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�7?O8 CDB7D4@AB7B 74597C9G9AAO 8?O ��%-
4A4?V7G
�4 D<A>G VEAGT 69?<>4 >V?L>VEFL CDB7D4@AB7B ;459;C9K9AAO 8?O 79BVAHBD@4JV=AB7B 4A4?V;G, >B:A9 ; O><I @4T 
E6BW C9D9647< F4 A98B?V><. �4:?<6B B5D4F< VAEFDG@9AF, O><= A4=>D4M9 6V8CB6V84T >BA>D9FA<@ CBFD954@ F4 
;484K4@ CDB9>FG. %9D98 A4=CBCG?ODAVL<I DVL9AL 64DFB 6V8;A4K<F<:

ArcGIS Pro: �DBH9EV=A9 F4 CBFG:A9 ��%-CDB7D4@A9 ;459;C9K9AAO 6V8 >B@C4AVW Esri, O>9 CDBCBAGT L<DB><= 
EC9>FD VAEFDG@9AFV6 8?O 4A4?V;G, >4DFB7D4HG64AAO F4 GCD46?VAAO 79BCDBEFBDB6<@< 84A<@<.

QGIS: �9;>BLFB6A9 F4 6V8>D<F9 ��%-CDB7D4@A9 ;459;C9K9AAO, O>9 T KG8B6BN 4?LF9DA4F<6BN >B@9DJV=A<@ 
DVL9AAO@. QGIS CDBCBAGT 69?<>G >V?L>VEFL C?47VAV6 F4 DB;L<D9AL, MB 8B;6B?ONFL ;A4KAB DB;L<D<F< =B7B 
HGA>JVBA4?LAVEFL.

ENVI: �DB7D4@A9 ;459;C9K9AAO 8?O B5DB5>< F4 4A4?V;G 84A<I 8<EF4AJV=AB7B ;BA8G64AAO. ENVI 8B;6B?OT 
CD4JN64F< ; DV;AB@4AVFA<@< F<C4@< D4EFDB6<I 84A<I, CDB6B8<F< EC9>FD4?LA<= 4A4?V; F4 >?4E<HV>4JVN 
;B5D4:9AL.

ERDAS Imagine: -9 B8A9 CBFG:A9 DVL9AAO 8?O B5DB5>< F4 4A4?V;G 84A<I 8<EF4AJV=AB7B ;BA8G64AAO, O>9 
CDBCBAGT L<DB><= EC9>FD VAEFDG@9AFV6 8?O 79BCDBEFBDB6B7B @B89?N64AAO F4 4A4?V;G.

GeoMedia: ��%-CDB7D4@A9 ;459;C9K9AAO 6V8 >B@C4AVW Hexagon Geospatial, O>9 CDBCBAGT VAEFDG@9AF< 8?O 
GCD46?VAAO, 4A4?V;G F4 6V;G4?V;4JVW 79BCDBEFBDB6<I 84A<I.

�<5VD CDB7D4@AB7B ;459;C9K9AAO ;4?9:<FL 6V8 5N8:9FG CDB9>FG, A9B5IV8ABW HGA>JVBA4?LABEFV, 8BE6V8G 
>BD<EFG64KV6 F4 EC9J<HVKA<I 6<@B7 8B 4A4?V;G 84A<I. �4:?<6B CDB69EF< D9F9?LA<= 4A4?V; CBFD95 F4 
@B:?<6BEF9= >B:AB7B DVL9AAO, MB5 ;DB5<F< BCF<@4?LA<= 6<5VD.



�V87>B>6>4 B4 V<?>@B 84=<E C ��%-
A9@98>6<M9

�9D98 CBK4F>B@ ��%-4A4?V;G A9B5IV8AB CV87BFG64F< 84AV F4 V@CBDFG64F< WI G 6V8CB6V8A9 ��%-E9D98B6<M9. �DBJ9E 
CV87BFB6>< 84A<I 6>?NK4T:

�5@56V@:C O:>ABV 44=8E: �<O6?9AAO F4 6<CD46?9AAO CB@<?B>, A9FBKABEF9= F4 6V8EGFALBW VAHBD@4JVW.1.

&@4=AD>@<4FVN 44=8E: �9D9F6BD9AAO 84A<I G HBD@4F, EG@VEA<= ; ��%-CDB7D4@A<@ ;459;C9K9AAO@.2.

�5>@5D5@5=FVN64==O: �D<6'O;>4 84A<I 8B 79B7D4HVKABW E<EF9@< >BBD8<A4F.3.

�@>5:FVN 44=8E: �9D9F6BD9AAO 84A<I ; B8AVTW CDB9>JVW 6 VALG.4.

�@CBDF 84A<I G ��%-E9D98B6<M9 @B:9 ;8V=EAN64F<EO DV;A<@< ECBEB54@<:

�<?>@B D49;V6: �464AF4:9AAO 84A<I ; H4=?V6 G DV;A<I HBD@4F4I, F4><I O> Shapefile, GeoJSON, GeoTIFF, CSV 
FBMB.

�V4:;NG5==O 4> 547 44=8E: �V8>?NK9AAO 8B 54; 84A<I, F4><I O> PostgreSQL, Oracle, SQL Server, 8?O 
BFD<@4AAO 84A<I 59;CBE9D98ALB ; 54;<.

�8:>@8AB4==O 655-A5@6VAV6: �FD<@4AAO 84A<I ; 695-E9D6VEV6, F4><I O> WMS, WFS, ArcGIS Online, GeoServer.

�4:?<6B C9D9>BA4F<EO, MB 84AV CD46<?LAB CV87BFB6?9AV F4 V@CBDFB64AV G ��%-E9D98B6<M9, MB5 ;459;C9K<F< 
FBKAVEFL F4 A48V=AVEFL D9;G?LF4FV6 4A4?V;G. �9CD46<?LAB CV87BFB6?9AV 84AV @B:GFL CD<;69EF< 8B CB@<?>B6<I 
6<EAB6>V6 F4 A96VDA<I DVL9AL.



�E=>68 D>5>F8 7 65>F>D=8<8 44=8<8
�9>FBDAV 84AV 6<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO 79B7D4HVKA<I B5'T>FV6 G 6<7?O8V FBKB>, ?VAV= F4 CB?V7BAV6. 
�B:9A B5'T>F @4T 4FD<5GF<, O>V BC<EGNFL =B7B I4D4>F9D<EF<><.

&BG>8: �<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO B>D9@<I @VEJL, F4><I O> @VEF4, E69D8?B6<A<, 89D964.

�VAVW: �<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO ?VAV=A<I B5'T>FV6, F4><I O> 8BDB7<, DVK><, FDG5BCDB6B8<.

�B?V7BA8: �<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO C?BE><I B5'T>FV6, F4><I O> B;9D4, ?VE<, 5G8V6?V.

�EAB6AV BC9D4JVW ; 69>FBDA<@< 84A<@< 6>?NK4NFL:

%F6BD9AAO F4 D9847G64AAO B5'T>FV6: �B8464AAO, 6<84?9AAO F4 ;@VA4 FBKB>, ?VAV= F4 CB?V7BAV6.1.

�DBEFBDB6V 74C8F8: �<5VD>4 B5'T>FV6 A4 BEAB6V WI CDBEFBDB6B7B DB;F4LG64AAO.2.

�9B@9FD8GAV BC9D4FVW: �5K<E?9AAO C?BMV, C9D<@9FDG, 8B6:<A<, 6V8EF4AV @V: B5'T>F4@<.3.

�FD85GF86AV BC9D4FVW: $V?LFD4JVO, EBDFG64AAO, 47D97G64AAO F4 B5K<E?9AAO 4FD<5GFV6.4.

$B;G@VAAO BEAB6 DB5BF< ; 69>FBDA<@< 84A<@< T 64:?<6<@ 8?O CDB6989AAO ��%-4A4?V;G, BE>V?L>< 5V?LLVEFL 
79B7D4HVKA<I B5'T>FV6 CD98EF46?9AV E4@9 G 69>FBDAB@G HBD@4FV. �H9>F<6A9 6<>BD<EF4AAO 69>FBDA<I 84A<I 
8B;6B?OT BFD<@G64F< JVAAG VAHBD@4JVN CDB CDBEFBDB69 DB;F4LG64AAO F4 I4D4>F9D<EF<>< B5'T>FV6.



�E=>68 D>5>F8 7 D4EFD>68<8 44=8<8
 4EFDB6V 84AV 6<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO 79B7D4HVKA<I O6<M G 6<7?O8V EVF>< CV>E9?V6, >B:9A ; O><I 
@4T C96A9 ;A4K9AAO.  4EFDB6V 84AV ;4;6<K4= 6<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO ;B5D4:9AL, F4><I O> 
49DBHBFB;AV@><, EGCGFA<>B6V ;AV@>< F4 J<HDB6V @B89?V D9?LTHG.

�EAB6AV F<C< D4EFDB6<I 84A<I 6>?NK4NFL:

%GCGFA8>B6V 7AV@>8: �B5D4:9AAO �9@?V, BFD<@4AV ;4 8BCB@B7BN EGCGFA<>V6.

�5DBHBFB7AV@>8: �B5D4:9AAO �9@?V, BFD<@4AV ;4 8BCB@B7BN ?VF4>V6.

&8HDB6V @B45?V D5?LTHG (DEM):  4EFDB6V 84AV, O>V CD98EF46?ONFL 6<EBFG CB69DIAV �9@?V.

�EAB6AV BC9D4JVW ; D4EFDB6<@< 84A<@< 6>?NK4NFL:

�5BD5H5D5AFVN64AAO: �D<6'O;>4 D4EFDB6<I 84A<I 8B 79B7D4HVKABW E<EF9@< >BBD8<A4F.1.

�DBEFBDB6V C5D5F6BD5AAO: �@VA4 DB;@VDG, BDVTAF4JVW F4 CDB9>JVW D4EFDB6<I 84A<I.2.

�A4?V7 7B5D465AL: �?4E<HV>4JVO, HV?LFD4JVO F4 6<O6?9AAO ;@VA A4 ;B5D4:9AAOI.3.

�B45?N64AAO D5?LTHG: !F6BD9AAO >4DF GI<?V6, 9>ECB;<JV= F4 6B8B;5VDA<I 54E9=AV6 A4 BEAB6V J<HDB6<I 
@B89?9= D9?LTHG.

4.

 B;G@VAAO BEAB6 DB5BF< ; D4EFDB6<@< 84A<@< T 64:?<6<@ 8?O 4A4?V;G 79B7D4HVKA<I O6<M, BEB5?<6B F<I, O>V 
;@VANNFLEO ; K4EB@.  4EFDB6V 84AV 8B;6B?ONFL BFD<@G64F< VAHBD@4JVN CDB EF4A A46>B?<LALB7B E9D98B6<M4, 
;@VA< >?V@4FG F4 VALV 64:?<6V CDBJ9E<.



�9>>>8G64==O F4 79>D9H9D9=FVN64==O
�5>>>4G64==O - J9 CDBJ9E C9D9F6BD9AAO F9>EFB6BW 48D9E< 6 79B7D4HVKAV >BBD8<A4F<. �9B>B8G64AAO 8B;6B?OT 
;A4IB8<F< B5'T>F< A4 >4DFV ;4 WI 48D9E4@<.

�5>D5H5D5=FVN64==O - J9 CDBJ9E CD<6'O;>< D4EFDB6<I 84A<I 8B 79B7D4HVKABW E<EF9@< >BBD8<A4F. 
�9BD9H9D9AJVN64AAO 8B;6B?OT A4>?484F< D4EFDB6V 84AV A4 VALV 79B7D4HVKAV 84AV.

�5<864 CDBJ9E< T 64:?<6<@< 8?O ;459;C9K9AAO FBKABEFV F4 A48V=ABEFV ��%-4A4?V;G. �9B>B8G64AAO 8B;6B?OT 
;A4IB8<F< B5'T>F< F4 4A4?V;G64F< WI CDBEFBDB69 DB;F4LG64AAO, 4 79BD9H9D9AJVN64AAO 8B;6B?OT VAF97DG64F< 
D4EFDB6V 84AV ; VAL<@< 79B7D4HVKA<@< 84A<@<.

�?O 79B>B8G64AAO 6<>BD<EFB6GNFLEO DV;AV BA?4=A F4 BH?4=A E9D6VE<, F4>V O> Google Maps API, ArcGIS Online 
Geocoding Service, Nominatim. �4:?<6B 6<5<D4F< E9D6VE, O><= ;459;C9KGT 6<EB>G FBKAVEFL F4 CB>D<FFO 8?O 
CBFDV5ABW F9D<FBDVW.

�?O 79BD9H9D9AJVN64AAO 6<>BD<EFB6GNFLEO >BAFDB?LAV FBK><, O>V @4NFL 6V8B@V 79B7D4HVKAV >BBD8<A4F<. '<@ 
5V?LL9 >BAFDB?LA<I FBKB>, F<@ FBKAVL9 5G89 79BD9H9D9AJVN64AAO. �4:?<6B 6<5<D4F< >BAFDB?LAV FBK><, O>V 
8B5D9 6<8AB A4 D4EFDB6B@G ;B5D4:9AAV F4 @4NFL 6V8B@V >BBD8<A4F<.



�@>AB>@>6V 74?8B8 B4 685V@>4 44=8E
�DBEFBDB6V ;4C<F< 8B;6B?ONFL 6<5<D4F< B5'T>F< ; 54;< 84A<I A4 BEAB6V WI CDBEFBDB6B7B DB;F4LG64AAO. 
�DBEFBDB6V ;4C<F< T 64:?<6<@ VAEFDG@9AFB@ 8?O ��%-4A4?V;G, BE>V?L>< 6BA< 8B;6B?ONFL ;A4IB8<F< B5'T>F<, O>V 
6V8CB6V84NFL C96A<@ >D<F9DVO@.

�EAB6AV F<C< CDBEFBDB6<I ;4C<FV6 6>?NK4NFL:

�85VD 74 4FD85GFB@: �<5VD B5'T>FV6 A4 BEAB6V WI 4FD<5GF<6A<I ;A4K9AL.

�85VD 74 DB7F4HG64AAO@: �<5VD B5'T>FV6, O>V ;A4IB8OFLEO 6 @9:4I C96ABW 6V8EF4AV 6V8 VAL<I B5'T>FV6.

�85VD 74 C5D5F8AB@: �<5VD B5'T>FV6, O>V C9D9F<A4NFLEO ; VAL<@< B5'T>F4@<.

�85VD 74 6>?NG5AAO@: �<5VD B5'T>FV6, O>V CB6AVEFN ;A4IB8OFLEO 6 @9:4I VAL<I B5'T>FV6.

�DBEFBDB6V ;4C<F< @B:GFL 5GF< 6<>BD<EF4AV 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I O>:

�BLG> 6EVI L>V? 6 @9:4I 1 >@ 6V8 :<F?B6B7B 5G8<A>G.

�<5VD 6EVI 8V?OAB> ;9@?V, O>V ;A4IB8OFLEO 6 ;BAV ;4FBC?9AAO.

�BLG> 6EVI 8BDV7, O>V C9D9F<A4NFLEO ; DVK>BN.

�H9>F<6A9 6<>BD<EF4AAO CDBEFBDB6<I ;4C<FV6 8B;6B?OT BFD<@G64F< JVAAG VAHBD@4JVN CDB CDBEFBDB69 
DB;F4LG64AAO B5'T>FV6 F4 WI 6;4T@B;6'O;><.



�=4?V7 5?87L>>EFV F4 5GH5D=V 7>=8
�A4?V; 5?<;L>BEFV 8B;6B?OT 6<;A4K4F< B5'T>F<, O>V ;A4IB8OFLEO 6 @9:4I C96ABW 6V8EF4AV 6V8 VAL<I B5'T>FV6. 
�GH9DAV ;BA< - J9 B5?4EFV, EF6BD9AV A46>B?B B5'T>FV6 A4 C96AV= 6V8EF4AV. �GH9DAV ;BA< 6<>BD<EFB6GNFLEO 8?O 
6<;A4K9AAO ;BA< 6C?<6G B5'T>FV6.

�A4?V; 5?<;L>BEFV F4 5GH9DAV ;BA< @B:GFL 5GF< 6<>BD<EF4AV 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I O>:

�<;A4K9AAO >V?L>BEFV :<F?B6<I 5G8<A>V6, O>V ;A4IB8OFLEO 6 ;BAV 6C?<6G CDB@<E?B6B7B CV8CD<T@EF64.

�BLG> 6EVI L>V?, O>V ;A4IB8OFLEO 6 @9:4I 500 @9FDV6 6V8 46FB@47VEFD4?V.

�<;A4K9AAO C?BMV ?VEG, O>4 ;A4IB8<FLEO 6 ;BAV BIBDBA< 6B8B;45BDG.

%F6BD9AAO 5GH9DA<I ;BA 8B;6B?OT 6V;G4?V;G64F< ;BA< 6C?<6G B5'T>FV6 F4 4A4?V;G64F< WI 6C?<6 A4 A46>B?<LAT 
E9D98B6<M9. �A4?V; 5?<;L>BEFV 8B;6B?OT 6<;A4K4F< B5'T>F<, O>V ;A4IB8OFLEO 6 ;BAV 6C?<6G, F4 BJVAN64F< WI 
I4D4>F9D<EF<><.



�65D?59A89 4A4?V7 F4 BC5D4FVW 7 CB?V7BA4@8
�69D?9=A<= 4A4?V; - J9 CDBJ9E A4>?484AAO 86BI 45B 5V?LL9 L4DV6 CB?V7BAV6 8?O EF6BD9AAO AB6B7B L4DG, O><= 
@VEF<FL VAHBD@4JVN CDB C9D9F<A, B5'T8A4AAO F4 DV;A<JN @V: L4D4@<.

�EAB6AV BC9D4JVW B69D?9=AB7B 4A4?V;G 6>?NK4NFL:

�5D5F8= (Intersection): %F6BD9AAO AB6B7B L4DG, O><= @VEF<FL FV?L>< FV K4EF<A< CB?V7BAV6, O>V 
C9D9F<A4NFLEO @V: L4D4@<.

�5'T4=4==O (Union): %F6BD9AAO AB6B7B L4DG, O><= @VEF<FL 6EV CB?V7BA< ; B5BI L4DV6.

 V7=8FO (Difference): %F6BD9AAO AB6B7B L4DG, O><= @VEF<FL FV?L>< FV K4EF<A< CB?V7BAV6 ; C9DLB7B L4DG, O>V 
A9 C9D9F<A4NFLEO ; 8DG7<@ L4DB@.

�69D?9=A<= 4A4?V; @B:9 5GF< 6<>BD<EF4A<= 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I O>:

�<;A4K9AAO C?BMV EV?LEL>B7BECB84DEL><I G7V8L, O>V ;A4IB8OFLEO 6 ;BAV ;DBL9AAO.

�<;A4K9AAO >V?L>BEFV :<F?B6<I 5G8<A>V6, O>V ;A4IB8OFLEO 6 ;BAV ;4FBC?9AAO.

�A4?V; ;9@?9>BD<EFG64AAO A4 C96AV= F9D<FBDVW.



�A4?V7 D9?LTHG F4 7V8DB?B7VGA9 
@B89?N64AAO

�A4?V; D9?LTHG 8B;6B?OT BFD<@G64F< VAHBD@4JVN CDB I4D4>F9D<EF<>< CB69DIAV �9@?V, F4>V O> 6<EBF4, GI<?, 
9>ECB;<JVO F4 >D<6<;A4. �V8DB?B7VKA9 @B89?N64AAO 8B;6B?OT @B89?N64F< DGI 6B8< CB CB69DIAV �9@?V.

�EAB6AV BC9D4JVW 4A4?V;G D9?LTHG 6>?NK4NFL:

%B6>@5==O :4@B8 CE8;V6: �4DF4, O>4 CB>4;GT >GF A4I<?G CB69DIAV �9@?V.

%B6>@5==O :4@B8 5:A?>78FV9: �4DF4, O>4 CB>4;GT A4CDO@B> A4I<?G CB69DIAV �9@?V.

%B6>@5==O :4@B8 :@8687=8: �4DF4, O>4 CB>4;GT L6<8>VEFL ;@VA< GI<?G CB69DIAV �9@?V.

�EAB6AV BC9D4JVW 7V8DB?B7VKAB7B @B89?N64AAO 6>?NK4NFL:

�87=4G5==O 6>4>75V@=8E 54A59=V6: �5?4EFV, ; O><I 6B84 EFV>4T 6 C96AG FBK>G.

�>45;N64==O @CA;4 @VG>:: �<;A4K9AAO A4CDO@>G F9KVW 6B8< F4 EF6BD9AAO >4DF< DVK>B6BW @9D9:V.

�87=4G5==O 7>= 74B>?;5==O: �5?4EFV, O>V @B:GFL 5GF< ;4FBC?9AV CV8 K4E CB69AV.



�@>AB>@>64 V=B5@?>?OFVO B4 AB6>@5==O 
?>65@E>=L

�DBEFBDB64 VAF9DCB?OFVO - F9 CDBF9E BFVA>< ;A4G9AL 6 A96V8B@<E FBG>4E A4 BEAB6V ;A4G9AL G 6V8B@<E FBG>4E. 
�DBEFBDB64 VAF9DCB?OFVO 6<>BD<EFB6GTFLEO 8?O EF6BD9AAO CB69DEBAL A4 BEAB6V FBG>B6<E 84A<E.

�EAB6AV @9FB8< CDBEFBDB6BW VAF9DCB?OFVW 6>?NG4NFL:

�9F>8 =4=5?<:G>7> EGEV84 (Nearest Neighbor): �D<E6BTAAO A96V8B@V= FBGFV ;A4G9AAO A4=5?<:GBW 
6V8B@BW FBG><.

�9F>8 ;64:9=>7> E9D98=L>7> ;4 6V8EF4==N (Inverse Distance Weighting - IDW): �D<E6BTAAO A96V8B@V= 
FBGFV ;A4G9AAO, O>9 T ;64:9A<@ E9D98AV@ ;A4G9AAO@ 6V8B@<E FBGB>, 89 6474 B59DA9AB CDBCBDFV=A4 
6V8EF4AV.

�D<7V=7 (Kriging): �9FB8, O><= 6<>BD<EFB6GT EF4F<EF<GAV @B89?V 8?O BFVA>< ;A4G9AL 6 A96V8B@<E FBG>4E.

%F6BD9AV CB69DEAV @B:GFL 5GF< 6<>BD<EF4AV 8?O 6<DVH9AAO DV;AB@4AVFA<E ;484G, F4><E O>:

%F6BD9AAO >4DF< 6<EBF A4 BEAB6V FBG>B6<E 84A<E CDB 6<EBFG.

%F6BD9AAO >4DF< ;45DG8A9AAO �DGAFG A4 BEAB6V FBG>B6<E 84A<E CDB >BAF9AFD4FVN ;45DG8ANNG<E D9GB6<A.

%F6BD9AAO >4DF< F9@C9D4FGD< CB6VFDO A4 BEAB6V 84A<E @9F9BEF4AFV=.



�5D565689 4A4?V7 F4 BCF8@V74FVO @4DLDGFV6
�9D9:96<= 4A4?V; 8B;6B?OT 4A4?V;G64F< FD4AECBDFAV @9D9:V F4 ;A4IB8<F< BCF<@4?LAV @4DLDGF< @V: FBK>4@<. 
�9D9:96<= 4A4?V; 6<>BD<EFB6GTFLEO 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I O>:

�BLG> A4=>BDBFLB7B @4DLDGFG @V: 86B@4 FBK>4@<.

�BLG> A4=L6<8LB7B @4DLDGFG @V: 86B@4 FBK>4@<.

�<;A4K9AAO ;BA< B5E?G7B6G64AAO CB:9:ABW K4EF<A<.

�CF<@V;4JVO @4DLDGFV6 8BEF46>< FB64DV6.

�EAB6AV >B@CBA9AF< @9D9:96B7B 4A4?V;G 6>?NK4NFL:

�5D564: �D98EF46?9AAO FD4AECBDFABW @9D9:V G 6<7?O8V 7D4H4, 89 6G;?< CD98EF46?ONFL C9D9ID9EFO, 4 D95D4 
- 8BDB7<.

�4DFVEFL: �A4K9AAO, O>9 CD98EF46?OT 64DFVEFL CDBIB8:9AAO CB D95DG @9D9:V, A4CD<>?48, 6V8EF4AL, K4E 45B 
64DFVEFL CDBW;8G.

�?7>D<F@: �?7BD<F@, O><= 6<>BD<EFB6GTFLEO 8?O CBLG>G BCF<@4?LAB7B @4DLDGFG, A4CD<>?48, 4?7BD<F@ 
�9=>EFD< 45B 4?7BD<F@ A*.



�4DF>7D4DVG=4 4?755D4 F4 D4EFD>689 4=4?V7
�4DFB7D4HVKA4 4?795D4 - J9 A45VD BC9D4JV=, O>V 8B;6B?ONFL 6<>BAG64F< @4F9@4F<KAV F4 ?B7VKAV BC9D4JVW A48 
D4EFDB6<@< 84A<@<. �4DFB7D4HVKA4 4?795D4 6<>BD<EFB6GTFLEO 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I O>:

�@VA4 ;A4K9AL CV>E9?V6 A4 D4EFDB6B@G ;B5D4:9AAV.

�B@5VAG64AAO D4EFDB6<I L4DV6.

$V?LFD4JVO D4EFDB6<I ;B5D4:9AL.

�EAB6AV BC9D4JVW >4DFB7D4HVKABW 4?795D< 6>?NK4NFL:

�@<D<5F<G=V >?5@4FVW: �B8464AAO, 6V8AV@4AAO, @AB:9AAO, 8V?9AAO.

�>7VG=V >?5@4FVW: AND, OR, NOT, XOR.

'<>6=V >?5@4FVW: IF, THEN, ELSE.

$4EFDB6<= 4A4?V; 8B;6B?OT 6<>BAG64F< DV;AB@4AVFAV BC9D4JVW ; D4EFDB6<@< 84A<@<, F4>V O> >?4E<HV>4JVO 
;B5D4:9AL, 4A4?V; F9>EFGD F4 6<O6?9AAO ;@VA. $4EFDB6<= 4A4?V; 6<>BD<EFB6GTFLEO 8?O 6<DVL9AAO 
DV;AB@4AVFA<I ;484K, F4><I O>:

�?4E<HV>4JVO ;9@?9>BD<EFG64AAO A4 BEAB6V EGCGFA<>B6<I ;AV@>V6.

�<O6?9AAO ;@VA 6 ?VEB6B@G CB>D<6V.

�JVA>4 C?BMV ;4FBC?9AAO.



%B4B8AB8G=89 4=4?V7 ?@>AB>@>68E 44=8E
%F4F<EF<KA<= 4A4?V; CDBEFBDB6<I 84A<I 8B;6B?OT 6<O6?OF< ;4>BAB@VDABEFV F4 6;4T@B;6'O;>< 6 79B7D4HVKA<I 
84A<I. %F4F<EF<KA<= 4A4?V; CDBEFBDB6<I 84A<I 6<>BD<EFB6GTFLEO 8?O 6<DVL9AAO DV;AB@4AVFA<I ;484K, F4><I 
O>:

�<;A4K9AAO >?4EF9DV6 ;4I6BDN64AL.

�A4?V; DB;CB8V?G ;?BK<AABEFV.

�JVA>4 6C?<6G H4>FBDV6 A46>B?<LALB7B E9D98B6<M4 A4 ;8BDB6'O A4E9?9AAO.

�EAB6AV @9FB8< EF4F<EF<KAB7B 4A4?V;G CDBEFBDB6<I 84A<I 6>?NK4NFL:

�D>EF>D>64 46F>:>D5;OFVO: �<@VDN64AAO EFGC9AO CB8V5ABEFV ;A4K9AL 4FD<5GFV6 G EGEV8AVI FBK>4I.

�5>7D4DVG=> 76465=4 D57D5EVO (Geographically Weighted Regression - GWR): �B89?N64AAO 
6;4T@B;6'O;>V6 @V: ;@VAA<@< ; GD4IG64AAO@ WI CDBEFBDB6B7B DB;F4LG64AAO.

�D>EF>D>689 :;4EF5D=89 4=4;V7: �<O6?9AAO >?4EF9DV6 FBKB> ; CB8V5A<@< I4D4>F9D<EF<>4@<.



%F6BD5AAO F5@4F8GA8E >4DF F4 6V7G4?V74FVO 
44A8E

%F6BD9AAO F9@4F<KA<I >4DF 8B;6B?OT 6V;G4?V;G64F< 79B7D4HVKAV 84AV F4 CD98EF46?OF< WI G ;DB;G@V?B@G F4 
A4BKAB@G 6<7?O8V. &9@4F<KAV >4DF< 6<>BD<EFB6GNFLEO 8?O 6V8B5D4:9AAO DV;AB@4AVFABW VAHBD@4JVW, F4>BW O>:

�4E9?9AAO.

�BIB8<.

$V69AL ;?BK<AABEFV.

&<C< ;9@?9>BD<EFG64AAO.

�EAB6AV F<C< F9@4F<KA<I >4DF 6>?NK4NFL:

�4DF< EBDBC?5FV6 (Choropleth maps): �4DF<, A4 O><I F9D<FBDVW ;4H4D5B6GNFLEO DV;A<@< >B?LBD4@< 6 
;4?9:ABEFV 6V8 ;A4K9AAO 4FD<5GFG.

�4DF< FBGB> (Dot maps): �4DF<, A4 O><I FBK>< 6<>BD<EFB6GNFLEO 8?O CD98EF46?9AAO B5'T>FV6 45B O6<M.

�4DF< CDBCBDFV=A<E E<@6B?V6 (Proportional symbol maps): �4DF<, A4 O><I DB;@VD E<@6B?V6 
CDBCBDJV=A<= ;A4K9AAN 4FD<5GFG.

�V;G4?V;4JVO 84A<I T 64:?<6<@ 9F4CB@ ��%-4A4?V;G, BE>V?L>< 6BA4 8B;6B?OT CD98EF46?OF< D9;G?LF4F< 4A4?V;G 6 
;DB;G@V?B@G F4 8BEFGCAB@G 6<7?O8V 8?O L<DB>BW 4G8<FBDVW.



�6FB@4F874FVO CDBF5EV6 ��%-4A4?V7G
�6FB@4F<;4FVO CDBF9EV6 ��%-4A4?V;G 8B;6B?OT ECDBEF<F< F4 CD<E>BD<F< 6<>BA4AAO DGF<AA<E ;484G. 
�6FB@4F<;4FVO CDBF9EV6 ��%-4A4?V;G @B:9 5GF< 6<>BA4A4 ;4 8BCB@B7BN:

%F6BD5AAO E>D<CFV6: �4C<E4AAO E>D<CFV6 A4 @B64E CDB7D4@G64AAO, F4><E O> Python, 8?O 46FB@4F<;4FVW 
6<>BA4AAO C96A<E BC9D4FV=.

�<>BD<EF4AAO @B45?5=: %F6BD9AAO @B89?9= 6 ��%-CDB7D4@AB@G ;459;C9G9AAV 8?O 46FB@4F<;4FVW 
6<>BA4AAO C96A<E CDBF9EV6.

�<>BD<EF4AAO C4>5FABW B5DB5><: �<>BA4AAO BC9D4FV= A48 69?<>BN >V?L>VEFN 84A<E 6 C4>9FAB@G D9:<@V.

�6FB@4F<;4FVO CDBF9EV6 ��%-4A4?V;G 8B;6B?OT:

�@9AH<F< G4E 6<>BA4AAO 4A4?V;G.

�@9AH<F< >V?L>VEFL CB@<?B>.

�B>D4I<F< 6V8F6BDN64AVEFL D9;G?LF4FV6.



�=F97D4FVO ��% 7 88EF4=FV9=8< 7>=8G64==O<

�AF97D4JVO ��! ; 8<EF4AJV=A<@ ;BA8G64AAO@ 8B;6B?OT 6<>BD<EFB6G64F< 84AV 8<EF4AJV=AB7B ;BA8G64AAO 8?O 
EF6BD9AAO F4 BAB6?9AAO 79BVAHBD@4JV=A<I 54; 84A<I, 4 F4>B: 8?O CDB6989AAO DV;AB@4AVFAB7B 4A4?V;G.

�4AV 8<EF4AJV=AB7B ;BA8G64AAO @B:GFL 5GF< 6<>BD<EF4AV 8?O:

�?4E<HV>4JVW ;9@?9>BD<EFG64AAO.

�BAVFBD<A7G ?VEB6B7B CB>D<6G.

�JVA>< EF4AG EV?LEL>B7BECB84DEL><I >G?LFGD.

�<O6?9AAO ;@VA A4 CB69DIAV �9@?V.

�AF97D4JVO ��! ; 8<EF4AJV=A<@ ;BA8G64AAO@ 8B;6B?OT:

�B>D4M<F< FBKAVEFL F4 4>FG4?LAVEFL 79BVAHBD@4JV=A<I 84A<I.

 B;L<D<F< @B:?<6BEFV ��!-4A4?V;G.

�FD<@G64F< VAHBD@4JVN CDB F9D<FBDVW, A98BEFGCAV 8?O A4;9@A<I 8BE?V8:9AL.



%F6BD5AAO 3D-@B45?5= F4 6V7G4?V74FV=
%F6BD9AAO 3D-@B89?9= F4 6V;G4?V;4JV= 8B;6B?OT CD98EF46?OF< 79B7D4HVKAV 84AV 6 FD<6<@VDAB@G CDBEFBDV, MB 
;A4KAB CB>D4MGT WI ECD<=AOFFO F4 DB;G@VAAO. 3D-@B89?V F4 6V;G4?V;4JVW @B:GFL 5GF< 6<>BD<EF4AV 8?O:

�?4AG64AAO @VEF.

�DB9>FG64AAO VAHD4EFDG>FGDA<I B5'T>FV6.

�V;G4?V;4JVW ?4A8L4HFG.

%F6BD9AAO 6VDFG4?LA<I FGDV6.

�?O EF6BD9AAO 3D-@B89?9= 6<>BD<EFB6GNFLEO DV;AB@4AVFAV 84AV, F4>V O>:

&<HDB6V @B89?V D9?LTHG (DEM).

�9DBHBFB;AV@><.

�4;9DA9 E>4AG64AAO (LiDAR).

�4AV CDB 5G8V6?V F4 VALV B5'T>F<.



�55->4@F>7@4HVO F4 ?G5?V>4FVO @57G?LF4FV6
�95->4DFB7D4HVO 8B;6B?OT CG5?V>G64F< D9;G?LF4F< ��%-4A4?V;G 6 �AF9DA9FV, DB5?OK< WI 8BEFGCA<@< 8?O L<DB>BW 
4G8<FBDVW. �95->4DF< @B:GFL 5GF< VAF9D4>F<6A<@< F4 8B;6B?OF< >BD<EFG64K4@ 8BE?V8:G64F< 84AV, 6<>BAG64F< 
;4C<F< F4 4A4?V;G64F< VAHBD@4JVN.

�?O EF6BD9AAO 695->4DF 6<>BD<EFB6GNFLEO DV;AB@4AVFAV F9IAB?B7VW, F4>V O>:

HTML.

CSS.

JavaScript.

Web Map Service (WMS).

Web Feature Service (WFS).

ArcGIS Online.

Leaflet.

OpenLayers.

�95->4DFB7D4HVO 8B;6B?OT:

�BL<DN64F< D9;G?LF4F< ��%-4A4?V;G E9D98 L<DB>BW 4G8<FBDVW.

%F6BDN64F< VAF9D4>F<6AV >4DF<, O>V 8B;6B?ONFL >BD<EFG64K4@ 8BE?V8:G64F< 84AV F4 BFD<@G64F< 
VAHBD@4JVN.

�AF97DG64F< >4DF< ; VAL<@< 695-E4=F4@< F4 8B84F>4@<.



�@4>B<G=V ?@<>?44< B4 >5=A-AB44V ��%-
?@>5>BV6
�D4>F<KAV CD<>?48< F4 >9=E-EF48V ��!-CDB9>FV6 8B;6B?ONFL CB54K<F<, O> ��!-4A4?V; @B:9 5GF< 6<>BD<EF4A<= 
8?O 6<DVL9AAO D94?LA<I ;484K.  B;7?OA9@B 89>V?L>4 CD<>?48V6:

�A4?V7 CBL8D5AAO COVID-19: �<>BD<EF4AAO ��! 8?O 6V;G4?V;4JVW F4 4A4?V;G 84A<I CDB CBL<D9AAO COVID-19, 
6<;A4K9AAO ;BA D<;<>G F4 BJVA>< 9H9>F<6ABEFV >4D4AF<AA<I ;4IB8V6.

�FVA>4 D878>G 74FBC?5AAO: �<>BD<EF4AAO ��! 8?O @B89?N64AAO ;BA ;4FBC?9AAO F4 BJVA>< D<;<>G 8?O 
A4E9?9AAO F4 VAHD4EFDG>FGD<.

�?4AG64AAO FD4AECBDFABW @5D56V: �<>BD<EF4AAO ��! 8?O 4A4?V;G FD4AECBDFA<I CBFB>V6 F4 C?4AG64AAO 
AB6<I 8BDV7 F4 @4DLDGFV6 7DB@48EL>B7B FD4AECBDFG.

'CD46?VAAO ?VEB68@8 D5EGDE4@8: �<>BD<EF4AAO ��! 8?O @BAVFBD<A7G ?VEB6B7B CB>D<6G, BJVA>< B5EO7G 
89D96<A< F4 C?4AG64AAO ?VEB;47BFV69?L.

&V CD<>?48< CB>4;GNFL, MB ��! T CBFG:A<@ VAEFDG@9AFB@ 8?O 6<DVL9AAO L<DB>B7B EC9>FDG ;484K 6 DV;A<I 
74?G;OI. �<>BD<EF4AAO ��!-4A4?V;G 8B;6B?OT CD<=@4F< B5�DGAFB64AV DVL9AAO A4 BEAB6V 8BEFB6VDA<I 84A<I F4 
CB>D4MG64F< O>VEFL :<FFO ?N89=.


