GMT TECHNICAL REFERENCE & COOKBOOKiTABLE OF CONTENTSTable of Contents. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .iAcknowledgments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ivA Reminder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .vCaveat Emptor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .vi1. Prefaces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11.1 Preface to version 3.0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11.2. Preface to version 2.1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41.3. Preface to version 2.0. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53. GMT overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .94. General features. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104.1GMT defaults. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104.2 Command line arguments. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104.3 Standardized command line options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104.4 Command line history. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .114.5 Usage messages and error messages. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .114.6 Standard input or file, header record. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .114.7 Verbose operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124.8 Output. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124.9PostScript features. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124.10Landscape and Portrait orientation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .124.11Overlay and Continue modes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .134.12Specifying pen attributes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134.13Specifying fill attributes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .134.14Creating color palette tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .144.15Character escape sequences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .154.16Embedded grdfile format specifications. . . . . . . . . . . . . . . . . . . . . . . . . . . .16

GMT TECHNICAL REFERENCE & COOKBOOKii5. GMT projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .175.1Non-map Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175.1.1Linear Projection with Cartesian Coordinates. . . . . . . . . . . . . . . . . . 175.1.2Linear Projection with Polar (q,r) Coordinates. . . . . . . . . . . . . . . . 205.2Conic Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215.2.1Albers Conic Equal-Area Projection. . . . . . . . . . . . . . . . . . . . . . . . . 215.2.2Lambert Conic Conformal Projection . . . . . . . . . . . . . . . . . . . . . . . . 225.3Azimuthal Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235.3.1Lambert Azimuthal Equal-Area Projection. . . . . . . . . . . . . . . . . . . . 235.3.2Stereographic Conformal Projection . . . . . . . . . . . . . . . . . . . . . . . . 255.3.3Orthographic Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275.3.4Azimuthal Equidistant Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . 285.4Cylindrical Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295.4.1Mercator Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295.4.2Transverse and Universal Transverse Mercator Projections. . . . . . . 305.4.3Oblique Mercator Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315.4.4Cassini Cylindrical Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325.4.5Equidistant Cylindrical Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . 335.4.6General Cylindrical Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335.5Miscellaneous Projections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345.5.1Hammer Equal-Area Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . 355.5.2Mollweide Equal-Area Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . 355.5.3Winkel Tripel Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365.5.4Robinson Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375.5.5Eckert VI Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375.5.6Sinusoidal Projection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .386. Cook-book. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .406.1The making of contour maps. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406.2Image presentations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406.3Spectral estimation and xy-plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 426.4A 3-D perspective mesh plot. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436.5A 3-D illuminated surface in black and white . . . . . . . . . . . . . . . . . . . . . . . .446.6Plotting of histograms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456.7A simple location map. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456.8A 3-D histogram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466.9Plotting time-series along track. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466.10A geographical bar graph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476.11Making a 3-D RGB color cube . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 476.12Optimal triangulation of data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506.13Plotting of vector fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516.14Gridding of data and trend surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517. Mailing lists, updates, and bug reports. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .53Appendix A: GMT supplemental programs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54

GMT TECHNICAL REFERENCE & COOKBOOKiiiAppendix B: GMT file formats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54Appendix C: How to make GMT Encapsulated PostScript Files. . . . . . . . . . . . . . . . . .58Appendix D: Availability of GMT and related code. . . . . . . . . . . . . . . . . . . . . . . . . . . .59Appendix E: Predefined bit-and-hachure patterns in GMT . . . . . . . . . . . . . . . . . . . . . . .60Appendix F: Chart of Octal Code for Characters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61Appendix G: PostScript fonts used by GMT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .62Appendix H: Hints and known bugs concerning display of GMT PostScript . . . . . . . .63Appendix I: Color Space — The final frontier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66Appendix J: Filtering of data in GMT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .69Appendix K: The making of the GMT High-Resolution Coastline Database . . . . . . . .70

GMT TECHNICAL REFERENCE & COOKBOOKivACKNOWLEDGMENTSThe Generic Mapping Tools (GMT) could not have been designed without thegenerous support of several people. We gratefully acknowledge A. B. Watts and W. F.Haxby for supporting our efforts on the original version 1.0 while we were their graduatestudents at Lamont—Doherty Earth Observatory. Doug Shearer and Roger Davis patientlyanswered many of our questions over e-mail. The subroutine gaussj was written andsupplied by Bill Menke, L-DEO. Further development of versions 2.0 and 2.1 at SOESTwould not have been possible without the support from the Hawaii Institute of Geophysicsand School of Ocean and Earth Science and Technology (University of Hawaii) Post-Doctoral Fellowship program to Paul Wessel. Walter H. F. Smith gratefullyacknowledges the generous support of the C. H. and I. M. Green Foundation for EarthSciences at the Institute of Geophysics and Planetary Physics, Scripps Institution ofOceanography, University of California at San Diego. The high-resolution coastlinedatabase in version 3 owes its existence to grant EAR-93-02272 from the National ScienceFoundation, which we gratefully acknowledge.We would like to acknowledge the feedback we have received from many of theusers of earlier versions. Many of these suggestions have been implemented, and the bugreports have been very useful in providing more robust programs. Specifically, we wouldlike to thank William Weibel, Ameet Raval, Manfred Brands, Angel Li, Andrew Macrae,John Lillibridge, Richard Signell, and many others for advice on how to make GMTportable to DEC, SGI, HP, DEC Alpha, and NEXT workstations. John Lillibridge alsoprovided example 11.Honolulu, HI and Silver Spring, MD August 1995Dr. Paul WesselAssociate ProfessorDepartment of Geology and GeophysicsSchool of Ocean and Earth Science and TechnologyUniversity of Hawaii at ManoaDr. Walter H. F. SmithGeophysicistGeosciences LaboratoryOffice of Ocean and Earth SciencesNational Ocean ServiceNational Oceanic and Atmospheric Administration

GMT TECHNICAL REFERENCE & COOKBOOKvA RE M I N D E R If you feel it is appropriate, you may consider paying us back by citing our EOSarticles on GMT (and perhaps also our Geophysics article on the GMT program surface)when you publish papers containing results or illustrations obtained using GMT. The EOSarticles on GMT areWessel, P., and W. H. F. Smith, New version of the Generic Mapping Tools released,EOS Trans. Amer. Geophys. U., vol. 76, pp. 329, 1995.Wessel, P., and W. H. F. Smith, New version of the Generic Mapping Tools released,EOS Trans. Amer. Geophys. U. electronic supplement, http://www.agu.org/eos_elec95154e.html, 1995.Wessel, P., and W. H. F. Smith, Free software helps map and display data, EOS Trans.Amer. Geophys. U., vol. 72, pp. 441, 445-446, 1991.The article in Geophysics on surface isSmith, W. H. F., and P. Wessel, Gridding with continuous curvature splines in tension,Geophysics, vol. 55, pp. 293-305, 1990.A few GMT users take the time to write us letters, telling us of the difference GMT ismaking in their work. We appreciate receiving these letters. On days when we wonderwhy we ever released GMT we pull these letters out and read them. Seriously, as financialsupport for GMT depends on how well we can "sell" the idea to funding agencies and oursuperiors, letter-writing is one area where GMT users can affect such decisions bysupporting the GMT project.

GMT TECHNICAL REFERENCE & COOKBOOKviCAVEAT EMPTOR!Copyright ' 1991—1995 by Paul Wessel and Walter H. F. SmithAll Rights Reserved.Permission is granted to make and distribute verbatim copies of this manual provided thatthe copyright notice and these paragraphs are preserved on all copies.The Generic Mapping Tools (GMT) does not come with any warranties, nor is itguaranteed to work on your computer. The user assumes full responsibility for the use ofthis system. In particular, the School of Ocean and Earth Science and Technology, theNational Oceanic and Atmospheric Administration, the National Science Foundation, PaulWessel, Walter H. F. Smith, or any other individuals involved in the design andmaintenance of GMT are NOT responsible for any damage that may follow from correct or incorrect use of these programs.