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Chapter 1

Introduction

1.1 What Is PostGIS?

PostGIS extends PostgreSQL so that geospatial data can be stored, indexed, queried, and processed in the database. It keeps
location data beside ordinary relational data, so a spatial query can use the same SQL, transactions, constraints, access controls,
backup tools, and application connections as the rest of a PostgreSQL database.

The main postgis extension adds:

* geometry for planar coordinate systems and geography for geodetic coordinates on the earth.
 Spatial indexes that let the PostgreSQL planner avoid scanning every row when objects can be filtered by location.

* Functions for measurement, relationships, overlays, geometry construction and editing, coordinate transformation, clustering,
and spatial data exchange.

» Support for common geospatial encodings and formats, including WKT, WKB, GeoJSON, GML, KML, FlatGeobuf, Geobuf,
and Mapbox Vector Tiles.

This makes PostgreSQL a spatial database: applications can ask both ordinary questions and location-aware questions without
moving data to a separate GIS processing system. Desktop GIS, map servers, ETL tools, and application frameworks can connect
through normal PostgreSQL interfaces.

1.2 What Is in the PostGIS Distribution?

This manual documents the main PostGIS source distribution. Depending on how PostGIS was built and packaged, it can provide
several PostgreSQL extensions and command-line tools:

postgis The core geometry and geography types, spatial indexes, and most spatial functions.

postgis_raster Raster storage, analysis, loading, and export. Raster support uses GDAL and can be omitted from a build.
postgis_topology SQL/MM topology types and functions for models based on shared nodes, edges, and faces.
postgis_sfcgal Additional 2D and 3D processing functions backed by the optional SFCGAL library.

Loaders and utilities shp2pgsql, pgsql2shp, and raster2pgsql move data between common file formats and PostGIS. Other
utilities support upgrades, profiling, and development.

The source tree also contains internal libraries such as 1iblwgeom and 1ibpgcommon. They are implementation layers shared
by PostGIS components, not separately released PostgreSQL extensions. Most users start by enabling the core extension with
CREATE EXTENSION postgis; see Chapter 2 for available components and build options.
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1.3 The PostGIS Project Family

This manual covers the main postgis/postgis distribution. The official PostGIS source organization also hosts or mirrors
complementary projects. These projects have their own release cycles, installation instructions, and documentation; installing
the core extension does not install them.

e Address Standardizer parses and normalizes postal addresses. It moved from the main PostGIS source tree to a separate
repository for the PostGIS 3.7 development cycle.

* PostGIS TIGER Geocoder provides United States address geocoding and reverse geocoding using Census TIGER data. It is
also maintained separately from the main distribution.

* H3-pg provides PostgreSQL bindings for the H3 hierarchical hexagonal indexing system and interoperates with PostGIS.
* PostGIS Java provides Java bindings for PostGIS types.

¢ Introduction to PostGIS is the hands-on workshop maintained by the PostGIS project.

Other PostgreSQL spatial extensions can complement PostGIS while remaining independent projects. For example, pgRouting
adds routing and graph analysis. Use each project’s own manual for its functions and support policy.

1.4 How to Use This Manual

The manual is both a guide to the PostGIS data model and the complete reference for the SQL interface. Choose a starting point
based on what you are trying to do:

If you are new to spatial SQL Start with the Introduction to PostGIS workshop for a tutorial, then use Chapter 4 to understand
spatial types, coordinate systems, validity, loading, and indexes.

If you are installing or upgrading PostGIS Read Chapter 2 and Chapter 3. Package-specific instructions and supported release
information are maintained on the PostGIS website.

If you are writing spatial queries Read Chapter 5 for spatial relationships and index-aware query patterns, and Chapter 6 for
common performance problems.

If you are connecting a desktop GIS Use the client’s current database documentation for its user interface and supported ge-
ometry types. For example, the QGIS DB Manager lesson covers PostgreSQL connections, table layers, SQL query layers,
import, and export. A query layer should return a stable unique identifier and a geometry column with a known SRID
and geometry type. Expensive read-only queries can be exposed through a view or materialized view and indexed as
appropriate.

If you need a particular function Use Chapter 7 or Chapter 13. Function pages state accepted types, dimensional support,
standards conformance, dependency requirements, and version availability.

If you use an optional component See Chapter 9, Chapter 10, Chapter 11, or Chapter 8.

If something goes wrong Collect the versions reported by PostGIS_Full_Version and follow Chapter 14. Check Appendix A
when behavior differs between release lines.

1.5 Standards Support

This manual marks individual functions as compliant with spatial standards so users can tell which behavior is portable and
which behavior is a PostGIS extension. PostGIS implements the OGC Simple Features for SQL model, including the geometry
type, Well-Known Text (WKT), Well-Known Binary (WKB), and the common spatial accessors, constructors, predicates, and
processing functions. PostGIS also implements many SQL/MM Spatial types and functions.



https://gitea.osgeo.org/postgis/
https://github.com/postgis/address_standardizer
https://gitea.osgeo.org/postgis/postgis_tiger_geocoder
https://github.com/postgis/h3-pg
https://github.com/postgis/postgis-java
https://postgis.net/workshops/postgis-intro/
https://pgrouting.org/
https://postgis.net/workshops/postgis-intro/
https://postgis.net/documentation/getting_started/
https://docs.qgis.org/latest/en/docs/training_manual/databases/db_manager.html
https://www.ogc.org/standard/sfs/
https://www.iso.org/standard/60343.html
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PostGIS supports geometry families defined by later standards, including SQL/MM curved geometry and OGC Simple Features
Access 1.2 PolyhedralSurface, Triangle, and TIN. Support for these geometry families is function-specific, and each function
page documents the supported input types and conformance level.

PostGIS also includes widely used extensions and integrations. Examples of PostGIS extensions include Extended WKT
(EWKT), Extended WKB (EWKB), SRID metadata in those extended formats, geography, and raster. PostGIS also supports
input and output exchange formats defined by other standards, such as GeoJSON, GML, and KML. These features are docu-
mented individually and should not be read as OGC Simple Features or SQL/MM requirements unless the specific function or
format says so.

When the implementation intentionally differs from a standard, or when a standard leaves behavior ambiguous, the relevant
function page describes the PostGIS behavior. Chapter 13 summarizes SQL/MM compliance and geometry-type support across
functions.

1.6 Project and Community

PostGIS began in 2001 as a spatial database research project at Refractions Research. It is now an OSGeo project developed by
contributors and organizations around the world. The Project Steering Committee coordinates releases, project policy, and the
general direction of development. The complete contributor and sponsor record is in Chapter 15 at the end of this manual.

The manual is the authoritative reference for the released SQL interface. The project website and source tree provide the sur-
rounding material:

* Documentation routes readers to getting-started instructions, versioned manuals, tips, training material, and the FAQ.
e Community lists mailing lists, chat, events, videos, and other support channels.

* Developer documentation covers development environments, testing, coding style, internals, maintenance, governance, re-
leases, and website work.



https://www.osgeo.org/projects/postgis/
https://postgis.net/documentation/
https://postgis.net/community/
https://gitea.osgeo.org/postgis/postgis/src/branch/master/doc/development
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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:

Code

tar -xvzf postgis-3.7.0rc3.tar.gz
cd postgis—-3.7.0rc3

./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 want to
use it in.

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.

N;’R’! This section includes general compilation instructions. If you are compiling for Windows or another operating system,
see the PostGIS getting started guides and the development environment guides.
Pre-Built Packages for various OS are listed in the PostGIS getting started guides
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, PostGIS 3.7.0rc3 requires full PostgreSQL
server headers access in order to compile. It can be built against PostgreSQL versions 14 - 19. Earlier versions of PostgreSQL
are not supported.

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



https://postgis.net/documentation/getting_started/
https://gitea.osgeo.org/postgis/postgis/src/branch/master/doc/development/environment/
https://postgis.net/documentation/getting_started/
https://postgis.net/windows_downloads
https://postgis.net/windows_downloads
https://www.postgresql.org
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4 Note
N For GEOS functionality, when you install PostgreSQL you may need to explicitly link PostgreSQL against the standard
C++ library:
Code

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 configuration and compilation of the PostGIS source. They are written for Linux users and will
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-3.7.0rc3.tar.gz

Code
wget https://download.osgeo.org/postgis/source/postgis-3.7.0rc3.tar.gz
tar -xvzf postgis-3.7.0rc3.tar.gz
cd postgis—-3.7.0rc3
This will create a directory called postgis—3.7.0rc3 in the current working directory.
Alternatively, checkout the source from the git repository https://git.osgeo.org/gitea/postgis/postgis/ .
Code

git clone https://git.osgeo.org/gitea/postgis/postgis.git postgis
cd postgis
sh autogen.sh

Change into the newly created postgis directory to continue the installation.

Code

./configure

2.2.2 Install Requirements

PostGIS has the following requirements for building and usage:
Required

* PostgreSQL 14 - 19. A complete installation of PostgreSQL (including server headers) is required. PostgreSQL is available
from https://www.postgresql.org 18 .

For current release-line support and end-of-life policy, see https://postgis.net/development/versions_eol/

* GNU C compiler (gcc). Some other ANSI C compilers can be used to compile PostGIS, but we find far fewer problems when
compiling with gcc.



https://download.osgeo.org/postgis/source/postgis-3.7.0rc3.tar.gz
https://download.osgeo.org/postgis/source/postgis-3.7.0rc3.tar.gz
https://git-scm.com/
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GNU Make (gmake or make). For many systems, GNU make is the default version of make. Check the version by invoking
make -v. Other versions of make may not process the PostGIS Makefile properly.

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

GEOS geometry library, version 3.10.0 or greater, but GEOS 3.15+ is required to take full advantage of all the new functions
and features. GEOS is available for download from https://libgeos.org .

LibXML2. LibXML2 is currently used in some imports functions (ST_GeomFromGML and ST_GeomFromKML). LibXML2
is available for download from https://gitlab.gnome.org/ GNOME/libxml2/-/releases.

Perl is required to build PostGIS. Perl is available for download from https://www.perl.org/.

The iconv library is required by the shp2pgsql loader for encoding conversion. On GNU/Linux systems it is typically provided
by libc; on other platforms you may need a separate libiconv package.

The GNU Multiple Precision Arithmetic Library (libgmp). Used to control precision of math operations in PostGIS Topology.
GMP is available for download from https://gmplib.org/. It is detected via pkg-config and has no fallback, so pkg-config must
be available for a default build.

GDAL, version 2.4 or higher, is required for raster support. GDAL 3+ is preferred. https://gdal.org/download.html.
If compiling with PostgreSQL+JIT, LLVM version >=6 is required https://trac.osgeo.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 to
use as described in Section 3.2.

JSON-C. JSON-C is currently used to import GeoJSON via the function ST_GeomFromGeoJson. JSON-C is available for
download from https://github.com/json-c/json-c/releases/. It is enabled by default but optional; if it is not found configure only
warns and the build continues. Disable with ——without—-json.

GNU gettext for loader and documentation translation support. It may be disabled with ——with-gettext=no. https://www.gnu.org

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

SFCGAL, 1.3.1 or higher is required, 2.3+ is needed to be able to use all functionality. SFCGAL can be used to provide
additional 2D and 3D advanced analysis functions to PostGIS cf Chapter 8. https://sfcgal.gitlab.io/sfcgal/.

To enable ST_AsMVT protobuf-c library 1.1.0 or higher (for usage) and the protoc-c compiler (for building) are required.
Also, pkg-config 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 as
the PostgreSQL installation. To disable this and use GEOS instead use the ——without-wagyu during the configure 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/ .

Python 3 is required, when configured with --with-visual-examples (off by default), to run the manual example tester that
generates the visual examples which the HTML and PDF documentation embed. The examples are executed against a live
PostgreSQL server running the staged PostGIS build via make -C regress visual-examples; no Python database driver is
required, the tooling talks to the server through the psql client. Python 3 is available from https://www.python.org/ .

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

PDF documentation needs an SVG rasterizer for its high-resolution figure fallbacks. The build prefers rsvg—convert, and
can also use GraphicsMagick (gm convert) or ImageMagick (magick or convert).

2.2.3 Build configuration

As with most linux installations, the first step is to generate the Makefile that will be used to build the source code. This is done
by running the shell script
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Code

./configure

With no additional parameters, this command will attempt to automatically locate the required components and libraries needed
to build the PostGIS source code on your system. Although this is the most common usage of ./configure, 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, use the --help or --help=short parame-
ters.

——with-library-minor—-version Starting with PostGIS 3.0, the library files generated by default will no longer have
the minor version as part of the file name. This means all PostGIS 3 libs will end in postgis—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 old
behavior of file including the minor version: e.g. postgis—3. 0 add this switch to your configure statement.

——-prefix=PREFIX This is the installation prefix for PostGIS command-line utilities. By default, utilities are installed in the
executable directory reported by the detected PostgreSQL installation.

2. Caution
' 1 “ PostgreSQL extension files are installed in the directories reported by pg_config, so the server can load them.
This includes the PostGIS shared library and SQL extension files. Use ——with-pgconfig=FILE to choose
the PostgreSQL installation that PostGIS builds and installs against.

—-with-pgconfig=FILE PostgreSQL provides a utility called pg_config to enable extensions like PostGIS to locate the
PostgreSQL installation directory. Use this parameter (--with-pgconfig=/path/to/pg_config) 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 support gdal-config to en-
able software installations to locate the GDAL installation directory. Use this parameter (--with-gdalconfig=/path/to/gdal-
config) to manually specify a particular GDAL installation that PostGIS will build against.

—--with—-geosconfig=FILE GEQOS, a required geometry library, provides a utility called geos-config to enable software
installations to locate the GEOS installation directory. Use this parameter (--with-geosconfig=/path/to/geos-config) 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 specific version used, you’ll need to point PostGIS at a specific
xml2-config confi file to enable software installations to locate the LibXML installation directory. Use this parameter
(>--with-xml2config=/path/to/xml2-config) to manually specify a particular LibXML installation that PostGIS will build
against.

—-with-projdir=DIR Projis areprojection library required by PostGIS. Use this parameter (--with-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. Use
this parameter (--with-jsondir=/path/to/jsondir) to manually specify a particular JSON-C installation directory that Post-
GIS will build against.

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

——without-topology Compile without topology support.



http://oss.metaparadigm.com/json-c/

PostGIS 3.7.0rc3 Manual 8/1300

——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 ticket
http://trac.osgeo.org/postgis/ticket/748 for an example issue solved by configuring with this. NOTE: that you aren’t missing
much by turning this off. This is used for international help/label support for the GUI loader which is not yet documented
and still experimental.

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

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

N;"""! Note

If you obtained PostGIS from the code repository , the first step is really to run the script

Code

./autogen.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.

2.2.4 Building

Once the Makefile has been generated, building PostGIS is as simple as running

Code

make

Output

[last line of output]
PostGIS was built successfully. Ready to install.

All the functions have comments generated from the documentation. If you wish to install these comments into your spatial
databases later, run the command which requires docbook. The postgis_comments.sql and other package comment files are also
packaged in the tar.gz distribution in the doc folder so no need to make comments if installing from the tar ball. Comments are
also included as part of the CREATE EXTENSION install.

Code

make comments

The make cheatsheets target generates html cheat sheets suitable for quick reference or for student handouts. This requires
xsltproc to build and will generate 4 files in doc folder topology_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

Code

make cheatsheets

2.2.5 Building PostGIS Extensions and Deploying them

The PostGIS extensions are built and installed automatically when PostgreSQL extension support is available.

If you are building from source repository, you need to build the function descriptions first. These get built if you have docbook
installed. You can also manually build with the statement:



http://trac.osgeo.org/postgis/ticket/748
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Code

make comments

Building the comments is not necessary if you are building from a release tar ball since these are packaged pre-built with the tar
ball already.

The extensions should automatically build as part of the make install process. You can if needed build from the extensions folders
or copy files if you need them on a different server.

Set PGUSER if you need to override the psql connection user, then test before installing. After installation, run the extension
regression tests.

Code

cd extensions

cd postgis

make clean

make

export PGUSER=postgres

make check

make install

make check RUNTESTFLAGS=--extension

N:ﬂ"! Note

make check uses psqlto run tests and as such can use psql environment variables. Common ones useful to override
are PGUSER,PGPORT, and PGHOST. Refer to psql environment variables

The extension files will always be the same for the same version of PostGIS and PostgreSQL regardless of OS, so it is fine to
copy over the extension files from one OS to another as long as you have the PostGIS binaries already installed on your servers.

If you want to install the extensions manually on a separate server different from your development, You need to copy the
following files from the extensions folder into the PostgreSQL / share / extension folder of your PostgreSQL install
as well as the needed binaries for regular PostGIS if you don’t have them already on the server.

» These are the control files that denote information such as the version of the extension to install if not specified. postgis.
control, postgis_topology.control.

 All the files in the /sql folder of each extension. Note that these need to be copied to the root of the PostgreSQL share/extension
folder extensions/postgis/sql/*.sql, extensions/postgis_topology/sql/*.sql

Once you do that, you should see postgis, postgis_topology as available extensions in PgAdmin -> extensions.

If you are using psql, you can verify that the extensions are installed by running this query:

Code

SELECT name, default_version, installed_version
FROM pg_available_extensions

WHERE name LIKE 'postgis%'

ORDER BY name;

Output
+-——= - ——+ ——— ——— —— -+
| name | default_version | installed_version |
B e o ———— +
| postgis | 3.7.0rc3 | 3.7.0xc3 |
| postgis_raster | 3.7.0rc3 | 3.7.0rc3 |
| postgis_sfcgal | 3.7.0rc3 | |
| postgis_topology | 3.7.0rc3 | |
o o o +



https://www.postgresql.org/docs/current/libpq-envars.html
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If you have the extension installed in the database you are querying, you’ll see mention in the installed_version column.
If you get no records back, it means you don’t have postgis extensions installed on the server at all. PgAdmin III 1.14+ will also
provide this information in the extensions section of the database browser tree and will even allow upgrade or uninstall by

right-clicking.

If you have the extensions available, you can install postgis extension in your database of choice by either using pgAdmin

extension interface or running these sql commands:

Code

CREATE EXTENSION postgis;

CREATE EXTENSION postgis_raster;
CREATE EXTENSION postgis_sfcgal;
CREATE EXTENSION postgis_topology;

In psql you can use to see what versions you have installed and also what schema they are installed.

Code

\connect mygisdb
\x
\dx postgis=

Output

List of installed extensions

+=[ RECORD 1 J—————m— oo +

| Name | postgis |

| Version | 3.7.0rc3 |
| Schema | public |

| Description | PostGIS geometry, geography, and raster... |
+=[ RECORD 2 ] === === — oo +

| Name | postgis_raster |

| Version | 3.7.0rc3 |
| Schema | public |

| Description | PostGIS raster types and functions |
+=[ RECORD 3 ] ——————— oo +

| Name | postgis_topology |

| Version | 3.7.0rc3 |
| Schema | topology |

| Description | PostGIS topology spatial types and functions |

et et et e e e +

Warning

up when the respective postgis or postgis_topology extension is backed up, which only happens when you

0 Extensiontables spatial_ref_sys, layer, topology can not be explicitly backed up. They can only be backed

back up the whole database. Only srid records not packaged with PostGIS are captured in backups, so don’t change the
entries we ship and expect the modifications to persist. Put in a ticket if you find an issue. The structures of extension
tables are never backed up since they are created with CREATE EXTENSION and assumed to be the same for a
given version of an extension. These behaviors are built into the current PostgreSQL extension model.

If you installed 3.7.0rc3, without using our wonderful extension system, you can change it to be extension based by running
the below commands to package the functions in their respective extension. Installing using “unpackaged™ was removed in
PostgreSQL 13, so you are advised to switch to an extension build before upgrading to PostgreSQL 13.

Code

CREATE EXTENSION postgis FROM unpackaged;
CREATE EXTENSION postgis_raster FROM unpackaged;
CREATE EXTENSION postgis_topology FROM unpackaged;

2.2.6 Testing

If you wish to test the PostGIS build, run
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Code

make check

The above command will run through various checks and regression tests using the generated library against an actual Post-
greSQL database.

Note!

Note
If you configured PostGIS using non-standard PostgreSQL, GEOS, or Proj locations, you may need to add their library
locations to the LD_LIBRARY_PATH environment variable.

Caution

Currently, the make check relies on the PATH and PGPORT environment variables when performing the checks - it
does not use the PostgreSQL version that may have been specified using the configuration parameter --with-pgconfig.
So make sure to modify your PATH to match the detected PostgreSQL installation during configuration or be prepared
to deal with the impending headaches.

Note!

Note

Sandboxed build accounts that are not PostgreSQL superusers can delegate database ownership during the re-
gression cycle by exporting POSTGIS_REGRESS_DB_OWNER. The harness will create the temporary regression
database owned by the nominated role while continuing to connect using the less privileged account. Combine this
with POSTGIS_REGRESS_ROLE_EXT_CREATOR when the extension creation role must differ from the database
owner.

These variables allow automated environments to exercise the full upgrade and extension install paths without promot-
ing the calling account to superuser, provided the target PostgreSQL instance permits extension installation by those
delegate roles.

If successful, make check will produce the output of almost 500 tests. The results will look similar to the following (numerous
lines omitted below):

Code

CUnit - A unit testing framework for C - Version 2.1-3
http://cunit.sourceforge.net/

Run Summary: Type Total Ran Passed Failed Inactive
suites 44 44 n/a 0 0
tests 300 300 300 0 0
asserts 4215 4215 4215 0 n/a
Elapsed time = 0.229 seconds

Running tests
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Run tests: 134
Failed: O

-— if you build with SFCGAL

Running tests

Run tests: 13
Failed: O

—-— if you built with raster support

Run Summary: Type Total Ran Passed Failed Inactive
suites 12 12 n/a 0 0

tests 65 65 65 0 0

asserts 45896 45896 45896 0 n/a

Running tests

Run tests: 101
Failed: 0

-— topology regress

Running tests

Run tests: 51
Failed: O

-— if you built --with-gui, you should see this too
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CUnit - A unit testing framework for C - Version 2.1-2

http://cunit.sourceforge.net/

Run Summary: Type Total Ran Passed Failed Inactive
suites 2 2 n/a 0 0

tests 4 4 4 0 0

asserts 4 4 4 0 n/a

output should look like:

============== dropping database "contrib_regression" ==s============

============== creating database "contrib_regression" ==============
CREATE DATABASE

ALTER DATABASE

============== installing fuzzystrmatch ==============
CREATE EXTENSION

============== installing postgis ==============
CREATE EXTENSION

============== running regression test queries ==============
test test-normalize_address ... ok

All 2 tests passed.

2.2.7 Installation

To install PostGIS, type

Code

make install

This will copy the PostGIS installation files into their appropriate subdirectory specified by the --prefix configuration parameter.

In particular:

* The loader and dumper binaries are installed in [prefix] /bin.

e The SQL files, such as postgis.sql, are installed in [prefix]/share/contrib.

¢ The PostGIS libraries are installed in [prefix]/lib.

If you previously ran the make comments command to generate the postgis_comments

file, install the sql file by running

Code

make comments—-install

.sql, raster_comments.sqgl

N:ﬂd Note

postgis_comments.sqgl, raster_comments.sql, topology_comments.sqgl was separated from the

typical build and installation targets since with it comes the extra dependency of xsltproc.
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2.3 Common Problems during installation

There are several things to check when your installation or upgrade doesn’t go as you expected.
PostgreSQL version mismatch.

Check that you have installed PostgreSQL 14 or newer, and that you are compiling against the same version of the PostgreSQL
source as the version of PostgreSQL that is running. Mix-ups can occur when your (Linux) distribution has already installed
PostgreSQL, or you have otherwise installed PostgreSQL before and forgotten about it. PostGIS will only work with PostgreSQL
14 or newer, and strange, unexpected error messages will result if you use an older version. To check the version of PostgreSQL
which is running, connect to the database using psql and run this query:

Code
SELECT version();

If you are running an RPM based distribution, you can check for the existence of pre-installed packages using the rpm command
as follows:

Code

rpm —ga | grep postgresqgl

Restoring an upgrade into a database without PostGIS.

If your upgrade fails, make sure you are restoring into a database that already has PostGIS installed.

Code

SELECT PostGIS_Full_Version();

Also check that configure has correctly detected the location and version of PostgreSQL, the Proj library and the GEOS library.

The output from configure is used to generate the postgis_config.h file. Check that the POSTGIS_PGSQL_VERSION,
POSTGIS_PROJ_VERSION and POSTGIS_GEOS_VERSION variables have been set correctly.
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Chapter 3

PostGIS Administration

3.1 Performance Tuning

Tuning for PostGIS performance is much like tuning for any PostgreSQL workload. The only additional consideration is that
geometries and rasters are usually large, so memory-related optimizations generally have more of an impact on PostGIS than
other types of PostgreSQL queries.

For general details about optimizing PostgreSQL, refer to Tuning your PostgreSQL Server.

PostgreSQL configuration can be set at the server level without touching postgresqgl.conf or postgresgl.auto.conf
by using the ALTER SYSTEM command.

Set work_menm, reload the configuration so new connections use the change, and display the current value. Use SHOW ALL to
list all settings.

Code

ALTER SYSTEM SET work_mem = '256MB';
SELECT pg_reload_conf ();
SHOW work_mem;

In addition to the Postgres settings, PostGIS has some custom settings which are listed in Section 7.22.

3.1.1 Startup

These settings are configured in postgresqgl . conf:

constraint_exclusion

* Default: partition

* This is generally used for table partitioning. The default of "partition" forces the planner to only analyze tables for constraint
consideration if they are in an inherited hierarchy and avoids paying the planner penalty otherwise.

shared_buffers

e Default: ~128MB

* Set to about 25% to 40% of available RAM. On windows you may not be able to set as high.

max_worker_processes controls the maximum number of background processes available to the server and therefore also bounds
how many workers can participate in parallel queries.

e Default: 8

* Sets the maximum number of background processes that the system can support. This parameter can only be set at server start.



https://wiki.postgresql.org/wiki/Tuning_Your_PostgreSQL_Server
http://www.postgresql.org/docs/current/static/runtime-config-query.html#GUC-CONSTRAINT-EXCLUSION
http://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-SHARED-BUFFERS
https://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-MAX-WORKER-PROCESSES
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3.1.2 Runtime

work_mem - sets the size of memory used for sort operations and complex queries

Default: 1-4MB

* Adjust up for large dbs, complex queries, lots of RAM
* Adjust down for many concurrent users or low RAM.
* If you have lots of RAM and few developers:

Code

SET work_mem TO '256MB';

maintenance_work_mem - the memory size used for VACUUM, CREATE INDEX, etc.

* Default: 16-64MB
* Generally too low - ties up I/O, locks objects while swapping memory

* Recommend 32MB to 1GB on production servers w/lots of RAM, but depends on the # of concurrent users. If you have lots
of RAM and few developers:

Code

SET maintenance_work_mem TO '1GB';

max_parallel_workers_per_gather

Parallel query support in modern PostgreSQL and PostGIS uses this setting to decide how many workers a plan may request.
If set to higher than 0, then some queries such as those involving relation functions like ST_Intersects can use multiple
processes and can run more than twice as fast when doing so. If you have a lot of processors to spare, you should change the
value of this to as many processors as you have. Also make sure to bump up max_worker_processes to at least as high as
this number.

e Default: 0

* Sets the maximum number of workers that can be started by a single Gather node. Parallel workers are taken from the pool
of processes established by max_worker_processes. Note that the requested number of workers may not actually be
available at run time. If this occurs, the plan will run with fewer workers than expected, which may be inefficient. Setting this
value to 0, which is the default, disables parallel query execution.

3.2 Configuring raster support

If you enabled raster support you may want to read below how to properly configure it.

Out-of-db rasters and all raster drivers are disabled by default. In order to re-enable these, you need to set the following en-
vironment variables POSTGIS_GDAIL_ENABLED_DRIVERS and POSTGIS_ENABLE_OUTDB_RASTERS in the server envi-
ronment. You can also use the more cross-platform approach of setting the corresponding Section 7.22.

If you want to enable offline raster:



http://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-WORK-MEM
http://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-MAINTENANCE-WORK-MEM
https://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-MAX-PARALLEL-WORKERS-PER-GATHER
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Code

POSTGIS_ENABLE_OUTDB_RASTERS=1

Any other setting or no setting at all will disable out of db rasters.

In order to enable all GDAL drivers available in your GDAL install, set this environment variable as follows

Code

POSTGIS_GDAL_ENABLED_DRIVERS=ENABLE_ALL

If you want to only enable specific drivers, set your environment variable as follows:

Code

POSTGIS_GDAL_ENABLED_DRIVERS="GTiff PNG JPEG GIF XYZ"

N;"l"! Note

If you are on windows, do not quote the driver list

Setting environment variables varies depending on OS. For PostgreSQL installed on Ubuntu or Debian via apt-postgresql, the pre-
ferred way is to edit /etc/postgresqgl /MAJOR/ CLUSTER/environment where the placeholders refer to the PostgreSQL
major version and cluster name.

On windows, if you are running as a service, you can set via System variables which for Windows 7 you can get to by right-
clicking on Computer->Properties Advanced System Settings or in explorer navigating to Control Panel\All Control
Panel Items\System. Then clicking Advanced System Settings ->Advanced->Environment Variables and adding new sys-
tem variables.

After you set the environment variables, you’ll need to restart your PostgreSQL service for the changes to take effect.

3.3 Creating spatial databases

3.3.1 Spatially enable database using EXTENSION

If you have compiled and installed the extensions/postgis modules, you can turn a database into a spatial one using the EXTEN-
SION mechanism.

Core postgis extension includes geometry, geography, spatial_ref sys and all the functions and comments. Raster and topology
are packaged as a separate extension.

Run the following SQL snippet in the database you want to enable spatially:

Code

CREATE EXTENSION IF NOT EXISTS plpgsql;

CREATE EXTENSION postgis;

CREATE EXTENSION postgis_raster; —-—- OPTIONAL
CREATE EXTENSION postgis_topology; —-- OPTIONAL
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3.3.2 Spatially enable database without using EXTENSION (discouraged)

N:"“’! Note

This is generally only needed if you cannot or don’t want to get PostGIS installed in the PostgreSQL extension directory
(for example during testing, development or in a restricted environment).

Adding PostGIS objects and function definitions into your database is done by loading the various sql files located in [prefix]
/share/contrib as specified during the build phase.

The core PostGIS objects (geometry and geography types, and their support functions) are in the postgis. sgl script. Raster
objects are in the rtpostgis. sqgl script. Topology objects are in the topology . sgl script.

For a complete set of EPSG coordinate system definition identifiers, you can also load the spatial_ref_sys.sqgl definitions
file and populate the spatial_ref sys table. This will permit you to perform ST_Transform() operations on geometries.

If you wish to add comments to the PostGIS functions, you can find them in the postgis_comments. sqgl script. Comments
can be viewed by simply typing \dd [function_name] from a psql terminal window.

Run the following Shell commands in your terminal:

Code
DB=[yourdatabase]
SCRIPTSDIR="pg_config --sharedir”/contrib/postgis-3.6/

# Core objects

psql —-d ${DB} —-f ${SCRIPTSDIR}/postgis.sqgl

psql —-d ${DB} —-f ${SCRIPTSDIR}/spatial_ref_ sys.sql

psql -d ${DB} -f ${SCRIPTSDIR}/postgis_comments.sqgl # OPTIONAL

# Raster support (OPTIONAL)
psql -d ${DB} -f ${SCRIPTSDIR}/rtpostgis.sql
psgl -d ${DB} —-f ${SCRIPTSDIR}/raster_comments.sgl # OPTIONAL

# Topology support (OPTIONAL)
psgl -d ${DB} —-f ${SCRIPTSDIR}/topology.sqgl
psql —-d ${DB} -f ${SCRIPTSDIR}/topology_comments.sqgl # OPTIONAL

3.4 Upgrading spatial databases

Upgrading existing spatial databases can be tricky as it requires replacement or introduction of new PostGIS object definitions.
Unfortunately not all definitions can be easily replaced in a live database, so sometimes your best bet is a dump/reload process.

PostGIS provides a SOFT UPGRADE procedure for minor or bugfix releases, and a HARD UPGRADE procedure for major
releases.

Before attempting to upgrade PostGIS, it is always worth to backup your data. If you use the -Fc flag to pg_dump you will
always be able to restore the dump with a HARD UPGRADE.

3.4.1 Soft upgrade

If you installed your database using extensions, you’ll need to upgrade using the extension model as well. If you installed using
the old sql script way, you are advised to switch your install to extensions because the script way is no longer supported.
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3.4.1.1 Soft upgrade using extensions
If you originally installed PostGIS with extensions, then you need to upgrade using extensions as well. Doing a minor upgrade
with extensions is fairly painless.
Use the PostGIS_Extensions_Upgrade function to upgrade to the latest version you have installed.
Code

SELECT postgis_extensions_upgrade () ;

If you are upgrading a database that still runs PostGIS 2.5, issue an ALTER EXTENSION followed by postgis_extensions_upg
to make sure the legacy postgis_raster objects are folded back into the main extension.

Code
ALTER EXTENSION postgis UPDATE;
SELECT postgis_extensions_upgrade () ;

This second call is needed to rebundle the postgis_raster extension.

Code

SELECT postgis_extensions_upgrade () ;

If you have multiple versions of PostGIS installed, and you don’t want to upgrade to the latest, you can explicitly specify the
version as follows:

Code

ALTER EXTENSION postgis UPDATE TO "3.7.0rc3";
ALTER EXTENSION postgis_topology UPDATE TO "3.7.0rc3";

If you get an error notice something like:

Output

No migration path defined for ... to 3.7.0rc3

Then you’ll need to backup your database, create a fresh one as described in Section 3.3.1 and then restore your backup on top
of this new database.

If you get a notice message like:

Output

Version "3.7.0rc3" of extension "postgis" is already installed

Then everything is already up to date and you can safely ignore it. UNLESS you’re attempting to upgrade from an development
version to the next (which doesn’t get a new version number); in that case you can append "next" to the version string, and next
time you’ll need to drop the "next" suffix again:

Code

ALTER EXTENSION postgis UPDATE TO "3.7.0rc3next";
ALTER EXTENSION postgis_topology UPDATE TO "3.7.0rc3next";

s Note
NW"! If you installed PostGIS originally without a version specified, you can often skip the reinstallation of postgis extension
before restoring since the backup just has CREATE EXTENSION postgis and thus picks up the newest latest
version during restore.
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N:ﬂ"’! Note

If you are upgrading PostGIS extension from a version prior to 3.0.0, you will have a new extension postgis_raster which
you can safely drop, if you don’t need raster support.

Code

DROP EXTENSION postgis_raster;

3.4.1.2 Soft upgrade without extensions

Extensions have been the supported installation method for many releases. If you still rely on an unpackaged installation, perform
a HARD UPGRADE into a database created with extensions and migrate your data there.

3.4.1.3 Hard upgrade

By HARD UPGRADE we mean full dump/reload of postgis-enabled databases. You need a HARD UPGRADE when PostGIS
objects’ internal storage changes or when SOFT UPGRADE is not possible. The Release Notes appendix reports for each version
whether you need a dump/reload (HARD UPGRADE) to upgrade.

The dump/reload process is assisted by the postgis_restore script which takes care of skipping from the dump all definitions
which belong to PostGIS (including old ones), allowing you to restore your schemas and data into a database with PostGIS
installed without getting duplicate symbol errors or bringing forward deprecated objects.

Supplementary instructions for windows users are available in the PostGIS Windows installation guide.

The Procedure is as follows:

1. Create a "custom-format" dump of the database you want to upgrade (let’s call it o1ddb) include binary blobs (-b) and
verbose (-v) output. The user can be the owner of the db, need not be postgres super account.

Code

pg_dump -h localhost -p 5432 -U postgres -Fc -b -v —-f "/somepath/olddb.backup" olddb

2. Do a fresh install of PostGIS in a new database -- we’ll refer to this database as newdb. Please refer to Section 3.3.2 and
Section 3.3.1 for instructions on how to do this.

The spatial_ref_sys entries found in your dump will be restored, but they will not override existing ones in spatial_ref_sys.
This is to ensure that fixes in the official set will be properly propagated to restored databases. If for any reason you really
want your own overrides of standard entries just don’t load the spatial_ref_sys.sql file when creating the new db.

If your database is really old or you know you’ve been using long deprecated functions in your views and functions, you
might need to load legacy. sqgl for all your functions and views etc. to properly come back. Only do this if _really_
needed. Consider upgrading your views and functions before dumping instead, if possible. The deprecated functions can
be later removed by loading uninstall_legacy.sqgl.

3. Restore your backup into your fresh newdb database using postgis_restore. Unexpected errors, if any, will be printed to
the standard error stream by psql. Keep a log of those.

Code

postgis_restore "/somepath/olddb.backup" | psgl -h localhost -p 5432 -U postgres newdb <+
2> errors.txt

Errors may arise in the following cases:



https://postgis.net/documentation/getting_started/install_windows/
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1. Some of your views or functions make use of deprecated PostGIS objects. In order to fix this you may try loading
legacy.sql script prior to restore or you’ll have to restore to a version of PostGIS which still contains those objects
and try a migration again after porting your code. If the 1legacy . sgl way works for you, don’t forget to fix your code to
stop using deprecated functions and drop them loading uninstall_legacy.sql.

2. Some custom records of spatial_ref_sys in dump file have an invalid SRID value. Valid SRID values are bigger than 0 and
smaller than 999000. Values in the 999000.999999 range are reserved for internal use while values > 999999 can’t be used
at all. All your custom records with invalid SRIDs will be retained, with those > 999999 moved into the reserved range,
but the spatial_ref_sys table would lose a check constraint guarding for that invariant to hold and possibly also its primary
key ( when multiple invalid SRIDS get converted to the same reserved SRID value ).

In order to fix this you should copy your custom SRS to a SRID with a valid value (maybe in the 910000..910999 range),
convert all your tables to the new srid (see UpdateGeometrySRID), delete the invalid entry from spatial_ref_sys and re-
construct the check(s) with:

Code

ALTER TABLE spatial_ref_ sys ADD CONSTRAINT spatial_ref sys_srid_check check (srid > 0 <>
AND srid < 999000 );

Code

ALTER TABLE spatial_ref sys ADD PRIMARY KEY (srid));

If you are upgrading an old database containing french IGN cartography, you will have probably SRIDs out of range and
you will see, when importing your database, issues like this :

Code

WARNING: SRID 310642222 converted to 999175 (in reserved zone)
In this case, you can try following steps : first throw out completely the IGN from the sql which is resulting from post-
gis_restore. So, after having run :

Code

postgis_restore "/somepath/olddb.backup" > olddb.sgl

run this command :
Code
grep -v IGNF olddb.sgl > olddb-without-IGN.sqgl
Create your newdb, activate the required PostGIS extensions, and insert the French IGN spatial reference definitions using
this script. After these operations, import your data:
Code

psgl -h localhost -p 5432 -U postgres -d newdb -f olddb-without-IGN.sgl 2> errors.txt



https://en.wikipedia.org/wiki/Institut_g%C3%A9ographique_national
https://raw.githubusercontent.com/Remi-C/IGN_spatial_ref_for_PostGIS/master/Put_IGN_SRS_into_Postgis.sql
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Chapter 4

Data Management

4.1 Spatial Data Model

4.1.1 OGC Geometry

The Open Geospatial Consortium (OGC) developed the Simple Features Access standard (SFA) to provide a model for geospatial
data. It defines the fundamental spatial type of Geometry, along with operations which manipulate and transform geometry
values to perform spatial analysis tasks. PostGIS implements the OGC Geometry model as the PostgreSQL data types geometry
and geography.

Geometry is an abstract type. Geometry values belong to one of its concrete subtypes which represent various kinds and
dimensions of geometric shapes. These include the atomic types Point, LineString, LinearRing and Polygon, and the collection
types MultiPoint, MultiLineString, MultiPolygon and GeometryCollection. The Simple Features Access - Part 1: Common
architecture v1.2.1 adds subtypes for the structures PolyhedralSurface, Triangle and TIN.

Geometry models shapes in the 2-dimensional Cartesian plane. The PolyhedralSurface, Triangle, and TIN types can also repre-
sent shapes in 3-dimensional space. The size and location of shapes are specified by their coordinates. Each coordinate has a
X and Y ordinate value determining its location in the plane. Shapes are constructed from points or line segments, with points
specified by a single coordinate, and line segments by two coordinates.

Coordinates may contain optional Z and M ordinate values. The Z ordinate is often used to represent elevation. The M ordinate
contains a measure value, which may represent time or distance. If Z or M values are present in a geometry value, they must
be defined for each point in the geometry. If a geometry has Z or M ordinates the coordinate dimension is 3D; if it has both
Z and M the coordinate dimension is 4D. The coordinate dimension is at least 2, because every geometry has at least X and Y
coordinates.

Geometry values are associated with a spatial reference system indicating the coordinate system in which it is embedded. The
spatial reference system is identified by the geometry SRID number. The units of the X and Y axes are determined by the
spatial reference system. In planar reference systems the X and Y coordinates typically represent easting and northing, while in
geodetic systems they represent longitude and latitude. SRID O represents an infinite Cartesian plane with no units assigned to
its axes. See Section 4.5.

The geometry dimension is a property of geometry types. Point types have dimension 0O, linear types have dimension 1, polygonal
types have dimension 2, and solid types have dimension 3. Collections have the dimension of the maximum element dimension.

A geometry value may be empty. Empty values contain no vertices (for atomic geometry types) or no elements (for collections).

An important property of geometry values is their spatial extent or bounding box, which the OGC model calls envelope. This is
the 2 or 3-dimensional box which encloses the coordinates of a geometry. It is an efficient way to represent a geometry’s extent
in coordinate space and to check whether two geometries interact.

The geometry model allows evaluating topological spatial relationships as described in Section 5.1.1. To support this the concepts
of interior, boundary and exterior are defined for each geometry type. Geometries are topologically closed, so they always
contain their boundary. The boundary is a geometry of dimension one less than that of the geometry itself. For example, the



https://www.ogc.org/standards/sfa
https://portal.ogc.org/files/?artifact_id=25355
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boundary of a Polygon is its rings (LineStrings), the boundary of a LineString is its endpoints (Points), and the boundary of a
Point is empty.

The OGC geometry model defines validity rules for each geometry type. These rules ensure that geometry values represents
realistic situations (e.g. it is possible to specify a polygon with a hole lying outside its shell, but this makes no sense geometrically
and is thus invalid). PostGIS also allows storing and manipulating invalid geometry values. This allows detecting and fixing them
if needed. See Section 4.4

4.1.1.1 Point

A Point is a 0O-dimensional geometry that represents a single location in coordinate space.

Code

POINT (1 2)
POINT Z (1 2 3)
POINT ZM (1 2 3 4)

4.1.1.2 LineString

A LineString is a 1-dimensional line formed by a contiguous sequence of line segments. Each line segment is defined by two
points, with the end point of one segment forming the start point of the next segment. An OGC-valid LineString has either zero
or two or more points, but PostGIS also allows single-point LineStrings. LineStrings may cross themselves (self-intersect). A
LineString is closed if the start and end points are the same. A LineString is simple if it does not self-intersect.

Code

LINESTRING (1 2, 3 4, 5 6)

4.1.1.3 LinearRing

A LinearRing is a LineString which is both closed and simple. The first and last points must be equal, and the line must not
self-intersect.

Code

LINEARRING (0 0 0, 4 0 0, 4 40, 040, 00 0)

4.1.1.4 Polygon

A Polygon is a 2-dimensional planar region, delimited by an exterior boundary (the shell) and zero or more interior boundaries
(holes). Each boundary is a LinearRing.

Code

POLYGON ((O O O, 4 OO, 440, O 40, 0O0O0O0), (10, 210, 220, 120,110))

4.1.1.5 MultiPoint

A MultiPoint is a collection of Points.
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Code

MULTIPOINT ( (O 0), (1 2) )

4.1.1.6 MultiLineString

A MultiLineString is a collection of LineStrings. A MultiLineString is closed if each of its elements is closed.

Code

MULTILINESTRING ( (O O, 1 1, 1 2), (2 3, 3 2, 5 4) )

4.1.1.7 MultiPolygon

A MultiPolygon is a collection of non-overlapping, non-adjacent Polygons. Polygons in the collection may touch only at a finite
number of points. (Two polygons are adjacent if they share an edge. They touch if they share only points or edges on their
boundaries). For more details on MultiPolygon validity, see Section 4.4.

Code

MULTIPOLYGON (((1 5, 55, 51, 1 1, 15)), ((6 5 91, 61, 6 5)))

4.1.1.8 GeometryCollection

A GeometryCollection is a heterogeneous (mixed) collection of geometries.

Code

GEOMETRYCOLLECTION ( POINT (2 3), LINESTRING(2 3, 3 4))

4.1.1.9 PolyhedralSurface

A PolyhedralSurface is a contiguous collection of patches or facets which share some edges. Each patch is a planar Polygon. If
the Polygon coordinates have Z ordinates then the surface is 3-dimensional.

Code

POLYHEDRALSURFACE Z (

(¢<0 00, 001, 011, 010, 00 0),
(<0 o0, 01 0, 110,100, 00 0),
(¢<0o 00, 1200, 101, 001, 00 0)),
(¢ 10, 111, 101, 1 00, 11 0)),
(¢0 2 0,011, 1211, 110, 010)),
(¢0 01, 201, 111, 011, 00 1)) )

4.1.1.10 Triangle

A Triangle is a polygon defined by three distinct non-collinear vertices. Because a Triangle is a polygon it is specified by four
coordinates, with the first and fourth being equal.
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Code

TRIANGLE ((O 0, 0 9, 9 0, 0 0))

4.1.1.11 TIN

A TIN is a collection of non-overlapping Triangles representing a Triangulated Irregular Network.

Code

TIN Z ( (¢O OO, 001, 010, O0OO)), ((OOOCG 010, 2160, 0O00O0)))

4.1.2 SQL/MM Part 3 - Curves

The ISO/IEC 13249-3 SOQL Multimedia - Spatial standard (SQL/MM) extends the OGC SFA to define Geometry subtypes con-
taining curves with circular arcs. The SQL/MM types support 3DM, 3DZ and 4D coordinates.

Note
All floating point comparisons within the SQL-MM implementation are performed to a specified tolerance, currently 1E-
8.

4.1.2.1 CircularString

CircularString is the basic curve type, similar to a LineString in the linear world. A single arc segment is specified by three
points: the start and end points (first and third) and some other point on the arc. To specify a closed circle the start and end points
are the same and the middle point is the opposite point on the circle diameter (which is the center of the arc). In a sequence of
arcs the end point of the previous arc is the start point of the next arc, just like the segments of a LineString. This means that a
CircularString must have an odd number of points greater than 1.

Code

CIRCULARSTRING(O 0, 1 1, 1 0)

CIRCULARSTRING(O O, 4 0, 4 4, 0 4, 0 0)

4.1.2.2 CompoundCurve

A CompoundCurve is a single continuous curve that may contain both circular arc segments and linear segments. That means
that in addition to having well-formed components, the end point of every component (except the last) must be coincident with
the start point of the following component.

Code

COMPOUNDCURVE ( CIRCULARSTRING(O O, 1 1, 1 0), (1 0, 0 1))

4.1.2.3 CurvePolygon

A CurvePolygon is like a polygon, with an outer ring and zero or more inner rings. The difference is that a ring can be a
CircularString or CompoundCurve as well as a LineString.

As of PostGIS 1.4 PostGIS supports compound curves in a curve polygon.



https://en.wikipedia.org/wiki/Triangulated_irregular_network
https://www.iso.org/obp/ui/#iso:std:iso-iec:13249:-3:ed-5:v1:en
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Code

CURVEPOLYGON (
CIRCULARSTRING(0 O, 4 0, 4 4, 0 4, 0 0),
(11, 33, 31, 11))

Example: A CurvePolygon with the shell defined by a CompoundCurve containing a CircularString and a LineString, and a hole
defined by a CircularString

Code
CURVEPOLYGON (
COMPOUNDCURVE ( CIRCULARSTRING(O O, 2 0, 2 1, 2 3, 4 3),
(4 3, 45,14, 00)),
CIRCULARSTRING(1.7 1, 1.4 0.4, 1.6 0.4, 1.6 0.5, 1.7 1) )

4.1.2.4 MultiCurve

A MultiCurve is a collection of curves which can include LineStrings, CircularStrings or CompoundCurves.

Code

MULTICURVE( (0 0, 5 5), CIRCULARSTRING(4 0, 4 4, 8 4))

4.1.2.5 MultiSurface

A MultiSurface is a collection of surfaces, which can be (linear) Polygons or CurvePolygons.

Code

MULTISURFACE (
CURVEPOLYGON (
CIRCULARSTRING( 0 0, 4 0, 4 4, 0 4, 0 0),
(L1, 33, 31, 1 1)),
((10 10, 14 12, 11 10, 10 10), (11 11, 11.5 11, 11 11.5, 11 11)))

4.1.3 WKT and WKB

The OGC SFA specification defines two formats for representing geometry values for external use: Well-Known Text (WKT) and
Well-Known Binary (WKB). Both WKT and WKB include information about the type of the object and the coordinates which
define it.

Well-Known Text (WKT) provides a standard textual representation of spatial data. Examples of WKT representations of spatial
objects are:

« POINT(0 0)

« POINT Z (0 0 0)

« POINT ZM (00 0 0)

« POINT EMPTY

« LINESTRING(0 0,1 1,1 2)

« LINESTRING EMPTY

« POLYGON((0 0,4 0,44,04,00),(11,21,22,12,1 1))
« MULTIPOINT((0 0),(1 2))

« MULTIPOINT Z ((0 0 0),(1 2 3))
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MULTIPOINT EMPTY
MULTILINESTRING((0 0,1 1,1 2),(2 3,3 2,5 4))

MULTIPOLYGON(((0 0,4 0,4 4,0 4,0 0),(1 1,2 1,2 2,1 2,1 1)), ((-1 -1,-1 -2,-2 -2,-2 -1 ,-1 -1)))
GEOMETRYCOLLECTION(POINT(2 3), LINESTRING(2 3,3 4))
GEOMETRYCOLLECTION EMPTY

Input and output of WKT is provided by the functions ST_AsText and ST_GeomFromText:

Code

text WKT = geometry;
geometry ST_GeomFromText (text WKT, SRID);

For example, a statement to create and insert a spatial object from WKT with SRID 312 is:

Code

INSERT INTO geotable ( geom, name )
VALUES ( ST_GeomFromText ('POINT(-126.4 45.32)', 312), 'A Place');

Well-Known Binary (WKB) provides a portable, full-precision representation of spatial data as binary data (arrays of bytes).
Examples of the WKB representations of spatial objects are:

* WKT: POINT(1 1)
WKB: 0101000000000000000000F03F000000000000F03
* WKT: LINESTRING (2 2,9 9)
WKB: 0102000000020000000000000000000040000000000000004000000000000022400000000000002240

Input and output of WKB is provided by the functions ST_AsBinary and ST_GeomFromWKB:

Code

bytea WKB = ST_AsBinary (geometry) ;
geometry = ST_GeomFromWKB (bytea WKB, SRID) ;

For example, a statement to create and insert a spatial object from WKB is:

Code

INSERT INTO geotable ( geom, name )
VALUES ( ST_GeomFromWKB ('\x0101000000000000000000£f03f000000000000£f03f"', 312), 'A Place');

4.2 Geometry Data Type

PostGIS implements the OGC Simple Features model by defining a PostgreSQL data type called geomet ry. It represents all of
the geometry subtypes by using an internal type code (see GeometryType and ST_GeometryType). This allows modelling spatial
features as rows of tables defined with a column of type geometry.

The geomet ry data type is opaque, which means that all access is done via invoking functions on geometry values. Functions
allow creating geometry objects, accessing or updating all internal fields, and computing new geometry values. PostGIS supports
all the functions specified in the OGC Simple feature access - Part 2: SOL option (SFS) specification, as well many others. See
Chapter 7 for the full list of functions.



https://portal.ogc.org/files/?artifact_id=25354
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otet Note
N PostGIS follows the SFA standard by prefixing spatial functions with "ST_". This was intended to stand for "Spatial and
Temporal”, but the temporal part of the standard was never developed. Instead it can be interpreted as "Spatial Type".

The SFA standard specifies that spatial objects include a Spatial Reference System identifier (SRID). The SRID is required when
creating spatial objects for insertion into the database (it may be defaulted to 0). See ST_SRID and Section 4.5

To make querying geometry efficient PostGIS defines various kinds of spatial indexes, and spatial operators to use them. See
Section 4.9 and Section 5.2 for details.

4.2.1 PostGIS EWKB and EWKT

OGC SFA specifications initially supported only 2D geometries, and the geometry SRID is not included in the input/output
representations. The OGC SFA specification 1.2.1 (which aligns with the ISO 19125 standard) adds support for 3D (ZYZ) and
measured (XYM and XYZM) coordinates, but still does not include the SRID value.

Because of these limitations PostGIS defined extended EWKB and EWKT formats. They provide 3D (XYZ and XYM) and 4D
(XYZM) coordinate support and include SRID information. Including all geometry information allows PostGIS to use EWKB
as the format of record (e.g. in DUMP files).

EWKB and EWKT are used for the "canonical forms" of PostGIS data objects. Fo