=V ][ -bi[s|S|d|D[ncol||c[varY..]] ]

DESCRIPTION
mgd77managedeals with maintaining extra custom columns in MGD77+ netCDF fi¥est can either
delete one or more columns, add avmelumn, update an existing column withwndata, or supply error
correction information (*.e77 files)New data may come from a table (ASCII unledsis used), be based
on existing columns and certain theoreticapressions, or themay be obtained by sampling a grid
(choose between GMT grid or a Sandwell/Smith Mercator *.img grid) along tfEo&.nev data will be
appended to the MGD77+ file in the form of adtr@ data column of specified type. The data file will be
modified; no ne file will be created For the big issues, see the DISCUSSION sectiorvibelo

NGDC-ids

OPTIONS

Can be one or more of &kinds of specifiers:

1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.

2) 2-character <agency> codes which will return all cruises from eachyagenc

3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.

4) =<list>, where <list> is a table with NGDC IDs, one per line.

5) If nothing is specified we return all cruises in the data base.

(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".nc" extensions will automat-
ically be appended, if needed (udeto ignore certain file types)Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will default to
$GMT_SHAREDIR /mgd77].

No space between the option flag and the associated arguments

-A

GMT 4.5.11

Add a nev data column. If an existing column with the same abbreviation already exists in the file
we will cowardly refuse to update the file. Specifyiréd+ overcomes this reluctance (Mever,
sometimes an existing column cannot be upgraded without first deleting it; if so you will be
warned). Seleca olumn source code amomgc, d, D, e, g, i, n, t, or T; detailed descriptions for
each choice follow:

a Append filename of a single column table to aéidle must hae the same number of rows as
the MGD77+ file. If no file is gien we read from stdin instead.

c Create a n& column that dexies from existing data or formulas for corrections and reference
fields. Append for the Carter corrections subtracted from uncorrected deptbsthe IGF gra-

ity reference field (a.k.a "normal gity"), m for the IGRF total field magnetic reference field, and

r for recomputed magnetic anomaly (append 1 or 2 to specify which total field column to use [1]).
For gravity we choose the reference field based on the parameter Gravity Theoretivaila-
Code in the cruise’MGD77 header If this is not set or is i@lid we default to the IGF 1980.

You can orerride this beheiour by appending the desired code: 1 = Heiskanen 1924, 2 = Interna-
tional 1930, 3 = IGF1967, or 4 = IGF1980.

d Append filename of a two-column table with the first column holding distances along track and
the second column holding datalwes. Ifno file is gien we read from stdin insteadRecords

with matching distances in the MGD77+ file will be assigned thaevadues; at other distances we

set them to NaNAlternatively, give upper cas® instead and we will interpolate the column at all
record distancesSee-N for choosing distance units an€C for choosing he distances are cal-
culated.
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e Expects to find an e77 error/correction log fromgd77sniffer with the nameNGDC _ID.e77 in

the current directory or in SMGD77_HOME/E77; this file will examined and used te madkifi-

cations to the header values, specify a systematic correction for certain columns (such as scale and
offset), specify that a certain anomaly should be recalculated from the observations (e.g., recalcu-
late mag from mtfl and the latest IGRF), and add or update the special d@gmmich may

hold bitflags (0 = GOOD, 1 =AD) for each data field in the standard MGD77 data ety

fixed correction terms found (such as needing to scale a field by 0.1 or 10 because the source
ageny used incorrect units) will be written as attribs to the netCDF MGD77+ file and applied

when the data are read bwgd77list Ephemeral corrections such as those determined by
crosswer analysis are not kept in the data files but reside in correction tablem@&b& list for

details). Bydefault, the first character of each header line in the e77 file (which is ?, Y or N) will

be consulted to see if the corresponding adjustment should be agpley. undecided settings

are found (i.i, ?) we will abort and makio dtanges. Onlyecords marked Y will be processed.

You can override this behavior by appending one or more modifiers te-fleecommand:h will

ignore all header correctionswill ignore all fixed systematic trend correctioms,v, and s will

ignore bitflags pertaining to wigation, data &lues, and data slopes, respatyi Use —-A+e to

replace an existing E77 corrections in the file with thew&alues. Finallye77 corrections will

not be applied if the E77 file has not beenified. Use-AE to ignore the verification status.

g Sample a GMT geographic (lon, lat) grid along the tragkrgby the MGD77+ file using bicu-
bic interpolation (howeer, :2e-Q). Appendname of a GMT grid file.

i Sample a Sandwell/Smith Mercator *.img grid along the trackngby the MGD77+ file using
bicubic interpolation (hoever, e—-Q). Appendthe img grid filename, follwed by the comma-
separated data scale (typically 1 or 0.1), the IMG file mode (0-3), and optionally the img grid max
latitude [80.738]. The modes stand for the failag: (0) Img files with no constraint code, returns

data at all points, (1) Img file with constraints coded, return data at all points, (2) Img file with
constraints coded, return data only at constrained points and NaN elsewhere, and (3) Img file with
constraints coded, return 1 at constraints and 0 elsewhere.

n Append filename of a two-column table with the first column holding the record number (O to
nrows - 1) and the second column holding dadtues. Ifno file is gven we read from stdin
instead. Recordwith matching record numbers in the MGD77+ file will be assigned tivevak

ues; at other records we set them to NaN.

t Append filename of a wvcolumn table with the first column holding absolute times along track
and the second column holding datues. Ifno file is gien we rad from stdin instead.
Records with matching times in the MGD77+ file will be assigned thevaties; at other times
we set them to NaNAlternatively, give upper casd instead and we will interpolate the column
at all record times.

Append a one-letter code to select the procedure for along-track distance calculation when using
—Ad|D (see—N for selecting distance units):

f Flat Earth distances.

g Great circle distances [Default].

e Geodesic distances on current GMT ellipsoid.

Give a omma-separated list of column abbreviations that you want to delete from the MGD77+
files. DoNQOT use this option to renve mlumns that you are replacing withweéata (use-A+
instead). Becausge cannot remee \ariables from netCDF files we must create & fike with-

out the columns to be delete@nce the file is successfully created we temporarily rename the old
file, change the mefilename to the old filename, and finally remdhe old, renamed file.

Give a &ngle character that will be repeated to fill empty strinlyes, e.g., '9’ will yield a string
like "99999..." [9].
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-F Force mode. When this mode is aetiyou are empoeered to delete or replaceea the standard
MGD77 set of columnsYou better knev what you are doing!

- In addition to file information we must specify additional information about %@ e€olumn.
Specify a short (16 char or less, usingdo case letters, digits, or underscores only) alidiien
for the selected data, its more descviptiame, the data unit, the data type 1-character dnde, (
short, float, int, double, ortext) you want used for storage in the netCDF filg; stale and dbet
we should apply to the data to nestkem fit inside the range implied by the chosen storage type,
and a general comment (< 128 characteigding what these data represent. Note: If text data
type is selected then the terms "values" in-tAediscussion refer to yourxedata. Furthermore,
the discussion on interpolation does not apply and the NMaN becomes a "no string" value (see
—-E for what this is). Place quotes around terms with more than one word (e.g., "Corrected
Depth").

-N Specify the distance unit used when ustAgl|D by appending (meter),k (km), m (miles), orn
(nautical miles). [Default isNk (km)].

-Q Quick mode, use bilinear rather than bicubic interpolation 40l§f Alternatvely, select the
interpolation mode by adding for B-spline smoothingg for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaN values the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay; etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO0 will just return the alue of the nearest node instead of interpolating. This is the
same as usingQn. Only relevant when—Ag|i is selected.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the ariables to be read. This applies to the input 1- or 2-column
data files specified under some of th# options. Thebinary input option is only\ailable for
numerical data columns.

EXAMPLES
To gopend Geosat/ERS-1 gravity version 11.2 as an extra data column in the cruises 01010047.nc and
01010008.nc, storing the values as mGal*10 in a 2-byte short intigger

mgd77manage 01010047 01010008-Ai 10/1/gra.11.2.img -l satgra/'Geosat/ERS-1 gra
ity"/"mGal"/s/10/0/"Sandwell/Smith version 11.2¥/

To gppend a filteredersion of magnetics as an extra data column of type float for the cruise 01010047.nc,
and interpolate the filtered data at the timesrgin the MGD77+ file, try

mgd77manage 01010047 —AT mymag.tm —I filtmag/"Intermediate-&vdength magnetic residu-
als"/"nTesla"/f/1/0/"Useful for looking for isochrons¥/

To delete the existing extra columns satfaa, coastdist, and satvgg from all MGD77+ files, try
mgd77managéecat allmgd77.lis'-D satfaa,coastdist,satvgyy
To aeate a 4-byte float column with the correct IGRF reference field in all MGD77+ files, try

mgd77manage‘cat allmgd77.lis'-Acm -I igrf/"IGRF reference field"/'nTesla"/f/1/0/"IGRF version 10
for 1990-2010-V
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DISCUSSION
1. Preamble
The mgd77 supplement is an attempt to (1) impran the limited functionality of the existing mgg supple-
ment, (2) incorporate some of the ideas from Scripps’ gmt+ supplement iwngllextra data columns,
and (3) add ng capabilities for managing marine geggictal trackline data stored in an architecture-inde-
pendent CF-1.0- and COARDS-compliant netCDF file forniégre are some of the underlying ideas and
steps you need to tako nmaintain your files.

2. Introduction

Our starting point is the MGD77 ASCII data files digitdd from NGDC on CD-ROMS, \ID-ROMS,

and via FTP Using Geodas to install the files locally we choose the "Carter corrected depth" option which
will fill in the depth column using the twway traveltimes and the Carter tables if twt is presehiis step

yields "5000 individual cruise filesPlace these in one or more sub-directories of your choice, list these
sub-directories (one per line) in the file mgd77_paths.txt, and place that file in the directory pointed to by
$MGD77_HOME; if not set this variable defaults $6MT_SHAREDIR /mgd77.

3. Corversion
Corvert the ASCII MGD77 files to the menetCDF MGD77+ format usinmngd77corvert. Typically, you
will make a Ist of all the cruises to be caated (with or without extension), and you then run

mgd77corvert -Fa -Tc -V —Lwe+ ‘cat cruises.lis’ > log.txt

The verbose settings will ensure that all problems found duringeion will be reported. The me*.nc

files may also be placed in one or more separate sub-directories and these should also be listed in the
mgd77_paths.txt fileWe suggest you place the directories with *.nc files ahead of the *.mgd77 directories.
When you later want to limit a search to files of a certain extension you should u$@ftien.

4. Adding new columns

mgd77managewill allow you to add additional data columns to your *.nc files. These canybleiran

including text strings, but most likely are numericalues sampled along the track from a supplied grid or

an existing column that ke keen filtered or manipulated for a particular purpoBee format supports up

to 32 such extra columns. See this man page fartbocedd columns.You may later decide to reme

some of these columns or update the data associated with a certain column. Data extraction tools such as
mgd77list can be used to extract a mix of standard MGD77 colummngg@taon, time, and the usual geo-
physical observations) and your custom columns.

5. Error sources

Before we discuss moto correct errors we will first list the dérent classes of errors associated with
MGD77 data: (1) Header record errors occur when some of the information fields in the header do not com-
ply with the MGD77 specification or required information is missimgd77corvert will list these errors

when the extendedevbose setting is selected. These errors typically do not affect the data and are instead
errors in themeta-data(2) Fixed systematic errors occur when a particular data column, despite the
MGD77 specification, has been encoded incorredihyis usually means the data will bé by a constant

factor such as 10 or 0.1, or in some cases €.8288 which coverts fathoms to meters. (3) Unknown sys-
tematic errors occur when the instrument that recorded the data or the processing that followed introduced
signals that appear to be systematic functions of time along track, latitude, heading, or some other combina-
tion of terms that hae a fysical or logical gplanation. Theséerms may sometimes be resolved by data
analysis techniques such as along-track and across-trasiigations, and will result in correction terms

that when applied to the data will remeothese unwanted signals in an optimalywBecause these correc-

tion terms may change whenweata are considered in their determination, such corrections are consid-
ered to be ephemeral. (4) Individual data points or sequences of data may violate rules such as being out-
side of possible ranges or in other ways violate sahifythermore, sequences of points that may be within

valid ranges may ge fise to data gradients that are unreasonable. The statuerpfpeint can therefore

be determined and thisugs rise to bitflags GOOD or 8D. Our policy is that error sources 1, 2, and 4
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will be corrected by supplying the information as meta-data in theargl&.nc files, whereas the correc-
tions for error source 3 (becauseythdll constantly be impreed) will be maintained in a separate list of
corrections.

6. Finding errors

The mgd77sniffer is a tool that does a thorough along-track sanity check of the original MGD77 ASCII
files and produces a corresponding *.e77 error log. All problems found are encoded in the error log, and
recommended fixed correction terms aneagj if needed. An analyst may verify that the suggested correc-
tions are indeed valid (we only want to correct truly obvious unit errors), edit these error logs and modify
such correction terms and aete them by changing the relt code ley (seemgd77sniffer for more

details). mgd77managecan ingest these error logs and (1) correct bad header receedshgi sugges-

tions in the log, (2) insert scalefedt correction terms to be used when reading certain columns, and (3)
insert an bit-flags found. Rerun this step if you later find other problems as all E77 settings or flags will
be recreated based on the latest E77 log.

7. Error corrections

The extraction programngd77list allows for corrections to be applied on-the-fly when data are requested.
First, data with BAD bitflags are suppressed. Second, data w&ith $ixstematic correction terms are-cor
rected accordingly Third, data with ephemeral correction terms wil/éadose corrections applied (if a
correction table is supplied). All of these steps require the presence of tlatreleta-data and all can be
overruled by the usern addition, users may add their own bitflags as separate data columns and use
mgd77lists logical tests to further dictate which data are suppressed from output.

CREDITS
The IGRF calculations are based on a Fortran program written by Susan Macmillan, British Geological
Sunwey, translated to C via f2c by Joaquim Luis, and adapted to GMT style by Paul Wessel.

SEE ALSO
mgd77conveftl), mgd77lis{1l), mgd77inf¢l), mgd77sniffefl) mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
The Marine Geopysical Data Exchange Format - "MGD77", dd://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
IGRF, seehttp://www.ngdc.noaa.gov/IAGA/vmod/igrf.html
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NAME

mgd77path — Get full pathname for MGD77 files
SYNOPSIS

mgd77pathNGDC-ids[ -D ][ -lignore] [ -P[-]][ =V ]
DESCRIPTION

mgd77path returns the full pathname to one or more MGD77 files. The pathname returned ¥en a gi
cruise may change with time due to reshuffling of disks/subdirectories.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

OPTIONS
No space between the option flag and the associated arguments.

-D Instead of cruise listings, just shdhe directory paths currently used in the search.

- Ignore certain data file formats from consideration. Appajafin|t to ignore MGD77 ASCII,
MGD77+ netCDF MGD77T ASCII or plain tab-separated ASCII table files, respaygti The
option may be repeated to ignore more than one format. [Default ignores nonel.

-P Display the full path to each cruise [@eft]. Optionally append- which will list just the cruise
IDs instead.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "sildReiptyts
the total number of cruises found.

EXAMPLES
To abtain pathnames for cruises 01010008 and 01010007, run

mgd77path01010008 01010007

To dbtain pathnames for cruises 01010008 and 01010007, but only if there are MGD77+ version in
netCDF run

mgd77path01010008 01010007la —It
To see the list of actie drectories where MGD77 files might be stored, run

mgd77path -D

SEE ALSO
GMT(1) mgd77inf@1l) mgd77lis{1) mgd77mange(1) mgd77trackl)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Nay, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
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AGU, 76 (33), p. 329.

Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.

Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

The Marine Geopysical Data Exchange Format - "MGD77", dd://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME
mgd77sniffer — Scan for errors in MGD77 data

SYNOPSIS
mgd77sniffer NGDC-ids[ —Afieldabbev,scaleoffset] [ —-Cmaxspd] [ —Dd|e|E[f|l|m|slv[r] ] [ —dfieldab-
brevimggrid,scalemode] [ —Gfieldabbev,grid ][ —H[i][nred ] [ —IfieldabbevreclrecN][ -K ][ —Lcus-
tom limits file] [ =N ] [ —QI[b|c|l|n][[ /]threshold ] [ —~Rwesteastsouthnorthr] ][ —=Sdgt ][ -Tgap][ -V
11 —~Weclglo|sltiv|x ] [ —bo[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
mgd77sniffer scans old (pre-Y2K) and neformat ASCII MGD77 files for errors using point-by-point
sanity checking, along-track detection ofcessie dopes, and optional comparison of cruise data with
global gravity and predicted bathymetry grids. Detected data problems are outpually @eferbose
descriptions of each detected eraten resulting in multiple messages per scanned record. Data problems
are optionally outputHDe option) using a computer-parseable format (see E770HRRORMAI descrip-
tion below). Default error thresholds are dedifrom histograms of all MGD77 geoysical data collected
between 1952 and Janug?Q06. Thresholds are adjustable with theoption.

NGDC-ids
Can be one or more of &kinds of specifiers:
1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.
2) 2-character <agency> codes which will return all cruises from eachyagenc
3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.
4) =<list>, where <list> is a table with NGDC IDs, one per line.
5) If nothing is specified we return all cruises in the data base.
(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".ngtemsions will automat-
ically be appended, if needed (udeto ignore certain file types). Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will dedult to
$GMT_SHAREDIR /mgd77].

REQUIREMENTS
The mgd77sniffer links with Generic Mappingdls 4.0 or later along with the supplemental GMT pack-
ages x2sys and mgd77. See http://gmt.soesihedu for GMT details. Grids for comparison with cruise
data may be downloaded via the web.

OPTIONS
-A Apply scale factor and DC adjustment to specified data field. Allows adjustment of cruise data
prior to along-track analysis. CAUTION: data must be thoroughly examined before applying these
global data adjustments. May not be used for multiple cruises.
-C Set maximum ship speed in m/s, or knots withh option. Ship speeds exceeding 10 m/s (720
knots) are flagged as excessby default.
-D Suppress default warning output and only dump cruise datdyeow such as values, gradients,

grid-cruise differences, E77 error summaries for each record, re-created MGD77 recordsror snif
limits. Append r to include all records (default omits records whexggai#on errors were
detected).

-Dd output diferences between cruise and grid data. Requif@soption. Output columns
include:

lat lon dist cruiseZ gridZ dif cruiseZ2 gridZ2 diff2 ...]
Note: grid values are subtracted from cruise data so ayeodftierence implies cruise > gridzor
multiple grid comparisoncruiseZ gridZ dif are repeated for each grid comparison in command

line order.

—De output E77 error classification format. Error output ibd#id into (1) a header containing
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information globally applicable to the cruise and (2) individual error records summarizing all
errors encountered in each cruise record. mgd#@smifites E77 directly to <ngdc_id.e77> file
handle. Se&77 ERROR FORMAT belowv for additional details.

—-DE Same as-Debut no regression tests will be carried out.

—-Df output delta Z (change in gegystical field) column and delta S (change in distance) for each
geoplysical field. Distance between obsamions often differ for different fields depending on
instrument sampling rate, so ds is included for each geophysical ati@ernOutput columns
include:

d[twt] ds d[depth] ds d[mtfl] ds d[mtf2] ds d[ngh ds d[diur] ds d[msd] ds d[gobs] ds d[eot] ds
d[faa] ds

-DI display mgd77sniér limits. Customize this output to create a custom limits file for-the
option. No additional arguments are required. Output columns include:

fieldabbev mn max maxSlope maxArea
—Dm output MGD77 format records in Y2K-compliant MGD77 format

—Dn output distance to coast for each record. Requi&sav or —gnav option. Output columns
include:

lat lon dist distToCoast

—Ds output calculated gradients for speed and geophysical fields. Gradients correspond to the gra-
dient type selected in theS option (spatial devatives by default). Output columns include:

speed d[twt] d[depth] d[mtf1] d[mtf2] d[mag] d[diur] d[msd] d[gobs] d[eot] d[faa]
SeeMGD77 FIELD INFO below for field and abbreviations descriptions.

—-Dv display values for the twedvposition and geophysical fields for each MGD77 data record (in
this order):

lat lon twt depth mtfl mtf2 rgadiur msens gobs eot faa

See belar for MGD77 FIELD INFO .

Compare cruise data to the specified grid in Sandwell/Smith Mercator format. Requaiet a v
MGD77 field abbreviation (sedGD77 FIELD INFO below) followed by a comma, the path (if

not in current directory) and grid filename, a scale to multiply the data (1 or 0.1), and mode which
stand for the follwing: (0) Img files with no constraint code, returns data at all points, (1) Img file
with constraints coded, return data at all points, (2) Img file with constraints coded, return data
only at constrained points and NaN elsewhere, and (3) Img file with constraints coded, return 1 at
constraints and O elsewhere.

Compare cruise data to the specified grid. Requires a valid MGD77 field abbreviation (see
MGD77 FIELD INFO below) followed by a comma, then the path (if not in current directory)
and grid filename. Multiple grid comparison is supported by using sepsgaie -G calls for

each grid. Se&RID FILE INFO below.

Grid comparison actétes sgeral additional error checks. (1) Re-weighted Least SquargeRe

sion of ship versus grid data determines slope and DC shift, which when differingxjpentesl 1
and 0, respeately, may indicate incorrectly scaled ship data, including incorrect units or
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instrument drift as well as erroneous gravity tie-in. (2) Accumulated ship gsetofire computed
along-track and xzessive dfsets are flagged according naxAreathreshold (use-L option to
adjustmaxAred. Warning: predicted bathymetry grids are constrained by cruise data so grids and
cruise data are notvadys independent. Comparison of cruise bathymetry with predictegirbath

try grids also actites a "navigation crossinge land" check.

(with —GJg only) disable (or force) decimation during RLS analysis of ship and gridded Bata.
default mgd77sniffer analyses both the full and decimated data sets then reports RLS statistics for
the higher correlation regression.

—Hb analyze both (default), report better of two.
—Hd to disable data decimation (egaéent to -H with no argument).

—Hf to force data decimation.

Append a field abbwation and the first and last record in a range of records that should be
flagged as bad (and set to NaN prior to the analysis). Repeat péimasas needed. May not be
used for multiple cruises.

Reverse naigation quality flags (good to bad and vicersa). May be necessary when a majority

of navigation fixes are erroneously flagged bad, which can happen when a<findaiazigation

fix is extremely erroneous. Caution! This will affect sniffer output and should only be attempted
after careful manual navigation rewie

Override mgd77sniffer default error detection limits. Supply path and filename to the custom lim-
its file. Rows not beginning with aalid MGD77 field abbreviation are ignored. Field abiae

tions are listed belw in exact form under MGD77 FIELD INFOMultiple field limits may be
modified using one default file, one field per lifgeld min, max, max slope and max area may
be changed for each field. Max slope pertains to the gradient type selected usiBgften.

Max area is used by theG option as the threshold for flaggingcessive dfsets from the speci-

fied grid. Dump defaultsDI to view syntax or to quickly create an editable custom limits file.

Example custom default file contents (see Wdlar units):
#abrermink max maxSlope maxArea

twt 0 15 1 O

depth 0 11000 5005000

mag -800 800 - -

faa -300 300 100 2500

Use a dash -’ to retain a default limit. Hint: to test your custom limits, try: mgd7&snibI
—-L <yourlimitsfile>

Use nautical units.

Flag regression statistics that are outside the specified confidedceg(ile., -P5 flags coditients
m, b, rms, and r that fall outside 95%.)

Quick mode, use bilinear rather than bicubic interpolation 40i§f Alternatvely, select the
interpolation mode by adding for B-spline smoothingg for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally appendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay; etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO will just return the alue of the nearest node instead of interpolating. This is the
same as usingQn.
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-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-S Specify gradient type for along-track excessdope checking.
—Sd Calculate change in zalues along track (dz). Output isvgh in geoplysical units, e.g.,
mGal.
—SsCalculate spatial gradients (dz/ds). Output iggin geoplysical units per km along the sur
vey track, e.g., mGal/km.
—St Calculate time gradients (dz/dfflefault]. Output is gien in geoplysical units per second
along the sumy track, e.g., mGal/sec.

-T Adjusts mgd77sniffer gap handling. By default, data gaps greater than 5 km are skipped. Set to
zero to de-actete gap skipping.

-W Print out only certain warning types for verbose error messages. Comma dejirtonarination
of c|g|o|s|tlv|xwhere €) type code warningsg)radient out of rangepjffsets from grid (requires
—-G|g), (S)peed out of ranget){(me warnings, \()alue out of range xj warning summaries. By
default ALL warning messages are printed.Not compatible with-8ngptions.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-b output binary data forD d|f|s|v option.Appends for single andl for double precision [Default is
double].
MGD77 FIELD INFO
Field Abbevation Units
Two-way Travel Time  twt sec
Corrected Depth  depth m
Mag Total Fieldl = mtfl nT
Mag Total Field2 — mtf2 nT
Residual Magnetic mag nT
Diurnal Correction diur nT
Mag Sensor Depth/Alt msens m
Observed Gndty gobs mGal
Eotvos Correction eot mGal
Free Air Anomaly faa mGal

GRID FILE INFO
For —g the grids must be in the format used by Sandwell & Smith, which is a spherical Mercator 2-byte grid
with no header For —G the grid files can be of gryrid type supported by GMT and therefore must contain
a GMT header A correctly formatted *.i2 grid file can be generated using grdraster as shown belo

gmtset GRIDFILE_SHORTHAND TRUE

Create/edit .gmt_io file to include the following rows:
# GMT 1/O shorthand file

# auffix format_idscale ofset NaN

grd o - - -

i2 2 - - 32767

grdraster 1 -R0/359:55/-90/90 -Getopo5_hdr.i2

The nev grid, etopo5_hdr.i2 in this example, contains a GMT header and can be used@ dpéon to
compare cruise depth with grid values.
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E77 ERROR FORMAT

Header

Information pertaining to an entire cruise, such as NGDC anceysungtitution identification
codes, cruise examination time,cway travel time corrector information, data precisioranm-

ings, as well as systematic scales, DC shifts and correlation coefficients from global grid- compar
isons are reported as E77 header information.

Sample

# Cruise 08010039 ID 74010908 MGD77 FILE VERSION: 19801230 N_RECS: 3066

# Examined: Wed Oc8 16:30:13 2007 by mtchandl|

# Arguments: -DeGdepth,/data/GRIDS/etopo5_hdr.i2

N Errata table verification status

# mgd77manage applies corrections if the errata tableri§ied (toggle 'N’ abge 0 'Y’ after
review)

# For instructions on E77 format and usage, see http://gmt.soeait.edu/mgd77/errata.php

# Verified by:

# Comments:

# Errata: Header

Y-E-08010039-H13-02: iralid Magnetics Sampling Rate: (99) [ ]

Y-W-08010039-H13-10: Suey year (1975) outside magnetic reference field IGRF 1965 time
range (1965-1970)

Y-1-08010039-depth-00: RLS m: 1.00053 b: 0 rms: 127.851 r: 0.973422 significant: 1 decimation:
0

Y-W-08010039-twt-09: More recent bathymetry correction tabédéadble

Y-W-08010039-mtf1-10: Integer precision

Y-W-08010039-mag-10: Integer precision

Error Record

Individual error records wa drict format. Included is a time or distance column followed by
record numbera formatted error code string, and finallyexrlvose description of errors detected in

the record. Three error classes are encoded into the error code string with different alphabetic
characters representing unique error types. Sew lhetaerror code format description.

Format
<time/distance> <record number> <error code string> <description>

Sample
# Errata: Data
Y 08010039 1975-05-10T22:16:05.884 C-0-0 NAV: excessie geed

Error Code Description

GMT 4.5.11

Each of the three error classes is separated by a dash -’ and described by a combination of alpha-
betic characters or 0 signifying no detected problems.

Error classes: AV-VAL-GRAD

Error Class Descriptions
NAV (navigation):

0 - fine

A - time out of range

B - time decreasing

C - excessie peed

D - above ®a level

E - lat undefined

5 Nov 2013 5



MGD77SNIFFER(1) GeneriMapping Hols MGD77SNIFFER(1)

F - lon undefined

VAL (value):

0 - fine

K - twt invalid
L - depth irvalid
O - mtfl invalid
etc.

GRAD (gradient):

0 - fine

K - d[twt] excessie
L - d[depth] excesse
O - dmtfl] excessie
etc.

The NAV error class has unique cases while VAL and GRAD classes are described by alphabetic
characters for each of the 24 numeric fields in MGD77 format order.

MGD77 bit-pattern w/ E77 alpha characters

I I I
IXWVUTSRQPONMLKJIHGFEDCBA|E7 Code |

| |----4
[Infegmdmmmmbbdtplimhdmytd|F I|
|gaoosisatttcewtoaioaoezr|i D
|[catbduegffccptcntnuyna tje |

| srn 21 t rtr |l |

|000000000000000000000O0 0 O0if Blace]
|-GCGCC-GGG--GG---TTTTT--|Btype |

I I I
Bit types: (G)eophysical, (C)orrection, (T)ime

EXAMPLES
To scan for excesse \values or gradients, try

mgd77sniffer 08010001
To dump cruise gradients, try
mgd77sniffer 08010001 -Ds

To compare cruise depth with ETOPOS5 bathymetry and gravity with Sandwell/Smith 2 miity gexsion
11, try

mgd77sniffer 08010001-G depth,/data/GRIDS/etopo5_hdr+g faa,/data/GRIDS/gral1.2.img,0.1,1

SEE ALSO
mgd77lis{1), mgd77trackl) x2sys_inif1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
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Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.

Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.

Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

The Marine Geophysical Data Exchangarkat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME

mgd77track — A shiptrack plotting program

SYNOPSIS

mgd77track NGDC-ids —-Rwesteastsouthinorthjr] —Jparameters [ -—A[c][sizd[,spacing ]| [
—B[p|s|parameterg [ —Cf|gle] [ —Dastartdate] [ —-Dbstopdate] [ —-F ] [ -Gd|tgap] [ —lignore] [ -K ] [
—Ltrackticks] [ —O ] [ =P ] [ —Seastartdisfu] ] [ —Sbstopdisfu] ] [ —TT[t|dms,mc,mfs,mf,mf¢ [
—Uljustdx/dy/][cllabel ][ -V ][ ~Wpen] [ —X[alc|r][x-shiffu]] ] [ —Y[alc|r][y-shiffu]] ] [ —ccopies]

DESCRIPTION
mgd77track reads NGDC MGD77 cruises and crealRestScriptcode that will plot one or more ship
tracks on a map using the specified projection. HdstScriptcode is written to standard output.

NGDC-ids

GMT 4.5.11

Can be one or more of &kinds of specifiers:

1) 8-character NGDC IDs, e.g., 01010083, JA010010etc., etc.

2) 2-character <agency> codes which will return all cruises from eachyagenc

3) 4-character <agency><vessel> codes, which will return all cruises from those vessels.

4) =<list>, where <list> is a table with NGDC IDs, one per line.

5) If nothing is specified we return all cruises in the data base.

(See mgd77infe-L for ageny and vessel codes). The ".mgd77" or ".nc" extensions will automat-
ically be appended, if needed (udeto ignore certain file types)Cruise files will be looked for
first in the current directory and second in all directories listed in
$MGD77_HOME/mgd77_paths.txt [If SMGD77_HOME is not set it will default to
$GMT_SHAREDIR /mgd77].

Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendimd, or m to the scale/width alue.
When central meridian is optional, deft is center of longitude range 6R option. De#ult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -

to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

=Jm[lonO/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scalédUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/lat0/lat1/lat2/scaléAlbers)
—-JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:
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OPTIONS

—Jalon0/lat(q/horizorj/scale(Lambert Azimuthal Equal-Area)
—-JelonO/latq/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/|scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

No space between the option flag and the associated arguments.

-A

GMT 4.5.11

Appendc to annotate using the MGD77 cruise ID [Default uses the filename pr&jptjonalsize
is the font size in points. Thedennotation font is controlled byABEL _FONT . By default,
each lg is annotated eery time it enters the mapgm®n. Alternatvely, append spacingto place
this label gery spacingunits apart along the track. Append one of the uaigm), n (nautical
mile), d (day), orh (hour).

Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.

Select procedure for along-track distance calculation:
f Flat Earth distances.
g Great circle distances [Default].
e Geodesic distances on current GMT ellipsoid.

Do not plot data collected befos&artdate(yyyy-mm-ddl [hh:mm:ss]) [Dedult is first day].
Do not plot data collected aftstopdatglyyyy-mm-ddl [hh:mm:ss]). [Default is last day].

Do not apply the error bit flags if present in a MGD77+ file [Default will apply these flags upon
reading the data].

Let successe point separationsxeeedingdgap (km) or tgap (minutes) indicate a break in the
track where we should not dvaa line [no gaps recognized]. Repeat to use both typesapf g
checking.

Ignore certain data file formats from consideration. Appajafin|t to ignore MGD77 ASCII,
MGD77+ netCDF MGD77T ASCII or plain tab-separated ASCII table files, respaygti The
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-V
-C
EXAMPLES

option may be repeated to ignore more than one format. [Default ignores nonel.
More PostScriptcode will be appended later [Default terminates the plot system].

To put time/distance log-marks on the track. B§0ka24ht6h means §)nnotate eery 500 km
(k) and 24h(ours), with f)ickmarks @ery 500 km and 6 hoursAlternatively you may use the
modifiersd (days) andh (nautical miles).

Selects Overlay plot mode [Default initializes avrgot system].
Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

Do not plot data that are less thetartdistmeter along track from port of departu&ppendk for
km, m for miles, orn for nautical miles [Default is O meters].

Do not plot data that are more thstopdistmeter along track from port of departur&ppendk
for km, m for miles, orn for nautical miles [Default is end of track].

Controls the attributes of the three kinds of marké&ri( the first time marker in a neday, t for
additional time markers in the same dayd d for distance mars). For each of these you can
specify the 5 comma-separated atités markersize markercolor markerfontsize markerfong
andmarkerfontcolor Repeat the-T option for each marker type.

Draw Unix System time stamp on plot. By addijugt/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp shoaldoih the page relat © lower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with the lower left
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect

the appearance; see tmtdefaults man page for detailsThe time string will be in the locale set
by the environment variableZ (generally local time).

Appendpenused for the trackline. [Default is 0.25p,black]. [Default is solid].

Shift plot origin relatve © the current origin byx¢tshift,y-shiff and optionally append the length

unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,

or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shif} is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to

align the center coordinate (x or y) of the plot with the center of the page based on current page
size.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Specifies the number of plot copies. [Default is 1].

To generate a Mercator plot of the track of the cruise 01010007 in the area 70W to 20E, 40S to 20N, using
a Mercator scale of 0.linch/gese, label the tracks with 10 points characters, annotate the boundenyes e

10 degrees, dvagridlines every 5 degrees, and mark the tracieey day and 1000 km, with tickvery 6

hours and 250 km, and send the plot to the default pramier the following command:

mgd77track 01010007~R 70W/20E/40S/20N-Jm 0.1-B 10g5 —A 10-L aldal000kf6hf250k | Ipr

SEE ALSO

mgd77infd¢l), psbasemafil) mgd77lis{1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,

GMT 4.5.11
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http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.

The Marine Geophysical Data Exchangarkat - "MGD77", sedttp://www.ngdc.noaa.gov/mgg/dat/geo-
das/docs/mgd77.txt
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NAME

binlegs — Maintain th&MT index files for mgg supplement
SYNOPSIS

binlegsleglistfile[ -R ][ -D ][ - Ppath] [ -V ]
DESCRIPTION

binlegs will make dhanges to thengg supplement data base filgst_legs.candgmt_index.dor the leys
listed in theleglistfile Normally, only the data archivist will need to be concerned with these operations.

leglistfile
Contains the list of legs to be worked on.

OPTIONS
No space between the option flag and the associated arguments

-R Replace the current information if ayldready is in the system. [Default is append].
-D Delete information for these legs from the systemvirfdes.
-V Selects verbose mode, which will send progress reports to stdeau[Defns
"silently"].
EXAMPLES

To add nev cruises to the system:
binlegsnewlegs.lis-V —P/ustr/lib/gmt
To remove bad legs from the system:

binlegsbadlegs.lis-D -V —Plusr/lib/gmt

SEE ALSO
GMT(1), gmtleg¢l), gmt2bir(1)

REFERENCES
Wessel, P., and WH. FE Smith, 2013, The Generic Mapping Tools (GMT) version 4.5.&&hni-
cal Reference & Cookbook, SOEST/NOAA.
Wessel, P., and VWH. E Smith, 1998, Ne, Improved Version of Generic Mapping Tools Released,
EOS Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Nes Version of the Generic Mapping Tools Released, EOS
Trans., AGU, 76 (33), p. 329.
Wessel, P., and WH. F. Snith, 1995, Nw Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EO&s.,
AGU, 72 (41), p. 441.
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NAME
dat2gmt — Cowert an ASCI| file to a binary gmt file

SYNOPSIS
dat2gmt gmitfile

DESCRIPTION
dat2gmt reads an ASCII version of a gmt file (madedgmt2dat) from standard input and creates a binary
gmt file.

EXAMPLES
To aeate a gmt file from the ASCII file c2104_fixed.ascii, run

dat2gmt c2104_fixed.ascii c2104.gmt

SEE ALSO
gmt2daf1), GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmt2bin - Create bin-inadiles from gmt files

SYNOPSIS
gmt2bin listfile [ -Ppath] [ -V ]

DESCRIPTION
gmt2bin reads a file with a list of ¢eids, opens each gmt file, and creates a binxiffidie for each Ig
called <lgid>.bix. Theseare used byinlegsto update the system files readdmtlegs Normally, only
the data archivist will need to be concerned with these operations.

listfile This is a one column ASCII file with oneglé pr line.

OPTIONS

-P Sets full path to directory with gmtfiles. [Default is current directory].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
SEE ALSO

binlegg1), dat2gm{1), GMT(1)
REFERENCES

Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.

Wessel, P., and WH. F. Snith, 1998, Ne, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.

Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.

Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.

Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmt2dat — Cowert a binary gmt file to an ASCII file

SYNOPSIS
gmt2dat gmtfile

DESCRIPTION
gmt2dat reads a <lgid>.gmt file and corerts it to a regular ASCII text file that can be edited using the
text editor The ASCII text is sent to standard output and can be redirected to a file/programégicinter

EXAMPLES
To cornvert c2104.gmt to ASCII:

gmt2dat c2104.gmt > c2104.ascii

SEE ALSO
dat2gm(1), GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT@rsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtinfo — Get information about individual cruises

SYNOPSIS
gmtinfo leg-ids

DESCRIPTION
gmtinfo reports the minimum/maximum coordinates, year of the cruigeidlenumber of records, the
number of graity, magnetics, and baymetry points found, and the start/stop dates for the Ml the
information is written to standard output on one line so that it is easy sswks® add up numbers etc.

leg-ids Can be one or more gmtleg-namese I®610. Use€cat list_of legs' to pass all the legnames in
the file list_of legs.

EXAMPLES
To dbtain information about cruises ¢2603 and v2819, run

gmtinfo ¢2603 v2819 > info_file

SEE ALSO
GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtlegs - Find cruises in avgh regon
SYNOPSIS
gmtlegs —Rwesteastsouthinorthr][ -G][-M ][ -T][-L ][ -V]

DESCRIPTION
gmtlegswill report the name of all the cruises that happened to be wholly or partially inside the specified
region. As an option, only those cruises that collected a certain type of data can be reported.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

OPTIONS
No space between the option flag and the associated arguments

-G Report cruises that collected Gravity data. [Default isdata].
-M Report cruises that collected Magnetics. [Default isdata).
-T Report cruises that collected Topogradbefault is ay data].

-L Long output, i.e., cruisenames and data typesadle. [Default is cruisenames only].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To find all cruises around Maii that collected gravity and topography:
gmtlegs ~R162/-152/18/25-G —T > hawai_gt.legs
To find all cruises with magnetics:

gmtlegs —R0/360/-90/90-M > dl_m.legs

SEE ALSO
GMT(1), gmt2bin(1), binlegg1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ne, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtlist — A data-extractor for <legid>.gmt files

SYNOPSIS
gmtlist leg-ids[ —Ccorrectionfile] [ —Dastartdate] [ —Dbstopdate] [ —Fflags] [ -G ][ —H[i][nred ] [
—-Rwesteastsouthinorth[r] ] [ -Sestartdist ]| [ -Sbstopdist ]| [ -V ] [ —-Wweight ] |
—bo[s|S|d|D[ncol|c[varl/..]] ]

DESCRIPTION
gmtlist reads <lgid>.gmt files and produces an ASCII [or binary] table. The <legid>.gmt files contain
time(s), latitudeg), longitudek), gravity(g/G), magnetics/M), and batiimetry@/T), and the user may
extract aly combination of these 6 parameters + distatizd{eading lf), velocity ), and weight\{, see
-W). A sub-section can be specified by passing time- or distancealstedong track or by selecting a
region.
leg-ids Can be one or more cruisenameasgiVe a list of names, use ‘cat list_of legs'.

OPTIONS
No space between the option flag and the associated arguments

-C Apply crosswer Corrections to the data. If no correction file igegi, gmtlist reads the default eor
rection file. (Se&XSYSTEM for how to st up your own correction file).

-Da Do not list data collected befostartdate(mm/dd/yyyy/hh:mm) [Dedult is first day].
-Db Do not list data collected aftstopdatelmm/dd/yyyy/hh:mm). [Default is last day].

-F Can be ayp combination ofsyxgmtdhv to indicate the desired output data. The data will appear in
the order indicated by flags. G, M, or T is substituted fog, m, t, only records that hee that
combination of data are written outslis followed byc (calendar), then yyyy/mm/dd/hh/mm/ss is
written out, ifsis followed byj (julian), then yyyy/jd/hh/mm/ss is written ouDefault is seconds
from start of year.

-G Force Geographical longitudes (-180/+180) rather than geodetic (0-360) [Default].
-H Issue a header record with names for each data field.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-Sa Do not list data that are less thetartdistkm along track from port of departure. [Default is 0].

-Sb Do not list data that are more thatopdistkm along track from port of departure. [Default is
length of track].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-wW Set the weight for these datseight output option must be set #F. This is useful if the data
are to be processed with the weighteeraging techniques offered fpjockmean, blockmedian,
andblockmode

-b Selects binary output mode (in double precision) [Default is ASCIH. is ignored if-b is
selected. Juliaand calendar dates are not supported for binary time output (i.e., you get seconds
from start of year).

EXAMPLES
To get a (distance, heading, crogascorrected graty, bathymetry) listing from c2104.gmt, starting at
June 3 1971 20:45 and ending at distance = 5000 km, use the following command:

gmtlist c2104-Da 6/3/1971/20:45-Sb 5000—-F dhgt—C > myfile
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To make input forblockmean andsurface using all the cruises listed in the file gmt.list, but only the data
that are inside the specified area, andevaikput binary:

gmtlist ‘cat gmt.list' —F xyg —R-40/-30/25/35-b > dlgrav.xyg

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and VWH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmtpath — Get full pathname for gmt files

SYNOPSIS
gmtpath leg-ids

DESCRIPTION
gmtpath returns the full pathname to one or more gmt-files. The pathname returnedviem egise may
change with time due to reshuffling of disks/subdirectories.

leg-ids Can be one or more gmtleg-namese I®610. Use€cat list_of legs' to pass all thegeames in
the file list_of legs.

EXAMPLES
To adbtain pathnames for cruises ¢2603 and v2819, run

gmtpath c2603 v2819

SEE ALSO
GMT(1)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMT) version 4.5.11 Technical -Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Na, Improved Version of Generic Mappingobls Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mappingdls Released, EOSans.,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. F. Snith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Software Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
gmttrack — A shiptrack plotting program

SYNOPSIS
gmttrack leg-ids —Rwesteastsouthinorth[r] —Jparameters[ —-B[p|s]parameters] [ —Mtrackticks ] [
-Whperired/green/blufOA] ] [ -A[sizd ][ -K ][ -O ][ -P ][ —-Uljustdxdyl]cllabel 1[ -V ][
—X[alclr][x-shiffu]] ] [ —Y[alclr][y-shif{u]] ] [ —ccopies]

DESCRIPTION
gmttrack reads gmt cruises and creaRestScriptcode that will plot one or more ship tracks on a map
using the specified projection. TRestScriptcode is written to standard output.

leg-ids Can be one or more gmtleg-namesg liR104 v3206 etc.

-J Selects the map projection. Scale is UNIDide, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/latO/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
-Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scalédUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/lat0/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeus).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

—-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
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—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/|scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scal¢d|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

OPTIONS
No space between the option flag and the associated arguments.
-B Sets map boundary annotation and tickmark intervals; sepsttesemapman page for all the
details.
-A Annotate each tpevery time it enters the plot. Optionsilzeis character size in points.

-Da Do not plot data collected befoseartdate(mm/dd/yyyy/hh:mm) [Dedult is first day].
-Db Do not plot data collected aftetopdatgmm/dd/yyyy/hh:mm). [Default is last day].
-K More PostScriptcode will be appended later [Default terminates the plot system].

-M To put time/distance Marks on the track. Ea§0ka24ht6h means §)nnotate gery 500 km k)
and 24h(ours), with f)ickmarks @ery 500 km and 6 hours.

-0 Selects Overlay plot mode [Default initializes avrgot system].
-P Selects Portrait plotting mode [Default is Landscapegsgédefaultsto change this].
-Sa Do not plot data that are less tretartdistkm along track from port of departure. [Default is O].

-Sb Do not plot data that are more thstopdistkm along track from port of departure. [Default is
length of track].

-U Draw Unix System time stamp on ploBy addingjust/dx/dy/ the user may specify the justifica-
tion of the stamp and where the stamp should fall on the pageedtatower left corner of the
plot. For example, BL/0/O will align the lower left corner of the time stamp with therddeft
corner of the plot.Optionally, append alabel, or ¢ (which will plot the command string.)The
GMT parameterdJNIX_TIME , UNIX_TIME_POS, and UNIX_TIME_FORMAT can afect
the appearance; see thimtdefaults man page for details. The time string will be in the locale set
by the environment variableZ (generally local time).

-W penis thickness of the trackline. [Dailt is 1]. Optionally, specify the rgb combination to obtain a
colored trackline [Default is black]. Apperdor dotted line,a for dashed. [Dedult is solid].

—-X =Y Shift plot origin relatie o the current origin byxtshift,y-shiff and optionally append the length
unit (c, i, m, p). You can prepend to shift the origin back to the original position after plotting,
or prependr [Default] to reset the current origin to thewnéocation. If-O is used then the
default -shift,y-shiff is (0,0), otherwise it is (rli, rli) or (r2.5c, r2.5chlternatively, give c to
align the center coordinate (x or y) of the plot with the center of the page based on current page
size.
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-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-C Specifies the number of plot copies. [Default is 1].
EXAMPLES

To generate a Mercator plot of the track of cruises C2610 and V1512 in the area 150E to 154E, 18N to
23N, using a Mercator scale of 1.5inclgdee, label the tracks with 10 points characters, annotate the
boundaries\eery degree, and dvagridlines every 30 minutes, and send the plot to theadéifprinter enter

the following command:

gmttrack 2610 v1512-R 150/154/18/23-Jm 1.5-B 1g30m —-A10 | Ipr

SEE ALSO
GMT(1), psbasemafd)

REFERENCES
Wessel, P., and WH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, Ny, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, Ner Version of the Generic Mapping Tools Released, EQRST,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
(41), p. 441.
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NAME
mgd77togmt — Corert an MGD-77 ASCII file to a binary gmt file

SYNOPSIS
mgd77togmt[ —Llist ] [ mgd77file] —-Flegid —Y start_yeat —Ainformation] [ —Itime_incremen} [-T][off-
sel] [-W][cable_lengti [ -V ]

DESCRIPTION
mgd77togmtreads an ASCIl MGD-77 format file [or standard input] and creates a binary gmt file. The 16
header records specified in the MGD-77 documentation may or may not be preserd-wHytiravel
times are wailable, mgd77togmtwill convert those to corrected depths using the Carter tables. Both old
and nev (Y2K-compliant) MGD-77 files are supported.

-L Name of file with seeral records of the formahgd77file legid start_yearFor multiple files, use
this option rather than the= =Y combination.

-Y The year of the first data point in the file. If not provided and -L option not used, it tries to get it
from a header file. The header file must be in the same directory of the main file andvawast ha
name equal to the main but with a .h77 extension.

OPTIONS
No space between the option flag and the associated arguments.
-A Set an optional 10 character information string to be stored in the header [Default is blank].
-F Leg id that will be used in file namdefid.gmt). If not gven, it will be constructed from the

mgd77file name plus the .gmt extension.
= Used for files where time is missing. The increment is used to calculaténfisls.

-T Extracts Total field instead of anomafince F does not hold in a 2 byte signed variable we sub-
tract a constant [default = 40000] but you can provide another vahffsét

-W Take into account that the magnetometer is not at stapsition. cable_lengthis magnetometer
tow distance [default = 200 meterslf. —W only is given (e.g., nocable_lengthand like with the
-Y option, we try to get the wo distance from the header file. Failing, defaults to 200 meters.
Note that this option will thne away the first points whose accumulated. distance since the start
of magnetic acquisition is less theable_lengthand likewise for the end of the mag profile.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES
To aeate a gmt file from the ASCII file c2104.mgd77, run

mgd77togmtc2104.mgd7#Y 1977
To aeate ner gmt files from all the mgd77 files listed list.d:

mgd77togmt —-L list.d -V

SEE ALSO
dat2gm(1), GMT(1)

REFERENCES
Wessel, P., and VWH. F. Snith, 2013, The Generic Mapping Tools (GMTrsion 4.5.11 Technical Refer
ence & Cookbook, SOEST/NOAA.
Wessel, P., and WH. F. Snith, 1998, N, Improved Version of Generic Mapping Tools Released, EOS
Trans., AGU, 79 (47), p. 579.
Wessel, P., and WH. F. Snith, 1995, N& Version of the Generic Mapping Tools Released, EGRSI,
AGU, 76 (33), p. 329.
Wessel, P.,, and WH. E Smith, 1995, Ne Version of the Generic Mapping Tools Released,
http://www.agu.org/eos_elec/95154e.html, Copyright 1995 by the American Geophysical Union.
Wessel, P., and WH. F. Snith, 1991, Free Softare Helps Map and Display Data, EOS Trans., AGU, 72
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(41), p. 441.

MGD77 Task Group, 1977, The Marine Gegspisal Data Exchange Format - MGD77g\Kio Geophysi-
cal Records documentation No. 10, National Geophysical and Solar-Terrestrial DataEenter CO.

Carter D. J. T, Echo Sounding Correctionables: Formerly Matthews’ ables 150 pp, Hydrographic
Department, Ministry of Defense, Taunton, Somerset, England, 1980.
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NAME
dimfilter — Directional filtering of 2-D gridded files in the space (or time) domain

SYNOPSIS
dimfilter input_file.grd —Ddistance_flag —F<filtertype><width>[modé& -Goutput_file.grd —N<filter-
type><n_sectors>Qcols[ —Ixindunif][=|+][/yindunif][=|+]] ] [ —Rwesteastsouttinorth[r] ][ -T ][ -V
]

DESCRIPTION
dimfilter will filter a .grdfile in the space (or time) domain by dividing theepifilter circle inton_sectors
applying one of the selected primary eolation or non-cowmolution filters to each sectoand choosing the
final outcome according to the selected secondary:. filt@omputes distances using Cartesian or Spherical
geometries. The outpugrd file can optionally be generated as a-dRégon of the input and/or with a ne
-l ncrement. Irthis way, one may hee "extra space" in the input data so that the edges will not be used
and the output can be within one-half-width of the input edges. If the filtaripdss, then the output may
be less frequently sampled than the inpQtis for the error analysis mode and only requires the total num-
ber of columns in the input file, which contains the filtered degtisally, one should kne thatdimfilter
will not produce a smooth output as other spatial filters do because it returns a minimum medidh out of
medians o sectors. Theutput can be edgy unless the input data is noise-free. Thus, an additioral filter
ing (e.g., Gaussian) to the DiM-filtered data is generally recommended.

input_file.grd
The file of points to be filtered.

-D Distanceflag tells hav grid (x,y) relates to filtewidth as follows:

flag=0: grid (x,y) same units awidth, Cartesian distances.
flag= 1. grid (x,y) in degreeswidthin kilometers, Cartesian distances.
flag=2: grid (x,y) in degreesyidthin km, dx scaled by cos(middle y), Cartesian distances.

The abeoe mtions are fastest becauseyttaiow weight matrix to be computed only onc€&he
next three options are slower becausg teeompute weights for each latitude.

flag=3: grid (x,y) in dgreeswidthin km, dx scaled by cosine(y), Cartesian distance calculation.
flag=4: grid (x,y) in degreeswidthin km, Spherical distance calculation.

-F Sets the primary filter typeChoose among cwalution and non-covolution filters. Append the
filter code followed by the full diameteridth. Available cowolution filters are:
(b) Boxcar: All weights are equal.
(c) Cosine Arch: Weights follw a asine arch curve.
(g) Gaussian: Weights arevgn by the Gaussian function.
Non-corvolution filters are:
(m) Median: Returns median value.
(p) Maximum likelihood probability (a mode estimator): Return modadlug. If more than one
mode is found we return theiv@age alue. Append or + to the filter width if you rather want to
return the smallest or largest of the modal values.

-N Sets the secondary filter type and the number of bow-tie sent@sctorsmust be integer and
larger than 0.Whenn_sectorss set to 1, the secondary filter is ndeefive. Available secondary
filters are:

() Lower: Return the minimum of all filtered values.
(u) Upper: Return the maximum of all filtered values.
(a) Average: Return the mean of all filtered values.
(m) Median: Return the median of all filtered values.
(p) Mode: Return the mode of all filtered values.

-G output_file.grds the output of the filter.
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OPTIONS
= x_inc[and optionallyy ind is the output Increment. Apperd to indicate minutes, at to indi-
cate secondslf the new x_inc, y_incare NO integer multiples of the old ones (in the input
data), filtering will be considerably sloweiDefault: Sameas input.]

-R west, east, soutlindnorth defines the Region of the output points. [@€f. Sameas input.]

-T Toggle the node gistration for the output grid so as to become the opposite of the input grid
[Default gives the same registration as the input grid].

-Q colsis the total number of columns in the input fileor this mode, it expects to read depths con-
sisted of seeral columns. Each column represents a filtered grid with a filter width, which can be
obtained by 'grd2xyz -Z'. The outcome will be median, MAD, and mean. So, the column with the
medians is used to generate the regional component and the column with the MADs to conduct the
error analysis.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

GRID FILE FORMATS
By default GMT writes out grid as single precision floats in a COARDS-complaint netCDF file format.
However, GMT is able to produce grid files in maather commonly used grid file formats and alsoilf-
tates so called "packing" of grids, writing out floating point data as 2- or 4-byte integgeecify the pre-
cision, scale and offset, the user should add tHe stifl[/scaldoffsef/nar]], whereid is a two-letter iden-
tifier of the grid type and precision, asdaleandoffsetare optional scale factor and offset to be applied to
all grid values, andanis the value used to indicate missing data. When reading grids, the format is gener
ally automatically recognized. If not, the same suffix can be added to input grid file naesgsdrefor-
mat(1) and Section 4.17 of the GMT Technical Reference and Cookbook for more information.

When reading a netCDF file that contains multiple gi@&d,T will read, by deéult, the first 2-dimensional
grid that can find in that file.oTcoax GMT into reading another multi-dimensional variable in the grid file,
append?varnameto the file name, wherearnameis the name of the variable. Note that you may need to
escape the special meaning?ah your shell program by putting a backslash in front of it, or by placing the
filename and suffix between quotes or double quoiés ?varnamesufiix can also be used for output
grids to specify a variable name different from the default: S#egrdreformat (1) and Section 4.18 of
the GMT Technical Reference and Cookbook for more information, particularlyvetohead splices of

3-, 4-, or 5-dimensional grids.

GEOGRAPHICAL AND TIME COORDIN ATES
When the output grid type is netCDiRe coordinates will be labeled "longitude”, "latitude", or "time"
based on the attributes of the input data or grid (if any) or onfthe—R options. For example, botfOx
—f1t and—R 90w/90e/0t/3t will result in a longitude/time grid. When the,xgryz @ordinate is time, it will
be stored in the grid as relaiime since epoch as specified BWE_UNIT andTIME_EPOCH in the
.gmtdehults file or on the command line. In addition, thet attribute of the time a&riable will indicate
both this unit and epoch.

EXAMPLES
Suppose that north_pacific_dbdb5.grd is a file of 5 minuteyivegtny from 140E to 260E and ON to 50N,
and you want to find the medians @flives within a 300km radius (600km full width) of the output points,
which you choose to be from 150E to 250E and 10N to 40N, and you want the output velyesse
degree. D prevent the medians from being biased by the sloping plane, you wantide the filter circle
into 6 sectors and to choose the lowest value among 6 medians. Using spherical distance calculations, you
need:

dimfilter north_pacific_dbdb5.greG filtered_pacific.grd-Fm600 -D 4 -N 16 —R150/250/10/40-1 0.5
-V

Suppose that cape_verde.grd is a file of 0.5 minuteyivegthy from 32W to 15W and 8N to 25N, and you

want to remee gnall-length-scale features in order to define a swell in an ateading from 27.5W to
20.5W and 12.5N to 19.5N, and yowamt the output valuevery 2 minute. Using cartesian distance
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calculations, you need:

dimfilter cape_verde.grdG t.grd—Fm220-NI8 -D 2 —-R-27.5/-20.5/12.5/19.5| 2m-V
grdfilter t.grd—G cape_swell.graFg50-D 2 -V

Suppose that you found a range of filter widths fovarg@rea, and you filtered thewvgn bathymetric data

using the range of filter widths (e.f§100.gd f110.gd f120.gd f130.grd, and you want to define agienal

trend using the range of filter widths, and you want to obtain median absolute deviation (MAD) estimates at
each data point, you need:

grd2xyz f100.grd-Z > f100.d

grd2xyz f110.grd-Z > f110.d

grd2xyz f120.grd-Z > f120.d

grd2xyz f130.grd-Z > f130.d

pastef100.d f110.d f120.d f130.d > depths.d
dimfilter depths.dQ4 > output.z

LIMIT ATIONS
When working with geographic (lat, lon) grids, all threevaution filters (boxcarcosine arch, andays-
sian) will properly normalize the filter weights for thariation in gridbox size with latitude, and correctly
determine which nodes are needed for thevaation when the filter "circle” crosses a periodic (0-360)
boundary or contains a geographic paiowever, the spatial filters, such as median and mode filters, do
not use weights and thus should only be used on Cartesian grids (or atwiatjtimes) only If you want
to apply such spatial filters you should project your data to an equal-area projection and run dimfilter on the
resulting Cartesian grid.

SCRIPT TEMPLATE
The dim.template.sh is aelketon shell script that can be used to set up a complete DiM analysis, including
the MAD analysis.

REFERENCE
Kim, S.-S., and Wessel, 2008), Directional Median Filtering for Bm®nal-Residual Separation of Ba-
thymetry,Geochem. Geophys. Geosyst., 9(Q0308%)10.1029/2007GC001850.

SEE ALSO
GMT(2), grdfilter(1)
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NAME
gmt2kml — Cowrert GMT data tables to KML files for Google Earth

SYNOPSIS
gmt2kml [ infile(s)] [ —Aalg|dalt|xscalg ] [ —Ccpt] [ —Ddescriptfile] [ —E[altitude] ] [ —Felscpi|t|ilp ][
=Gf|n[-[fill] 1 [ —-HI[il[nred ] [ —licon ] [ -K] [ —Lcoll:namel,col2:name2,.]. [ —N[+|name_tem-
platdnamg ] [ —O] [ —Q[s|l|p]transparency] [ —Ralw/e/s/n] [ —Sdnscalg ] [ —Ttitle[/foldernamé] [ -V ]
[ -W-[pen] [ —Zargs] [ —:[ilo] ] [ —bi[s|S|d|D[ncoll|c[vard/..]] ][ —f[i|o]colinfo] [ —m[i|o][flag] ] [ > out-
put.kml]

DESCRIPTION
gmt2kml reads one or more GMT table file and wats them to a single output file using Google Earth’
KML format. Data may represent points, lines, or polygons, and you may specify additional attributes such
as title, altitude mode, colors, pen widths, transpstergons, and data description&ou may also
extend the feature down to grounddb(assuming it is abe it) and use custom icons for point symbols.
The input file should contain the following columns:
lon lat[ alt ] [ timestart] timestop] ]
wherelon andlat are required for all featurealt is optional for all features (see alsé and-C), and
timestartandtimestopapply to @ents and timespan features.

infile(s) ASCII (or binary see—bi) data file(s) to be operated on. If noten, standard input will be read.

OPTIONS
No space between the option flag and the associated arguments.

-A Select one of three altitude modes recognized by Google Earth that determines the altitude (in m)
of the featurea absolute altitudeg altitude relatve © sea surface or ground altitude relatie
seafloor To plot the features at a fixed altitude, append an altitidén m). Use O to clamp the
features to the chosen referenceatef Appendscaleto scale the altitude from the input file by
that factor If no value is appended, the altitude (in m) is read from the 3rd column of the input
file. [By default the features are clamped to the sea surface or ground].

-C Use color palette for assigning colors to the symhante or timespan icons, based on tladue
in the 3rd column of the input file. Ignored when plotting lines or polygons.

-D File with HTML snippets that will be included as part of the main description content for the KML
file [no description]. See SEGMENT INFORMATION beidor feature-specific descriptions.

-E Extrude feature down to ground/&[no extrusion].

-F Sets the feature type. Choose from poistgrt, symbol, ortimespan)line, orpolygon [symbol].
The first two columns of the input file should contaior, lat). Whenaltitude or value is required
(i.e., noaltitude value was gien with —A, or —C is set), the third column needs to containdhie
tude(in m). The @ent (-Fe) is a ymbol that should only be aeé & a particulartime, given in
the next column.Timespan {Ft) is a ymbol that should only be ae# during a particular time
period indicated by the next éacolumns {imestart, timestgp UseNaN to indicate unbounded
time limits. If used, times should be in ISO format yyyy-mm-ddThh:mm:ss[.xxx] or in GMT rela-
tive ime format (seef).

-G Set fill color for symbols, extrusions and polygor&{) [Default is lightorange] or text labels
(-Gn) [Default is white]. Optionally, use—Gf- to turn of polygon fill, and—Gn- to disable labels.
(See SPECIFYING FILL below).

-H Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

= Specify the URL to an alternaé icon that should be used for the symbol gdf is a Google
Earth circle]. If the URL starts with + then we will prepend http://maps.google.com/mapfiles/kml/
to the name. [Default is a local icon with no directory pathl].

GMT 4.5.11 5 Nov 2013 1



GMT2KML(1)

—bi

GMT 4.5.11

GenericMapping Tols GMT2KML(1)

Allow more KML code to be appended to the output later [finalize the KML file].

Extended data gen. Appendone or more strings of the forool:nameseparated by commas.
We will expect the listed data columns to exist in the input ang whk be encoded in the KML
file as Extended Data sets, whose aitdb will be gailable in the Google Earth balloon when the
item is selected.

By default, if multisegment headers contamldlabel string” then we use that for the name of the
KML feature (polygon, line segment or set of symbols).aDkfnames for these segments are
"Line %d" and "Point Set %d", depending on the feature, where %d is a sequence number of line
segments within a file.Each point within a line segment will be named after the line segment plus

a equence numbebefault is simply "Point %d".

Alternatively, select one of these options: (1) appenib supply individual symbol labels directly

at the end of the data record, (2) append a string that may include %d or a sing&arfori@at to

assign unique name IDs for each feature, with the segment number (for lines and polygons) or
point number (symbols) appearing where %d is placed, (& mi aguments to turn symbol
labeling off; line segments will still be named.

Appended KML code to an existing KML file [initialize am&ML file].

Set the transparendeve for the selected feature, §, t, I, or p, plus n for name labels).Trans-
pareny goes from 0 (fully transparent) to 1 (opaque) [0.75 for polygons, 1 for symbols, lines, and
labels].

Issue a single Region tad\ppendw/e/s/nto set a particular region (will ignore points outside the
region), or append to determine and use the actual domain of the data (single file only) [no
region tags issued].

Scale icons or labelddere,—Scsets a scale for the symbol icon, where8a sets a scale for the
name labels [1 for both].

Sets the document title [GMT Data Documer@ptionally, append FolderName this allows you,
with —O, —K, to group features into folders within the KML document. [The default folder name
is "NameFeatures", wherBlameis Point, Event, Timespan, Line, or Polygonl].

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Set pen attributes for lines or polygon outlindgppend pen attributes to use [Defaults: width =
1p, color = black, texture = solidOptionally, use-W- to turn of polygon outline Note that for
KML the pen width is gien as nteger pixel widths so you must specify pen widtmpswheren

is an integer (See SPECIFYING PENS below).

Set one or more attuibes of the Document and Region tagppend-+aalt_min/alt_maxo spec-

ify limits on visibility based on altitudeAppend+llod_min/lod_maxo specify limits on visibility
based on Lesl Of Detail, wherelod_max== -1 means it is visible to infinite sizeAppend
+ffade_min/fade_mato fade in and outv@r a ramp [abrupt]. Append+v to male a eaturenot
visible when loaded |[visible]. Append +o to open a folder or document in the sidebar when
loaded [closed].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].

Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive sne or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range item. Shorthaff(i|o]g means-f[i|o]0x,1ly (geographic coordinates).
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-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—m setting applies to both input and output.
Use-mi and-mo to give parate settings to input and outpiihe —-m option male aure that
segment headers in the input files are copied to outpuitit has no effect on the data selection.
Selection is aliays done point by point, not by segment.

SPECIFYING PENS
pen The attributes of lines and symbol outlines as defingoeloys a comma delimetered list width,
color andtexture each of which is optionalwidth can be indicated as a measure (points, centime-
ters, inches) or asint, thin[ner[nesti, thick[er|esi, fat[ter|test], or obese color specifies a gray
shade or color (see SPECIFYING COLOR ®élotextureis a combination of dashes ‘-’ and dots

SPECIFYING COLOR
color Thecolor of lines, areas and patterns can be specified by a valid color name; by a gray shade (in
the range 0-255); by a decimal color code (r/g/b, each in range 0-255énges 0-360, 0-1,
0-1; or c/mly/k, each in range 0-1); or by a hexadecimal color codggrras used in HTML).
See th@gmtcolors manpage for more information and a full list of color names.

EXAMPLES
To oorvert a file with point locations (lon, lat) into a KML file with red circle symbols, try

gmt2kml mypoints.txt-Gf red—Fs > mypoints.kml

To corvert a multisgment file with lines (lon, lat) separated by multisegment headers that conthin a
labelstring with the feature name, selecting a thick white pen, and title the document, try

gmt2kml mylines.txtW thick,white—FI —T"Lines from here to there" > mylines.kml

To corvert a multisegment file with polygons (lon, lat) separated by mghisat headers that contairla
labelstring with the feature name, selecting a thick black pen and semi-transparenfilfetitving a title
to the document, and prescribing a particular region limit, try

gmt2kml mypolygons.txtGf yellow -Qp 0.5-Fp —T"My polygons"—R 30/90/-20/40 > mypolygons.kml

To corvert a file with point locations (lon, lat, time) into a KML file with green circle symbols that will go
active & the specified time and stay aetigoing forward, try

awk '{print $1, $2, $3, "NaN"}’ mypoints.txt | gmt2kmtGf green—Ft > mytimepoints.kml

LIMIT ATIONS
Google Earth has trouble displaying filled polygons across the Dat&loneéow you must manually break
ary polygon crossing the dateline into a west and east polygon and plot them separately.

MAKING KMZ FILES
Using the KMZ format is preferred as it takes less sp&ddZ is simply a KML file and ap data files,
icons, or images referenced by the KML, contained in a zipvecline way to oganize large data sets is
to split them into groups calleders. ADocument can contain ymumber of folders. Using scripts
you can create a composite KML file using th€, —O options just lile you do with GMT plots.See-T
for switching between folders and documents.

KML HIERARCHY
GMT stores the diérent features in hierarchical folders, by feature type (when w€hgK or —T/fold-
ername, by input file (if not standard input), and by lingsent (using the name from the segment header
or —N). Thismakes it more easy in Google Earth to switch on épafts of the contents of the Document.
The following is a crude example:
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[ KML header information - not presenti© was gven |
<Document><name>GMT Data Document</name>
<Folder><name>Point Features</name>
<!--This level of folder is inserted only when using -O, -K>
<Folder><name>filel.dat</name>
<!--One folder for each input file (not when standard input)>
<Folder><name>Point Set 0</name>
<!--One folder per line segment>
<!--Points from the first line segment in file filel.dat go here>
<Folder><name>Point Set 1</name>
<!--Points from the second line segment in file filel.dat go here>
</Folder>
</Folder>
<Folder><name>Line Features</name>
<Folder><name>filel.dat</name>
<!--One folder for each input file (not when standard input)>
<Placemark><name>Line 0</name>
<l--Here goes the first line segment>
</Placemark>
<Placemark><name>Line 1</name>
<l--Here goes the second line segment>
</Placemark>
</Folder>
<Folder>
</Document>
[ KML trailer information - not present #K was gven ]

SEGMENT INFORMATION
gmt2kml will scan the sgment headers for substrings of the fotiifsome labél[also see-N discussion]
and—-D"some descriptidh If present, these are parsed to supply name and description tags for the current
feature.

SEE ALSO
gmtdefaultél), GMT(1), img2googl€l), kml2gm{1), ps2rastef1)
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NAME

gmtdigitize - Digitizing and Imerse map transformation of map x/y coordinates

SYNOPSIS
gmtdigitize —Jparameters-Rwesteastsouthinorth[r] [ —A ][ —Cdevice] [ -Dlimit ][ —=F ][ —H[i][nreqd ]
[ -Llpi ][ -Nnamestenm[ -S][ -V ][ —Zk|v ][ —bo[gS|d|D[ncolj|c[varl..]] ] [ -m[flag] ] [ > output.d ]

DESCRIPTION

gmtdigitize digitizes points from a digitizer via a serial line connection and computes map coordinates
using the specified map projectioifhe program is interae# and will take you through the setup proce-
dure and ha you will digitize points. The program will determine the actual map scale as well as rotation
of the paper that is taped to the digitizer table. By default the output will go to stdout.

No space between the option flag and the associagedhants. Useipper case for the option

flags and lower case for modifiers.

=J

GMT 4.5.11

Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apgenrd or -

to the width, respectély.
More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

-Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gie neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scalédUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:

—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—Jalon0/lat(q/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—Jdon0/lat(d/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:
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OPTIONS
-A

GMT 4.5.11

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)
For geographic projections you carvgil & the scale will be solved for anyway.

xmin, xmax ymin, and ymaxspecify the Region of intereskor geographic regions, these limits
correspond towvest, east, soutlgnd north and you may specify them in decimalgdees or in
[+-]dd:mm[:ss.xxx][W|E|S|N] formatAppendr if lower left and upper right map coordinates are
given instead of w/e/s/n. The twshorthands-Rg and—-Rd stand for global domain (0/360 and
-180/+180 in longitude respeatly, with -90/+90 in latitude).Alternatiely, specify the name of
an «isting grid file and the-R settings (and grid spacing, if applicable) are copied from the grid.
For calendar time coordinates you may eithevegi@) relatve ime (relatve o the selected
TIME_EPOCH and in the selectetIME_UNIT ; appendt to —JX|x), or (b) absolute time of the
form [datd T[clocK (appendT to -JX|x). At least one oflateandclockmust be present; theis
always required. The date string must be of the form [-lyyyy[-mm[-dd]] (Cgerian calendar) or
yyyy[-Www[-d]] (ISO week calendar), while th@ock string must be of the form hh:mm:ss[.xxx].
The use of delimiters and their type and positions musixaetlg as indicated (lwever, input,
output and plot formats are customizable; ge¢defaults).

Give an audible signal each time the digitizer mouse/puck is clicked [Default is silent].
Specify the device (port) to read from [Default is /dev/ttyS0].

Only output a point if it is further thaimit units from the previous pointAppendc, i, m, pfor
cm, inch, meteror point, respectiely [Default is no limit].

Force the program to ask for 4 arbitrary calibration points 4Difis to use the 4 corners of the
map, if possible].

This option allows you to write out smumber of header records to the beginning of the output
file. Eachrecord will automatically start with a #-character to indicate comnidaaders are not
written if multiple output files are selected with —m.

Set the digitizer table resolution in lines per inch [2540].

Set name for output file(s)f a regular filename is gén, then all digitized data will be written to
that file. If the file contains a C-format for an ig¢e (i.e., %d) then the file is used as a format
statement to create unique filenames based on the curgenérsenumber (e.g., line_%d.d will
yield files line_0.d, line_1.d, etc). By default, all output is written to stdout. Multigieneat
files requires specifying them option.

Suppress points that fall outside the specified map region [Default outputs all points].

Selects verbose mode, which will send progress reports to stdeau[Defns "silently"]. The
program will also duplicate data output to stderr for monitoring.

Appendv to prompt for ez-value and output it as a third data colundppendk to output the bt-
ton key & the final data columnBoth —Zk and-Zv can be specified. [Default is just 2 column
X,y output].
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-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

-m Multiple segment file(s).Segments are separated by a special recéi. ASCII files the first
character must bigag [Default is '>"]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—-m setting applies to both input and output.
Use-mi and—mo to give $parate settings to input and output.

EXAMPLES
To dgitize lines from a mercator map made for wegiregon, and see each line segment in inddual
files called segment_000,3egnent_001.xy etc, try

gmtdigitize—R 20/50/12/25-Jm 1:1 -m —N segment_%3.3d.xy

To dgitize seismically defined interfaces from a multichannel seismic section, with horizontal distances
from 130 to 970, andertical times from 0 to 10 seconds, write out the button code, aaddstine seay-
ment to a single multisegment file, and beep at each click, try

gmtdigitize—R 130/970/0/16-Jx 1/-1-m —-A -Z > interfaces.d

SYSTEM SETUP
This applies to the Calcomp DrawingBoard Ill hooked up to a RedHat Lirurkstation. V¢ use
/dev/ttySO as the serial port and change permissions so that ibrld vead/write-able. Then, stty -F
/dev/ttySO evenp will set the terminal settings, which can be checked with stty -F /dev/ttySO -a. Setup of
digitizer: We wse the CalComp 2000 ASCII (&a3 setup, which has:
Mode: Point
Baud Rate: 9600
Data Bits: 7
Paity: Even
Data Rate: 125 pps
Resolution: 200 Ipi
Output Format: Format O
Emulation: CalComp 2000 ASCII
(A)We reed to mak a dight modification to the Preset No 3 settings: (1) 2450 LPI instead of 200, and (2)
None instead of yes for added CRRhese modifications can be changed amddsto Reset 3 on the digi-
tizer but a power outage may reset in back to dloeofy defaults, necessitating a manual reset of thase tw
settings. (B)Setup tty port. stty -F /dev/ttyS@enp (C) Run gmtdigitize. Map scale does not matter; it is
computed from the region and plot size.

SEE ALSO
gmtdefaultd), GMT (), gmtstitcK{l), mapprojectl), project(l)
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NAME
gmtdp — Line reduction using the Douglas-Peucker algorithm

SYNOPSIS
gmtdp infiles —Ttolerance [ —H[i][nred 1 [ -V 1 [ —:lilo] 1 [ -blilol[s|S|/d|D[ncol|c[varl/..]] ] [
—-bo[s|S|d|D[ncoll|c[varl/..]] ] [ —-m[i|o][flag] ]

DESCRIPTION
gmtdp reads one or more data files (which may be mgitisnt files; seeem) and apply the Douglas-
Peucler line simplification algorithm. The method recuesi subdvides a polygon until a run of points
can be replaced by a straight line segment, with no point in that run deviating from the straight line by more
than the toleranceHave a bok at this site to get a visual insight omhibie algorithm works http://geome-
tryalgorithms.com/Archie/algorithm_0205/algorithm_0205.htm ARNING: currently this program
should be used only with geographical coordinates.

file(s) One of more data files. If none are supplied then we read standard input.

OPTIONS

-T Specifies the maximum mismatch tolerance in km.

-H Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Default applies to botGjive sme or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range item. Shorthafffi|o]g means-f[i|o]0x,1ly (geographic coordinates).

-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—m setting applies to both input and output.
Use-mi and—mo to give $parate settings to input and output.

ASCIl FORMA T PRECISION
The ASCII output formats of humerical data are controlled by parameters in your .gmtdefaultsdriile.
gitude and latitude are formatted accordin@dTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLE
To reduce the line segment.d using a tolerance of 2 km, run

gmtdp segment.d-T 2 > new_segment.d
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REFERENCES
Douglas, D. H., and.K. Peucker Algorithms for the reduction of the number of points required to repre-
sent a digitized line of its caricatu@an. Cartogr., 10112-122, 1973.
This implementation of the algorithm has been kindlwjgted by Dr Gary J. Robinson, Esronmental
Systems Science Centre, Uasity of Reading, Reading, UK (gazza@mail.nerc-essc.ac.uk); his subroutine
forms the basis for this program.

SEE ALSO
GMT(1)
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NAME
gmtstitch — Join line segments whose end points match within tolerance

SYNOPSIS
gmtstitch [ infiles] [ —C[closed ] [ —D[templatg ] [ —H[i][nred ] [ —L[linkfile] ] [ —Q[templaté ] [
—Tcutofim[cleEk[K][/nn_dist 1T [ -V 1 [ -ilo] 1 [ -blilol[siSd|D[ncoll|c[vary..]] ] [
—bo[s|S|d|D[ncoll|c[varl/..]] ] [ —m]i[o][flag] ]

DESCRIPTION
gmitstitch reads one or more data files (which may be multisegment filespgesd examines the coordi-
nates of the end points of all linegseents. Ifa pair of end points are identical or closer to each other than
the specified separation tolerance then thelime segments are joined into a singlgmment. Therocess
repeats until all the remaining endpoints no longer pass the tolerance test; the reguigmgisare then
written out to standard outpult it is not clear what the separation tolerance should be therlLuseget a
list of all separation distances and analyze them to determine a suitable cutoff.

file(s) One of more data files. If none are supplied then we read standard input.

OPTIONS
-C Write all the closed polygons tmosed[gmtstitch_closed.d] and all otherggeents as theare to
stdout. Nostitching takes placeUse—-Tcutoffto set a minimum separation [0], anctiftoffis >
0 then we also close the polygons on output.

-D For multiple segment data, dump eaclg®ent to a separate output file [Default writes a multiple
segment file to stdout].Append a format template for the individual file names; this template
must contain a C format specifier that can format an integer argument (the segment number); this
is usually %d bt could be %8.8d which ggs leading zeros, etc. Optionaliy may also contain
the format %deforethe integer; this will then be replaced by C (closed) or O (open) to indicate
segment type.[Default is gmtstitch_sgment_%d.d]. Notéhat segment headers will be written in
either case.For composite segments, a generic segment header will be written andythense
headers of individual pieces will be written out as comments t@ makssible to identify where
the stitched pieces came from.

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-L Writes the link information to the specified file [links.d]. For eadmsnt we write the original
segment id, and for the beginning and end point of the segment we report the id of the olpsest se
ment, whether it is the ganing (B) or end (E) point that is closest, and the distance between
those points in units determined bY.

-Q Used with—-D to a list file with the names of the individual output fil&ptionally, append a file-
name template for the inddual file names; this templateay contain a C format specifier that
can format an character (C or O for closed or open, resggtiDefault is gmtstitch_list.d].

-T Specifies the separation tolerance in the data coordinate unit&gpendm or c for minutes or
seconds, oe or k for meters or km (impliesfg using use flat Earth approximatioblseE or K
for exact geodesic distanceswwer. if the current ELLIPSOID is Sphere then spherical great
circle distances are used. Ifdviines has endpoints that are closer than this fcthey will be
joined. Optionally append hn_distwhich adds the requirement that a link will only be made if
the second closest connection exceedsnthalist The latter distance is assumed to be in the
same units asutoff

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
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it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
malke this apply only to input or output [Default applies to botjive cne or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range item. Shorthaff(i|o]g means-f[i|o]0x,1ly (geographic coordinates).

-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—-m setting applies to both input and output.
Use—-mi and—mo to give $parate settings to input and output.

ASCIl FORMA T PRECISION
The ASCII output formats of humerical data are controlled by parameters in your .gmtdefaultsdriile.
gitude and latitude are formatted accordin@dTPUT_DEGREE_FORMAT , whereas other values are
formatted according td_FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

EXAMPLES
To combine the digitized multisegment lines segment_*.d (whose coordinates are in cm) intccasife
plete lines as possible, assuming the end points slop could be up to 0.1 mm, run

gmtstitch segment_*.a-Tf 0.1-m > new_segments.d

To combine the digitized segments in the multisegment file my_lines.d (whose coordinates are in lon,lat)
into as fev complete lines as possible, assuming the end points slop could be up to 150 m, and write the
complete segments to separate files called Mgmeet 0001.dat, Map_geent_0002.dat, etc., run

gmtstitch my_lines.d-Tf 0.15k-m -D Map_segment_%4.4d.dat

BUGS
The line connection does not work if a line only has a single péiatvever, gmtstitch will correctly add
the point to the nearestggaent. Runningymtstitch again on the wneset of lines will entually connect
all close lines.

SEE ALSO
GMT(1), mapprojectl)
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NAME

kml2gmt — Extract GMT table data from Google Earth KML files
SYNOPSIS

kmi2gmt [ infile][ -V ][ =Z ][ —:[ilo] ] [ —bo[s|S|d|D[ncoll|c[varl/..]] ]
DESCRIPTION

kml2gmt reads aGoogle Earth KML file and outputs a GMT table file. Only KML files that contain
points, lines, or polygons can be processed. This is a bare-bones operation that aims to extract coordinates
and possibly the name and description tags of each feature. The main use intended is to capture coordinates
modified in Google Earth and then reinsert the modified data into the original GMT dateofile nore

complete reformatting, consider usiogr2ogr —f "GMT" somefile.gmt somefile.kml.

infle  Name of the KML file to work on. If not géen, standard input is read.

OPTIONS
No space between the option flag and the associated arguments.

-Z Output the altitude coordinates as GMT z coordinates [Default will output just longitude and lati-
tude].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

EXAMPLES
SEE ALSO
gmtdefaultél), GMT(1), img2googl€l), ps2rastefl) gmt2km(1)
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NAME

makepattern — ma&kGMT color pattern from b/w pattern or icon
SYNOPSIS

makepattern 1bit.ras| iconfile—Cfr/g/b —Cbr/g/b
DESCRIPTION

makepattern reads either a Sun 1-bit rasterfile OR a Sun icon filéhen accepts color choices for the
foreground and background s and colorizes the pattern, writing it as a 8-bit Sun rasterfile on stdout.
These patterns may then be use@MT (3.1 or later)-Gp settings or bypsimage

1bit.ras| iconfile
Either a 1-bit Sun rasterfile (standard format, no RLE) or a Sun icon file (as @@ki3.0).

-Cf Sets the color for the foreground pixels (the ones) [black].

-Cb  Sets the color for the background pixels (the zeros) [white].

WIN32 fix
Since binary redirection under WIN32 does norky you must specify the output file wittGnewfile.ras
This option is only gailable under WIN32.

EXAMPLES
To aeate a colorized red/blue 8-bit Sun rasterfile pattern from the old 3.0-style iconpattern stored in file
custom.icon, run
makepattern custom.icon-Cf red—Cb blue > custom.ras

To aeate a green/blue 8-bit Sun rasterfile pattern from a 1-bit Sun raster called bits.ras, run

makepattern bits.ras-Cf green-Cb blue > colorbits.ras

SEE ALSO
GMT(1), psimaye(1)
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NAME

nc2xy — Conerting netCDF column file(s) to ASCII xy data
SYNOPSIS

nc2xyfiles[ —Fvarl/ivar2/..][ =9r]][ -V ][ —fcolinfo] [ —bo]
DESCRIPTION

nc2xy reads one or more netCDF files with column data and writes out those columns in ASCII format to
standard output, so that thean be used bpsxy, psxyz or xyz2grd. Modify the precision of the ASCII
output format by editing thd&®_FORMAT parameter in your .gmtdailts4 file or use--D_FOR-

MAT =valueon the command line.

files Names of netCDF files to be canted.

OPTIONS
-F Specify up to 10 names of thariables (separated by slashes) to be printed out. All variables to be
1-dimensional and be of equal length. When omited, the ficstdwiables in the netCDF file will
be printed.
-S Suppress output for records with one or more NaNes [Default outputs all nodeshppendr
to reverse the suppression, i.e., only output the records with at least one NaN value.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

—f Special formatting of input and/or output columns (time or geographical dapexifyi or o to
male this apply only to input or output [Dedilt applies to both]Give acne or more columns (or
column ranges) separated by commAppendT (absolute calendar time)(relative ime in cho-
senTIME_UNIT sinceTIME_EPOCH), x (longitude),y (latitude), orf (floating point) to each
column or column range itemShorthand-f[ijo]g means—f[i|0]0x,1y (geographic coordinates).
See als@IME COORDIN ATES below.

TIME COORDIN ATES
Time coordinates in netCDF files will be recognized as sddte \ariable’sunit attribute is parsed to
determine the unit and epoch of the time coordinate in the Yellies are then ceerted to the internal
time system specified bYIME_UNIT and TIME_EPOCH in the .gmtdefaults file or on the command
line. Thedefault output is relatie ime in that time system, or absolute time when using the opf®h,
—f1T, etc.

EXAMPLES
To print out latitude, longitude and height in a netCDF file as ASCII records, while suppressing all NaN
values:

nc2xy —Flat/lon/height-S trackfile.nc > trackfile.xy

SEE ALSO
gmtdefaultél), GMT(1), psxy(1), psxy£1), xyz2grd1)
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NAME

psmaaplot — To create poster-siz@ostScriptplots from page-size plot
SYNOPSIS

psmegaplotplotfile —Sscale[ —C ]
DESCRIPTION

psmegaplotreads aGMT -producedPostScriptfile and ’blavs it up’ by an arbitrary scale. The result is
several plots that mag& up he pieces in a jigsapuzzle. Cut and paste these pieces toensakneggplot’.

plotfile PostScripffile as created by tl@MT programs.

-S Multiply the x- and y-dimension bgcale scalemust be larger than 1.0.
OPTIONS

No space between the option flag and the associated arguments.

-C Plot crop marks in each corner ekgy output page. [Default is no marks]
EXAMPLES

To magnify a contour-map PostScript file 3 timesjnmggy a total of 9 output pages to be pasted togetiser

psmegaplothawaii_contour.ps-S 3 —C > hawadi_contour_meaplot.ps

BUGS
This program is unlikely to work on ndBMT -producedPostScriptfiles since it anticipates the structure of
the file. It also assumes that the output media is Letter size.

SEE ALSO
GMT(1)
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NAME
pssegy — Create imagemasked postscript from SEGY file

SYNOPSIS
pssegy SEGYfile-Jparameters—Rwesteastsouthinorth[r] —Ddeviation —F[rgb|gray]|-W [ —Bbias] [
—Cclip][ —Eerror ][ -1 ][ =K ][ —Lnsamp] [ -Mntrace][ -N][ -O ][ -P ][ —Sheader] [ —Tfilename
][ —Uredvel][ -V ][ —Xscale] [ -Ysample inj[ -Z ]

DESCRIPTION
pssegyreads a nate (EEE) format SEGY file and producesPastScriptimage of the seismic data. The
imagemaskoperator is used so that the seismic data are plotted as a 1-bit deep bitmap in a single (user
specified) color or gray shade, with a transparent backgroLimel bitmap resolution is taken from the-cur
rentGMT defaults. Theseismic traces may be plotted at their true locations using information in the trace
headers (in which case order of the traces in the file is not signifiGtandardsSMT geometry routines
are used so that in principleyamap projection may be used,vhever it is likely that the geographic pro-
jections will lead to ungected results. Beare also that some parametervéaon-standard meanings.
Note that the order of operations before the seismic data are plottedatodéclip]([bias]+[normal-
ize](sample value)). Deviation determinessiar in the plot coodinatesa [normalized][biased][clipped]
sample value of 1 plots from the trace location. The SEGY file should be a disk image of the tape format
(ie 3200 byte text headerhich is ignored, 400 byte binary reel headad 240 byte header for each trace)
with samples as nag real*4 (IEEE real on all the platforms to which Meaccess)

SEGYfile
Seismic data set to be imaged

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apgenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lonO/]scale(Miller)

-Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
-Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0/flatO/]scale(TM - Transverse Mercator)
—Juzone/scal€dUTM - Universal Transverse Mercator)
-Jy[lon0/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:
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—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)

-Jflon0/latq/horizori/scale(Gnomonic)
—-Jglon0/latd/horizor}/scale(Orthographic)
—Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)

=Ji[lon0/scale(Sinusoidal)

—-Jkf[lonO/]scale(Eckert 1V)

-JK[s][lonO/scale(Eckert VI)

—=Jn[lon0/scale(Robinson)

=Jr[lon0/]scale(Winkel Tripel)

=Jv[lonO/]scale(Van der Grinten)

=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-D gives the deviation in X units of the plot for 1.0 on the scaled trace.

—Flrgblgray]j
Fill trace (variable area, defaults to filling pog§i rgb or gray gies the color with which the
imagemask is filled.

-W Draw wiggle trace.

You mustspecify at least one efW and-F.

OPTIONS

No space between the option flag and the associated arguments.

-A Flip the default byte-swap state (default assumes dagashigendian byte-order).

-B Bias to apply to data (added to sample values).

-C Sample value at which to clip data (clipping is applied to both pesitd neyative values).

-E Allow error difference between requested and actual trace locations whenTisiption.

= Fill negative rather than posite excursions.

-K More PostScriptcode will be appended later [Default terminates the plot system].

-L Override number of samples per trace in reel header (program attempts to determine number of
samples from each trace header if possible tavdlbo variable length traces).

-M Override number of traces specified in reel heag@tegram detects end of file (relafly) grace-
fully, but this parameter limits number of traces that the program attempts to read.

-N Normalize trace by dividing by rms amplitudeeofull trace length.

GMT 4.5.11
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-0 Selects Overlay plot mode [Default initializes avrgot system].
-P Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

-S Read trace locations from trace headers: header is either ¢ fop@wPffset, or b<num> to read
a long starting at byte <num> in the header (first byte corresponds to num=&)ltbes location
given by trace number.

-T Plot only traces whose location corresponds to a k&nhgn filename Order in which traces are
listed is not significant - the entire space is checked for each trace.

-uU Apply reduction elocity by shifting tracesipwardsby red\el/|offset|. Neative vdocity remaoves
existing reduction. Units should be consistent with offset in trace header and sample interval.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-X Multiply trace locations by scale before plotting.
-Y Override sample interval in reel header.
-Z Do not plot traces with zero rms amplitude.
EXAMPLES

To plot the SEGY file val.sgy with normalized traces plotted at trudsef locations, clipped at +-3 and
with wiggle trace and posi# variable area shading in black, use

pssegywal.segy-JX 5/-5-R 0/100/0/10-D 1 -C 3-N -So -W —F black > segy.ps

To plot the SEGY file va1.s@y with traces plotted at true cdp*0.1, clipped at +-3, with bias -1 ayuive
variable area shaded red, use

pssegywal.segy-JX 5/-5-R 0/100/0/10-D 1 -C 3-Sc-X 0.1-Fred-B-1 -I > segy.ps

SEE ALSO
GMT(1), pssegyfl)
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NAME
pssegyz — Create imagemasked postscript from SEGY file

SYNOPSIS
pssegyz SEGYfile —Jparameters—Jz|Zparameters—Rwesteastsouttinorth/zminzmajf[r] —Ddeviation
—F[rgbjgray]|-W [ —Bbias] [ —Cclip ] [ —~Eazimlele\j+wlon/lat[/Z]][ +vxOyO] ][ —I ][ -K ][ —Lnsamp] [
-Mntrace] [ -N][ -O][ -P][ —Sheader_rheader_3j [ —Uredvel] [ -V ][ —Xscale] [ -Ysample_in{
[-Z]

DESCRIPTION
pssegyzreads a nate (EEE) format SEGY file and producedestScriptimage of the seismic data. The
imagemaskoperator is used so that the seismic data are plotted as a 1-bit deep bitmap in a single (user
specified) color or gray shade, with a transparent background. The bitmap resolutien fsdikthe cur
rentGMT defaults. Theseismic traces may be plotted at their true locations using information in the trace
headers (in which case order of the traces in the file is not signifiGtandardSMT geometry routines
are used so that in principleyamap projection may be used,vhever it is likely that the geographic pro-
jections will lead to unexpected results.wBee also that some parametervéaon-standard meanings,
and a couple of the options fpssegyare not gailable inpssegyz Note that the order of operations before
the seismic data are plotted is deviation*[clip]([bias]+[normalize](sample value)). Deviation determines
how farin the plot coodinatesa [normalized][biased][clipped] sample value of 1 plots from the trace loca-
tion. TheSEGY file should be a disk image of the tape format (ie 3200 byte text hedddr is ignored,
400 byte binary reel headend 240 byte header for each trace) with samples agenatl*4 (IEEE real
on all the platforms to which | kia access)

SEGYfile
Seismic data set to be imaged

-J Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4 ub
this can be werridden on the command line by appendmgd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -
to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

=Jm[lon0/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scal€Oblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scalédUTM - Universal Transverse Mercator)
-Jy[lonO/flat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
—Jblon0/lat0/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)

-Jllon0/lat0/lat1/lat2/scaléLambert Conic Conformal)
—=Jpoly/[lon0flat0/]] scale((American) Polyconic)
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AZIMUTHAL PROJECTIONS:

—Jalon0/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
—Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeut).
—-Jdon0/lat(q/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

-Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
=Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

gives the deviation in X units of the plot for 1.0 on the scaled trace, This may be a single number
(applied equally in X and Y directions) or devX/devY

Sets the viepoint's aimuth and eleation (for perspectie view) [180/90]. For frames used for
animation, you may want to appendo fix the center of your data domain (or specify a particular
world coordinate point withrwlonO/lat[/Z]) which will project to the center of your page size (or
specify the coordinates of the projectedwmint with +vx0/y0).

—F[rgb|gray]

-W

Fill trace (variable area, defaults to filling pog§i rgb or gray gies the color with which the
imagemask is filled.

Draw wiggle trace.

You mustspecify at least one efW and-F.

OPTIONS

No space between the option flag and the associated arguments.

GMT 4.5.11

Flip the default byte-swap state (default assumes dag&ashigendian byte-order).

Bias to apply to data (added to sample values).

Sample value at which to clip data (clipping is applied to both pesitd neyative values).
Fill negative rather than posite excursions.

More PostScriptcode will be appended later [Default terminates the plot system].
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-L Override number of samples per trace in reel header (program attempts to determine number of
samples from each trace header if possible tavdlbo variable length traces).

-M Override number of traces specified in reel heaetegram detects end of file (reladly) grace-
fully, but this parameter limits number of traces that the program attempts to read.

-N Normalize trace by dividing by rms amplitudeeofull trace length.
-0 Selects Overlay plot mode [Default initializes avrgot system].
-P Selects Portrait plotting mode [Default is Landscapegsgedefaultsto change this].

-S Read trace locations from trace headers: header is either ¢ foo@@mffset, b<num> to read a
long starting at byte <num> in the header (first byte corresponds to num=0), or a humber to fix the
location.
First parameter for x, second farQefault has X and Y gen by trace number.

-U Apply reduction velocity by shifting tracegpwardsby redwel/|offset]. N@ative vdocity remores
existing reduction. Units should be consistent with offset in trace header and sample interval.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-X Multiply trace locations by scale before plotting.
-Y Override sample interval in reel header.
-Z Do not plot traces with zero rms amplitude.
EXAMPLES

To plot the SEGY file val.sgy with normalized traces plotted at true offset locations, clipped at +-3 and
with wiggle trace and posi# variable area shading in black, use

pssegyzwal.segy-JX 5/-5-D 1 -Jz 0.05-E 180/5-R 0/100/0/10/0/16-C 3 -N -So -W —F black >
segy.ps

BUGS
Variable area imolves filling foursided figures of distressing generalityknow that some of the more
complex degenerate cases are not dealt with correctly or at all; the incidence of such cases increases as
viewing angles become more oblique, and particularly as the viewingtiete increases. Wgle-trace
plotting is not affected.

SEE ALSO
GMT(1), pssegyl)
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NAME
segy2grd — Corerting SEGY file to grid file format

SYNOPSIS
segy2grd segyfile—Ggrdfile —Ixindunif][=|+][/yindunif][=|+]] —Rwesteastsouttinorthr] [ —A[n|z] ] [
—-Dxnaméynaméznaméscaldoffsettitle/remark] [ —F ] [ —Nnodata] [ —-Szfild ][ -V ][ -Z[flagd ] [
=:[ilo] ][ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
segy2grdreads an IEEE SEGY file and creates a binary grid file. Either a simple mappingléub
xyz2grd -Z) or a more complicatedasaging where a particular grid cell includes values from more than
one sample in the SEGY file can be dosegy2grdwill report if some of the nodes are not filled in with
data. Such unconstrained nodes are set to a value specified by the user [Default idd@N]with more
than one value will be set to theeeage value.

segyfiles an IEEE floating point SEGY file. Traces are all assumed to start at 0 time/depth.
-G grdfileis the name of the binary output grid file.

= x_inc[and optionallyy_ind is the grid spacing. Appena to indicate minutes ar to indicate sec-
onds.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

OPTIONS

-A Add up multiple values that belong to the same node (sam@&zs Appendn to simply count
the number of data points that were assigned to each fidd&ault (no—A option) will calculate
mean value]. Not used for simple mapping.

-D Give walues forxname yname zname scale, offset, title andremark To leare sme of theseal-
ues untouched, specify = as the value.

-F Force pixel registration [Default is grid registration].

-N No data. Set nodes with no input sample to this value [Default is NaN].

-S set variable spacingeaderis c for cdp, o for déet, b<number> for 4-byte float starting at byte
number If -S not set, assumegre pacing of samples at the dx, dy supplied with -I

-L Override number of samples in each trace

-X applies scalax-scaleto coordinates in trace header to match the coordinates specified in -R

=Y Specifies sample interval asintif incorrect in the SEGY file

-M Fix number of traces to read in. Default tries to read 10000 traces. -MO will read number in binary
header-Mn will attempt to read only n traces.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

EXAMPLES

To aeate a grid file from arven aced SEGY file test.segyy
segy2grd test.segyl 0.1/0.1-G test.grd-R 198/208/18/25-V

Note that this will read in 18-25s (or km) on each tracefhe first trace will be assumed to be at
X=198

To aeate a grid file from the SEGY file tesggelocating traces according to the CDP number
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where there are 10 CDPs per km and the sample interval is 0.1, try
segy2grd test.segyG test.grd-R 0/100/0/10-1 0.5/0.2-V -X 0.1 -Y 0.1

Because the grid interval is larger than the SEGY file sampling, théduadi samples will be
aveaged in bins

SEE ALSO
GMT(1), grd2xyZ1), grdedit(1), pssegy{1)
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NAME
sphdistance — Calculate nearest distances from Voronoi construction of spherical data

SYNOPSIS
sphdistanceinfiles-Ggrdfile[ -C ][ -D ][ “E1[ —F ][ —H[il[nred ] [ —Ixindunit][=|+][/yindunit][=[+]]
] [ -Lunit T [ -Qvoronoid ] [ -Rwesteastsouthnorthir] 1 [ -V 1 [ -:ilo] ] [
=b[ilo][s|S|d|D[ncol|c[varY..]] ] [ —-m[i|o][flag] ]

DESCRIPTION
sphdistancereads one or more ASCII [or binary] files (or standard input) containing lon, lat and performs
the construction of Voronoi polygong.hese polygons are then processed to calculate the nearest distance
to each node of the lattice and written to the specified grid. The Voronoi algorithm used i&GRKRWS
an option, you may puide pre-calculated Voronoi polygon file in the format writtenspitriangulate,
thus bypassing the memory- and time-consuming triangularization.

infiles Data files with the point coordinates in ASCII (or binary; sbg If no files are gien the stan-
dard input is read.

-G Name of the output grid to hold the computed distances.
OPTIONS
-C For large data set you canvgame memory (at the expense of more processing) by only storing

one form of location coordinates (geographic or Cartesian 3-D vectors) givam time, translat-
ing from one form to the other when necessary §Dkfkeeps both arrays in memory]. Not appli-
cable with-Q.

-D Used with—-m to skip the last (repeated) inpidrtex at the end of a closed segment if it equals the
first point in the sgment. Requiresm [Default uses all points].

-E Instead of computing distances, return the ID numbers ofdahen¥i polygons that each grid node
is inside [Default computes distances].

-F Force pixel node mgistration [Default is gridline gastration]. (Noderegistrations are defined in
GMT Cookbook Appendix B on grid file formats.)

-H Input file(s) has header record(s). If used, the default number of header records is

N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

= x_inc[and optionallyy_ing is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tos&e igimeter km,
miles, or nautical miles, respeacly, and will be cowerted to the eqwalent degrees longitude at
the middle latitude of the region (the wersion depends oBELLIPSOID ). If /y_incis given but
set to O it will be reset equal ¥ inc otherwise it will be cowerted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrthmber of nodedesired by
appendingt to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/ceidaied a
gridline-registered or pigl-registered grid; see Appendix B for details. Note-fgrdfileis used
then grid spacing has already been initialized;tige override the values.

-L Specify the unit used for distance calculations. Choose ammy k (km), m (mile), n (nautical
mile), ord (spherical dgree). Aspherical approximation is used unl&dd IPSOID is set to an
actual ellipsoid.—N Read the information pertaining to eacbraéhoi polygon (the unique node
lon, lat and polygon area) from a separate file [Default acquires this information from the ASCII
segment headers of the output file]. Required if binary input@i& used.

-Q Append the name of a file with pre-calculated Voronoi polygonsaideperforms the &fonoi
construction on input dataJ-or binary data—bi you must specify the node information separately
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(via—=N).

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

-m Multiple segment file(s).Segments are separated by a special recéi. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnglicitly. By default the—m setting applies to both input and output.
Use-mi and—mo to give $parate settings to input and output.

ASCIl FORMA T PRECISION
The ASCII output formats of humerical data are controlled by parameters in your .gmtdefaultsdriile.
gitude and latitude are formatted accordin@dTPUT_DEGREE_FORMAT , whereas other values are
formatted according tb_FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create grid files will internally hold the
grids in 4-byte floating point arrays. This is done to coresemmory and furthermore most if not all real
data can be stored using 4-byte floating poahti@s. Datavith higher precision (i.e., double precisioal-v
ues) will lose that precision once GMT operates on the grid or writes wujrits. To limit loss of preci-
sion when processing data you shouldlags consider normalizing the data prior to processing.

EXAMPLES
To construct \ronoi polygons from the points in the file testdata.txt and then calculate distances from the
data to a global 1x1 degree grid, use

sphdistancetestdata.txt-Rg —-11 —Gglobedist.grd
To generate the same grid indwteps usingphtriangulate separatelytry

sphtriangulate testdata.txt-Qv > voronoi.d
sphdistance —Qoronoi.d—Rg -11 -Gglobedist.grd

SEE ALSO
GMT (1), sphinterpolatél) sphtriangulat€l) triangulatg(1)

REFERENCES
Renka, R, J., 1997, Algorithm 772: STRIEK: Delaunay Triangulation and Voronoi Diagram on the-Sur
face of a SpherdMC Trans. Math. Softway, 23 (3), 416-434.
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NAME

sphtriangulate — Perform optimal Delaunay triangulation or Voronoi construction of spherical data

SYNOPSIS

sphtriangulate infiles[ —A ][ -C ][ -D ][ —H[i][nred ][ —Lunit] [ -=Nnfile][ -Qdv][ -T ][ -V ][
—:[ilo] 1 [ —blio][s|S|d[B[ncol|c[varl/..]] ] [ -m[ilo][flag] ]

DESCRIPTION
sphtriangulate reads one or more ASCII [or binary] files (or standard input) containing lon, lat and per
forms a spherical Delaunay triangulation, i.e., it fingvtbe points should be connected teeghe most
equilateral triangulation possible on the spheaBgationally you may choose-Qv which will do further
processing to obtain the Voronoi polygorndormally, either set of polygons will be written as fillable
multi-segment output; useT to write unique arcs instead\s an option, compute the area of each triangle
or polygon. The algorithm used is STRIEK.

infiles Data files with the point coordinates in ASCII (or binary; sbg If no files are gien the stan-

OPTIONS
-A

-C

—bi

-bo

GMT 4.5.11

dard input is read.

Compute the area of the spherical triangte3d) or polygons ¢Qv) and write the areas (in cho-
sen units; seel ) in the multisegment output headers [no areas calculated].

For large data set you canvgame memory (at the expense of more processing) by only storing
one form of location coordinates (geographic or Cartesian 3-D vectors) givam time, translat-
ing from one form to the other when necessary [Default keeps both arrays in memory].

Used with—-m to skip the last (repeated) inpudrtex at the end of a closed segment if it equals the
first point in the sgment. Requiresm [Default uses all points].

Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write

out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

Specify the unit used for distance and area calculatiGhsose among (m), k (km), m (mile), n
(nautical mile), od (spherical dgree). Aspherical approximation is used unl€&dd IPSOID is
set to an actual ellipsoid. When degree is selected the areagearengieradians.

Write the information pertaining to each polygon (for Delaunay: the three node number and the
triangle area; for dronoi the unique node lon, lat and polygon area) to a separate file [Default puts
this information in the segment headers of the output file]. Required if binary output is needed.

Select between BD(d)elaunay or BD(v)oronoi mode [Delaunay].

Write the unique arcs of the construction [Default writes fillable triangles or polyguvisgn
used with—A we store arc length in the segment header in chosen unitl(3ee

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnplicitly. By default the—m setting applies to both input and output.

5 Nov 2013 1



SPHTRIANGULATE(1) Generidlapping Tols SPHTRIANGULAE(1)

Use-mi and—mo to give $parate settings to input and output.

ASCIl FORMA T PRECISION
The ASCII output formats of humerical data are controlled by parameters in your .gmtdefaultsdriile.
gitude and latitude are formatted accordin@dTPUT_DEGREE_FORMAT , whereas other values are
formatted according td_ FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead to various problemsvdstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpuafd if available) or specify more decimals using the
D_FORMAT setting.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create grid files will internally hold the
grids in 4-byte floating point arrays. This is done to coresemmory and furthermore most if not all real
data can be stored using 4-byte floating poahi@s. Datavith higher precision (i.e., double precisioal-v
ues) will lose that precision once GMT operates on the grid or writes wujris. To limit loss of preci-
sion when processing data you shouldlags consider normalizing the data prior to processing.

EXAMPLES
To triangulate the points in the file testdata.txt, anderakbronoi diagram vigsxy, use

sphtriangulate testdata.txt-Qv | psxy -Rg —JG30/30/6i—-M —-L —P -W1p-B0g30 | gv -

To compute the optimal Delaunay triangulation network based on the multiple segment file globalnodes.d
and sae the area of each triangle in the header record, try

sphtriangulate globalnodes.dM —-Qd —A > global_tri.d
SEE ALSO
GMT (1), triangulatg(1) sphinterpolatél) sphdistancgl)

REFERENCES
Renka, R, J., 1997, Algorithm 772: STRIEEK: Delaunay Triangulation and Voronoi Diagram on the-Sur
face of a SpherdMC Trans. Math. Softway, 23 (3), 416-434.
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NAME
sphinterpolate — Gridding in tension of spherical data

SYNOPSIS
sphinterpolate infiles —Ggrdfile [ -F ] [ -HJ[il[nred ] [ -Ixindunit][=]+][/yincdunif][=]*+]] T [
-Qmodd/option§ ] [ -Rwesteastsouthnorthfr] 1 [ -V 1 [ -Z2 1 [ -—ilo 1 [
=b[ilo][s|S|d|D[ncoll|c[varY..]] ][ —mli|o][flag] ]

DESCRIPTION
sphinterpolate reads one or more ASCII [or binary] files (or standard input) containing lon, lat, f and per
forms a Delaunay triangulation to set up a spherical interpolation in tenBnenfinal grid is seed to the
specified file. Several options may be used to affect the outcome, such as choosing local versus global gra-
dient estimation or optimize the tension selection to satisfy one of four criteria.

infiles Data files with the (lon, lat, f) coordinates in ASCII (or binary; skp If no files are gien the
standard input is read.

-G Name of the output grid to hold the interpolation.

OPTIONS
-F Force pixel node mgistration [Default is gridline gastration]. (Noderegistrations are defined in
GMT Cookbook Appendix B on grid file formats.)

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

= x_inc[and optionallyy_ing is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tos&e igimeter km,
miles, or nautical miles, respacdly, and will be cowerted to the eqwalent degrees longitude at
the middle latitude of the region (the wersion depends oBELLIPSOID ). If /y_incis given but
set to O it will be reset equal ¥ inc otherwise it will be cowerted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giving an increment you may specifyrthmber of nodedesired by
appendingt to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/ceidaied a
gridline-registered or pigl-registered grid; see Appendix B for details. Note-fgrdfileis used
then grid spacing has already been initialized;tige override the values.

-Q Specify one of four ays to calculate tension factors to presdocal shape properties or satisfy
arc constraints [Default is no tension].

-Q0 Hecewise linear interpolation; no tension is applied.
-Q1 Smooth interpolation with local gradient estimates.

-Q 2 Smooth interpolation with global gradient estimat&®u may optionally appendW/M/U, where
N is the number of iterations used to eenge at ®lutions for gradients when variable tensions are
selected (e.g5T only) [3], M is the number of Gauss-Seidel iterations used when determining the
global gradients [10], and is the maximum change in a gradient at the last iteration [0.01].

-Q 3 Smoothing. OptionallyappendE/U [/0/0], whereE is Expected squared error in a typical (scaled)
data value, antd is Upper bound on weighted sum of squares of deviations from data.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and -Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
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copied from the grid.

-T Use variable tension (ignored witl®) O [constant]
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
-Z Before interpolation, scale data by the maximum data range [no scaling].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or apmgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 3 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnglicitly. By default the—-m setting applies to both input and output.
Use—-mi and—mo to give $parate settings to input and output.

ASCIl FORMA T PRECISION
The ASCII output formats of humerical data are controlled by parameters in your .gmtdefaultsdriile.
gitude and latitude are formatted accordin@dTPUT_DEGREE_FORMAT , whereas other values are
formatted according td_FORMAT . Be avare that the format in effect can lead to loss of precision in the
output, which can lead tcavious problems denstream. Ifyou find the output is not written with enough
precision, consider switching to binary outpufd if available) or specify more decimals using the
D_FORMAT setting.

GRID VALUES PRECISION
Regardless of the precision of the input data, GMT programs that create grid files will internally hold the
grids in 4-byte floating point arrays. This is done to coresemmory and furthermore most if not all real
data can be stored using 4-byte floating poahti@s. Datavith higher precision (i.e., double precisioal-v
ues) will lose that precision once GMT operates on the grid or writes wugris. To limit loss of preci-
sion when processing data you shouldlags consider normalizing the data prior to processing.

EXAMPLES
To interpolate the points in the file testdata.txt on a global 1x1 degree grid with no tension, use

sphinterpolate testdata.txtRg —I1 —Gsolution.grd

SEE ALSO
GMT (1), greensplinél) sphdistancél) sphtriangulat€l) triangulatg(1)

REFERENCES
Renka, R, J., 1997, Algorithm 772: STRIEEK: Delaunay Triangulation and Voronoi Diagram on the-Sur
face of a SpherdMC Trans. Math. Softway, 23 (3), 416-434.
Renka, R, J,, 1997, Algorithm 773: SSREIK: Interpolation of scattered data on the Surface of a Sphere
with a surface under tensiofMC Trans. Math. Softway, 23 (3), 435-442.
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NAME

backtracker — Reconstruct points, flowlines and hotspot tracks

SYNOPSIS

backtracker [infile(s) —Erotations.txt| —elon/lat/angle[ —A[youndold] ] [ —C ] [ -Df|b ] [ —Fdrift.txt ] [
—H[i][nred ] [ —Lf|bstep] [ -Nupper_ae] [ —Qfixed_ae] [ —Sfilestem| [ -Tzero_ae][ -V ][ -W[alt]
10 =:[ilo] ] [ -blilo][siS|d|D[ncol|c[varY/..]] ][ -m[ilo][flag] ]

DESCRIPTION
backtracker reads (longitude, latitude, age) positions friofiles [or standard input] and computes rotated
(x,y,t) coordinates using the specified rotation parametecan either calculate final positions [Default] or
create a sampled track (ffbne or hotspot track) between the initial and final positions. The former mode
allows additional data fields after the first 3 columns which must thangitude,latitude,age). Seption
—: on haw to read (latitude,longitude,age) files.

No space between the option flag and the associagethants. Useipper case for the option

flags and lower case for modifiers.

infile(s) Data file(s) to be projected. If notvgh, standard input is read.

-E

—-e

OPTIONS
-A

GMT 4.5.11

Give file with rotation parameters. This file must contain one record for each rotation; each record
must be of the following format:

lon lat tstart [tstop] angld khata b c d e f g gf

wheretstart andtstopare in Myr andon lat angleare in dgrees.tstart andtstopare the ages of

the old and young ends of a stage-C is set then a total reconstruction rotation is expected and
tstopis implicitly set to 0 and should not be specified in the filea cosariance matrixC for the
rotation is &ailable it must be specified in a format using the nine optional terms listed in brack-
ets. HereC = (g/khad*[ ab d; b c e; d e ] which shavs C made up of three vovectors. Ifthe
degrees of freedomdf) in fitting the rotation is O or notgn it is st to 10000. Blank lines and
records whose first column contains # will be ignored.

Alternatively, specify the longitude, latitude, and opening angle (all greles and separated by /)
for a single total reconstruction rotation that should be applied to all input points.

Used in conjunction witk-Lb|f to limit the track output to those sections whose predicted ages lie
between the specifiegbungandold limits. If —LB|F is used instead then the limits apply to the
stage ids (id 1 is the youngest stage). If no limits are specified then individual limits for each
record are expected in columns 4 and 5 of the input file.

Expect Total Reconstruction Rotations rather thamward Stage Rotations [Deilt]. File format
is similar to the stage pole format except thattitart column is not present (assumed to be 0
Ma). Requires-E.

Set the direction to go:Df will go backward in time (from younger to older positions), while
—Db will go forward in time (from older to younger positions) [Belt]. Note:For —Db you are
specifying the age at thevgn location, whereas forDf you are not; instead you specify the age
at the reconstructed point.

Supply a file with lon, lat, age records that contains the history of hotspot motion for the current
hotspot. Ifgiven, the reconstructions will only use the 3rd data input column (i.e., the age) to

obtain the location of the hotspot at that time, via an interpolation of the hotspot motion history
This adjusted location is then used to reconstruct the point or path [No drift].

Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.
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-L Specify a sampled path between initial and final positidfi:will draw particle flowlines, while
—-Lb will draw backtrack (hotspot track) paths. Append sampling interval in Kmtep< 0 then
only the rotation times will be returnedVhen-LF or -LB is used, the third output column will
contain the stage id (1 is youngest) [@4f is along-track predicted agesfou can control the
direction of the paths by usingD.

-N Set the maximum age to extend the oldest stage rotation back in time [Default is no extension].

-Q Assign a fixed age to all position&nly lon, lat input is expected [Default expects longitude, lati-
tude, age]. Useful when the input are points defining isochrons.

-S When-L is set, the tracks are normally written to stdout as a multisegment file. Spéleftean
to have each track written tdilestem.#where# is the track numberThe track number is also
copied to the 4th output column.

-T Set the current time [Default is 0 Ma].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Rotates the gen input (lon,lat,t) and calculates the confidence ellipse for the projected pbiat.
input pointmusthave a tme coordinate that exactly matches a particular finite rotation time; other
wise the point will be skippedAppendt or a to output time or angle, respedyy, &fter the pro-
jected lon, lat.After these 2-3 items, we write azimuth, majoinor (in km) for the 95% confi-
dence ellipse. SeeD for the direction of rotation.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or apmgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 3 input columns].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default depends on settings].

-m Multiple segment file(s).Segments are separated by a special recéi. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsplicitly. By default the—-m setting applies to both input and output.
Use—-mi and—mo to give $parate settings to input and output.

EXAMPLES
To backtrack the (x,y,t) points in the file seamounts.d to their origin (presumably the hotspot), using the
DC85.d Euler poles, run
backtracker seamounts.¢Db —E DC85.d > newpos.d

To project flowlines forward from the (x,y,t) points stored iwvesal 3-column, binarydouble precision
files, run

backtracker points.*—Df —E DC85.d-Lf 25-bo -bi3 > lines.b
This file can then be plotted wigisxy —M.

To compute the predicted Maiian hotspot track from 0 to 80 Ma&y 1 Ma, gven a listory of hotspot
motion file (HIdrift.txt) and a set of total reconstruction rotations for the pl&€_(RPM.d), try

echo 204 19 80hacktracker —-Df -C -E PAC_APM.d-Lb 1 > path.d
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COORDINATES
Data coordinates are assumed to be geodetic and will automatically \estexdrio geocentric before
spherical rotations are performed/e mrvert back to geodetic coordinates for outpllote: If your data
already are geocentric, you caroia the conersion by using --ELLIPSOID=sphere.

SEE ALSO
GMT (1), project(1), grdrotater(1), grdspottef1), mapprojecl), hotspotte(l), originator(1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME
hotspotter — Create GMmage from seamount flowlines
SYNOPSIS
hotspotter [infile(s) —Estage file —-GCVAgrid =Ixindunif][ =|+][/ yindlunif][ =|+]]

—Rwesteastsouthinorth[r] [ -C ][ —-Dfactor][ —=F ][ —H[i][nred ][ —Nupper_a@e][ -S][ -T][ -V 1]
=:[ilo] ][ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
hotspotter reads (longitude, latitude, amplitude, radius, age) records ifrfiles [or standard input] and
calculates flowlines using the specified stage pole (Euler) rotations. These flowlinessaleedonith the
shape of the seamount (using a Gaussian shegeamnplitude and radius = 6 sigma) and added upwue gi
a Qumulative \Wblcano Amplitude grid (CX). Seeoption—: on hav to read (latitude,longitude,...) files.
No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

infile(s) Data file(s) to be processed. If nota, standard input is read.

-E Give file with rotation parameterslhis file must contain one record for each rotation; each record
must be of the following format:

lon lat tstart [tstop] angld khata b c d e f g gf

wheretstart andtstopare in Myr andon lat angleare in dgrees.tstart andtstopare the ages of

the old and young ends of a stage-C is set then a total reconstruction rotationxpested and
tstopis implicitly set to 0 and should not be specified in the filea cosariance matrixC for the
rotation is &ailable it must be specified in a format using the nine optional terms listed in brack-
ets. HereC = (g/khad*[ ab d; b c e; d e | which shavs C made up of three vovectors. Ifthe
degrees of freedomdf) in fitting the rotation is O or notgn it is st to 10000. Blank lines and
records whose first column contains # will be ignored.

-G Specify name for output grid file.

= x_inc[and optionallyy _ind is the grid spacing. Optionallgppend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitse, k, i, or n is appended instead, the increment is assumed tos&e igimeter km,
miles, or nautical miles, respeacdly, and will be cowerted to the eqwalent degrees longitude at
the middle latitude of the region (the wersion depends oBELLIPSOID ). If /y_incis given but
set to O it will be reset equal ¥ inc otherwise it will be cowerted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/ceidaied a
gridline-registered or pigl-registered grid; see Appendix B for details. Note-fgrdfileis used
then grid spacing has already been initialized;tige override the values.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

OPTIONS
-C Expect Total Reconstruction Rotations rather thamward Stage Rotations [Deilt]. File format
is similar to the stage pole format except thattitart column is not present (assumed to be O
Ma).
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-D Modify the sampling interval along fMdines. De#ult [0.5] gives gproximately 2 points within
each grid box. Smaller factorsvgs higher resolutions at the expense of longer processing time.

-F Force pixel registration [Default is grid registration].

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals

skipped.
-N Set the upper age to assign seamounts whose crustal age is unknown (i.e., NaN) [no upper age].
-S Normalize the resulting GVgrid to percentages of the @\naximum.
-T Truncate seamount ages exceeding the upper age sefN\itto truncation].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or apmgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 5 input columns].

EXAMPLES
To aeate a CX image from the Pacific (xzt) data in the file seamounts.d, using the DC85.d Euler
poles, run

hotspotter seamounts.¢E DC85.d-G CVA.grd -R 130/260/-66/6G-1 10m —N 145-T -V

This file can then be plotted wigrdimage.

COORDINATES
Data coordinates are assumed to be geodetic and will automatically \estexdrio geocentric before
spherical rotations are performed/e mrvert back to geodetic coordinates for output. Note: If your data
already are geocentric, you caroia the comnersion by using --ELLIPSOID=sphere.

SEE ALSO
GMT(1), grdimage(1), grdrotater(1), grdspottef1), project(1l), mapprojectl), backtradker (1), origina-
tor(1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME
rotcorverter — Manipulate finite and stage rotations

SYNOPSIS
rotconverter [ +|-] rotA[ +]-rotB] [ +|-rotC]... [-C[alt]] [ -D ][ —E[facf ][ —-Finfout] [ -N ][ -S]|
-TI[-V]

DESCRIPTION

rotconverter reads one or more plate motion models (rotations) stored invérefges. If more than one
plate motion model is gén we will add or subtract them in the order yhwere listed. The minus sign
means we should first transpose the rotation and then add it to the previous rotation. The input files must
all be of the same type (stage poles or finite rotations) which may differ from the desired output format; see
—-F. If a file cannot be opened we will attempt to decode the file name as a single rotation whose parame-
ters are separated by slashes.

No space between the option flag and the associagethants. Useipper case for the option
flags and lower case for modifiers.

rotX Name of a file with a plate motion modebeparate seral files with desired operator (+ or -).
The very first file may also ke a bading minus to imply a transposé any of the specified rota-
tion models cannot be opened as a file, we wil try to decode the file name as
lon/lat/tstar{/tstog/anglefor a single rotation gen on he command lineThe tstopamgument is
required for stage poles onlyror a single finite rotation without grtime information, gre
lon/lat/angleonly.

OPTIONS
-C Write out a column header record identifying the various columns [Default is no header record].
Appenda to indicate opening angles antb indicate opening rates [Default].

-D Report longitudes use the -180/+180 range [Default is 0/360].
-E Scale opening angles lfgcton output. Requires stage pole output (sEp

-F Specify both the input and output format for rotatiofitie in andout flags must be eithdror s
for finite or stage rotations, respeety. Note that both must be specified-# is set [Default is
—Fff (both input and output are finite rotations)].

-N Place all output poles in the northern hemisphere [Default reportsspastation angles].

-S Place all output poles in the southern hemisphere [Default reportv@asitition angles].

-T Transpose the final result, i.e., change the sign of the rotation angles.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "sildRélptt

statistics of extracted rotations.

EXAMPLES
To oorvert the finite rotations in the file model_finite. APM to stage poles, run

rotconverter model_finite. APM-Ffs > model_stages.APM

To dbtain Nazca motion relat  Pacific hotspots by adding the motion of Nazca retath a fixed Pacific

to the Racific-Hotspot reference model DC85_stages.d, and report the result as finite reconstruction poles in
the northern hemisphere, try

rotconverter DC85_stages.APM + Pac_Naz_stages.RPM-Fsf> Naz_HS finite. APM

To add the final rotations &T(150.1, 70.5, -20.3) and® (145.0, 40.0, 11.4), try

rotconverter 150.1/70.5/-20.3 + 145/40/11.4

which prints out 157.32, -80.44, 11.97.
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To make dage rotations suitable for generatingMioes (fracture zones) from a model of relatiate
motions PL1-PL2.RPM, assuming symmetric spreading,, try

rotconverter PL1-PL2.RPM-E -Ffs> PL1-PL2_half.RPM
rotconverter - PL1-PL2.RPM-E —-Ffs> PL2-PL1_half.RPM

SEE ALSO
backtradker (1), grdrotater(1), grdspottef1), hotspotte(1), originator(1)
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NAME
grdrotater — Rotate a grid using a finite rotation

SYNOPSIS
grdrotate ingrdfile —Goutgrdfile —Tplor/platomega [ —Fpolygonfile ] [ —H[i][nred 1 [ -N ] [
=Q[bjc[l|n][[/1threshold ] [ -Rwesteastsouthnorthir] 1 [ -S ] [ -V 1 [ =iio] 1 [
=blilo][g|S|d|D[ncolj|c[varl..]] ] [ —m[flag] ]

DESCRIPTION
grdrotater reads a geographical grid and reconstructsvignga btal reconstruction rotationOptionally,
the user may supply a clipping polygon in multiple-segment format; then, only the part of the grid inside
the polygon is used to determine the return griglore Theoutline of the projected region is returned on
stdout provided the rotated region is not the entire globe.
No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

ingrdfile
Name of a grid file in geographical (lon, lat) coordinates.

-G Name of output grid. This is the grid with the data reconstructed according to the specified rota-
tion.

-T Finite rotation. Specify the longitude and latitude of the rotation pole and the opening angle, all in
degrees.

OPTIONS
-F Specify a multi-segment closed polygon file that describes the inside area of the grid that should

be projected [Default projects entire grid].

-H Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-N Do Not output the rotated polygon outline [Default will write it to stdout].

-Q Quick mode, use bilinear rather than bicubic interpolation 40l§f Alternatvely, select the
interpolation mode by adding for B-spline smoothingg for bicubic interpolation| for bilinear
interpolation orn for nearest-neighboralue. Optionally sppendthresholdin the range [0,1].
This parameter controls twoclose to nodes with NaNalues the interpolation will go. E.g., a
thresholdof 0.5 will interpolate about half way from a non-NaN to a NaN node, whereas 0.1 will
go about 90% of the ay; etc. [Default is 1, which means none of the (4 or 16) nearby nodes may
be NaN]. —QO will just return the alue of the nearest node instead of interpolating. This is the
same as usingQn.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

-S Skip the rotation of the grid, just rotate the polygon outline (requifgs
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

- Toggles between (longitude,latitude) and (latitude,longitude) input/outjfiefault is (longi-
tude,latitude)].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or apmgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 2 input columns].
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-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file. [Default is same as input].

-m Multiple segment file(s).Segments are separated by a special recéia. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—m setting applies to both input and output.
Use-mi and—-mo to give $parate settings to input and output.

EXAMPLES
To rotate the data defined by grid topo.grd and the polygon outline clip_path.d, using a finite rotation with
pole at (135.5, -33.0) and a rotation angle of 37.3 degrees and bicubic interpolation, try

grdrotater topo.grd-T 135.5/-33/37.3-V —F clip_path.d-G rot_topo.grd > rot_clip_path.d

To rotate the entire gricak.grd using a finite rotation pole at (67:438/35S) and a rotation angle of 19.6
degrees using a bilinear interpolation, try

grdrotater faa.grd-T 67:45W/22:35S5/19.6V -Q -G rot_faa.grd > rot_faa_path.d
To just see hw the outline of the grid large.grd will plot after the same rotation, try
grdrotater large.grd-T 67:45W/22:35S/19.6V -S| psxy -Rg —JH 180/6i-B 30-m -W 0.5p | gv -

Let say you hee mtated gridA.grd and gridB.grd, restricting each rotation to nodes inside polygons
polyA.d and polyB.d, respeetly, using rotation A = (12322S,16,4) and rotation B = (108V6S,
-14.5), yielding rotated grids rot_gridA.grd and rot_gridB.gfd. determine the region ofverlap between

the rotated grids, we use grdmath:

grdmath 1 rot_gridA.grd ISNAN SUB 1 rot_gridB.grd ISNAN SUB 2 EQvertap.grd

The grid werlap.grd nev has 1s in the regions ofrerlap and O elsghere. You can use it as a mask or use
grdcontour to extract a polygon (contour).

COORDINATES
Data coordinates are assumed to be geodetic and will automatically \estedrio geocentric before
spherical rotations are performed/e mrvert back to geodetic coordinates for output. Note: If your data
already are geocentric, you caroia the conersion by using --ELLIPSOID=sphere.

SEE ALSO
backtradker (1), grdspottef1), hotspottefl), originator(1) rotconvertef1)

GMT 4.5.11 5 Nov 2013 2



GRDSPATER(1) GeneridMapping Dols GRDSPOTER(1)

NAME
grdspotter — Create @M mage directly from gravity or bathymetry grids
SYNOPSIS
grdspotter [grdfile] —Erotations_file —-GCVAgrid =Ixindunif][ =|+][/ yindlunif][ =|+]]

—Rwesteastsouthinorth[r] [ —Aagegrid | [ -Bn_try][ -C ][ -DDlIgrid ][ -F][ -L IT(IDgrid) ][ -M ][
—Nupper_age] [ -PPAgrid ][ —-QIDinfo ][ =S][ -T ][ —Ufixed_val [ -V ][ =Zz_mir}/z_ma¥/z_ind] ]

DESCRIPTION
grdspotter reads a grid file with residual bgthetry or gravity and calculates flowlines from each node
that exceeds a minimunalue using the specified rotations file. These flowlines are themleed with
the volume of the prism represented by each grid node and added up to@mulative \blcano Ampli-
tude grid (CVA).
No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

grdfile Data grid to be processed, typically residual bathymetry or free-air anomalies.

-E Give file with rotation parameterslhis file must contain one record for each rotation; each record
must be of the following format:

lon lat tstart [tstop] angld khata b cd e f g gf

wheretstart andtstopare in Myr andon lat angleare in dgrees.tstart andtstopare the ages of

the old and young ends of a stage-C is set then a total reconstruction rotationxpested and
tstopis implicitly set to 0 and should not be specified in the filea cosariance matrixC for the
rotation is &ailable it must be specified in a format using the nine optional terms listed in brack-
ets. HereC = (g/khad*[ ab d; b c e; d e ] which shavs C made up of three vovectors. Ifthe
degrees of freedomdf) in fitting the rotation is O or notgen it is st to 10000. Blank lines and
records whose first column contains # will be ignored.

-G Specify name for output G\grid file.

= x_inc[and optionallyy_ind is the grid spacing. Optionallgpopend a suffix modifierGeographi-
cal (degrees) coordinatesAppendm to indicate arc minutes arto indicate arc seconds. If one
of the unitsg, k, i, or n is appended instead, the increment is assumed tos&e igimeter km,
miles, or nautical miles, respactly, and will be cowerted to the eqwalent degrees longitude at
the middle latitude of the region (the wersion depends oBELLIPSOID ). If /y_incis given but
set to O it will be reset equal ¥ inc otherwise it will be cowerted to degrees latitudell coor-
dinates If = is appended then the corresponding méeas) or y (north) may be slightly adjusted
to fit exactly the gien increment [by defult the increment may be adjusted slightly to fit thvergi
domain]. Finallyinstead of giing an increment you may specify thember of nodedesired by
appendingt to the supplied integer argument; the increment is then recalculated from the number
of nodes and the domain. The resulting increment value depends on whetheve/ceidaied a
gridline-registered or pigl-registered grid; see Appendix B for details. Note-fgrdfileis used
then grid spacing has already been initialized;tige override the values.

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.

OPTIONS
-A Supply a crustal age grid that is co-registered with the input data Tiese ages become the
upper ages to use when constructingvfilees [Default extend flowlines back to oldest age found
in the rotation file; but seeN].
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-B Getn_try bootstrap estimates of the maximumACNcation; the longitude and latitude results are
written to stdout [Default is no bootstrapping]. Cannot be used-with

-C Expect Total Reconstruction Rotations rather thamward Stage Rotations [Deilt]. File format
is similar to the stage pole format except thattitart column is not present (assumed to be 0

Ma).

-D Use flawvlines to determine the maximum B¥ncountered along each flowline and create a Data
Importance (DI) grid with these values at the originating nodes.

-F Force pixel registration [Default is grid registration].

-L Supply a co-registered grid with seamount chain IDs for each nidde.option requires that you
also use-Q.

-M Do not attempt to keep all fidines in memory when usingD and/or—-P. Should you run out of

memory you can use this option to compute flowlines on-thdflyill be slaver as we no longer
can reuse the flowlines calculated for theAQ¥ep. Cannobe used with-B or the multi-slice

mode in-Z.

-N Set the upper age to assign to nodes whose crustal age isvan{re, NaN) [no upper age].
Also see-A.

-P Use flowlines to determine the flbne age at the CA maximum for each node and create a Pre-

dicted Age (PA) grid with these values at the originating nodes.

-Q Either give (1) a single ID to use or (2) the name of a file with a list of IDs to use [Default uses all
IDs]. Eachline would be ARG ID [w e s r]. The w/e/s/nzoom box is optional; if specified it
means we only trace the flowline if inside this region [Default uses region sé&]byRequires

-L.

-S Normalize the resulting GV/grid to percentages of the B\inaximum. Thisalso normalizes the
DI grid (if requested).

-T Truncate crustal agesvgn via the—A option that exceed the upper age set with[no trunca-
tion].

-U After a node passes the test impliedH2 use thisfixed_valinstead in the calculationgDefault
uses individual node values].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-Z Ignore nodes with z-values lower thanmin[0] and optionally larger tham_max[Inf]. Give

z_min/z_max/z_intb male eparate CX grids for eacte-slice [Default makes one @Vgrid].
Multi-slicing cannot be used withM .

EXAMPLES
To aeate a CX image from the Pacific topographrid Pac_res_topo.grd, using the DC85.d Euler poles,
and only output a grid for the specified domain, run

grdspotter Pac_res_topo.grédE DC85.d-G CVA.grd —R 190/220/15/251 2m —N 145-T -V

This file can then be plotted wigrdimage.

COORDINATES
Data coordinates are assumed to be geodetic and will automatically \estexdrio geocentric before
spherical rotations are performed/e mrvert back to geodetic coordinates for output. Note: If your data
already are geocentric, you caroia the comwersion by using --ELLIPSOID=sphere.

SEE ALSO
GMT(1), grdimage(1), grdrotater(1), project(1), mapprojecfl), backtrader (1), hotspotte(l), origina-
tor(1)
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REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME
originator — Associate seamounts with hotspot point sources

SYNOPSIS
originator [infile(s) —Estege file —Fhs_file[ -C ][ -Dd_km] [ —HJi][nred ] [ -L[flag] ] [ ~Nupper_ae]
[-Qrit]1[ -9n_h3]1[ -T]1[-V] -Wmaxdist] [ =Z ][ —:[i|o] ] [ —bi[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION

originator reads (longitude, latitude, height, radius, crustal_age) recordsiffifdes [or standard input]
and uses the gén Absolute Plate Motion (APM) stage poles and the list of hotspot locations to determine
the most likely origin (hotspot) for each seamount. It does so by calculating flowlines back in time and
determining the closest approach to all hotspots. The output consists of the input records with four addi-
tional fields added for each of thehsclosest hotspotsThe four fields are the hotspot id (e.g., HWI), the
stage id of the flwline segment that came closest, the pseudo-age of the seamount, and the closest distance
to the hotspot (in km). See optiennon hawv to read (latitude, longitude,height, radius, crustal_age) files.

No space between the option flag and the associagedhants. Useipper case for the option
flags and lower case for modifiers.

infile(s) Seamount data file(s) to be analyzed. If neéegi standard input is read.

-E Give file with rotation parameterslhis file must contain one record for each rotation; each record
must be of the following format:

lon lat tstart [tstop] angld khata b c d e f g gf

wheretstart andtstopare in Myr andon lat angleare in dgrees.tstart andtstopare the ages of

the old and young ends of a stage-C is set then a total reconstruction rotationxpested and
tstopis implicitly set to 0 and should not be specified in the filea cosariance matrixC for the
rotation is &ailable it must be specified in a format using the nine optional terms listed in brack-
ets. HereC = (g/kha)*[ ab d; b c e; d e ] which shavs C made up of three vovectors. Ifthe
degrees of freedomdf) in fitting the rotation is O or notgn it is st to 10000. Blank lines and
records whose first column contains # will be ignored.

-F Give file with hotspot locations. This file must contain one record for each hotspot to be consid-
ered; each record must be of the following format:

lon lat hs_abbrehs_id rt_oft_on create fit plot name
E.g., for Havaii this may look like
205 20 Hwl 1 25 0 90 Y Y Y Hawai

Most applications only need the first 4 columns which thus represents the minimal hotspot infor
mation record type. The abbreviation may be maximum 3 characters Téregid must be an
integer from 1-32.The positional uncertainty of the hotspot igegi by r (n km). The t_of and

t_on variables are used to indicate thevactime-span of the hotspot. The create, fit, and plot
indicators are either Y or N and are used by some programs to indicate if the hotspot is included in
the ID-grids used to determine rotations, if the hotspot chain will be used to determine rotations,
and if the hotspot should be included in various plots. The name is a 32-character maxmum te
string with the full hotspot name. Blank lines and records whose first column contains # will be
ignored.

OPTIONS
-C Expect Total Reconstruction Rotations rather tharmward Stage Rotations [Dailt]. File format
is similar to the stage pole format except thattitart column is not present (assumed to be 0
Ma).

-D Sets the flowline sampling interval in km. [Default is 5].
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-H Input file(s) has header record(s)f used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write
out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

-L Output closest approach for nearest hotspot only (igne®s Choose-Lt for (time dist, 2
[Default], -Lw for (omeya, dist, 2, and-LI for (lon, lat, time, dist, z).Normally, dist is in km;
use upper case modifieF§VL to getdistin spherical degrees.

-N Set the maximum age to extend the oldest stage back in time [no extension].
-Q
Input files only hasx,y,?; specify constant values fgt that

will be implied for each record.

-S Set the number of closest hotspots to report [Default is 1].
-T Truncate seamount ages exceeding the upper age sefN\itto truncation].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-wW Only report those seamounts whosevfines came withiimaxdistto ary hotspot [Default reports
all seamounts].

-Z Use the hotspot ID number rather than the name tag in output records.

- Toggles between (longitude,latitude) and (latitude,longitude) input and/or olifpefault is (lon-
gitude,latitude)]. Appendto select input only oo to select output only[Default affects both].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or amgétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read. [Default is 5 input columns].

EXAMPLES
To find the likely (hotspot) origins of the seamounts represented by the,rtcy points in the file
seamounts.d, using the DC85.d Euler poles and the pac_hs.d list of possible hotspots, and report the 2 most
likely hotspot candidates for each seamount, run

originator seamounts.¢S2 —-E DC85.d-F pac_hs.d > origins.d

COORDINATES
Data coordinates are assumed to be geodetic and will automatically \estexdrio geocentric before
spherical rotations are performed/e mrvert back to geodetic coordinates for outpllote: If your data
already are geocentric, you caroia the conersion by using --ELLIPSOID=sphere.

SEE ALSO
GMT (1), project(1), grdrotater(1), grdspottef1), mapprojecfl), backtradker (1), hotspottef1)

REFERENCES
Wessel, P., 1999, "Hotspotting" tools released, EOS Trans. AGU, 80 (29), p. 319.
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NAME

x2sys_hinlist — Create bin-ingdiles from track data files
SYNOPSIS

x2sys_binlisttrack(s)-TTAG[ -D][ -E][ -V ]
DESCRIPTION

x2sys_binlistreads one or more track data files and produces a multi-segment ASCII track kifilende

(tbf) with the track name in the header and one data record per bin crossed; these recordsrtdatain

index, flagd, dist], wherelon, latare the coordinates of the center of the binjridexis the 1-D number of

the bin, andlagsis a bitflag that describes which data fields wemglable in this bin. The optionalist
requires-D. The input files can be of griormat, which must be described and passed with Theption.

The bin-inde listing is a crude representation of where the track goes and is used by the deitst sychi

build an x2sys track data base for miscellaneous track queries, such as when needing to determine which
tracks should be compared in a crass@nalysis. You must rurk2ys_init to initialize the tag before you

can run the indexing.

tracks Can be one or more ASCII, natikinary, or COARDS netCDF 1-D data fileslTo supply the data
files via a tet file with a list of tracks (one per record), specify the name of the track list after a
leading equal-sign (e.g., =tracks.lidj.the names are missing their file extension we will append
the suffix specified for thiSAG Track files will be searched for first in the current directory and
second in all directories listed i8X2SYS_HOME/TAGTAG paths.txt (if it exists). [If
$X2SYS_HOME is not set it will default t&dGMT_SHAREDIR /x2sys]. (Note: MGD77 files
will also be looked for viMGD77_HOME /mgd77_paths.txt and *.gmt files will be searched for
via SGMT_SHAREDIR /mgg/gmtfile_paths).

-T Specify the x2syFAGwhich tracks the attributes of this data type.

OPTIONS
No space between the option flag and the associated arguments.

-D Calculate the length of trackline segments per bin [Default skips this step]. The length fragments
are gven as he 5th output column (after tiflagy. Thelength units are obtained via the TAB set-
ting (seex2sys_inif).

-E Corvert geographic data to alindrical equal-area projection prior to binnin@asically we
apply the projectiorrJYlon(¥37:04:17.166076/360, whel@nOis the mid-longitude of the géon.
Requires-D, geographical data, and a global region (e-8g or —Rd). Thisoption is useful for
statistics related to trackline density but should not be used when preparing kifilesléor the
x2sys track data bases.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To aeate a bin indefile from the MGD77 file 01030061.mgd77 using the settings associated with the tag

MGD77, do

x2sys_binlist01030061.mgd7#T MGD77 > 01030061.tbf

To aeate a track bin inddfile of all MGD77+ files residing in the current directory using the settings asso-
ciated with the tag MGD77+ and calculate track distances, run

x2sys_binlist*.nc -T MGD77+ —-D> all.tbf

SEE ALSO
x2sys_crodd), x2sys_dataligtl), x2sys gdfl), x2sys_inifl), x2sys pufl), x2sys_repoifl),
x2sys_solvd)
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NAME

x2sys_datalist — A generic data-extractor for ASCII or binary files

SYNOPSIS

x2sys_datalist track(s) -TTAG [ -A ] [ —Fnamel,name2,.] [ —-HJil[nred ] [ —L[corrtablg ] [
—Rwesteastsouthinorth[r] ] [ =S][ -V ][ —bo[gS|d|D[ncolj|c[varl..]] ][ -m[flag] ]

DESCRIPTION
x2sys_datalistreads one or more files and produces a single ASCII [or binary] table. The files can be of
ary format, which must be described and passed witk-Theption. You may limit the output to a geo-
graphic region, and insist that the output froraess files be separated by a multiplegsent header
Only the named data fields will be output [Default selects all columns].

tracks Can be one or more ASCII, natikinary, or COARDS netCDF 1-D data fileslTo supply the data

-T
OPTIONS

files via a tet file with a list of tracks (one per record), specify the name of the track list after a
leading equal-sign (e.g., =tracks.lidj.the names are missing their file extension we will append
the suffix specified for thiSAG Track files will be searched for first in the current directory and
second in all directories listed i8X2SYS_HOME/TAGTAG paths.txt (if it exists). [If
$X2SYS_HOME is not set it will default t&dGMT_SHAREDIR /x2sys]. (Note: MGD77 files

will also be looked for viMGD77_HOME /mgd77_paths.txt and *.gmt files will be searched for
via SGMT_SHAREDIR /mgg/gmtfile_paths).

Specify the x2syFAGwhich tracks the attributes of this data type.

No space between the option flag and the associated arguments.

-A

GMT 4.5.11

Eliminate COEs by distributing the COE between the tcks in proportion to track weight.
These (dist, adjustment) spline knots files for each track and data column aretraakembl-
umnadj and are expected to be in 82SYS_HOME/TAGddirectory The adjustments are only
applied if the corresponding adjust file can be found [No residual adjustments]

Give a omma-separated sub-set list of column names defined in the definition filaulfDef
selects all data columns].

Input file(s) has header record(s). If used, the default number of header records is
N_HEADER_RECS. Use-Hi if only input data should wva header records [Default will write

out header records if the input datavdndhem]. Blank lines and lines starting with # areals
skipped.

Apply optimal corrections to columns where such corrections\aitalsle. Appendthe correc-
tion table to use [Default uses the correction taBl& corrections.txt which is expected to reside
in the$X2SYS_HOME/TAGdirectory]. For the format of this file, see CORRECTIONS belo

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.For Cartesian data just g xmin/xmax/ymin/ymaxThis option limits the
COEs to those that fall inside the specified domain.

Suppress output records where all the data columns are NaN [Default will output all records].
Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

Output a multisegment header between data from each track. Note this option does notyimply an
thing about the input file; that information is veged via the system tagT).
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EXAMPLES
To extract all data from the old-style MGG supplement file c2104.gmt, recognized by the tag GMT:

x2sys_datalistc2104.gmt-T GMT > myfile

To make lon,lat, and depth input fdrlockmean and surface using all the files listed in the file tracks.lis
and define by the tag TRK, but only the data that are inside the specified area, aodtmalbinary run

x2sys_datalist=tracks.lis-T TRK —F lon,lat,depth-R-40/-30/25/35-bo > dltopo_bin.xyz

CORRECTIONS
The correction table is an ASCII file with ciefents and parameters needed to carry out correctibims.
table is usually produced bysys_solve Comment records beginning with # are waléml. All correction
records are of the form

tracklD observation correction

wheretrackID is the track namegbservationis one of the abbreviations for an observed field contained in
files under this AG, and correctionconsists of one or more white-space-separegets that will be sub-
tracted from the observation before output. Edetmmust hae this exact syntax:

factoif*[ functiorj([ scald(abbre\f-origin]))[" powei]

where terms in braets are optional (the brackets themselves are not used but regular parentheses must be
used exactly as indicated). No spaces are alloweepé betweerterms. Thefactor is the amplitude of the
basis function, while the optionfinctioncan be one of sin, cos, or exp. The optiataleandorigin can

be used to translate the argument (before giving it to the optional funcliba)agumentabbrevis one of
the abbreviations for columns kap to this RG. Howeva, it can also be one of the three auxiliary terms
dist (for along-track distancesjzim for along-track azimuths, ana! (for along-track speed); these are all
sensitve 0 the —C and -N settings used when defining th&B; furthermore,vel requirestime to be
present in the dataf origin is given as T it means that we should replace it with the valualdsrev for

the very first record in the file (this is usually only donetiime). If the first data record entry is NaN we
revert origin to zero. Optionally raise the entire expression to theegipower, before multiplying byfac-
tor. The following is an example of fictitious corrections to the track ABC, implying t@umn should
have a Inear trend remed, the fieldobs should be corrected by a strange depengdendatitude,weight
needs to hae 1 alded (hence correction isvgh as 1), andfuel should be reduced by a linear distance
term:

ABCz 7.1 le-4*((time-T))

ABC obs 0.5*exp(-1e-3(lat))"1.5
ABC weight -1

ABC fuel 0.02*((dist))

SEE ALSO
blockmealil), GMT(1), surfacd€l), x2sys inifl), x2sys dataligfl), x2sys_gdfl), x2sys_lisfl),
X2sys_putl), x2sys_repoitl), x2sys_solvd)
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NAME
x2sys_list — Output a subset of crogzs from data base

SYNOPSIS
x2sys_list —@olumn -TTAG [ coedbase.tx{ [ —Aasymm_ma} [ —FacdhilnNtTvwxyZ [ —I[list] ] [
—L[corrtablg ] [ -Nnx_min] [ —Qeli ] [ —Rwesteastsouttinorthr] ] [ —§+]track] [ -V ][ -WI[list] ] [
—-bo[s|S|d|D[ncoll|c[varl/..]] ] [ -m[flag] ]

DESCRIPTION
x2sys_listwill read the crosser ASCIl data baseoedbase.tx{or stdin and extract a subset of the
crosswers based on the othemaments. Theutput may be ASCII or binary.

-C Specify which data column you want to proce€sosseers related to this column name must be
present in the crosger data base.

-T Specify the x2syFAGwhich tracks the attributes of this data type.

OPTIONS
No space between the option flag and the associated arguments.

coedbase.txt
The name of the input ASCII cros& error data base as producedX®sys_cross If not given
we read standard input instead.

-A Specifies maximum asymmetry in the distribution of creasorelatve © the mid point in time
(or distance, if time is notvailable). Asymmetryis computed as (n_right - n_left)/(n_right +
n_left), referring the the number of croga that falls in the left or right half of the ranggym-
metric distributions will hee values close to zero. If specified, we exclude tracks whose asymme-
try exceeds the specify cutdfi absolute value [1, i.e., include all].

-F Specify your desired output usingyatombination ofacdhilnNtTvwxyzin any arder. Do not use
space between the letters, and note your selection is caseveerigig output will be ASCII (or
binary see —bo) columns of alues. Descriptiorof codes:a is the angle (< 90) defined by the
crossing tracks; is crosswer value of chosen observation (s€€), d is distance along track, is
heading along tracl, is the signed time interval between the visit at the cxessaf the two
tracks ivolved, | is same agbut is unsignedn is the names of the twiracks,N is the id numbers
of the two tracks,t is time along track iateTl clock format (NaN if not gailable), T is elapsed
time since start of track along track (NaN if naéikable), v is speed along tracly is the compos-
ite weight,x is x-coordinate (or longitudey; is y-coordinate (or latitude), armlis observed alue
(see-C) aong track. If =Sis not specified thed,h,n,N,t,T,v results in tvo output columns each:
first for track one and next for trackdwin lexical order of track names); otherwise ythefer to
the specified track only (except foN which then refers to the other track). The signvention
for c,iis track one minus track tw(lexically sorted). Time intervals will be returned according to
the TIME_UNIT GMT defaults setting.

= Name of ASCII file with a list of track names (one per record) that shoulgdheded from con-
sideration [Default includes all tracks].

-L Apply optimal corrections to the chosen obsée. Appendhe correction table to use [Refit
uses the correction tableTAG corrections.txt which is expected to reside in the
$X2SYS_HOME/TAGdirectory]. For the format of this file, se€sys_solve

-N Only report data from pairs that generated at leasinincross@ers between them [use all pairs].
-Q Appende for external crossers ori for internal crosseers only [Default is all cross@rs].
-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal

degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.For Cartesian data just g xmin/xmax/ymin/ymaxThis option limits the
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COEs to those that fall inside the specified domain.

Name of a single track. If ggn we restrict output to those croagos involving this track [Deéult

output is crosseers involving ary track pair]. Prepend a '+’ to makit print info relative o both

tracks [Deult is selected track]. This applies only to common information such as distance, time,
heading (seeF for details).

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Name of ASCII file with a list of track names and their reiatieights (one track per record) that
should be used to calculate the composite cuesseeight (output codev above). [Default sets
weights to 1].

Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

Multiple segment output formaSegments with crossers for a single track pair are separated by
a record whose first characterfiag and contains the wtrack names. [Default is '>'].

To find all the magnetic crosgars associated with the tag MGD77 from the file COE_data.txt, restricted to
occufy a certain region in the south Pacific, and return location, time, and eepssdue, try

x2sys_listCOE_data.txtV =T MGD77 —-R 180/240/-60/-36-C mag—-F xytz > mag_coe.txt

To find all the faa crossers globally that imolves track 12345678 and output time since start of the year
using a binary double precision format, try

x2sys_listCOE_data.txtV -T MGD77 -C faa—-S 12345678-F Tz —bod > faa_coe.b

SEE ALSO

x2sys_binlisfl), x2sys crogd), x2sys_dataligil), x2sys gdfl), x2sys inifl), x2sys pufl),
X2sys_repoifl), x2sys_solvd)

GMT 4.5.11
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NAME

X2sys_cross- Find and compute croseer errors

SYNOPSIS

x2sys_crosgdrack(s)-TTAG[ —ll[ajc ] [ —JIparameterd [ —Kcombi.lis][ =L ][ —Q€li ] [ —Sllu|lhspeed [
=V ][ -Wsize] [ -2][ —bo[s|S|d|D[ncoll|c[varl/..]] ]

DESCRIPTION
x2sys_crosss used to determine all intersections between ("external cvess-por within (“internal
cross-oers") tracks (Cartesian or geographic), and report the time, position, distance along track, heading
and speed along each traclgsent, and the crosser error (COE) and mean values for all obsdrles.
The names of the tracks are passed on the command line. &ytgefsys croswill look for both eter-
nal and internal COESAs an option, you may choose to project all data using one of the map-projections
prior to calculating the COE.

tracks Can be one or more ASCII, natikinary, or COARDS netCDF 1-D data fileslTo supply the data

-T
OPTIONS

files via a tet file with a list of tracks (one per record), specify the name of the track list after a
leading equal-sign (e.g., =tracks.lidj.the names are missing their file extension we will append
the suffix specified for thiSAG Track files will be searched for first in the current directory and
second in all directories listed i8X2SYS_HOME/TAGTAG paths.txt (if it exists). [If
$X2SYS_HOME is not set it will default t&dGMT_SHAREDIR /x2sys]. (Note: MGD77 files

will also be looked for viMGD77_HOME /mgd77_paths.txt and *.gmt files will be searched for
via SGMT_SHAREDIR /mgg/gmtfile_paths).

Specify the x2syFAGwhich tracks the attributes of this data type.

No space between the option flag and the associated arguments.

GMT 4.5.11

Sets the interpolation mode for estimating values at the e@s€hoose among:
| Linear interpolation [Default].

a Akima spline interpolation.

¢ Cubic spline interpolation.

Selects the map projection. Scale is UNIDfde, 1:xxxxx, or width in UNIT (upper case modi-
fier). UNIT is cm, inch, or m, depending on tMEASURE_UNIT setting in .gmtdefaults4ub
this can be werridden on the command line by appendmd, or m to the scale/width alue.
When central meridian is optional, default is center of longitude rang& aption. Deéult stan-
dard parallel is the equatoFor map height, max dimension, or min dimension, apfenrd or -

to the width, respectély.

More details can be found in thebasemapman pages.

CYLINDRICAL PROJECTIONS:

—JclonO/latO/scalg/Cassini)

—Jeyl_sterd[lonO/lat0/]] scale(Cylindrical Stereographic)
=Jj[lon0/]scale(Miller)

-Jm[lonO/[lat0/]] scale(Mercator)

—JmlonO/latO/scalgMercator - Gve neridian and standard parallel)
—Jo[a]lon0/lat0/azimuth/scaléOblique Mercator - point and azimuth)
-Jo[b]lon0/lat0/lon1/latl/scal€¢Oblique Mercator - tw points)
—Jodon0O/latO/lonp/latp/scaléOblique Mercator - point and pole)
-Jq[lon0flat0/]] scale(Cylindrical Equidistant)
—Jtlon0flatO/]scale(TM - Transverse Mercator)
—Juzone/scal€dUTM - Universal Transverse Mercator)
-Jy[lonOflat0/]] scale(Cylindrical Equal-Area)

CONIC PROJECTIONS:
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—Jblon0/latO/lat1/lat2/scaléAlbers)
—JdlonO/latO/lat1/lat2/scaléConic Equidistant)
-Jllon0O/lat0/lat1/lat2/scaléLambert Conic Conformal)
—Jpoly/[lon0flat0/]] scale((American) Polyconic)

AZIMUTHAL PROJECTIONS:

—JalonO/lat(/horizorj/scale(Lambert Azimuthal Equal-Area)
—JelonO/latq/horizori/scale(Azimuthal Equidistant)
-Jflon0/latq/horizori/scale(Gnomonic)
—Jglon0/latd/horizor}/scale(Orthographic)
—-Jglon0/lat0/altitude/azimuth/tilt/twist/Width/Height/scgl@eneral Perspeus).
—-Jdon0/lat(d/horizorj/scale(General Stereographic)

MISCELLANEOUS PROJECTIONS:

—=Jh[lon0/|scale(Hammer)
=Ji[lon0/scale(Sinusoidal)
—-Jkf[lonO/]scale(Eckert 1V)
-JK[s][lonO/scale(Eckert VI)
—=Jn[lon0/scale(Robinson)
=Jr[lon0/]scale(Winkel Tripel)
—Jv[lonO/]scale(Van der Grinten)
=Jw[lon0/]scale(Mollweide)

NON-GEOGRAPHICAL PROJECTIONS:

—-Jp[a]scald/origin][r|z] (Polar coordinates (theta,r))
—Jxx-scalgd|l|ppowt|T][/y-scaléd|l|ppowt|T]] (Linear, log, and power scaling)

Only process the padombinations found in the filkombi.lis[Default process all possible combi-
nations among the specified files].

Output results using the old XOVER format [Default is x2sys forniBljs option should only be
used with *.gmt-formatted MGD77 files. See the GMT mgg supplement for file description; see
Wessel[1989] for details on the XOVER format.

Appende for external COEs on)yandi for internal COEs only [Default is all COEs].

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.For Cartesian data just g xmin/xmax/ymin/ymaxThis option limits the
COEs to those that fall inside the specified domain.

Defines windw of track speedslif speeds are outside this windave do rot calculate a COE.
Specify

—Sl sets lower speed [Default is O].

—Susets upper speed [Default is Infinity].

—Sh does not limit the speed but sets a lower speedvbetich headings will not be
computed (i.e., set to NaN) [Default calculates headirgmdiess of speed].

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

Give the maximum number of data points on either side of the arerstsouse in the spline inter
polation [3].
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-2 Report the values of each track at the creasf®efault reports the crosser value and the mean
value].

-bo Selects binary outputAppends for single precision [Default id (double)]. Uppercas8 or D
will force byte-svapping. Optionallyappendncol, the number of desired columns in your binary
output file.

REMARKS
The COEs found are printed out to standard output in ASCII format (uritesis set). When ASCII is
chosen, the output format depends on whether or not old-stWEER®utput L) has been selected [See
the x_over man page for more details]. If ASCII, then the first record contains the name of the tag used,
the second records specifies thkaat command line used for this run, and the third record contains the
names of each columrkor each track pajrthere will be a multisegment header record containing tbe tw
file names and their start/stop/dist information (start/stop is absolute time or NaNadiabia while dist
is the total track length), whereas subsequent recoxdstha data for each COE encountered. The fields
written out are x, ytime along track #1 and #2, distance along track #1 and #2, heading along track #1 and
#2, velocity along track #1 and #2, and then pairs of columns for each selectedtbsdivese are either
pairs of (COE, werage value) for each data type (or track-values #1 and #2;23edt is recommended
that the Akima spline is used instead of the natural cubic spline, since it is lesseséngitiliers that tend
to introduce wild oscillations in the interpolation.

SIGN CONVENTION
If track_a and track_b are passed on the command line, then the COE vahleeigthack _a) - ®ue
(track_b).

PRECISION AND FORMAT
The output format of individual columns are controlledby=ORMAT except for geographic coordinates
(OUTPUT_DEGREE_FORMAT) and absolute calendar timeODUTPUT_DATE_FORMAT, OUT-
PUT_CLOCK_FORMAT ). Make wre these are set tovgi you enough significant digits to actéethe
desired precision.

EXAMPLES
To compute all internal crossers in the gmt-formatted file c2104.gmt, and output in the old XOVER for
mat, using the tag GMTry

x2sys_cros€2104.gmt-L -T GMT > c2104.d

To find the crosseer locations with bathymetry between theotWIGD77 files A13232.mgd77 and
A99938.mgd77, using the MGD77 tag, try

X2sys_crosfA13232.mgd77 A99938.mgd Qe -TMGD77 > crosswers.d

REFERENCES
Wessel, P (2010), Tools for analyzing intersecting tracks: the x2sys package. IT(Computers and Geo-
sciences), BD(36), 348-354.
Wessel, P(1989), XOVER: A crossaer error detector for track dat&omputes and Geosciences, (3),
333-346.

SEE ALSO
GMT(1), x2sys_binlisfl), x2sys_inifl), x2sys_dataligtl), x2sys gdfl), x2sys_lisfl), x2sys_ pufl),
X2sys_repoifl), x2sys_solvd), x_ovei(1)
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NAME
x2sys_report — Report statistics from crossalata base

SYNOPSIS
x2sys_eport —Ccolumn-TTAG[ coedbase.tidt[ —A ][ -I[list]] [ —L[corrtablg ][ =Nnx_min] [ —Qeli ]
[ —-Rwesteastsouthinorth[r] ][ —Strack] [ -V ]

DESCRIPTION
x2sys_reportwill read the input crosser ASCII data baseoedbase.txtor stdin) and report on the statis-
tics of crosseers (0, mean, stde rms, weight for each track. Options arevaflable to let you rclude
tracks and limit the output.

-C Specify which data column you want to proce€sosseers related to this column name must be
present in the crosger data base.

-T Specify the x2sy$AGwhich tracks the attributes of this data type.

OPTIONS
No space between the option flag and the associated arguments.

coedbase.txt
The name of the input ASCII cros& error data base as producedX®sys_cross If not given
we read standard input instead.

-A Eliminate COEs by distributing the COE between the thacks in proportion to track weight and
producing (dist, adjustment) spline knots files for each track (for the selesfienr). Such
adjustments may be used x¥sys_datalist The adjustment files are callédck.columnadj and
are placed in th&X2SYS_HOMETAG directory For background information on twthese
adjustments are designed, 84igal [1984].

= Name of ASCII file with a list of track names (one per record) that should be excluded from con-
sideration [Default includes all tracks].

-L Apply optimal corrections to the chosen obsée. Appendhe correction table to use [Refit
uses the correction tableTAG corrections.txt which is expected to reside in the
$X2SYS_HOME/TAGdirectory]. For the format of this file, se€sys_solve

-N Only report data from tracksvalved in at leashx_mincrossers [all tracks].
-Q Appende for external crossers ori for internal crosseers only [Default is external].
-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal

degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.For Cartesian data just g xmin/xmax/ymin/ymaxThis option bases the
statistics on those COE that fall inside the specified domain.

-S Name of a single track. If gén we restrict output to those cros&ms involving this track [Deéult
output is crosseers involving ary track pair].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To report statistics of all the external magnetic creasoassociated with the tag MGD77 from the file
COE_data.txt, restricted to ocgug certain region in the south Pacific, try

x2sys_reportCOE_data.txtV —-T MGD77 —R 180/240/-60/-36-C mag > mag_report.txt
To report on the faa croseas globally that imolves track 12345678, try

x2sys_reportCOE_data.txtV -T MGD77 —-C faa—S 12345678 >faa_report.txt
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REFERENCES
Mittal, P. K. (1984), Algorithm for error adjustment of potential field data along aegumtwork, Geo-
physics, 464), 467-469.

SEE ALSO
x2sys_binlisfl) x2sys_cro9d) x2sys_dataligtl) x2sys_gdtl) x2sys_inifl) x2sys_lisfl) x2sys_putl)
X2sys_solvd)
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NAME
x2sys_sole — Determine systematic corrections from cross®

SYNOPSIS
x2sys_sole -Ccolumn-TTAG-Emode[ COE_listd][ -V ][ -W ][ =Z ] [ —bi[s|S|d|D[ncol||c[varl/..]]

]

DESCRIPTION
x2sys_solvewill use the supplied crosger information to sole for systematic corrections that can then be
applied per track to impve data quality Seveal systematic corrections can be solved for using a least-
squares approach. Note: Only one data column can be processed at the time.

-T Specify the x2syFAGwhich tracks the attributes of this data type.

-C Specify which data column youant to process. Needed for proper formatting of the output cor
rection table and must match the same option usesiys_listwhen preparing the input data.

-E The correction type you wish to model. Choose among thenfioigpfunctionsf(p), wherep are
them parameters per track that we will fit simultaneously using a least squares approach:
cwill fit f(p) = a (a constant offset); records must contain cruise ID1, ID2, COE.
d will fit f(p) =a+ b * d (linear drift; d is distance; records must contain cruise ID1, ID2, d1, d2,
COE.
g will fit f(p) = a + b sin(y)"2 (1980-193@ravity correction); records must contain cruise ID1,
ID2, latitude y COE.
h will fit f(p) = a + b cos(H) +c cos(2H) +d sin(H) + e sin(2H) (magnetic heading correction);
records must contain cruise ID1, ID2, heading H, COE.
swill fit f(p) = a* z (a unit scale correction); records must contain cruise ID1, ID2, z1, z2.
t will fit f(p) = a+ b * (t - t0) (linear drift; t0 is the start time of the track); records must contain
cruise 1D1, ID2, t1-t0, t2-t0, COE.

OPTIONS
No space between the option flag and the associated arguments.
COE_list.d
Name of file with the required cros&m columns as produced y2sys list NOTE: If —bi is
used then the first voolumns are expected to hold the gee track IDs; otherwise wexpect
those columns to hold the text string names of tleettacks.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-wW Means that each input records has xmnaecolumn with the composite weight for each cresso
record. Thesare used to obtain a weighted least squares solution [no weights].

-Z For —Ed and -Et, determine the earliest time or shortest distance for each track, then use these
vaues as the local origin for time duration or distance calculations. The local origin is then
included in the correction table [Default uses 0].

—bi Selects binary inputAppends for single precision [Default id (double)]. Uppercass or D will
force byte-swapping. Optionallyappendncol, the number of columns in your binary input file if
it exceeds the columns needed by the program. Or appiétite input file is netCDFOptionally,
appendvarl/var?/... to specify the variables to be read.

EXAMPLES
To fit a dmple bias offset to faa for all tracks under the MGD77 tag, try

x2sys_listCOE_data.txtV -T MGD77 -C faa—F nc >faa_coe.txt
x2sys_solvdaa_coe.txtV —-T MGD77 —-C faa—E ¢ > e_table.txt

To fit a faa linear drift with time instead, try

x2sys_listCOE_data.txtV -T MGD77 -C faa—F nTc >faa_coe.txt
x2sys_solvdaa_coe.txtV =T MGD77-C faa—E t > coe_table.txt
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To estimate heading corrections based on magnetic aressassociated with the tag MGD77 from the file
COE_data.txt, try

x2sys_listCOE_data.txtV —-T MGD77 -C mag—-F nhc > mag_coe.txt
x2sys_solvenag_coe.txtV -T MGD77-C mag-E h > coe_table.txt

To estimate unit scale corrections based on bathymetry arassary

x2sys_listCOE_data.txtV —T MGD77 —-C depth—-F nz > depth_coe.txt
x2sys_solvalepth_coe.txtV -T MGD77 —-C depth-E s > me_table.txt

SEE ALSO
x2sys_binlisfl), x2sys_crog4), x2sys_dataligil), x2sys_gdtl), x2sys_inifl), x2sys_lisfl), x2sys_putl),
X2sys_repoffl)
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x2sys_get — Get track listing from the x2sys track inditabases

SYNOPSIS

x2sys get -TAG[ -C ][ -D]1[ -E ][ -Fflags] [ -L[listf ] [ -Nflags] [ -Qe€li 1 [
—Rwesteastsouthinorth[r] ][ -V ]]

DESCRIPTION
x2sys_getwill return the names of the track data files in the x2sys data base foAtith@t match the

given requirements. &u may choose a specifiaggien and optionally ask only for tracks that meet certain
data criteria. Finallyyou may select an option to list all possible pairs that might generatevanssso

-T
OPTIONS

Specify the x2syFAGwhich tracks the attributes of this data type.

No space between the option flag and the associated arguments.

-V
EXAMPLES

Instead of reporting the track names, just output the coordinates of the center of each bin that has
at least one track with the specified data.

Only report the track names [Default adds thalability of data for each field].
Append the file extension to all reported tracks [no extension].

Give a omma-separated list of column names (as described in the definition file) that should all be
present within the selected region. [Default selects all data colurAntsack will be included in
the returned list if at least one bin reports that the track has all of the listed columns.

Crosswer mode. Returra list of track pairs that should be chedkfor possible crossers. The
list is determined from the bin-indelata base on the assumption that tracks gdngphe same
bin are very likely to intersect. By default we return all possible pairs in the dataAgsend
the name of a file with a list of tracks if yowamt to limit the output to those pairs thatdlve &
least one of the track names in your list. The output is suitable feiktluption inx2sys_cross

Give a omma-separated list of column names (as described in the definition file) that all must be
absent. Atrack will be excluded from the returned list if at least one bin reports that the track
some all of the listed columns.

Appende for external COEs onjyandi for internal COEs only [Default is all COEs]. This applies
to the crosseer setup only and requiresl..

west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands—-Rg and -Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
copied from the grid.For Cartesian data just g xmin/xmax/ymin/ymaxThis option limits the
tracks to those that fall at least partly inside the specified domain.

Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

To find all the tracks associated with the tag MGD77, restricted to peuwpertain region in the south
Peific, and hae & least free air anomalies and bathymetgy

x2sys_get -V -TMGD77 —R 180/240/-60/-30-F faa,depth

To find all the tracks associated with the tag MGD77 the¢ ldepth but not twt, try

x2sys_get -V -TMGD77 —-F depth—N twt

To find all the pairs associated with the tag MGD77 that might intersect eachbothenly those pairs
which involves tracks in your list melis, try
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x2sys_get -V —TMGD77 -L new.lis > xpairs.lis

NOTE
The tracks that are returned alvbahe requested dataK) within the specified region-R). Furthermore,

the columns of Y and N for other data types also reflect the content of the track portion within the selected
region.

SEE ALSO
x2sys_binlisfl), x2sys crogd), x2sys_dataligil), x2sys_inifl), x2sys lisfl), x2sys pufl),

X2sys_repoifl), x2sys_solvd)
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NAME
x2sys_init — Initialize x2sys data base for track data files

SYNOPSIS
x2sys_init TAG —Ddeffile [ —Cclflgle ] [ —Esuffix] [ -=F ] [ =Gd|g ] [ -ldX/dy] ] [ —Nd]|sunit ] [
—Rwesteastsouthinorth[r] ][ =V ][ -Wt|dgap] [ -m[i|o][flag] ]

DESCRIPTION
x2sys_initis the starting point for aone wishing to use x2sys; it initializes a set of data bases that are par
ticular to one kind of track data. These data, their associated data basesy gachfeters are ¢gn a
short-hand notation called an x2sy&3. The TAG keeps track of settings such as file format, whether the
data are geographic or not, and the binning resolution for track indttemingx2sys_initis a prerequi-
site to running ayof the other x2sys programs, suchx@sys_binlist which will create a crude represen-
tation of where each data track go within the domain and which altieery are eailable; this information
senes as input ta2sys_putwhich updates the track data base. Tix@3ys_gettan be used to find which
tracks and data arealable inside a gien regon. With that list of tracks you can ug@sys_crosdo cal-
culate track cross@rs, usex2sys_reportto report crossger statistics orx2sys_listto pull out selected
cross@er information thatx2sys_solvecan use to determine track-specific systematic correctidhese
corrections may be used witsys_datalistto extract corrected data values for use in subsequent work.

TAG  The unique name of this data type x2sp&T

-C Select procedure for along-track distance calculation when needed by other programs:
¢ Cartesian distances [Default, unless is set].
f Flat Earth distances.
g Great circle distances [Default+G is set].
e Geodesic distances on curr&@MT ellipsoid.

-D Definition file prefix for this data set [See DEFINITION FILES keltor more information].
Specify full path if the file is not in the current directory.

OPTIONS
No space between the option flag and the associated arguments.
-E Specifies the file extension (suffix) for these data files. If mehgie wse the definition file prefix
as the suffix (seeD).
-F Force creating ne files if old ones are present [Default will abort if oldJ files are found].
-G Selects geographical coordinatéppendd for discontinuity at the Dateline (makes longitude go

from -180 to + 180) og for discontinuity at Greenwich (makes longitude go from 0 to 360
[Default]). If not given we sssume the data are Cartesian.

= x_inc[and optionallyy_ind is the grid spacing. Appena to indicate minutes arto indicate sec-
onds for geographic data. These spacings refer to the binning used in the track>bitatade
base.

-m Multiple segment file(s).Segments are separated by a special recéi. ASCII files the first
character must bigag [Default is '>]. For binary files all fields must be NaN anrth must set the
number of output columnsglicitly. By default the—m setting applies to both input and output.
Use-mi and—-mo to give $parate settings to input and output.

-N Sets the units used for distance and speed when requested by other prégnpemsld for dis-
tance ors for speed, then gé the desiredunit asc (Cartesian userdist or userdist/usertime),
(meter or m/s)k (km or km/hr),m (miles or miles/hr), on (nautical miles or knots)[Default is
-Ndk —Nse(km and m/s) if-G is set and-Ndc and—Nscotherwise (Cartesian units)].

-R west, east, soutlandnorth specify the Region of interest, and you may specify them in decimal
degrees or in [+-]dd:mm[:ss.xxx][W|E|S|N] formaBppendr if lower left and upper right map
coordinates are gén instead of w/e/s/n. The twshorthands-Rg and —Rd stand for global
domain (0/360 and -180/+180 in longitude respeltj with -90/+90 in latitude). Alternatély,
specify the name of an existing grid file and ##e settings (and grid spacing, if applicable) are
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copied from the grid.For Cartesian data just g xin/xmax/ymin/ymaxThis sets the complete
domain for the releant track data set.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

-W Givet or d and append the corresponding maximum time gap (in user units; this is typically sec-
onds [Infinity]), or distance (for units, se®&l) gap [Infinity]) alloved between the twdata points
immediately on either side of a crosso If these limits are exceeded then a data gap is assumed
and no COE will be determined.

DEFINITION FILES
These *.def files contain information about the data file format avel tv@ sctions: (1) header informa-
tion and (2) column information. All header information starts with the character # in the first column,
immediately followed by an upper-case direeti If the directve takes an argument it is separated by
white-space. ¥u may append a trailing # commentsveHirectives ae recognized:

ASCII states that the data files are in ASCII format.

BINARY states that the data files are vatiinary files.

NETCDF states that the data files are COARDS-compliant 1-D netCDF files.

SKIP takes an integer argument which is either the number of lines to skip (when reading ASCII files) or
the number of bytes to skip (when readinguealinary files). Not used with netCDF files.

GEO indicates that these files are geographic data sets, with periodicitiesxiedbedinate (longitudes).
Alternatively, use—G.

MULTISEG means each track consists of multiple segments separate@ byl amultisggment header
(alternatvely, use—m when defining the systemATG). Not used with netCDF files.

The column information consists of one line per column in the order the columns appear in the data file.
For each column you must pvie seen dtributes:

name type NaN NaN-proxy scale offset oformat

nameis the name of the columranable. Itis expected that you will use the special natoas(or x if
Cartesian) andat (or y) for the two required coordinate columns, aticthe when optional time data are
present.

typeis aways a for ASCII representations of numbers, whereas for binary files you may choose among
for signed 1-byte character (-127,+128),for unsigned byte (0-255) for signed 2-byte intgers
(-32768,+32767)i, for signed4-byte intgers (-2,147,483,648,+2,147,483,64Apr 4-byte floating points
andd for 8-byte double precision floating pointsor netCDFE simply used as netCDF will automatically
handle type-corersions during reading.

NaNis Y if certain values (e.g, -9999) are to be replaced by NAN, and N otherwise.

NaN-proxyis that special value (e.g., -9999).

scaleis used to multiply the data after reading.

offsetis used to add to the scaled data.

oformatis a C-style format string used to print values from this column.

If you give - & the oformatthen GMT s formatting machinery will be used instead (i[2.,FORMAT,
PLOT_DEGREE_FORMAT , PLOT_DATE_FORMAT, PLOT_CLOCK_FORMAT ). Somefile for-

mats already hee definition files premadeThese include mgd77 (for plain ASCIl MGD77 data files),
mgd77+ (for enhanced MGD77+ netCDF files), gmt (for old mgg supplement binary files), xy (for plain
ASCII x, y tables), xyz (same, with one z-column), geo (for plain ASCII longitude, latitude files), and geoz
(same, with one z-column).

EXAMPLES
If you have a hrge set of track data files you cagarize them using the x2sys tooldere we will outline
the steps.Let us assume that your track data file format consist of 2 header records with text information
followed by ay number of identically formatted data records with 6 columns (lat, lon, time, obs1, obs2,
obs3) and that files are called *.trke\dill call this the "line" format. First, we create the line.def file:
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# Define file for the line format

#ASCII #File is ASCII

#SKIP 2 # Xip 2 header records

#GEO #Data are geographic

#name type NaN NaN-proxy scale offset oformat
lat a N 0 1 0 99.5f

lon a N 0 1 0 94.0.5f
time a N 0 1 0 oy .1f

obsl a N 0 1 0 oy .2f

obs2 a N 0 1 0 oy .2f

obs3 a N 0 1 0 oy .2f

Next we create theAG and the AG directory with the databases for these line track files. Assuming these
contain geographic data and that we wantetepktrack of the data distribution at a 1 x 1 degree resolution,
with distances in km calculated along geodesics and with spesdsrgknots, we may run

x2sys_initLINE -V -G -D line -Rg —Ce —Ndk —NsN -11/1 -E trk

where we hee ®lected LINE to be our x2sys taij¥hen x2sys tools try to read your line data fileg the
will first look in the current directory and second look in theT#& paths.txt for a list of additional direc-
tories to @amine. Thereforegreate such a file (here LINE_paths.txt) and stick the full paths to your data
directories there. All AG-related files (definition files, tag files, and track data bases created) will be
expected to be in the directory pointed to$%2SYS_HOME/TAG (in our casebX2SYS_HOME/LINE).

Note that the argument teD must contain the full path if the *.def file is not in the current directory
x2sys_initwill copy this file to the$X2SYS_HOME/TAGdirectory where all other x2sys tools wikpect

to find it.

Create tbf file(s):
Once the (empty) AG databases ha leen initialized we go through adwstep process to popu-
late them. First we rur2sys_binliston all our track files to create one (or more) mulgjrsent
track bin-inde files (tbf). These contain information on which 1 x 1 degree bins (gro#mer
blocksize; see-l) each track has visited and which observations (in your case obsl, obs2, obs3)
were actually obseed (not all tracks may ke dl three kinds of observationv@&ywhere). er
instance, if your tracks are listed in the file tracks.lis we may run this command:

x2sys_hinlist =V —=TLINE :tracks.lis > tracks.tbf

Update index data base:
Next, the track bin-indefiles are fed tx2sys_putwhich will insert the information into theAG
databases:

x2sys_put =V —TLINE tracks.tbf

Search for data:
You may naw usex2sys_geto find all the tracks within a certain sulgi@n, and optionally limit
the search to those tracks thavéna m@rticular combination of obseables. E.g.to find all the
tracks which has both obs1 and obs3 inside the specified region, run

x2sys_get -V —-TLINE —-R 20/40/-40/-20-F obs1,0bs3 > tracks.tbf

MGD77[+] or GMT:
Definition files already exist for MGD77 files (both standard ASCIl and enhanced netCDF-based
MGD77+ files) and the old *.gmt files manipulated by the mgg supplements; for these data sets
the —C and-N will default to great circle distance calculation in km and speed in m/s. There are
also definition files for plain x,y[,z] and lon,lat[,z] track$o initiate nev track databases to be
used with MGD77 data from NGDC, try
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x2sys_initMGD77 -V -D mgd77-E mgd77-Rd -Gd —Nsn -11/1 -Wt 900 -Wd 5

where we hee chosen a 15 minute (900 sec) or 5 km threshold to indicate a data gap and selected
knots as the speed; the other steps are similar.

Binary files:
Let us pretend that your line files actually are binary files with a 128-byte header structure (to be
skipped) followed by the data records and whenelat, time are double precision numbers while
the three observations are 2-byte integers which must be multiplied b¥i@dlly, the first two
obsenrations may be -32768 which means there is no datkalale. All that is needed is a -
ent line.def file:

# Define file for the binary line format

#BINARY # File is nav binary

#SKIP 128 # Skip 128 bytes

#GEO #Data are geographic

#name type NaN? NaN-proxy scale offset oformat
lon d N 0 1 0 94.0.5f

lat d N 0 1 0 99.5f

time d N 0 1 0 % .1f

obsl h Y -32768 0.1 0 %6.1f

obs2 h Y -32768 0.1 0 %6.1f

obs3 h N 0 01 0 %6.1f

The rest of the steps are identical.

COARDS 1-D netCDF files:
Finally, suppose that your line files actually are netCDF files that conform to tWd&RDO con-
vention, with data columns namdah, lat, time, obs], obs2 and obs3 All that is needed is a dif-
ferent line.def file:

# Define file for the netCDF COARDS line format

#NETCDF #File is nav netCDF

#GEO #Data are geographic

#name type NaN? NaN-proxy scale offset oformat
lon d N 0 1 0 94.0.5f

lat d N 0 1 0 99.5f

time d N 0 1 0 % .1f

obsl1 d N 0 1 0 96.1f

obs2 d N 0 1 0 96.1f

obs3 d N 0 1 0 96.1f

Note we use no scaling or NAN proxies since those issues are usually handled internally in the
netCDF format description.

SEE ALSO
x2sys_binlisfl), x2sys dataligtl), x2sys_gdtl), x2sys_lisfl), x2sys pufl), x2sys_repoifl),
x2sys_solvd)
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NAME

x2sys_put — Update x2sys track data bases
SYNOPSIS

x2sys_put[ info.tbf] -TTAG[ -D][ -F][ -V ]
DESCRIPTION

X2sys_putaccepts a track bin-ingdile created by2sys_binlistand adds this information about the data
tracks to the relent data baseYou may chose to werwrite existing data with e information for older
tracks ¢F) and ezen completely remwe information for certain tracks-D). Thex2sysTAG must match
the tag encoded in thefo.tbffile. To inquire about tracks in the data base , x#sys_get

-T Specify the x2syFAGwhich tracks the attributes of this data type.

OPTIONS
No space between the option flag and the associated arguments.

info.tbf Name of a single track bin file. If notvgh, stdin will be read.

-D Delete all tracks found in the track bin file [Default will try to add them astraek entries].
-F Replace ay existing database information for these tracks with the iméormation in the track
bin file [Default refuses to process tracks already in the database].
-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
EXAMPLES

To ad the information stored in the track bin-irdde latest.tbf to the track data bases associated with the
tag MGD77, and replace yexiting information for these tracks, try

x2sys_putlatest.tbf-F -V -T MGD77

X2SYS DATABASES
The x2sys_pututility adds nev information to the x2sys data bases. These consistsodilés: The first
file contains a listing of all the tracks thavbdeen added to the system; it is nariéds tracks.d and is in
ASCII format. The second file is nam&AG _index.b and is in natie binary format. It contains informa-
tion on which tracks cross each of the bins, and what data sets were observed while crossing tiee bin.
bins are defined by theR and-I options passed t@2sys_initwhen theTAGwas first initiated. Both data
base files are stored in tH¥2SYS_HOME/TAGdirectory Do not attempt to edit these files by hand.

SEE ALSO
x2sys_binlisfl), x2sys_gdl)

GMT 4.5.11 5 Nov 2013 1



X2SYS_MERGE(1) GeneribMapping Dols X2SYS_MERGE(1)

NAME

x2sys_merge — Merge an updated COEs tables
SYNOPSIS

x2sys_merge —Anain_COElist.d-Mnew_COElist.d
DESCRIPTION

x2sys_mergewill read two crosswers data base and output the contents of the main one updated with the
COEs in the second one. The second file should only contain updated COdyrétathe first one.That

is, it MUST NOT contain aly new wo tracks intersections (This point is N@hecled in the code). This
program is useful when, for yrgood reason lig file editing N\ correction or whateer, one had to
recompute only the COEs between the edited files and the rest of the database.

-A Specify the filanain_COElist.dvith the main crosser error data base.
-M Specify the filenew_COElist.dvith the newly computed crosss error data base.
OPTIONS

No space between the option flag and the associated arguments.

EXAMPLES
To update the main COE_data.txt with thewn€€OEs estimations sed in the smaller
COE_fresh.txt, try

x2sys_merge —ACOE_data.txtM COE_fresh.txt > COE_updated.txt

SEE ALSO
x2sys_binlisfl), x2sys_crog4), x2sys_dataligil), x2sys_gdtl), x2sys_inif1), x2sys_lisfl), x2sys_putl),
X2sys_repoffl)
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NAME

x_edit — corvert between binary and ASCII croso correction tables.
SYNOPSIS

x_edit —AlX[namé —O[outnamé
DESCRIPTION

The purpose of_editis to cowvert between ASCII and binary versions of the cressoorrection tables.
-A Name of ASCII correction table [stdin], write binary table to filegiby —O [stdout].

-X Name of binary correction table [stdin], write ASCII table to filegiby —O [stdout].

-0 Name of output correction table [stdout].

EXAMPLES
To oorvert the binary file cross@r_corr.b to ASCII and write to stdout, run

x_edit —Xcrosswer_corr.b > corrections.d

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 1533-346.
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NAME
X_init = Initialization of Cross-Over Data Bases.

SYNOPSIS
X_init —|

DESCRIPTION
The purpose of_init is to create tw key files that will be holding all the cross« information for all the
cruises tested. These files are calledbase.tandxx_legs.band they will contain data for each cross«
and totals for each leg, respeely. x_init will create these terfiles in the current directorgnd write out
the fileheader with a 1 as the next record number in the case of xx. bi&efny previous files with the
same names in the current directory will be erased, so use with caution.

= Must be present form initialization to &kffect.

BEWARE
Both files are binary and & fixed record lengths. The formats of the files are as follows:
xX_base.b:
Record length = 40 bytes.
Rec # 1: fileheader
Rec # 2: pairheader
Next n recs: crosser-structure
Rec # n+3: pairheader etc.

The fileheader is a 40 byte character string where the last 10 bytes contains the record number of
the last record in the file. The pairheader is a 40 byte character string which contains the names of
the two legs in question and the number of COEs generated between theencrosseer-struc-

ture contains all the information for one COE, that is lat, lon, time alangaleies of greity,
magnetics, and bathymetry at the crogargoint, the heading of track #1, and the heading of
track #2. See program listing for more details on formats. The file is sequential intdztaeare
appended at the end of the file.

xx_legs.b:
Record length = 204 bytes.

Each record contains the complete information for eaglhkg has been checked. Thg-&ruc-

ture contains fields Il year of cruise, number of internal/external COEs fowigramagnetics,

and batlgmetry their means and standard deviations, and the best fitting regression lines, i.e., the
dc-shifts and drift-rates computed from the time/error data points. See program listing for com-
plete description of record format.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15333-346.
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NAME
x_list — Extract Cross-Over Information from the Data Base.

SYNOPSIS
x_list [ legl] [ leg2] [ —dataflags] [ —Rwest/east/south/north[ —Xxbase][ -H ][ -1 ][ -V ][ —Ccor-
rfile ] [ —Zignorefile]

DESCRIPTION
x_list will allow the user to extract information from the xx_base.b and xx_legs.b $itestal options can
be passed on the command line in order to specify which parameters to extraeteThe

legl leg2
If two legs ae specified, the crosa«s they havein common are returned. If ongyles ecified,
all the external crossvers involving this leg ae returned, OR only its internal crosges if -1 is
selected. liho legs are gen, all the external (or internal with —1) crosgecs are returnedThis
program is useful if one ants to look at, sagravity COEs versus time from port for a particular
leg, etc.

dataflags

This is a string of ancombination of the following:

| means list both legnames.

t means list time.

X means list longitude.

y means list latitude.

g means list gravity COEs.

m means list magnetics COEs.

b means list bathymetry COEs.

G means list gerage gravity at crossver.

M means list eerage magnetic anomaly at crossin

B means list gerage bathymetry at cross«.

h means list heading of ship at croagmo
The components are written out in the orderythppear indataflags The default output is
—txygmbGMBhI. When internal COEs are desired, the time reported is the elapsed time since the
ship first occupied the crosse point. For eternal COEs the time means time from the start of
the year in seconds.

-R Only return crossagrs inside the specifiedg®n west, east, soutlandnorth. [Default is world].
-X Indicate alternatgx_base.Hile.
-H Issue one header record on output.

= Report on internal COEs [Default is external COESs].

-C Apply cross-wer correction to the data (i.e., reports the crogx-walue after the best-fitting cor
rections hae been applied to both legs). If nmrrfile is given, the dedult correction file is
assumed.

-Z Ignore those legs that appear in idpeorefile

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].

SEE ALSO
GMT(1), x_syster(L)
REFERENCES

Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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NAME
x_over — Find and compute Cross-Over Errors

SYNOPSIS
x_over leg 1[leg 2][ -A][ -C][ -L ][ -V ][ —Wtimegap] [ —Gfact] [ —-Mfact] [ -Tfact] [
—Nnp_int]

DESCRIPTION

X_over is used to inspect ovcruises to see if thyeintersect, and if so report the time, position, discrepan-
cies in graity/magnetics/bathymetnjheading for each track segment, and theragge values of the geo-
physical observables at the crosssiopoint. The names of the legs are passed on the command ling: If the
are identical or only one name is passed, thewer looks for internal crosswers. The optional parame-

ters are:

-A Use an Akima spline to interpolate the geophysical field at the cvespaint.
-C Use a Natural Cubic spline function instead.

-L Use a linear interpolant [Default].

-W Do not compute crossvars if the 2 nearest points are more tkiaregapminutes apart.
-G Scale gravity byact[Default is 0.1 since gmt-files store gravity in g.u.]

-M Scale magnetic anomaly gct[1.0].

-T Scale bathymetry bfact[1.0].

-N Specify hav mary points to use in the interpolation [Default is 6].

-V Selects verbose mode, which will send progress reports to stderr [Default runs "sildRélptt
the number of crossvers for this pair of legs.

BEWARE
The COEs found are printed out to standard output in ASCII format. The first record contaigséimde
and their start yeawhereas subsequent recordséhtae data for each COE encountered. The fields written
out are lat, lon, time along track #1, time along track #2, xitgra<_magnetics, x_bayimetry average
gravity, average magnetics,varage batiimetry heading along track #1, and heading along track #2. Sign
corvention: If lega ad lggb are passed on the command line, then the COE value is Vage- (\&alue
(legb). Itis recommended that the Akima spline is used instead of the natural cubic spline, since it is less
sensitve © outliers that tend to introduce wild oscillations in the interpolation.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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NAME
Xx_remove — Remove QOEs for Selected Cruises from the Data Base

SYNOPSIS
x_remove removefilg —Xxbase] [ —Llegbasg [ -V ]

DESCRIPTION
x_remove will read a list of 'bad’ cruises, read tiSYSTEM data base files, and write outnXSY S-
TEM files that do not include §rCOEs generated by the bad cruises. This is useful if certain cruises turn
out to hae g/stematic errors (e.g., the topogrgplalues were inadvertentlyvgn as ithoms instead of
meters), and we would kkto re-runx_over/x_update after the systematic errorsugateen rectified. The
new file names will consist of the old file names with the suffixv agpended.

-X Indicates alternate xbase file [Defaulkis base.b

-L Indicates alternate legbase file [Defaulkis legs.h

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
SEE ALSO

GMT(1), x_syster(L)
REFERENCES

Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 1533-346.
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NAME

X_report — Report Cross-Over Error Statistics for Cruises
SYNOPSIS

x_report [ leg] [ —Xlegbasd [ -G][-M ][ -T]
DESCRIPTION

X_report reads the x_system data base file and prints out statistics for gadhédestatistics are the num-
ber of, means, and standard deviations of COEs for both the internaltanthbcases. One or more data
types (GMT) may be specified.

leg Report orlegonly. [Default is all legs].
-X Specify alternate tpdata base [Default isx_legs.h

-G Give information for Gravity crosswers only [Default is G, M, and T].
-M Give information for Magnetics crossis only [Default is G, M, and T].
-T Give information for Topographcross-aers only [Default is G, M, and T].
SEE ALSO
GMT(1), x_syster(L)
REFERENCES

Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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NAME

x_setup— Determine Pairs of Legs that need Cross-Over Checking
SYNOPSIS

x_setup[ —Llegfile] [ —-Rwest/east/south/north
DESCRIPTION

X_setupscans thgmtindex.tfile that contains information on which legs ocggach 1 by 1 degree bin
and reports all the pairs of legs that masgrilap. Each pair is only reported oncegr if the two legs
involved are found in other bins also.

-L Only report pairs where at least one of the legs are presentlagfihe
-R The region of interest. [Default is world]
BEWARE

The-L option is useful when one wants to check out a handfulwfcngises. Obviously we only need to
compute COEs for the pairs thavalve ane or tw of the nev cruises, since all the other combinations
have dready been done.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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NAME
x_solve_dc_drift— Find Best-fitting D.C.-shift and Drift Estimates

SYNOPSIS
x_solve_dc_drift [ —Xxbase] [ -Llbase] [ -lignorefile] [ =S ] [ —Citeration ] [ —Mmin_nx] [
—Rwest/east/south/norfi{ —Uuselegsfilg [ =V ][ —Bbinfile] [ ~AASCIIfile]

DESCRIPTION
x_solve_dc_driftwill read the database files and, by iterating, find the best-fitting regression line to the
<time,COE> points for eachdethat minimizes the \erall standard dgation of the data set in a least
squares sense. Finalbprrection file(s) are created.

-X Indicate an alternate database to read. [Defauk ibase.h
-L Indicate an alternate legbase to read. [Defauixisegs.h

= Ignore information for certain legs (that might be bad, etc).

-S Reset the old d.c.-shift and drift estimates to zero before iterating.

-C Specify hav mary iterations to do. Default is interagdi ssion.

-M Solwe for drift only if the lg has more thamin_nxcross-oers.

-R Only tale COEs inside this region into account. [Default is world].

-U Solwe for corrections imolving COEs from legs in theselegsfilenly.

-B Create a binary correction file (which can be read_Bigt andgmtlist).

-A Create an ASCII correction table. At least one-Afand-B must be specified.

-V Selects verbose mode, which will send progress reports to stderr [Default runs "silently"].
BEWARE

The reason for theM option is that if the COEs arewgthen a stable estimate of the slope may not be
obtained (e.g., when most of the COEs occur midway between portggvépin most cases the bulk of
the COEs do occur near the ports so that a drift estimate can be compateentional wisdom recom-
mends plotting the time-series and the computed regression line to see if it makes sense.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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NAME
X_system— A Cross-Over Error Analysis Tool

INTRODUCTION

The x_systemwas devdoped to aid in the task of gridding geophysical track data, e.gitygra
magnetics, or baymetry, It has long been recognized that although the data quality along track may be
quite good, one usually finds discrepancies at the points wheiteatvks intersect. These crossoerrors
(COE) can be large enough to cause artificial features in the final gridded dataset, eutithender geo-
logical interpretations of such a map questionable. Also, notoriously bad cruises will generate high COEs
along their tracks, and should ideally be reetbfrom the data base before gridding is attempted. The rea-
sons wly COEs arise are mgrand will not be dealt with here. Although originally intended to be used for
marine gravity data onlx_systemhas been designed to handle magnetics and bathymetry as well. (For an
overview of gravity COEs, see Wessel and Watts [1988]). In most cases, marivity gJL&Es can be
explained by a simple model having only 2 parameters. These are a d.c.-shift and a drift-rate that apply for
the duration of the cruise. The goal of the COE analysis is thus to determine the dc-shifts and drift-rates for
each lg that will minimize the COEs in a least squares sense, and at the same time flag cruigbibthat e
unreasonably high COEsvemn dter correction for d.c.-shift/drift). Furthermore, we can also assign a 'qual-
ity index’ for each cruise by looking at the standardiateon of the COEs. The d.c.-shift/drift rate model
may not be as meaningful for magnetics and bathymetry as it is fatygidoweve, looking for high
COEs is still one of the best ways of identifying systematic errors in the magnetic/bathymetric data sets.

x_system PHILOSOPHY

Since the d.c.-shift/drift corrections for avgi cruise depend entirely on theslues of the COEs
generated at intersections with other cruises, there is no such thing as a 'final correction’ as lorepps we k
on adding data to the data base. This means that the system must be able to incowdedteamsl com-
pute a ner set of d.c.-shifts/drift-rates that tek the n&w COEs into account_systemis made modular so
that one program computes the actual COEs, one programesrtte COE information, and the remain-
ing programs do various tasksdikeporting statistics (to flag bad cruisesdtracting a subset of the COE
database, and solving for the best fitting d.c.-shift/drift corrections. Tayonly the ne@ COEs generated
need to be computed and added to the database befavecarrection solution is sought.

All the 8 programs that makup he x_systempackage hae keen written in the C programming
language and are intended to be run on a UNIX machine. Thus, it is assumed that the user has access to
UNIX tools like awk, gep, and sort, and that the operating system pides a means for redirecting
input/output. Lilewise, it is assumed that all the gegpical data are stored in the GMT-format as outlined
in the GMT MGG supplements man pages, and that the 1 bygfledebin information files (gmtingd
and gmtlegs.b) h& been created and are being maintained by the database librarian.

HOWTODOIT

To illustrate hav one would set things up, we will go through the necessary steps and point out
usage, useful tricks, and pitfalls. (A more complete description of what exactly each program does can be
found in the man pages for each programje will assume that we initially h&@ N cuises in our GMT
data bank, and that we justveaeceved thex_systempackage. The first thing to do is to mninit which
will create an empty data base system. This will normally be done only @ite N cruises on our hands
we will in the worst case kia b compare the N*(N+1)/2 possible pairs. This is whersetupcomes in
handy It will read the 1 by 1 dgee bin information files and print out a list of pairs that need to be
checled. The tw cruises that makup a @ir will at least once occypghe same 1 by 1 degree bin, and may
thus intersect. Those combinations which do neehany lins in common obviously donhaveto be
checked. Les all this list of pairs xpairs.lis.

X_over is the main program in the package as it is responsible for locating and computing the
COEs fer details on algorithm, see Wessel [1989]. It takes dwise names as arguments and writes out
all the COEs generated between them (f)aBince xpairs.lis may contain quite avfpairs, the most &t
cient way of runningk_over is to create anxecutable command (batch) file that startover for each
pair. Using awk to do this, we would say:

pratt% awk { printf "x_over -<options> %s %s\n", $1, $2}' xpairs.lis > xjob
pratt% chmod +x xjob (makit executable)
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pratt% xjob > xjob.d &

and relax while xjob is crunching the numbers. This is the time-consuming part of the COE analysis, and
on a SUN-3 computer with Floating Point Accelerator installed werage about 10,000 pairs of
cruises/daylt may pay of to split a huge xjob file into smaller parts, and call the output files.ajgb
xjob.d2 etc. Most of the run-time is taken up by reading the GMT files; when in memory the actual compu-
tations are remarkably fast. The output file xjob.d wilvrfmveall the COE information in ASCII form.
For each pair of lgs there will be a header record stating the names of the cruises and their starting years.
The following records up to the xteheader record (or End-Of-File) will contain lat, lon, time, value, etc.
for each COE found. This is a temporary file, but it is wise to back it up to tape just in case.

When thex_over part is done, time has come to avehhe data more efficiently than ASCII files.
This is done by _update which rearranges the data and updates the binary data base system. After this
step the xjob.d files can be deleted (presuming tiaeebeen backed up to tapet this stage we he
several options ®ailable. W& can list some of the COEs by runnirglist, which will extract COEs that
match the options we pass, e.g., we might ask for all the internal COEs for cruise c2104, and only print out
time and gravity COE. See the man pages for more detaitsport can be run, and will output statistics
for separate cruises, i.e., mean and standandtden of the COEs for different data sets (agmagnet-
ics/battymetry). To solve for the best fitting corrections we would rsolve_dc_drift This program will
solve for the d.c.-shift/drift-rates for all cruises, update that information in the data base system, and create
correction tables (ASCIl and/or binary).eWave nonv completed the COE analysis for our initial GMT
data bank.

At some later time, hwever, we will get a nev batch of cruises. @will then follow the the same
recipe and go back and runsetup but this time we will use theL option so that only the pairsviolving
new cruises are returned. Then we would run the remaining programs exactly as descnked abo

SEE ALSO
GMT(1),

AUTHOR
Paul Wessel, Dept. of Geology and Geophysics, SQBRS&iiversity of Hawaii at Manoa. Wessel, P
XOVER: A Cross-wer Error Detector for Track Dat&omputes & Geosciences, 1333-346.

Wessel, Pand A. B. Watts, On the Accuramf Marine Gravity Measurementd, Ceophys. Res., 93
393-413, 1988.
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NAME

X_update - Archiving of Cross-Over Information
SYNOPSIS

X_updatecross-overfilg —Xxbase] [ —Llegbasd [ -V ][ ~“Wmax]
DESCRIPTION

X_update reads the ASCII file produced by over and writes the information to the database files
xx_base.landxx_legs.qunless other filenames are specified on the command line) using a compact, binary
format. The options recognized are:

-X Indicate alternatgx_base.Hile.
-L Indicate alternat&x_legs.Hile.
-V Selects verbose mode, which will send progress reports to stderr [Default runs "sildReiptfts

the pair currently being processed.
-W Prints a warning if the number of COEs generated lpypair of legs exceethax

BEWARE
For security reasons thex_legs.bare first renamed tgx_legs.b_oldto prevent loss of information if a
black-out or system crash should occur during writing of thexe legs.Hile. It is recommended that the
old file is left on the disk in case of other disasters. Notexthapdate does not check if a pair ofde
already exist in thex_base.Hile. It is the uses responsibility to ensure that duplication of information
does not occurshould some pairs already in the database need to be re-examined, themernave
which will wipe out all traces of the specified cruises from the x_system data base fileweNan pass
the pairs that need to be redone throxgbver/x_update again.

SEE ALSO
GMT(1), x_syster(L)

REFERENCES
Wessel, PXOVER: A Cross-wer Error Detector for Track Dat&;omputes & Geosciences, 15833-346.
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