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CHAPTER
ONE

ABOUT

PROJ is a generic coordinate transformation software that transforms geospatial coordinates from one coordinate ref-
erence system (CRS) to another. This includes cartographic projections as well as geodetic transformations. PROJ is
released under the X/MIT open source license

PROJ includes command line applications for easy conversion of coordinates from text files or directly from user input.
In addition to the command line utilities PROJ also exposes an application programming interface, or API in short.
The API lets developers use the functionality of PROJ in their own software without having to implement similar
functionality themselves.

PROJ started purely as a cartography application letting users convert geodetic coordinates into projected coordinates
using a number of different cartographic projections. Over the years, as the need has become apparent, support for
datum shifts has slowly worked its way into PROJ as well. Today PROJ supports more than a hundred different map
projections and can transform coordinates between datums using all but the most obscure geodetic techniques.

& 0sGeo

Project

1.1 Citation

To cite PROJ in publications use:

PROJ contributors (2023). PROIJ coordinate transformation software library. Open Source Geospatial
Foundation. URL https://proj.org/. DOI: 10.5281/zenodo.5884394

A BibTeX entry for LaTeX users is

@Manual{,
title = {{PROJ} coordinate transformation software library},
author = {{PROJ contributors}},
organization = {Open Source Geospatial Foundation},
year = {2023},
url = {https://proj.org/},
doi = {10.5281/zenodo.5884394},
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PROJ coordinate transformation software library, Release 9.2.1

1.2 License

PROJ uses the MIT license. The software was initially released by the USGS in the public domain. When Frank
Warmerdam took over the development of PROJ it was moved under the MIT license. The full text of the license
follows, and can also be found in the file COPYING, at the top level of the source distribution package.

All source, data files and other contents of the PROJ package are

available under the following terms. Note that the PROJ 4.3 and earlier

was "public domain" as is common with US government work, but apparently

this is not a well defined legal term in many countries. Frank Warmerdam placed
everything under the following MIT style license because he believed it is
effectively the same as public domain, allowing anyone to use the code as

they wish, including making proprietary derivatives.

Initial PROJ 4.3 public domain code was put as Frank Warmerdam as copyright
holder, but he didn't mean to imply he did the work. Essentially all work was
done by Gerald Evenden.

Copyright information can be found in source files.

Permission is hereby granted, free of charge, to any person obtaining a
copy of this software and associated documentation files (the "Software"),
to deal in the Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute, sublicense,
and/or sell copies of the Software, and to permit persons to whom the
Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS

OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING
FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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NEWS

2.1 9.2.1 Release Notes

June 1st 2023

2.1.1 Database updates

¢ Add alias for old ESRI datum/CRS names of EPSG:8353 S_JTSK_JTSKO03_Krovak_East North (#3678)
» Pseudo Mercator now supported with [AU CRS's (#3645)
¢ Updated to EPSG 10.088 (#3731)

2.1.2 Bug fixes

* Fixed build errors with Cygwin (#3642)

* PROJ string CRS parser: make sure that PROJ arguments of the rotated string are kept in the WKT representation
(#3656)

* Fix slowness on proj_trans() when doing WGS 84 <--> NADS83 conversions (#3661)

e vgridshift/gridshift: accept hydroid_height as valid band description (#3675)

* WKT/PROJJSON: import/export accuracy of ConcatenatedOperation (#3676)

» Coordinate operation factory: count identified concatenated operations as a single step (#3677)

* EngineeringCRS: make “proj_create_engineering_crs()” set a datum name and relax
isEquivalentTo() comparisons (#3685)

* PROJJSON: fix import/export of integer parameter value, and deal with interpolation CRS parameters in con-
versions (#3695)

* CMake: avoid imbalanced cmake_policy push/pop if TIFF or CURL dependency cannot be found (#3697)

e proj_create_crs_to_crs(): restore transformation selection behaviour of PROJ 9.1 when grids are missing
(#3707)

* ESRI WKT: improve roundtrip of name and definition for UPS WGS84 CRS (#3720)

* CRS instanciation from PROJ .4 string: set 'Unknown based on XXXX ellipsoid' datum name when instanciating
from known +a, +rf (#3727)

* cs2cs/ proj_create_crs_to_crs(): fix regression with geocentric CRS (#3729)
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e proj_trans(): set PROJ_ERR_COORD_TRANSFM_NO_OPERATION error when failing in ONLY_BEST=YES mode
(#3730)

e tinshift: raise maximum size of JSON file to 100 MB (#3736)

2.2 9.2.0 Release Notes

March 1st 2023

2.2.1 Updates

* Database
— EPSG updated to EPSG 10.082 (#3609)
— ESRI objects updated to v3.1.0 (#3575)
— Added Slovenian geoid model SLO-VRP2016/Koper (#3610)
* Projections
— Added generic Space Oblique Mercator (#3338)
— Inverse eck4: Add checks for projection domain (#3625)
* Transformations
— Added support for NADCONS grids and transformation method (#3510)
— Added option ONLY_BEST=YES (#3535)

When enabled only use the best possible transformation between two CRS's can be instantiated. If the best
possible transfomations can't be instantiated it will fail instead of opting for the next best transformation.

With ONLY_BEST=YES a transformation will fail if a needed grid is unavailable.
The option can be toggled in proj.ini and with --only-best in cs2cs.
— Implement 'Similarity transformation' (EPSG:9621) and import related tranformations from EPSG (#3578)
— Optimise transformations between GDA94, GDA2020 and WGS84 (#3621)
* Performance improvements
— Pass PJ_COORD by reference for fwd4d () and inv4d () callbacks (#3503)
— Improved of inverse meridian length calculations (#3516)
— Avoid very poor performance on a geographic CRS whose datum name is the alias of an official one (#3624)
* Well-Known Text improvements

— Support WKT:2019 COORDINATEMETADATA[] construct (#2711)

implement alterCSLinearUnit () for CompoundCRS (#3325)

Implement alterCSLinearUnit () for BoundCRS (#3327)

Added PJ_TYPE_DERIVED_PROJECTED_CRS (#3488)
Added support for ISO19111 CoordinateMetadata class (#3562)
Update WKT import to support WKT2 corrigendum (#3573)
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— WKT import: Make axis direction and range meaning enumeration case insensitive as mandated by spec
(#3577)

— Implement AffineCS and handle it in WKT (#3579)
— WKT1 parser: Support inf as inverse flattening value (#3626)
* PROJISON

Version number changed to 0.6

Added an additional optional source_crs property in abridged_transformation (#3454)
Added support for ISO19111 CoordinateMetadata class (#3562)

— Implement AffineCS and handle it in PROJJISON (#3579)
» C/C++ API

— CAPI: add proj_get_domain_count (), proj_get_area_of_use_ex() and proj_get_scope_ex()
(#3588)

— Added explicit NaN handling to proj_trans() and gie (#3603)
DEPRECATIONS
The following functions have been deprecated and will be removed in a future version.
— C API function proj_rtodms (). Use proj_rtodms2 () instead (#3431)

— C experimental API function proj_create_conversion_tunisia_mapping_grid(). Use
proj_create_conversion_tunisia_mining_grid() instead (#3559)

— C++ API function createTunisiaMapingGrid(). Use createTunisiaMiningGrid() instead (#3559)
e CMake

— Added uninstall target (#3362)

— Adopted use of TIFF:TIFF and CURL: :1ibcurl targets (#3374)
* Security improvements

— Replaced uses of sprintf() with the safer snprintf() (#3421, #3431)

* Various other improvements

Implemented platform independent mutex for better results on lesser used platforms (#3425)

Improved name and remarks in descriptions of some vertical transformations (#3334)

Implemented stricter matching by name to avoid false positives (#3487)

Improved numerical accuracy of the meridian length calculations and its inverse (#3516)

Added PROJ_IGNORE_CELESTIAL_BODY=YES environment variable that allows better matching of non-
earth shaped ellipsoids to other celestial bodies (#3569)
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2.2.2 Bug fixes

2.3

rtodms (): fix potential buffer overflow not dealt with (#3441)

NetworkFile: :open(): fix memory leak in unlikely error code path (#3443)

When importing LOCAL_CS["foo"], generates a non-empty name for the datum (#3491)

Avoid unit mix-up in CRS: :alterCSLinearUnit () for DerivedProjectedCRS (#3499)

WKT to PROJ conversions: Map Lambert Azimuthal Equal Area (Spherical)' to +proj=laea +R_A (#3526)
ProjectedCRS::identify(): Relax trust in id/authority in definition to identify (#3532)

Fix instantion of http://www.opengis.net/def/crs/TAU/2015/xxx URNs (#3569)

Fix proj_normalize_for_visualization() on a transformation with FORCE_OVERb=YES (#3570)

createBoundCRSToWGS84IfPossible(): Do not report +towgs84 for a CRS with multiple extents, such as
EPSG:6316 (#3587)

pj_get_suggested_operation(): handle longitudes outside of [-180,180] for coordinate operation selection
(#3595)

WKTT1 parser: only emit warning when encountering invalid UNKNOWN WKT]1 axis direction (#3618)

projinfo: fix long option name --source-crs (#3601)

9.1.1 Release Notes

December st 2022

2.3.1 Updates

Database: register at_bev_AT_GIS_GRID_2021_09_28 grid (#3442)

2.3.2 Bug fixes

Implement alterGeodeticCRS and stripVerticalComponent for DerivedProjected (#3482)
Various improvements to handling of DerivedProjectedCRS (#3482, #3477 , #3342 , #3319, #3317)
Add missing <cstdint> includes (#3459)

cs2cs: better validate value of -W option (#3453)

DatabaseContext: :1lookForGridInfo(): fix caching of filenames and set correct URLs (#3448)

Database: register in grid_alternatives grids from PROJ-data that have no corresponding transformation
record (#3446)

cass projection: fix forward computation of easting (#3433)

Implement Geographic/Vertical Offset conversions (#3413)

vandg projection: handle +over to extend the validity domain outside of | long|>180deg (#3427)
eqdc projection: avoid floating point division by zero in non-nominal case (#3415)

createOperations(): fix issues when transforming between Geog3D and DerivedGeog3D CRS with
Geographic3D offsets method (#3411)

Chapter 2. News


https://github.com/OSGeo/PROJ/issues/3441
https://github.com/OSGeo/PROJ/issues/3443
https://github.com/OSGeo/PROJ/issues/3491
https://github.com/OSGeo/PROJ/issues/3499
https://github.com/OSGeo/PROJ/issues/3526
https://github.com/OSGeo/PROJ/issues/3532
http://www.opengis.net/def/crs/IAU/2015/xxx
https://github.com/OSGeo/PROJ/issues/3569
https://github.com/OSGeo/PROJ/issues/3570
https://github.com/OSGeo/PROJ/issues/3587
https://github.com/OSGeo/PROJ/issues/3595
https://github.com/OSGeo/PROJ/issues/3618
https://github.com/OSGeo/PROJ/issues/3601
https://github.com/OSGeo/PROJ/issues/3442
https://github.com/OSGeo/PROJ/issues/3482
https://github.com/OSGeo/PROJ/issues/3482
https://github.com/OSGeo/PROJ/issues/3477
https://github.com/OSGeo/PROJ/issues/3342
https://github.com/OSGeo/PROJ/issues/3319
https://github.com/OSGeo/PROJ/issues/3317
https://github.com/OSGeo/PROJ/issues/3459
https://github.com/OSGeo/PROJ/issues/3453
https://github.com/OSGeo/PROJ/issues/3448
https://github.com/OSGeo/PROJ/issues/3446
https://github.com/OSGeo/PROJ/issues/3433
https://github.com/OSGeo/PROJ/issues/3413
https://github.com/OSGeo/PROJ/issues/3427
https://github.com/OSGeo/PROJ/issues/3415
https://github.com/OSGeo/PROJ/issues/3411

PROJ coordinate transformation software library, Release 9.2.1

e VerticalCRS::_isEquivalentTo(): do not consider VerticalCRS and DerivedVerticalCRS as equiva-
lent (#3408)

¢ cct and cs2cs: Avoid problems when encountering UTF-8 BOM * characters at
beginning of input files (#3395)

* createFromUserInput(): Improved lookup when approximate name is provided (#3371)
* projinfo / cs2cs : auto promotion to 3D of CRS specified by name (#3367)

* findsOpsInRegistryWithIntermediate(): make it work when source/target geodetic CRS has no known
id (#3365)

e createOperations(): emulate PROJ < 6 behavior when doing geocentric <--> geographic transformation
between datum with unknown transformation (#3361)

* Fix issue when transforming from/into a WKT2 Bound VerticalCRS with a 'Geographic3D to GravityRelated-
Height' method (#3355)

e proj_normalize_for_visualization(): take into account FORCE_OVER property from source operation
(#3350)

» Link geodtest against libm when available (#3341)

2.4 9.1.0 Release Notes
September 1st 2022

2.4.1 Updates

* Database:
— Database: update to EPSG v10.074 (#3273)
Update ESRI objects to version 3.0.0 (#3257)

Generate null transformation between geodetic/vertical datum ensemble and its members (#3266)

Add fk delete cascade to database tables for improved customizability of the database (#3237)

Add Svalbard geoid grid no_kv_arcgp-2006-sk to grid alternatives (#3292)

Added French grid fr_ign_RAF20 to grid alternatives (#3228)

* WKT & PROJJSON:
— WKT?2 parser: allow unit-less PARAMETER for coordinate operations (#3271)
— WKT and PROJJSON adjustments (#3234)
— Bump PROJJSON to v0.5 (#3216)

— Change order of horizontal and vertical operations when dealing with WKT1 / PROJ4 compound CRS
#3127)

* Coordinate Operations:
— Implement Vertical Offset and slope transformation method (#3200)
— Add Interrupted Mollweide (land and ocean view) projections (#3139)
— Add invertible Horner polynomials (#3133)
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* Optimizations:
— NTv2 and GTX grid readers: add a cache of lines to speed-up (#3241)
— IComparable::isEquivalentTo() optimizations (#3233)

* Various Updates:

createOperations() / proj_trans(): better take into account area of interest name / do not only keep
first returned coordinate operation (#3282)

— createOperations(): take into account axis unit and inversion of target DerivedProjectedCRS (#3281)
— Allow a Compound CRS with derived projected (#3283)

— Make "Vertical Offset and Slope" method usable as a deriving conversion of a Derived Vertical CRS (#3270)
— PROI pipeline generator: recognize opposite Helmert transformations using a different convention (#3265)
— createOperations(): prefer simpler pipelines / affects WGS 84 to GDA94/GDA2020 (#3248)

— Make it possible to determine which grid files were actually used during a transformation (#3180)

— Transformation: no longer do vertical trasnformation when doing compound CRS to 2D CRS / add --3d to
cs2cs (#3119)

— Deprecate PROJ4 CMake name (#3094)
— Use GNUInstallDirs for CMake install locations (#3100)
— Introduce PROJ_DATA" environment variable to deprecate PROJ_LIB (#3253)

2.4.2 Bug fixes

e projinfo: fix crash on --list-crs when proj.db cannot be opened (#3290)
* getCRSInfolist(): fix retrieval of projected_crs given by text_definition only (#3289)

e WKT parser: fix issue when parsing some WKT1 with Hotine_Oblique_Mercator_Azimuth_Center and ignoring
rectified_grid_angle (#3280)

¢ WKTI import: better deal when the angular unit of the GEOGCS[] of the PROJCS[] doesn't match the one from
the database (#3274)

* createOperations(): avoid potential infinite recursions (#3264)

* WKT ESRI: fix related to projected CRS export and add support for geographic 3D CRS with LINUNIT node
(#3256)

e proj_grid_info(): make it work again with remote grids (#3239)

* createOperations(): fix projected CRS with non-metre horiz&vertical unit and towgs84 to gencentric CRS
(#3231)

e createOperations(): fix infinite recursion in a complex case (#3226)
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2.5

9.0.1 Release Notes

June 15th 2022

2.5.1 Database updates

Update to EPSG 10.064 (#3208)
Add OGC:CRS84h (WGS 84 longitude-latitude-height) (#3155)

2.5.2 Bug fixes

Use CMAKE_INSTALL_MANDIR to override default (#3081)
Increase MAX_ITER so Mollweide forward projection works near the poles (#3082)
Fix wrong results with SQLite 3.38.0 (#3091)

Fix issue when transforming from/to BoundCRS of 3D CRS with non-Greenwich prime meridian, created from
WKT (#3098)

Fix issues with WKT of concatenated operations (#3105)
CMake: fix installation of proj.pc on Windows (#3109)

createOperations(): fix issue in transformation northing, easting projected CRS -> +proj=longlat +lon_wrap
(#3110)

unitconvert: round to nearest date when converting to yyyymmdd (#3111)
Fix comparison of GeodeticReferenceFrame vs DynamicGeodeticReferenceFrame (#3120)
createOperations(): fix transformation involving CompoundCRS, ToWGS84 and PROJ4_GRIDS (#3124)

Fix datum names when importing from PROJ4 crs strings (affects some transformations using geoidgrids)
(#3129)

Deal with PARAMETER["EPSG code for Interpolation CRS",crs_code] (#3149)

createOperations(): fix CompoundCRS[BoundCRS[ProjectedCRS],BoundCRS[VerticalCRS]] to
Geog3DCrs (#3151)

ITRF2014: fix ITRF2014:.ITRF88,ITRF94 and ITRF96 definitions (#3159)

createBoundCRSToWGS84IfPossible (): improve selection logic to generate +towgs84= taking into account
extent (#3160)

createOperations(): fix some complex cases involving TOWGS84 and CompoundCRS (#3163)

Fix CMake CURL dependency (#3185)

WKT import: deal with Projected CRS that is a mix of WKT1:GDAL / WKT1:ESRI (#3189)
createOperations(): fix/improve result of 'BD72 + Ostend height' to "'WGS84+EGM96 height' (#3199)

Identifier::isEquivalentName(): fix when ending by ' + ' which could indirectly cause an infinite stack
call in master (#3202)

WKT import: correctly deal with absence of Latitude_Of_Origin parameter in WKT1 ESRI with Stereographic
projection (#3212)

PROIJJISON parser: do not error out if a datum ensemble member is unknown in the database (#3223)
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2.6 9.0.0 Release Notes

March 1st 2022

2.6.1 Breaking Changes

* Support for the autotools build system has been removed (#3027) See RFC7 for details: https://proj.org/

community/rfc/rfc-7.html

2.6.2 Updates

Database updates:
— ESRI projection engine db to version 12.9 (#2943)
EPSG v10.054 (#3051)
Vertical grid files for PL-geoid-2011, Polish geoid model (#2960)

Belgian geoid model hBG18 to grid alternatives (#3044)

Add new option to proj_create_crs_to_crs_from_pj() method to force +over on transformation opera-
tions (#2914)

Specify CMAKE_INSTALL_RPATH for macOS; use -rpath LDFLAGS for tests (#3009)

Implement Geographic3D to Depth/Geog2D+Depth as used by ETRS89 to CD Norway depth (#3010)
Allow PROJ_LIB paths wrapped with double quotes (#3031)

Use external gtest by default when possible (#3035)

CMake: make BUILD_SHARED_LIBS=0N the default even on Windows (#3042)

proj.ini: add a ca_bundle_path variable (#3049)

2.6.3 Bug fixes

Fix extremely long parsing time on hostile PROJ strings (#2968)
CMake: fix warning with external googletest (#2980)

proj_get_crs_info_list_from_database(): report PJ_TYPE_GEODETIC_CRS for IAU_2015 -ocentric
geodetic CRS (#3013)

peirce_q: rename +type parameter wrongly introduced in 8.2.1 to +shape (#3014)
Set more precise error code for parsing errors in proj_create() (#3037)

createOperations(): fix transformations from/to a BoundCRS of a DerivedGeographicCRS coming from
WKT (#3046)

Better deal with importing strings like +init=epsg:XXXX +over (#3055)

Fix importing CRS definition with +proj=peirce_q and +shape different from square or diamond (#3057)
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2.7 8.2.1 Release Notes

January Ist 2022

2.7.1 Updates

e Database updated with EPSG v. 10.041 (#2974)

2.7.2 Bug fixes

¢ BoundCRS WKT import: fix setting of name (#2917)
e PROJStringFormatter: :toString(): avoid invalid iterator increment (#2932)
* Ensure CApi test are cross-platform (#2934)

* createOperations(): do not stop at the first operation in the PROJ namespace for vertical transformations
(#2937)

* createOperationsCompoundToCompound(): fix null pointer dereference when connection to proj.db
doesn't exist. (#2938)

¢ Fix windows.h conflict with Criterion: : STRICT (#2950)
¢ Cache result of proj_get_type() to help for performance of proj_factors() (#2967)

e createOperations(): improvement for "NADS3(CSRS) + CGVD28 height" to "NADS3(CSRS) +
CGVD2013(CGG2013) height" (#2977)

* WKTI import: correctly deal with missing rectified_grid_angle parameter (#2986)
* Fix and additional options for Peirce Quincuncial projections (#2978)

* Fix build with Intel C++ compiler (#2995)

2.8 8.2.0 Release Notes

November 1st 2021

2.8.1 Announcements

From PROJ 9.0.0 and onwards CMake will be the only build system bundled with the PROJ package. As a consequence
support for Autotools builds will stop when the 8.2 branch of PROJ reaches end of life. We encourage everyone to adjust
their build workflows as soon as possible and report any discrepancies discovered between Autotools and CMake builds.

Details about the build system unification can be found in PROJ RFC 7: Drop Autotools, maintain CMake.

Note also that the "CMake: revise handling of symbol export and static builds" change mentioned below may require
changes for users of the library on Windows.
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2.8.2 Updates

Added the S2 projection (#2749)

Added support for Degree Sign on input (#2791)

ESRI WKT: add support for import/export of (non interrupted) Goode Homolosine (#2827)
Make filemanager aware of UWP Win32 API (#2831)

Add proj_create_conversion_pole_rotation_netcdf_cf_convention() to address netCDF datasets
using a pole rotation method (#2835)

Emit better debug message when a grid isn't found (#2838)
Add support for GeodeticCRS using a Spherical planetocentric coordinate system (#2847)

PROJJISON: support additional properties allowed in id object (version, authority_citation, uri) for parity with
WKT2:2019 (#2850)

Database layout modified to include "anchor" field to geodetic_datum and vertical_datum tables, conse-
quently database layout version is increased to 1.2 (#2859)

proj_factors(): accept P to be a projected CRS (#2868)

Add TAU_2015 CRS definitions (#2876)

CRS: :extractGeodeticCRS(): implement for DerivedProjectedCRS (#2877)

Added proj_trans_bounds () (#2882)

CMake: add a BUILD_APPS to be able to disable build of all applications (#2895)

CMake: generate invproj/invgeod binaries (symlinks on Unix, copy otherwise) (#2897)

CMake build: add generate_wkt1l_parser and generate_wkt2_parser manual target, and logic to detect
when they must be run (#2900)

Add fallback strategy for tinshift transform to use closest triangle for points not in any (#2907)
Database: update to EPSG v10.038 (#2910)
CMake: revise handling of symbol export and static builds (#2912)

This requires changes for users of static builds on Windows that do not use CMake config files. The empty
PROJ_DLL= definition must now be defined when building against a static build of PROJ. For users of dynamic
builds on Windows, the PROJ_MSVC_DLL_IMPORT definition is no longer needed.

2.8.3 Bug fixes

Fix O(n”2) performance patterns where n is the number of steps of a pipeline (#2820)

Detect ESRI WKT better in certain circumstances (#2823)

Fix performance issue on pipeline instantiation of huge (broken) pipelines (#2824)

Make sure to re-order projection parameters according to their canonical order if needed (#2842)
Fix database access across fork() when SQLite3 doesn't use pread[64] () (#2845)

Fix error in implementation of Inverse ellipsoidal orthographic projection that cause convergence to sometimes
fail (#2853)

Fix handling of edge-case coordinates in inverse ortho ellipsoidal oblique (#2855)
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e proj_normalize_for_visualization(): setinput and output units when there are several alternative trans-
formations (#2867)

e CRS::identify(): fix ignoring CS order when identifying a geodetic CRS by a PROJ string with just the
ellipsoid (#2881)

¢ Fix CRS Equality with PROJ parameter order (#2887)

* WKT concatenated operation parsing: fix when a axis order reversal conversion is the first or last operation
(#2891)

e WKTI parser: recognize Lambert_Conformal_Conic as projection name for LCC 1SP or 2SP (#2893)
e CMake: Always build gie if testing is requested (#2899)

* Geographic 3D CRS: allow to export to WKT1:ESRI if only the GEOGCS is known (and thus extrapolating a
VERTCS) (#2902)

e 1lib_proj.cmake: add a PROJ::proj alias and add BUILD_INTERFACE include directories, so that proj can
be used as a subdirectory of a larger project (#2913)

2.9 8.1.1 Release Notes

September 1st 2021

2.9.1 Updates

* EPSG Database updated to version 10.028 (#2773)

2.9.2 Bug Fixes

¢ Include algorithm header file to avoid build errors on Alpine Linux (#2769)

¢ CMake: fix installation of executables on iOS (#2766)

¢ Associate extents to transformations of CRS's that include GEOIDMODEL (#2769)

* Logging: avoid some overhead when logging is not enabled (#2775)

* ortho: remove useless and invalid log trace (#2777)

* CMake: remove external nlohmann_json from INTERFACE_LINK_LIBRARIES target (#2781)
* reateOperations(): fix SourceTargetCRSExtentUse::NONE mode (#2783)

* GedTIFF grid reading: perf improvements (#2788)

e Conversion: :createUTM(): avoid integer overflow (#2796)

* Inverse laea ellipsoidal: return PROJ_ERR_COORD_TRANSFM_OUTSIDE_PROJECTION_DOMAIN when appropri-
ates (#2801)

¢ Make sure that proj_crs_promote_to_3D() returns a derived CRS (#2806)

* createOperations(): fix missing deg<-->rad conversion when transforming with a CRS that has a fallback-
to-PROJ4-string behavior and is a BoundCRS of a GeographicCRS (#2808)

e WKT2 import/export: preserve PROJ.4 CRS extension string in REMARKSI[] (#2812)
* BoundCRS: accept importing/exporting in WKT2 and PROJJSON the scope/area/extent/id attributes (#2815)
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e ConcatenatedOperation: :fixStepsDirection(): fix bad chaining of steps when inverse map projection
is involved in non-final step (#2819)

2.10 8.1.0 Release Notes
July 1st 2021

2.10.1 Updates

* Database
Update to EPSG v10.027 (#2751)
Decrease DB size by using WITHOUT ROWID tables (#2730) (#2647)

Add a ANALYZE step during proj .db creation allowing for faster lookups (#2729)
Added a PROJ . VERSION metadata entry (#2646)
Added NGO48 (EPSG:4273) to ETRS89 (EPSG:4258) triangulation-based transformation (#2554)

Additions to the norwegian NKG2020 transformation (#2548)

ESRI projection database updated to version 12.8 (#2717)
» API additions

— Added proj_get_geoid_models_from_database () function that returns a list of geoid models avail-
able for a given CRS (#2681)

— Added :c:func'proj_get_celestial_body_list_from_database()" that returns a list of celestial bodies in the
PROJ database (#2667)

— Added proj_get_celestial_body_name () (#2662)
¢ Various improvements

— proj_trans()/cs2cs: If two operations have the same accuracy, use the one that is contained within a
larger one (#2750)

— Share SQLite database handle among all contexts (#2738)
— Added proj/internal/mutex.hpp as compat layer for mingw32 for std::mutex (#2736)
— projsync: make it filter out files not intended for the current version (#2725)

— Improvements related to DerivedVerticalCRS using Change Unit and Height/Depth reversal methods
(#2696)

— Update internal nlohmann/json to 3.9.1, and add a CMake option to be able to use external nlohmann/
json (#2686)

— createFromUserInput(): change name of CRS built from URN combined references to match the con-
vention of EPSG projected CRS (#2677)

— Parse compound id with two authorities, like ESRI:103668+EPSG:5703 (#2669)

— Added projinfo option option --1ist-crs (supports --area) (#2663)

— Added support for hyperbolic Cassini-Soldner (#2637)

— Added capability to get SQL statements to add custom CRS in the database (#2577)
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2.10.2 Bug fixes

Fix 'Please include winsock2.h before windows.h' warning with msys (#2692)
Minor changes to address lint in geodesic.c (#2752)
BoundCRS: :identify(): avoid incompatible transformation for WKT1 / TOWGS84 export (#2747)

proj_create(): do not open projdb if string is a PROJ string, even if
proj_context_set_autoclose_database () has been set (#2735)

Fix export of transformation to PROJ string in a particular situation where CompoundCRS are involved (#2721)

2.11 8.0.1 Release Notes

May 5th 2021

2.11.1 Updates

Database: update to EPSG v10.018 (#2636)
Add transformations for CHGe02004, Swiss geoid model (#2604)
Additions to the norwegian NKG2020 transformation (#2600)

2.11.2 Bug fixes

pj_vlog(): fix buffer overflow in case of super lengthy error message (#2693)

Revert "proj_create_crs_to_crs_from_pj(): donotuse PROJ_SPATIAL_CRITERION_PARTIAL_INTERSECTION
if area is specified" (#2679)

UTM: error out when value of +zone= is not an integer (#2672)
getCRSInfolList(): make result order deterministic (by increasing auth_name, code) (#2661)

createOperation(): make sure no to discard deprecated operations if the replacement uses an unknown grid
(#2623)

Fix build on Solaris 11.4 (#2621)

Add mapping of ESRI Equal_Area projection method to EPSG (#2612)

Fix incorrect EPGS extent code for EPSG:7789>EPSG:4976 NKG transformation (#2599)

fix wrong capitalization of CHENyx06_ETRS.gsb (#2597)

createOperations(): improve handling of vertical transforms when when compound CRSs are used (#2592)
CRS: :promoteTo3D(): propagate the extent from the 2D CRS (#2589)
createFromCRSCodesWithIntermediates(): improve performance when there is no match (#2583)

Fix proj_clone() to work on 'meta’ coordinate operation PJ* objects that can be returned by
proj_create_crs_to_crs() (#2582)

add PROJ_COMPUTE_VERSION, PROJ_VERSION_NUMBER, PROJ_AT_LEAST_VERSION macros (#2581)
Make proj_Ilp_dist() and proj_geod() work on a PJ* CRS object (#2570)

Fix gcc 11 -Wnonnull compilation warnings (#2559)

2.11.
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* Fix use of uninitialized memory in gie tests (#2558)

e createOperations(): fix incorrect height transformation between 3D promoted RGF93 and CH1903+
(#2555)

2.12 8.0.0 Release Notes

March 1st 2021

With the release of PROJ 8 the proj_api.h API is finally removed. See Version 4 to 6 API Migration for more info
on how to migrate from the old to the proj.h APL

With the removal of proj_api.h it has been possible to simplify error codes and messages given by the software. The
error codes are exposed in the API.

Several improvements has been made to the command line utilities as well as tweaks in the underlying APIL

2.12.1 Updates

¢ Public header file proj_api.h removed (#837)

 Improved accuracy of the Mercator projection (#2397)

* Copyright statement wording updated (#2417)

» Allow cct to instantiate operations via object codes or names (#2419)

¢ Allow @filename syntax in cct (#2420)

e Added Geocentric to topocentric conversion (+proj=topocentric) (#2444)

e Update GeographicLib to version 1.51 (#2445)

* Added option to allow export of Geographic/Projected 3D CRS in WKT1_GDAL (#2450)

¢ Added --area and --bbox options in cs2cs to restrict candidate coordinate operations (#2466)
* Added build time option to make PROJ_LIB env var tested last (#2476)

* Added --authority switch in cs2cs to control where coordinate operations are looked for. C API function
proj_create_crs_to_crs_from_pj () updated accordingly (#2477)

* Error codes revised and exposed in the public API (#2487)

e Added --accuracy options to projinfo. C API function proj_create_crs_to_crs_from_pj () updated ac-
cordingly (#2488)

e Added proj_crs_is_derived() function to C API (#2496)
 Enabled linking against static cURL on Windows (#2514)

e Updated ESRI CRS database to 12.7 (10.8.1/2.6) (#2519)

* Allow a WKT BoundCRS to use a PROJ string transformation (#2521)
¢ Update to EPSG v10.015 (#2539)

¢ Default log level set to PJ_LOG_ERROR (#2542)

* CMake installs a pkg-config file proj .pc, where supported (#2547)
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2.12.2 Bug fixes

2.1

Do not restrict longitude to [-90;90] range in spherical transverse Mercator forward projection (#2471)
createOperations(): fix Compound to Geog3D/Projected3D CRS with non-metre ellipsoidal height (#2500)
Avoid error messages to be emitted log level is set to PJ_LOG_NONE (#2527)

Close database connection when autoclose set to True (#2532)

3 7.2.1 Release Notes

January Ist 2021

2.13.1 Updates

Add metadata with the version number of the database layout (#2474)

Split coordinateoperation.cpp and test_operation.cpp in several parts (#2484)
Update to EPSG v10.008 (#2490)

Added the NKG 2008 and 2020 transformations in proj .db (#2495)

2.13.2 Bug fixes

Set CURL_ENABLED definition on projinfo build (#2405)

createBoundCRSToWGS84IfPossible(): make it return same result with a CRS built from EPSG code or
WKT1 (#2412)

WKT?2 parsing: several fixes related to map projection parameter units (#2428)

createOperation(): make it work properly when one of the CRS is a BoundCRS of a DerivedGeographicCRS
(+proj=ob_tran +o_proj=lonlat +towgs84=....) (#2441)

WKT parsing: fix ingestion of WKT with a Geocentric CRS as the base of the projected CRS (#2443)

GeographicCRS: :_isEquivalentTo(EQUIVALENT_EXCEPT_AXIS_ORDER_GEOGCRS): make it work when
comparing easting,northing,up and northing,easting,up (#2446)

createOperation(): add a ballpark vertical transformation when dealing with GEOIDMODEL[] (#2449)
Use same arguments to printf format string for both radians and degrees in output by cct (#2453)

PRIMEM WKT handling: fixes on import for 'sexagesimal DMS' or from WKT1:GDAL/ESRI when GEOGCS
UNIT != Degree; morph to ESRI the PRIMEM name on export (#2455)

createObjectsFromName(): in exact match, make looking for 'ETRS89 / UTM zone 32N’ return only the
exact match (#2462)

Inverse tmerc spherical: fix wrong sign of latitude when lat_0 is used (#2469)

Add option to allow export of Geographic/Projected 3D CRS in WKT1_GDAL (#2470)
Fix building proj.db with SQLite built with -DSQLITE_DQS=0 (#2480)

Include JSON Schema files in CMake builds (#2485)

createOperations(): fix inconsistent chaining exception when transforming from BoundCRS of projected
CRS based on NTF Paris to BoundCRS of geog CRS NTF Paris (#2486)
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2.14 7.2.0 Release Notes

November 1st 2020

2.14.1 Updates

¢ Command line tools

Add multi-line PROJ string export capability, and use it by default in projinfo (unless --single-1line is
specified) (#2381)

* Coordinate operations

Colombia Urban projection, implementing a EPSG projection method used by a number of projected CRS
in Colombia (#2395)

Triangulated Irregular Network based transformation for triangulation-based transformations (#2344)

Added ellipsoidal formulation of Orthographic (#2361)

¢ Database

Update to EPSG 10.003 and make code base robust to dealing with WKT CRS with DatumEnsemble
(#2370)

Added Finland tinshift operations (#2392)
Added transformation from JGD2011 Geographic 3D to JGD2011 height using GSIGEO2011 (#2393)
Improve CompoundCRS identification and name morphing in Vertical CRS with ESRI WKT1 (#2386)

Added OGC:CRS27 and OGC:CRS83 CRS entries for NAD27 and NADS3 in longitude, latitude order
(#2350)

Added temporal, engineering, and parametric datum PJ_TYPE enumerations (#2274)
Various improvements to context handling (#2329, #2331)

proj_create_vertical_crs_ex(): add a ACCURACY option to provide an explicit accuracy, or derive it
from the grid name if it is known (#2342)

proj_crs_create_bound_crs_to_WGS84(): make it work on vertical CRS/compoundCRS such as
EPSG:4326+5773 and EPSG:4326+3855 (#2365)

promoteTo3D(): add a remark with the original CRS identifier (#2369)
Added proj_context_clone() (#2383)

2.14.2 Bug fixes

* Avoid core dumps when copying contexts in certain scenarios (#2324)

e proj_trans(): reset errno before attemptying a retry with a new coordinate operation (#2353)

* PROJJSON schema corrected to allow prime meridians values with explicitly stating a unit (degrees assumed)
(#2354)

* Adjust createBoundCRSToWGS84IfPossible() and operation filtering (for POSGAR 2007 to WGS84 issues)
(#2357)

e createOperations(): several fixes affecting NADS83 -> NADS83(2011) (#2364)
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e WKT2:2019 import/export: handle DATUM (at top level object) with PRIMEM
 WKTI1_ESRI: fix import and export of CompoundCRS (#2389)

2.15 7.1.1 Release Notes

September 1st 2020

2.15.1 Updates

* Added various Brazilian grids to the database (#2277)
* Added geoid file for Canary Islands to the database (#2312)
» Updated EPSG database to version 9.8.15 (#2310)

2.15.2 Bug fixes
e WKT parser: do not raise warning when parsing a WKT2:2015 TIMECRS whose TIMEUNIT is at the CS level,
and not inside (#2281)

* Parse '+proj=something_not_latlong +vunits=" without +geoidgrids as a Projected3D CRS and not a compound
CRS with a unknown datum (#2289)

* C API: Avoid crashing due to missing SANITIZE_CTX() in entry points (#2293)

e CMake build: Check "target_clones" before use (#2297)

* PROJ string export of +proj=krovak +czech: make sure we export +czech... (#2301)
* Helmert 2D: do not require a useless +convention= parameter (#2305)

* Fix a few spelling errors ("vgridshit" vs. "vgridshift") (#2307)

* Fix ability to identify EPSG:2154 as a candidate for 'RGF93_Lambert_93' (#2316)

e WKT importer: tune for Oracle WKT and Lambert Conformal Conic' (#2322)

* Revert compiler generated Fused Multiply Addition optimized routines (#2328)

2.16 7.1.0 Release Notes

July 1st 2020

2.16.1 Updates

* New transformations
— Add a +proj=defmodel transformation for multi-component time-based deformation models (#2200):
* New projections
— Add square conformal projections from libproject (#2148):
% Adams Hemisphere in a Square

% Adams World in a Square 1
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* Adams World in a Square I1

* Guyou

% Peirce Quincuncial
Adams Square II: map ESRI WKT to PROIJ string, and implement iterative inverse method (#2157)
Added Interrupted Goode Homolosine (Oceanic View) projection (#2226)
Add Winkel II inverse by generic inversion of forward method (#2243)

¢ Database

Update to EPSG 9.8.12, ESRI 10.8.1 and import scope and remarks for conversion (#2238) (#2267)
Map the Behrmann projection to cae when converting ESRI CRSes (#1986)
Support conversion of Flat_Polar_Quartic projection method (#1987)

Register 4 new Austrian height grids (see https://github.com/OSGeo/PROJ-data/pull/13) and handle 'Ver-
tical Offset by Grid Interpolation (BEV AT)' method (#1989)

Add ESRI projection method mappings for Mercator_Variant_A, Mercator_Variant_B and Trans-
verse_Cylindrical_Equal_Area and various grid mappings (#2020) (#2195)

Map ESRI Transverse_Mercator_Complex to Transverse Mercator (#2040)

Register grids for New Caledonia (see https://github.com/OSGeo/PROJ-data/pull/16) (#2051) (#2239)
Register NZGD2000 -> ITRF96 transformation for NZGD2000 database (#2248)

Register geoid file for UK added (see https://github.com/OSGeo//PROJ-data/pull/25() (#2250)
Register Slovakian geoid transformations with needed code changes (#2259)

Register Spanish SPED2ETV?2 grid for ED50->ETRS89 (#2261)

Add API function proj_get_units_from_database() (#2065)
Add API function proj_get_suggested_operation() (#2068)
Add API functions proj_degree_input () and proj_degree_output () (#2144)

Moved proj_context_get_url_endpoint () & proj_context_get_user_writable_directory()
from proj_experimental.h to proj.h (#2162)

createFromUserInput(): allow compound CRS with the 2 parts given by names, e.g. "WGS 84 +
EGM96 height' (#2126)

createOperations(): when converting CompoundCRS<-->Geographic3DCrs, do not use discard
change of ellipsoidal height if a Helmert transformation is involved (#2227)

¢ Optimizations

tmerc/utm: add a +algo=auto/evenden_snyder/poder_engsager parameter (#2030)
Extended tmerc (Poder/Engsager): speed optimizations (#2036)

Approximate tmerc (Snyder): speed optimizations (#2039)

pj_phi2 (): speed-up computation (and thus inverse ellipsoidal Mercator and LCC) (#2052)
Inverse cart: speed-up computation by 33% (#2145)

Extended tmerc: speed-up forward path by ~5% (#2147)

¢ Various
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Follow PDAL's CMake RPATH strategy (#2009)
WKT import/export: add support for WKT1_ESRI VERTCS syntax (#2024)

projinfo: add a --hide-ballpark option (#2127)

gie: implement a strict mode with <gie-strict> </gie-strict> (#2168)
Allow importing WKT1 COMPD_CS with a VERT_DATUM][Ellipsoid,2002] (#2229)
Add runtime checking that sqlite3 is >= 3.11 (#2235)

2.16.2 Bug fixes

2.1

May

createOperations(): do not remove ballpark transformation if there are only grid based operations, even if
they cover the whole area of use (#2155)

createFromProjString(): handle default parameters of '+krovak +type=crs', and handle +czech correctly
(#2200)

ProjectedCRS::identify(): fix identification of EPSG:3059 (#2215)

Database: add a "'WGS84' alias for the EPSG:4326 CRS (#2218)

Fixes related to CompoundCRS and BoundCRS (#2222)

Avoid 2 warnings about missing database indices (#2223)

Make projinfo --3d --boundcrs-to-wgs84 work better (#2224)

Many fixes regarding BoundCRS, CompoundCRS, Geographic3D CRS with non-metre units (#2234)

Fix identification of (one of the) ESRI WKT formulations of EPSG:3035 (#2240)

Avoid using deprecated and removed Windows API function with Mingw32 (#2246)
normalizeForVisualization(): make it switch axis for EPSG:5482 (RSRGD2000 / RSPS2000) (#2256)

Fix access violation in proj_context_get_database_metadata() (#2260)

7 7.0.1 Release Notes

Ist 2020

2.17.1 Updates

Database: update to EPSG v9.8.9 (#2141)

2.17.2 Bug fixes

Make tests independent of proj-datumgrid (#1995)

Add missing projection property tables (#1996)

Avoid crash when running against SQLite3 binary built with -DSQLITE_OMIT_AUTOINIT (#1999)
createOperations(): fix wrong pipeline generation with CRS that has +nadgrids= and +pm= (#2002)
Fix bad copy&replace pattern on HEALPix and rHEALPix projection names (#2007)
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createUnitOfMeasure(): use full double resolution for the conversion factor (#2014)

Update README with info on PROJ-data (#2015)

utm/ups: make sure to set errno to PJD_ERR_ELLIPSOID_USE_REQUIRED if +es==0 (#2045)
data/Makefile.am: remove bashism (#2048)

ProjectedCRS::identify(): tune it to better work with ESRI WKT representation of EPSG:2193 (#2059)
Fix build with gcc 4.8.5 (#2066)

Autotools/pkg-conf: Define datarootdir (#2069)

cs2cs: don't require +to for '{source_crs} {target_crs} filename..." syntax (#2081)

CMake: fix bug with find_package (PR0OJ) with macOS (#2082)

ESRIWKT import/identification: special case for NAD_1983_HARN_StatePlane_Colorado_North_FIPS_0501
with Foot_US unit (#2088)

ESRIWKT import/identification: special case for NAD_1983_HARN_StatePlane_Colorado_North_FIPS_0501
with Foot_US unit (#2089)

EngineeringCRS: when exporting to WKT1_GDAL, output unit and axis (#2092)

Use jtsk03-jtsk horizontal grid from CDN (#2098)

CMake: prefer to use use PROJ_SOURCE_DIR and PROJ_BINARY_DIR (#2100)

Fix wrong grids file name in esri.sql (#2104)

Fix identification of projected CRS whose name is close but not strictly equal to a ESRI alias (#2106)
Fix working of Helmert transform between the horizontal part of 2 compoundCRS (#2111)

Database: fix registration of custom entries of grid_transformation_custom.sql for geoid grids (#2114)
ESRI_WKT ingestion: make sure to identify to non-deprecated EPSG entry when possible (#2119)
Make sure that importing a Projected 3D CRS from WKT:2019 keeps the base geographic CRS as 3D (#2125)
createOperations(): improve results of compoundCRS to compoundCRS case (#2131)
hgridshift/vgridshift: defer grid opening when grid has already been opened (#2132)

Resolve a few shadowed declaration warnings (#2142)

ProjectedCRS identification: deal with switched 1st/2nd std parallels for LCC_2SP(#2153)

Fix Robinson inverse projection (#2154)

createOperations(): do not remove ballpark transformation if there are only grid based operations, even if
they cover the whole area of use (#2156)

createFromCoordinateReferenceSystemCodes(): 'optimization' to avoid using C++ exceptions (#2161)
Ingestion of WKT1_GDAL: correctly map 'Cylindrical_Equal_Area' (#2167)
Add limited support for non-conformant WKT1 LAS COMPD_CSJ[] (#2172)

PROJ4 string import: take into correctly non-metre unit when the string looks like the one for WGS 84 / Pseudo
Mercator (#2177)

io.hpp: avoid dependency to proj_json_streaming_writer.hpp (#2184)
Fix support of WKT1_GDAL with netCDF rotated pole formulation (#2186)
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2.18 6.3.2 Release Notes

May Ist 2020

2.18.1 Bug fixes

* validateParameters(): fix false-positive warning on Equidistant Cylindrical (#1947)

* proj_create_crs_to_cr(): avoid potential reprojection failures when reprojecting area of use to source and
target CRS (#1993)

* createOperations(): fix wrong pipeline generation with CRS that has +nadgrids= and +pm= (#2003)
* Fix bad copy&replace pattern on HEALPix and rHEALPix projection names (#20006)

e createUnitOfMeasure(): use full double resolution for the conversion factor (#2013)

¢ data/Makefile.am: remove bashism (#2047)

e :cpp:func:ProjectedCRS: :identify: tune it to better work with ESRI WKT representation of EPSG:2193
(#2058)

* EngineeringCRS: when exporting to WKT1_GDAL, output unit and axis (#2091)

* Add missing entries in grid_alternatives for Portugal grids coming from ESRI entries (#2103)

 Fix working of Helmert transform between the horizontal part of 2 compoundCRS (#2110)

* ESRI_WKT ingestion: make sure to identify to non-deprecated EPSG entry when possible (#2118)

* Make sure that importing a Projected 3D CRS from WKT:2019 keeps the base geographic CRS as 3D (#2124)
e createOperations(): improve results of compoundCRS to compoundCRS case (#2130)

* PROJ4 string import: take into correctly non-metre unit when the string looks like the one for WGS 84 / Pseudo
Mercator (#2178)

* Fix support of WKT1_GDAL with netCDF rotated pole formulation (#2187)

* io.hpp: avoid dependency to proj_json_streaming_writer.hpp (#2188)

2.19 7.0.0 Release Notes

March 1st 2020

The major feature in PROJ 7 is significantly improved handling of gridded models. This was implemented in PROJ
RFC 4: Remote access to grids and GeoTIFF grids. The main features of the RFC4 work is that PROJ now implements
a new grid format, Geodetic TIFF grids, for exchanging gridded transformation models. In addition to the new grid
format, PROJ can now also access grids online using a data store in the cloud.

The grids that was previously available via the proj-datumgrid packages are now available in two places:
1. As asingle combined data archive including all available resource files
2. From the cloud via https://cdn.proj.org

In Addition, provided with PROJ is a utility called projsync that can be used download grids from the data store in the
cloud.

The use of the new grid format and the data from the cloud requires that PROJ is build against 1ibtiff and 1ibcurl.
Both are optional dependencies to PROJ but it is highly encouraged that the software is build against both.
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Warning: PROJ 7 will be last major release version that includes the proj_api.h header. The functionality in
proj_api.h is deprecated and only supported in maintenance mode. It is inferior to the functionality provided by
functions in the proj.h header and all projects still relying on proj_api.h are encouraged to migrate to the new
APl in proj.h. See Version 4 to 6 API Migration. for more info on how to migrate from the old to the new APIL.

2.19.1 Updates

¢ Added new file access API to proj.h (#866)

 Updated the name of the most recent version of the WKT2 standard from WKT2_2018 to WKT2_2019 to reflect
the proper name of the standard (#1585)

* Improvements in transformations from/to WGS 84 (Gxxxx) realizations and vertical <--> geog transormations
(#1608)

 Update to version 1.50 of the geodesic library (#1629)

¢ Promote proj_assign_context() to proj.h from proj_experimental.h (#1630)
* Add rotation support to the HEALPix projection (#1638)

¢ Add C function proj_crs_create_bound_vertical_crs() (#1689)

* Use Win32 Unicode APIs and expect all strings to be UTF-8 (#1765)

* Improved name aliases lookup (#1827)

* CMake: Employ better use of CTest with the BUILD_TESTING option (#1870)

* Grid correction: fix handling grids spanning antimeridian (#1882)

* Remove legacy CMake target name proj (#1883)

* projinfo add --searchpaths switch (#1892)

e Add +proj=set operation to set component(s) of a coordinate to a fixed value (#1896)

* Add EPSG records for 'Geocentric translation by Grid Interpolation (IGN)' (gr3df97a.txt) and map them to
new +proj=xyzgridshift (#1897)

* Remove null grid file as it is now a special hardcoded case in grid code (#1898)
* Add projsync utility (#1903)
* Make PROJ the CMake project name (#1910)

» Use relative directory to locate PROJ resource files (#1921)

2.19.2 Bug fixes

* Horizontal grid shift: fix failures on points slightly outside a subgrid (#209)
¢ Fix ASAN issue with SQLite3VFES class (#1902)

e tests: force use of bash for proj_add_test_script_sh (#1905)
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2.19.3 Breaking changes

* Reject NTV2 files where GS_TYPE != SECONDS (#1294)

¢ On Windows the name of the library is now fixed to proj.1lib instead of encoding the version number in the
library name (#1581)

* Require C99 compiler (#1624)
* Remove deprecated JNI bindings (#1825)
* Remove -1d option from proj and cs2cs (#1844)

¢ Increase CMake minimum version from 3.5 to 3.9 (#1907)

2.20 6.3.1 Release Notes

February 11th 2020

2.20.1 Updates

 Update the EPSG database to version 9.8.6
* Database: add mapping for gg10_smv2.mnt and gg10_sbv2.mnt French grids
* Database: add mapping for TOR27CSv1.GSB

2.20.2 Bug fixes

* Fix wrong use of derivingConversionRef() that caused issues with use of +init=epsg: XXXX by GDAL (affecting
R spatial libraries) or in MapServer

* fix exporting CoordinateSystem to PROJ JSON with ID

* projinfo: use No. abbreviation instead of UTF-8 character (#1828)

* CompoundCRS::identify(): avoid exception when horiz/vertical part is a BoundCRS

* createOperations(): fix dealing with projected 3D CRS whose Z units != metre

* WKTI1_GDAL export: limit datum name massaging to names matching EPSG (#1835)
* unitconvert with mjd time format: avoid potential integer overflow (ossfuzz 20072)

* ProjectedCRS::identify(): fix wrong identification of some ESRI WKT linked to units

e Database: add a geoid_like value for proj_method column of grid_alternatives, fix related entries and sim-
plify/robustify logic to deal with EPSG 'Geographic3D to GravityRelatedHeight' methods

* Fix ingestion of +proj=cea with +k_0 (#1881)

* Fix performance issue, affecting PROJ.4 string generation of EPSG:7842 (#1913)

* Fix identification of ESRI-style datum names starting with D_ but without alias (#1911)
e cart: Avoid discontinuity at poles in the inverse case (#1906)

 Various updates to make regression test suite pass with gcc on i386 (#1906)
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2.21 6.3.0 Release Notes

January 1st 2020

2.21.1 Updates

Database: tune accuracy of Canadian NTv1 file w.r.t NTv2 (#1812)

Modity verbosity level of some debug/trace messages (#1811)

projinfo: no longer call createBoundCRSToWGS84IfPossible() for WKT1:GDAL (#1810)
proj_trans(): add retry logic to select other transformation if the best one fails. (#1809)
BoundCRS: :identify(): improvements to discard CRS that aren't relevant (#1802)
Database: update to IGNF v3.1.0 (#1785)

Build: Only export symbols if building DLL (#1773)

Database: update ESRI entries with ArcGIS Desktop version 10.8.0 database (#1762)
createOperations(): chain operations whose middle CRSs are not identical but have the same datum (#1734)
import/export PROJISON: support a interpolation_crs key to geoid_model (#1732)
Database: update to EPSG v9.8.4 (#1725)

Build: require SQLite 3.11 (#1721)

Add support for GEOIDMODEL (#1710)

Better filtering based on extent and performance improvements (#1709)

2.21.2 Bug fixes

Horizontal grid shift: fix issue on iterative inverse computation when switching between (sub)grids (#1797)
createOperations(): make filtering out of 'uninteresting' operations less aggressive (#1788)

Make EPSG:102100 resolve to ESRI: 102100 (#1786)

ob_tran: restore traditional handling of +to_meter with pj_transform() and proj utility (#1783)

CRS identification: use case insensitive comparison for authority name (#1780)

normalizeForVisualization() and other methods applying on a ProjectedCRS: do not mess the deriving-
Conversion object of the original object (#1746)

createOperations(): fix transformation computation from/to a CRS with +geoidgrids and +vunits !=m
(#1731)

Fix proj_assign_context()/pj_set_ctx() with pipelines and alternative coord operations (#1726)
Database: add an auxiliary concatenated_operation_step table to allow arbitrary number of steps (#1696)

Fix errors running gie-based tests in Debug mode on Window (#1688)
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2.2

Nove

2 6.2.1 Release Notes

mber 1st 2019

2.22.1 Updates

Update the EPSG database to version 9.8.2

2.22.2 Bug fixes

Fixed erroneous spelling of "Potsdam" (#1573)

Calculate y-coordinate correctly in Bertin 1953 in all cases (#1579)
proj_create_crs_to_crs_from_pj(): make the PJ* arguments const PJ* (#1583)
PROJStringParser::createFromPROJString(): avoid potential infinite recursion (#1574)

Avoid core dump when setting ctx==NULL in functions proj_coordoperation_is_instantiable() and
proj_coordoperation_has_ballpark_transformation() (#1590)

createOperations(): fix conversion from/to PROJ.4 CRS strings with non-ISO-kosher options and
+towgs84/+nadgrids (#1602)

proj_trans_generic(): properly set coordinate time to HUGE_VAL when no value is passed to the function
(#1604)

Fix support for +proj=ob_tran +o_proj=lonlat/latlong/latlon instead of only only allowing
+o_proj=longlat (#1601)

Improve backwards compatibility of vertical transforms (#1613)

Improve emulation of deprecated +init style initialization (#1614)

cs2cs: autopromote CRS to 3D when there's a mix of 2D and 3D (#1563)

Avoid divisions by zero in odd situations (#1620)

Avoid compile error on Solaris (#1639)

proj_create_crs_to_crs(): fix when there are only transformations with ballpark steps (#1643)

PROJ string CRS ingester: recognize more unit-less parameters, and general handling of +key=string_value
parameters (#1645)

Only call pkg-config in configure when necessary (#1652)

Azimuthal Equidistant: for spherical forward path, go to higher precision ellipsoidal case when the point coor-
dinates are super close to the origin (#1654)

proj_create_crs_to_crs(): remove elimination of Ballpark operations that caused transformation failures
in some cases (#1665)

createOperations(): allow transforming from a compoundCRS of a bound vertical CRS to a 2D CRS (#1667)
Avoid segfaults in case of out-of-memory situations (#1679)

createOperations(): fix double vertical unit conversion from CompoundCRS to other CRS when the hori-
zontal part of the projected CRS uses non-metre unit (#1683)(#1683)

importFromWkt (): fix axis orientation for non-standard ESRI WKT (#1690)
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2.23 6.2.0 Release Notes

September 1st 2019

2.23.1 Updates

Introduced PROJJSON, a JSON encoding of WKT2 (#1547)

Support CRS instantiation of OGC URN's (#1505)

Expose scope and remarks of database objects (#1537)

EPSG Database updated to version 9.7.0 (#1558)

Added C API function proj_grid_get_info_from_database() (#1494)

Added C API function proj_operation_factory_context_set_discard_superseded() (#1534)
Added C API function proj_context_set_autoclose_database() (#1566)

Added C API function proj_create_crs_to_crs_from_pj() (#1567)

Added C API function proj_cleanup() (#1569)

2.23.2 Bug Fixes

Fixed build failure on Solaris systems (#1554)

2.24 6.1.1 Release Notes

July 1st 2019

2.24.1 Updates

Update EPSG registry to version 9.6.3 (#1485)

2.24.2 Bug Fixes

Take the passed authority into account when identifying objects (#1466)

Avoid exception when transforming from NADS83 to projected CRS using NAD83(2011) (#1477)
Avoid off-by-one reading of name argument if name of resource file has length 1 (#11489)

Do not include PROJ_LIB in proj_info() . searchpath when context search path is set (#1498)
Use correct delimiter for the current platform when parsing PROJ_LIB (#1497)

Do not confuse 'ID74' CRS with WKT2 ID[] node (#1506)

WKT1 importer: do case insensitive comparison for axis direction (#1509)

Avoid compile errors on GCC 4.9.3 (#1512)

Make sure that pipelines including +proj=ob_tran can be created (#1526)
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2.2

May

5 6.1.0 Release Notes

15th 2019

2.25.1 Updates

Include custom ellipsoid definitions from QGIS (#1137)

Add -k ellipsoid option to projinfo (#1338)

Make cs2cs support 4D coordinates (#1355)

WKT?2 parser: update to OGC 18-010r6 (#1360 #1366))

Update internal version of googletest to v1.8.1 (#1361)

Database update: EPSG v9.6.2 (#1462), IGNF v3.0.3, ESRI 10.7.0 and add operation_version column (#1368)

Add proj_normalize_for_visualization() that attempts to apply axis ordering as used by most GIS ap-
plications and PROJ <6 (#1387)

Added noop operation (#1391)
Paths set by user take priority over PROJ_LIB for search paths (#1398)
Reduced database size (#1438)

add support for compoundCRS and concatenatedOperation named from their components (#1441)

2.25.2 Bug fixes

Have gie return non-zero code when file can't be opened (#1312)
CMake cross-compilation fix (#1316)
Use 1st eccentricity instead of 2nd eccentricity in Molodensky (#1324)

Make sure to include grids when doing Geocentric to CompoundCRS with nadgrids+geoidgrids transformations
(#1326)

Handle coordinates outside of bbox better (#1333)

Enable system error messages in command line automatically in builds (#1336)

Make sure to install projinfo man page with CMake (#1347)

Add data dir to pkg-config file proj.pc (#1348)

Fix GCC 9 warning about useless std: :move() (#1352)

Grid related fixes (#1369)

Make sure that ISO19111 C++ code sets pj_errno on errors (#1405)

vgridshift: handle longitude wrap-around for grids with 360deg longitude extent (#1429)
projles2cs: validate value of -f parameter to avoid potential crashes (#1434)

Many division by zero and similar bug fixes found by OSS Fuzz.

2.25

. 6.1.0 Release Notes 29


https://github.com/OSGeo/proj.4/issues/1337
https://github.com/OSGeo/proj.4/issues/1338
https://github.com/OSGeo/proj.4/issues/1355
https://github.com/OSGeo/proj.4/issues/1360
https://github.com/OSGeo/proj.4/issues/1366
https://github.com/OSGeo/proj.4/issues/1361
https://github.com/OSGeo/proj.4/issues/1462
https://github.com/OSGeo/proj.4/issues/1368
https://github.com/OSGeo/proj.4/issues/1387
https://github.com/OSGeo/proj.4/issues/1391
https://github.com/OSGeo/proj.4/issues/1398
https://github.com/OSGeo/proj.4/issues/1438
https://github.com/OSGeo/proj.4/issues/1441
https://github.com/OSGeo/proj.4/issues/1312
https://github.com/OSGeo/proj.4/issues/1316
https://github.com/OSGeo/proj.4/issues/1324
https://github.com/OSGeo/proj.4/issues/1326
https://github.com/OSGeo/proj.4/issues/1333
https://github.com/OSGeo/proj.4/issues/1336
https://github.com/OSGeo/proj.4/issues/1347
https://github.com/OSGeo/proj.4/issues/1348
https://github.com/OSGeo/proj.4/issues/1352
https://github.com/OSGeo/proj.4/issues/1369
https://github.com/OSGeo/proj.4/issues/1405
https://github.com/OSGeo/proj.4/issues/1429
https://github.com/OSGeo/proj.4/issues/1434

PROJ coordinate transformation software library, Release 9.2.1

2.26 6.0.0 Release Notes

March 1st 2019

PROJ 6 has undergone extensive changes to increase its functional scope from a cartographic projection engine with
so-called "early-binding" geodetic datum transformation capabilities to a more complete library supporting coordinate
transformations and coordinate reference systems.

As a foundation for other enhancements, PROJ now includes a C++ implementation of the modelisation propopsed
by the ISO-19111:2019 standard / OGC Abstract Specification Topic 2: "Referencing By Coordinates", for geodetic
reference frames (datums), coordinate reference systems and coordinate operations. Construction and query of those
geodetic objects is available through a new C++ API, and also accessible for the most part from bindings in the C APIL.

Those geodetic objects can be imported and exported from and into the OGC Well-Known Text format (WKT) in its
different variants: ESRI WKT, GDAL WKT 1, WKT2:2015 (ISO 19162:2015) and WKT2:2018 (ISO 19162:2018).
Import and export of CRS objects from and into PROJ strings is also supported. This functionality was previously
available in the GDAL software library (except WKT2 support which is a new feature), and is now an integral part of
PROJ.

A unified database of geodetic objects, coordinate reference systems and their metadata, and coordinate operations
between those CRS is now available in a SQLite3 database file, proj.db. This includes definitions imported from the
IOGP EPSG dataset (v9.6.0 release), the IGNF (French national mapping agency) geodetic registry and the ESRI
projection engine database. PROJ is now the reference software in the "OSGeo C stack" for this CRS and coordinate
operation database, whereas previously this functionality was spread over PROJ, GDAL and libgeotiff, and used CSV
or other adhoc text-based formats.

Late-binding coordinate operation capabilities, that takes metadata such as area of use and accuracy into account, has
been added. This can avoid in a number of situations the past requirement of using WGS84 as a pivot system, which
could cause unneeded accuracy loss, or was not doable at all sometimes when transformation to WGS84 was not
available. Those late-binding capabilities are now used by the proj_create_crs_to_crs() function and the cs2cs utility.

A new command line utility, projinfo, has been added to query information about a geodetic object of the database,
import and export geodetic objects from/into WKT and PROJ strings, and display coordinate operations available
between two CRSs.

2.26.1 Updates

* Removed projects.h as a public interface (#835)

* Deprecated the proj_api.h interface. The header file is still available but will be removed with the next major
version release of PROIJ. It is now required to define ACCEPT_USE_OF_DEPRECATED_PROJ_API_H before the
interface can be used (#836)

* Removed support for the nmake build system (#838)

* Removed support for the proj_def.dat defaults file (#201)

e C++11 required for building PROJ (#1203)

* Added build dependency on SQLite 3.7 (#1175)

* Added projinfo command line application (#1189)

* Added many functions to proj.h for handling ISO19111 functionality (#1175)
* Added C++ API exposing ISO19111 functionality (#1175)

» Updated cs2cs to use late-binding features (#1182)

* Removed the nad2bin application. Now available in the proj-datumgrid git repository (#1236)
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* Removed support for Chebyshev polynomials in proj (#1226)
* Removed proj_geocentric_latitude() from proj.h API (#1170)
» Changed behavior of proj: Now only allow initialization of projections (#1162)

* Changed behavior of rmerc: Now defaults to the Extended Transverse Mercator algorithm (etmerc). Old im-
plementation available by adding +approx (#404)

* Changed behavior: Default ellipsoid now set to GRS80 (was WGS84) (#1210)
* Allow multiple directories in PROJ_LIB environment variable (#1281)

e Added Lambert Conic Conformal (2SP Michigan) projection (#1142)

* Added Bertinl953 projection (#1133)

* Added Tobler-Mercator projection (#1153)

¢ Added Molodensky-Badekas transform (#1160)

* Added push and pop coordinate operations (#1250)

* Removed +t_obs parameter from helmert and deformation (#1264)

* Added +dt parameter to deformation as replacement for removed +t_obs (#1264)

2.26.2 Bug fixes

* Read +towgs84 values correctly on locales not using dot as comma separator (#1136)
* Fixed file offset for reading of shift values in NTv1 files (#1144)

* Avoid problems with PTHREAD_MUTEX_RECURSIVE when using CMake (#1158)

* Avoid raising errors when setting ellipsoid flattening to zero (#1191)

* Fixed lower square calculations in rHealpix projection (#12006)

* Allow Molodensky transform parameters to be zero (#1194)

* Fixed wrong parameter in ITRF2000 init file (#1240)

* Fixed use of grid paths including spaces (#1152)

* Robinson: fix wrong values for forward path for latitudes >= 87.5, and fix inaccurate inverse method (#1172)

2.27 PROJ 5.2.0

September 15th 2018
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2.27.1 Updates

* Added support for deg, rad and grad in unitconvert (#1054)

* Assume +t_epoch as time input when not otherwise specified (#1065)
* Added inverse Lagrange projection (#1058)

* Added +multiplier option to vgridshift (#1072)

* Added Equal Earth projection (#1085)

* Added "require_grid" option to gie (#1088)

* Replace +transpose option of Helmert transform with +convention. From now on the convention used should
be explicitly written. An error will be returned when using the +transpose option (#1091)

¢ Improved numerical precision of inverse spherical Mercator projection (#1105)

* cct will now forward text after coordinate input to output stream (#1111)

2.27.2 Bug fixes

* Do not pivot over WGS84 when doing cs2cs-emulation with geocent (#1026)
* Do not scan past the end of the read data in pj_ctx_fgets() (#1042)

e Make sure proj_errno_string() is available in DLL (#1050)

* Respect +to_meter setting when doing cs2cs-emulation (#1053)

* Fixed unit conversion factors for geod (#1075)

¢ Fixed test failures related to GCC 8 (#1084)

* Improved handling of +geoc flag (#1093)

* Calculate correct projection factors for Webmercator (#1095)

* ¢s2cs now always outputs degrees when transformed coordinates are in angular units (#1112)

2.28 PROJ 5.1.0

June Ist 2018

2.28.1 Updates

e Function proj_errno_string() added to proj.h API (#847)

* Validate units between pipeline steps and ensure transformation sanity (#906)

* Print help when calling cct and gie without arguments (#907)

e CITATION file added to source distribution (#914)

* Webmercator operation added (#925)

* Enhanced numerical precision of forward spherical Mercator near the Equator (#928)
* Added --skip-1lines option to cct (#923)

* Consistently return NaN values on NaN input (#949)
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Removed unused src/org_proj4_Projections.h file (#956)
Java Native Interface bindings updated (#957, #969)

Horizontal and vertical gridshift operations extended to the temporal domain (#1015)

2.28.2 Bug fixes

Handle NaN float cast overflow in PJ_robin.c and nad_intr.c (#887)

Avoid overflow when Horner order is unreasonably large (#893)

Avoid unwanted NaN conversions in etmerc (#899)

Avoid memory failure in gie when not specifying x,y,z in gie files (#902)
Avoid memory failure when +sweep is initialized incorrectly in geos (#908)
Return HUGE_VAL on erroneous input in ortho (#912)

Handle commented lines correctly in cct (#933)

Avoid segmentation fault when transformation coordinates outside grid area in deformation (#934)
Avoid doing false easting/northing adjustments on cartesian coordinates (#936)
Thread-safe creation of proj mutex (#954)

Avoid errors when setting up geos with +lat_0!=0 (#986)

Reset errno when running proj in verbose mode (#988)

Do not interpolate node values at nodata value in vertical grid shifts (#1004)

Restrict Horner degrees to positive integer values to avoid memory allocation issues (#1005)

2.29 PROJ 5.0.1

March 1st 2018

2.29.1 Bug fixes

Handle ellipsoid change correctly in pipelines when +towgs84=0,0, 0 is set (#881)
Handle the case where nad_ctable2_init returns NULL (#883)

Avoid shadowed declaration errors with old gcc (#880)

Expand +datum properly in pipelines (#872)

Fail gracefully when incorrect headers are encountered in grid files (#875)

Improve roundtrip stability in pipelines using +towgs84 (#871)

Fixed typo in gie error codes (#861)

Numerical stability fixes to the geodesic package (#826 & #843)

Make sure that transient errors are returned correctly (#857)

Make sure that locally installed header files are not used when building PROJ (#849)

Fix inconsistent parameter names in proj.h/proj_4D_api.c (#842)

2.29.

PROJ 5.0.1
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* Make sure +vunits is applied (#833)

¢ Fix incorrect Web Mercator transformations (#834)

2.30 PROJ 5.0.0

February 1st 2018

This version of PROJ introduces some significant extensions and improvements to (primarily) the geodetic functionality
of the system.

The main driver for introducing the new features is the emergence of dynamic reference frames, the increasing use of
high accuracy GNSS, and the related growing demand for accurate coordinate transformations. While older versions
of PROJ included some geodetic functionality, the new framework lays the foundation for turning PROJ into a generic
geospatial coordinate transformation engine.

The core of the library is still the well established projection code. The new functionality is primarily exposed in a new
programming interface and a new command line utility, cct (for "Coordinate Conversion and Transformation"). The
old programming interface is still available and can - to some extent - use the new geodetic transformation features.

The internal architecture has also seen many changes and much improvement. So far, these improvements respect the
existing programming interface. But the process has revealed a need to simplify and reduce the code base, in order to
support sustained active development.

Therefore we have scheduled regular releases over the coming years which will gradually remove the old pro-
gramming interface.

This will cause breaking changes with the next two major version releases, which will affect all projects that
depend on PROJ (cf. section ""deprecations' below).

The decision to break the existing API has not been easy, but has ultimately been deemed necessary to ensure the long
term survival of the project. Not only by improving the maintainability immensely, but also by extending the potential
user (and hence developer) community.

The end goal is to deliver a generic coordinate transformation software package with a clean and concise code base
appealing to both users and developers.

2.30.1 Versioning and naming

For the first time in more than 25 years the major version number of the software is changed. The decision to do this
is based on the many new features and new API. While backwards compatibility remains - except in a few rare corner
cases - the addition of a new and improved programming interface warrants a new major release.

The new major version number unfortunately leaves the project in a bit of a conundrum regarding the name. For the
majority of the life-time of the product it has been known as PROJ.4, but since we have now reached version 5 the name
is no longer aligned with the version number.

Hence we have decided to decouple the name from the version number and from this version and onwards the product
will simply be called PROJ.

In recognition of the history of the software we are keeping PROJ.4 as the name of the organizing project. The same
project team also produces the datum-grid package.

In summary:
* The PROJ .4 project provides the product PROJ, which is now at version 5.0.0.
* The foundational component of PROJ is the library libproj.
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¢ Other PROJ components include the application proj, which provides a command line interface to libproj.

* The PROJ.4 project also distributes the datum-grid package, which at the time of writing is at version 1.6.0.

2.30.2 Updates

¢ Introduced new API in proj.h.

The new API is orthogonal to the existing proj_api.h API and the internally used projects.h APL

The new API adds the ability to transform spatiotemporal (4D) coordinates.

Functions in the new API use the proj_ namespace.

Data types in the new API use the PJ_ namespace.

¢ Introduced the concept of "transformation pipelines" that makes possible to do complex geodetic transformations
of coordinates by daisy chaining simple coordinate operations.

* Introduced cct, the Coordinate Conversion and Transformation application.

¢ Introduced gie, the Geospatial Integrity Investigation Environment.

Selftest invoked by -C flag in proj has been removed

Ported approx. 1300 built-in selftests to gie format

Ported approx. 1000 tests from the gigs test framework

Added approx. 200 new tests
* Adopted terminology from the OGC/ISO-19100 geospatial standards series. Key definitions are:

At the most generic level, a coordinate operation is a change of coordinates, based on a one-to-one rela-
tionship, from one coordinate reference system to another.

A transformation is a coordinate operation in which the two coordinate reference systems are based on
different datums, e.g. a change from a global reference frame to a regional frame.

— A conversion is a coordinate operation in which both coordinate reference systems are based on the same
datum, e.g. change of units of coordinates.

A projection is a coordinate conversion from an ellipsoidal coordinate system to a plane. Although projec-
tions are simply conversions according to the standard, they are treated as separate entities in PROJ as they
make up the vast majority of operations in the library.

* New operations
— The pipeline operator (pipeline)
— Transformations
% Helmert transform (helmert)
# Horner real and complex polynomial evaluation (horner)
* Horizontal gridshift (hgridshift)
* Vertical gridshift (vgridshift)
s Molodensky transform (molodensky)
x Kinematic gridshift with deformation model (deformation)
— Conversions

* Unit conversion (unitconvert)
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% Axis swap (axisswap)
— Projections

% Central Conic projection (ccon)

* Significant documentation updates, including

— Overhaul of the structure of the documentation

— A better introduction to the use of PROJ

A complete reference to the new API

a complete rewrite of the section on geodesic calculations

Figures for all projections

New "free format" option for operation definitions, which permits separating tokens by whitespace when speci-
fying key/value- pairs, e.g. proj = merc lat_0 = 45.

Added metadata to init-files that can be read with the proj_init_info() function in the new proj.h APL

Added ITRF2000, ITRF2008 and ITRF2014 init-files with ITRF transformation parameters, including plate
motion model parameters.

Added ellipsoid parameters for GSK2011, PZ90 and "danish". The latter is similar to the already supported
andrae ellipsoid, but has a slightly different semimajor axis.

Added Copenhagen prime meridian.

Updated EPSG database to version 9.2.0.

Geodesic library updated to version 1.49.2-c.

Support for analytical partial derivatives has been removed.
Improved performance in Winkel Tripel and Aitoff.

Introduced pj_has_inverse() function to proj_api.h. Checks if an operation has an inverse. Use this instead
of checking whether P->inv exists, since that can no longer be relied on.

ABI version number updated to 13:0:0.
Removed support for Windows CE.
Removed the VB6 COM interface.

2.30.3 Bug fixes

Fixed incorrect convergence calculation in Lambert Conformal Conic. (#16)

Handle ellipsoid parameters correctly when using +nadgrids=@null. (#22)

Return correct latitude when using negative northings in Transverse Mercator. (#138)
Return correct result at origin in inverse Mod. Stereographic of Alaska. (#161)
Return correct result at origin in inverse Mod. Stereographic of 48 U.S. (#162)
Return correct result at origin in inverse Mod. Stereographic of 50 U.S. (#163)
Return correct result at origin in inverse Lee Oblated Stereographic. (#164)

Return correct result at origin in inverse Miller Oblated Stereographic. (#165)

Fixed scaling and wrap-around issues in Oblique Cylindrical Equal Area. (#166)
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Corrected a coeflicient error in inverse Transverse Mercator. (#174)

Respect -r flag when calling proj with -V. (#184)

Remove multiplication by 2 at the equator error in Stereographic projection. (#194)

Allow +alpha=0 and +gamma=0 when using Oblique Mercator. (#195)

Return correct result of inverse Oblique Mercator when alpha is between 90 and 270. (#331)
Avoid segmentation fault when accessing point outside grid. (#396)

Avoid segmentation fault on NaN input in Robin inverse. (#463)

Very verbose use of proj (-V) on Windows is fixed. (#484)

Fixed memory leak in General Oblique Transformation. (#497)

Equations for meridian convergence and partial derivatives have been corrected for non-conformal projections.
(#526)

Fixed scaling of cartesian coordinates in pj_transform(). (#726)

Additional bug fixes courtesy of Google's OSS-Fuzz program
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CHAPTER
THREE

DOWNLOAD

Source code for the current and previous releases can be downloaded from https://download.osgeo.org/proj/

Documentation in PDF and zipped HTML can be downloaded using the flyout menu on the left side of the browser
window from https://proj.org/

3.1

e 2023-06-01 proj-9.2.1.tar.gz (md5)
* 2023-06-01 proj-data-1.14.tar.gz

Current Release

Note:

The proj-datumgrid packages should be used with PROJ releases from the 5.x and 6.x branches.

The proj-datumgrid packages have been deprecated with PROJ 7.0.0. The proj-data package should be used
with PROJ 7.0.0 and newer

3.2

Past Releases

2023-03-01 proj-9.2.0.tar.gz
2022-12-01 proj-9.1.1.tar.gz
2022-09-01 proj-9.1.0.tar.gz
2022-06-15 proj-9.0.1.tar.gz
2022-03-01 proj-9.0.0.tar.gz
2022-01-01 proj-8.2.1.tar.gz
2021-11-01 proj-8.2.0.tar.gz
2021-09-01 proj-8.1.1.tar.gz
2021-07-01 proj-8.1.0.tar.gz
2021-05-05 proj-8.0.1.tar.gz
2021-03-01 proj-8.0.0.tar.gz
2021-01-01 proj-7.2.1.tar.gz
2020-11-01 proj-7.2.0.tar.gz
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¢ 2020-09-01 proj-7.1.1.tar.gz

* 2020-07-01 proj-7.1.0.tar.gz

¢ 2020-05-01 proj-6.3.2.tar.gz

¢ 2020-05-01 proj-7.0.1.tar.gz

e 2020-03-01 proj-7.0.0.tar.gz

¢ 2020-02-11 proj-6.3.1.tar.gz

¢ 2020-01-01 proj-6.3.0.tar.gz

e 2019-11-01 proj-6.2.1.tar.gz

* 2019-09-01 proj-6.2.0.tar.gz

e 2019-07-01 proj-6.1.1.tar.gz

¢ 2019-05-15 proj-6.1.0.tar.gz

e 2019-03-01 proj-6.0.0.tar.gz

* 2018-09-15 proj-5.2.0.tar.gz

¢ 2018-06-01 proj-5.1.0.tar.gz

¢ 2018-04-01 proj-5.0.1.tar.gz

e 2018-03-01 proj-5.0.0.tar.gz

¢ 2016-09-02 proj-4.9.3.tar.gz

e 2015-09-13 proj-4.9.2.tar.gz

e 2015-03-04 proj-4.9.1.tar.gz

* 2023-03-01 proj-data-1.13.tar.gz
¢ 2022-12-01 proj-data-1.12.tar.gz
e 2022-09-01 proj-data-1.11.tar.gz
e 2022-06-15 proj-data-1.10.tar.gz
e 2022-03-01 proj-data-1.9.tar.gz
e 2021-11-01 proj-data-1.8.tar.gz
e 2021-07-01 proj-data-1.7.tar.gz
* 2021-05-05 proj-data-1.6.tar.gz
e 2021-03-01 proj-data-1.5.tar.gz
* 2021-01-01 proj-data-1.4.tar.gz
e 2020-11-01 proj-data-1.3.tar.gz
¢ 2020-09-01 proj-data-1.2.tar.gz
¢ 2020-05-01 proj-data-1.1.tar.gz
e 2020-03-01 proj-data-1.0.tar.gz
* 2018-09-15 proj-datumgrid-1.8.zip
e 2020-03-01 proj-datumgrid-europe-1.6.zip
¢ 2020-03-01 proj-datumgrid-north-america-1.4.zip
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¢ 2020-03-01 proj-datumgrid-oceania-1.2.zip

* 2019-03-01 proj-datumgrid-world-1.0.zip

e 2018-03-01 proj-datumgrid-1.7.zip

¢ 2016-09-11 proj-datumgrid-1.6.zip

e 2019-09-01 proj-datumgrid-europe-1.5.zip

e 2019-09-01 proj-datumgrid-europe-1.4.zip

¢ 2019-07-01 proj-datumgrid-europe-1.3.zip

¢ 2019-03-01 proj-datumgrid-europe-1.2.zip

* 2018-09-15 proj-datumgrid-europe-1.1.zip

e 2018-03-01 proj-datumgrid-europe-1.0.zip

¢ 2019-03-01 proj-datumgrid-north-america-1.3.zip
e 2019-03-01 proj-datumgrid-north-america-1.2.zip
* 2018-09-15 proj-datumgrid-north-america-1.1.zip
* 2018-03-01 proj-datumgrid-north-america-1.0.zip
¢ 2018-03-01 proj-datumgrid-oceania-1.1.zip

* 2018-03-01 proj-datumgrid-oceania-1.0.zip
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CHAPTER
FOUR

INSTALLATION

These pages describe how to install PROJ on your computer without compiling it yourself. Below are guides for
installing on Windows, Linux and Mac OS X. This is a good place to get started if this is your first time using PROJ.
More advanced users may want to compile the software themselves.

4.1 Installation from package management systems

4.1.1 Cross platform

PROJ is also available via cross platform package managers.

4.1.1.1 Conda

The conda package manager includes several PROJ packages. We recommend installing from the conda-forge chan-
nel:

conda install -c conda-forge proj

Using conda you can also install the PROJ data package. Here's how to install the proj-data package:

conda install -c conda-forge proj-data

Available is also the legacy packages proj-datumgrid-europe, proj-datumgrid-north-america,
proj-datumgrid-oceania and proj-datumgrid-world.

Tip: Read more about the various datumgrid packages available here.

4.1.1.2 Docker

A Docker image with just PROJ binaries and a full compliment of grid shift files is available on DockerHub. Get the
package with:

docker pull osgeo/proj

43



https://www.docker.com/
https://hub.docker.com/r/osgeo/proj/

PROJ coordinate transformation software library, Release 9.2.1

4.1.2 Windows

The simplest way to install PROJ on Windows is to use the OSGeo4W software distribution. OSGeo4W provides
easy access to many popular open source geospatial software packages. After installation you can use PROJ from the
0SGeo4W shell. To install PROJ do the following:

Note: If you have already installed software via OSGeo4W on your computer, or if you have already installed QGIS
on your computer, it is likely that PROJ is already installed. Type "OSGeo4W Shell" in your start menu and check
whether that gives a match.

p—

Download the 64 bit installer.

Run the OSGeo4W setup program.

Select "Advanced Install" and press Next.

Select "Install from Internet" and press Next.

Select a installation directory. The default suggestion is fine in most cases. Press Next.
Select "Local package directory”. The default suggestion is fine in most cases. Press Next.
Select "Direct connection" and press Next.

Choose the download.osgeo.org server and press Next.

D A o

Find "proj" under "Commandline_Utilities" and click the package in the "New" column until the version you
want to install appears.

10. Press next to install PROJ.

You should now have a "OSGeo" menu in your start menu. Within that menu you can find the "OSGeo4W Shell" where
you have access to all the OSGeo4W applications, including proj.

For those who are more inclined to the command line, steps 2--10 above can be accomplished by executing the following
command:

C:\temp\osgeodw-setup.exe -q -k -r -A -s https://download.osgeo.org/osgeodw/v2/ -P proj

4.1.3 Linux

How to install PROJ on Linux depends on which distribution you are using. Below is a few examples for some of the
more common Linux distributions:

4.1.3.1 Debian

On Debian and similar systems (e.g. Ubuntu) the APT package manager is used:

sudo apt-get install proj-bin
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4.1.3.2 Fedora

On Fedora the dnf package manager is used:

sudo dnf install proj

4.1.3.3 Red Hat

On Red Hat based system packages are installed with yum:

sudo yum install proj

4.1.4 Mac OS X

On OS X PROJ can be installed via the Homebrew package manager:

brew install proj

PROJ is also available from the MacPorts system:

sudo ports install proj

4.2 Compilation and installation from source code

The classic way of installing PROJ is via the source code distribution. The most recent version is available from the
download page.

The following guides show how to compile and install the software using CMake.

Note: Support for Autotools was maintained until PROJ 8.2 (see PROJ RFC 7: Drop Autotools, maintain
CMake). PROJ 9.0 and later releases only support builds using CMake.

4.2.1 Build requirements

e C99 compiler
e C++11 compiler
e CMake >=3.9

* SQLite3 >=3.11: headers and library for target architecture, and sqlite3 executable for build architecture.

libtiff >= 4.0 (optional but recommended)

curl >=7.29.0 (optional but recommended)
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4.2.2 Build steps

With the CMake build system you can compile and install PROJ on more or less any platform. After unpacking the
source distribution archive step into the source- tree:

cd proj-9.2.1

Create a build directory and step into it:

mkdir build
cd build

From the build directory you can now configure CMake, build and install the binaries:

cmake ..
cmake --build .
cmake --build . --target install

On Windows, one may need to specify generator:

cmake -G "Visual Studio 15 2017" ..

If the SQLite3 dependency is installed in a custom location, specify the paths to the include directory and the library:

cmake -DSQLITE3_INCLUDE_DIR=/opt/SQLite/include -DSQLITE3_LIBRARY=/opt/SQLite/lib/
—libsqlite3.so ..

Alternatively, the custom prefix for SQLite3 can be specified:

cmake -DCMAKE_PREFIX_PATH=/opt/SQLite ..

Tests are run with:

ctest

With a successful install of PROJ we can now install data files using the projsync utility:

projsync --system-directory

which will download all resource files currently available for PROJ. If less than the entire collection of resource files
is needed the call to projsync can be modified to suit the users needs. See projsync for more options.

Note: The use of projsync requires that network support is enabled (the default option). If the resource files are not
installed using projsync PROJ will attempt to fetch them automatically when a transformation needs a specific data file.
This requires that PROJ_NETIORK is set to ON.

As an alternative on systems where network access is disabled, the proj-data package can be downloaded and its content
decompressed into one of the directories where PROJ looks for resources

Starting with PROJ 9.2, a uninstall target is available to remove files installed by the install target:

cmake --build . --target uninstall
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4.2.3 CMake configure options

Options to configure a CMake are provided using -D<var>=<value>. All cached entries can be viewed using cmake
-LAH from a build directory.
BUILD_APPS=0ON

Build PROJ applications. Default is ON. Control the default value for BUILD_CCT, BUILD_CS2CS,
BUILD_GEOD, BUILD_GIE, BUILD_PROJ, BUILD_PROJINFO and BUILD_PROJSYNC. Note that chang-
ing its value after having configured once will not change the value of the individual BUILD_CCT, ... options.

Changed in version 8.2.

BUILD_CCT=0N
Build cct, default is the value of BUILD_APPS.

BUILD_CS2CS=0ON
Build c¢s2c¢s,default is the value of BUILD_APPS.

BUILD_GEOD=0N
Build geod, default is the value of BUILD_APPS.

BUILD_GIE=0ON
Build gie, default is the value of BUILD_APPS.

BUILD_PROJ=ON
Build proj, default is the value of BUILD_APPS.

BUILD_PROJINFO=0ON
Build projinfo, default is the value of BUILD_APPS.

BUILD_PROJSYNC=ON
Build projsync, default is the value of BUILD_APPS.

BUILD_SHARED_LIBS
Build PROJ library shared. Default is ON. See also the CMake documentation for BUILD_SHARED_LIBS.

Changed in version 7.0: Renamed from BUILD_LIBPROJ_SHARED

Note: before PROJ 9.0, the default was OFF for Windows builds.

BUILD_TESTING=ON

CTest option to build the testing tree, which also downloads and installs Googletest. Default is ON, but can be
turned OFF if tests are not required.

Changed in version 7.0: Renamed from PROJ_TESTS

CMAKE_BUILD_TYPE

Choose the type of build, options are: None (default), Debug, Release, RelWithDeblInfo, or MinSizeRel. See
also the CMake documentation for CMAKE_BUILD_TYPE.

Note: A default build is not optimized without specifying -DCMAKE_BUILD_TYPE=Release (or similar) during
configuration, or by specifying --config Release with CMake multi-configuration build tools (see example
below).
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CMAKE_C_COMPILER

C compiler. Ignored for some generators, such as Visual Studio.

CMAKE_C_FLAGS
Flags used by the C compiler during all build types. This is initialized by the CFLAGS environment variable.

CMAKE_CXX_COMPILER

C++ compiler. Ignored for some generators, such as Visual Studio.

CMAKE_CXX_FLAGS
Flags used by the C++ compiler during all build types. This is initialized by the CXXFLAGS environment variable.

CMAKE_INSTALL_PREFIX

Default for Windows is based on the environment variable 0SGEO4W_ROOT (if set), otherwise is c: /0SGeo4W.
Default for Unix-like is /usr/local/.

ENABLE_IPO=0FF
Build library using the compiler's interprocedural optimization (IPO), if available, default OFF.
Changed in version 7.0: Renamed from ENABLE_LTO.
EXE_SQLITE3
Path to an sqlite3 or sqlite3.exe executable.
SQLITE3_INCLUDE_DIR
Path to an include directory with the sqlite3.h header file.

SQLITE3_LIBRARY
Path to a shared or static library file, such as sqlite3.d11, 1libsqlite3.so, sqlite3.1ib or other name.

ENABLE_CURL=0ON
Enable CURL support, default ON.

CURL_INCLUDE_DIR
Path to an include directory with the curl directory.

CURL_LIBRARY

Path to a shared or static library file, such as 1ibcurl.dl1, libcurl.so, libcurl.lib, or other name.
ENABLE_TIFF=0N

Enable TIFF support to use PROJ-data resource files, default ON.
TIFF_INCLUDE_DIR

Path to an include directory with the tiff.h header file.

TIFF_LIBRARY_RELEASE

Path to a shared or static library file, such as tiff.dl1, libtiff.so, tiff.1lib, or other name. A similar
variable TIFF_LIBRARY_DEBUG can also be specified to a similar library for building Debug releases.

USE_CCACHE=0FF
Configure CMake to use ccache (or clcache for MSVC) to build C/C++ objects.
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4.2.4 Building on Windows with vepkg and Visual Studio 2017 or 2019

This method is the preferred one to generate Debug and Release builds.

4.2.4.1 Install git

Install git

4.2.4.2 Install Vcpkg

Assuming there is a c:\dev directory

cd c:\dev
git clone https://github.com/Microsoft/vcpkg.git

cd vcpkg
.\bootstrap-vcpkg.bat

4.2.4.3 Install PROJ dependencies

vcpkg install sqlite3[core,tool] tiff curl --triplet=x86-windows
vcpkg install sqlite3[core,tool] tiff curl --triplet=x64-windows

Note: The tiff and curl dependencies are only needed since PROJ 7.0

4.2.4.4 Checkout PROJ sources

cd c:\dev
git clone https://github.com/0SGeo/PROJ.git

4.2.4.5 Build PROJ

cd c:\dev\PROJ
mkdir build_vs2019
cd build_vs2019

cmake -DCMAKE_TOOLCHAIN_FILE=C:\dev\vcpkg\scripts\buildsystems\vcpkg.cmake ..

cmake --build . --config Debug -j 8

4.2. Compilation and installation from source code

49



https://git-scm.com/download/win

PROJ coordinate transformation software library, Release 9.2.1

4.2.4.6 Run PROJ tests

cd c:\dev\PROJ\build_vs2019
ctest -V --build-config Debug

4.2.5 Building on Windows with Conda dependencies and Visual Studio 2017 or
2019

Variant of the above method but using Conda for SQLite3, TIFF and CURL dependencies. It is less appropriate for
Debug builds of PROJ than the method based on vcpkg.

4.2.5.1 Install git

Install git

4.2.5.2 Install miniconda

Install miniconda

4.2.5.3 Install PROJ dependencies

Start a Conda enabled console and assuming there is a c:\dev directory

cd c:\dev

conda create --name proj

conda activate proj

conda install sqglite libtiff curl cmake

Note: The libtiff and curl dependencies are only needed since PROJ 7.0

4.2.5.4 Checkout PROJ sources

cd c:\dev
git clone https://github.com/0SGeo/PROJ.git

4.2.5.5 Build PROJ

From a Conda enabled console

conda activate proj

cd c:\dev\PROJ

call "C:\Program Files (x86)\Microsoft Visual Studio\2017\Community\VC\Auxiliary\Build\
—vcvars64.bat"

cmake -S . -B _build.vs2019 -DCMAKE_LIBRARY_PATH:FILEPATH="%CONDA_PREFIX%/Library/lib" -
—-DCMAKE_INCLUDE_PATH:FILEPATH="%CONDA_PREFIX%/Library/include"

cmake --build _build.vs2019 --config Release -j 8
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4.2.5.6 Run PROJ tests

cd c:\dev\PROJ
cd _build.vs2019
ctest -V --build-config Release
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CHAPTER
FIVE

USING PROJ

The main purpose of PROJ is to transform coordinates from one coordinate reference system to another. This can be
achieved either with the included command line applications or the C API that is a part of the software package.

5.1 Quick start

Coordinate transformations are defined by, what in PROJ terminology is known as, "proj-strings". A proj-string de-
scribes any transformation regardless of how simple or complicated it might be. The simplest case is projection of
geodetic coordinates. This section focuses on the simpler cases and introduces the basic anatomy of the proj-string.
The complex cases are discussed in Geodetic transformation.

A proj-strings holds the parameters of a given coordinate transformation, e.g.

+proj=merc +lat_ts=56.5 +ellps=GRS80

Le. a proj-string consists of a projection specifier, +proj, a number of parameters that applies to the projection and,
if needed, a description of a datum shift. In the example above geodetic coordinates are transformed to projected
space with the Mercator projection with the latitude of true scale at 56.5 degrees north on the GRS80 ellipsoid. Every
projection in PROJ is identified by a shorthand such as merc in the above example.

By using the above projection definition as parameters for the command line utility proj we can convert the geodetic
coordinates to projected space:

$ proj +proj=merc +lat_ts=56.5 +ellps=GRS80

If called as above proj will be in interactive mode, letting you type the input data manually and getting a response
presented on screen. proj works as any UNIX filter though, which means that you can also pipe data to the utility, for
instance by using the echo command:

$ echo 55.2 12.2 | proj +proj=merc +lat_ts=56.5 +ellps=GRS80
3399483.80 752085.60

PROJ also comes bundled with the cs2cs utility which is used to transform from one coordinate reference system to
another. Say we want to convert the above Mercator coordinates to UTM, we can do that with cs2cs:

$ echo 3399483.80 752085.60 | cs2cs +proj=merc +lat_ts=56.5 +ellps=GRS80 +to +proj=utm.
—+zone=32
6103992.36 1924052.47 0.00

Notice the +to parameter that separates the source and destination projection definitions.

If you happen to know the EPSG identifiers for the two coordinates reference systems you are transforming between
you can use those with cs2cs:
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$ echo 56 12 | cs2cs +init=epsg:4326 +to +init=epsg:25832
231950.54 1920310.71 0.00

In the above example we transform geodetic coordinates in the WGS84 reference frame to UTM zone 32N coordinates
in the ETRS89 reference frame. UTM coordinates

5.2 Cartographic projection

The foundation of PROIJ is the large number of projections available in the library. This section is devoted to the generic
parameters that can be used on any projection in the PROJ library.

Below is a list of PROJ parameters which can be applied to most coordinate system definitions. This table does not at-
tempt to describe the parameters particular to particular projection types. These can be found on the pages documenting
the individual projections.

Parameter | Description

+a Semimajor radius of the ellipsoid axis

+axis Axis orientation

+b Semiminor radius of the ellipsoid axis

+ellps Ellipsoid name (see proj -le)

+k Scaling factor (deprecated)

+k_0 Scaling factor

+lat_ 0 Latitude of origin

+lon_0 Central meridian

+lon_wrap | Center longitude to use for wrapping (see below)

+over Allow longitude output outside -180 to 180 range, disables wrapping (see below)
+pm Alternate prime meridian (typically a city name, see below)
+proj Projection name (see proj -1)

+units meters, US survey feet, etc.

+vunits vertical units.

+x_0 False easting

+y 0 False northing

In the sections below most of the parameters are explained in details.

5.2.1 Units

Horizontal units can be specified using the +units keyword with a symbolic name for a unit (i.e. us-£ft). Alternatively
the translation to meters can be specified with the +to_meter keyword (i.e. 0.304800609601219 for US feet). The
-1u argument to cs2cs or proj can be used to list symbolic unit names. The default unit for projected coordinates is the
meter. A few special projections deviate from this behavior, most notably the latlong pseudo-projection that returns
degrees.

Vertical (Z) units can be specified using the +vunits keyword with a symbolic name for a unit (i.e. us-£ft). Alterna-
tively the translation to meters can be specified with the +vto_meter keyword (i.e. 0.304800609601219 for US feet).
The -1u argument to cs2cs or proj can be used to list symbolic unit names. If no vertical units are specified, the vertical
units will default to be the same as the horizontal coordinates.

Note: proj does not handle vertical units at all and hence the +vto_meter argument will be ignored.
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Scaling of output units can be done by applying the +k_0 argument. The returned coordinates are scaled by the value
assigned with the +k_0 parameter.

Input units for parameters that can be understood to be either decimal degrees or radians are interpreted to be decimal
degrees by convention.

Explicit specification of input units can be accomplished by adding the appropriate suffix to input values.

Suffix | Unit

d Decimal degrees
D

r Radians

R

Example of use. The longitude of the central meridian +1on_0=90, can also be expressed more explicitly with units
of decimal degrees as +1on_0=90d or in radian units as +1on_0=1.570796r (approximately).

5.2.2 False Easting/Northing

Virtually all coordinate systems allow for the presence of a false easting (+x_0) and northing (+y_0). Note that these
values are always expressed in meters even if the coordinate system is some other units. Some coordinate systems (such
as UTM) have implicit false easting and northing values.

5.2.3 Longitude Wrapping

By default PROJ wraps output longitudes in the range -180 to 180. The +over switch can be used to disable the default
wrapping which is done at a low level in pj_inv (). This is particularly useful with projections like the Equidistant
Cylindrical (Plate Carrée) or Mercator where it could be desirable for X values past -20000000 (roughly) to continue
past -180 instead of wrapping to +180.

Note however that for most projections where the 180 meridian does not project to a straight line, +over will have no
effect or will not lead to expected results.

The +lon_wrap option can be used to provide an alternative means of doing longitude wrapping within
pj_transform(). The argument to this option is a center longitude. So +lon_wrap=180 means wrap longitudes
in the range 0 to 360. Note that +over does not disable +1on_wrap.

5.2.4 Prime Meridian

A prime meridian may be declared indicating the offset between the prime meridian of the declared coordinate system
and that of greenwich. A prime meridian is declared using the "pm" parameter, and may be assigned a symbolic name,
or the longitude of the alternative prime meridian relative to greenwich.

Currently prime meridian declarations are only utilized by the pj_transform() API call, not the pj_inv() and
pj_fwd() calls. Consequently the user utility cs2cs does honour prime meridians but the proj user utility ignores
them.

The following predeclared prime meridian names are supported. These can be listed using with cs2cs -1m.
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Meridian | Longitude
greenwich | OdE

lisbon 9d07'54.862"W
paris 2d20'14.025"E
bogota 74d04'51.3"E
madrid 3d41'16.48"W
rome 12d27'8 4"E
bern 7d2622.5"E
jakarta 106d48'27.79"E
ferro 17d40'W
brussels 4d22'4.71"E
stockholm | 18d3'29.8"E
athens 23d42'58.815"E
oslo 10d4322.5"E

Example of use. The location long=0, lat=0 in the greenwich based lat/long coordinates is translated to lat/long
coordinates with Madrid as the prime meridian.

cs2cs +proj=latlong +datum=WGS84 +to +proj=latlong +datum=WGS84 +pm=madrid
00
3d41'16.48"E 0dN 0.000

5.2.5 Axis orientation

Starting in PROJ 4.8.0, the +axis argument can be used to control the axis orientation of the coordinate system. The
default orientation is "easting, northing, up" but directions can be flipped, or axes flipped using combinations of the
axes in the +axis switch. The values are:

e "e" - Easting
e "w" - Westing
* "n" - Northing
¢ "s" - Southing
e "u"-Up
e "d" - Down
They can be combined in +axis in forms like:
* +axis=enu - the default easting, northing, elevation.

* +axis=neu - northing, easting, up - useful for "lat/long" geographic coordinates, or south orientated transverse
mercator.

* +axis=wnu - westing, northing, up - some planetary coordinate systems have "west positive" coordinate systems

Note: The +axis argument does not work with the proj command line utility.
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5.3 Geodetic transformation

PROJ can do everything from the most simple projection to very complex transformations across many reference frames.
While originally developed as a tool for cartographic projections, PROJ has over time evolved into a powerful generic
coordinate transformation engine that makes it possible to do both large scale cartographic projections as well as
coordinate transformation at a geodetic high precision level. This chapter delves into the details of how geodetic
transformations of varying complexity can be performed.

In PROJ, two frameworks for geodetic transformations exists, the PROJ 4.x/5.x / cs2¢s [ pj_transform() framework
and the transformation pipelines framework. The first is the original, and limited, framework for doing geodetic trans-
forms in PROJ. The latter is a newer addition that aims to be a more complete transformation framework. Both are
described in the sections below. Large portions of the text are based on [EversKnudsen2017].

Before describing the details of the two frameworks, let us first remark that most cases of geodetic transformations can
be expressed as a series of elementary operations, the output of one operation being the input of the next. E.g. when
going from UTM zone 32, datum ED50, to UTM zone 32, datum ETRS89, one must, in the simplest case, go through
5 steps:

1. Back-project the UTM coordinates to geographic coordinates
Convert the geographic coordinates to 3D cartesian geocentric coordinates
Apply a Helmert transformation from ED50 to ETRS89

Convert back from cartesian to geographic coordinates

A

Finally project the geographic coordinates to UTM zone 32 planar coordinates.

5.3.1 Transformation pipelines

The homology between the above steps and a Unix shell style pipeline is evident. It is there the main architectural
inspiration behind the transformation pipeline framework. The pipeline framework is realized by utilizing a special
"projection”, that takes as its user supplied arguments, a series of elementary operations, which it strings together in
order to implement the full transformation needed. Additionally, a number of elementary geodetic operations, including
Helmert transformations, general high order polynomial shifts and the Molodensky transformation are available as part
of the pipeline framework. In anticipation of upcoming support for full time-varying transformations, we also introduce
a 4D spatiotemporal data type, and a programming interface (API) for handling this.

The Molodensky transformation converts directly from geodetic coordinates in one datum, to geodetic coordinates in
another datum, while the (typically more accurate) Helmert transformation converts from 3D cartesian to 3D cartesian
coordinates. So when using the Helmert transformation one typically needs to do an initial conversion from geodetic
to cartesian coordinates, and a final conversion the other way round, to arrive at the desired result. Fortunately, this
three-step compound transformation has the attractive characteristic that each step depends only on the output of the
immediately preceding step. Hence, we can build a geodetic-to-geodetic Helmert transformation by tying together the
outputs and inputs of 3 steps (geodetic-to-cartesian — Helmert — cartesian-to-geodetic), pipeline style. The pipeline
driver, makes this kind of chained transformations possible. The implementation is compact, consisting of just one
pseudo-projection, called pipeline, which takes as its arguments strings of elementary projections (note: "projec-
tion" is the, slightly misleading, PROJ term used for any kind of transformation). The pipeline pseudo projection is
supplemented by a number of elementary transformations, all in all providing a framework for building high accuracy
solutions for a wide spectrum of geodetic tasks.

As a first example, let us take a look at the iconic geodetic — Cartesian — Helmert — geodetic case (steps 2 to 4 in
the example in the introduction). In PROJ it can be implemented as

proj=pipeline
step proj=cart ellps=intl

(continues on next page)
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step proj=helmert convention=coordinate_frame
x=-81.0703 y=-89.3603 z=-115.7526
rx=-0.48488 ry=-0.02436 rz=-0.41321 s=-0.540645
step proj=cart inv ellps=GRS80

The pipeline can be expanded at both ends to accommodate whatever coordinate type is needed for input and output:
In the example below, we transform from the deprecated Danish System 45, a 2D system with some tension in the
original defining network, to UTM zone 33, ETRS89. The tension is reduced using a polynomial transformation (the
init=./s45b... step, s45b.pol is a file containing the polynomial coefficients), taking the S45 coordinates to a technical
coordinate system (TC32), defined to represent "UTM zone 32 coordinates, as they would look if the Helmert transfor-
mation between ED50 and ETRS89 was perfect". The TC32 coordinates are then converted back to geodetic(ED50)
coordinates, using an inverse UTM projection, further to cartesian(ED50), then to cartesian(ETRS89), using the rel-
evant Helmert transformation, and back to geodetic(ETRS89), before finally being projected onto the UTM zone 33,
ETRS89 system. All in all a 6 step pipeline, implementing a transformation with centimeter level accuracy from a
deprecated system with decimeter level tensions.

proj=pipeline

step init=./s45b.pol:s45b_tc32

step proj=utm inv ellps=intl zone=32

step proj=cart ellps=intl

step proj=helmert convention=coordinate_frame
x=-81.0703 y=-89.3603 z=-115.7526
rx=-0.48488 ry=-0.02436 rz=-0.41321 s=-0.540645

step proj=cart inv ellps=GRS80

step proj=utm ellps=GRS80 zone=33

With the pipeline framework spatiotemporal transformation is possible. This is possible by leveraging the time dimen-
sion in PROJ that enables 4D coordinates (three spatial components and one temporal component) to be passed through
a transformation pipeline. In the example below a transformation from ITRF93 to ITRF2000 is defined. The temporal
component is given as GPS weeks in the input data, but the 14-parameter Helmert transform expects temporal units in
decimalyears. Hence the first step in the pipeline is the unitconvert pseudo-projection that makes sure the correct units
are passed along to the Helmert transform. Most parameters of the Helmert transform are taken from [Altamimi2002],
except the epoch which is the epoch of the transformation. The last step in the pipeline is converting the coordinate
timestamps back to GPS weeks.

proj=pipeline

step proj=unitconvert t_in=gps_week t_out=decimalyear

step proj=helmert convention=coordinate_frame
x=0.0127 y=0.0065 z=-0.0209 s=0.00195
rx=0.00039 ry=-0.00080 rz=0.00114
dx=-0.0029 dy=-0.0002 dz=-0.0006 ds=0.00001
drx=0.00011 dry=0.00019 drz=-0.00007
t_epoch=1988.0

step proj=unitconvert t_in=decimalyear t_out=gps_week
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5.3.2 PROJ 4.x/5.x paradigm

Parame- | Description

ter

+datum Datum name (see proj -1d)

+geoid- Filename of GTX grid file to use for vertical datum transforms
grids

+geoid_crs | (Added in PROJ 9.1) Value can be "WGS84" or "horizontal_crs". Only used if geoidgrids
is specified.

+nadgrids | Filename of NTv2 grid file to use for datum transforms

+towgs84 | 3 or 7 term datum transform parameters

+to_meter | Multiplier to convert map units to 1.0m

+vto_meter| Vertical conversion to meters

Warning: This section documents the behavior of PROJ 4.x and 5.x. In PROJ 6.x, c¢s2c¢s has been reworked to use
proj_create_crs_to_crs() internally, with late binding capabilities, and thus is no longer constrained to using
WGS84 as a pivot (also called as early binding method). When cs2cs of PROJ 6 is used with PROJ.4 expanded
strings to describe the CRS, including +towgs84, +nadgrids and +geoidgrids, it will generally give the same
results as earlier PROJ versions. When used with AUTHORITY:CODE CRS descriptions, it may return different
results.

The cs2cs framework in PROJ 4 and 5 delivers a subset of the geodetic transformations available with the pipeline
framework. Coordinate transformations done in this framework were transformed in a two-step process with WGS84
as a pivot datum. That is, the input coordinates are transformed to WGS84 geodetic coordinates and then transformed
from WGS84 coordinates to the specified output coordinate reference system, by utilizing either the Helmert trans-
form, datum shift grids or a combination of both. Datum shifts can be described in a proj-string with the parameters
+towgs84, +nadgrids and +geoidgrids. An inverse transform exists for all three and is applied if specified in the
input proj-string. The most common is +towgs84, which is used to define a 3- or 7-parameter Helmert shift from the
input reference frame to WGS84. Exactly which realization of WGS84 is not specified, hence a fair amount of un-
certainty is introduced in this step of the transformation. With the +nadgrids parameter a non-linear planar correction
derived from interpolation in a correction grid can be applied. Originally this was implemented as a means to transform
coordinates between the North American datums NAD27 and NADS83, but corrections can be applied for any datum
for which a correction grid exists. The inverse transform for the horizontal grid shift is "dumb", in the sense that the
correction grid is applied verbatim without taking into account that the inverse operation is non-linear. Similar to the
horizontal grid correction, +geoidgrids can be used to perform grid corrections in the vertical component. Both grid
correction methods allow inclusion of more than one grid in the same transformation

The +geoid_crs=WGS84/horizontal_crs parameter was added in PROJ 9.1 to solve an ambiguity that has been
rampant for a long time. Before PROJ 6, the interpolation CRS of the geoid transformation was assumed to be the one
of the horizontal CRS. Starting with PROIJ 6, this was inadvertently changed to be WGS84.

When transforming from a CRS that specifies a horizontal datum shift with +towgs84 or +nadgrids, and a vertical
one with +geoidgrids with +geoid_crs=horizontal_crs, to WGS84, the vertical transformation is done before
the horizontal one.

$ projinfo -s "+proj=longlat +ellps=GRS80 +nadgrids=@foo +geoidgrids=@bar +geoid_
—.crs=horizontal_crs +type=crs" -t EPSG:4979 -o PROJ -q

+proj=pipeline
+step +proj=unitconvert +xy_in=deg +xy_out=rad

(continues on next page)
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+step +proj=vgridshift +grids=@bar +multiplier=1

+step +proj=hgridshift +grids=@foo

+step +proj=unitconvert +xy_in=rad +z_in=m +xy_out=deg +z_out=m
+step +proj=axisswap +order=2,1

Conversely, when +geoid_crs=WGS84 (or omitting it with PROJ >= 6), the horizontal transformation is done before
the vertical one.

$ projinfo -s "+proj=longlat +ellps=GRS80 +nadgrids=@foo +geoidgrids=@bar +geoid_
—crs=WGS84 +type=crs" -t EPSG:4979 -o PROJ -q

+proj=pipeline
+step +proj=unitconvert +xy_in=deg +xy_out=rad
+step +proj=hgridshift +grids=@foo
+step +proj=vgridshift +grids=@bar +multiplier=1
+step +proj=unitconvert +xy_in=rad +xy_out=deg
+step +proj=axisswap +order=2,1

In contrast to the transformation pipeline framework, transformations with the cs2cs framework in PROJ 4 and 5 were
expressed as two separate proj-strings. One proj-string to WGS84 and one from WGS84. Together they form the
mapping from the source coordinate reference system to the destination coordinate reference system. When used with
the cs2cs the source and destination CRS's are separated by the special +to parameter.

The following example demonstrates converting from the Greek GGRS87 datum to WGS84 with the +towgs84 pa-
rameter.

cs2cs +proj=latlong +ellps=GRS80 +towgs84=-199.87,74.79,246.62
+to +proj=latlong +datum=WGS84

20 35

20d0'5.467"E 35d0'9.575"N 0.000

With PROJ 6, you can simply use the following:

Note: With PROJ 6, the order of coordinates for EPSG geographic coordinate reference systems is latitude first,
longitude second.

cs2cs "GGRS87" "WGS 84"
35 20
35d0®'9.575"N 20d0'5.467"E 0.000

cs2cs EPSG:4121 EPSG:4326
35 20
35d0'9.575"N 20d0'5.467"E 0.000

The EPSG database provides this example for transforming from WGS72 to WGS84 using an approximated 7 parameter
transformation.

cs2cs +proj=latlong +ellps=WGS72 +towgs84=0,0,4.5,0,0,0.554,0.219 \
+to +proj=latlong +datum=WGS84

4 55

4d0'0.554"E 55d0'0.09"N 0.000

With PROJ 6, you can simply use the following (note the reversed order for latitude and longitude)
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cs2cs "WGS 72" "WGS 84"
55 4
55d0'0.09"N 4d0'0.554"E 0.000

cs2cs EPSG:4322 EPSG:4326
55 4
55d0'0.09"N 4d0'0.554"E 0.000

5.3.3 Grid Based Datum Adjustments

In many places (notably North America and Australia) national geodetic organizations provide grid shift files for con-
verting between different datums, such as NAD27 to NAD&3. These grid shift files include a shift to be applied at each
grid location. Actually grid shifts are normally computed based on an interpolation between the containing four grid
points.

PROJ supports use of grid files for shifting between various reference frames. The grid shift table formats are CTable,
NTv1 (the old Canadian format), and NTv2 (. gsb - the new Canadian and Australian format).

The text in this section is based on the cs2cs framework. Gridshifting is off course also possible with the pipeline
framework. The major difference between the two is that the cs2cs framework is limited to grid mappings to WGS84,
whereas with transformation pipelines it is possible to perform grid shifts between any two reference frames, as long
as a grid exists.

Use of grid shifts with cs2cs is specified using the +nadgrids keyword in a coordinate system definition. For example:

% cs2cs +proj=latlong +ellps=clrk66 +nadgrids=ntvl_can.dat \
+to +proj=latlong +ellps=GRS80 +datum=NAD83 << EOF

-111 50

EOF

111d0'2.952"W 50d0'0.111"N 0.000

In this case the /usr/local/share/proj/ntvl_can.dat grid shift file was loaded, and used to get a grid shift value
for the selected point.

It is possible to list multiple grid shift files, in which case each will be tried in turn till one is found that contains the
point being transformed.

cs2cs +proj=latlong +ellps=clrk66 \
+nadgrids=conus,alaska,hawaii, stgeorge,stlrnc,stpaul \
+to +proj=latlong +ellps=GRS80 +datum=NAD83 << EOF
-111 44
EOF
111d0'2.788"W  43d59'59.725"N 0.000
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5.3.3.1 Skipping Missing Grids

The special prefix @ may be prefixed to a grid to make it optional. If it not found, the search will continue to the next
grid. Normally any grid not found will cause an error. For instance, the following would use the ntv2_0.gsb file if
available, otherwise it would fallback to using the ntv1l_can.dat file.

cs2cs +proj=latlong +ellps=clrk66 +nadgrids=@ntv2_0.gsb,ntvl_can.dat \
+to +proj=latlong +ellps=GRS80 +datum=NAD83 << EOF

-111 50

EOF

111d0'3.006"W  50d0'0.103"N 0.000

5.3.3.2 The null Grid

A special null grid shift file is distributed with PROJ. This file provides a zero shift for the whole world. It may be
listed at the end of a nadgrids file list if you want a zero shift to be applied to points outside the valid region of all the
other grids. Normally if no grid is found that contains the point to be transformed an error will occur.

cs2cs +proj=latlong +ellps=clrk66 +nadgrids=conus,null \
+to +proj=latlong +ellps=GRS80 +datum=NAD83 << EOF

-111 45

EOF

111d0'3.006"W  50d0'0.103"N 0.000

cs2cs +proj=latlong +ellps=clrk66 +nadgrids=conus,null \
+to +proj=latlong +ellps=GRS80 +datum=NAD83 << EOF

-111 44

-111 55

EOF

111d0'2.788"W  43d59'59.725"N 0.000

111dw  55dN 0.000

For more information see the chapter on Other transformation grids.

5.3.3.3 Caveats

e Where grids overlap (such as conus and ntvl_can.dat for instance) the first found for a point will be used
regardless of whether it is appropriate or not. So, for instance, +nadgrids=ntv1_can.dat,conus would result
in the Canadian data being used for some areas in the northern United States even though the conus data is the
approved data to use for the area. Careful selection of files and file order is necessary. In some cases border
spanning datasets may need to be pre-segmented into Canadian and American points so they can be properly
grid shifted

» Additional detail on the grid shift being applied can be found by setting the PROJ_DEBUG environment variable
to a value. This will result in output to stderr on what grid is used to shift points, the bounds of the various grids
loaded and so forth
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5.4 Ellipsoids

An ellipsoid is a mathematically defined surface which approximates the geoid: the surface of the Earth's gravity field,

which is approximately the same as mean sea level.

Ellipsoid with best fit
to the local region

Local region

Ellipsoid with global
best fit to the geoid

The geoid

Semi-minor axis (b)

Semi-major axis (a)

Fig. 1: Global and local fitting of the ellipsoid

A complete ellipsoid definition comprises a size (primary) and a shape (secondary) parameter.

5.4.1 Ellipsoid size parameters

+R=<value>
Radius of the sphere, R.

+a=<value>

Semi-major axis of the ellipsoid, a.

5.4.2 Ellipsoid shape parameters

+rf=<value>

Reverse flattening of the ellipsoid, 1/ f.

+f=<value>

Flattening of the ellipsoid, f.

+es=<value>

Eccentricity squared, e?.

5.4. Ellipsoids
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+e=<value>

Eccentricity, e.

+b=<value>
Semi-minor axis, b.

The ellipsoid definition may be augmented with a spherification flag, turning the ellipsoid into a sphere with features
defined by the ellipsoid.

5.4.3 Ellipsoid spherification parameters

+R_A=<value>
A sphere with the same surface area as the ellipsoid.

+R_V=<value>
A sphere with the same volume as the ellipsoid.

+R_a=<value>
A sphere with R = (a + b)/2 (arithmetic mean).

+R_g=<value>

A sphere with R = v/ab (geometric mean).

+R_h=<value>
A sphere with R = 2ab/(a + b) (harmonic mean).

+R_lat_a=<phi>
A sphere with R being the arithmetic mean of the corresponding ellipsoid at latitude ¢.

+R_lat_g=<phi>
A sphere with R being the geometric mean of the corresponding ellipsoid at latitude ¢.

If +R is given as size parameter, any shape and spherification parameters given are ignored.

5.4.4 Built-in ellipsoid definitions

The ellps=xxx parameter provides both size and shape for a number of built-in ellipsoid definitions.

ellps Parameters Datum name

GRS80 | a=6378137.0 rf=298.257222101 | GRS 1980(IUGG, 1980)
airy a=6377563.396 b=6356256.910 | Airy 1830

bessel a=6377397.155 rf=299.1528128 | Bessel 1841

clrk66 a=6378206.4 b=6356583.8 Clarke 1866

intl a=6378388.0 rf=297. International 1909 (Hayford)
WGS60 | a=6378165.0 rf=298.3 WGS 60

WGS66 | a=6378145.0 rf=298.25 WGS 66

WGS72 | a=6378135.0 rf=298.26 WGS 72

WGS84 | a=6378137.0 rf=298.257223563 | WGS 84

sphere a=6370997.0 b=6370997.0 Normal Sphere (r=6370997)

If size and shape are given as el1ps=xxx, later shape and size parameters are are taken into account as modifiers for
the built-in ellipsoid definition.

While this may seem strange, it is in accordance with historical PROJ behavior. It can e.g. be used to define coordinates
on the ellipsoid scaled to unit semimajor axis by specifying +ellps=xxx +a=1
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5.4.5 Transformation examples

Spherical earth with radius 7000km:

+proj=latlon +R=7000000

Using the GRS80 ellipsoid:

+proj=latlon +ellps=GRS80

Expressing ellipsoid by semi-major axis and reverse flattening (1/ f):

+proj=latlon +a=6378137.0 +rf=298.25

Spherical earth based on volume of ellipsoid

+proj=latlon +a=6378137.0 +rf=298.25 +R_V

5.5 Environment variables

PROJ can be controlled by setting environment variables. Most users will have a use for the PROJ_DATA.

On UNIX systems environment variables can be set for a shell-session with:

$ export VAR="some variable"

or it can be set for just one command line call:

$ VAR="some variable" ./cmd

Environment variables on UNIX are usually removed with the unset command:

$ unset VAR

On windows systems environment variables can be set in the command line with:

> set VAR="some variable"

VAR will be available for the entire session, unless it is unset. This is done by setting the variable with no content:

> set VAR=

PROJ_DATA

Prior to PROJ 9.1, this environment variable was called PROJ_LIB. This older name is still supported in PROJ
9.1 as a fallback, but support for it may be removed in future release.

The location of PROJ resource files.

Starting with PROJ 6, multiple directories can be specified. On Unix, they should be separated by the colon (:)
character. on Windows, by the semi-colon (;) character.

PROJ is hardcoded to look for resource files in other locations as well, amongst those are the installation directory
(usually share/proj under the PROJ installation root) and the current folder.

You can also set the location of the resource files using proj_context_set_search_paths() in the proj.h
API header.
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Changed in version 6.1.0: Starting with PROJ version 6.1.0, the paths set by proj_context_set_search_paths()
will have priority over the PROJ_DATA to allow for multiple versions of PROJ resource files on your system without
conflicting.

PROJ_AUX_DB

New in version 8.1.0.

To set the path to one or several auxiliary SQLite3 databases of structure identical to the main proj .db database
and that can contain additional object (CRS, transformation, ...) definitions. If several paths are provided, they
must be separated by the colon (:) character on Unix, and on Windows, by the semi-colon (;) character.

PROJ_DEBUG

Set the debug level of PROJ. The default debug level is zero, which results in no debug output when using PROJ.
A number from 1-3, with 3 being the most verbose setting.

PROJ_NETWORK

New in version 7.0.0.

If set to ON, enable the capability to use remote grids stored on CDN (Content Delivery Network) storage, when
grids are not available locally. Alternatively, the proj_context_set_enable_network() function can be
used.

PROJ_NETWORK_ENDPOINT
New in version 7.0.0.

Define the endpoint of the CDN storage. Normally defined through the proj.ini configuration file locale in
PROJ_DATA. Alternatively, the proj_context_set_url_endpoint () function can be used.

PROJ_CURL_CA_BUNDLE
New in version 7.2.0.

Define a custom path to the CA Bundle file. This can be useful if curl and PROJ_NETWORK are enabled. Alter-
natively, the proj_curl_set_ca_bundle_path() function can be used.

5.6 Known differences between versions

Once in a while, a new version of PROJ causes changes in the existing behavior. In this section we track deliberate
changes to PROJ that break from previous behavior. Most times that will be caused by a bug fix. Unfortunately, some
bugs have existed for so long that their faulty behavior is relied upon by software that uses PROJ.

Behavioural changes caused by new bugs are not tracked here, as they should be fixed in later versions of PROJ.

5.6.1 Version 4.6.0

The default datum application behavior changed with the 4.6.0 release. PROJ will now only apply a datum shift if both
the source and destination coordinate system have valid datum shift information.

The PROJ 4.6.0 Release Notes states

MAJOR: Rework pj_transform() to avoid applying ellipsoid to ellipsoid transformations as a datum
shift when no datum info is available.
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5.6.2 Version 5.0.0

5.6.2.1 Longitude wrapping when using custom central meridian

By default PROJ wraps output longitudes in the range -180 to 180. Previous to PROJ 35, this was handled incorrectly
when a custom central meridian was set with +Ion_0@. This caused a change in sign on the resulting easting as seen
below:

$ proj +proj=merc +lon_0=110

-70 ©
-20037508.34 0.00
290 ©
20037508.34 0.00

From PROJ 5 on onwards, the same input now results in same coordinates, as seen from the example below where
PROJ 5 is used:

$ proj +proj=merc +lon_0=110
-70 0

-20037508.34 0.00

290 0

-20037508.34 0.00

The change is made on the basis that A = 290° is a full rotation of the circle larger than A = —70° and hence should
return the same output for both.

Adding the +over flag to the projection definition provides the old behavior.

5.6.3 Version 6.0.0

5.6.3.1 Removal of proj_def.dat

Before PROJ 6, the proj_def.dat was used to provide general and per-projection parameters, when +no_defs was
not specified. It has now been removed. In case, no ellipsoid or datum specification is provided in the PROJ string, the
default ellipsoid is GRS80 (was WGS84 in previous PROJ versions).

5.6.3.2 Changes to deformation

Reversed order of operation

In the initial version of the of deformation operation the time span between ¢, and ¢, was determined by the expression
dt =t. — tops

With version 6.0.0 this has been reversed in order to behave similarly to the Helmert operation, which determines time
differences as

dt = tops — te

Effectively this means that the direction of the operation has been reversed, so that what in PROJ 5 was a forward
operation is now an inverse operation and vice versa.

Pipelines written for PROJ 5 can be migrated to PROJ 6 by adding +inv to forward steps involving the deformation
operation. Similarly +inv should be removed from inverse steps to be compatible with PROJ 6.
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Removed +t_obs parameter

The +t_obs parameter was confusing for users since it effectively overwrote the observation time in input coordinates.
To make it more clear what is the operation is doing, users are now required to directly specify the time span for which
they wish to apply a given deformation. The parameter +dt has been added for that purpose. The new parameter is
mutually exclusive with +t_epoch. +dt is used when deformation for a set amount of time is needed and +t_epoch
is used (in conjunction with the observation time of the input coordinate) when deformation from a specific epoch to
the observation time is needed.

5.6.4 Version 6.3.0

5.6.4.1 projinfo

Before PROJ 6.3.0, WKT1:GDAL was implicitly calling --boundcrs-to-wgs84, to add a TOWGS84 [] node in some
cases. This is no longer the case.

5.6.5 Version 7.0.0

5.6.5.1 proj

Removed -1d option from application, since it promoted use of deprecated parameters like +towgs and +datum.

5.6.5.2 cs2cs

Removed -1d option from application, since it promoted use of deprecated parameters like +towgs and +datum.

5.6.5.3 UTF-8 adoption

The value of all path, filenames passed to PROJ through function calls, PROJ strings or environment variables should
be encoded in UTF-8.

5.7 Network capabilities

New in version 7.0.

PROJ 7.0 has introduced, per PROJ RFC 4: Remote access to grids and GeoTIFF grids, the capability to work with
grid files that are not installed on the local machine where PROIJ is executed.

This enables to transparently download the parts of grids that are needed to perform a coordinate transformation.
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5.7.1 CDN of GeoTIFF grids

Files are accessed by default through a CDN (Content Delivery Network), accessible through https://cdn.proj.org, that
contains Geodetic TIFF grids (GTG) datasets which are mirrored and managed by the https://github.com/OSGeo/
PROJ-data/ GitHub project. Files in the CDN are designed to be used by PROJ 7 or later, but any software project
wishing to use the CDN for shifting support are encouraged to participate in the project and leverage the CDN.

5.7.2 How to enable network capabilities ?

This capability assumes that PROJ has been build against /ibcurl, and that the user authorizes network access.
Authorizing network access can be done in multiple ways:

¢ enabling / uncommenting the network = on line of proj.ini

* defining the PROJ_NETWORK environment variable to ON

* or using the proj_context_set_enable_network() with a enabled = TRUE value.

Note: Instead of using the libcurl implementation, an application using the PROJ API can supply its own network
implementation through C function callbacks with proj_context_set_network_callbacks(). Enabling network
use must still be done with one of the above mentioned method.

5.7.3 Setting endpoint

When this is enabled, and a grid is not found in the various locations where resource files are looked for, PROJ will then
attempt at loading the file from a remote server, which defaults to https://cdn.proj.org in proj.ini. This location can be
changed with the PROJ_NETWORK_ENDPOINT environment variable or with proj_context_set_url_endpoint().

5.7.4 Caching
To avoid repeated access to network, a local cache of downloaded chunks of grids is implemented as SQLite3 database,
cache.db, stored in the PROJ user writable directory.

This local caching is enabled by default (can be changed in proj.ini or with proj_grid_cache_set_enable()). The
default maximum size of the cache is 300 MB, which is more than half of the total size of grids available, at time of
writing. This size can also be customized in proj.ini or with proj_grid_cache_set_max_size()

5.7.5 Download API

When on-demand loading of grid is not desirable, the PROJ API also offers the capability to download whole grids in the
PROJ user writable directory by using the proj_is_download_needed() and proj_download_file() functions.
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5.7.6 Download utility

projsync is a tool for downloading resource files.

5.7.7 Mirroring

If you are able, you are encouraged to mirror the grids via AWS S3 command line:

aws s3 sync s3://cdn.proj.org .

If direct S3 access is not possible, you can also use wget to locally mirror the data:

wget --mirror https://cdn.proj.org/

5.7.8 Acknowledgments

The s3://cdn.proj.org bucket is hosted by the Amazon Public Datasets program. CDN services are provided by the

AWS Public Dataset team via CloudFront
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CHAPTER
SIX

APPLICATIONS

Bundled with PROJ comes a set of small command line utilities. The proj program is limited to converting between
geographic and projection coordinates within one datum. The cs2cs program operates similarly, but allows translation
between any pair of definable coordinate systems, including support for datum transformation. The geod program
provides the ability to do geodesic (great circle) computations. gie is the program used for regression tests in PROJ.
cct, a 4D equivalent to the proj program, performs transformation coordinate systems on a set of input points. projinfo
performs queries for geodetic objects and coordinate operations. projsync is a tool for synchronizing PROJ datum and
transformation support data.

6.1 cct

6.1.1 Synopsis

cct [-clostvz [args]] +opt[=arg] ... file ...
or
cct [-clostvz [args]] {object_definition} file ...

Where {object_definition} is one of the possibilities accepted by proj_create (), provided it expresses a coordinate
operation

* a proj-string,
* a WKT string,
* an object code (like "EPSG:1671" "urn:ogc:def:coordinateOperation:EPSG::1671"),

* an object name. e.g. "ITRF2014 to ETRF2014 (1)". In that case as uniqueness is not guaranteed,
heuristics are applied to determine the appropriate best match.

e a OGC URN combining references for concatenated operations (e.g. "urn:ogc:def:
coordinateOperation,coordinateOperation:EPSG::3895, coordinateOperation:EPSG::1618™)

* a PROJJISON string. The jsonschema is at https://proj.org/schemas/v0.4/projjson.schema.json

New in version 8.0.0.

Note: Before version 8.0.0 only proj-strings could be used to instantiate operations in cct.

or

cct [-clostvz [args]] {object_reference} file ...
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where {object_reference} is a filename preceded by the '@’ character. The file referenced by the {object_reference}
must contain a valid {object_definition}.

New in version 8.0.0.

6.1.2 Description

cct is a 4D equivalent to the proj projection program, performs transformation coordinate systems on a set of input
points. The coordinate system transformation can include translation between projected and geographic coordinates as
well as the application of datum shifts.

The following control parameters can appear in any order:

-C <X,y,z,t>
Specity input columns for (up to) 4 input parameters. Defaults to 1,2,3.4.

-d <n>

New in version 5.2.0.

Specify the number of decimals to round to in the output.

Do the inverse transformation.

-0 <output file name>, --output=<output file name>

Specify the name of the output file.
-t <time>, --time=<time>

Specify a fixed observation time to be used for all input data.
-z <height>, --height=<height>

Specify a fixed observation height to be used for all input data.
-s <n>, --skip-lines=<n>

New in version 5.1.0.

Skip the first n lines of input. This applies to any kind of input, whether it comes from STDIN, a file or interactive
user input.

-v, --verbose

Write non-essential, but potentially useful, information to stderr. Repeat for additional information (-vv, -vvv,
etc.)

--version

Print version number.
The +opt arguments are associated with coordinate operation parameters. Usage varies with operation.
cct is an acronym meaning Coordinate Conversion and Transformation.

The acronym refers to definitions given in the OGC 08-015r2/ISO-19111 standard "Geographical Information -- Spatial
Referencing by Coordinates", which defines two different classes of coordinate operations:

Coordinate Conversions, which are coordinate operations where input and output datum are identical (e.g. conversion
from geographical to cartesian coordinates) and

Coordinate Transformations, which are coordinate operations where input and output datums differ (e.g. change of
reference frame).
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6.1.3 Use of remote grids

New in version 7.0.0.

If the PROJ_NETWORK environment variable is set to ON, cct will attempt to use remote grids stored on CDN (Content
Delivery Network) storage, when they are not available locally.

More details are available in the Network capabilities section.

6.1.4 Examples

1. The operator specs describe the action to be performed by cct. So the following script

echo 12 55 0 O | cct +proj=utm +zone=32 +ellps=GRS80

will transform the input geographic coordinates into UTM zone 32 coordinates. Hence, the command

echo 12 55 | cct -z0 -t0® +proj=utm +zone=32 +ellps=GRS80O

Should give results comparable to the classic proj command

echo 12 55 | proj +proj=utm +zone=32 +ellps=GRS80

2. Convert geographical input to UTM zone 32 on the GRS80 ellipsoid:

cct +proj=utm +ellps=GRS80 +zone=32

3. Roundtrip accuracy check for the case above:

cct +proj=pipeline +proj=utm +ellps=GRS80 +zone=32 +step +step +inv

4. As (2) but specify input columns for longitude, latitude, height and time:

cct -c 5,2,1,4 +proj=utm +ellps=GRS80 +zone=32

5. As (2) but specify fixed height and time, hence needing only 2 cols in input:

cct -t ® -z 0 +proj=utm +ellps=GRS80 +zone=32

6. Auxiliary data following the coordinate input is forward to the output stream:

$ echo 12 56 100 2018.0 auxiliary data | cct +proj=merc
1335833.8895  7522963.2411 100.0000 2018.0000 auxiliary data

7. Coordinate operation referenced through its code

$ echo 3541657.3778 948984.2343 5201383.5231 2020.5 | cct EPSG:8366
3541657.9112 948983.7503 5201383.2482 2020.5000

8. Coordinate operation referenced through its name

$ echo 3541657.3778 948984.2343 5201383.5231 2020.5 | cct "ITRF2014 to ETRF2014 (1)"
3541657.9112 948983.7503 5201383.2482 2020.5000
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6.1.5 Background

cct also refers to Carl Christian Tscherning (1942--2014), professor of Geodesy at the University of Copenhagen,
mentor and advisor for a generation of Danish geodesists, colleague and collaborator for two generations of global
geodesists, Secretary General for the International Association of Geodesy, IAG (1995--2007), fellow of the American
Geophysical Union (1991), recipient of the IAG Levallois Medal (2007), the European Geosciences Union Vening
Meinesz Medal (2008), and of numerous other honours.

cct, or Christian, as he was known to most of us, was recognized for his good mood, his sharp wit, his tireless work,
and his great commitment to the development of geodesy -- both through his scientific contributions, comprising more
than 250 publications, and by his mentoring and teaching of the next generations of geodesists.

As Christian was an avid Fortran programmer, and a keen Unix connoisseur, he would have enjoyed to know that his
initials would be used to name a modest Unix style transformation filter, hinting at the tireless aspect of his personality,
which was certainly one of the reasons he accomplished so much, and meant so much to so many people.

Hence, in honour of cct (the geodesist) this is cct (the program).

6.2 cs2cs

6.2.1 Synopsis

cs2cs [-eEfllrstvwW [args]]
[[--area <name_or_code>] | [--bbox <west_long,south_lat,east_long,north_lat>]]
[--authority <name>] [--3d]
[--accuracy <accuracy>] [--only-best[=yes|=no]] [--no-ballpark]
([+opt[=arg] ...] [+to +opt[=arg] ...] | {source_crs} {target_crs})
file ...

where {source_crs} or {target_crs} is one of the possibilities accepted by proj_create(), provided it
expresses a CRS

® a proj-string,
* a WKT string,

* an object code (like "EPSG:4326", "urn:ogc:def:crs:EPSG::4326",
"urn:ogc:def:coordinateOperation:EPSG::1671"),

e an Object name. e.g "WGS 84", "WGS 84 / UTM zone 31IN". In that case as uniqueness is not
guaranteed, heuristics are applied to determine the appropriate best match.

* a CRS name and a coordinate epoch, separated with '@'. For example "ITRF2014@2025.0". (added
in9.2)

¢ a OGC URN combining references for compound coordinate reference systems (e.g "urn:ogc:def:
crs,crs:EPSG::2393,crs:EPSG::5717" or custom abbreviated syntax "EPSG:2393+5717"),

* a OGC URN combining references for references for projected or derived CRSs e.g. for Pro-
jected 3D CRS "UTM zone 31N / WGS 84 (3D)": "urn:ogc:def:crs,crs:EPSG::4979,cs:PROJ::
ENh,coordinateOperation:EPSG::16031" (added in 6.2)

e a OGC URN combining references for concatenated operations (e.g. "urn:ogc:def:
coordinateOperation,coordinateOperation:EPSG::3895, coordinateOperation:EPSG::1618™)

* a PROJJISON string. The jsonschema is at https://proj.org/schemas/v0.4/projjson.schema.json
(added in 6.2)
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* acompound CRS made from two object names separated with " + ". e.g. "WGS 84 + EGM96 height"
(added in 7.1)

New in version 6.0.0.

Note: before 7.0.1, it was needed to add +to between {source_crs} and {target_crs} when adding a
filename

6.2.2 Description

cs2cs performs transformation between the source and destination cartographic coordinate reference system on a set of
input points. The coordinate reference system transformation can include translation between projected and geographic
coordinates as well as the application of datum shifts.

The following control parameters can appear in any order:

-I
Method to specify inverse translation, convert from +to coordinate system to the primary coordinate system
defined.

-t<a>
Where a specifies a character employed as the first character to denote a control line to be passed through without
processing. This option applicable to ASCII input only. (# is the default value).

-d <n>

New in version 5.2.0.
Specify the number of decimals to round to in the output.

-e <string>

Where string is an arbitrary string to be output if an error is detected during data transformations. The default
value is a three character string: *\t*.

-E
Causes the input coordinates to be copied to the output line prior to printing the converted values.
-1<[=id]>
List projection identifiers that can be selected with +proj. cs2cs -1=id gives expanded description of projection
id, e.g. cs2cs -l=merc.
-1p
List of all projection id that can be used with the +proj parameter. Equivalent to cs2cs -1.
-1p
Expanded description of all projections that can be used with the +proj parameter.
-le
List of all ellipsoids that can be selected with the +ellps parameters.
-lu

List of all distance units that can be selected with the +units parameter.

This options reverses the order of the first two expected inputs from that specified by the CRS to the opposite
order. The third coordinate, typically height, remains third.
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This options reverses the order of the first two expected outputs from that specified by the CRS to the opposite
order. The third coordinate, typically height, remains third.

-f <format>
Where format is a printf format string to control the form of the output values. For inverse projections, the output
will be in degrees when this option is employed. If a format is specified for inverse projection the output data
will be in decimal degrees. The default format is "%.2£" for forward projection and DMS for inverse.

-W<n>
Where n is the number of significant fractional digits to employ for seconds output (when the option is not
specified, -w3 is assumed).

-W<n>

Where 7 is the number of significant fractional digits to employ for seconds output. When -W is employed the
fields will be constant width with leading zeroes. Valid range: -WO0 through -W8.

Causes a listing of cartographic control parameters tested for and used by the program to be printed prior to input
data.

--area <name_or_code>
New in version 8.0.0.

Specify an area of interest to restrict the results when researching coordinate operations between 2 CRS. The area
of interest can be specified either as a name (e.g "Denmark - onshore") or a AUTHORITY:CODE (EPSG:3237)

This option is mutually exclusive with --bbox.

--bbox <west_long,south_lat,east_long,north_lat>
New in version 8.0.0.
Specify an area of interest to restrict the results when researching coordinate operations between 2 CRS. The
area of interest is specified as a bounding box with geographic coordinates, expressed in degrees in a unspecified
geographic CRS. west_long and east_long should be in the [-180,180] range, and south_lat and north_lat in the
[-90,90]. west_long is generally lower than east_long, except in the case where the area of interest crosses the
antimeridian.

--only-best[=yes|=no]
New in version 9.2.0.

Force cs2cs to only use the best transformation known by PROJ. c¢s2¢s will return an error if a grid needed for
the best transformation is missing.

Best transformation should be understood as the most accurate transformation available among all relevant for
the point to transform, and if all known grids required to perform such transformation were accessible (either
locally or through network).

Note that the default value for this option can be also set with the PROJ_ONLY_BEST_DEFAULT environment
variable, or with the only_best_default setting of proj.ini (--only-best when specified overrides such
default value).

--no-ballpark

New in version 8.0.0.

Disallow any coordinate operation that is, or contains, a Ballpark transformation
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--accuracy <accuracy>

New in version 8.0.0.
Sets the minimum desired accuracy for candidate coordinate operations.

--authority <name>
New in version 8.0.0.

This option can be used to restrict the authority of coordinate operations looked up in the database. When
not specified, coordinate operations from any authority will be searched, with the restrictions set in the
authority_to_authority_preference database table related to the authority of the source/target CRS them-
selves. If authority is set to any, then coordinate operations from any authority will be searched If authority is a
non-empty string different of any, then coordinate operations will be searched only in that authority namespace
(e.g EPSG).

This option is mutually exclusive with --bbox.

New in version 9.1.

"Promote" 2D CRS(s) to their 3D version, where the vertical axis is the ellipsoidal height in metres, using the
ellipsoid of the base geodetic CRS. Depending on PROJ versions and the exact nature of the CRS involved,
especially before PROJ 9.1, a mix of 2D and 3D CRS could lead to 2D or 3D transformations. Starting with
PROJ 9.1, both CRS need to be 3D for vertical transformation to possibly happen.

The c¢s2cs program requires two coordinate reference system (CRS) definitions. The first (or primary is defined based
on all projection parameters not appearing after the +fo argument. All projection parameters appearing after the +fo
argument are considered the definition of the second CRS. If there is no second CRS defined, a geographic CRS based
on the datum and ellipsoid of the source CRS is assumed. Note that the source and destination CRS can both of same
or different nature (geographic, projected, compound CRS), or one of each and may have the same or different datums.

When using a WKT definition or a AUTHORITY:CODE, the axis order of the CRS will be enforced. So for example
if using EPSG:4326, the first value expected (or returned) will be a latitude.

Internally, cs2cs uses the proj_create_crs_to_crs() function to compute the appropriate coordinate operation, so
implementation details of this function directly impact the results returned by the program.

The environment parameter PROJ_DATA establishes the directory for resource files (database, datum shift grids, etc.)

One or more files (processed in left to right order) specify the source of data to be transformed. A - will specify the
location of processing standard input. If no files are specified, the input is assumed to be from stdin. For input data
the two data values must be in the first two white space separated fields and when both input and output are ASCII all
trailing portions of the input line are appended to the output line.

Input geographic data (longitude and latitude) must be in DMS or decimal degrees format and input cartesian data must
be in units consistent with the ellipsoid major axis or sphere radius units. Output geographic coordinates will normally
be in DMS format (use -f %. 12f for decimal degrees with 12 decimal places), while projected (cartesian) coordinates
will be in linear (meter, feet) units.
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6.2.2.1 Use of remote grids

New in version 7.0.0.

If the PROJ_NETWORK environment variable is set to ON, cs2cs will attempt to use remote grids stored on CDN (Content
Delivery Network) storage, when they are not available locally.

More details are available in the Netrwork capabilities section.

6.2.3 Examples

6.2.3.1 Using PROJ strings

The following script

cs2cs +proj=latlong +datum=NAD83 +to +proj=utm +zone=10 +datum=NAD27 -r <<EOF
45°15'33.1" 111.5W

45d15.551666667N -111d30

+45.25919444444 111d30'000w

EOF

will transform the input NADS83 geographic coordinates into NAD27 coordinates in the UTM projection with zone 10
selected. The geographic values of this example are equivalent and meant as examples of various forms of DMS input.
The x-y output data will appear as three lines of:

1402285.93 5076292.58 0.00

To get those exact values, you have need to have all current grids installed (in that instance the NADCONS
us_noaa_nadcon5_nad27_nad83_1986_conus.tif grid) locally or use networking capabilities mentioned above.

To make sure you will get the optimal result, you may add --only-best. Assuming the above mentioned grid is not
available,

echo -111.5 45.25919444444 | cs2cs --only-best +proj=latlong +datum=NAD83 +to +proj=utm.
—+zone=10 +datum=NAD27

would return:

Attempt to use coordinate operation axis order change (2D) + Inverse of NAD27 to NAD83.
- (7) + axis order change (2D) + UTM zone 10N failed. Grid us_noaa_nadcon5_nad27_nad83_
-.1986_conus.tif is not available. Consult https://proj.org/resource_files.html for.
—.guidance.

* inf

Otherwise, if you don't have the grid available and you don't specify --only-best:

echo -111.5 45.25919444444 | cs2cs --only-best +proj=latlong +datum=NAD83 +to +proj=utm.
—+zone=10 +datum=NAD27

would return:

1402224.57 5076275.42 0.00

which is the result when the NAD27 and NADS83 datums are dealt as identical, which is an approximation at a level of
several tens of metres.
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6.2.3.2 Using EPSG CRS codes

Transforming from WGS 84 latitude/longitude (in that order) to UTM Zone 31N/WGS 84

cs2cs EPSG:4326 EPSG:32631 <<EOF
45N 2E
EOF

outputs

421184.70  4983436.77 0.00

6.2.3.3 Using EPSG CRS names

Transforming from WGS 84 latitude/longitude (in that order) with EGM96 height to UTM Zone 31N/WGS 84 with
WGS84 ellipsoidal height

echo 45 2 0 | cs2cs "WGS 84 + EGM96 height" "WGS 84 / UTM zone 31IN" --3d

outputs

421184.70  4983436.77 50.69

Note: To get those exact values, you have need to have the EGM96 grid installed locally or use networking capabilities
mentioned above.

6.3 geod

6.4 invgeod

6.4.1 Synopsis

geod +ellps=<ellipse> [-afFIlptwW [args]] [+opt[=arg] ...] file ...
invgeod +ellps=<ellipse> [-afFIIptwW [args]] [+opt[=arg] ...] file ...

6.4.2 Description

geod (direct) and invgeod (inverse) perform geodesic (Great Circle) computations for determining latitude, longitude
and back azimuth of a terminus point given a initial point latitude, longitude, azimuth and distance (direct) or the
forward and back azimuths and distance between an initial and terminus point latitudes and longitudes (inverse). The
results are accurate to round off for | f| < 1/50, where f is flattening.

invgeod may not be available on all platforms; in this case use geod -I instead.

The following command-line options can appear in any order:
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-I
Specifies that the inverse geodesic computation is to be performed. May be used with execution of geod as an
alternative to invgeod execution.
-a
Latitude and longitudes of the initial and terminal points, forward and back azimuths and distance are output.
-t<a>
Where a specifies a character employed as the first character to denote a control line to be passed through without
processing.
-le
Gives a listing of all the ellipsoids that may be selected with the +ellps= option.
-lu
Gives a listing of all the units that may be selected with the +units= option. (Default units are meters.)
-f <format>

Where format is a printf format string to control the output form of the geographic coordinate values. The default
mode is DMS.

-F <format>

Where format is a printf format string to control the output form of the distance value. The default mode is
"%.3f".

-w<n>

Where n is the number of significant fractional digits to employ for seconds output (when the option is not
specified, -w3 is assumed).

-W<n>

Where 7 is the number of significant fractional digits to employ for seconds output. When -W is employed the
fields will be constant width with leading zeroes.

This option causes the azimuthal values to be output as unsigned DMS numbers between 0 and 360 degrees.
Also note -f.

The +opt command-line options are associated with geodetic parameters for specifying the ellipsoidal or sphere to use.
controls. The options are processed in left to right order from the command line. Reentry of an option is ignored with
the first occurrence assumed to be the desired value.

One or more files (processed in left to right order) specify the source of data to be transformed. A - will specify the
location of processing standard input. If no files are specified, the input is assumed to be from stdin.

For direct determinations input data must be in latitude, longitude, azimuth and distance order and output will be
latitude, longitude and back azimuth of the terminus point. Latitude, longitude of the initial and terminus point are
input for the inverse mode and respective forward and back azimuth from the initial and terminus points are output
along with the distance between the points.

Input geographic coordinates (latitude and longitude) and azimuthal data must be in decimal degrees or DMS format
and input distance data must be in units consistent with the ellipsoid major axis or sphere radius units. The latitude
must lie in the range [-90d,90d]. Output geographic coordinates will be in DMS (if the -f switch is not employed) to
0.001" with trailing, zero-valued minute-second fields deleted. Output distance data will be in the same units as the
ellipsoid or sphere radius.

The Earth's ellipsoidal figure may be selected in the same manner as program proj by using +ellps=, +a=, +es=, etc.

geod may also be used to determine intermediate points along either a geodesic line between two points or along an
arc of specified distance from a geographic point. In both cases an initial point must be specified with +lat_I=lat and
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+lon_I=long parameters and either a terminus point +lat_2=lat and +lon_2=Ilong or a distance and azimuth from the
initial point with +S=distance and +A=azimuth must be specified.

If points along a geodesic are to be determined then either +n_S=integer specifying the number of intermediate points
and/or +del_S=distance specifying the incremental distance between points must be specified.

To determine points along an arc equidistant from the initial point both +del_A=angle and +n_A=integer must be
specified which determine the respective angular increments and number of points to be determined.

6.4.3 Examples

The following script determines the geodesic azimuths and distance in U.S. statute miles from Boston, MA, to Portland,
OR:

geod +ellps=clrk66 -I +units=us-mi <<EOF
42d15'N 71d07'W 45d31'N 123d41'W
EOF

which gives the results:

-66d31'50.141" 75d39'13.083" 2587.504

where the first two values are the azimuth from Boston to Portland, the back azimuth from Portland to Boston followed
by the distance.

An example of forward geodesic use is to use the Boston location and determine Portland's location by azimuth and
distance:

geod +ellps=clrk66 +units=us-mi <<EOF
42d15'N 71d07'W -66d31'50.141" 2587.504
EOF

which gives:

45d31'0.003"N 123d40'59.985"W 75d39'13.094"

Note: Lack of precision in the distance value compromises the precision of the Portland location.

6.4.4 Further reading

1. GeographicLib.
2. C. E F. Karney, Algorithms for Geodesics, J. Geodesy 87(1), 43-55 (2013); addenda.
3. A geodesic bibliography.
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6.5 gie

6.5.1 Synopsis

gie [ -hovql [ args ] ] file[s]

6.5.2 Description

gie, the Geospatial Integrity Investigation Environment, is a regression testing environment for the PROJ transformation
library. Its primary design goal is to be able to perform regression testing of code that are a part of PROJ, while not
requiring any other kind of tooling than the same C compiler already employed for compiling the library.
-h, --help
Print usage information
-0 <file>, --output <file>
Specify output file name
-v, --verbose
Verbose: Provide non-essential informational output. Repeat -v for more verbosity (e.g. -vv)
-q, --quiet
Quiet: Opposite of verbose. In quiet mode not even errors are reported. Only interaction is through the return
code (0 on success, non-zero indicates number of FAILED tests)
-1, --list
List the PROJ internal system error codes
--version
Print version number
Tests for gie are defined in simple text files. Usually having the extension .gie. Test for gie are written in the purpose-
build command language for gie. The basic functionality of the gie command language is implemented through just 3

command verbs: operation, which defines the PROJ operation to test, accept, which defines the input coordinate to
read, and expect, which defines the result to expect.

A sample test file for gie that uses the three above basic commands looks like:

<gie>

operation +proj=utm +zone=32 +ellps=GRS80

accept 12 55
expect 691_875.632_14 6_098_907.825_05
</gie>

Parsing of a gie file starts at <gie> and ends when </gie> is reached. Anything before <gie> and after </gie> is
not considered. Test cases are created by defining an operation which accept an input coordinate and expect an
output coordinate.
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Because gie tests are wrapped in the <gie>/</gie> tags it is also possible to add test cases to custom made init
files. The tests will be ignore by PROJ when reading the init file with +init and gie ignores anything not wrapped in
<gie>/</gie>.

gie tests are defined by a set of commands like operation, accept and expect in the example above. Together the
commands make out the gie command language. Any line in a gie file that does not start with a command is ignored.
In the example above it is seen how this can be used to add comments and styling to gie test files in order to make them
more readable as well as documenting what the purpose of the various tests are.

Below the gie command language is explained in details.

6.5.3 Examples

1. Run all tests in a file with all debug information turned on

gie -vvvv corner-cases.gie

2. Run all tests in several files

gie foo bar

6.5.4 gie command language

operation <+args>

Define a PROJ operation to test. Example:

operation proj=utm zone=32 ellps=GRS80

# test 4D function

accept 12 550 0

expect 691875.63214 6098907.82501 0O O

# test 2D function
accept 12 56
expect 687071.4391 6210141.3267

accept <x y [z [t]l]>

Define the input coordinate to read. Takes test coordinate. The coordinate can be defined by either 2, 3 or 4
values, where the first two values are the x- and y-components, the 3rd is the z-component and the 4th is the time
component. The number of components in the coordinate determines which version of the operation is tested
(2D, 3D or 4D). Many coordinates can be accepted for one operation. For each accept an accompanying
expect is needed.

Note that gie accepts the underscore (_) as a thousands separator. It is not required (in fact, it is entirely ignored
by the input routine), but it significantly improves the readability of the very long strings of numbers typically
required in projected coordinates.

See operation for an example.

expect <x y [z [t]]> | <error code>

Define the expected coordinate that will be returned from accepted coordinate passed though an operation. The
expected coordinate can be defined by either 2, 3 or 4 components, similarly to accept. Many coordinates can
be expected for one operation. For each expect an accompanying accept is needed.

See operation for an example.
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In addition to expecting a coordinate it is also possible to expect a PROJ error code in case an operation can't be
created. This is useful when testing that errors are caught and handled correctly. Below is an example of that
tests that the pipeline operator fails correctly when a non-invertible pipeline is constructed.

operation proj=pipeline step
proj=urm5 n=0.5 inv
expect failure pjd_err_malformed_pipeline

See gie --Iist for alist of error codes that can be expected.

tolerance <tolerance>

The tolerance command controls how much accepted coordinates can deviate from the expected coordinate.
This is handy to test that an operation meets a certain numerical tolerance threshold. Some operations are ex-
pected to be accurate within millimeters where others might only be accurate within a few meters. tolerance
should

operation proj=merc

# test coordinate as returned by "~ “echo 12 55 | proj +proj=merc
tolerance 1 cm

accept 12 55

expect 1335833.89 7326837.72

# test that the same coordinate with a 50 m false easting as determined
# by "~ “echo 12 55 |proj +proj=merc +x_0=50"" is still within a 100 m
# tolerance of the unaltered coordinate from proj=merc

tolerance 100 m
accept 12 55
expect 1335883.89 7326837.72

The default tolerance is 0.5 mm. See proj -Iu for a list of possible units.

roundtrip <n> <tolerance>

Do a roundtrip test of an operation. roundtrip needs a operation and a accept command to function.
The accepted coordinate is passed to the operation first in it's forward mode, then the output from the forward
operation is passed back to the inverse operation. This procedure is done n times. If the resulting coordinate is
within the set tolerance of the initial coordinate, the test is passed.

Example with the default 100 iterations and the default tolerance:

operation proj=merc
accept 12 55
roundtrip

Example with count and default tolerance:

operation proj=merc
accept 12 55
roundtrip 10000

Example with count and tolerance:

operation proj=merc
accept 12 55
roundtrip 10000 5 mm
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direction <direction>

The direction command specifies in which direction an operation is performed. This can either be forward or
inverse. An example of this is seen below where it is tested that a symmetrical transformation pipeline returns
the same results in both directions.

operation proj=pipeline zone=32 step
proj=utm ellps=GRS80 step
proj=utm ellps=GRS80 inv
tolerance 0.1 mm

accept 12 55 0 O
expect 12 55 0 O
# Now the inverse direction (still same result: the pipeline is symmetrical)

direction inverse
expect 12 55 0 O

The default direction is "forward".

ignore <error code>

This is especially useful in test cases that rely on a grid that is not guaranteed to be available. Below is an example
of that situation.

operation proj=hgridshift +grids=nzgd2kgrid®0®05.gsb ellps=GRS80
tolerance 1 mm

ignore pjd_err_failed_to_load_grid

accept 172.999892181021551 -45.001620431954613

expect 173 -45

See gie --1ist for a list of error codes that can be ignored.

require_grid <grid_name>
Checks the availability of the grid <grid_name>. If it is not found, then all accept/expect pairs until the
next operation will be skipped. require_grid can be repeated several times to specify several grids whose
presence is required.

echo <text>
Add user defined text to the output stream. See the example below.

<gie>

echo ** Mercator projection tests **
operation +proj=merc

accept O 0

expect 0 0

</gie>

which returns

Reading file 'test.gie'
** Mercator projection test **

total: 1 tests succeeded, 0 tests skipped, O tests failed.
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skip
Skip any test after the first occurrence of skip. In the example below only the first test will be performed. The
second test is skipped. This feature is mostly relevant for debugging when writing new test cases.

<gie>

operation proj=merc
accept 0 0

expect 0 0

skip

accept 0 1

expect O 110579.9
</gie>

6.5.5 Strict mode

New in version 7.1.

A stricter variant of normal gie syntax can be used by wrapping gie commands between <gie-strict> and </
gie-strict>. In strict mode, comment lines must start with a sharp character. Unknown commands will be con-
sidered as an error. A command can still be split on several lines, but intermediate lines must end with the space
character followed by backslash to mark the continuation.

<gie-strict>
# This is a comment. The following line with multiple repeated characters too
# A command on several lines must use " \" continuation
operation proj=hgridshift +grids=nzgd2kgrid0®005.gsb \
ellps=GRS80
tolerance 1 mm
ignore pjd_err_failed_to_load_grid
accept 172.999892181021551 -45.001620431954613
expect 173 -45
</gie-strict>

6.5.6 Background

More importantly than being an acronym for "Geospatial Integrity Investigation Environment", gie were also the initials,
user id, and USGS email address of Gerald Ian Evenden (1935--2016), the geospatial visionary, who, already in the
1980s, started what was to become the PROJ of today.

Gerald's clear vision was that map projections are just special functions. Some of them rather complex, most of them of
two variables, but all of them just special functions, and not particularly more special than the sin(), cos(), tan(),
and hypot () already available in the C standard library.

And hence, according to Gerald, they should not be particularly much harder to use, for a programmer, than the sin()'s,
tan()'s and hypot ()'s so readily available.

Gerald's ingenuity also showed in the implementation of the vision, where he devised a comprehensive, yet simple,
system of key-value pairs for parameterising a map projection, and the highly flexible PJ struct, storing run-time com-
piled versions of those key-value pairs, hence making a map projection function call, pj_fwd(PJ, point), as easy
as a traditional function call like hypot (x,y).

While today, we may have more formally well defined metadata systems (most prominent the OGC WKT?2 representa-
tion), nothing comes close being as easily readable ("human compatible") as Gerald's key-value system. This system
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in particular, and the PROJ system in general, was Gerald's great gift to anyone using and/or communicating about
geodata.

It is only reasonable to name a program, keeping an eye on the integrity of the PROJ system, in honour of Gerald.

So in honour, and hopefully also in the spirit, of Gerald Ian Evenden (1935--2016), this is the Geospatial Integrity
Investigation Environment.

6.6 proj
6.7 invproj

6.7.1 Synopsis

proj [-beEfillmorsStTvVwW] [args]] [+opt[=arg] ...] file ...
invproj [-beEfillmorsStTvVwW] [args]] [+opt[=arg] ...] file ...

6.7.2 Description

proj and invproj perform respective forward and inverse conversion of cartographic data to or from cartesian data with
a wide range of selectable projection functions.

invproj may not be available on all platforms; in this case use proj -I instead.

The following control parameters can appear in any order

-b
Special option for binary coordinate data input and output through standard input and standard output. Data is
assumed to be in system type double floating point words. This option is to be used when proj is a child process
and allows bypassing formatting operations.

-d <n>

New in version 5.2.0: Specify the number of decimals to round to in the output.

-i
Selects binary input only (see -b).
-I
Alternate method to specify inverse projection. Redundant when used with invproj.
-0
Selects binary output only (see -b).
-t<a>

Where a specifies a character employed as the first character to denote a control line to be passed through without
processing. This option applicable to ASCII input only. (# is the default value).

-e <string>

Where string is an arbitrary string to be output if an error is detected during data transformations. The default
value is a three character string: *\t*. Note that if the -b, -1 or -o options are employed, an error is returned
as HUGE_VAL value for both return values.
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-E
Causes the input coordinates to be copied to the output line prior to printing the converted values.
-1<[=id]>
List projection identifiers that can be selected with +proj. proj -1=id gives expanded description of projection
id, e.g. proj -l=merc.
-1p
List of all projection id that can be used with the +proj parameter. Equivalent to proj -1.
-1p

Expanded description of all projections that can be used with the +proj parameter.

-le
List of all ellipsoids that can be selected with the +ellps parameters.

-lu
List of all distance units that can be selected with the +units parameter.

-r
This options reverses the order of the expected input from longitude-latitude or x-y to latitude-longitude or y-x.

-s
This options reverses the order of the output from x-y or longitude-latitude to y-x or latitude-longitude.

-S
Causes estimation of meridional and parallel scale factors, area scale factor and angular distortion, and maximum
and minimum scale factors to be listed between <> for each input point. For conformal projections meridional
and parallel scales factors will be equal and angular distortion zero. Equal area projections will have an area
factor of 1.

-m <mult>
The cartesian data may be scaled by the mult parameter. When processing data in a forward projection mode the
cartesian output values are multiplied by mult otherwise the input cartesian values are divided by mult before
inverse projection. If the first two characters of mult are 1/ or 1: then the reciprocal value of mult is employed.

-f <format>
Where format is a printf format string to control the form of the output values. For inverse projections, the output
will be in degrees when this option is employed. The default format is "%.2£" for forward projection and DMS
for inverse.

-w<n>
Where n is the number of significant fractional digits to employ for seconds output (when the option is not
specified, -w3 is assumed).

-li<n>
Where 7 is the number of significant fractional digits to employ for seconds output. When -W is employed the
fields will be constant width with leading zeroes.

-v
Causes a listing of cartographic control parameters tested for and used by the program to be printed prior to input
data.

-V

This option causes an expanded annotated listing of the characteristics of the projected point. -v is implied with
this option.
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The +opt run-line arguments are associated with cartographic parameters. Additional projection control parameters
may be contained in two auxiliary control files: the first is optionally referenced with the +init=file:id and the second is
always processed after the name of the projection has been established from either the run-line or the contents of +init
file. The environment parameter PROJ_DATA establishes the default directory for a file reference without an absolute
path. This is also used for supporting files like datum shift files.

One or more files (processed in left to right order) specify the source of data to be converted. A - will specify the
location of processing standard input. If no files are specified, the input is assumed to be from stdin. For ASCII input
data the two data values must be in the first two white space separated fields and when both input and output are ASCII
all trailing portions of the input line are appended to the output line.

Input geographic data (longitude and latitude) must be in DMS or decimal degrees format and input cartesian data must
be in units consistent with the ellipsoid major axis or sphere radius units. Output geographic coordinates will be in
DMS (if the -w switch is not employed) and precise to 0.001" with trailing, zero-valued minute-second fields deleted.

6.7.3 Example

The following script

proj +proj=utm +lon_0=112w +ellps=clrk66 -r <<EOF
45d15'33.1" 111.5W

45d15.551666667N -111d30

+45.25919444444 111d30'000w

EOF

will perform UTM forward projection with a standard UTM central meridian nearest longitude 112W. The geographic
values of this example are equivalent and meant as examples of various forms of DMS input. The x-y output data will
appear as three lines of:

460769.27 5011648.45

6.8 projinfo

6.8.1 Synopsis

projinfo
[-o formats] [-k crs|operation|datum|ensemblelellipsoid] [--summary] [-q]
[[--area name_or_code] | [--bbox west_long,south_lat,east_long,north_lat]]
[--spatial-test contains|intersects]
[--crs-extent-use none|both|intersection|smallest]
[--grid-check none|discard_missing|sortfknown_available]
[--pivot-crs alwaysl|if_no_direct_transformation|never|{auth:code[,auth:code]*}]
[--show-superseded] [--hide-ballpark] [--accuracy {accuracy}]
[--allow-ellipsoidal-height-as-vertical-crs]
[--boundcrs-to-wgs84]
[--authority name]
[--main-db-path path] [--aux-db-path path]*
[--dump-db-structure]
[--identify] [--3d]
[--output-id AUTH:CODE]

6.8. projinfo 89




PROJ coordinate transformation software library, Release 9.2.1

[--c-ify] [--single-line]
--searchpaths | --remote-data |

--list-crs [list-crs-filter] |

--dump-db-structure [{object_definition} | {object_reference}] |
{object_definition} | {object_reference} | (-s {srs_def} -t {srs_def})

where {object_definition} or {srs_def} is one of the possibilities accepted by proj_create()
* a proj-string,
* a WKT string,

* an object code (like "EPSG:4326", "urn:ogc:def:crs:EPSG::4326",
"urn:ogc:def:coordinateOperation:EPSG::1671"),

an Object name. e.g "WGS 84", "WGS 84 / UTM zone 31N". In that case as uniqueness is not
guaranteed, heuristics are applied to determine the appropriate best match.

* a CRS name and a coordinate epoch, separated with '@". For example "ITRF2014@2025.0". (added
in9.2)

* a OGC URN combining references for compound coordinate reference systems (e.g "urn:ogc:def:
crs,crs:EPSG::2393,crs:EPSG::5717" or custom abbreviated syntax "EPSG:2393+5717"),

* a OGC URN combining references for references for projected or derived CRSs e.g. for Pro-
jected 3D CRS "UTM zone 31N / WGS 84 (3D)": "urn:ogc:def:crs,crs:EPSG::4979,cs:PROJ::
ENh,coordinateOperation:EPSG::16031" (added in 6.2)

e a OGC URN combining references for concatenated operations (e.g. "urn:ogc:def:
coordinateOperation,coordinateOperation:EPSG::3895, coordinateOperation: EPSG::1618")

* a PROJJISON string. The jsonschema is at https://proj.org/schemas/v0.4/projjson.schema.json
(added in 6.2)

¢ acompound CRS made from two object names separated with " + ". e.g. "WGS 84 + EGM96 height"
(added in 7.1)

{object_reference} is a filename preceded by the '@' character. The file referenced by the {ob-
ject_reference} must contain a valid {object_definition}.

6.8.2 Description

projinfo is a program that can query information on a geodetic object, coordinate reference system (CRS) or coordinate
operation, when the -s and -t options are specified, and display it under different formats (PROJ string, WKT string
or PROJJSON string).

It can also be used to query coordinate operations available between two CRS.
The program is named with some reference to the GDAL gdalsrsinfo utility that offers partly similar services.
The following control parameters can appear in any order:

-0 formats

formats is a comma separated combination of: all, default, PROJ, WKT_ALL, WKT2:2015, WKT2:2019,
WKT1:GDAL, WKT1:ESRI, PROJJISON, SQL.

Except all and default, other formats can be preceded by - to disable them.
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Note: WKT2_2019 was previously called WKT2_2018.

Note: Before PROJ 6.3.0, WKT1:GDAL was implicitly calling --boundcrs-to-wgs84. This is no longer the case.

Note: When SQL is specified, --output-id must be specified.

-k crs|operation|datum|ensemble|ellipsoid

When used to query a single object with a AUTHORITY:CODE, determines the (k)ind of the object in case there
are CRS, coordinate operations or ellipsoids with the same CODE. The default is crs.

--summary

-q

When listing coordinate operations available between 2 CRS, return the result in a summary format, mentioning
only the name of the coordinate operation, its accuracy and its area of use.

Note: only used for coordinate operation computation

Turn on quiet mode. Quiet mode is only available for queries on single objects, and only one output format
is selected. In that mode, only the PROJ, WKT or PROJJISON string is displayed, without other introduction
output. The output is then potentially compatible of being piped in other utilities.

--area name_or_code

Specify an area of interest to restrict the results when researching coordinate operations between 2 CRS. The area
of interest can be specified either as a name (e.g "Denmark - onshore") or a AUTHORITY:CODE (EPSG:3237)
This option is exclusive of --bbox.

Note: only used for coordinate operation computation

--bbox west_long,south_lat,east_long,north_lat

Specify an area of interest to restrict the results when researching coordinate operations between 2 CRS. The
area of interest is specified as a bounding box with geographic coordinates, expressed in degrees in a unspecified
geographic CRS. west_long and east_long should be in the [-180,180] range, and south_lat and north_lat in the
[-90,90]. west_long is generally lower than east_long, except in the case where the area of interest crosses the
antimeridian.

Note: only used for coordinate operation computation

--spatial-test contains|intersects

Specify how the area of use of coordinate operations found in the database are compared to the area of use
specified explicitly with --area or --bbox, or derived implicitly from the area of use of the source and target
CRS. By default, projinfo will only keep coordinate operations whose are of use is strictly within the area of
interest (contains strategy). If using the intersects strategy, the spatial test is relaxed, and any coordinate
operation whose area of use at least partly intersects the area of interest is listed.

Note: only used for coordinate operation computation
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--crs-extent-use none|both|intersection|smallest

Specify which area of interest to consider when no explicit one is specified with --area or --bbox options. By
default (smallest strategy), the area of use of the source or target CRS will be looked, and the one that is the
smallest one in terms of area will be used as the area of interest. If using none, no area of interest is used. If using
both, only coordinate operations that relate (contain or intersect depending of the --spatial-test strategy)
to the area of use of both CRS are selected. If using intersection, the area of interest is the intersection of the
bounding box of the area of use of the source and target CRS

Note: only used for coordinate operation computation

--grid-check none|discard_missing|sort|known_available

Specify how the presence or absence of a horizontal or vertical shift grid required for a coordinate operation
affects the results returned when researching coordinate operations between 2 CRS. The default strategy is sort
(if PROJ_NETWORK is not defined). In that case, all candidate operations are returned, but the actual availability
of the grids is used to determine the sorting order. That is, if a coordinate operation involves using a grid that
is not available in the PROJ resource directories (determined by the PROJ_DATA environment variable), it will
be listed in the bottom of the results. The none strategy completely disables the checks of presence of grids and
this returns the results as if all the grids where available. The discard_missing strategy discards results that
involve grids not present in the PROJ resource directories. The known_available strategy discards results that
involve grids not present in the PROJ resource directories and that are not known of the CDN. This is the default
strategy is PROJ_NETWORK is set to ON.

Note: only used for coordinate operation computation

--pivot-crs always|if_no_direct_transformation|never|{auth:code[,auth:code]*}

Determine if intermediate (pivot) CRS can be used when researching coordinate operation between 2 CRS. A
typical example is the WGS84 pivot. By default, projinfo will consider any potential pivot if there is no direct
transformation ( if_no_direct_transformation). If using the never strategy, only direct transformations
between the source and target CRS will be used. If using the always strategy, intermediate CRS will be consid-
ered even if there are direct transformations. It is also possible to restrict the pivot CRS to consider by specifying
one or several CRS by their AUTHORITY:CODE.

Note: only used for coordinate operation computation

--show-superseded

When enabled, coordinate operations that are superseded by others will be listed. Note that supersession is not
equivalent to deprecation: superseded operations are still considered valid although they have a better equivalent,
whereas deprecated operations have been determined to be erroneous and are not considered at all.

Note: only used for coordinate operation computation

--hide-ballpark

New in version 7.1.

Hides any coordinate operation that is, or contains, a Ballpark transformation

Note: only used for coordinate operation computation
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--accuracy {accuracy}

New in version 8.0.

Sets the minimum desired accuracy for returned coordinate operations.

Note: only used for coordinate operation computation

--allow-ellipsoidal-height-as-vertical-crs

New in version 8.0.

Allows exporting a geographic or projected 3D CRS as a compound CRS whose vertical CRS represents the
ellipsoidal height.

Note: only used for CRS, and with WKT1:GDAL output format

--boundcrs-to-wgs84
When specified, this option researches a coordinate operation from the base geographic CRS of the single CRS,
source or target CRS to the WGS84 geographic CRS, and if found, wraps those CRS into a BoundCRS object.
This is mostly to be used for early-binding approaches.

--authority name
Specify the name of the authority into which to restrict looks up for objects, when specifying an object by name
or when coordinate operations are computed. The default is to allow all authorities.

When used with SQL output, this restricts the authorities to which intermediate objects can belong to (the default
is EPSG and PROJ). Note that the authority of the --output-id option will also be implicitly added.
--main-db-path path
Specify the name and path of the database to be used by projinfo. The default is proj.db in the PROJ resource
directories.
--aux-db-path path

Specify the name and path of auxiliary databases, that are to be combined with the main database. Those auxiliary
databases must have a table structure that is identical to the main database, but can be partly filled and their entries
can refer to entries of the main database. The option may be repeated to specify several auxiliary databases.

--identify
When used with an object definition, this queries the PROJ database to find known objects, typically CRS, that are
close or identical to the object. Each candidate object is associated with an approximate likelihood percentage.
This is useful when used with a WKT string that lacks a EPSG identifier, such as ESRI WKT1. This might also
be used with PROJ strings. For example, +proj=utm +zone=31 +datum=WGS84 +type=crs will be identified
with a likelihood of 70% to EPSG:32631

--dump-db-structure

New in version 8.1.

Outputs the sequence of SQL statements to create a new empty valid auxiliary database. This option can be
specified as the only switch of the utility. If also specifying a CRS object and the --output-id option, the
definition of the object as SQL statements will be appended.

--list-crs [list-crs-filter]
New in version 8.1.

Outputs a list (authority name:code and CRS name) of the filtered CRSs from the database.
If no filter is provided all authority names and types of non deprecated CRSs are dumped.
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list-crs-filter is a comma separated combination of: allow_deprecated,geodetic,geocentric, geo-
graphic,geographic_2d,geographic_3d,vertical,projected,compound. ~ Affected by options --authority,
--area, --bbox and --spatial-test

A visual alternative is the webpage CRS Explorer .

--3d

New in version 6.3.

"Promote" 2D CRS(s) to their 3D version, where the vertical axis is the ellipsoidal height in metres, using the
ellipsoid of the base geodetic CRS. Depending on PROJ versions and the exact nature of the CRS involved,
especially before PROJ 9.1, a mix of 2D and 3D CRS could lead to 2D or 3D transformations. Starting with
PROJ 9.1, both CRS need to be 3D for vertical transformation to possibly happen.

--output-id=AUTH: NAME

New in version 8.1.
Identifier to assign to the object (for SQL output).

It is strongly recommended that new objects should not be added in common registries, such as EPSG, ESRI, IAU,
etc. Users should use a custom authority name instead. If a new object should be added to the official EPSG
registry, users are invited to follow the procedure explained at https://epsg.org/dataset-change-requests.html.

Combined with --dump-db-structure, users can create auxiliary databases, instead of directly modifying the
main proj.db database. See the example how to export to an auxiliary database.

Those auxiliary databases can be specified through proj_context_set_database_path() or the
PROJ_AUX_DB environment variable.

--c-ify

For developers only. Modify the string output of the utility so that it is easy to put those strings in C/C++ code
--single-line

Output PROJ, WKT or PROJJSON strings on a single line, instead of multiple indented lines by default.

--searchpaths
New in version 7.0.

Output the directories into which PROJ resources will be looked for (if not using C API such as
proj_context_set_search_paths() that will override them.

--remote-data
New in version 7.0.

Display information regarding if Network capabilities is enabled, and the related URL.

6.8.3 Examples

1. Query the CRS object corresponding to EPSG:4326

projinfo EPSG:4326

Output:

PROJ.4 string:
+proj=longlat +datum=WGS84 +no_defs +type=crs

WKT2:2019 string:

(continues on next page)
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GEOGCRS["WGS 84",
DATUM["World Geodetic System 1984",

ELLIPSOID["WGS 84",6378137,298.257223563,
LENGTHUNIT["metre",1]]],

PRIMEM["Greenwich",®,

ANGLEUNIT["degree",0.0174532925199433]],

CS[ellipsoidal, 2],

AXIS["geodetic latitude (Lat)",north,
ORDER[1],
ANGLEUNIT["degree",0.0174532925199433]1],

AXIS["geodetic longitude (Lon)",east,
ORDER[2],
ANGLEUNIT["degree",0.0174532925199433]],

USAGE[

SCOPE["unknown"],

AREA["World"],

BBOX[-90,-180,90,180]],

ID["EPSG",4326]]

2. List the coordinate operations between NAD27 (designed with its CRS name) and NAD83 (designed with its
EPSG code 4269) within an area of interest

projinfo -s NAD27 -t EPSG:4269 --area "USA - Missouri"

Output:

DERIVED_FROM(EPSG) : 1241, NAD27 to NAD83 (1), 0.15 m, USA - CONUS including EEZ

PROJ string:

+proj=pipeline +step +proj=axisswap +order=2,1 +step +proj=unitconvert \
+xy_in=deg +xy_out=rad +step +proj=hgridshift +grids=conus \

+step +proj=unitconvert +xy_in=rad +xy_out=deg +step +proj=axisswap +order=2,1

WKT2:2019 string:
COORDINATEOPERATION["NAD27 to NAD83 (1)",
SOURCECRS [
GEOGCRS["NAD27",
DATUM["North American Datum 1927",
ELLIPSOID["Clarke 1866",6378206.4,294.978698213898,
LENGTHUNIT[ "metre",1]11],
PRIMEM["Greenwich",0,
ANGLEUNIT["degree",0.0174532925199433]],
CS[ellipsoidal, 2],
AXIS["geodetic latitude (Lat)",north,
ORDER[1],
ANGLEUNIT["degree",0.0174532925199433]],
AXIS["geodetic longitude (Lon)",east,
ORDER[2],
ANGLEUNIT["degree",0.0174532925199433]111,
TARGETCRS [
GEOGCRS["NAD83",
DATUM["North American Datum 1983",

(continues on next page)
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ELLIPSOID["GRS 1980",6378137,298.257222101,
LENGTHUNIT["metre",1]11],
PRIMEM["Greenwich",®,
ANGLEUNIT["degree",0.0174532925199433]],
CS[ellipsoidal, 2],
AXIS["geodetic latitude (Lat)",north,
ORDER[1],
ANGLEUNIT["degree",0.0174532925199433]],
AXIS["geodetic longitude (Lon)",east,
ORDER[2],
ANGLEUNIT["degree",0.0174532925199433]1111,
METHOD["CTABLE2"],
PARAMETERFILE["Latitude and longitude difference file","conus"],
OPERATIONACCURACY[®.15],
USAGE[
SCOPE["unknown"],
AREA["USA - CONUS including EEZ"],
BB0OX[23.81,-129.17,49.38,-65.69]],
ID["DERIVED_FROM(EPSG)",1241]]

3. Export an object as a PROJJSON string

projinfo GDA94 -o PROJJSON -q

Output:

{
"type": "GeographicCRS",
"name": "GDA94",

"datum": {
"type": "GeodeticReferenceFrame",
"name": "Geocentric Datum of Australia 1994",

"ellipsoid": {
"name": "GRS 1980",
"semi_major_axis": 6378137,
"inverse_flattening": 298.257222101
}
1
"coordinate_system": {
"subtype": "ellipsoidal",

"axis": [

{
"name": "Geodetic latitude",
"abbreviation": "Lat",
"direction": "north",
"unit": "degree"

1,

{
"name": "Geodetic longitude",
"abbreviation": "Lon",
"direction": "east",
"unit": "degree"

(continues on next page)
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}
]
1,
"area": "Australia - GDA",
"bbox": {
"south_latitude": -60.56,
"west_longitude": 93.41,
"north_latitude": -8.47,
"east_longitude": 173.35
3,
"id": {
"authority": "EPSG",
"code": 4283
}

4. Exporting the SQL statements to insert a new CRS in an auxiliary database.

# Get the SQL statements for a custom CRS

projinfo "+proj=merc +lat_ts=5 +datum=WGS84 +type=crs +title=my_crs" --output-id HOBU:MY_
—CRS -0 SQL -g > my_crs.sql

cat my_crs.sql

# Initialize an auxiliary database with the schema of the reference database
echo ".schema" | sqlite3 /path/to/proj.db | sqlite3 aux.db

# Append the content of the definition of HOBU:MY_CRS
sqlite3 aux.db < my_crs.db

# Check that everything works OK
projinfo --aux-db-path aux.db HOBU:MY_CRS

or more simply:

# Create an auxiliary database with the definition of a custom CRS.
projinfo "+proj=merc +lat_ts=5 +datum=WGS84 +type=crs +title=my_crs" --output-id HOBU:MY_
—CRS --dump-db-structure | sqlite3 aux.db

# Check that everything works OK
projinfo --aux-db-path aux.db HOBU:MY_CRS

Output:

INSERT INTO geodetic_crs VALUES('HOBU', 'GEODETIC_CRS_MY_CRS', 'unknown','', 'geographic 2D
', "EPSG',"'6424"',"EPSG', '6326"' ,NULL,0);

INSERT INTO usage VALUES('HOBU', 'USAGE_GEODETIC_CRS_MY_CRS', 'geodetic_crs', "HOBU',

. "GEODETIC_CRS_MY_CRS', 'PROJ', 'EXTENT_UNKNOWN', 'PRO]', 'SCOPE_UNKNOWN'):;

INSERT INTO conversion VALUES('HOBU','CONVERSION_MY_CRS', 'unknown','','EPSG', '9805",

< 'Mercator (variant B)','EPSG', '8823','Latitude of 1st standard parallel',5,'EPSG','9122
—',"EPSG', '8802', 'Longitude of natural origin',®,'EPSG', '9122','EPSG', '8806', 'False.
—easting',®, "EPSG', '9001', "EPSG', '8807', 'False northing',®, 'EPSG', '9001',NULL,NULL,NULL,
- NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL ,NULL,NULL,NULL,NULL,NULL, 0) ;

INSERT INTO usage VALUES('HOBU', 'USAGE_CONVERSION_MY_CRS', 'conversion', "HOBU',

(continues on next page)
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— "CONVERSION_MY_CRS', '"PROJ', "EXTENT_UNKNOWN', "PROJ ', 'SCOPE_UNKNOWN") ;
INSERT INTO projected_crs VALUES('HOBU', 'MY_CRS', 'my_crs','', 'EPSG','4400', "HOBU',

— 'GEODETIC_CRS_MY_CRS', "HOBU', 'CONVERSION_MY_CRS',NULL,0);

INSERT INTO usage VALUES('HOBU', 'USAGE_PROJECTED_CRS_MY_CRS', 'projected_crs', 'HOBU', 'MY_

—CRS', '"PROJ', "EXTENT_UNKNOWN', '"PROJ ', ' SCOPE_UNKNOWN ") ;

PROJ.4 string:

+proj=merc +lat_ts=5 +lon_0=0 +x_0=0 +y_0=0 +datum=WGS84 +units=m +no_defs +type=crs

WKT2:2019 string:
PROJCRS["my_crs",
BASEGEOGCRS ["unknown",

ENSEMBLE["World Geodetic System 1984 ensemble",
MEMBER["World Geodetic System 1984 (Transit)"],
MEMBER["World Geodetic System 1984 (G730)"],
MEMBER["World Geodetic System 1984 (G873)"],
MEMBER["World Geodetic System 1984 (G1150)"],
MEMBER["World Geodetic System 1984 (G1674)"],
MEMBER["World Geodetic System 1984 (G1762)"],
ELLIPSOID["WGS 84",6378137,298.257223563,

LENGTHUNIT["metre",1]1],
ENSEMBLEACCURACY[2.0]11],

PRIMEM["Greenwich",0,
ANGLEUNIT["degree",0.0174532925199433]],

ID["HOBU","GEODETIC_CRS_MY_CRS"]],

CONVERSION[ "unknown",

METHOD["Mercator (variant B)",
ID["EPSG",9805]],

PARAMETER["Latitude of 1st standard parallel”,S5,
ANGLEUNIT["degree",0.0174532925199433],
ID["EPSG",8823]],

PARAMETER["Longitude of natural origin",0,
ANGLEUNIT["degree",0.0174532925199433],
ID["EPSG",8802]],

PARAMETER["False easting",®,

LENGTHUNIT[ "metre",1],
ID["EPSG",8806]],

PARAMETER["False northing",®,
LENGTHUNIT["metre", 1],

ID["EPSG",8807]111,
CS[Cartesian,?2],
AXIS["(E)",east,
ORDER[1],
LENGTHUNIT["metre",1]1],
AXIS["(N)",north,
ORDER[2],
LENGTHUNIT[ "metre",11]7,
ID["HOBU","MY_CRS"1]

5. Get the WKT representation of EPSG:25832 in the WKT1:GDAL output format and on a single line
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projinfo -o WKT1:GDAL --single-line EPSG:25832

Output:

WKT1:GDAL string:

PROJCS["ETRS89 / UTM zone 32N",GEOGCS["ETRS89",DATUM["European_Terrestrial_Reference_

. System_1989",SPHEROID["GRS 1980",6378137,298.257222101,AUTHORITY["EPSG","7019"]1],

— AUTHORITY["EPSG","6258"]] ,PRIMEM["Greenwich",®,AUTHORITY["EPSG","8901"]],UNIT["degree",
,0.0174532925199433, AUTHORITY [ "EPSG","9122"]],AUTHORITY["EPSG","4258"]],PROJECTION[
—"Transverse_Mercator"],PARAMETER["latitude_of_origin",®],PARAMETER["central_meridian",
-.9],PARAMETER["scale_factor",0.9996] ,PARAMETER["false_easting",500000] ,PARAMETER["false_
—northing",0],UNIT["metre",1,AUTHORITY["EPSG","9001"]],AXIS["Easting",EAST],AXIS[
—"Northing" ,NORTH] ,AUTHORITY["EPSG","25832"]]

6.9 projsync

6.9.1 Synopsis

projsync
[--endpoint URL]
[--local-geojson-file FILENAME]
([--user-writable-directory] | [--system-directory] | [--target-dir DIRNAME])
[--bbox west_long,south_lat,east_long,north_lat]
[--spatial-test contains|intersects]
[--source-id ID] [--area-of-use NAME]
[--file NAME]
[--all] [--exclude-world-coverage]
[--quiet | --verbose] [--dry-run] [--list-files]
[--no-version-filtering]

6.9.2 Description

projsync is a program that downloads remote resource files into a local directory. This is an alternative to downloading
a proj-data-X.Y.Z archive file, or using the on-demand nerworking capabilities of PROJ.

The following control parameters can appear in any order:

--endpoint URL

Defines the URL where to download the master files.geojson file and then the resource files. Defaults to the
value set in proj.ini

--local-geojson-file FILENAME
Defines the filename for the master GeoJSON files that references resources. Defaults to ${endpoint}/files.
geojson

--user-writable-directory

Specifies that resource files must be downloaded in the user writable directory. This is the default.
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--system-directory
Specifies that resource files must be downloaded in the ${installation_prefix }/share/proj directory. The user
launching projsync should make sure it has writing rights in that directory.

--target-dir DIRNAME

Directory into which resource files must be downloaded.

--bbox west_long,south_lat,east_long,north_lat
Specify an area of interest to restrict the resources to download. The area of interest is specified as a bounding box
with geographic coordinates, expressed in degrees in a unspecified geographic CRS. west_long and east_long
should be in the [-180,180] range, and south_lat and north_lat in the [-90,90]. west_long is generally lower than
east_long, except in the case where the area of interest crosses the antimeridian.

--spatial-test contains|intersects
Specify how the extent of the resource files are compared to the area of use specified explicitly with --bbox.
By default, any resource files whose extent intersects the value specified by --bbox will be selected. If using
the contains strategy, only resource files whose extent is contained in the value specified by --bbox will be
selected.

--source-id ID
Restrict resource files to be downloaded to those whose source_id property contains the ID value. Specifying ?
as ID will list all possible values.

--area-of-use NAME
Restrict resource files to be downloaded to those whose area_of_use property contains the NAME value. Speci-
fying ? as NAME will list all possible values.

--file NAME
Restrict resource files to be downloaded to those whose name property contains the NAME value. Specifying ?
as NAME will list all possible values.

--all
Ask to download all files.

--exclude-world-coverage

Exclude files which have world coverage.
-q / --quiet

Quiet mode

--verbose

New in version 8.1.
Verbose mode (more than default)
--dry-run
Simulate the behavior of the tool without downloading resource files.
--list-files
List file names, with the source_id and area_of_use properties.
--no-version-filtering
New in version 8.1.
By default, projsync only downloads files that are compatible of the PROJ_DATA.VERSION metadata of proj.
db, taking into account the version_added and version_removed properties of entries in files.geojson.

When specifying this switch, all files referenced in files.geojson will be candidate (combined with other
filters).
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Atleast one of --1ist-files, --file, --source-id, --area-of-use, --bbox or --all must be specified.

Options --file, --source-id, --area-of-use and --bbox are combined with a AND logic.

6.9.3 Examples

1. Download all resource files

projsync --all

2. Download resource files covering specified point and attributed to an agency

projsync --source-id fr_ign --bbox 2,49,2,49
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CHAPTER
SEVEN

COORDINATE OPERATIONS

Coordinate operations in PROJ are divided into three groups: Projections, conversions and transformations. Projec-
tions are purely cartographic mappings of the sphere onto the plane. Technically projections are conversions (according
to ISO standards), though in PROJ projections are distinguished from conversions. Conversions are coordinate oper-
ations that do not exert a change in reference frame. Operations that do exert a change in reference frame are called
transformations.

7.1 Projections

Projections are coordinate operations that are technicall