PostGIS 3.6.2 Manual



PostGIS 3.6.2 Manual ii
Contents

1 Introduction 1

1.1  Project Steering COMMILIEE . . . . . . . . . o . vttt e e e e e e e e e e e e e 1

1.2 Core Contributors Present . . . . . . . . . . . L e e e 1

1.3 Core Contributors Past . . . . . . . . . . . 2

1.4 Other Contributors . . . . . . . . . . o o e e e e e e e 2

2 PostGIS Installation 6

2.1 Short Version . . . . . . . . . e e e 6

2.2 Compiling and Install from Source . . . . . . . . . . .. 6

2.2.1  Gettingthe Source . . . . . . .. e 7

222 Install Requirements . . . . . . . . . . . .. e e e e e e e 7

2.2.3 Build configuration . . . . . . ..o e 8

224 Building . . ... 10

2.2.5 Building PostGIS Extensions and Deployingthem . . . . ... ... . ... ... ... ... ..... 10

22,6 Testing . . . . . e e 12

227 Installation . . . . . ..o e 15

2.3 Installing and Using the address standardizer . . . . . . . . . . . . . .. . e 15

2.4 Installing, Upgrading Tiger Geocoder, and loading data . . . . . .. .. ... ... ... ... .......... 16

2.4.1 Tiger Geocoder Enabling your PostGIS database . . . . . .. ... ... ... ... ... . ... 16

2.4.2 Using Address Standardizer Extension with Tiger geocoder . . . . . . . . . ... ... .. ... .... 19

2.4.3 Required tools for tigerdataloading . . . . . . . . .. ... L 19

2.4.4 Upgrading your Tiger Geocoder Installand Data . . . . . . . ... ... ... ... ........... 19

2.5 Common Problems during installation . . . . . . . . . . ... 20

3 PostGIS Administration 21

3.1 Performance Tuning . . . . . . . . . L L e e e e e e 21

3L Startup ..o e e 21

3.1.2 Runtime . . . . . o e e e e e 22

3.2 Configuring raster SUPPOTL . . . . v v v v v i e e e e e e e e e e e e e e e e e e e e 22

3.3 Creating spatial databases . . . . . . . . . .. e e e 23

3.3.1 Spatially enable database using EXTENSION . . . . . . .. ... .. ... ... ... ... ... 23




PostGIS 3.6.2 Manual iii

3.3.2 Spatially enable database without using EXTENSION (discouraged) . . . . . . ... ... ... ..... 23

3.4 Upgrading spatial databases . . . . . . . . . . L. e e e e e e 24
34.1 Softupgrade . . . . . . L e 24
34.1.1 Soft Upgrade 9.1+ using extensions . . . . . . . . . . . ... ... e 24

34.1.2 Soft Upgrade Pre 9.1+ or without extensions . . . . . . . ... . ... .. ... ... ..... 25

342 Hardupgrade . . . . . . L 26

4 Data Management 28
4.1 Spatial Data Model . . . . . . L e e e e 28
411 OGC GEOMELIY . . . v v v v e e e e e e e e e e e e e e e e e e e 28
41101 Point . ..o 29

4.1.1.2  LineString . . . . . . ... e e e 29

4.1.1.3  LinearRing . . . . . . . . . . e e e e e 29

4.1.1.4  Polygon . . . . . . e e e 29

4.1.1.5 MultiPoint . . . . . . L. e 29

4.1.1.6  MultiLineString . . . . . . . . . L e e e e e 29

4.1.1.7 MultiPolygon . . . . . . . . e 30

4.1.1.8  GeometryCollection . . . . . . . . . . . e e e e e 30

4.1.1.9 PolyhedralSurface . . . . . . . . ... e 30

4.1.1.10 Triangle . . . . . . . . L e 30

41111 TIN Lo e e 30

412 SQL/MMPart3-Curves . . . . . . . . . o e e e e e e e 30
4.1.2.1  CircularString . . . . . . . L e e e e e 31

4.1.2.2  CompoundCurve . . . . . . . o vt e e e e e e e e e e e e e 31

4.1.2.3 CurvePolygon . . . . . . . . e 31

4.1.2.4  MultiCurve . . . . . ... e 31

4.1.25 MultiSurface . . . . . . .. 31

4.13 WKTand WKB . . . . e 32

42 Geometry Data Type . . . . . . . . o e e e e e e e 33
4.2.1 PostGISEWKB and EWKT . . . . . . . . 33

4.3 Geography DataType . . . . . . . . . . e e 35
4.3.1 Creating Geography Tables . . . . . . . . . . . . . e 35

4.3.2 Using Geography Tables . . . . . . . . . . . 36

4.3.3 When to use the Geography datatype . . . . . . . . . . . . . i e 37
43.4 Geography Advanced FAQ . . . . . . . . e 37

4.4 Geometry Validation . . . . . . . . .. e 38
4.4.1  Simple GEOMELIY . . . . . . . o e e e e e e e e e e e 38
442 Valid GEOmetry . . . . . . . .o e e e 40

4.43 Managing Validity . . . . . . . ... 42




PostGIS 3.6.2 Manual iv
4.5 Spatial Reference Systems . . . . . . . . L 43
4.5.1 SPATIAL_REF_SYS Table . . . . . . . . . ettt e e e 44

4.5.2 User-Defined Spatial Reference Systems . . . . . . . . .. ... ... 45

4.6 Spatial Tables . . . . . . L e e e e e e e 45
4.6.1 Creatinga Spatial Table . . . . . . . . . . . . e 45

4.6.2 GEOMETRY_COLUMNS View . . . . . . . et e e e e e e e e e s 46

4.6.3 Manually Registering Geometry Columns . . . . . . . . . . . . ... 47

4.7 Loading Spatial Data . . . . . . . . . . e 49
471 UsingSQLtoLoadData . . . . . . . . . . . e 49

4772 Using the Shapefile Loader . . . . . . . . . . . ... .. 49

4.8 Extracting Spatial Data . . . . . . . . L L e e e e e 51
4.8.1 Using SQLtoExtractData . . . . . . . . . . . . e e 51

4.8.2 Using the Shapefile Dumper . . . . . . . . . . . . e 52

4.9 Spatial Indexes . . . . . . .. e 52
4.9.1 GISTINdeXes . . . . . . . oot e e 53

492 BRINIndexes. . . . . . . . . e e 53

4.9.3 SP-GiSTIndexes . . . . . . . . o o o i e 55

494 TuningIndex Usage . . . . . . . . . . . . e 56

5 Spatial Queries 57
5.1 Determining Spatial Relationships . . . . . . . . . . . . . 57
5.1.1 Dimensionally Extended 9-Intersection Model . . . . . . .. ... ... ... ... .. ... . 57

5.1.2  Named Spatial Relationships . . . . . . . .. . .. L 59

5.1.3 General Spatial Relationships . . . . . . . . . . . .. e 59

5.2 Using Spatial Indexes . . . . . . . . . o o e e e e e e 61

5.3 Examples of Spatial SQL . . . . . . . . L e e e 61

6 Performance Tips 64
6.1 Small tables of large geometries . . . . . . . . . . L e e e 64
6.1.1 Problemdescription . . . . . . . . . . .. e e e e e e e e e 64

6.1.2  Workarounds . . . . . . ... e e 64

6.2 CLUSTERing on geometry indices . . . . . . . . . . o o v ittt e e e e e e e e 65
6.3  Avoiding dimension CONVErsion . . . . . . . . . . . v vttt e e e e e e e e e e e 65

7 PostGIS Reference 66
7.1 PostGIS Geometry/Geography/Box Data Types . . . . . . . . . . . . i e 66

T boX2d . . o oo 66

T12 box3d . . .o 67

713 EOMELIY . . . . o o e e e e e e e e e e 67

7.1.4  geometry_dump . . ... L e e e e e e e e 68




PostGIS 3.6.2 Manual v

7.2

7.3

7.4

7.1.5 geography . . . . .o e e 68
Table Management Functions . . . . . . . . . . . . . . e e e e e e 68
7.2.1 AddGeometryColumn . . . . . . . . . ... e e e e e 68
7.2.2 DropGeometryColumn . . . . . . . . . ... e e e e e e e e e 70
7.2.3 DropGeometryTable . . . . . . . . . . e e 71
7.24 Find_SRID . . . . . e 72
7.2.5 Populate_Geometry_Columns . . . . . . . . . . L e e 72
7.2.6 UpdateGeometrySRID . . . . . . . . . . e e e 74
Geometry CONSLIUCIOTS . . . . . v v v v v vt et e e e e e e e e e e e e e e e e e 75
7.3.1 ST _Collect . . . . . e 75
7.3.2 ST LineFromMultiPoint . . . . . . . . . . . . 77
7.3.3 ST_MakeEnvelope . . . . . . . . . . e e 77
7.3.4 ST Makelline . . . . . . . . e 78
7.3.5 ST _MakePoint . . . . . . . . . e e 79
7.3.6 ST _MakePointM . . . . . . . . e 80
7.3.77 ST_MakePolygon . . . . . . . . e 81
7.3.8 ST _Point . . . . . . . o 83
7.3.9 ST PointZ . . . . . . e e 84
7.3.10 ST_PointM . . . . . . .. e e 85
7.3.11 ST _PointZM . . . . . oo e e 86
7.3.12 ST_Polygon . . . . . . . o e e e 86
7.3.13 ST_TileEnvelope . . . . . . . . . o o e e e e e e 87
7.3.14 ST_HexagonGrid . . . . . . . . . . . . 0 e 88
7.3.15 ST_Hexagon . . . . . . . 0 e e e e e e e 91
7.3.16 ST_SquareGrid . . . . . . . . . e e e e e 92
T3.07 ST_Square . . . . . o o e e e e e 93
7.3.18 ST Letters . . . . . . o e e e e e e 94
GEOMELTY ACCESSOTS  + & v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e 95
7.4.1 GeometryType . . . . . . . . e e 95
742 ST _Boundary . . . . . . . e e e 96
743 ST_BoundingDiagonal . . . . . . . . .. ... e 98
T4.4 ST CoordDIm . . . . . . . o e e 99
745 ST DIMENSION . . . . . . . o v o e e e e e 100
T4.6 ST Dump . . . . . . e e e e e e e 100
7477 ST _DumpPoints . . . . . . . . e e e e 102
7.4.8 ST _DumpSegments . . . . . . . . . i i it e e e e e e e e e e e e e e 106
7.4.9 ST DumpRings . . . . . . . . e 108
7.4.10 ST_EndPoint . . . . . . . . . e e 109
7.4.11 ST_Envelope . . . . . . . o e e e 110




PostGIS 3.6.2 Manual Vi

7.5

7.4.12 ST_ExteriorRing . . . . . . . . . . e 112
7.4.13 ST_GeometryN . . . . . . o e e e e e e e e e e 113
7.4.14 ST_GeometryType . . . . . . . o o o e e e e e 115
T.4.15 ST _HaSATIC . . . . . e e 116
7.4.16 ST_InteriorRingN . . . . . . . . . L 116
7417 ST NumCUIVES . . . . . o o o o o e e e e e e e e e e e 117
7418 ST_CurveN . . . . . . L e 118
7.4.19 ST ISClosed . . . . . . . o e e 118
7.420 ST IsCollection . . . . . . . . o o o 120
7421 ST_ISEmpty . . . . o o e e e e e e e 121
7.422 ST_IsPolygonCCW . . . . . . e 122
7.4.23 ST_IsPolygonCW . . . . . . e e e e 123
7424 ST_ISRing . . . . . o . o e 124
7.4.25 ST_IsSimple . . . . . o . e e e e e e 125
7426 ST_M . . . o 125
T.427 ST MemSize . . . . . . . o e e e 126
7.4.28 ST_NDIMS . . . . . . .o e 127
T.429 ST NPOINES . . . . . e e 128
7.430 ST_NRINGs . . . . . . o o 129
7431 ST NumGEOMELIIES . . . . . o v o o o e e e e e e e e e e e e 129
7.4.32 ST_NumlnteriorRings . . . . . . . . . . . . . 130
7.4.33 ST_NumlnteriorRing . . . . . . . . . . . . e e 131
7.434 ST NumPatches . . . . . . . . e 131
7.4.35 ST NumPoInts . . . . . . . . . e e 132
7.436 ST_PatchN . . . . . . . e e 132
7437 ST_PointN . . . . o . o e 133
7438 ST _Points . . . . . . . . o e 135
7.4.39 ST StartPoint . . . . . . . . . . e e 135
7440 ST_Summary . . . . . . . ot e e e e e e e e e e e 136
TAAL ST_X . o 138
7442 STY . oo 138
TA43 ST _Z . . o 139
7444 ST Zmflag . . . . . . . . e 140
7445 ST_HasZ . . . . . o 141
7446 ST_HasM . . . . . . . 142
Geometry EItOrs . . . . . . . . e e e e e e e 142
7.5.1  ST_AddPoint . . . . . . . . . 142
7.5.2 ST _CollectionEXtract . . . . . . . . . . e e e e e e 143
7.5.3 ST_CollectionHomogenize . . . . . . . . . . . . . e e e e 144




PostGIS 3.6.2 Manual vii

7.6

1.7

7.5.4 ST CurveToLine . . . . . . . . . e 146
7.5.5 ST_Scroll . . . . . o e 148
7.5.6  ST_FlipCoordinates . . . . . . . . . . . . . it e e e e e e 149
757 ST_Force2D . . . . . e 150
7.5.8 ST_Force3D . . . . . . e e 150
7.5.9 ST _Force3DZ . . . . . . e e 151
7.5.10 ST_Force3DM . . . . . . . . e 152
7.5.11 ST_ForcedD . . . . . e e e 153
7.5.12 ST ForceCollection . . . . . . . . . . . 153
7.5.13 ST ForceCurve . . . . . . . . o o e e 155
7.5.14 ST_ForcePolygonCCW . . . . . . . . . e 155
7.5.15 ST_ForcePolygonCW . . . . . . . . . e e e e 156
7.5.16 ST_ForceSFS . . . . . . . 156
7.5.17 ST _ForceRHR . . . . . . . . e 156
7.5.18 ST LineExtend . . . . . . . . . . e 157
7.5.19 ST LIneToCurve . . . . . . . . o o e e e e 158
7.5.20 ST_Multi . . . . . o 159
7521 ST _Normalize . . . . . . . . o e 160
7.5.22 ST_Project . . . . . . o o o e 160
7.5.23 ST_QuantizeCoordinates . . . . . . . . . . . . v i i e e e e e 161
7.524 ST RemovePoint . . . . . . . . . . e 163
7.5.25 ST_RemoveRepeatedPoints . . . . . . . . . . . . . . e e e 164
7.5.26 ST RemovelrrelevantPointsForView . . . . . . . . . . . . . 165
7.5.27 ST RemoveSmallParts . . . . . . . . . . . e 167
7528 ST RevVerse . . . . . . . . e e 169
7.529 ST_Segmentize . . . . . . . . o i i e e e e e e e e e e e e e e e 169
7.5.30 ST_SetPoint . . . . . . . . . e e 171
7.5.31 ST_Shiftlongitude . . . . . . . . . . . e e e e e 172
7.5.32 ST_WrapX . . . . . o 173
7.5.33 ST_SnapToGrid . . . . . . . . e e e 174
7.534 ST_Snap . . . . . o o 175
7.5.35 ST_SwapOrdinates . . . . . . . . o v it e e e e e e e e e e e e e 178
Geometry Validation . . . . . . . ... e 179
7.6.1  ST_IsValid . . . . . . . e 179
7.6.2 ST_IsValidDetail . . . . . . . . . . . 180
7.6.3 ST IsValidReason . . . . . . . . . . e e 181
7.6.4 ST _MakeValid . . . . . . . . . 183
Spatial Reference System Functions . . . . . . . . . . . . L 187

7.7.1 ST_InverseTransformPipeline . . . . . . . . . . . .. . e 187




PostGIS 3.6.2 Manual viii

7.8

7.7.2  ST_SetSRID . . . . . o 188
773 ST_SRID . . . o e 189
T7.4 ST Transform . . . . . . . . . e 190
7.7.5 ST_TransformPipeline . . . . . . . . . . . . e e e e 192
7.7.6  postgis_srs_codes . . . . . ... e 194
TTT POSLZIS_SIS o v v v v o e e e e e e e e e e e e e e e e e e e 194
7.7.8 postgis_srs_all . . .o e 195
779  postgis_srs_search . . . . . . . . . e e e e e e e e 196
Geometry Input . . . . . L . e e e 197
7.8.1 Well-Known Text (WKT) . . . . . . . . e e 197
7.8.1.1  ST_BdPolyFromText . . . . . . . . . . . . . e 197
7.8.1.2  ST_BdMPolyFromText . . . . . . . . . . . e e e e 197
7.8.1.3  ST_GeogFromText . . . . . . . . . . . . e 198
7.8.1.4  ST_GeographyFromText . . . . . . . . . . . . . . e 198
7.8.1.5 ST _GeomCollFromText . . . . . . . . . . . . e e 199
7.8.1.6 ST _GeomFromEWKT . . . . . . . . . . e 199
7.8.1.7  ST_GeomFromMARC21 . . . . . . . .. . . e 201
7.8.1.8  ST_GeometryFromText . . . . . . . . . . . . e e 203
7.8.1.9 ST _GeomFromText . . . . . . . . . . . . e 203
7.8.1.10 ST _LineFromText . . . . . . . . . . o o e e e 205
7.8.1.11 ST MLineFromText . . . . . . . . . . . . e, 206
7.8.1.12 ST _MPointFromText . . . . . . . . . . . e 206
7.8.1.13 ST_MPolyFromText . . . . . . . . . . . . e 207
7.8.1.14 ST PointFromText . . . . . . . . . . e e 208
7.8.1.15 ST _PolygonFromText . . . . . . . . . .. .. . . 209
7.8.1.16 ST_WKTToSQL . . . . . . . . 210
7.8.2  Well-Known Binary (WKB) . . . . . . . . . o e 210
7.82.1 ST_GeogFromWKB . . . . . . . . . . e 210
7.82.2 ST _GeomFromEWKB . . . . . . . . . . . e 211
7.823 ST _GeomFromWKB . . . . . . . . . . e 212
7.82.4 ST _LineFromWKB . . . . . . . . . .. e 213
7.8.2.5 ST_LinestringFromWKB . . . . . . . . . . .. 214
7.82.6 ST _PointFromWKB . . . . . . . . . .. 214
7.8277 ST_WKBToSQL . . . . . 215
7.8.3 Other Formats . . . . . . . . . e 216
7.8.3.1 ST _Box2dFromGeoHash . . . . . . . . . . . . . . . e 216
7.83.2 ST _GeomFromGeoHash . . . . . . . . . . . . . . . . . . .. 216
7.83.3 ST _GeomFromGML . . . . . . . . . . e 217

7.8.3.4 ST_GeomFromGeoJSON . . . . . . . . . . e 220




PostGIS 3.6.2 Manual iX
7.8.3.5 ST GeomFromKML . . . . . . . . . . e 221

7.83.6 ST _GeomFromTWKB . . . . . . . . . e 221

7.83.7 ST_GMLToSQL . . . . . . 222

7.8.3.8 ST_LineFromEncodedPolyline . . . . . ... ... . ... ... ... ... ... .. ..... 222

7.8.3.9 ST PointFromGeoHash . . . . . . . . . . . . . . 223
7.8.3.10 ST_FromFlatGeobufToTable . . . . . . . . . . . . . . . . . . i . 224
7.8.3.11 ST FromFlatGeobuf . . . . . . . . . . . . 224

7.9 Geometry OUIPUL . . . . . . . o ot e e e e e e e e e e e e e 225
7.9.1 Well-Known Text (WKT) . . . . . . . . e e e 225
79.1.1  ST_ASEWKT . . . . . e 225

7.9.1.2 ST ASTeXt . . . . . o o o 226

7.9.2 Well-Known Binary (WKB) . . . . . . . . . e e 227
7921 ST _AsBinary . . . . . . e 227

7922 ST_ASEWKB . . . . . 229

7923 ST AsHEXEWKB . . . . . e 230

7.9.3 OtherFormats . . . . . . . . . . 231
7.9.3.1 ST_AsEncodedPolyline . . . . . . . . .. . .. .. .. 231

7932 ST_AsFlatGeobuf . . . . . . . . . . ... 232

7.9.33 ST _AsGeobuf . . . . . . . 232

7934 ST_AsGeoJSON . . . . . . 232

7935 ST _ASGML . . . . . 235

7936 ST_AsKML . . . . . . 238

7.9.37 ST_AsLatLonText . . . . . . . . . . . . e 239

7938 ST_AsSMARC21 . . . . .. 240

7939 ST ASMVTGeom . . . . . . . e 243
7.93.10 ST_ASMVT . . . . 244
79311 ST_ASSVG . . . . o 245
79312 ST_ASTWKB . . . . . o 246
7.9.3.13 ST_AsX3D . . . o o 247
7.9.3.14 ST _GeoHash. . . . . . . . e e 250

T.10 Operators . . . . . . . ot e e e e 252
7.10.1 Bounding Box Operators . . . . . . . . . . . i i e e e e e e e e e e e 252
TJ01D && . o oo 252
7.10.1.2 &&(geometry,box2df) . . . . . .. 252
7.10.1.3 &&(box2df,geometry) . . . . . . L. 253
7.10.14 &&(box2dfbox2df) . . . . .. 254
TJ0.1S &&& . . o o 255
7.10.1.6 &&&(geometry,gidx) . . . . . . L 256
7.10.1.7 &&&(gidx,geometry) . . . . . . L 257




PostGIS 3.6.2 Manual X

7.10.1.8  &&&(gidX,gidX) . . . . . e 258
TJ0.1.9 &< oo o 258
TJ0.1.10 &<l oo 259
TA0LIT &> .o oo 260
TJ0L02 K< oo o 261
TI0LA3 <<l oo 261
TI0L014 = o o 262
TIOLAS >> Lo o 263
TJ0.1.16 @ L Lo 264
7.10.1.17 @(geometry,box2df) . . . . . . . L e 265
7.10.1.18 @(box2df,geometry) . . . . . . .. L 266
7.10.1.19 @(box2df,box2df) . . . . . . 266
TJ0120 &> . o oo 267
TAOL21 I>> L0 o 268
TA0122 ~ oo 269
7.10.1.23 ~(geometry,box2df) . . . . . .. L e 269
7.10.1.24 ~(box2df,geometry) . . . . . . . .. e e 270
7.10.1.25 ~(box2df,box2df) . . . .. 271
TJ0.1.26 ~= L Lo 272
7.10.2 Distance Operators . . . . . . v v v v i e e e e e e e e e e e e e e e e e e e e e 272
TJ02.1 <> 0 0o 272
TA022 1=l oo 274
TJ023 <H>. L o 275
T02.4 <<>> 000 276
7.11 Spatial Relationships . . . . . . . . . . . . e e e 277
7.11.1 Topological Relationships . . . . . . . . . . . . . e e 277
T.11.1.1 ST _3DINtersects . . . . . . . v v e e e e e e e e e e e e e e e 277
T.11.1.2 ST _Contains . . . . . . v v o e e e e e e 278
7.11.1.3 ST ContainsProperly . . . . . . . . . . ... 282
7.11.1.4 ST_CoveredBy . . . . . . . . e e 283
TA1.1.5 ST_COVErs . . . o o o o e e e e e e 284
T11.1.6 ST_CroSSES . o v v v v o e e e e e e e e e e e e 286
7.01.1.7 ST_Disjoint . . . .« o oo o e e e e e e e e 288
7.01.1.8 ST_Equals . . . . . . . o 289
T.11.1.9 ST_INtersects . . . . . . o e e e e e e e 290
7.11.1.10 ST_LineCrossingDirection . . . . . . . . . . . it 291
7.11.1.11 ST _OrderingEquals . . . . . . . . . . ... e 294
TALLA2 ST_Overlaps . . . . . o o o e e e e e e e e e 295

701113 ST Relate . . . . . . . . o 298




PostGIS 3.6.2 Manual Xi

7.12

7.13

7.11.1.14 ST_RelateMatch . . . . . . . . . . . e 300

7.11.1.15 ST _Touches . . . . . . . . e e 301

701116 ST_Within . . . . . . . .o e 303
7.11.2 Distance Relationships . . . . . . . . . . . L e 304

7.11.2.1 ST_3DDWithin . . . . . . . . . e e 304

7.11.2.2 ST_3DDFullyWithin . . . . . . .. ... e 305

7.11.2.3 ST_DFullyWithin . . . . . . . . .. e 306

7.11.2.4 ST _DWithin . . . . . . . oL e e 307

7.11.2.5 ST PointlnsideCircle . . . . . . . . . . . 308
Measurement Functions . . . . . . . . .. L e 309
TA2.1 ST_Area . . . . . . o 309
7.12.2 ST_Azimuth . . . . . oL L e 311
7123 ST_Angle . . . . . o o e 312
7.12.4 ST _ClosestPoint . . . . . . . . . e e 313
7.12.5 ST 3DClosestPoint . . . . . . . . . . e 315
7.12.6 ST DIStance . . . . . . . o o o o e e e e e 316
71277 ST 3DDIStance . . . . . . . v v e e e e e e e e e 318
7.12.8 ST_DistanceSphere . . . . . . . . . . . L e e e e e e 319
7.12.9 ST_DistanceSpheroid . . . . . . . . . . . .. 319
7.12.10 ST _FrechetDistance . . . . . . . . . . . 0 e e 320
7.12.11 ST _HausdorffDistance . . . . . . . . . . . . o e 321
TA212ST_Length . . . . . o o e e e e e e e e e e e e e e e 0323
71213 ST_Length2D . . . . . . . L e 324
7.12.14ST_3DLength . . . . . . . . . . e e e e e e e e e e e e 0325
7.12.15 ST_LengthSpheroid . . . . . . . . . . o L e e e 325
71216 ST_Longestline . . . . . . . . . . 0 i e e e e e e e e e e e e e e e e 326
7.12.17ST_3DLongestLine . . . . . . . . . . . o L e e 328
71218 ST _MaxDistance . . . . . . . . o o o e e e e e e e 330
7.12.19 ST_3DMaxDistance . . . . . . . . . . e e e e 330
7.12.20 ST _MinimumClearance . . . . . . . . . . . 0t e e e e e e s 33
7.12.21 ST_MinimumClearancelLine . . . . . . . . . . . . . . e e 332
TA222 ST Perimeter . . . . . . o o o e e e e e e e 332
7.12.23 ST Perimeter2D . . . . . . . . e e e 334
71224 ST _3DPerimeter . . . . . . . o o o e e e e e e e 335
7.12.25 ST _Shortestine . . . . . . . . . . o e e e 335
7.12.26 ST_3DShortestline . . . . . . . . . e e e 337
Overlay Functions . . . . . . . . . . . 0 e 338
7.13.1 ST_ClipByBox2D . . . . . . e 338

7.13.2 ST _Difference . . . . . . . . . . e 339




PostGIS 3.6.2 Manual Xii

7.14

7.15

7.13.3 ST INtersection . . . . . . . . o o o o e e 340
7.13.4 ST MemUnion . . . . . . . . o o o e e e e e 342
7.13.5 ST_Node . . . . . . o e 343
7.13.6 ST_Split . . . . e e e 344
7.13.7 ST_Subdivide . . . . . . . . e 346
7.13.8 ST_SymbDifference . . . . . . . . . . . L e e 349
7.13.9 ST_UnaryUnion . . . . . . . . . e 350
TA3T0ST_UNION . . . . . o e e e e e e e e 351
Geometry Processing . . . . . . . . .. e 353
7.14.1 ST_Buffer . . . . . o o e 353
7.142 ST_BuildArea . . . . . . . . . e 358
7.14.3 ST Centroid . . . . . . . . o e e 360
7.14.4 ST_ChaikinSmoothing . . . . . . . . . . . . . e 362
7.14.5 ST ConcaveHull . . . . . . . . . e 363
7.14.6 ST ConvexHull . . . . . . . . . e 367
7.14.77 ST_DelaunayTriangles . . . . . . . . . . . . o e e e e e 368
7.14.8 ST_FilterByM . . . . . . . 373
7.14.9 ST GeneratePoints . . . . . . . . . . e e e e e 374
7.14.10 ST_GeometricMedian . . . . . . . . . . . e e e 375
TA411ST_LineMerge . . . . . . o o o i i e e e e e e e e e e e e e e e e e o306
7.14.12 ST MaximumlnscribedCircle . . . . . . . . . . . . 378
7.14.13 ST_LargestEmptyCircle . . . . . . . . . . . . . . e e e e 380
7.14.14 ST_MinimumBoundingCircle . . . . . . . . . . . . .. . .. 382
7.14.15 ST_MinimumBoundingRadius . . . . . . .. ... .. ... ... ... ... ... .. .. ........383
7.14.16 ST_OrientedEnvelope . . . . . . . . . . . e e e 384
T.14.17 ST_OffsetCurve . . . . . . . o o e e e e o385
7.14.18 ST _PointOnSurface . . . . . . . . . . . e 389
71419 ST_Polygonize . . . . . . . . . e e e e e e e e e e e 391
7.1420 ST_ReducePrecision . . . . . . . . . . . e e e 393
7.14.21 ST _SharedPaths . . . . . . . . . . . s 39
70422 ST_Simplify . . . . . o 396
7.14.23 ST_SimplifyPreserveTopology . . . . . . . . . . . o e e e e e e 398
7.14.24 ST_SimplifyPolygonHull . . . . . . . . ... 0 400
71425 ST_Simplify VW« L o o 403
7.14.26 ST_SetEffectiveArea . . . . . . . . . . . e e 404
7.14.27 ST_TriangulatePolygon . . . . . . . . . . . . e 406
71428 ST _VoronoiLines . . . . . . . . . . . . e e 408
7.1429 ST_VoronoiPolygons . . . . . . . . . . . . e 409

COVErages . . . . . . . ot e e 410




PostGIS 3.6.2 Manual xiii

7.16

7.17

7.18

7.19

7.15.1 ST_CoveragelnvalidEdges . . . . . . . . . . . . . . e 410
7.15.2 ST_CoverageSimplify . . . . . . . . . e e e e 412
7.153 ST_CoverageUnion . . . . . . . . . . o vttt e e e e 413
7.15.4 ST_CoverageClean . . . . . . . . . . . o 0 i e e e e e e e 415
Affine Transformations . . . . . . . . . . . L 416
7.16.1 ST_Affine . . . . . . . . L e e 416
7.16.2 ST_Rotate . . . . . . . . o 417
7.16.3 ST _RotateX . . . . . e e e 418
7.16.4 ST_RotateY . . . . . . o o e 419
7.16.5 ST RotateZ . . . . . . . e e e 420
7.16.6 ST_Scale . . . . . . . . e 421
7.16.7 ST Translate . . . . . . . . . o e 422
7.16.8 ST TransScale . . . . . . . . . . e 424
Clustering FUnNCtions . . . . . . . . . . . 0 e e e e e e e e e e 425
7.17.1 ST_ClusterDBSCAN . . . . . . e e 425
7.17.2 ST_ClusterIntersecting . . . . . . . . . . . i i e e e e e e e e 427
7.17.3 ST_ClusterIntersectingWin . . . . . . . . . . . . . . e 427
7.17.4 ST ClusterKMeans . . . . . . . . . . e e e e e e 428
7.17.5 ST_ClusterWithin . . . . . . . . . . 430
7.17.6 ST ClusterWithinWin . . . . . . . . . e e 431
Bounding Box Functions . . . . . . . . . . L 432
7181 Box2D . . . 432
7.182 Box3D . .o e 433
7.18.3 ST EstimatedEXtent . . . . . . . . . . . e e e e e 433
7.18.4 ST_Expand . . . . . . . . L e 434
7185 ST_EXtent . . . . . . o o e e 436
7.18.6 ST_3DEXtent . . . . . . . . . o e e 437
7.18.7 ST _MakeBox2D . . . . . . . e 438
7.18.8 ST_3DMakeBox . . . . . . . . . e 439
7189 ST_XMaX . . . o oot e e e e 439
TABTOST_XMIN . . . . o ot e e 440
TABILLST_YMaAX . . . . o e e e 441
TABA2ST_YMIN . . . . o o o 442
TABIAZST_ZMaX . . . o o o o e e e 443
TABLAST_ZMIn . . . . . . o 444
Linear Referencing . . . . . . . . . . e 445
7.19.1 ST_LinelnterpolatePoint . . . . . . . . . . . .. . e 445
7.19.2 ST_3DLinelnterpolatePoint . . . . . . . . . . . . . . e e e 447

7.19.3 ST_LinelnterpolatePoints . . . . . . . . . . . . . e 447




PostGIS 3.6.2 Manual Xiv

7.20

7.21

7.22

7.23

7.19.4 ST LineLocatePoint . . . . . . . . . . . . . . e 448
7.19.5 ST_LineSubstring . . . . . . . . o o e e e e e e e e e e 449
7.19.6 ST_LocateAlong . . . . . . . . . e 451
7.19.7 ST LocateBetween . . . . . . . . . . . e e e 452
7.19.8 ST LocateBetweenElevations . . . . . . . . . . . . . . 0 e e 454
7.19.9 ST_InterpolatePoint . . . . . . . . . . . . . e e 454
7.19.10 ST_AddMeasure . . . . . . . . . o e e e e e 455
Trajectory FUnctions . . . . . . . . . . . L e e e e e e e e 456
7.20.1 ST_IsValidTrajectory . . . . . . . . o o v i i e e e e e e e e 456
7.20.2 ST_ClosestPointOfApproach . . . . . . . . . . . . e e 457
7.20.3 ST_DistanceCPA . . . . . . . . . e e 458
7.20.4 ST_CPAWIthin . . . . . . . . o e 458
Version Functions . . . . . . . . . L e e e e 459
7.21.1 PostGIS_Extensions_Upgrade . . . . . . . . . . . 0 i i e e e e 459
7.21.2 PostGIS_Full Version . . . . . . . . . . e 460
7.21.3 PostGIS_GEOS_Version . . . . . . . . 0 e e e e e 461
7.21.4 PostGIS_GEOS_Compiled_Version . . . . . . . . . . . . ..t 461
7.21.5 PostGIS_Liblwgeom_Version . . . . . . . . . . . v i i e e e e e e 462
7.21.6 PostGIS_LibXML_Version . . . . . . . . . 0 e e 462
7.21.7 PostGIS_LIibJSON_VErsion . . . . . . . . v v v i e o e e e e e e e e e 463
7.21.8 PostGIS_Lib_Build_Date . . . . . . . . . . . . e 463
7.21.9 PostGIS_Lib_Version . . . . . . . . . . e e e 463
7.21.10 PostGIS_PROJ_Version . . . . . . . . . . . . 464
7.21.11 PostGIS_PROJ_Compiled_Version . . . . . . . . . . . . . ittt et 464
7.21.12 PostGIS_Wagyu_Version . . . . . . . . . . . o e e e e e 465
7.21.13 PostGIS_Scripts_Build_Date . . . . . . . . . . . . e e 465
7.21.14 PostGIS_Scripts_Installed . . . . . . . . . . .. e 466
7.21.15PostGIS_Scripts_Released . . . . . . . . . . . e e 467
T21.16 PostGIS_Version . . . . . . . . . . e e e 467
Grand Unified Custom Variables (GUCS) . . . . . . . . . . . . . e e e 468
7.22.1 postgis.gdal_datapath . . . . . . . ..o 468
7.22.2 postgis.gdal_enabled_drivers . . . . . . ... L L e e e e e 469
7.22.3 postgis.enable_outdb_rasters . . . . . . .. .o e e e e e 470
7.22.4 postgis.gdal_vSI_OptioNS . . . . . . .. ... e e e 471
7.22.5 postgis.gdal_cpl_debug . . . . . ... 471
Troubleshooting Functions . . . . . . . . . . . . . . e 472
7.23.1 PostGIS_AddBBOX . . . . . . . . . 472
7.23.2 PostGIS_DropBBox . . . . . . . . e e e e 472

7.23.3 PostGIS_HasBBoxX . . . . . . . . . . e 473




PostGIS 3.6.2 Manual XV

8 SFCGAL Functions Reference 474
8.1 SFCGAL Management FUnctions . . . . . . . . . . . . . it i it e et e e e e e e 474
8.1.1 postgis_sfcgal_version . . . . . . . .. e e e e 474

8.1.2  postgis_sfcgal_full_version . . . . . . . . . . e e e 474

8.2 SFCGAL Accessors and Setters . . . . . . . . . . . ... i e 475
8.2.1 CG_ForceLHR . . . . . . e 475

8.2.2 CG_ISPlanar . . . . . . . . e 475
823 CG_IsSolid . . . . . . . 476
824 CG_MakeSolid . . . . . . . 476
8.2.5 CG_Orientation . . . . . . . . v o e e e e e s 476
8.2.6 CG_ATIea . . . . . . o i 477
827 CG_3DATrea . . . . o s 477
8.2.8 CG _Volume . . . . . . . . s 478
8.2.9 ST ForceLHR . . . . . . . 479
8.2.10 ST _IsPlanar. . . . . . . . . e 480
8.2.11 ST_IsSolid . . . . . . . 480
8.2.12 ST MakeSolid . . . . . . . . 481
8.2.13 ST Orientation . . . . . . v v v v o e e e e e e e e e 481
8.2.14 ST 3DAr€a . . . . .« o o i e 482
8.2.15 ST_Volume . . . . . . . e 483

8.3 SFCGAL Processing and Relationship Functions . . . . . . . . .. ... ... ... .. .. .. ... ...... 484
8.3.1 CG_INtersection . . . . . . . v v i e e e e e e s 484

8.3.2 CG INtErsectS . . . . . . o o e e 484
8.3.3 CG_3DINErSECtS . . . v v v o o o e e e e e e s 485
8.3.4 CG_Difference . . . . . . . . . . e 486
8.3.5 ST 3DDifference . . . . . . . . . e e e 487
8.3.6 CG_3DDifference . . . . . . . . . . e 487
8.3.7 CG_DIStancCe . . . . . . o o e e e s 488
8.3.8 CG3DDIStance . . . . . . . . e e e e e 489
839 ST_3DConvexHull . . . . . . . . . .. 490
8.3.10 CG_3DConvexHull . . . . . . . . . e 490
8.3.11 ST 3DINtersection . . . . . . . . v v v v e e e e e e e e e e 491
8.3.12 CG_3DINtersection . . . . . . . . . v i e e e e e 492
8.3.13 CG_Union . . . . . . 494
8.3.14 ST 3DUNION . . . . . v o e e e e e e e 495
8.3.15 CG_3DUnIon . . . . . . . o 495
8.3.16 ST_AlphaShape . . . . . . . . . . . 496
8.3.17 CG_AlphaShape . . . . . . . . . e e e e e 497
8.3.18 CG_ApproxConvexPartition . . . . . . . . . . .. . L e 500




PostGIS 3.6.2 Manual XVi

8.3.19
8.3.20
8.3.21
8.3.22
8.3.23
8.3.24
8.3.25
8.3.26
8.3.27
8.3.28
8.3.29
8.3.30
8.3.31
8.3.32
8.3.33
8.3.34
8.3.35
8.3.36
8.3.37
8.3.38
8.3.39
8.3.40
8.3.41
8.3.42
8.3.43
8.3.44
8.3.45
8.3.46
8.3.47
8.3.48
8.3.49
8.3.50
8.3.51
8.3.52
8.3.53

ST_ApproximateMedialAXis . . . . . . . . . . . e 501
CG_ApproximateMedial AXis . . . . . . . . . . L e 502
ST_ConstrainedDelaunayTriangles . . . . . . . . . . . . . . o e 503
CG_ConstrainedDelaunayTriangles . . . . . . . . .. . . . 503
ST Extrude . . . . . . . . s 504
CG_EXtrude . . . . . . e 505
CG_ExtrudeStraightSkeleton . . . . . . . . . . . .. e 506
CG_GreeneApproxConvexPartition . . . . . . . . . . . . . . . e 507
ST MinkowskiSum . . . . . . . 509
CG_MinkowsKkiSum . . . . . . . . . e 509
ST_OptimalAlphaShape . . . . . . . . . . . . e 511
CG_OptimalAlphaShape . . . . . . . . . . . e 512
CG_OptimalConvexPartition . . . . . . . . . . . . 0 e e e e e e e 514
CG_StraightSkeleton . . . . . . . . . . . e e 515
ST_StraightSkeleton . . . . . . . . . . . . . . 516
ST Tesselate . . . . . . . o e e 517
CG_Tesselate . . . . . . . o o e e e 518
CG_Triangulate . . . . . . . . . . . e e e e 520
CG_Visibility . . . . . . . e 521
CG_YMonotonePartition . . . . . . . . . . . v o e e 522
CG_StraightSkeletonPartition . . . . . . . . . . . . . L e e 523
CG_3DBuffer . . . . . . . . e 524
CG_Rotate . . . . . . s 526
CG 2DRotate . . . . . e e e e e 527
CG_3DRoOtate . . . . . . o o o e e e e 527
CG_RotateX . . . . . s, 528
CG_RoOtateY . . . . e e 528
CG_RotateZ . . . . . . e 529
CG_Scale . . . . . e 529
CG_3DScale . . . . . . . e e e s 530
CG_3DScaleAroundCenter. . . . . . . . . v v v i e e e e e 530
CG_Translate . . . . . . . . . e e 531
CG_3DTranslate . . . . . . . . . . e s 531
CG_Simplify . . . . . 532
CG_3DAIphaWrapping . . . . . . . o o o e e e e e e e e e 535




PostGIS 3.6.2 Manual XVii

9 Topology 538
9.1 Topology TYPES . . . . o o e e e e e e e e e e e e 538
9.1.1 getfaceedges_Teturntype . . . . . . . . . o ittt e e e e e e e e e e 538
9.1.2  TopoGeOmMELrY . . . . . v v v v it e e e e e e e e e e e e e e e e e e 539

9.1.3  validatetopology_Teturntype . . . . . . . . o vttt e e e e e e e e e e e e 539

9.2 Topology Domains . . . . . . . . . . e e e e e e e e e e e e 540
9.2.1 TopoElement . . . . . . . ... 540

9.2.2 TopoElementArray . . . . . . . . o i e e e e e e e e e e e e e e e e 540

9.3 Topology and TopoGeometry Management . . . . . . . . . . . .. ... ... 541
9.3.1 AddTopoGeometryColumn . . . . . . . . . . . . i it et e e e e e 541

9.3.2 RenameTopoGeometryColumn . . . . . . . . .. ... ... 542
9.3.3  DropTopology . . . . . . e e e e e e e e e 542
9.3.4 RenameTopology . . . . . . . . L 543
9.3.5 DropTopoGeometryColumn . . . . . . . . . . . . it it e e e e e e e e 543
9.3.6 FixCorruptTopoGeometryColumn . . . . . . . . . . . . ... i 544
9.3.7 Populate_Topology_Layer . . . . . . . . . . e e e 544
9.3.8 TopologySummary . . . . . . . ... e 545
9.3.9 ValidateTopology . . . . . . . . o e e e e 546
9.3.10 ValidateTopologyRelation . . . . . . . . . . . . . . 548
9.3.11 ValidateTopologyPrecision . . . . . . . . . . . . . e e e e e 548
9.3.12 MakeTopologyPrecise . . . . . . . . . . . . . e 549
9.3.13 FindTopology . . . . . . . o o e e e e e 550
9.3.14 FindLayer . . . . . . . . . o e e e 550
9.3.15 TotalTopologySize . . . . . . . . . . e e e e e e 551
9.3.16 UpgradeTopology . . . . . . . . . . . e 552

9.4 Topology Statistics Management . . . . . . . . . . . .t it e e e e e e e e e e e e e 552
9.5 Topology Constructors . . . . . . . . . . . e e e e e 552
9.5.1  CreateTopology . . . . . o o v v e e e e e e e e e e e 552

9.5.2 CopyTopology . . . . . . . . . e 553
9.5.3 ST_InitTopoGeo . . . . . . o . i e e e e e e e e e e 554
954 ST_CreateTopoGeo . . . . . . . . o o it e e e e e 555
9.5.5 TopoGeo_AddPoint . . . . . . . . . . e e e e e e 555
9.5.6 TopoGeo_AddLineString . . . . . . . . . . . . L e 556
9.5.7 TopoGeo_AddPolygon . . . . . . . . . . e e e e e 556
9.5.8 TopoGeo_LoadGeometry . . . . . . . . . . . . . 557

9.6 Topology Editors . . . . . . . . . e e e e 55T
9.6.1 ST_AddIsoNode . . . . . . . . e 557

9.6.2 ST_AddIsoEdge . . . . . . . . . 558

9.6.3 ST_AddEdgeNewFaces . . . . . . . . . . . . e 559




PostGIS 3.6.2 Manual XViii

9.7

9.8

9.9

9.10

9.6.4 ST_AddEdgeModFace . . . . . . . . . . . . . . e 559
9.6.5 ST_RemEdgeNewFace . . . . . . . . . . . . e e 560
9.6.6 ST_RemEdgeModFace . . . . . . . . . . . . . . e 561
9.6.7 ST_ChangeEdgeGeom . . . . . . . . . . . . e e e e e 561
9.6.8 ST_ModEdgeSplit . . . . . . . . e 562
9.6.9 ST_ModEdgeHeal . . . . . . . . . . . . . . e e e 563
9.6.10 ST_NewEdgeHeal . . . . . . . . . . . . . . . . e 563
9.6.11 ST MovelsoNode . . . . . . . . e e 563
9.6.12 ST _NewEdgesSplit . . . . . . . . . 564
9.6.13 ST RemovelsoNode . . . . . . . . . e 565
9.6.14 ST_RemovelsoEdge . . . . . . . . . . . . . . 565
TOPOloZY ACCESSOTS .+ . v v o v v e e e e e e e e e e e e e e e e e e e e e e e e e 566
9.7.1 GetEdgeByPoint . . . . . . . 566
9.7.2 GetFaceByPoint . . . . . . . .. e e 567
9.7.3 GetFaceContainingPoint . . . . . . . . . ... 568
9.7.4 GetNodeByPoint . . . . . . . . . L e e e e 568
9.7.5 GetTopologyID . . . . . . . . . e 569
9.7.6  GetTopologySRID . . . . . . . . e e 569
9.777 GetTopologyName . . . . . . . . . . . . . . e 570
9.7.8 ST_GetFaceEdges . . . . . . . . . . . e e 570
9.7.9 ST_GetFaceGeometry . . . . . . . . . o ot i i it e e e e e 571
9.7.10 GetRingEdges . . . . . . . .. e e e 572
9.7.11 GetNodeEdges . . . . . . . . . e e 572
Topology Processing . . . . . . . . . . e e e e e e 573
9.8.1 Polygonize . . . . . . . . e 573
9.82 AddNode . . . . . . . . 574
9.83 AddEdge . . . . . . .. 574
9.84 AddFace . . . . . . . . .. 576
9.8.5 ST_SImplify . . . . . . o e 577
9.8.6 RemoveUnusedPrimitives . . . . . . . . . ... 578
TopoGeometry CONStruCtors . . . . . . . . . . . . o ittt e e e e 578
9.9.1 CreateTopoGeom . . . . . . . . i i it e e e e e e e e e e e e 578
9.9.2 toTopoGeom . . . . . . . ... e 580
9.9.3 TopoElementArray_Agg . . . . . . . ... e e 581
9.9.4 TopoElement . . . . . . . ... e 581
TopoGeometry EAitors . . . . . . . . . . e e e e e e e 582
9.10.1 clearTopoGeom . . . . . . . . . . . L e 582
9.10.2 TopoGeom_addElement . . . . . . . . . . . . . . e e e e e 583

9.10.3 TopoGeom_remElement . . . . . . . . . . . . e e e 583




PostGIS 3.6.2 Manual

Xix

9.10.4 TopoGeom_addTopoGeom . . . . . . . . ... ... ... ... ... ...
9.10.5 toTopoGeom . . . . . . . . . . e
9.11 TopoGeometry ACCESSOTS « . . v v v v v v e e e e e e e e e e e e e e e e e e e
9.11.1 GetTopoGeomElementArray . . . . . . . . . . ... ... ...
9.11.2 GetTopoGeomElements . . . . . . . . .. . ... e
9.11.3 ST_SRID . . . . . .
9.12 TopoGeometry OULPULS . . . . . . . . o ot i it e e e e e e e e e e
9.12.1 AsGML . . . . . .
9.12.2 AsTopoJSON . . . . . . e
9.13 Topology Spatial Relationships . . . . . . . . . . . . . . e
9.13.1 Equals. . . . . . e
9.13.2 INtErSeCtS . . . . v v o v e e e e e e e e e e e e e e
9.14 Importing and exporting Topologies . . . . . . . . . . . . .
9.14.1 Using the Topology eXporter . . . . . . . . . . . . v v v ittt e e e e
9.14.2 Using the Topology importer . . . . . . . . . . . . . ..o i it

10 Raster Data Management, Queries, and Applications

10.1 Loading and Creating Rasters . . . . . . . . . . . . . . . . e
10.1.1 Using raster2pgsql to load rasters . . . . . . . . . ... ... e
10.1.1.1 Example Usage . . . . . . . . . 0 i ittt

10.1.1.2 raster2pgsqloptions . . . . . . . . . ... ...

10.1.2 Creating rasters using PostGIS raster functions . . . . . . . . ... ... ... .. ....
10.1.3 Using "outdb" cloudrasters . . . . . . . . . . . ..

10.2 Raster Catalogs . . . . . . . . . o e e e e e
10.2.1 Raster Columns Catalog . . . . . . . . . . .. .. .
10.2.2 Raster OVEIVIEWS . . . . . . . . o v it e e

10.3 Building Custom Applications with PostGISRaster . . . . . . . . ... ... ... ... .....

10.3.1 PHP Example Outputting using ST_AsPNG in concert with other raster functions . . . . .

10.3.2 ASP.NET C# Example Outputting using ST_AsPNG in concert with other raster functions

10.3.3 Java console app that outputs raster query as Imagefile . . . . . . ... ... ... ....
10.3.4 Use PLPython to dump outimagesviaSQL . . . . . . .. ... .. ... ... ......
10.3.5 Outputting Rasters with PSQL . . . . . . . .. .. ... o Lo

11 Raster Reference

11.1 Raster Support Datatypes . . . . . . . . . o . e e e
I1.1.1 geomval . . . . . . . o e
11.1.2 addbandarg . . . . . . . . . . e e
11.1.3 rastbandarg . . . . . . . . ... e
T1.14 raster . . . . . o o e e e e

584
584
584
584
585
585
586
586
588
590
590
591
591
592
592

593
593
593
593
594
595
596
597
597
598
599
599
600
601
602
603




PostGIS 3.6.2 Manual XX

T1.1.5 reclassarg . . . . . . . o o o e e 606
T1.1.6 summarystats . . . . . . . v v o it e e e e e e e e e e e e e e e e e e e e e e 607
I1.1.7 unionarg . . . . . . o oot e e 607
11.2 Raster Management . . . . . . . . . . o v it e e e e e e e e e e e e e e 608
11.2.1 AddRasterConstraints . . . . . . . . . . . ot i e e e e e e e 608
11.2.2 DropRasterConstraints . . . . . . . . . o v v v v e et e e e e e e e e e e e e e e e e e e 610
11.2.3 AddOverviewConstraints . . . . . . . . . . . it e e e e e e e e e 611
11.2.4 DropOverviewConStraints . . . . . . . . v v v v v e v e e e e e e e e e e e e e e 611
11.2.5 PostGIS_GDAL_Version . . . . . . . . e e e s 612
11.2.6 PostGIS_Raster_Lib_Build_Date . . . . . . . . . . . . e 612
11.2.7 PostGIS_Raster Lib_Version . . . . . . . . . . s 613
11.2.8 ST_GDALDIIVEIS . . . . o o o ot it e e e e e e e e e e e e e e e 613
11.2.9 UpdateRasterSRID . . . . . . . . . . .. e 617
11.2.10 ST_CreateOVerview . . . . . . v v v v e e e e e e e e e e e e 618
11.3 Raster CONSIIUCIOTS . . . . . o v v v et e e it e e e e e e e e e e e e e e e e e 619
11.3.1 ST_AddBand . . . . . . . . . 619
11.3.2 ST ASRASter . . . . . . . e 621
11.3.3 ST_ASRASIErAZE . . . . . o o o e e e e e e e e e e 623
11.3.4 ST _Band . . . . . . . . 624
11.3.5 ST_MakeEmptyCoverage . . . . . . . . . o v i v v it et e e e e e e e e e e e e e 625
11.3.6 ST_MakeEmptyRaster . . . . . . . . . . . . e 627
11.3.7 ST _Tile . . . . . o o e 628
11.3.8 ST_Retile . . . . . . . . 630
11.3.9 ST _FromGDALRASIEr . . . . . . . . o o e e e e 630
11.4 RaASter ACCESSOTS . . . v v v i i e e e e e e e e e e e e e 631
11.4.1 ST_GeoReference . . . . . . . . 0 e 631
11.42 ST_Height . . . . . . . 632
11.43 ST_ISEMPLy . . . . . o o e e e e e e e 633
11.44 ST MemSize . . . . . . . . . . 633
11.4.5 ST MetaData . . . . . . . . . . e e e e 634
11.4.6 ST NumBands . . . . . . . . . . e e 635
1147 ST PixelHeight . . . . . . . . . L . e 635
11.4.8 ST_PixelWidth . . . . . . . . . 636
11.4.9 ST_ScaleX . . . . . o e e s 637
11.4.10ST_ScaleY . . . . . . o 638
11.4.11 ST_RasterToWorldCoord . . . . . . . . . . . e e 639
11.4.12 ST_RasterToWorldCoordX . . . . . . . . . . . . e 639
11.4.13 ST_RasterToWorldCoordY . . . . . . . . . . o e e 640

11414 ST_Rotation . . . . . . . . L . o e e e e 641




PostGIS 3.6.2 Manual XXi

T1.A 15 ST_SkewX . . . o o o e 642
11416 ST_SKeWY . . . o o e 643
11417 ST_SRID . . . . . 643
TTAI8ST_Summary . . . . . . o o e e e e e e e e e e e e e 644
11.4.19 ST _UpperLeftX . . . . . . . 645
11.420 ST _UpperLeftY . . . . . o e e e e 645
11421 ST_Width . . . . . . o 646
11.4.22 ST WorldToRasterCoord . . . . . . . . . . . . e e 646
11.4.23 ST WorldToRasterCoordX . . . . . . . . . . . e 647
11.4.24 ST WorldToRasterCoordY . . . . . . . . . . o o e e 648
11.5 Raster Band ACCESSOTS . . . . . . . . o ot i e e e e e e 648
11.5.1 ST BandMetaData . . . . . . . . . . . . e e e e 648
11.5.2 ST BandNoDataValue . . . . . . . . . . . . e e 650
11.5.3 ST BandIsNoData . . . . . . . . . . . . e e e 650
11.54 ST_BandPath . . . . . . . . . . 652
11.5.5 ST _BandFileSize . . . . . . . . . . . e 652
11.5.6 ST_BandFileTimestamp . . . . . . . . . . . . . o ittt e 653
11.5.7 ST_BandPixelType . . . . . . . . o e e e e e e e e e e e 653
11.5.8 ST MinPossibleValue . . . . . . . . . . . 654
11.5.9 ST HasNoBand . . . . . . . . e s 655
11.6 Raster Pixel Accessors and Setters . . . . . . . . . . . . . L e e 655
11.6.1 ST_PixelAsPolygon . . . . . . . . . . . e e e e 655
11.6.2 ST_PixelAsPolygons . . . . . . . . . . . . . 656
11.6.3 ST _PixelAsPoint . . . . . . . . e e 657
11.6.4 ST_PixelAsPoInts . . . . . . . . . e s 658
11.6.5 ST _PixelAsCentroid . . . . . . . . . . 0 e e e e 659
11.6.6 ST _PixelAsCentroidS . . . . . . . . . . . o e e e e e 659
11.6.7 ST_Value . . . . . . .« o 660
11.6.8 ST NearestValue . . . . . . . . . . e e e 663
11.6.9 ST_SetZ . . . . . e e 665
T1.6.10ST_SetM . . . . . . 666
11.6.11 ST_Neighborhood . . . . . . . . . . . e e 667
11.6.12ST_SetValue . . . . . . . . . . e 669
11.6.13 ST_SetValues . . . . . . . . o o e e e e e s 670
11.6.14 ST_DumpValues . . . . . . . . o e e e e e 678
11.6.15ST_PixelOfValue . . . . . . . . L . e 679
11.7 Raster EAitors . . . . . . . . L e e e 681
11.7.1 ST_SetGeoReference . . . . . . . . . . o 0 o o e e e 681

11.7.2 ST_SetRotation . . . . . . . . . . . e e 682




PostGIS 3.6.2 Manual Xxii

11.7.3 ST_SetScale . . . . . . . . o e 683
11.7.4 ST_SetSkew . . . . . o o o e 684
11.7.5 ST_SetSRID . . . . . . e 685
11.7.6 ST_SetUpperLeft . . . . . . . . . L e e e 685
11.7.7 ST_Resample . . . . . . . . . L e e e 685
11.7.8 ST _Rescale . . . . . . . o o s 687
11.79 ST_Reskew . . . . . . . . o 688
11.7.10 ST_SnapToGrid . . . . . . . . o e e e e e e e 689
TL711ST_ReSIZE . . . . o o o e e e 690
11.7.12 ST Transform . . . . . . . . o e e s 692
11.8 Raster Band Editors . . . . . . . . . . . 694
11.8.1 ST _SetBandNoDataValue . . . . . . . . . . . . e 694
11.8.2 ST SetBandIsNoData . . . . . . . . . . . . e 695
11.8.3 ST SetBandPath . . . . . . . . . . . e 697
11.8.4 ST SetBandIndex . . . . . . . . . . . . e 698
11.9 Raster Band Statistics and Analytics . . . . . . . . . . . o e e e e e 700
11.9.1 ST_Count . . . . . . . . e 700
11.9.2 ST_CountAgg . . . . . o e e e e e e e 700
11.9.3 ST_Histogram . . . . . . . . . . ittt e e e e e 701
11.94 ST Quantile . . . . . . . . e e 703
11.9.5 ST_SummaryStats . . . . . . . . o o e e e e e e 705
11.9.6 ST_SummaryStatSAZE . . . . . . . . ot e e e e e e e e e e 707
11.9.7 ST _ValueCount . . . . . . . . . . e e e e e 708
T1.I0Raster Inputs . . . . . . o o e e e e e e e e e e 710
11.10.1 ST_RastFromWKB . . . . . . . . . 710
11.10.2 ST_RastFromHexWKB . . . . . . . . . e 711
I1.11Raster Outputs . . . . . . . . . Lo e e 712
11.11.1 ST_AsBinary/ST_AsWKB . . . . . . . e e e e e e 712
IT.11.2ST_AsHexWKB . . . . . . . 713
11.11.3 ST_ASGDALRAStEr . . . . . . e e e e e e s 713
IT.ILAST_ASIPEG . . . . o e e e 714
TLILSST_ASPNG . . . . o e e e e 715
IT.IL.6 ST_ASTIFF . . . . . o e e e e e e e e e 716
11.12Raster Processing: Map Algebra . . . . . . . . . . . . e 717
TTA20ST_CHpP . . o o o o e e e e e e e e e e e 717
11.122ST_ColorMap . . . . . . o e e e e e e e e e e e e 720
11123 ST_Grayscale . . . . . . . o o e e e e e 723
11.12.4 ST _INtErsection . . . . . . . o v v e e e e e e e e e e e e e s 725

11.12.5 ST_MapAlgebra (callback function version) . . . . . . . . . . .. ... ... .. ... 727




PostGIS 3.6.2 Manual XXiii

11.12.6 ST_MapAlgebra (expression Version) . . . . . . . . . v v v v v v v i it e e e e e 733
11.12.7 ST_MapAlgebraEXpr . . . . . . . . . o e e e e e 735
11.12.8 ST_MapAlgebraEXpr . . . . . . . . . . o e e 738
11.12.9 ST_MapAlgebraFct . . . . . . . . . . e e e e 742
11.12. 16T _MapAlgebraFct . . . . . . . . . . e e 746
11.12.1 8T_MapAlgebraFctNgb . . . . . . . . . . e e e 750
11.12.18T Reclass . . . . . . o e s 752
11.12. 13T _ReclassEXact . . . . . . . . o e e e s 754
TLA2ABT_UNION . . . . o o oo o e e e e e e 755
11.13Built-in Map Algebra Callback Functions . . . . . . . . . . . . . . . e 756
11.13. 1 ST Distinctdma . . . . . . . o o o e s 756
11.13.2 ST_InvDistWeightdma . . . . . . . . . . o e e e e e e e e e 757
I1.133ST_Max4dma . . . . . .o vt e e e 758
11.13.4ST Meandma . . . . . . . o o o e e e e e s 759
IT13.5ST_Mindma . . . . . oo o o e e e 761
11.13.6 ST_MinDistdma . . . . . . . . o o e e e e e 762
11.13.7ST_Rangedma . . . . . . . . o o e e e e e 762
11.13.8ST_StdDevAma . . . . . . . . . o e e e e 763
I1.13.9ST_Sumdma . . . . . . . o o e e 764
11.14Raster Processing: DEM (Elevation) . . . . . . . . . . . . e e e e e 765
TT14 D ST_ASPECt . . o o o o e e e 765
11.142ST_HillShade . . . . . . . . . . e e 767
11.143 ST_Roughness . . . . . . . . . e e 769
11144 ST_SIope . . . . o o e e 769
TLIASST_TPIL . . . o o e e 771
I1.146ST_TRI . . . . o o e e e e e e 772
11.14.7 ST_InterpolateRaster . . . . . . . . . . . . . o e e e e 772
I1.14.8 ST_CONntOUr . . . . . o v v o o e e e e e e e e e e e e s 773
11.15Raster Processing: Raster to Geometry . . . . . . . . . . . .. ... e 774
L1151 Box3D . . 774
11.152ST ConvexHull . . . . . . . . . e e 775
11.15.3 ST_DumpAsPolygons . . . . . . . . . . e e e e e e e e 776
11.15.4ST_Envelope . . . . . . . o e e e e 777
11.15.5 ST _MinConvexHull . . . . . . . . . e 778
11.15.6 ST_Polygon . . . . . . . . . . e e 779
11.15.7 ST _IntersectionFractions . . . . . . . . . . . o o i e e e e 780
11.16Raster Operators . . . . . . . . . . . . e e e 781
L1161 && . . . o e 781

TT16.2&< .« . o o e 782




PostGIS 3.6.2 Manual XXiV

T1163 &> . o o 782
L1164 = . o e 783
T116.5 @ . o o o 784
T116.6 ~= . . . . e 784
L1167 ~ o e e e e 785
11.17Raster and Raster Band Spatial Relationships . . . . . . . . . . .. .. . 785
11.17. 1 ST_Contains . . . . . . o v o o e e e e e e e e e e 785
11.17.2 ST_ContainsProperly . . . . . . . . . . e e e e e 786
11.17.3 ST _COVErS . . . . . o o e e e e e 787
11.17.4ST_CoveredBy . . . . . . . . e e e 788
TTA7.5ST_DIsjoint . . . o o oo o ot o e e e e e e e e e e e 789
11.17.6 ST INErsects . . . o o v o o o o e e e e e e e s 790
TLIT7.7ST_Overlaps . . . . o o o e e e e e e e e e e 791
11.17.8 ST _Touches . . . . . . . . o s 792
11.17.9 ST_SameAlignment . . . . . . . . . . . . 0 e e e e 792
11.17.16T_NotSameAlignmentReason . . . . . . . . . . . . . it et et e e 793
TTA7.0BT_Within . . . . . o o o e e e 794
11.17ABT_DWithin . . . . o o oo e 795
1L17ABT_DFullyWithin . . . . . . . . e e e e e e 796
T1A8Raster Tips . . . o o o o 797
11.18.10ut-DB Rasters . . . . . . . . . o e e e 797
11.18.1.1 Directory containing many files . . . . . . . .. . .. ... 797

11.18.1.2 Maximum Number of Open Files . . . . . . . . ... .. ... . ... ... . ...... 797

11.18.1.2.1 Maximum number of open files for the entire system . . . . . . . ... ... .. .. 798

11.18.1.2.2 Maximum number of open files per process . . . . . . . ... .. ... ... ... 798

12 PostGIS Extras 801
12.1 Address Standardizer . . . . . . . . . .. e 801
12.1.1 How the Parser Works . . . . . . . . . . . . . e 801
12.1.2 Address Standardizer Types . . . . . . . . . . o 801
12.1.2.1 stdaddr . . . . . . . e e 801

12.1.3 Address Standardizer Tables . . . . . . . . . . .. e 802
12.1.3.1 rulestable . . . . . . . .. L 802

12.1.32 lextable . . . . . . . e e 805

12.1.33 gaztable . . . . . . . . 805

12.1.4 Address Standardizer Functions . . . . . . . . . . . . ... 806
12.1.4.1 debug_standardize_address . . . . . . . . . . ... 806

12.1.4.2 parse_address . . . . . ... e e e 807

12.1.4.3 standardize_address . . . . . . . . ... e 808




PostGIS 3.6.2 Manual XXV

12.2 Tiger GEocoder . . . . . . . . o v i e e e e e 810
12.2.1 Drop_Indexes_Generate_Script . . . . . . . . . . e e e e 810
12.2.2 Drop_Nation_Tables_Generate_Script . . . . . . . . . . . . . ot 811
12.2.3 Drop_State_Tables_Generate_Script . . . . . . . . . . . . o . i e e e e 812
1224 Geocode . . . . . o e e 813
12.2.5 Geocode INtersection . . . . . . . . v v vt e e e e e s 815
12.2.6 Get_Geocode_Setting . . . . . . . . . .. e e e e e e e 816
12.2.7 Get_Tract . . . . . . o e e s 817
12.2.8 Install_Missing_Indexes . . . . . . . . . . . . . 818
12.2.9 Loader_Generate_Census_Script . . . . . . . . . . . o 0 it e e e e e 818
12.2.10 Loader_Generate_Script . . . . . . . . . . . . e e e e 820
12.2.11 Loader_Generate_Nation_Script . . . . . . . . . . . . . L e e 822
12.2.12 Missing_Indexes_Generate_Script . . . . . . . . . . ... e 823
12.2. 13 Normalize AdAress .. . . . . . . . o e e e s 824
12.2.14 Pagc_Normalize_Address . . . . . . . . . .« . e e 825
12215 Pprint_Addy . . . . . . e e 827
12.2. 16 Reverse_Geocode . . . . . . . . o s 828
12.2.17 Topology_Load_Tiger . . . . . . . . . . . . . et e 830
12.2.18 Set_Geocode_Setting . . . . . . . . . . L e e e 832

13 PostGIS Special Functions Index 833

13.1 PostGIS Aggregate Functions . . . . . . . . . . . . .. e e e 833

13.2 PostGIS Window Functions . . . . . . . . . . . . e e e e 834

13.3 PostGIS SQL-MM Compliant Functions . . . . . . . . . . . . . . e e e e 834

13.4 PostGIS Geography Support Functions . . . . . . . . . . . . ... e 838

13.5 PostGIS Raster Support Functions . . . . . . . . . . . . e e e e 839

13.6 PostGIS Geometry / Geography / Raster Dump Functions . . . . . . . ... ... ... ... ... . ...... 845

13.7 PostGIS Box Functions . . . . . . . . . . . o 845

13.8 PostGIS Functions that support 3D . . . . . . . . . . . . e e e 846

13.9 PostGIS Curved Geometry Support Functions . . . . . . . . . . . ... 852

13.10PostGIS Polyhedral Surface Support Functions . . . . . . . . ... ... . o L 855

13.11PostGIS Function Support MatriX . . . . . . . . . o 0t i e e e e e e e e e e 858

13.12New, Enhanced or changed PostGIS Functions . . . . . . . . . . . . . .. ... .. 877
13.12.1 PostGIS Functions new or enhanced in3.6 . . . . . . . ... ... ... oo 877
13.12.2 PostGIS Functions new or enhanced in3.5 . . . . . . . . ... .. o 878
13.12.3 PostGIS Functions new or enhanced in3.4 . . . . . . .. . . .. ... 880
13.12.4 PostGIS Functions new or enhanced in3.3 . . . . . . . .. .. L Lo 881
13.12.5 PostGIS Functions new or enhanced in3.2 . . . . . . .. . ... L L 882

13.12.6 PostGIS Functions new or enhanced in 3.1 . . . . . . . . . . . . . . . e 883




PostGIS 3.6.2 Manual XXVi

13.12.7 PostGIS Functions new or enhanced in 3.0 . . . . . . . . .. ... ... 884
13.12.8 PostGIS Functions new or enhanced in2.5 . . . . . . . . . .. L o 886
13.12.9 PostGIS Functions new or enhanced in2.4 . . . . . . . . . .. L L 887
13.12.1(PostGIS Functions new or enhancedin 2.3 . . . . . . . . .. . ... L e 888
13.12.1 PostGIS Functions new or enhanced in 2.2 . . . . . . . . . . .. Lo 890
13.12.1PostGIS Functions new or enhanced in 2.1 . . . . . . . .. .. .. L 893
13.12.1P0stGIS Functions new or enhanced in2.0 . . . . . . . .. ... .. o Lo oo 898
13.12.1%0stGIS Functions new or enhancedin 1.5 . . . . . . .. . ... ... 908
13.12.120stGIS Functions new or enhancedin 1.4 . . . . . . . . . ... L L 909
13.12.1@®0stGIS Functions new or enhancedin 1.3 . . . . . . . .. .. L L 910

14 Reporting Problems 911
14.1 Reporting Software Bugs . . . . . . . . . . L e e 911
14.2 Reporting Documentation Issues . . . . . . . . . .. Lo e e 911
A Appendix 912
A1 PostGIS 3.6.2 . . . . . 912
ALL FiXeS . . o o o 912

A2 PostGIS 3.6.1 . . . . . e 912
A2 1 FiXeS . . . . o e 912

A3 PostGIS 3.6.0 . . . . . . 913
A3.1 Breaking Changes . . . . . . . . . . . e 913
A.3.2 Removed/Deprecate SIZnatures . . . . . . . . .t it e e e e e e e e e e e e e e 913

A33 NewFeatures . . . . . . . . . . e 914




Abstract
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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 spatial
database technology research project. Refractions is a GIS and database consulting company in Victoria, British Columbia,
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 organizations
all over the world that gain great benefit from its functionality and versatility.

The PostGIS project development group plans on supporting and enhancing PostGIS to better support a range of important
GIS functionality in the areas of OGC and SQL/MM spatial standards, advanced topological constructs (coverages, surfaces,
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 outreach
efforts for the PostGIS project. In addition the PSC provides general user support, accepts and approves patches from the general
PostGIS community and votes on miscellaneous issues involving PostGIS such as developer commit access, new PSC members
or significant API changes.

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

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

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

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

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

1.2 Core Contributors Present
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Nicklas Avén Distance function enhancements (including 3D distance and relationship functions) and additions, Tiny WKB
(TWKB) output format and general user support

Loic Bartoletti SFCGAL enhancements and maintenance and ci support

Dan Baston Geometry clustering function additions, other geometry algorithm enhancements, GEOS enhancements and general
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 fixing

1.3 Core Contributors Past

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

Mark Cave-Ayland Prior PSC Member. Coordinated bug fixing and maintenance effort, spatial index selectivity and binding,
loader/dumper, and Shapefile 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 fixes.

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 user
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 of
the server side analytical functions.

Jeff Lounsbury Original development of the Shapefile loader/dumper.
Mark Leslie Ongoing maintenance and development of core functions. Enhanced curve support. Shapefile 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




PostGIS 3.6.2 Manual

3/914

Individual Contributors

Alex Bodnaru
Alex Mayrhofer
Andrea Peri
Andreas Forg Tollefsen
Andreas Neumann
Andrew Gierth
Anne Ghisla
Antoine Bajolet
Arthur Lesuisse
Artur Zakirov

Ayo Adesugba
Barbara Phillipot
Ben Jubb
Bernhard Reiter
Bjorn Esser

Brian Hamlin
Bruce Rindahl
Bruno Wolff IIT
Bryce L. Nordgren
Carl Anderson
Charlie Savage
Chris Mayo
Christian Schroeder
Christoph Berg
Christoph Moench-Tegeder
Dane Springmeyer
Daniel Nylander
Dapeng Wang
Daryl Herzmann
Dave Fuhry

David Garnier
David Skea

David Techer
Denys Kovshun
Dian M Fay
Dmitry Vasilyev
Eduin Carrillo
Esteban Zimanyi
Eugene Antimirov
Even Rouault
Florian Weimer
Frank Warmerdam
George Silva

Gerald Fenoy
Gino Lucrezi

Greg Troxel
Guillaume Lelarge
Giuseppe Broccolo
Han Wang

Hans Lemuet
Haribabu Kommi
Havard Tveite
IIDA Tetsushi
Ingvild Nystuen
Jackie Leng

James Addison
James Marca

Jan Katins

Jan Tojnar

Jason Smith

Jeff Adams

Jelte Fennema

Jim Jones

Joe Conway

Jonne Savolainen
Jose Carlos Martinez Llari
Jorg Habenicht
Julien Rouhaud
Kashif Rasul
Klaus Foerster
Kris Jurka
Lauren&#x21b;iu Nicola
Laurenz Albe

Lars Roessiger
Leo Hsu

Loic Dachary
Luca S. Percich
Lucas C. Villa Real
Maksim Korotkov
Maria Arias de Reyna
Marc Ducobu
Mark Sondheim
Markus Schaber
Markus Wanner
Matt Amos

Matt Bretl

Matthias Bay
Maxime Guillaud
Maxime van Noppen
Maxime Schoemans
Megan Ma

Michael Fuhr

Mike Toews

Nathan Wagner
Nathaniel Clay
Nikolai Berkoff
Nikita Shulga
Norman Vine
Patricia Tozer

Rafal Magda

Ralph Mason

Rémi Cura

Richard Greenwood
Robert Coup

Roger Crew

Ron Mayer

Sam Peters
Sebastiaan Couwenberg
Sergei Shoulbakov
Sergey Fedoseev
Shinichi Sugiyama
Shoaib Burq

Silvio Grosso
Stefan Corneliu Petrea
Steffen Macke
Stepan Kuzmin
Stephen Frost
Steven Ottens

Talha Rizwan
Teramoto Ikuhiro
Tom Glancy

Tom van Tilburg
Victor Collod
Vincent Bre
Vincent Mora
Vincent Picavet
Volf Tomas

Zuo Chenwei

Corporate Sponsors These are corporate entities that have contributed developer time, hosting, or direct monetary funding to
the PostGIS project. In alphabetical order:

e Aiven
e Arrival 3D

* Associazione Italiana per I'Informazione Geografica Libera (GFOSS.it)

* AusVet
e Avencia
* Azavea
* Boundless

* Cadcorp



https://aiven.io
https://arrival3d.com
http://gfoss.it
https://www.ausvet.com.au
https://www.azavea.com
https://www.boundlessgeo.com
https://www.cadcorp.com
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e Camptocamp
* Carto
* Crunchy Data
* City of Boston (DND)
* City of Helsinki
* Clever Elephant Solutions
* Cooperativa Alveo
* Deimos Space
* Faunalia
* Geographic Data BC
* HighGo
* Hunter Systems Group
» INIA-CSIC
e [Sciences, 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
* Postgres Pro
* R3GIS
* Refractions Research
* Regione Toscana - SITA
» Safe Software
* Sirius Corporation plc
 Stadt Uster
» UC Davis Center for Vectorborne Diseases
* Université Laval
* U.S. Census Bureau
* 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 can
service a large number of people. Each campaign is specifically focused on a particular feature or set of features. Each
sponsor chips in a small fraction of the needed funding and with enough people/organizations contributing, we have the

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 to
co-fund, please post to the PostGIS newsgroup your thoughts and together we can make it happen.



https://www.camptocamp.com
https://carto.com
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.com
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://postgrespro.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://www.census.gov
https://hiu.state.gov
https://www.zonarsystems.com
https://lists.osgeo.org/mailman/listinfo/postgis-users
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PostGIS 2.0.0 was the first release we tried this strategy. We used PledgeBank and we got two successful campaigns out
of it.

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

postgis6dwindows - 20 someodd sponsors each contributed $100 USD to pay for the work needed to work out PostGIS
64-bit issues on windows. It happened.
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 2.
In kind, improvements needed in GDAL to support PostGIS are contributed back to the GDAL project.

The PROIJ cartographic projection library

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



http://www.pledgebank.com
http://www.pledgebank.com/postgistopology
http://www.pledgebank.com/postgis64windows
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-3.6.2.tar.gz
cd postgis-3.6.2

./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.

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, PostGIS 3.6.2 requires full PostgreSQL server
headers access in order to compile. It can be built against PostgreSQL versions 12 - 18. 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://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

¢ 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 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-3.6.2.tar.gz

wget https://download.osgeo.org/postgis/source/postgis—-3.6.2.tar.gz
tar -xvzf postgis-3.6.2.tar.gz
cd postgis-3.6.2

This will create a directory called postgis—3.6.2 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 created postgis directory to continue the installation.

./configure

2.2.2 Install Requirements

PostGIS has the following requirements for building and usage:

Required

* PostgreSQL 12 - 18. A complete installation of PostgreSQL (including server headers) is required. PostgreSQL is available
from https://www.postgresql.org 18 .

For a full PostgreSQL / PostGIS support matrix and PostGIS/GEOS support matrix refer to https://trac.osgeo.org/postgis/-
wiki/UsersWikiPostgreSQLPostGIS

* 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.

* 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 3.8.0 or greater, but GEOS 3.14+ is required to take full advantage of all the new functions
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 _GeomFromKI
LibXML2 is available for download from https://gitlab.gnome.org/GNOME/libxml2/-/releases.



https://download.osgeo.org/postgis/source/postgis-3.6.2.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_GeomFromGeolJson.
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.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.

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

* SFCGAL, 1.4.1 or higher is required and 2.1+ 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. And also allow to use SFCGAL rather than
GEOS for some 2D functions provided by both backends (like ST_Intersection or ST_Area, for instance). A PostgreSQL
configuration variable postgis.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.com/-
stcgal/SFCGAL/.

* In order to build the Section 12.1 you will also need PCRE 1 or 2 http://www.pcre.org (which generally is already installed on
nix systems). Section 12.1 will automatically be built if it detects a PCRE library, or you pass in a valid ——with-pcre—-dir=/path
during configure.

* 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 (xs1ltproc) 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.sourceforge.1

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

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

Jconfigure

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 location the PostGIS loader executables and shared libs will be installed. By default, this
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 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 GEOS, 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-pcredir=DIR PCRE is an BSD-licensed Perl Compatible Regular Expression library required by address_standardizer
extension. Use this parameter (--with-pcredir=/path/to/pcredir) to manually specify a particular PCRE installation di-
rectory that PostGIS 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—-tiger Disables tiger geocoder support.

—-without-topology Compile without topology support.

——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.

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 Makefile has been generated, building PostGIS is as simple as running
make
The last line of the output should be "PostGIS 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 comments
into your spatial databases later, run the command which requires docbook. The postgis_comments.sql and other package
comments files raster_comments.sql, topology_comments.sql 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.

make comments

Introduced in PostGIS 2.0. This 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, 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

make cheatsheets

2.2.5 Building PostGIS Extensions and Deploying them

The PostGIS extensions are built and installed automatically if you are using PostgreSQL 9.1+.

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:

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.

cd extensions

cd postgis

make clean

make

export PGUSER=postgres #overwrite psqgl variables
make check #to test before install

make install

# to test extensions

make check RUNTESTFLAGS=--extension

N:"""! 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.



http://www.postgis.us/study_guides
https://www.postgresql.org/docs/current/libpq-envars.html
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 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:

SELECT name, default_version,installed_version
FROM pg_available_extensions WHERE name LIKE 'postgis$%' or name LIKE 'address$%$';

installed_version

address_standardizer_data_us
postgis

postgis_raster
postgis_sfcgal
postgis_tiger_geocoder
postgis_topology

(6 rows)

|
+
address_standardizer |
|
|
|
|
|
|

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:

CREATE EXTENSION postgis;

CREATE EXTENSION postgis_raster;

CREATE EXTENSION postgis_sfcgal;

CREATE EXTENSION fuzzystrmatch; —--needed for postgis_tiger_geocoder
—--optional used by postgis_tiger_geocoder, or can be used standalone
CREATE EXTENSION address_standardizer;

CREATE EXTENSION address_standardizer_data_us;

CREATE EXTENSION postgis_tiger_geocoder;

CREATE EXTENSION postgis_topology;

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

\connect mygisdb
\x
\dx postgis=

List of installed extensions

—[ RECORD 1 Jomm—mmmmmm oo
Name | postgis
Version | 3.6.2
Schema | public
Description | PostGIS geometry, geography, and raster spat..
=[ RECORD 2 [m————————————— e e
Name | postgis_raster
Version | 3.0.0dev
Schema | public
Description | PostGIS raster types and functions
=[ RECORD 3 ]=————————cee——cooeeeeeeeeeseeseeeeseessee e
Name | postgis_tiger_geocoder
Version | 3.6.2
Schema | tiger
Description | PostGIS tiger geocoder and reverse geocoder
]

—[ RECORD 4
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Name | postgis_topology

Version | 3.6.2

Schema | topology

Description | PostGIS topology spatial types and functions
Warning

O

Extensiontables spatial_ref_sys, layer, topology can not be explicitly backed up. They can only be backed
up when the respective postgis or postgis_topology extension is backed up, which only seems to happen
when you backup the whole database. As of PostGIS 2.0.1, only srid records not packaged with PostGIS are backed
up when the database is backed up so don’t go around changing srids we package and expect your changes to be
there. 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, so nothing we can do about it.

If you installed 3.6.2, 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.

CREATE
CREATE
CREATE
CREATE

EXTENSION postgis FROM unpackaged;

EXTENSION postgis_raster FROM unpackaged;
EXTENSION postgis_topology FROM unpackaged;
EXTENSION postgis_tiger_geocoder FROM unpackaged;

2.2.6 Testing

If you wish to test the PostGIS build, run

make check

The abov

e 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.

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

CUnit - A unit testing framework for C - Version 2.1-3
http://cunit.sourceforge.net/
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Run Summary: Type Total
suites 44
tests 300

asserts 4215
Elapsed time =

Running tests

Run tests: 134
Failed: O

—-— if you build with SFCGAL

Running tests

Run tests: 13
Failed: 0

—— if you built with raster support

Run Summary: Type Total
suites 12
tests 65

asserts 45896

Running tests

Run tests: 101
Failed: O

—— topology regress

Ran Passed Failed Inactive

44
300
4215

0.229 seconds

n/a
300
4215

0
0
0

0
0
n/a

Ran Passed Failed Inactive

12
65
45896

n/a
65
45896

0
0
0

0
0
n/a
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Running tests

Run tests: 51
Failed: O

—-— if you built --with-gui, you should see this too

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

The postgis_tiger_geocoder and address_standardizer extensions, currently only support the standard Post-
greSQL installcheck. To test these use the below. Note: the make install is not necessary if you already did make install at root
of PostGIS code folder.

For address_standardizer:

cd extensions/address_standardizer
make install
make installcheck

Output should look like:

=== dropping database "contrib_regression" ==
DROP DATABASE

creating database "contrib_regression"
CREATE DATABASE
ALTER DATABASE

running regression test queries

test test-init-extensions ... ok
test test-parseaddress ... ok
test test-standardize_address_1 ... ok
test test-standardize_address_2 ... ok

All 4 tests passed.

For tiger geocoder, make sure you have postgis and fuzzystrmatch extensions available in your PostgreSQL instance. The
address_standardizer tests will also kick in if you built postgis with address_standardizer support:

cd extensions/postgis_tiger_geocoder
make install
make installcheck
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output should look like:

dropping database "contrib_regression"

DROP DATABASE

creating database "contrib_regression"
CREATE DATABASE
ALTER DATABASE

installing fuzzystrmatch

CREATE EXTENSION

installing postgis

CREATE EXTENSION

installing postgis_tiger_geocoder
CREATE EXTENSION

installing address_standardizer
CREATE EXTENSION

running regression test queries
test test—-normalize_address ... Ok

test test-pagc_normalize_address ... ok

All 2 tests passed.

2.2.7 Installation

To install PostGIS, type
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.

¢ 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.sqgl, raster_comments.sql
file, install the sql file by running

make comments-install

N;“’! 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.

2.3 Installing and Using the address standardizer

The address_standardizer extension used to be a separate package that required separate download. From PostGIS 2.2
on, it is now bundled in. For more information about the address_standardize, what it does, and how to configure it for your
needs, refer to Section 12.1.

This standardizer can be used in conjunction with the PostGIS packaged tiger geocoder extension as a replacement for the
Normalize_Address discussed. To use as replacement refer to Section 2.4.2. You can also use it as a building block for your own
geocoder or use it to standardize your addresses for easier compare of addresses.
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The address standardizer relies on PCRE which is usually already installed on many Nix systems, but you can download the
latest at: http://www.pcre.org. If during Section 2.2.3, PCRE is found, then the address standardizer extension will automatically
be built. If you have a custom pcre install you want to use instead, pass to configure ——with-pcredir=/path/to/pcre
where /path/to/pcre is the root folder for your pcre include and lib directories.

For Windows users, the PostGIS 2.1+ bundle is packaged with the address_standardizer already so no need to compile and can
move straight to CREATE EXTENSION step.

Once you have installed, you can connect to your database and run the SQL:

CREATE EXTENSION address_standardizer;

The following test requires no rules, gaz, or lex tables

SELECT num, street, city, state, zip
FROM parse_address ('l Devonshire Place PH301, Boston, MA 02109');

Output should be
num | street | city | state | zip
————— e s
1 | Devonshire Place PH301 | Boston | MA | 02109

2.4 Installing, Upgrading Tiger Geocoder, and loading data

Extras like Tiger geocoder may not be packaged in your PostGIS distribution. If you are missing the tiger geocoder extension or
want a newer version than what your install comes with, then use the share/extension/postgis_tiger_geocoder.x
files from the packages in Windows Unreleased Versions section for your version of PostgreSQL. Although these packages are for
windows, the postgis_tiger_geocoder extension files will work on any OS since the extension is an SQL/plpgsql only extension.

2.4.1 Tiger Geocoder Enabling your PostGIS database

1. These directions assume your PostgreSQL installation already has the postgis_tiger_geocoder extension installed.

2. Connect to your database via psql or pgAdmin or some other tool and run the following SQL commands. Note that if you
are installing in a database that already has postgis, you don’t need to do the first step. If you have fuzzystrmatch
extension already installed, you don’t need to do the second step either.

CREATE EXTENSION postgis;

CREATE EXTENSION fuzzystrmatch;

CREATE EXTENSION postgis_tiger_geocoder;

—-—this one is optional if you want to use the rules based standardizer ( «
pagc_normalize_address)

CREATE EXTENSION address_standardizer;

If you already have postgis_tiger_geocoder extension installed, and just want to update to the latest run:
ALTER EXTENSION postgis UPDATE;
ALTER EXTENSION postgis_tiger_geocoder UPDATE;

If you made custom entries or changes to tiger.loader_platformand tiger.loader_variables you may
need to update these.

3. To confirm your install is working correctly, run this sql in your database:

SELECT na.address, na.streetname,na.streettypeabbrev, na.zip
FROM normalize_address ('l Devonshire Place, Boston, MA 02109') AS na;

Which should output



http://www.pcre.org
http://postgis.net/windows_downloads/
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4.

10.

address | streetname | streettypeabbrev | zip
————————— o
1 | Devonshire | P1 | 02109

Create a new record in tiger.loader_platform table with the paths of your executables and server.

So for example to create a profile called debbie that follows sh convention. You would do:

INSERT INTO tiger.loader_platform(os, declare_sect, pgbin, wget, unzip_command, psql, —
path_sep,
loader, environ_set_command, county_process_command)
SELECT 'debbie', declare_sect, pgbin, wget, unzip_command, psqgl, path_sep,
loader, environ_set_command, county_process_command
FROM tiger.loader_platform
WHERE os = 'sh';

And then edit the paths in the declare_sect column to those that fit Debbie’s pg, unzip,shp2pgsql, psql, etc path locations.

If you don’t edit this 1oader_platform table, it will just contain common case locations of items and you’ll have to
edit the generated script after the script is generated.

As of PostGIS 2.4.1 the Zip code-5 digit tabulation area zct a5 load step was revised to load current zcta5 data and is part
of the Loader_Generate_Nation_Script when enabled. It is turned off by default because it takes quite a bit of time to load
(20 to 60 minutes), takes up quite a bit of disk space, and is not used that often.

To enable it, do the following:

UPDATE tiger.loader_lookuptables SET load = true WHERE table_name = 'zctab20';

If present the Geocode function can use it if a boundary filter is added to limit to just zips in that boundary. The Re-
verse_Geocode function uses it if the returned address is missing a zip, which often happens with highway reverse geocod-
ing.

Create a folder called gisdata on root of server or your local pc if you have a fast network connection to the server.
This folder is where the tiger files will be downloaded to and processed. If you are not happy with having the folder on
the root of the server, or simply want to change to a different folder for staging, then edit the field staging_fold in the
tiger.loader_variables table.

Create a folder called temp in the gisdata folder or wherever you designated the staging_fold to be. This will be
the folder where the loader extracts the downloaded tiger data.

Then run the Loader_Generate_Nation_Script SQL function make sure to use the name of your custom profile and copy
the script to a .sh or .bat file. So for example to build the nation load:

psgl —c "SELECT Loader_Generate_Nation_Script ('debbie')" -d geocoder —-tA > /gisdata/
nation_script_load.sh

. Run the generated nation load commandline scripts.

cd /gisdata
sh nation_script_load.sh

After you are done running the nation script, you should have three tables in your t iger_data schema and they should

be filled with data. Confirm you do by doing the following queries from psql or pgAdmin

SELECT count (x) FROM tiger_data.county_all;
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11.

12.

13.

14.

15.

SELECT count () FROM tiger_data.state_all;

This will only have data if you marked zcta5 to be loaded

SELECT count (x) FROM tiger_data.zctab5_all;

By default the tables corresponding to bg, tract, tabblock20 are not loaded. These tables are not used by the
geocoder but are used by folks for population statistics. If you wish to load them as part of your state loads, run the
following statement to enable them.

UPDATE tiger.loader_lookuptables SET load = true WHERE load = false AND lookup_name IN <
("tract', 'bg', 'tabblock20');

Alternatively you can load just these tables after loading state data using the Loader_Generate_Census_Script

For each state you want to load data for, generate a state script Loader_Generate_Script.

Warning
DO NOT Generate the state script until you have already loaded the nation data, because the state script utilizes
county list loaded by nation script.

psgl —-c "SELECT Loader_Generate_Script (ARRRAY['MA'], 'debbie')" -d geocoder -tA > / <
gisdata/ma_load.sh

Run the generated commandline scripts.

cd /gisdata
sh ma_load.sh

After you are done loading all data or at a stopping point, it’s a good idea to analyze all the tiger tables to update the stats
(include inherited stats)

SELECT install_missing_indexes();

vacuum (analyze, verbose) tiger.addr;
vacuum (analyze, verbose) tiger.edges;
vacuum (analyze, verbose) tiger.faces;
vacuum (analyze, verbose) tiger.featnames;
vacuum (analyze, verbose) tiger.place;

(
(
(
(
(
vacuum (analyze, verbose) tiger.cousub;
(
(
(
(
(
(

vacuum (analyze, verbose) tiger.county;

vacuum (analyze, verbose) tiger.state;

vacuum (analyze, verbose) tiger.zctab;

vacuum (analyze, verbose) tiger.zip_lookup_base;
vacuum (analyze, verbose) tiger.zip_state;
vacuum (analyze, verbose) tiger.zip_state_loc;
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2.4.2 Using Address Standardizer Extension with Tiger geocoder

One of the many complaints of folks is the address normalizer function Normalize_Address function that normalizes an address
for prepping before geocoding. The normalizer is far from perfect and trying to patch its imperfectness takes a vast amount of
resources. As such we have integrated with another project that has a much better address standardizer engine. To use this new
address_standardizer, you compile the extension as described in Section 2.3 and install as an extension in your database.

Once you install this extension in the same database as you have installed postgis_tiger_geocoder, then the Pagc_Normalize Ac
can be used instead of Normalize_Address. This extension is tiger agnostic, so can be used with other data sources such

as international addresses. The tiger geocoder extension does come packaged with its own custom versions of rules table (
tiger.pagc_rules), gaz table (tiger.pagc_gaz), and lex table (tiger.pagc_lex). These you can add and update

to improve your standardizing experience for your own needs.

2.4.3 Required tools for tiger data loading

The load process downloads data from the census website for the respective nation files, states requested, extracts the files,
and then loads each state into its own separate set of state tables. Each state table inherits from the tables defined in tiger
schema so that its sufficient to just query those tables to access all the data and drop a set of state tables at any time using the
Drop_State_Tables_Generate_Script if you need to reload a state or just don’t need a state anymore.

In order to be able to load data you’ll need the following tools:

* A tool to unzip the zip files from census website.
For Unix like systems: unzip executable which is usually already installed on most Unix like platforms.

For Windows, 7-zip which is a free compress/uncompress tool you can download from http://www.7-zip.org/
* shp2pgsqgl commandline which is installed by default when you install PostGIS.

* wget which is a web grabber tool usually installed on most Unix/Linux systems.

If you are on windows, you can get pre-compiled binaries from http://gnuwin32.sourceforge.net/packages/wget.htm

If you are upgrading from tiger_2010, you’ll need to first generate and run Drop_Nation_Tables_Generate_Script. Before you
load any state data, you need to load the nation wide data which you do with Loader_Generate_Nation_Script. Which will
generate a loader script for you. Loader_Generate_Nation_Script is a one-time step that should be done for upgrading (from a
prior year tiger census data) and for new installs.

To load state data refer to Loader_Generate_Script to generate a data load script for your platform for the states you desire. Note
that you can install these piecemeal. You don’t have to load all the states you want all at once. You can load them as you need
them.

After the states you desire have been loaded, make sure to run the:

SELECT install missing_indexes () ;
as described in Install_Missing_Indexes.

To test that things are working as they should, try to run a geocode on an address in your state using Geocode

2.4.4 Upgrading your Tiger Geocoder Install and Data

First upgrade your postgis_tiger_geocoder extension as follows:

ALTER EXTENSION postgis_tiger_geocoder UPDATE;

Next drop all nation tables and load up the new ones. Generate a drop script with this SQL statement as detailed in Drop_Nation_Tables_(

SELECT drop_nation_tables_generate_script () ;



http://www.7-zip.org/
http://gnuwin32.sourceforge.net/packages/wget.htm
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Run the generated drop SQL statements.
Generate a nation load script with this SELECT statement as detailed in Loader_Generate_Nation_Script
For windows

SELECT loader_generate_nation_script ('windows') ;

For unix/linux

SELECT loader_generate_nation_script ('sh');

Refer to Section 2.4.1 for instructions on how to run the generate script. This only needs to be done once.

N:"“’! Note

You can have a mix of different year state tables and can upgrade each state separately. Before you upgrade a state
you first need to drop the prior year state tables for that state using Drop_State_Tables_Generate_Script.

2.5 Common Problems during installation

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

1. Check that you have installed PostgreSQL 12 or newer, and that you are compiling against the same version of the Post-
greSQL 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 12 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:

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: rpm -qa | grep postgresql

2. If your upgrade fails, make sure you are restoring into a database that already has PostGIS installed.
SELECT postgis_full_version();
Also check that configure has correctly detected the location and version of PostgreSQL, the Proj library and the GEOS library.

1. 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.

For PostgreSQL 9.4+ configuration can be set at the server level without touching postgresgl.conf orpostgresgl.auto.con?
by using the ALTER SYSTEM command.

ALTER SYSTEM SET work_mem = '256MB';

—-— this forces non-startup configs to take effect for new connections
SELECT pg_reload_conf ();

—-— show current setting value

—— use SHOW ALL to see all settings

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 for this is set to "partition" which is ideal for PostgreSQL 8.4 and
above since it will force the planner to only analyze tables for constraint consideration if they are in an inherited hierarchy and
not pay the planner penalty otherwise.

shared_buffers

* Default: ~128MB in PostgreSQL 9.6

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

max_worker_processes This setting is only available for PostgreSQL 9.4+. For PostgreSQL 9.6+ this setting has additional
importance in that it controls the max number of processes you can have for 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:

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:

SET maintenance_work_mem TO '1GB';

max_parallel_workers_per_gather

This setting is only available for PostgreSQL 9.6+ and will only affect PostGIS 2.3+, since only PostGIS 2.3+ supports parallel
queries. 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 Gat her 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.

As of PostGIS 2.1.3, out-of-db rasters and all raster drivers are disabled by default. In order to re-enable these, you need to set the
following environment variables POSTGIS_GDAL_ENABLED_DRIVERS and POSTGIS_ENABLE_OUTDB_RASTERS in the
server environment. For PostGIS 2.2, you can use the more cross-platform approach of setting the corresponding Section 7.22.

If you want to enable offline raster:

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

POSTGIS_GDAL_ENABLED_DRIVERS=ENABLE_ALL
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http://www.postgresql.org/docs/current/static/runtime-config-resource.html#GUC-MAINTENANCE-WORK-MEM
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If you want to only enable specific drivers, set your environment variable as follows:

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
preferred way is to edit /etc/postgresql/10/main/environment where 10 refers to version of PostgreSQL and main
refers to the cluster.

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 are using PostgreSQL 9.1+ and have compiled and installed the extensions/postgis modules, you can turn a database into
a spatial one using the EXTENSION 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:

CREATE EXTENSION IF NOT EXISTS plpgsqgl;

CREATE EXTENSION postgis;

CREATE EXTENSION postgis_raster; —-—- OPTIONAL
CREATE EXTENSION postgis_topology; —-— OPTIONAL

3.3.2 Spatially enable database without using EXTENSION (discouraged)

ste} Note
N 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. sqgl 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. sql script. Comments
can be viewed by simply typing \dd [function_name] from a psql terminal window.

Run the following Shell commands in your terminal:
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DB=[yourdatabase]
SCRIPTSDIR="pg_config —--sharedir” /contrib/postgis-3.5/

# Core objects

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

psgl -d ${DB} -f ${SCRIPTSDIR}/spatial_ref_sys.sql

psgl -d ${DB} -f ${SCRIPTSDIR}/postgis_comments.sql # OPTIONAL

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

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

3.4.1.1 Soft Upgrade 9.1+ 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.

If you are running PostGIS 3 or above, then you should use the PostGIS_Extensions_Upgrade function to upgrade to the latest
version you have installed.

SELECT postgis_extensions_upgrade () ;

If you are running PostGIS 2.5 or lower, then do the following:

ALTER EXTENSION postgis UPDATE;

SELECT postgis_extensions_upgrade () ;

—— This second call is needed to rebundle postgis_raster extension
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:

ALTER EXTENSION postgis UPDATE TO "3.6.2";
ALTER EXTENSION postgis_topology UPDATE TO "3.6.2";

If you get an error notice something like:
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No migration path defined for ... to 3.6.2

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:

Version "3.6.2" 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:

ALTER EXTENSION postgis UPDATE TO "3.6.2next";
ALTER EXTENSION postgis_topology UPDATE TO "3.6.2next";

. Note
NO‘R’! 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.

Note
N;rl@! 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. You can drop as follows:

DROP EXTENSION postgis_raster;

3.4.1.2 Soft Upgrade Pre 9.1+ or without extensions

This section applies only to those who installed PostGIS not using extensions. If you have extensions and try to upgrade with
this approach you’ll get messages like:

can't drop ... because postgis extension depends on it

NOTE: if you are moving from PostGIS 1.* to PostGIS 2.* or from PostGIS 2.* prior to r7409, you cannot use this procedure
but would rather need to do a HARD UPGRADE.

After compiling and installing (make install) you should find a set of ~_upgrade . sql files in the installation folders. You can
list them all with:

ls “pg_config —--sharedir™/contrib/postgis—-3.6.2/x_upgrade.sql

Load them all in turn, starting from postgis_upgrade.sql.

psgl —-f postgis_upgrade.sgl -d your_spatial_database

The same procedure applies to raster, topology and sfcgal extensions, with upgrade files named rtpostgis_upgrade.sql,
topology_upgrade.sqgl and sfcgal_upgrade. sql respectively. If you need them:

psql —-f rtpostgis_upgrade.sqgl —-d your_spatial_database
psgl —-f topology_upgrade.sgl -d your_spatial_ database

psgl —-f sfcgal_upgrade.sgl -d your_spatial_database
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You are advised to switch to an extension based install by running

psgl -c "SELECT postgis_extensions_upgrade();"

ste} Note
N If you can’t find the postgis_upgrade. sqgl specific for upgrading your version you are using a version too early
for a soft upgrade and need to do a HARD UPGRADE.

The PostGIS_Full_Version function should inform you about the need to run this kind of upgrade using a "procs need upgrade"
message.

3.4.2 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 at Windows Hard upgrade.

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.

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.

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

Errors may arise in the following cases:

1. Some of your views or functions make use of deprecated PostGIS objects. In order to fix this you may try loading
legacy.sqgl 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 . sqgl way works for you, don’t forget to fix your code to
stop using deprecated functions and drop them loading uninstall_legacy.sql.



http://trac.osgeo.org/postgis/wiki/UsersWikiWinUpgrade
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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:

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

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 :

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 :

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

run this command :

grep -v IGNF olddb.sgl > olddb-without-IGN.sqgl

Create then your newdb, activate the required Postgis extensions, and insert properly the french system IGN with : this
script After these operations, import your data :

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
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.

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, and
polygonal types have dimension 2. 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.



https://www.ogc.org/standards/sfa
https://portal.ogc.org/files/?artifact_id=25355
https://portal.ogc.org/files/?artifact_id=25355
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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 the 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 0-dimensional geometry that represents a single location in coordinate space.

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.

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.

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.

POLYGON ((O O 0,4 0 0,4 4 0,0 4 0,00 0),(1160,210,220,1220,110))

4.1.1.5 MultiPoint

A MultiPoint is a collection of Points.

MULTIPOINT ( (0 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.

MULTILINESTRING ( (0 0,1 1,1 2), (2 3,3 2,5 4) )
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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.

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

4.1.1.8 GeometryCollection

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

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.

POLYHEDRALSURFACE
((0 00, 001,
(0 0 0,
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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.

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.

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

4.1.2 SQL/MM Part 3 - Curves

The ISO/IEC 13249-3 SOL 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.

N;l-g/! Note

All floating point comparisons