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Abstract

PostGIS is an extension to the PostgreSQL object-relational database system which allows GIS (Geographic Information
tems) objects to be stored in the database. PostGIS includes support for GiST-based R-Tree spatial indexes, and functiol
analysis and processing of GIS objects.
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Chapter 1

Introduction

PostGIS is a spatial extension for the PostgreSQL relational database that was created by Refractions Research Inc, as a !
database technology research project. Refractions is a GIS and database consulting company in Victoria, British Colun
Canada, specializing in data integration and custom software development.

PostGIS is now a project of the OSGeo Foundation and is developed and funded by many FOSS4G developers and organiz:
all over the world that gain great bene t from its functionality and versatility.

The PostGIS project development group plans on supporting and enhancing PostGIS to better support a range of impo
GIS functionality in the areas of OGC and SQL/MM spatial standards, advanced topological constructs (coverages, surfa
networks), data source for desktop user interface tools for viewing and editing GIS data, and web-based access tools.

1.1 Project Steering Committee

The PostGIS Project Steering Committee (PSC) coordinates the general direction, release cycles, documentation, and out
efforts for the PostGIS project. In addition the PSC provides general user support, accepts and approves patches from the ge
PostGIS community and votes on miscellaneous issues involving PostGIS such as developer commit access, new PSC mel
or signi cant API changes.

Raul Marin Rodriguez MVT support, Bug xing, Performance and stability improvements, GitHub curation, alignment of
PostGIS with PostgreSQL releases

Regina Obe Cl and website maintenance, Windows production and experimental builds, documentation, alignment of PostC
with PostgreSQL releases, X3D support, TIGER geocoder support, management functions.

Darafei Praliaskouski Index improvements, bug xing and geometry/geography function improvements, SFCGAL, raster
GitHub curation, and ci maintenance.

Paul Ramsey (Chair) Co-founder of PostGIS project. General bug xing, geography support, geography and geometry inde
support (2D, 3D, nD index and anything spatial index), underlying geometry internal structures, GEOS functionality int
gration and alignment with GEOS releases, alignment of PostGIS with PostgreSQL releases, loader/dumper, and Shaj
GUI loader.

Sandro Santilli Bug xes and maintenance, ci maintenance, git mirror management, management functions, integration
new GEOS functionality and alignment with GEOS releases, topology support, and raster framework and low level A
functions.

1.2 Core Contributors Present

Nicklas Avén Distance function enhancements (including 3D distance and relationship functions) and additions, Tiny WK
(TWKB) output format and general user support




PostGIS 3.5.3 Manual 2 /895

Loic Bartoletti SFCGAL enhancements and maintenance and ci support

Dan Baston Geometry clustering function additions, other geometry algorithm enhancements, GEOS enhancements and get
user support

Martin Davis GEOS enhancements and documentation
Bjorn Harrtell MapBox Vector Tile, GeoBuf, and Flatgeobuf functions. Gitea testing and GitLab experimentation.

Aliaksandr Kalenik Geometry Processing, PostgreSQL gist, general bug xing

1.3 Core Contributors Past

Bborie Park Prior PSC Member. Raster development, integration with GDAL, raster loader, user support, general bug xin
testing on various OS (Slackware, Mac, Windows, and more)

Mark Cave-Ayland Prior PSC Member. Coordinated bug xing and maintenance effort, spatial index selectivity and binding
loader/dumper, and Shape le GUI Loader, integration of new and new function enhancements.

Jorge Arévalo Raster development, GDAL driver support, loader

Olivier Courtin  (Emeritus) Input/output XML (KML,GML)/GeoJSON functions, 3D support and bug xes.

Chris Hodgson Prior PSC Member. General development, site and buildbot maintenance, OSGeo incubation management
Mateusz Loskot CMake support for PostGIS, built original raster loader in python and low level raster API functions

Kevin Neufeld Prior PSC Member. Documentation and documentation support tools, buildbot maintenance, advanced u
support on PostGIS newsgroup, and PostGIS maintenance function enhancements.

Dave Blasby The original developer/Co-founder of PostGIS. Dave wrote the server side objects, index bindings, and many
the server side analytical functions.

Jeff Lounsbury Original development of the Shape le loader/dumper.
Mark Leslie Ongoing maintenance and development of core functions. Enhanced curve support. Shape le GUI loader.
Pierre Racine Architect of PostGIS raster implementation. Raster overall architecture, prototyping, programming support

David Zwarg Raster development (mostly map algebra analytic functions)

1.4 Other Contributors
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Individual Contributors
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Crunchy Data
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HighGo

Hunter Systems Group

>The National Institute for Agricultural and Food Research and Technology (INIA-CSIC)

ISciences, LLC

Kontur

Lidwala Consulting Engineers

LISAsoft

Logical Tracking & Tracing International AG

Maponics

Michigan Tech Research Institute

Natural Resources Canada

Norwegian Forest and Landscape Institute

Norwegian Institute of Bioeconomy Research (NIBIO)

OSGeo

Oslandia

Palantir Technologies

Paragon Corporation

R3 GIS

Refractions Research

Regione Toscana - SITA

Safe Software

Sirius Corporation plc

Stadt Uster

UC Davis Center for Vectorborne Diseases

Universit@ Laval

U.S. Department of State (HIU)

Zonar Systems

Crowd Funding Campaigns Crowd funding campaigns are campaigns we run to get badly wanted features funded that c:

service a large number of people. Each campaign is speci cally focused on a particular feature or set of features. E
sponsor chips in a small fraction of the needed funding and with enough people/organizations contributing, we have

funds to pay for the work that will help many. If you have an idea for a feature you think many others would be willing t
co-fund, please post to the PostGIS newsgroup your thoughts and together we can make it happen.

PostGIS 2.0.0 was the rst release we tried this strategy. We used PledgeBank and we got two successful campaign:
of it.

postgistopology- 10 plus sponsors each contributed $250 USD to build toTopoGeometry function and beef up topolog
support in 2.0.0. It happened.

postgis64windows- 20 someodd sponsors each contributed $100 USD to pay for the work needed to work out PostG
64-bit issues on windows. It happened.



https://www.crunchydata.com
https://www.boston.gov
https://www.hel.fi
https://blog.cleverelephant.ca
https://www.alveo.coop
http://www.elecnor-deimos.com
https://www.faunalia.eu
https://gov.bc.ca
https://www.highgo.ca
https://pti-agriambio.csic.es
https://www.isciences.com
https://www.kontur.io
https://www.lidwala.com
https://www.jirotech.com
http://www.mtri.org
https://www.nrcan.gc.ca
https://www.nibio.no/
https://www.osgeo.org
https://oslandia.com
https://www.palantir.com
https://www.paragoncorporation.com
https://www.r3-gis.com
http://www.refractions.net
https://www.regione.toscana.it
https://www.safe.com
http://www.uster.ch
https://www.ucdavis.edu
https://www.ulaval.ca
https://hiu.state.gov
https://www.zonarsystems.com
https://lists.osgeo.org/mailman/listinfo/postgis-users
http://www.pledgebank.com
http://www.pledgebank.com/postgistopology
http://www.pledgebank.com/postgis64windows
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Important Support Libraries The GEOS geometry operations library

The GDAL Geospatial Data Abstraction Library used to power much of the raster functionality introduced in PostGIS
In kind, improvements needed in GDAL to support PostGIS are contributed back to the GDAL project.
The PROJ cartographic projection library

Last but not least, PostgreSQL, the giant that PostGIS stands on. Much of the speed and exibility of PostGIS would not
possible without the extensibility, great query planner, GIST index, and plethora of SQL features provided by PostgreS(



https://libgeos.org
https://gdal.org
https://www.proj4.org
http://www.postgresql.org
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Chapter 2

PostGIS Installation

This chapter details the steps required to install PostGIS.

2.1 Short Version

To compile assuming you have all the dependencies in your search path:

tar -xvzf postgis-3.5.3.tar.gz
cd postgis-3.5.3

./configure

make

make install

Once PostGIS is installed, it needs to be enabled (Section 3.3) or upgraded (Section 3.4) in each individual database you w:
useitin.

2.2 Compiling and Install from Source

Note
Many OS systems now include pre-built packages for PostgreSQL/PostGIS. In many cases compilation is only neces-
sary if you want the most bleeding edge versions or you are a package maintainer.

Ncrld This section includes general compilation instructions, if you are compiling for Windows etc or another OS, you may
find additional more detailed help at PostGIS User contributed compile guides and PostGIS Dev Wiki.
Pre-Built Packages for various OS are listed in PostGIS Pre-built Packages
If you are a windows user, you can get stable builds via Stackbuilder or PostGIS Windows download site We also
have very bleeding-edge windows experimental builds that are built usually once or twice a week or whenever anything
exciting happens. You can use these to experiment with the in progress releases of PostGIS

The PostGIS module is an extension to the PostgreSQL backend server. As such, PostGégudras3ull PostgreSQL server
headers access in order to compile. It can be built against PostgreSQL versions 12 - 17. Earlier versions of PostgreSQL ar
supported.

Refer to the PostgreSQL installation guides if you haven't already installed PostgreSQL. https://www.postgresqgl.org .



https://trac.osgeo.org/postgis/wiki/UsersWikiInstall
http://trac.osgeo.org/postgis/wiki/DevWikiMain
https://trac.osgeo.org/postgis/wiki/UsersWikiPackages
https://postgis.net/windows_downloads
https://postgis.net/windows_downloads
https://www.postgresql.org
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Note
For GEOS functionality, when you install PostgreSQL you may need to explicitly link PostgreSQL against the standard

s C++ library:
Note

LDFLAGS=-1stdc++ ./configure [YOUR OPTIONS HERE]

This is a workaround for bogus C++ exceptions interaction with older development tools. If you experience weird
problems (backend unexpectedly closed or similar things) try this trick. This will require recompiling your PostgreSQL
from scratch, of course.

The following steps outline the con guration and compilation of the PostGIS source. They are written for Linux users and w
not work on Windows or Mac.

2.2.1 Getting the Source

Retrieve the PostGIS source archive from the downloads website https://download.osgeo.org/postgis/source/postgis-3.5.3.t
wget https://download.osgeo.org/postgis/source/postgis-3.5.3.tar.gz

tar -xvzf postgis-3.5.3.tar.gz

cd postgis-3.5.3

This will create a directory calledostgis—3.5. 3 in the current working directory.

Alternatively, checkout the source from the git repository https://git.osgeo.org/gitea/postgis/postgis/ .

git clone https://git.osgeo.org/gitea/postgis/postgis.git postgis

cd postgis

sh autogen.sh

Change into the newly createtst gis directory to continue the installation.

./configure

2.2.2 Install Requirements

PostGIS has the following requirements for building and usage:

Required

PostgreSQL 12 - 17. A complete installation of PostgreSQL (including server headers) is required. PostgreSQL is avails
from https://www.postgresql.org .

For a full PostgreSQL / PostGIS support matrix and PostGIS/GEOS support matrix refer to https://trac.0sgeo.org/postc
wiki/UsersWikiPostgreSQLPostGIS

GNU C compiler gcc). Some other ANSI C compilers can be used to compile PostGIS, but we nd far fewer problems whe
compiling withgcc.

GNU Make (gmake ormake). For many systems, GNidake is the default version of make. Check the version by invoking
make -v. Other versions ofiake may not process the PostGiGkefile properly.

Proj reprojection library. Proj 6.1 or above is required. The Proj library is used to provide coordinate reprojection suppc
within PostGIS. Proj is available for download from https://proj.org/ .

GEOS geometry library, version 3.8.0 or greater, but GEOS 3.12+ is required to take full advantage of all the new functic
and features. GEOS is available for download from https://libgeos.org .

LibXML2, version 2.5.x or higher. LibXML2 is currently used in some imports functions (ST_GeomFromGML and ST_Geom
LibXML?2 is available for download from https://gitlab.gnome.org/GNOME/libxml2/-/releases.



https://download.osgeo.org/postgis/source/postgis-3.5.3.tar.gz
https://git-scm.com/
https://git.osgeo.org/gitea/postgis/postgis/
https://www.postgresql.org
https://trac.osgeo.org/postgis/wiki/UsersWikiPostgreSQLPostGIS
https://trac.osgeo.org/postgis/wiki/UsersWikiPostgreSQLPostGIS
https://proj.org/
https://libgeos.org/
https://gitlab.gnome.org/GNOME/libxml2/-/releases
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JSON-C, version 0.9 or higher. JSON-C is currently used to import GeoJSON via the function ST_GeomFromGeoJs
JSON-C is available for download from https://github.com/json-c/json-c/releases/.

GDAL, version 3+ is preferred. This is required for raster support. https://gdal.org/download.html.

If compiling with PostgreSQL+JIT, LLVM version >=6 is required https://trac.0sgeo.org/postgis/ticket/4125.
Optional

GDAL (pseudo optional) only if you don’t want raster you can leave it out. Also make sure to enable the drivers you want
use as described in Section 3.2.

GTK (requires GTK+2.0, 2.8+) to compile the shp2pgsql-gui shape le loader. http://www.gtk.org/ .

SFCGAL, 1.4.1 or higher is required and 1.5.0+ is needed to be able to use all functionality. SFCGAL can be used to prov
additional 2D and 3D advanced analysis functions to PostGIS cf Chapter 8. And also allow to use SFCGAL rather tt
GEOS for some 2D functions provided by both backends (like ST_Intersection or ST_Area, for instance). A PostgreS
con guration variablepostgis.backend allow end user to control which backend he want to use if SFCGAL is installed
(GEOS by default). Nota: SFCGAL 1.2 require at least CGAL 4.3 and Boost 1.54 (cf: https://sfcgal.org) https://gitlab.cor
sfcgal/SFCGAL/.

In order to build the Section 12.1 you will also need PCRE http://www.pcre.org (which generally is already installed on nix sy
tems). Section 12.1 will automatically be built if it detects a PCRE library, or you pass in avalidt h-pcre-dir=/path/to/¢
during con gure.

To enable ST_AsMVT protobuf-c library 1.1.0 or higher (for usage) and the protoc-c compiler (for building) are requirec
Also, pkg-con g is required to verify the correct minimum version of protobuf-c. See protobuf-c. By default, Postgis will use
Wagyu to validate MVT polygons faster which requires a c++11 compiler. It will use CXXFLAGS and the same compiler ¢
the PostgreSQL installation. To disable this and use GEOS instead usethe hout —~wagyu during the con gure step.

CUnit (Cunit). This is needed for regression testing. http://cunit.sourceforge.net/
DocBook (xs1tproc) is required for building the documentation. Docbook is available from http://www.docbook.org/ .

DBLatex (dblatex)is required for building the documentation in PDF format. DBLatex is available from http://dblatex.sourc

ImageMagick convert) is required to generate the images used in the documentation. ImageMagick is available fro
http://www.imagemagick.org/ .

2.2.3 Build configuration

As with most linux installations, the rst step is to generate the Make le that will be used to build the source code. This is dor
by running the shell script

.Jcon gure

With no additional parameters, this command will attempt to automatically locate the required components and libraries nee
to build the PostGIS source code on your system. Although this is the most common uséga glure, the script accepts
several parameters for those who have the required libraries and programs in non-standard locations.

The following list shows only the most commonly used parameters. For a complete list, udgeth@r --help=short parame-
ters.

—--with-library-minor-version Starting with PostGIS 3.0, the library les generated by default will no longer have
the minor version as part of the le name. This means all PostGIS 3 libs will epd #t gis—3. This was done to make
pg_upgrade easier, with downside that you can only install one version PostGIS 3 series in your server. To get the
behavior of le including the minor version: e.gostgis—3.0 add this switch to your con gure statement.

—--prefix=PREFIX This is the location the PostGIS loader executables and shared libs will be installed. By default, th
location is the same as the detected PostgreSQL installation.



https://github.com/json-c/json-c/releases
https://gdal.org/download.html
https://trac.osgeo.org/postgis/ticket/4125
http://www.gtk.org/
https://sfcgal.org
https://gitlab.com/sfcgal/SFCGAL/
https://gitlab.com/sfcgal/SFCGAL/
http://www.pcre.org
https://github.com/protobuf-c/protobuf-c
http://cunit.sourceforge.net/
http://www.docbook.org/
http://dblatex.sourceforge.net/
http://dblatex.sourceforge.net/
http://www.imagemagick.org/
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& 1 Caution
This parameter is currently broken, as the package will only install into the PostgreSQL installation directory. Visit
http://trac.osgeo.org/postgis/ticket/635 to track this bug.

--with-pgconfig=FILE PostgreSQL provides a utility callgzy_con g to enable extensions like PostGIS to locate the
PostgreSQL installation directory. Use this parametavith-pgcon g=/path/to/pg_con g) to manually specify a partic-
ular PostgreSQL installation that PostGIS will build against.

—--with-gdalconfig=FILE GDAL, a required library, provides functionality needed for raster suppaat-con g to en-
able software installations to locate the GDAL installation directory. Use this parametgh{gdalcon g=/path/to/gdal-
con g) to manually specify a particular GDAL installation that PostGIS will build against.

—-with-geosconfig=FILE GEOS, a required geometry library, provides a utility caligabs-con gto enable software
installations to locate the GEOS installation directory. Use this parametégth-geoscon g=/path/to/geos-con g to
manually specify a particular GEOS installation that PostGIS will build against.

—-with-xml2config=FILE LibXML is the library required for doing GeomFromKML/GML processes. It normally is
found if you have libxml installed, but if not or you want a speci ¢ version used, you'll need to point PostGIS at a speci ¢
xml2-configcon le to enable software installations to locate the LibXML installation directory. Use this parameter
(>--with-xml2con g=/path/to/xml2-con g ) to manually specify a particular LibXML installation that PostGIS will build
against.

—-with-projdir=DIR Projisareprojection library required by PostGIS. Use this parametdtt{-projdir=/path/to/projdir )
to manually specify a particular Proj installation directory that PostGIS will build against.

—-with-libiconv=DIR Directory where iconv is installed.

—-with-jsondir=DIR JSON-C is an MIT-licensed JSON library required by PostGIS ST_GeomFromJSON support. Us
this parameter-fwith-jsondir=/path/to/jsondir ) to manually specify a particular JSON-C installation directory that Post-
GIS will build against.

—-with-pcredir=DIR PCRE is an BSD-licensed Perl Compatible Regular Expression library required by address_standal
extension. Use this parameterwith-pcredir=/path/to/pcredir ) to manually specify a particular PCRE installation di-
rectory that PostGIS will build against.

—-with-gui Compile the dataimport GUI (requires GTK+2.0). This will create shp2pgsql-gui graphical interface to shp2pgs
—-without-raster Compile without raster support.

—-without-topology Disable topology support. There is no corresponding library as all logic needed for topology is ir
postgis-3.5.3 library.

--with-gettext=no By default PostGIS will try to detect gettext support and compile with it, however if you run into
incompatibility issues that cause breakage of loader, you can disable it entirely with this command. Refer to ticl
http://trac.osgeo.org/postgis/ticket/748 for an example issue solved by con guring with this. NOTE: that you aren’t missil
much by turning this off. This is used for international help/label support for the GUI loader which is not yet documente
and still experimental.

—-with-sfcgal=PATH By default PostGIS will not install with sfcgal support without this switahaTH is an optional
argument that allows to specify an alternate PATH to sfcgal-con g.

--without-phony-revision Disable updating postgis_revision.h to match current HEAD of the git repository.

Note
. If you obtained PostGIS from the code repository , the first step is really to run the script
Note! Jautogen.sh
This script will generate the configure script that in turn is used to customize the installation of PostGIS.
If you instead obtained PostGIS as a tarball, running ./autogen.sh is not necessary as configure has already been
generated.



http://trac.osgeo.org/postgis/ticket/635
http://oss.metaparadigm.com/json-c/
http://www.pcre.org/
http://trac.osgeo.org/postgis/ticket/748
https://trac.osgeo.org/postgis/wiki/CodeRepository
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2.2.4 Building

Once the Make le has been generated, building PostGIS is as simple as running
make
The last line of the output should be8stGIS was built successfully. Ready to install.”

As of PostGIS v1.4.0, all the functions have comments generated from the documentation. If you wish to install these comm
into your spatial databases later, run the command which requires docbook. The postgis_comments.sql and other pac
comments les raster_comments.sqgl, topology _comments.sgl are also packaged in the tar.gz distribution in the doc folder s
need to make comments if installing from the tar ball. Comments are also included as part of the CREATE EXTENSION inst:

make comments

Introduced in PostGIS 2.0. This generates html cheat sheets suitable for quick reference or for student handouts. This req
xsltproc to build and will generate 4 lesin doc foldebpology_cheatsheet .html,tiger_geocoder_cheatsheet.
html, raster_cheatsheet.html, postgis_cheatsheet.html

You can download some pre-built ones available in html and pdf from PostGIS / PostgreSQL Study Guides
