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ANÁLISE ESPACIAL E GEOPROCESSAMENTO 

=

Gilberto Câmara 

Antônio Miguel Monteiro 

Suzana Druck Fucks  

Marilia Sá Carvalho=

1.1 INTRODUÇÃO   

`çãéêÉÉåÇÉê= ~= ÇáëíêáÄìá´©ç= Éëé~Åá~ä= ÇÉ= Ç~Ççë= çêáìåÇçë= ÇÉ= ÑÉå∑ãÉåçë=
çÅçêêáÇçë=åç=Éëé~´ç=Åçåëíáíìá=ÜçàÉ=ìã=Öê~åÇÉ=ÇÉë~Ñáç=é~ê~=~=ÉäìÅáÇ~´©ç=ÇÉ=
èìÉëíπÉë= ÅÉåíê~áë= Éã= ÇáîÉêë~ë= •êÉ~ë= Çç= ÅçåÜÉÅáãÉåíçI= ëÉà~= Éã= ë~∫ÇÉI= Éã=
~ãÄáÉåíÉI=Éã=ÖÉçäçÖá~I=Éã=~Öêçåçãá~I=ÉåíêÉ=í~åí~ë=çìíê~ëK=q~áë=ÉëíìÇçë=îÉã=
ëÉ=íçêå~åÇç=Å~Ç~=îÉò=ã~áë=ÅçãìåëI=ÇÉîáÇç=¶=ÇáëéçåáÄáäáÇ~ÇÉ=ÇÉ=ëáëíÉã~ë=ÇÉ=
áåÑçêã~´©ç=ÖÉçÖê•ÑáÅ~=EpfdF=ÇÉ=Ä~áñç=Åìëíç=É=Åçã=áåíÉêÑ~ÅÉë=~ãáÖ•îÉáëK=bëíÉë=
ëáëíÉã~ë= éÉêãáíÉã= ~= îáëì~äáò~´©ç= Éëé~Åá~ä= ÇÉ= î~êá•îÉáë= Åçãç= éçéìä~´©ç= ÇÉ=
áåÇáî∞ÇìçëI=∞åÇáÅÉë=ÇÉ=èì~äáÇ~ÇÉ=ÇÉ=îáÇ~=çì=îÉåÇ~ë=ÇÉ=ÉãéêÉë~=åìã~=êÉÖá©ç=
~íê~î¨ë=ÇÉ=ã~é~ëK=m~ê~=í~åíçI=Ä~ëí~=Çáëéçê=ÇÉ=ìã=Ä~åÅç=ÇÉ=Ç~Ççë=É=ÇÉ=ìã~=
Ä~ëÉ= ÖÉçÖê•ÑáÅ~= EÅçãç= ìã= ã~é~= ÇÉ= ãìåáÅ∞éáçëFI= É= ç= pfd= ¨= Å~é~ò= ÇÉ=
~éêÉëÉåí~ê=ìã=ã~é~=ÅçäçêáÇç=éÉêãáíáåÇç=~=îáëì~äáò~´©ç=Çç=é~Çê©ç=Éëé~Åá~ä=
Çç=ÑÉå∑ãÉåçK==

= ^ä¨ã=Ç~=éÉêÅÉé´©ç=îáëì~ä=Ç~=ÇáëíêáÄìá´©ç=Éëé~Åá~ä=Çç=éêçÄäÉã~I=¨=ãìáíç=
∫íáä= íê~Çìòáê= çë= é~ÇêπÉë= ÉñáëíÉåíÉë= Åçã= ÅçåëáÇÉê~´πÉë= çÄàÉíáî~ë= É=
ãÉåëìê•îÉáëI=Åçãç=åçë=ëÉÖìáåíÉë=Å~ëçëW=

• béáÇÉãáçäçÖáëí~ë= ÅçäÉí~ã= Ç~Ççë= ëçÄêÉ= çÅçêêÆåÅá~= ÇÉ= ÇçÉå´~ëK= ^=
ÇáëíêáÄìá´©ç= Ççë= Å~ëçë= ÇÉ= ìã~= ÇçÉå´~= Ñçêã~= ìã= é~Çê©ç= åç= Éëé~´ç\=
bñáëíÉ=~ëëçÅá~´©ç=Åçã=~äÖìã~=ÑçåíÉ=ÇÉ=éçäìá´©ç\=bîáÇÆåÅá~=ÇÉ=Åçåí•Öáç\=
s~êáçì=åç=íÉãéç\=

• aÉëÉà~JëÉ= áåîÉëíáÖ~ê= ëÉ= ÉñáëíÉ= ~äÖìã~= ÅçåÅÉåíê~´©ç= Éëé~Åá~ä= å~=
ÇáëíêáÄìá´©ç= ÇÉ= êçìÄçëK= oçìÄçë= èìÉ= çÅçêêÉã= Éã= ÇÉíÉêãáå~Ç~ë= •êÉ~ë=
Éëí©ç=ÅçêêÉä~Åáçå~Ççë=Åçã=Å~ê~ÅíÉê∞ëíáÅ~ë=ëµÅáçJÉÅçå∑ãáÅ~ë=ÇÉëë~ë=•êÉ~ë\=

• dÉµäçÖçë= ÇÉëÉà~ã= Éëíáã~ê= ~= ÉñíÉåë©ç= ÇÉ= ìã= ÇÉéµëáíç=ãáåÉê~ä= Éã= ìã~=
êÉÖá©ç=~=é~êíáê=ÇÉ=~ãçëíê~ëK=mçÇÉJëÉ=ìë~ê=Éëë~ë=~ãçëíê~ë=é~ê~=Éëíáã~ê=~=
ÇáëíêáÄìá´©ç=Çç=ãáåÉê~ä=å~=êÉÖá©ç\==

• aÉëÉà~JëÉ= ~å~äáë~ê= ìã~= êÉÖá©ç=é~ê~= Ñáåë= ÇÉ= òçåÉ~ãÉåíç= ~Öê∞Åçä~K=`çãç=
ÉëÅçäÜÉê= ~ë= î~êá•îÉáë= ÉñéäáÅ~íáî~ë= Ó= ëçäçI= îÉÖÉí~´©çI= ÖÉçãçêÑçäçÖá~= Ó= É=



ÇÉíÉêãáå~ê=èì~ä= ~= ÅçåíêáÄìá´©ç=ÇÉ= Å~Ç~=ìã~=ÇÉä~ë=é~ê~=ÇÉÑáåáê= Éã=èìÉ=
äçÅ~ä=ç=íáéç=ÇÉ=Åìäíìê~=¨=ã~áë=~ÇÉèì~Çç\=

= qçÇçë= ÉëëÉë= éêçÄäÉã~ë= Ñ~òÉã= é~êíÉ= Ç~= ~å•äáëÉ= Éëé~Åá~ä= ÇÉ= Ç~Ççë=
ÖÉçÖê•ÑáÅçëK= ^= ÆåÑ~ëÉ= Ç~= ^å•äáëÉ= bëé~Åá~ä= ¨= ãÉåëìê~ê= éêçéêáÉÇ~ÇÉë= É=
êÉä~Åáçå~ãÉåíçëI= äÉî~åÇç= Éã= Åçåí~= ~= äçÅ~äáò~´©ç= Éëé~Åá~ä= Çç= ÑÉå∑ãÉåç= Éã=
ÉëíìÇç=ÇÉ= Ñçêã~= Éñéä∞Åáí~K=lì= ëÉà~I= ~= áÇ¨á~= ÅÉåíê~ä= ¨= áåÅçêéçê~ê=ç= Éëé~´ç= ¶=
~å•äáëÉ=èìÉ=ëÉ=ÇÉëÉà~=Ñ~òÉêK=bëëÉ=äáîêç=~éêÉëÉåí~=ìã=Åçåàìåíç=ÇÉ=ÑÉêê~ãÉåí~ë=
îáë~åÇç= êÉëéçåÇÉê= ~= Éëë~ë= èìÉëíπÉëK= mêÉíÉåÇÉJëÉ= ~ìñáäá~ê= çë= áåíÉêÉëë~Ççë= ~=
ÉëíìÇ~êI= Éñéäçê~ê= É= ãçÇÉä~ê= éêçÅÉëëçë= èìÉ= ëÉ= ÉñéêÉëë~ã= ~íê~î¨ë= ÇÉ= ìã~=
ÇáëíêáÄìá´©ç=åç=Éëé~´çI=~èìá=ÅÜ~ã~Ççë=ÇÉ=ÑÉå∑ãÉåçë=ÖÉçÖê•ÑáÅçëK==

= rã= ÉñÉãéäç= éáçåÉáêçI= çåÇÉ= áåíìáíáî~ãÉåíÉ= ëÉ= áåÅçêéçêçì= ~= Å~íÉÖçêá~=
Éëé~´ç=¶ë=~å•äáëÉë=êÉ~äáò~Ç~ë=Ñçá=êÉ~äáò~Çç=åç=ë¨Åìäç=ufu=éçê=gçÜå=påçïK=bã=
NURQI=çÅçêêá~= Éã=içåÇêÉë=ìã~=Ç~ë= î•êá~ë= ÉéáÇÉãá~ë=ÇÉ= ÅµäÉê~= íê~òáÇ~ë=Ç~ë=
ðåÇá~ëK=mçìÅç=ëÉ= ë~Äá~=Éåí©ç=ëçÄêÉ=çë=ãÉÅ~åáëãçë=Å~ìë~áë=Ç~=ÇçÉå´~K=aì~ë=
îÉêíÉåíÉë=ÅáÉåí∞ÑáÅ~ë=éêçÅìê~î~ã=ÉñéäáÅ•Jä~W=ìã~=êÉä~Åáçå~åÇçJ~=~çë=ãá~ëã~ëI=
ÅçåÅÉåíê~Ççë=å~ë=êÉÖáπÉë=Ä~áñ~ë=É=é~åí~åçë~ë=Ç~=ÅáÇ~ÇÉI=É=çìíê~=¶= áåÖÉëí©ç=
ÇÉ= •Öì~= áåë~äìÄêÉK= l= ã~é~= EcáÖìê~= NJNF= äçÅ~äáò~= ~= êÉëáÇÆåÅá~= Ççë= µÄáíçë=
çÅ~ëáçå~Ççë= éÉä~= ÇçÉå´~= É= ~ë= ÄçãÄ~ë= ÇÉ= •Öì~= èìÉ= ~Ä~ëíÉÅá~ã= ~= ÅáÇ~ÇÉI=
éÉêãáíáåÇç= îáëì~äáò~ê= Åä~ê~ãÉåíÉ= ìã~= ÇÉëí~ë= Ó= Éã= _êç~Ç= píêÉÉí= Ó= Åçãç= ç=
ÉéáÅÉåíêç= Ç~= ÉéáÇÉãá~K= bëíìÇçë= éçëíÉêáçêÉë= ÅçåÑáêã~ê~ã= Éëí~= ÜáéµíÉëÉI=
ÅçêêçÄçê~Ç~= éçê= çìíê~ë= áåÑçêã~´πÉë= í~áë= Åçãç= ~= äçÅ~äáò~´©ç= Çç= éçåíç= ÇÉ=
Å~éí~´©ç= ÇÉ= •Öì~= ÇÉëí~= ÄçãÄ~= ~= àìë~åíÉ= Eêáç= ~Ä~áñçF= Ç~= ÅáÇ~ÇÉI= Éã= äçÅ~ä=
çåÇÉ=~=ÅçåÅÉåíê~´©ç=ÇÉ=ÇÉàÉíçëI=áåÅäìëáîÉ=ÇÉ=é~ÅáÉåíÉë=Åçä¨êáÅçë=Éê~=ã•ñáã~K=
bëë~=¨=ìã~=ëáíì~´©ç=í∞éáÅ~=çåÇÉ=~=êÉä~´©ç=Éëé~Åá~ä=ÉåíêÉ=çë=Ç~Ççë=ÅçåíêáÄìáì=
ëáÖåáÑáÅ~íáî~ãÉåíÉ= é~ê~= ç= ~î~å´ç= å~= ÅçãéêÉÉåë©ç= Çç= ÑÉå∑ãÉåçI= ëÉåÇç=ìã=
Ççë=éêáãÉáêçë=ÉñÉãéäçë=Ç~=~å•äáëÉ=Éëé~Åá~äK=



 
Figura 1-1 - Mapa de Londres com óbitos por cólera identificados por pontos e poços de 
água representados por cruzes.=

1.2 TIPOS DE DADOS EM ANÁLISE ESPACIAL 

= ^= í~ñçåçãá~=ã~áë= ìíáäáò~Ç~= é~ê~= Å~ê~ÅíÉêáò~ê= çë= éêçÄäÉã~ë= ÇÉ= ~å•äáëÉ=
Éëé~Åá~ä=ÅçåëáÇÉê~=íêÆë=íáéçë=ÇÉ=Ç~ÇçëW=

• bîÉåíçë= çì= m~ÇêπÉë= mçåíì~áë= J= ÑÉå∑ãÉåçë= ÉñéêÉëëçë= ~íê~î¨ë= ÇÉ=
çÅçêêÆåÅá~ë= áÇÉåíáÑáÅ~Ç~ë= Åçãç= éçåíçë= äçÅ~äáò~Ççë= åç= Éëé~´çI=
ÇÉåçãáå~Ççë= éêçÅÉëëçë= éçåíì~áëK= p©ç= ÉñÉãéäçëW= äçÅ~äáò~´©ç= ÇÉ= ÅêáãÉëI=
çÅçêêÆåÅá~ë=ÇÉ=ÇçÉå´~ëI=É=äçÅ~äáò~´©ç=ÇÉ=Éëé¨ÅáÉë=îÉÖÉí~áëK==

• pìéÉêÑ∞ÅáÉë=`çåí∞åì~ë== J= Éëíáã~Ç~ë=~=é~êíáê=ÇÉ=ìã=Åçåàìåíç=ÇÉ=~ãçëíê~ë=
ÇÉ=Å~ãéçI=èìÉ=éçÇÉã=Éëí~ê=êÉÖìä~êãÉåíÉ=çì=áêêÉÖìä~êãÉåíÉ=ÇáëíêáÄì∞Ç~ëK=
rëì~äãÉåíÉI=ÉëíÉ=íáéç=ÇÉ=Ç~Ççë=¨=êÉëìäí~åíÉ=ÇÉ=äÉî~åí~ãÉåíç=ÇÉ=êÉÅìêëçë=
å~íìê~áëI= É= èìÉ= áåÅäìÉã= ã~é~ë= ÖÉçäµÖáÅçëI= íçéçÖê•ÑáÅçëI= ÉÅçäµÖáÅçëI=
ÑáíçÖÉçÖê•ÑáÅçë=É=éÉÇçäµÖáÅçëK=

• žêÉ~ë=Åçã=`çåí~ÖÉåë=É=q~ñ~ë=^ÖêÉÖ~Ç~ë=J=íê~í~ãJëÉ=ÇÉ=Ç~Ççë=~ëëçÅá~Ççë=
~=äÉî~åí~ãÉåíçë=éçéìä~Åáçå~áëI=Åçãç=ÅÉåëçë=É=Éëí~í∞ëíáÅ~ë=ÇÉ=ë~∫ÇÉI=É=èìÉ=
çêáÖáå~äãÉåíÉ= ëÉ= êÉÑÉêÉã=~= áåÇáî∞Çìçë= äçÅ~äáò~Ççë=Éã=éçåíçë= ÉëéÉÅ∞ÑáÅçë=
Çç=Éëé~´çK=mçê=ê~òπÉë=ÇÉ=ÅçåÑáÇÉåÅá~äáÇ~ÇÉI=ÉëíÉë=Ç~Ççë=ë©ç=~ÖêÉÖ~Ççë=Éã=
ìåáÇ~ÇÉë= ÇÉ= ~å•äáëÉI= ìëì~äãÉåíÉ= ÇÉäáãáí~Ç~ë= éçê= éçä∞Öçåçë= ÑÉÅÜ~Ççë=
EëÉíçêÉë=ÅÉåëáí•êáçëI=òçå~ë=ÇÉ=ÉåÇÉêÉ´~ãÉåíç=éçëí~äI=ãìåáÅ∞éáçëFK==

= ^= é~êíáê= Ç~= Çáîáë©ç= ~Åáã~I= îÉêáÑáÅ~JëÉ= èìÉ= çë= éêçÄäÉã~ë= ÇÉ= ~å•äáëÉ=
Éëé~Åá~ä= äáÇ~ã= Åçã= Ç~Ççë= ~ãÄáÉåí~áë= É= Åçã= Ç~Ççë= ëçÅáçÉÅçå∑ãáÅçëK= bã=
~ãÄçë= çë= Å~ëçëI= ~= ~å•äáëÉ= Éëé~Åá~ä= ¨= Åçãéçëí~= éçê= ìã= Åçåàìåíç= ÇÉ=



éêçÅÉÇáãÉåíçë= ÉåÅ~ÇÉ~Ççë= Åìà~= Ñáå~äáÇ~ÇÉ= ¨= ~= ÉëÅçäÜ~= ÇÉ= ìã= ãçÇÉäç=
áåÑÉêÉåÅá~ä= èìÉ= ÅçåëáÇÉêÉ= ÉñéäáÅáí~ãÉåíÉ= çë= êÉä~Åáçå~ãÉåíçë= Éëé~Åá~áë=
éêÉëÉåíÉë=åç=ÑÉå∑ãÉåçK=bã=ÖÉê~äI=ç=éêçÅÉëëç=ÇÉ=ãçÇÉä~ÖÉã=¨=éêÉÅÉÇáÇç=ÇÉ=
ìã~=Ñ~ëÉ=ÇÉ=~å•äáëÉ=Éñéäçê~íµêá~I=~ëëçÅá~Ç~=¶=~éêÉëÉåí~´©ç=îáëì~ä=Ççë=Ç~Ççë=
ëçÄ= Ñçêã~=ÇÉ=Öê•ÑáÅçë=É=ã~é~ë=É=~= áÇÉåíáÑáÅ~´©ç=ÇÉ=é~ÇêπÉë=ÇÉ=ÇÉéÉåÇÆåÅá~=
Éëé~Åá~ä=åç=ÑÉå∑ãÉåç=Éã=ÉëíìÇçK==

= kç= Å~ëç= ÇÉ= ~å•äáëÉ= ÇÉ= é~ÇêπÉë= ÇÉ= éçåíçëI= ç= çÄàÉíç= ÇÉ= áåíÉêÉëëÉ= ¨= ~=
éêµéêá~= äçÅ~äáò~´©ç= Éëé~Åá~ä= Ççë= ÉîÉåíçë= Éã= ÉëíìÇçK= `çãç= å~= ëáíì~´©ç=
~å~äáë~Ç~= éçê= påçïI= ç= çÄàÉíáîç= ¨= ÉëíìÇ~ê= ~= ÇáëíêáÄìá´©ç= Éëé~Åá~ä= ÇÉëíÉë=
éçåíçëI= íÉëí~åÇç=ÜáéµíÉëÉë= ëçÄêÉ=ç=é~Çê©ç=çÄëÉêî~ÇçW= ëÉ=¨=~äÉ~íµêáçI=çì=~ç=
Åçåíê•êáç= ëÉ= ~éêÉëÉåí~JëÉ= Éã= ~ÖäçãÉê~Ççë= çì= êÉÖìä~êãÉåíÉ= ÇáëíêáÄì∞ÇçK= °=
í~ãÄ¨ã= ç= Å~ëç= Ççë= ÉëíìÇçë= îáë~åÇç= Éëíáã~ê= ç= ëçÄêÉJêáëÅç= ÇÉ= ÇçÉå´~ë= ~ç=
êÉÇçê= ÇÉ= ìëáå~ë= åìÅäÉ~êÉëK= lìíêç= Å~ëç= ¨= Éëí~ÄÉäÉÅÉê= ç= êÉä~Åáçå~ãÉåíç= ÇÉ=
çÅçêêÆåÅá~= ÇÉ= ÉîÉåíçë= Åçã= Å~ê~ÅíÉê∞ëíáÅ~ë= Çç= áåÇáî∞ÇìçI= áåÅçêéçê~åÇç= ~=
éçëëáÄáäáÇ~ÇÉ= ÇÉ= Ü~îÉê= ~äÖìã= Ñ~íçê= ~ãÄáÉåí~äI= Çç= èì~ä= å©ç= ëÉ= ÇáëéπÉ= ÇÉ=
Ç~ÇçëK= mçê= ÉñÉãéäçI= ëÉê•= èìÉ= ~= ãçêí~äáÇ~ÇÉ= éçê= íìÄÉêÅìäçëÉI= ãÉëãç=
ÅçåëáÇÉê~åÇç=çë=Ñ~íçêÉë=ÇÉ=êáëÅç=ÅçåÜÉÅáÇçëI=î~êá~=Åçã=ç=äçÅ~ä=ÇÉ=êÉëáÇÆåÅá~=
Çç= é~ÅáÉåíÉ\=^ë= í¨ÅåáÅ~ë= ìëì~áë= åç= íê~í~ãÉåíç= ÇÉëíÉ= íáéç= ÇÉ= éêçÄäÉã~= ë©ç=
~ÄçêÇ~Ç~ë=åç=`~é∞íìäç=OK=

= `çãç=ÉñÉãéäçI=~=cáÖìê~=NJO= áäìëíê~=~=~éäáÅ~´©ç=Ç~ë=~å•äáëÉ=ÇÉ=é~ÇêπÉë=
éçåíì~áë=é~ê~=ç= Å~ëç=ÇÉ=ãçêí~äáÇ~ÇÉ=éçê= Å~ìë~ë=ÉñíÉêå~ë= Éã=mçêíç=^äÉÖêÉI=
Åçã=çë=Ç~Ççë=ÇÉ=NVVSI=êÉ~äáò~Ç~=éçê=páãçåÉ=p~åíçë==É=`Üêáëíçî~ã=_~êÅÉääçëI=
Ç~= cfl`orwK= ^= äçÅ~äáò~´©ç= Ççë= ÜçãáÅ∞Çáçë= EîÉêãÉäÜçFI= = ~ÅáÇÉåíÉë= ÇÉ=
íêßåëáíç=E~ã~êÉäçF=É=ëìáÅ∞Çáçë=E~òìäF=Éëí~=ãçëíê~Ç~=å~=cáÖìê~=NJO=E¶=ÉëèìÉêÇ~FK=
È=ÇáêÉáí~I=~éêÉëÉåí~JëÉ=ìã~=ëìéÉêÑ∞ÅáÉ=é~ê~=~=áåíÉåëáÇ~ÇÉ=Éëíáã~Ç~I=èìÉ=éçÇÉ=
ëÉê= éÉåë~Ç~= Åçãç= ~= “íÉãéÉê~íìê~= Ç~= îáçäÆåÅá~ÒK= ^= ëìéÉêÑ∞ÅáÉ= áåíÉêéçä~Ç~=
ãçëíê~=ìã=é~Çê©ç=ÇÉ=ÇáëíêáÄìá´©ç=ÇÉ=éçåíçë=Åçã=ìã~=ÑçêíÉ=ÅçåÅÉåíê~´©ç=åç=
ÅÉåíêç=Ç~=ÅáÇ~ÇÉ=É=ÇÉÅêÉëÅÉåÇç=Éã=ÇáêÉ´©ç=~çë=Ä~áêêçë=ã~áë=~Ñ~ëí~ÇçëK=

 

Figura 1-2  Distribuição de casos de mortalidade por causas externas em Porto Alegre em 
1996 e estimador de intensidade. 



= m~ê~=~=~å•äáëÉ=ÇÉ=ëìéÉêÑ∞ÅáÉëI=ç=çÄàÉíáîç=¨=êÉÅçåëíêìáê=~=ëìéÉêÑ∞ÅáÉ=Ç~=èì~ä=
ëÉ=êÉíáêçì=É=ãÉÇáì=~ë=~ãçëíê~ëK=`çãç=ÉñÉãéäçI=ÅçåëáÇÉêÉJëÉ=~=ÇáëíêáÄìá´©ç=ÇÉ=
éÉêÑáë=É=~ãçëíê~ë=ÇÉ=ëçäç=é~ê~=ç=Éëí~Çç=ÇÉ=p~åí~=`~í~êáå~=É=•êÉ~ë=éêµñáã~ëI=É=
ç=ã~é~=ÇÉ=ÇáëíêáÄìá´©ç=Éëé~Åá~ä=Ç~=î~êá•îÉä=ë~íìê~´©ç=éçê=Ä~ëÉëI=éêçÇìòáÇçë=
éçê=páãçåÉ=_∏åáëÅÜI=Çç=fkmbI=É=~éêÉëÉåí~Ççë=å~=cáÖìê~=NJPKK=

  *  Perfis
  *  Amostras

55,437 (%)

8,250

=

=

Figura 1-3 - Distribuição de perfis e amostras de solo em Santa Catarina (esquerda) e 
distribuição contínua estimada para a variável saturação por bases (direita). 

=

= `çãç= Ñçá= Åçåëíêì∞Çç= ÉëíÉ= ã~é~\= ^ë= ÅêìòÉë= ÇÉëí~Å~Ç~ë= áåÇáÅ~ã= ~=
äçÅ~äáò~´©ç= Ççë= éçåíçë= ÇÉ= ÅçäÉí~= ÇÉ= ~ãçëíê~ë= Çç= ëçäçX= ~= é~êíáê= ÇÉëí~ë=
ãÉÇáÇ~ëI= Ñçá= Éëíáã~Çç= ìã=ãçÇÉäç=ÇÉ= ÇÉéÉåÇÆåÅá~= Éëé~Åá~äI= èìÉ= éÉêãáíáì= ~=
áåíÉêéçä~´©ç= Ç~= ëìéÉêÑ∞ÅáÉ= ~éêÉëÉåí~Ç~= åç= ã~é~K= l= ãçÇÉäç= áåÑÉêÉåÅá~äI=
ÇáëÅìíáÇç=Éã=ã~áçê=ÇÉí~äÜÉ=åçë=Å~é∞íìäçë=P=É=QI=íÉã=éçê=çÄàÉíáîç=èì~åíáÑáÅ~ê=
~=ÇÉéÉåÇÆåÅá~=Éëé~Åá~ä=ÉåíêÉ=çë=î~äçêÉë=Ç~ë=~ãçëíê~ëK=bëíÉ=ãçÇÉäç=ìíáäáò~=~ë=
í¨ÅåáÅ~ë= Ç~= ÖÉçÉëí~í∞ëíáÅ~I= Åìà~= ÜáéµíÉëÉ= ÅÉåíê~ä= ¨= ç= ÅçåÅÉáíç= ÇÉ=
Éëí~Åáçå~êáÉÇ~ÇÉI=èìÉ=ëìéπÉ=ìã=Åçãéçêí~ãÉåíç=ÜçãçÖÆåÉç=Ç~=Éëíêìíìê~=ÇÉ=
ÅçêêÉä~´©ç=Éëé~Åá~ä=å~=êÉÖá©ç=ÇÉ=ÉëíìÇçI=É= ëÉê•=ÇáëÅìíáÇç=å~=ëÉ´©ç=NKQ=ÇÉëíÉ=
Å~é∞íìäçK=`çãç=Ç~Ççë=~ãÄáÉåí~áë= ë©ç=êÉëìäí~åíÉë=ÇÉ= ÑÉå∑ãÉåçë=å~íìê~áë=ÇÉ=
äçåÖ~= É= ã¨Çá~= Çìê~´©ç= EÅçãç= çë= éêçÅÉëëçë= ÖÉçäµÖáÅçëFI= ~ë= ÜáéµíÉëÉë= ÇÉ=
Éëí~Åáçå~êáÉÇ~ÇÉ= ¨= ÇÉÅçêêÉåíÉ= Ç~= êÉä~íáî~= Éëí~ÄáäáÇ~ÇÉ= ÇÉëíÉë= éêçÅÉëëçëX= å~=
éê•íáÅ~I=áëíç=áãéäáÅ~=èìÉ=~=Éëí~Åáçå~êáÉÇ~ÇÉ=Éëí•=éêÉëÉåíÉ=åìã=Öê~åÇÉ=å∫ãÉêç=
ÇÉ=ëáíì~´πÉëK=aÉîÉ=ëÉê=çÄëÉêî~Çç=èìÉ=~=Éëí~Åáçå~êáÉÇ~ÇÉ=¨=ìã~=ÜáéµíÉëÉ=ÇÉ=
íê~Ä~äÜç= å©ç= êÉëíêáíáî~= å~= ~ÄçêÇ~ÖÉã= ÇÉ= éêçÄäÉã~ë= å©çJÉëí~Åáçå•êáçëK=
j¨íçÇçë= Åçãç= âêáÖÉ~ÖÉã= ìåáîÉêë~äI= Ñ~áJâI= ÇÉêáî~= ÉñíÉêå~I= âêáÖÉ~ÖÉã=
ÅçäçÅ~Ç~I=âêáÖÉ~ÖÉã=Çáëàìåíáî~==ÇÉëíáå~ãJëÉ=~ç=íê~í~ãÉåíç=ÇÉ=ÑÉå∑ãÉåçë=å©ç=
Éëí~Åáçå•êáçëK=

= kç=Å~ëç=ÇÉ=~å•äáëÉ=ÇÉ=•êÉ~ëI=ÇÉëÉåîçäîáÇ~=åç=`~é∞íìäç=RI=çë=Ç~Ççë=ë©çI=
Éã=Öê~åÇÉ=é~êíÉI=çêáìåÇçë=ÇÉ=äÉî~åí~ãÉåíçë=éçéìä~Åáçå~áë=í~áë=Åçãç=ÅÉåëçëI=
Éëí~í∞ëíáÅ~ë=ÇÉ=ë~∫ÇÉ=É=Å~Ç~ëíê~ãÉåíç=ÇÉ=áãµîÉáëK=bëí~ë=•êÉ~ë=ë©ç=ìëì~äãÉåíÉ=
ÇÉäáãáí~Ç~ë= éçê= éçä∞Öçåçë= ÑÉÅÜ~Ççë= çåÇÉ= ëÉ= ëìéπÉ= Ü~îÉê= ÜçãçÖÉåÉáÇ~ÇÉ=
áåíÉêå~I= çì= ëÉà~I= ãìÇ~å´~ë= áãéçêí~åíÉë= ëµ= çÅçêêÉã= åçë= äáãáíÉëK=
bîáÇÉåíÉãÉåíÉI= Éëí~= ¨= ìã~= éêÉãáëë~= åÉã= ëÉãéêÉ= îÉêÇ~ÇÉáê~I= Ç~Çç= èìÉ=
ÑêÉèΩÉåíÉãÉåíÉ= ~ë= ìåáÇ~ÇÉë= ÇÉ= äÉî~åí~ãÉåíç= ë©ç= ÇÉÑáåáÇ~ë= éçê= Åêáí¨êáçë=



çéÉê~Åáçå~áë=EëÉíçêÉë=ÅÉåëáí•êáçëF=çì=éçä∞íáÅçë=EãìåáÅ∞éáçëF=É=å©ç=Ü•=èì~äèìÉê=
Ö~ê~åíá~= èìÉ= ~= ÇáëíêáÄìá´©ç= Çç= ÉîÉåíç= ëÉà~= ÜçãçÖÆåÉ~= ÇÉåíêç= ÇÉëí~ë=
ìåáÇ~ÇÉëK= bã= é~∞ëÉë= Åçã= Öê~åÇÉë= Åçåíê~ëíÉë= ëçÅá~áë= Åçãç= ç= _ê~ëáäI= ¨=
ÑêÉèΩÉåíÉ= èìÉ= Öêìéçë= ëçÅá~áë= Çáëíáåíçë= ÉëíÉà~ã= ~ÖêÉÖ~Ççë= Éã= ìã~= ãÉëã~=
êÉÖá©ç= ÇÉ= ÅçäÉí~= Ó= Ñ~îÉä~ë= É= •êÉ~ë= åçÄêÉë= Ó= êÉëìäí~åÇç= Éã= áåÇáÅ~ÇçêÉë=
Å~äÅìä~Ççë=èìÉ=êÉéêÉëÉåí~ã=~=ã¨Çá~=ÉåíêÉ=éçéìä~´πÉë=ÇáÑÉêÉåíÉëK=bã=ÇáîÉêë~ë=
êÉÖáπÉëI=~ë=ìåáÇ~ÇÉë=~ãçëíê~áë=~éêÉëÉåí~ã=~áåÇ~=ÇáÑÉêÉå´~ë= áãéçêí~åíÉë=Éã=
éçéìä~´©ç= É= •êÉ~K=kÉëíÉ= Å~ëçI= í~åíç= ~= ~éêÉëÉåí~´©ç= Éã=ã~é~ë= Åçêçéä¨íáÅçë=
Åçãç=ç=Å•äÅìäç=ëáãéäÉë=ÇÉ=áåÇáÅ~ÇçêÉë=éçéìä~Åáçå~áë=éçÇÉ=äÉî~ê=~=Çáëíçê´πÉë=
åçë= áåÇáÅ~ÇçêÉë= çÄíáÇçë= É= ëÉê•= éêÉÅáëç= ìíáäáò~ê= í¨ÅåáÅ~ë= ÇÉ= ~àìëíÉ= ÇÉ=
ÇáëíêáÄìá´πÉëK==

= `çãç=ÉñÉãéäç=ÇÉ=Ç~Ççë=~ÖêÉÖ~Ççë=éçê=•êÉ~ëI=ÅçåëáÇÉêÉJëÉ=~=cáÖìê~=NJQ=
EÉëèìÉêÇ~FI= èìÉ= ~éêÉëÉåí~= ~= ÇáëíêáÄìá´©ç= Éëé~Åá~ä= Çç= ∞åÇáÅÉ= ÇÉ=
ÉñÅäìë©çLáåÅäìë©ç= ëçÅá~ä= ÇÉ= p©ç=m~ìäçI= éêçÇìòáÇç=éÉä~= ÉèìáéÉ= äáÇÉê~Ç~= éÉä~=
éêçÑK= ^äÇ~∞ò~= péçë~íá= Emr`LpmFK=lë= áåÇáÅ~ÇçêÉë= ÇÉ= ÉñÅäìë©çLáåÅäìë©ç= ëçÅá~ä=
Ñçê~ã=éêçÇìòáÇçë=~=é~êíáê=ÇÉ=Ç~Ççë=ÅçäÉí~Ççë=åçë=VS=Çáëíêáíçë=ÇÉ=p©ç=m~ìäçI=
Åçã= Ä~ëÉ= åç= ÅÉåëç= ÇÉ= NVVNK= ^= é~êíáê= ÇÉëíÉ= ã~é~I= Ñçá= éçëë∞îÉä= Éñíê~áê= ìã=
~ÖêÉÖ~ãÉåíçë= ÇÉ= ÉñÅäìë©ç= É= áåÅäìë©ç= ëçÅá~äI= ãçëíê~Ççë= å~= cáÖìê~= NJQ==
EÇáêÉáí~FI=èìÉ=áåÇáÅ~ã=çë=ÉñíêÉãçë=ÇÉ=ÉñÅäìë©ç=É=áåÅäìë©ç=ëçÅá~ä=å~=ÅáÇ~ÇÉK=

= =

Figura 1-4- Mapa de Exclusão/Inclusão Social de São Paulo (1991) e agrupamentos de 
exclusão social (Zonas Leste e Sul) e inclusão social (centro).=

=

=

1.3 REPRESENTAÇÃO COMPUTACIONAL DE DADOS GEOGRÁFICOS 

= l= íÉêãç= páëíÉã~ë= ÇÉ= fåÑçêã~´©ç= dÉçÖê•ÑáÅ~= EpfdF= ¨= ~éäáÅ~Çç= é~ê~=
ëáëíÉã~ë= èìÉ= êÉ~äáò~ã= ç= íê~í~ãÉåíç= Åçãéìí~Åáçå~ä= ÇÉ= Ç~Ççë= ÖÉçÖê•ÑáÅçë= É==
~êã~òÉå~ã=~=ÖÉçãÉíêá~=É=çë=~íêáÄìíçë=Ççë=Ç~Ççë=èìÉ=Éëí©ç=ÖÉçêÉÑÉêÉåÅá~ÇçëI=
áëíç= ¨I= äçÅ~äáò~Ççë= å~= ëìéÉêÑ∞ÅáÉ= íÉêêÉëíêÉ= É= êÉéêÉëÉåí~Ççë= åìã~= éêçàÉ´©ç=
Å~êíçÖê•ÑáÅ~K= kìã~= îáë©ç= ~Äê~åÖÉåíÉI= éçÇÉJëÉ= áåÇáÅ~ê= èìÉ= ìã= pfd= íÉã= çë=
ëÉÖìáåíÉë=ÅçãéçåÉåíÉëI=Åçãç=ãçëíê~Çç=å~=cáÖìê~=NJRW==



• fåíÉêÑ~ÅÉ=Åçã=ìëì•êáçX=

• båíê~Ç~=É=áåíÉÖê~´©ç=ÇÉ=Ç~ÇçëX=

• cìå´πÉë=ÇÉ=éêçÅÉëë~ãÉåíç=Öê•ÑáÅç=É=ÇÉ=áã~ÖÉåëX=

• sáëì~äáò~´©ç=É=éäçí~ÖÉãX=

• ^êã~òÉå~ãÉåíç= É= êÉÅìéÉê~´©ç= ÇÉ= Ç~Ççë= EçêÖ~åáò~Ççë= ëçÄ= ~==
Ñçêã~=ÇÉ=ìã=Ä~åÅç=ÇÉ=Ç~Ççë=ÖÉçÖê•ÑáÅçëFK==

= bëíÉë= ÅçãéçåÉåíÉë= ëÉ= êÉä~Åáçå~ã= ÇÉ= Ñçêã~= ÜáÉê•êèìáÅ~K= ^= áåíÉêÑ~ÅÉ=
ÜçãÉãJã•èìáå~= ÇÉÑáåÉ= Åçãç= ç= ëáëíÉã~= ¨= çéÉê~Çç= É= Åçåíêçä~ÇçK= kç= å∞îÉä=
áåíÉêãÉÇá•êáçI= ìã= pfd= ÇÉîÉ= íÉê= ãÉÅ~åáëãçë= ÇÉ= éêçÅÉëë~ãÉåíç= ÇÉ= Ç~Ççë=
Éëé~Åá~áë= EÉåíê~Ç~I= ÉÇá´©çI= ~å•äáëÉI= îáëì~äáò~´©ç= É= ë~∞Ç~FK= fåíÉêå~ãÉåíÉ= ~ç=
ëáëíÉã~I= ìã= Ä~åÅç= ÇÉ= Ç~Ççë= ÖÉçÖê•ÑáÅçë= ~êã~òÉå~= É= êÉÅìéÉê~= çë= Ç~Ççë=
Éëé~Åá~áëK= `~Ç~= ëáëíÉã~I= Éã= Ñìå´©ç= ÇÉ= ëÉìë= çÄàÉíáîçë= É= åÉÅÉëëáÇ~ÇÉëI=
áãéäÉãÉåí~=ÉëíÉë=ÅçãéçåÉåíÉë=ÇÉ= Ñçêã~=Çáëíáåí~I=ã~ë= íçÇçë=çë= ëìÄëáëíÉã~ë=
Åáí~Ççë=Éëí©ç=éêÉëÉåíÉë=åìã=pfdK=

=
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Figura 1-5 - Arquitetura de Sistemas de Informação Geográfica. 

= ^=çêÖ~åáò~´©ç=ÇÉ=Ä~åÅçë=ÇÉ=Ç~Ççë=ÖÉçÖê•ÑáÅçë=ã~áë=ìíáäáò~Ç~=¨=ç=ãçÇÉäç=
ÖÉçJêÉä~Åáçå~ä= Eçì= ~êèìáíÉíìê~=Çì~äFI=èìÉ=ìíáäáò~= ìã= ëáëíÉã~= ÖÉêÉåÅá~Ççê= ÇÉ=
Ä~åÅçë= ÇÉ= Ç~Ççë= Epd_aF= êÉä~Åáçå~äI= Åçãç= ç= a_^pb= çì= ^``bppI= é~ê~=
~êã~òÉå~ê= Éã= ëì~ë= í~ÄÉä~ë=çë= ~íêáÄìíçë=Ççë=çÄàÉíçë= ÖÉçÖê•ÑáÅçëI= É= ~êèìáîçë=
Öê•ÑáÅçë=ëÉé~ê~Ççë=é~ê~=Öì~êÇ~ê=~ë=êÉéêÉëÉåí~´πÉë=ÖÉçã¨íêáÅ~ë=ÇÉëíÉë=çÄàÉíçëK==

= ^= éêáåÅáé~ä= î~åí~ÖÉã= Çç= ãçÇÉäç= ÖÉçJêÉä~Åáçå~ä= ¨= éçÇÉê= ìíáäáò~ê= çë=
pd_aë= êÉä~Åáçå~áë= ÇÉ= ãÉêÅ~ÇçK= aç= éçåíç= ÇÉ= îáëí~= Çç= ìëì•êáçI= Éëí~=
çêÖ~åáò~´©ç= éÉêãáíÉ= èìÉ= ~éäáÅ~´πÉë= ÅçåîÉåÅáçå~áëI= ÅçåÅÉÄáÇ~ë= É=
ÇÉëÉåîçäîáÇ~ë= ÇÉåíêç= Çç= ~ãÄáÉåíÉ= Çç= pd_a= êÉä~Åáçå~äI= Åçãé~êíáäÜÉã= çë=



~íêáÄìíçë=Ççë=çÄàÉíçë=ÖÉçÖê•ÑáÅçëK=kç=Éåí~åíçI=Åçãç=ç=pd_a=êÉä~Åáçå~ä=å©ç=
ÅçåÜÉÅÉ= ~= Éëíêìíìê~= Öê•ÑáÅ~= ÉñíÉêå~I= ÉñáëíÉ= ç= ë¨êáç= êáëÅç= ÇÉ= ëÉ= áåíêçÇìòáê=
áåÅçåëáëíÆåÅá~ë=åç=Ä~åÅç=ÇÉ=Ç~Ççë=ÖÉçÖê•ÑáÅçK=fã~ÖáåÉJëÉI=éçê=ÉñÉãéäçI=èìÉ=
ìã= ìëì•êáç= ÇÉ= ~éäáÅ~´©ç= ÉñÅäìëáî~ãÉåíÉ= ~äÑ~åìã¨êáÅ~= éçëë~= ÉñÅäìáê= ìã=
êÉÖáëíêç=~äÑ~åìã¨êáÅçI=ã~ë=èìÉ=ÅçãéπÉ=ìã=Åçåàìåíç=ÇÉ=~íêáÄìíçë=é~ê~=ìã~=
ÇÉíÉêãáå~Ç~= ÉåíáÇ~ÇÉ= ÖÉçÖê•ÑáÅ~K= bëí~= ÉåíáÇ~ÇÉ= ÖÉçÖê•ÑáÅ~= é~ëë~= ~= å©ç= íÉê=
ã~áë= ~íêáÄìíçëI= íçêå~åÇçJëÉ= áåÅçåëáëíÉåíÉK= ^ëëáãI= ç= ~ÅÉëëç= ~= ~íêáÄìíçë=
~äÑ~åìã¨êáÅçë=ÇÉ=Ç~Ççë=ÖÉçÖê•ÑáÅçë= ëµ=éçÇÉ=ëÉê= ÑÉáíç=ÇÉ=ã~åÉáê~=ÅêáíÉêáçë~I=
ÇÉåíêç=ÇÉ=ÅçåíêçäÉë= ê∞ÖáÇçë=èìÉ=éêÉÅáë~ã=ëÉê= áãéäÉãÉåí~Ççë=éÉä~=~éäáÅ~´©çI=
ìã~= îÉò= èìÉ= ç=ãçÇÉäç= ÖÉçJêÉä~Åáçå~ä= å©ç=çÑÉêÉÅÉ= èì~äèìÉê= êÉÅìêëç= é~ê~= ~=
Ö~ê~åíá~=~ìíçã•íáÅ~=Ç~=áåíÉÖêáÇ~ÇÉ=Ççë=Ç~ÇçëK=

= ^ë= êÉéêÉëÉåí~´πÉë= ÖÉçã¨íêáÅ~ë= ìíáäáò~Ç~ë= áåÅäìÉã= ~ë= ëÉÖìáåíÉë=
~äíÉêå~íáî~ëW=

• mçåíçë=OaW=rã=éçåíçOa=¨=ìã=é~ê=çêÇÉå~Çç= EñI=óF=ÇÉ=ÅççêÇÉå~Ç~ë=
Éëé~Åá~áëK= = rã= éçåíç= áåÇáÅ~= ìã= äçÅ~ä= ÇÉ= çÅçêêÆåÅá~= ÇÉ= ìã= ÉîÉåíçI=
Åçãç= åç= Å~ëç= Ç~= ãçêí~äáÇ~ÇÉ= éçê= Å~ìë~ë= ÉñíÉêå~ëI= ãçëíê~Ç~= å~=
cáÖìê~=NJOK==

• mçä∞ÖçåçëW=rã=éçä∞Öçåç=¨=ìã=Åçåàìåíç=ÇÉ=é~êÉë=çêÇÉå~Ççë=ôEñI=óFõ=ÇÉ=
ÅççêÇÉå~Ç~ë=Éëé~Åá~áëI=ÇÉ=í~ä=Ñçêã~=èìÉ=ç=∫äíáãç=éçåíç=ëÉà~=áÇÆåíáÅç=
~ç= éêáãÉáêçI= Ñçêã~åÇç= ìã~= êÉÖá©ç= ÑÉÅÜ~Ç~= Çç= éä~åçK= k~= ëáíì~´©ç=
ã~áë=ëáãéäÉëI=Å~Ç~=éçä∞Öçåç=ÇÉäáãáí~=ìã~=çÄàÉíç=áåÇáîáÇì~ä=EÅçãç=åç=
Å~ëç=Ççë=Çáëíêáíçë=ÇÉ= p©ç=m~ìäç=å~=cáÖìê~=NJQFX= åç= Å~ëç=ã~áë= ÖÉê~äI=
ìã~= êÉÖá©ç= áåÇáîáÇì~ä= ÇÉ= áåíÉêÉëëÉ= éçÇÉ= ëÉê= ÇÉäáãáí~Ç~= éçê= î•êáçë=
éçä∞ÖçåçëK=

• ^ãçëíê~ëW=ÅçåëáëíÉã=ÇÉ=é~êÉë=çêÇÉå~Ççë=ôEñI=óI=òõF=åçë=èì~áë=çë=é~êÉë=
EñI= óF= áåÇáÅ~ã= ~ë= ÅççêÇÉå~Ç~ë= ÖÉçÖê•ÑáÅ~ë= É= ò= áåÇáÅ~= ç= î~äçê= Ç~=
ÑÉå∑ãÉåç= ÉëíìÇ~Çç= é~ê~= Éëë~= äçÅ~äáò~´©çK= rëì~äãÉåíÉ= ~ë= ~ãçëíê~ë=
Éëí©ç=~ëëçÅá~Ç~ë=~ë=äÉî~åí~ãÉåíçë=ÇÉ=Å~ãéçI=Åçãç=åç=Å~ëç=ÇÉ=Ç~Ççë=
ÖÉçÑ∞ëáÅçëI= ÖÉçèì∞ãáÅçë= É= çÅÉ~åçÖê•ÑáÅçëK= l= ÅçåÅÉáíç= ÇÉ= ~ãçëíê~=
éçÇÉ= ëÉê= ÖÉåÉê~äáò~Çç= é~ê~= ç= Å~ëç= ÇÉ= ã∫äíáéä~ë= ãÉÇáÇ~ë= Éã= ìã~=
ãÉëã~=äçÅ~äáÇ~ÇÉK==

• dê~ÇÉ=êÉÖìä~êW=¨=ìã~=ã~íêáò=çåÇÉ=Å~Ç~=ÉäÉãÉåíç=Éëí•=~ëëçÅá~Çç=~=ìã=
î~äçê=åìã¨êáÅçK=bëí~=ã~íêáò=Éëí•=~ëëçÅá~Ç~=~=ìã~=êÉÖá©ç=Ç~=ëìéÉêÑ∞ÅáÉ=
íÉêêÉëíêÉI= ~= é~êíáê= ÇÉ= ÅççêÇÉå~Ç~= áåáÅá~äI= åçêã~äãÉåíÉ= êÉÑÉêáÇ~= ~ç=
Å~åíç= áåÑÉêáçê= ÉëèìÉêÇç=Ç~=ã~íêáòI= É= ÇÉ= Éëé~´~ãÉåíçë= êÉÖìä~êÉë= å~ë=
ÇáêÉ´πÉë=Üçêáòçåí~ä=É=îÉêíáÅ~äK==

• fã~ÖÉãW=¨=ìã~=ã~íêáò=çåÇÉ=Å~Ç~=ÉäÉãÉåíç=Éëí•=~ëëçÅá~Çç=~=ìã=î~äçê=
áåíÉáêç= Eìëì~äãÉåíÉ= å~= Ñ~áñ~= ÉåíêÉ= M= É= ORRFI= ìíáäáò~Ç~= é~ê~=
îáëì~äáò~´©çK=bëí~=ã~íêáò=¨=ìíáäáò~Ç~=é~ê~=~éêÉëÉåí~´©ç=Öê•ÑáÅ~=ÇÉ=ìã~=
Öê~ÇÉ=êÉÖìä~êK=lë=î~äçêÉë=åìã¨êáÅçë=Ç~=Öê~ÇÉ=ë©ç=ÉëÅ~äçå~Ççë=é~ê~=ç=



áåíÉêî~äç= ÇÉ= ~éêÉëÉåí~´©ç= Ç~= áã~ÖÉãX= çë= ã~áçêÉë= î~äçêÉë= ëÉê©ç=
ãçëíê~Ççë=Éã=å∞îÉáë=ÇÉ=Åáåò~=ã~áë=Åä~êçëI=É=çë=ãÉåçêÉë=Éã=å∞îÉáë=ÇÉ=
Åáåò~=ã~áë=ÉëÅìêçëK=k~=ã~áçê=é~êíÉ=Ççë=pfdI=çÑÉêÉÅÉã=~=éçëëáÄáäáÇ~ÇÉ=
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Figura 1-6 – Geometrias: Ponto2D, Amostra e Polígono 
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Figura 1-7 – Representação Geométrica de Grade Regular 
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Figura 1-8 - Estratégia dual para bancos de dados geográficos. 
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1.4 CONCEITOS BÁSICOS EM ANÁLISE ESPACIAL 
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bëí~Åáçå~êáÉÇ~ÇÉ=É=fëçíêçéá~=

= lë=éêáåÅáé~áë=ÅçåÅÉáíçë=Éëí~í∞ëíáÅçë=èìÉ=ÇÉÑáåÉã=~=Éëíêìíìê~=Éëé~Åá~ä=Ççë=
Ç~Ççë= êÉä~Åáçå~ãJëÉ= ~çë= ÉÑÉáíçë= ÇÉ= NŸ= É= OŸ= çêÇÉãK=bÑÉáíç= ÇÉ= NŸ= çêÇÉã= ¨= ç=
î~äçê=ÉëéÉê~ÇçI=áëíç=¨I=~=ã¨Çá~=Çç=éêçÅÉëëç=åç=Éëé~´çK=bÑÉáíç=ÇÉ=OŸ=çêÇÉã=¨=~=
Åçî~êáßåÅá~=ÉåíêÉ=~ë=•êÉ~ë=ëá=É=ëàK=rã=ÅçåÅÉáíç=áãéçêí~åíÉ=åÉëíÉ=íáéç=ÇÉ=ÉëíìÇç=
¨=ç=ÇÉ=Éëí~Åáçå~êáÉÇ~ÇÉK=l=éêçÅÉëëç=¨=ÅçåëáÇÉê~Çç=Éëí~Åáçå•êáç=ëÉ=çë=ÉÑÉáíçë=
ÇÉ=NŸ=É=OŸ=çêÇÉã=ë©ç=Åçåëí~åíÉëI=Éã=íçÇ~=~=êÉÖá©ç=ÉëíìÇ~Ç~I=çì=ëÉà~I=å©ç=Ü•=
íÉåÇÆåÅá~K=rã=éêçÅÉëëç=¨= áëçíêµéáÅç=ëÉI=~ä¨ã=ÇÉ=Éëí~Åáçå•êáçI=~=Åçî~êáßåÅá~=
ÇÉéÉåÇÉ=ëçãÉåíÉ=Ç~=ÇáëíßåÅá~=ÉåíêÉ=çë=éçåíçë=É=å©ç=Ç~=ÇáêÉ´©ç=ÉåíêÉ=ÉäÉëK=

= rã=éêçÅÉëëç=ÉëíçÅ•ëíáÅç= Z =¨=Çáíç=ëÉê=Éëí~Åáçå•êáç=ÇÉ=ëÉÖìåÇ~=çêÇÉã=ëÉ=~=
ÉëéÉê~å´~=ÇÉ= ( )uZ = ¨=Åçåëí~åíÉ=Éã=íçÇ~=~= êÉÖá©ç=ÇÉ=ÉëíìÇç= A I=çì=ëÉà~=å©ç=

ÇÉéÉåÇÉ=Ç~=ëì~=éçëá´©ç=

( ){ } mZE =u = ENJQF=

É= ~= Éëíêìíìê~=ÇÉ= Åçî~êáßåÅá~= Éëé~Åá~ä= ÇÉéÉåÇÉ=ìåáÅ~ãÉåíÉ=Çç= îÉíçê= êÉä~íáîç=
ÉåíêÉ=éçåíçë= ´uuh −= =

( ) ( ) ( ){ } ( ){ } ( ){ }huuhuuh +−+⋅= ZEZEZZEC = ENJRF=

= a~Çç= ìã= éêçÅÉëëç= Éëé~Åá~ä= ÉëéÉÅ∞ÑáÅçI= ~= ÜáéµíÉëÉ= Ç~= Éëí~Åáçå~êáÉÇ~ÇÉ=
éçÇÉ= ëÉê= ÅçêêçÄçê~Ç~= ~= é~êíáê= ÇÉ= éêçÅÉÇáãÉåíçë= ÇÉ= ~å•äáëÉ= Éñéäçê~íµêá~= É=
Éëí~í∞ëíáÅ~ë= ÇÉëÅêáíáî~ëI= Åìàç= Å•äÅìäç= ÇÉîÉ= ÅçåëáÇÉê~ê= ÉñéäáÅáí~ãÉåíÉ= ~=
äçÅ~äáò~´©ç=Éëé~Åá~äK=k~=Åçî~êáßåÅá~=Éëé~Åá~ä= hC I=ç=îÉíçê= h =ÅçãéêÉÉåÇÉ=~=

ÇáëíßåÅá~ h É=~=ÇáêÉ´©çK=nì~åÇç=~=Éëíêìíìê~=ÇÉ=Åçî~êáßåÅá~I=~ä¨ã=ÇÉ=î~êá~ê=

Åçã=~=ÇáëíßåÅá~I=î~êá~=ëáãìäí~åÉ~ãÉåíÉ=Éã=Ñìå´©ç=Ç~=ÇáêÉ´©çI=Éä~=¨=Çáí~=ëÉê=
~åáëçíêµéáÅ~K=kç=Å~ëç=Éã=èìÉ=~=ÇÉéÉåÇÆåÅá~=Éëé~Åá~ä=¨=~=ãÉëã~=Éã=íçÇ~ë=~ë=
ÇáêÉ´πÉëI=ÇáòJëÉ=èìÉ=ç= ÑÉå∑ãÉåç=¨= áëçíêµéáÅçK=^=ãçÇÉä~ÖÉã=Ç~=Éëíêìíìê~=ÇÉ=
Åçî~êáßåÅá~=Éëé~Åá~ä=¨=ãÉäÜçê=ÇÉí~äÜ~Ç~=åçë=Å~é∞íìäçë=èìÉ=ëÉ=ëÉÖìÉãK=mçê=çê~=
¨= áãéçêí~åíÉ= ë~äáÉåí~ê= ~ë= Å~ê~ÅíÉê∞ëíáÅ~ë= Ä•ëáÅ~ë= ÇÉ= ìã~= Éëíêìíìê~= ÇÉ=
Åçî~êáßåÅá~=Éëé~Åá~ä=ÇÉ=Ñçêã~=~=íçêå~ê=ÅçãéêÉÉåë∞îÉä=çë=ÅçåÅÉáíçë=ìíáäáò~Ççë=
åç=äáîêçK=



1.5 O PROCESSO DA ANÁLISE ESPACIAL 

= ^= ~å•äáëÉ= Éëé~Åá~ä= ¨= Åçãéçëí~= éçê= ìã= Åçåàìåíç= ÇÉ= éêçÅÉÇáãÉåíçë=
ÉåÅ~ÇÉ~Ççë= Åìà~= Ñáå~äáÇ~ÇÉ= ¨= ~= ÉëÅçäÜ~= ÇÉ= ìã= ãçÇÉäç= áåÑÉêÉåÅá~ä= èìÉ=
ÅçåëáÇÉêÉ= ÉñéäáÅáí~ãÉåíÉ= ç= êÉä~Åáçå~ãÉåíç= Éëé~Åá~ä= éêÉëÉåíÉ= åç= ÑÉå∑ãÉåçK=
lë= éêçÅÉÇáãÉåíçë= áåáÅá~áë= Ç~= ~å•äáëÉ= áåÅäìÉã= ç= Åçåàìåíç= ÇÉ= ã¨íçÇçë=
ÖÉå¨êáÅçë=ÇÉ=~å•äáëÉ=Éñéäçê~íµêá~=É=~=îáëì~äáò~´©ç=Ççë=Ç~ÇçëI=Éã=ÖÉê~ä=~íê~î¨ë=
ÇÉ=ã~é~ëK=bëë~ë= í¨ÅåáÅ~ë=éÉêãáíÉã=ÇÉëÅêÉîÉê=~=ÇáëíêáÄìá´©ç=Ç~ë=î~êá•îÉáë=ÇÉ=
ÉëíìÇçI=áÇÉåíáÑáÅ~ê=çÄëÉêî~´πÉë=~í∞éáÅ~ë= EçìíäáÉêëF=å©ç=ëµ=Éã=êÉä~´©ç=~ç= íáéç=
ÇÉ=ÇáëíêáÄìá´©çI=ã~ë= í~ãÄ¨ã=Éã=êÉä~´©ç=~çë=îáòáåÜçëI=É=ÄìëÅ~ê=~=ÉñáëíÆåÅá~=
ÇÉ=é~ÇêπÉë=å~=ÇáëíêáÄìá´©ç=Éëé~Åá~äK=^íê~î¨ë=ÇÉëëÉë=éêçÅÉÇáãÉåíçë=¨=éçëë∞îÉä=
Éëí~ÄÉäÉÅÉê= ÜáéµíÉëÉë= ëçÄêÉ= ~ë=çÄëÉêî~´πÉëI=ÇÉ= Ñçêã~=~= ëÉäÉÅáçå~ê=ç=ãçÇÉäç=
áåÑÉêÉåÅá~ä=ãÉäÜçê=ëìéçêí~Çç=éÉäçë=Ç~ÇçëK===

= lë=ãçÇÉäçë= áåÑÉêÉåÅá~áë= Éëé~Åá~áë= ë©ç=ìëì~äãÉåíÉ= ~éêÉëÉåí~Ççë= Éã= íêÆë=
Öê~åÇÉë=ÖêìéçëW=î~êá~´©ç=Åçåí∞åì~I=î~êá~´©ç=ÇáëÅêÉí~=É=çë=éêçÅÉëëçë=éçåíì~áëK=
^=êÉëçäì´©ç=ÇÉ=ìã=éêçÄäÉã~=Éëé~Åá~ä=éçÇÉ=ÉåîçäîÉê=~=ìíáäáò~´©ç=ÇÉ=ìã=ÇÉäÉë=
çì=~= áåíÉê~´©ç=ÇÉ=~äÖìåë=çì=ãÉëãç=ÇÉ= íçÇçëK=l=ÉñÉãéäç=~Ä~áñç= áäìëíê~=~ë=
ÇáÑÉêÉå´~ë=ÉåíêÉ=ÉëëÉë=ãçÇÉäçëI=Åçãç=éçÇÉã=ëÉê=ìíáäáò~Ççë=É=Åçãç=áåíÉê~ÖÉã=
ÇÉåíêç= ÇÉ= ìã= ãÉëãç= éêçÅÉëëç= Éã= èìÉ= èìÉëíπÉëI= Ä~ëÉ~Ç~ë= Éã= Ñ~íçë= êÉ~áëI=
ÇÉîÉã=ëÉê=êÉëéçåÇáÇ~ëK=

= ^=iÉáëÜã~åáçëÉ= îáëÅÉê~ä= ¨= ìã~=ÇçÉå´~=éêáåÅáé~äãÉåíÉ=ÇÉ= ~åáã~áëI=ã~ë=
èìÉ=í~ãÄ¨ã=~íáåÖÉ=ç=ÜçãÉãK=l=éêáåÅáé~ä=êÉëÉêî~íµêáç=Ççã¨ëíáÅç=Ç~=ÇçÉå´~=
ìêÄ~å~= ë©ç= çë= Å©ÉëI= å©ç= Ü~îÉåÇç= íê~í~ãÉåíç= é~ê~= ÉëëÉëK= ^= ÇçÉå´~= ¨=
íê~åëãáíáÇ~=éçê=ãçëèìáíçëI=èìÉ=ëÉ=êÉéêçÇìòÉã=åç=ëçäç=É=Éã=ã~í¨êá~=çêÖßåáÅ~=
Éã=ÇÉÅçãéçëá´©çI=Åçãç=é¨ë=ÇÉ=Ä~å~åÉáê~=É=ÑçäÜ~ë=Å~∞Ç~ëK=kçë=∫äíáãçë=~åçë=
Ñçê~ã=ÇÉíÉÅí~Ççë=~äÖìåë=ëìêíçë=ÉéáÇÆãáÅçë=Éã=ÅáÇ~ÇÉë=Äê~ëáäÉáê~ë=Åçãç=_Éäç=
eçêáòçåíÉI=^ê~´~íìÄ~I=`ìá~Ä•I=qÉêÉëáå~=É=k~í~äK=l=ÅçåíêçäÉ=Ç~=ÇçÉå´~=Éëí•=
ÑìåÇ~ãÉåí~Çç=åç=ÅçãÄ~íÉ=~ç=áåëÉíç=É=å~=Éäáãáå~´©ç=ÇÉ=Å©Éë=ÇçÉåíÉë=Ç~=•êÉ~=
ÇÉ= ÑçÅçI= ÇÉÑáåáÇç= Éã= OMM= ãÉíêçë= Éã= íçêåç= Çç= Å~ëç= Üìã~åç= çì= Å~åáåçK=
båíêÉí~åíçI=~=áåíÉåëáî~=~éäáÅ~´©ç=Ç~ë=ãÉÇáÇ~ë=éêÉÅçåáò~Ç~ë=å©ç=îÉã=çÄíÉåÇç=
ç=êÉëìäí~Çç=ÇÉëÉà~ÇçI=ã~åíÉåÇçJëÉ=~=ÉåÇÉãá~K=mçê=çìíêç=ä~ÇçI=~=éçéìä~´©çI=
ÉãÄçê~= ÅççéÉêÉ= åç= éêáãÉáêç= ãçãÉåíçI= èì~åÇç= Ç~= ÇÉëÅçÄÉêí~= ÇÉ= Å~ëçë=
Üìã~åçë= Öê~îÉëI= ÇÉéçáë= ÇÉ=ãÉëÉë= ÇÉ= äÉî~åí~ãÉåíçë= ÅçãÉ´~= ÇÉ= å©ç= ~ÅÉáí~ê=
ã~áë=~=Éäáãáå~´©ç=Ççë=Å©ÉëK=l=éêçÄäÉã~=¨=Öê~îÉI=É=~áåÇ~=ëÉã=ëçäì´©çI=ëÉåÇç=
åÉÅÉëë•êáç=~î~äá~ê=~=ÉÑáÅ•Åá~=Ç~ë=Éëíê~í¨Öá~ë=ÇÉ=ÅçåíêçäÉ=åç=ÅçåíÉñíç=ìêÄ~åçK=
ríáäáò~åÇç= ~ë= ÑÉêê~ãÉåí~ë= ÇÉ= ~å•äáëÉ= Éëé~Åá~äI= ~äÖìã~ë= èìÉëíπÉë= éçÇÉã=
~Åìãìä~ê=ëìÄë∞Çáçë=é~ê~=êÉëéçåÇÉê=~=ÉëëÉ=éêçÄäÉã~K=`çãç=éçê=ÉñÉãéäçW=



nì~ä=ç=ê~áç=ÇÉ=ÇáëéÉêë©ç=Çç=ãçëèìáíç=Éã=íçêåç=ÇÉ=ëÉì=Ü~Äáí~í\==

= k~=ãçÇÉä~ÖÉã= Ç~= ÇáëéÉêë©ç= Çç= îÉíçê= Ç~= iÉáëÜã~åáçëÉI= ÉëëÉåÅá~ä= é~ê~=
Éëíáã~ê=ç=ê~áç=ÇÉ=ÇáëéÉêë©ç=Çç=ãçëèìáíç=èìÉ=ÇÉÑáåÉ=~=•êÉ~=ÇÉ=ÄçêêáÑ~´©ç=~ç=
êÉÇçê=ÇÉ=Å~ëçë=Ç~=ÇçÉå´~I=Ççáë=ãçÇÉäçë=éçÇÉã=ëÉê=ìíáäáò~ÇçëW=

• lë= ÇÉ= î~êá~´©ç= Åçåí∞åì~I= çåÇÉ= ç= çÄàÉíáîç= ¨= ÖÉê~ê= ëìéÉêÑ∞ÅáÉë= Åçåí∞åì~ë=
ÇÉíÉêãáå~åÇç=~ë=•êÉ~ë=ÇÉ=ã~áçê=êáëÅç=~=é~êíáê=ÇÉ=ìã~=~ãçëíê~=ÇÉ=äçÅ~áë=
çåÇÉ=ëÉ=ÑÉò=~=ÅçäÉí~=Ççë=ãçëèìáíçë=E~ãçëíê~=ÇÉ=éçåíçë=ÇÉëÅçåí∞åìçëFK=

• lë= éêçÅÉëëçë= éçåíì~áëI= çåÇÉ= ç= çÄàÉíáîç= ¨= ãçÇÉä~ê= ~= éêçÄ~ÄáäáÇ~ÇÉ= ÇÉ=
Å~éíìê~=ÇÉ=ãçëèìáíçëK=kÉëëÉ=Å~ëçI=~=î~êá•îÉä=~äÉ~íµêá~=å©ç=¨=ç=î~äçê=ÇÉ=
ìã= ~íêáÄìíç= EéêÉëÉå´~= çì= ~ìëÆåÅá~= ÇÉ=ãçëèìáíçF= ã~ë= ç= äçÅ~ä= çåÇÉ= Ñçá=
Å~éíìê~ÇçK=

bã=•êÉ~=ìêÄ~å~I=èì~ä=¨=ç=~ãÄáÉåíÉ=éêÉÑÉêÉåÅá~ä=ÇÉ=êÉéêçÇì´©ç=Çç=ãçëèìáíç\==

= m~ê~=Éëíáã~ê=çë= äçÅ~áë=Åêá~Ççìêçë=ÇÉ=ãçëèìáíçë= =¨=åÉÅÉëë•êáç= áÇÉåíáÑáÅ~ê=
åìã~= ÇÉíÉêãáå~Ç~= êÉÖá©ç= ~ë= •êÉ~ë= ÇÉ= ÅçåÅÉåíê~´©ç= ÇÉ= ~äÖìåë= ~íêáÄìíçë==
~ãÄáÉåí~áë=èìÉ=éêçéáÅá~ã=ç=~é~êÉÅáãÉåíç=Çç=ãçëèìáíç=Åçãç=éçê=ÉñÉãéäçë=
êÉä~íáîçë= ~= ã~í¨êá~= çêÖßåáÅ~= É= ÅçåÇá´πÉë= Ççë= ëçäçë= ëçäçK= kÉëëÉ= Å~ëç= çë=
ãçÇÉäçë=ÇÉ=î~êá~´©ç=Åçåíáåì~=éçÇÉêá~ã=ëÉê=ìíáäáò~Ççë=é~ê~=áåÑÉêáê=ëìéÉêÑ∞ÅáÉë=
Åçã=çë=î~äçêÉë=ÇÉëëÉë=~íêáÄìíçëK==

bñáëíÉ= êÉä~´©ç= ÉåíêÉ= éêÉî~äÆåÅá~= Å~åáå~= É= ÅçåÇá´πÉë= ëçÅáçÉÅçå∑ãáÅ~ë= Ç~=
éçéìä~´©ç\==

= ^éÉå~ë= çë= ãçëèìáíçëI= áëçä~Ç~ãÉåíÉI= å©ç= éÉêéÉíì~ã= ~= ÉéáÇÉãá~K= °=
åÉÅÉëë•êáç=èìÉ=Ü~à~=~åáã~áë=ÇçÉåíÉë=Ççë=èì~áë=ÉäÉë= ëÉ=~äáãÉåíÉã=ÅçãçI=éçê=
ÉñÉãéäçI=çë=Å©ÉëK=båíêÉí~åíçI=¨=ë~ÄáÇç=èìÉ=í~åíç=~=éêÉëÉå´~=É=êÉëáëíÆåÅá~=Ççë=
Å©Éë=¶=ÇçÉå´~=ÇÉéÉåÇÉ=Çç=Éëí~Çç=åìíêáÅáçå~ä=É=ÅçåëÉèìÉåíÉãÉåíÉ=Ç~=ëáíì~´©ç=
ëçÅáçÉÅçå∑ãáÅ~I=Åçãç=~ÅÉáí~´©ç=Ç~=Éäáãáå~´©ç=Ççë=~åáã~áë=ÇçÉåíÉë=í~ãÄ¨ã=
¨=êÉä~Åáçå~Ç~=¶=êÉåÇ~K=^ëëáã=¨=åÉÅÉëë•êáç=ÉëíìÇ~ê=Åçåàìåí~ãÉåíÉ=~=áåÅáÇÆåÅá~=
Ç~= ÇçÉå´~= Éã= Å©ÉëI= ç= éÉêÑáä= ëçÅáçÉÅçå∑ãáÅç= Ç~= éçéìä~´©ç= É= í~ãÄ¨ã= ~=
éêÉî~äÆåÅá~= ÇÉ= Å~ëçë= Üìã~åçëK= l= íáéç= ÇÉ= ~å•äáëÉ= åÉëíÉ= Å~ëç= ÉåîçäîÉ=
Åçåí~ÖÉåë= éçê= •êÉ~ëI= éçê= ÉñÉãéäçI= áåÇáÅ~ÇçêÉë= ëçÅáçÉÅçå∑ãáÅçëK= fëíç= ¨I= ~=
áåÑçêã~´©ç=Çáëéçå∞îÉä= ¨= ÅçãéäÉí~= ëçÄêÉ= ~= êÉÖá©çI= Éã=Ç~Ççë= ~Öêìé~Ççë=éçê=
•êÉ~K= ^ëëáã= ç= èìÉ= ëÉ= çÄàÉíáî~= ¨= ÉëíìÇ~ê= ~= êÉä~´©ç= ÉåíêÉ= çë= ÇáÑÉêÉåíÉë=
áåÇáÅ~ÇçêÉë= ÅçåëáÇÉê~åÇç= ëì~= Éëíêìíìê~= Éëé~Åá~äK= kÉëëÉë= Å~ëçëI= ìíáäáò~JëÉ= ç=
ãçÇÉäç=ÇÉ=î~êá~´©ç=ÇáëÅêÉí~K==

= rã~= îÉò= ÉñÉãéäáÑáÅ~Çç= ~= ìíáäáò~´©ç= Ççë=ãçÇÉäçë= áåÑÉêÉåÅá~áë= Ä•ëáÅçë= É=
Åçãç= ÉëëÉë= éêçÅÉÇáãÉåíçë= éçÇÉã= çì= å©ç= áåíÉê~Öáê= å~= êÉëçäì´©ç= ÇÉ=
ÇÉíÉêãáå~Ç~= èìÉëí©çI= çë= ÅçåÅÉáíçë= Ä•ëáÅçë= ÇÉ= Å~Ç~= ìã= ÇÉäÉë= ëÉê©ç=
~éêÉëÉåí~Ççë=~=ëÉÖìáêK=



jçÇÉäçë=fåÑÉêÉåÅá~áë=

= jçíáî~Ççë= éçê= ÇáÑÉêÉåíÉë= •êÉ~ë= ÇÉ= ~éäáÅ~´πÉëI= çë= ãçÇÉäçë= áåÑÉêÉåÅá~áë=
Ñçê~ã= ÇÉëÉåîçäîáÇçë= ëÉé~ê~Ç~ãÉåíÉ= é~ê~= Å~Ç~= ìã~= Ç~ë= ëáíì~´πÉë= ~Åáã~=
ÇÉëÅêáí~ëK= ^= ìåáÑáÅ~´©ç= ÇÉëíÉ= Å~ãéç= ~áåÇ~= å©ç= Éëí•= íçí~äãÉåíÉ= ÇÉÑáåáÇ~I= É=
ÑêÉèΩÉåíÉãÉåíÉ=¨=éçëë∞îÉä=~éäáÅ~ê=ã~áë=ÇÉ=ìã=íáéç=ÇÉ=ãçÇÉä~ÖÉã=~ç=ãÉëãç=
Åçåàìåíç=ÇÉ=Ç~ÇçëI=Åçãç=ëÉ=éçÇÉ=îÉê=åç=ÉñÉãéäç=~Åáã~K=nì~áë=ëÉêá~ã=Éåí©ç=
~ë= î~åí~ÖÉåë= ÇÉ= ìã~= Ñçêã~= ëçÄêÉ= ~= çìíê~\= `ä~êç= èìÉ= ~äÖìã~ë= îÉòÉë= ç=
ÑÉå∑ãÉåç=Éã=ÉëíìÇç=~éêÉëÉåí~=î~êá~´©ç=Éëé~Åá~ä=ÇáëÅêÉí~I= áëíç=¨=ìã=éçåíçë=
áëçä~Ççë=åç=Éëé~´çI==ã~ë=ÑêÉèΩÉåíÉãÉåíÉ=çë=ãçÇÉäçë=ÇáëÅêÉíçë=ë©ç=ìë~Ççë=éçê=
ê~òπÉë= ÇÉ= çêÇÉã= éê•íáÅ~I= í~áë= Åçãç= ~= ÇáëéçåáÄáäáÇ~ÇÉ= Ççë= Ç~Ççë=
ÉñÅäìëáî~ãÉåíÉ=éçê=•êÉ~ëK=rã~=Ç~ë=î~åí~ÖÉåë=Ççë=ãçÇÉäçë=Åçåí∞åìçë=¨=èìÉ=~=
áåÑÉêÆåÅá~= å©ç= ëÉ= äáãáí~= ~= •êÉ~ë= ~êÄáíê~êá~ãÉåíÉ= ÇÉÑáåáÇ~ëK= mçê= çìíêç= ä~ÇçI=
ãçÇÉäçë= ÇáëÅêÉíçë= éÉêãáíÉãI= ã~áë= Ñ~ÅáäãÉåíÉ= Éëíáã~ê= é~êßãÉíêçë= ÇÉ=
~ëëçÅá~´©ç=ÉåíêÉ=î~êá•îÉáëK=^=ÉëÅçäÜ~=Ñáå~ä=ëÉê•=Çç=éÉëèìáë~ÇçêI=èìÉ=ë~ÄÉ=å©ç=
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Ç~Ççë= ÖÉçÖê•ÑáÅçë= É= çë= éêáåÅáé~áë= íáéçë= ÇÉ= Ç~Ççë= É= ëì~ë= êÉéêÉëÉåí~´πÉë=
Åçãéìí~Åáçå~áëK= lë= ÇáÑÉêÉåíÉë= íáéçë= É= éêçÄäÉã~ë= ÇÉ= ^å•äáëÉ= bëé~Åá~ä= ÇÉ=
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Tabela 1-1 

Tipos de Dados e Problemas em Análise Espacial =

 Tipos de Dados Exemplo Problemas Típicos 

Analise de 
Padrões 
Pontuais 

Eventos 
Localizados 

Ocorrência de 
Doenças 

Determinação de Padrões 
e Agregamentos 

Análise de 
Superfícies  

Amostras de 
Campo e 
Matrizes 

Depósitos 
Minerais 

Interpolação e Medidas de 
Incerteza 

Análise de Áreas Polígonos e 
Atributos 

Dados 
Censitários 

Regressão e  Distribuições 
Conjuntas 

=

= m~ê~=êÉëìãáê=~=ÇáëÅìëë©çI=¨=áãéçêí~åíÉ=ÅçåëáÇÉê~ê=ç=éêçÄäÉã~=ÅçåÅÉáíì~ä=
Ç~=^å•äáëÉ=bëé~Åá~ä=Çç=éçåíç=ÇÉ=îáëí~=Çç=ìëì•êáçI=èìÉ=éçÇÉ=ëÉê=êÉëìãáÇç=å~=
cáÖìê~= NJVK=lë= ÉëéÉÅá~äáëí~ë= Ççë= Ççã∞åáçë=Çç= ÅçåÜÉÅáãÉåíç= EÅçãç=`áÆåÅá~=
Ççë= pçäçëI= dÉçäçÖá~= É= p~∫ÇÉ= m∫ÄäáÅ~F= ÇÉëÉåîçäîÉã= íÉçêá~ë= ëçÄêÉ= çë=
ÑÉå∑ãÉåçëI=Åçã=ëìéçêíÉ=Ç~ë= í¨ÅåáÅ~ë=ÇÉ=îáëì~äáò~´©ç=Ççë=pfdK=bëí~ë= íÉçêá~ë=
áåÅäìÉã=ÜáéµíÉëÉë=ÖÉê~áë=ëçÄêÉ=ç=Åçãéçêí~ãÉåíç=Éëé~Åá~ä=Ççë=Ç~ÇçëK=^=é~êíáê=
ÇÉëí~ë= íÉçêá~ëI= ¨= åÉÅÉëë•êáç= èìÉ= ç= ÉëéÉÅá~äáëí~= ÑçêãìäÉ= ãçÇÉäçë= áåÑÉêÉåÅá~áë=
èì~åíáí~íáîçëI= èìÉ= éçÇÉã= ëÉê= ëìÄãÉíáÇçë= ~= íÉëíÉë= ÇÉ= î~äáÇ~´©ç= É= ÇÉ=
ÅçêêçÄçê~´©çI=~íê~î¨ë=Ççë=éêçÅÉÇáãÉåíçë=ÇÉ=^å•äáëÉ=bëé~Åá~äK=lë=êÉëìäí~Ççë=
åìã¨êáÅçë= éçÇÉã= Éåí©ç= Ç~ê= ëìéçêíÉ= çì= ~àìÇ~ê= ~= êÉàÉáí~ê= ÅçåÅÉáíçë=
èì~äáí~íáîçë=Ç~ë=íÉçêá~ë=ÇÉ=Ççã∞åáçK==

=

Modelos
InferenciaisTeorias

Conceitos
Qualitativos

Hipóteses
Testáveis

Análise
Espacial

Domínios  do Conhecimento

=

Figura 1-9 – Relação entre análise espacial e as teorias disciplinares. 

= `çãç= ÇáëÅìíáÇç= åÉëíÉ= Å~é∞íìäçI= É= ÉñÉãéäáÑáÅ~Çç= Åçã= ç= Å~ëç= Ç~=
äÉáëÜã~åáçëÉ= îáëÅÉê~äI= å©ç=Ü•= ìã=“ãçÇÉäç= ÅÉêíçÒ= é~ê~= Å~Ç~= éêçÄäÉã~K=lë=
ãçÇÉäçë= áåÑÉêÉåÅá~áë= ë©ç= ∫íÉáë= ëçÄêÉíìÇç= é~ê~= Ö~åÜ~êãçë= ã~áçê=



ÅçåÜÉÅáãÉåíç=Çç=éêçÄäÉã~K=jìáí~ë=îÉòÉë=ëÉê•=éêÉÅáëç=ÅçãÄáå~ê=~ë=ÇáÑÉêÉåíÉë=
~ÄçêÇ~ÖÉåë=EéêçÅÉëëçë=éçåíì~áëI=î~êá~´©ç=Åçåí∞åì~=É=î~êá~´©ç=ÇáëÅêÉí~F=é~ê~=
~ÖêÉÖ~ê= áåÑçêã~´©ç= ~ç= éêçÄäÉã~= ÉëíìÇ~ÇçK=kÉëëÉ= Å~ëçI= å©ç=Ü•=“êÉÅÉáí~= ÇÉ=
ÄçäçÒ= É= ëÉà~= èì~ä= Ñçê= ç= Ççã∞åáç= Çç= ÅçåÜÉÅáãÉåíçI= çë= ÉëéÉÅá~äáëí~ë= áê©ç= ëÉ=
ÄÉåÉÑáÅá~ê=Éã=ÅçåÜÉÅÉê=íçÇ~ë=~ë=í¨ÅåáÅ~ë=~èìá=~éêÉëÉåí~Ç~ëK==

= bëí~= îáë©ç= ÉñéêÉëë~= ~ç= ãÉëãç= íÉãéç= ç= éçíÉåÅá~ä= É= ~ë= äáãáí~´πÉë= Ç~=
^å•äáëÉ=bëé~Åá~äK=^ë=í¨ÅåáÅ~ë=èì~åíáí~íáî~ë=ÇÉ=^å•äáëÉ=bëé~Åá~ä=ÇÉîÉã=ëÉãéêÉ=
Éëí~ê=~=ëÉêîá´ç=Çç=ÅçåÜÉÅáãÉåíç=Ççë=ÉëéÉÅá~äáëí~ë=É=åìåÅ~=ëÉê=ìíáäáò~Ç~ë=Åçãç=
ìã= Ñáã= Éã= ëáK= pÉì= ìëç= ÅçåëáëíÉåíÉ= êÉèìÉê= èìÉ= Çì~ë= éê¨JÅçåÇá´πÉë= ëÉà~ã=
ë~íáëÑÉáí~ëW= ç= Ççã∞åáç= Ççë= ÑìåÇ~ãÉåíçë= íÉµêáÅçë= ÇÉ= dÉçéêçÅÉëë~ãÉåíç= É=
bëí~í∞ëíáÅ~= bëé~Åá~ä= É= ìã~= ãÉíçÇçäçÖá~= ÇÉ= íê~Ä~äÜç= ëµäáÇ~I= êÉëìäí~Çç= Ç~=
~ëëçÅá~´©ç= ÇÉ=ãçÇÉäçë= ã~íÉã•íáÅçë= EåÉÅÉëë~êá~ãÉåíÉ= êÉÇìÅáçåáëí~ëF= Åçã= ~=
áåíÉêéêÉí~´©ç=EåÉÅÉëë~êá~ãÉåíÉ=ëìÄàÉíáî~F=Çç=ÉëéÉÅá~äáëí~K=

= ^=åÉÅÉëëáÇ~ÇÉ=ÇÉ=ÅçãÄáå~ê=ÇáÑÉêÉåíÉë=ãçÇÉäçë=áåÑÉêÉåÅá~áë=É=ÇÉ=Çáëéçê=ÇÉ=
ìã=ÅçåÜÉÅáãÉåíç=ëµäáÇ~ë=Ç~ë=ÇáÑÉêÉåíÉë=í¨ÅåáÅ~ë=ÇÉÅçêêÉ=Ç~=éêµéêá~=å~íìêÉò~=
Çç=Éëé~´ç=ÖÉçÖê•ÑáÅçK=m~ê~=ìë~ê=~=Ñçêãìä~´©ç=ÇÉ=jáäíçå=p~åíçëI=ç=Éëé~´ç=¨=
ìã~= íçí~äáÇ~ÇÉI= ÉñéêÉëë~= éÉä~ë= Çì~äáÇ~ÇÉë= ÉåíêÉ= Ñçêã~= É= Ñìå´©ç= É= ÉåíêÉ=
Éëíêìíìê~= =É= éêçÅÉëëçX= Éëí~ë=éçä~êáÇ~ÇÉë= ë©ç= ÉîáÇÉåÅá~Ç~ë= èì~åíç= ìíáäáò~ãçë=
ÑÉêê~ãÉåí~ë= ~å~ä∞íáÅ~ëK= `çã= ç= ìëç= ÇÉ= pfd= É= ÇÉ= ~å•äáëÉ= Éëé~Åá~äI= éçÇÉãçë=
Å~ê~ÅíÉêáò~ê= ~ÇÉèì~Ç~ãÉåíÉ= ~= Ñçêã~= ÇÉ=çêÖ~åáò~´©ç=Çç= Éëé~´çI=ã~ë=å©ç= ~=
Ñìå´©ç=ÇÉ=Å~Ç~=ìã=ÇÉ=ëÉìë=ÅçãéçåÉåíÉëX=éçÇÉãçë=~áåÇ~=Éëí~ÄÉäÉÅÉê=èì~ä=~=
Éëíêìíìê~= Çç= Éëé~´çI= ~ç= ãçÇÉä~ê= ç= ÑÉå∑ãÉåç= Éã= ÉëíìÇçI= ã~ë= ÇáÑáÅáäãÉåíÉ=
éçÇÉêÉãçë=Éëí~ÄÉäÉÅÉê=~=å~íìêÉò~=ÇáåßãáÅ~=Ççë=éêçÅÉëëçëI=ëÉà~ã=å~íìê~áë=çì=
ëçÅá~áëK= ^= êÉä~´©ç= ÉåíêÉ= Éëíêìíìê~= É= éêçÅÉëëç= ~éÉå~ë= éçÇÉê•= ëÉ= êÉëçäîÉê=
èì~åÇç= Ç~= ÅçãÄáå~´©ç= ÉåíêÉ= ~ë= í¨ÅåáÅ~ë= ~å~ä∞íáÅ~ë= EèìÉ= ÇÉëÅêÉîÉã= ~=
Éëíêìíìê~= ÇÉ= çêÖ~åáò~´©ç= Çç= Éëé~´çF= É= ç= ÉëéÉÅá~äáëí~= EèìÉ= ÅçãéêÉÉåÇÉ= ~=
ÇáåßãáÅ~=Çç=éêçÅÉëëçFK==

= bëí~= ~ÄçêÇ~ÖÉã= åçë= éÉêãáíÉ= Åçåëíêìáê= ìã~= îáë©ç= å©ç= ã~åáèìÉ∞ëí~= Ç~=
íÉÅåçäçÖá~ë= ÇÉ= ^å•äáëÉ= bëé~Åá~ä= É= dÉçéêçÅÉëë~ãÉåíçK= kÉã= é~å~Å¨á~= Åçã=
éêçÅÉÇáãÉåíçë=ÇÉ=~éäáÅ~´©ç=ìåáîÉêë~äI=åÉã=ãÉêç=áåëíêìãÉåíç=ÇÉ=~ìíçã~´©ç=
ÇÉ= í¨ÅåáÅ~ë= Éëí~ÄÉäÉÅáÇ~ëI= êÉèìÉêÉã= ÇÉ= ëÉìë= ìëì•êáçë= ìã~= éçëíìê~= ~íáî~= É=
Åê∞íáÅ~K=bëíÉ=Éèìáä∞Äêáç=ÉåíêÉ=Ñçêã~=É=Ñìå´©ç=É=ÉåíêÉ=Éëíêìíìê~=É=éêçÅÉëëç=Éëí•=
å~=ÉëëÆåÅá~=Çç=ìëç=~ÇÉèì~Çç=Ççë=ÅçåÅÉáíçë=~éêÉëÉåí~Ççë=åÉëíÉ=äáîêçK=

1.7 REFERÊNCIAS 

= l=äáîêçJíÉñíç=Ä•ëáÅç=ëçÄêÉ=~å•äáëÉ=Éëé~Åá~äI=ÉëÅêáíç=ÇÉ=ã~åÉáê~=ÇáÇ•íáÅ~=É=
Åçã=Öê~åÇÉ=èì~åíáÇ~ÇÉ=ÇÉ=ÉñÉãéäçëI=¨=“pé~íá~ä=a~í~=^å~äóëáë=Äó=bñ~ãéäÉÒ=
E_~áäÉó=~åÇ=d~ííêÉäI=NVVRFK=pÉì=ÅçåíÉ∫Çç=É=~ë=ÇáëÅìëëπÉë=Åçã=ç=éêçÑK=qêÉîçê=
_~áäÉó= Ñçê~ã= ~= áåÑäìÆåÅá~= éêáåÅáé~ä= é~ê~= çë= ~ìíçêÉëK= lìíêç= äáîêç= íÉñíç=
áåíêçÇìíµêáç= ÇÉ= Å~ê•íÉê= ÖÉê~ä= ¨= cçíÜÉêáåÖÜ~ã= Éí= ~äK= EOMMNFI= èìÉI= ÉãÄçê~=



ãÉåçë=ÇáÇ•íáÅç=èìÉ=ç=äáîêç=ÇÉ=_~áäÉó=É=d~ííêÉäI=íÉã=êÉëìäí~Ççë=ã~áë=êÉÅÉåíÉëK=
m~ê~=çë=Ç~Ççë= ëçÅáçÉÅçå∑ãáÅçëI= ç= äáîêç=ÇÉ=j~êíáå= ENVVRF= ~áåÇ~=êÉéêÉëÉåí~=
ìã~=Äç~= áåíêçÇì´©çI= ÉãÄçê~= Åçã=ãìáí~ë= äáãáí~´πÉë=å~=é~êíÉ=ÇÉ= Éëí~í∞ëíáÅ~=
Éëé~Åá~äK= bã= mçêíìÖìÆëI= ç= äáîêç= êÉÅÉåíÉ= ÇÉ= oÉå~íç= ^ëëìå´©ç= EOMMNF=
êÉéêÉëÉåí~=ìã~=ÑçåíÉ=~íì~äáò~Ç~=É=ÄÉãJÉëÅêáí~=ÇÉ=êÉÑÉêÆåÅá~I=ÉëéÉÅá~äãÉåíÉ=åç=
íçÅ~åíÉ= ~= Éëíáã~ÇçêÉë=Ä~óÉëá~åçë= É= ~= íÉëíÉë= ÇÉ= ÅçåÖäçãÉê~Ççë=é~ê~= •êÉ~ë= É=
ÉîÉåíçëK=

= m~ê~= çë= ÉëíìÇáçëçë= Åçã= Ñçêã~´©ç= ã~íÉã•íáÅ~= ã~áë= ëµäáÇ~I= ç= íÉñíç= ÇÉ=
`êÉëëáÉ=ENVVNF=~éêÉëÉåí~=ìã~=ÑìåÇ~ãÉåí~´©ç=ëçÄêÉ=ç=íÉã~I=Åçã=ÆåÑ~ëÉ=åçë=
ãçÇÉäçë= ÇÉ= î~êá~´©ç= Åçåí∞åì~K= rã~= êÉÑÉêÆåÅá~= Ä•ëáÅ~= ëçÄêÉ= ÖÉçÉëí~í∞ëíáÅ~I=
Åçã= ìã= Åçåàìåíç= ÉñíÉåëáîç= ÇÉ= ÉñÉãéäçë= ¨= ç= äáîêç= ÇÉ= fëë~âë= É= pêáî~ëí~î~=
ENVUVFK= ^= ÇÉëÅêá´©ç= Ç~=dpif_I= ìã~= Ç~ë= ÄáÄäáçíÉÅ~ë=ã~áë= ìíáäáò~Ç~ë=é~ê~= ç=
ÇÉëÉåîçäîáãÉåíç= ÇÉ= éêçÖê~ã~ë= Éã= ÖÉçÉëí~í∞ëíáÅ~I= éçÇÉ= ëÉê= ÉåÅçåíê~Ç~= åç=
äáîêç=ÇÉ=aÉìíëÅÜ=É=gçìêåÉä=ENVVOFK=

= m~ê~=ìã~=áåíêçÇì´©ç=ÖÉê~ä=~ç=dÉçéêçÅÉëë~ãÉåíçI=ç=äÉáíçê=éçÇÉ=Åçåëìäí~ê=
`ßã~ê~= Éí= ~äK= EOMMNF= çì= _ìêêçìÖÜ= É= jÅaçååÉää= ENVVUFK= `çã= êÉä~´©ç= ¶=
áåíÉÖê~´©ç= ÉåíêÉ= ÖÉçÉëí~í∞ëíáÅ~= É= pfdëI= ç= äÉáíçê= ÇÉîÉ= êÉÑÉêáêJëÉ= ~= `~ã~êÖç=
ENVVTFI= èìÉ= ÇÉëÅêÉîÉ= ç= ÇÉëÉåîçäîáãÉåíç= ÇÉ= ìã= ãµÇìäç= ÖÉçÉëí~í∞ëíáÅç= åç=
~ãÄáÉåíÉ=pmofkdK=l=ÉñÉãéäç=ÇÉ=p~åí~=`~í~êáå~=Éëí•=Ä~ëÉ~Çç=åç= íê~Ä~äÜç=
ÇÉ=_∏åáëÅÜ=EOMMNFK=^éäáÅ~´πÉë=ÇÉ=^å•äáëÉ=bëé~Åá~ä=é~ê~=éêçÄäÉã~ë=ÇÉ=ë~∫ÇÉ=
é∫ÄäáÅ~=ë©ç=ÇáëÅìíáÇ~ë=Éã=`~êî~äÜç=ENVVTFK=

^ëëìå´©çI=oK=EOMMNFK=bëí~í∞ëíáÅ~=bëé~Åá~ä=Åçã=^éäáÅ~´πÉë=Éã=béáÇÉãáçäçÖá~I=
bÅçåçãá~I= pçÅáçäçÖá~K= _Éäç= eçêáòçåíÉI= rcjdK= EÇáëéçå∞îÉä= Éã=
YïïïKÉëíKìÑãÖKÄêLú~ëëìåÅ~ç[F=

_~áäÉóI=qK=~åÇ=^K=d~ííêÉä=ENVVRFK=pé~íá~ä=a~í~=^å~äóëáë=Äó=bñ~ãéäÉK=içåÇçåI=
içåÖã~åK=

_∏åáëÅÜI= pK= EOMMNF= dÉçéêçÅÉëë~ãÉåíç= ^ãÄáÉåí~ä= Åçã= qê~í~ãÉåíç= ÇÉ=
fåÅÉêíÉò~W=l=`~ëç=Çç=wçåÉ~ãÉåíç=mÉÇçÅäáã•íáÅç=é~ê~=~=pçà~=åç=bëí~Çç=
ÇÉ=p~åí~=`~í~êáå~K=aáëëÉêí~´©ç=EjÉëíê~Çç=Éã=pÉåëçêá~ãÉåíç=oÉãçíçF=Ó=
fåëíáíìíç=k~Åáçå~ä=ÇÉ=mÉëèìáë~ë=bëé~Åá~áëI=p©ç=gçë¨=Ççë=`~ãéçëK=

_ìêêçìÖÜI= mK^KX= jÅaçåÉääI= oKX= mêáåÅáéäÉë= çÑ= dÉçÖê~éÜáÅ~ä= fåÑçêã~íáçå=
póëíÉãëK=lñÑçêÇI=lñÑçêÇ=råáîÉêëáíó=mêÉëëI=NVVUK==

`ßã~ê~I=dKX=a~îáëK`KX=jçåíÉáêçI=^KjKX=aD^äÖÉI=gK`K=fåíêçÇì´©ç=¶=`áÆåÅá~=Ç~=
dÉçáåÑçêã~´©çK=p©ç=gçë¨=Ççë=`~ãéçëI=fkmbI=OMMN=EO~K=ÉÇá´©çI=êÉîáëí~=É=
~ãéäá~Ç~I=Çáëéçå∞îÉä=Éã=ïïïKÇéáKáåéÉKÄêLÖáäÄÉêíçLäáîêçFK=

`~ã~êÖçI= bK= ENVVTFK= aÉëÉåîçäîáãÉåíçI= fãéäÉãÉåí~´©ç= = É= = qÉëíÉ= = ÇÉ=
mêçÅÉÇáãÉåíçë= = dÉçÉëí~í∞ëíáÅçë= = EhêáÖÉ~ÖÉãF= åç= páëíÉã~= ÇÉ=
mêçÅÉëë~ãÉåíç= ÇÉ= fåÑçêã~´πÉë= dÉçêêÉÑÉêÉåÅá~Ç~ë= EpmofkdFK=



aáëëÉêí~´©ç= EjÉëíê~Çç=Éã=pÉåëçêá~ãÉåíç=oÉãçíçF=Ó= fåëíáíìíç=k~Åáçå~ä=
ÇÉ=mÉëèìáë~ë=bëé~Åá~áëI=p©ç=gçë¨=Ççë=`~ãéçëK=

`~êî~äÜçI= jKpK= ENVVTF= ^éäáÅ~´©ç= ÇÉ= j¨íçÇçë= ÇÉ= ^å•äáëÉ= bëé~Åá~ä= å~=
`~ê~ÅíÉêáò~´©ç= ÇÉ= žêÉ~ë= ÇÉ= oáëÅç= ¶= p~∫ÇÉK= qÉëÉ= ÇÉ= açìíçê~Çç= Éã=
båÖÉåÜ~êá~= _áçã¨ÇáÅ~I= `lmmbLrcogK= EfåíÉêåÉíW=
YïïïKéêçÅÅKÑáçÅêìòKÄêLúÅ~êî~äÜç[=FK=

`êÉëëáÉI=kK=ENVVNF=pí~íáëíáÅë=Ñçê=pé~íá~ä=a~í~K=`ÜáÅÜÉëíÉêI=gçÜå=táäÉóK=

aÉìíëÅÜI=`K=É=^K=gçìêåÉä=ENVVOFK=dpif_W=dÉçëí~íáëíáÅ~ä=pçÑíï~êÉ=iáÄê~êó=~åÇ=
ìëÉêÛë=ÖìáÇÉK=kÉï=vçêâI=lñÑçêÇ=råáîÉêëáíó=mêÉëëK=

cçíÜÉêáåÖÜ~ãI=^KpKI=`K=_êìåëÇçå=^åÇ=jKbK=`Ü~êäíçå= EOMMMFI=nì~åíáí~íáîÉ=
dÉçÖê~éÜóI=içåÇçåW=p~ÖÉK=

fëë~âëI=jK=É=bK=pêáî~ëí~î~=ENVUVFK=^å=fåíêçÇìÅíáçå=íç=^ééäáÉÇ=dÉçëí~íáëíáÅëK==
kÉï=vçêâI=lñÑçêÇ=råáîÉêëáíó=mêÉëëI=NVUVK=

j~êíáåI= aK= ENVVRFK= dÉçÖê~éÜáÅ= fåÑçêã~íáçå= póëíÉãëW= pçÅáçÉÅçåçãáÅ=
^ééäáÅ~íáçåëK=içåÇçåI=oçìíäÉÇÖÉK=

qìÑíÉI=bK=ENVUPFK=qÜÉ=sáëì~ä=aáëéä~ó=çÑ=nì~åíáí~íáîÉ=fåÑçêã~íáçåK=`ÜÉëÜáêÉI=
`qI=dê~éÜáÅë=mêÉëëK=

=

APÊNDICE 

SOFTWARE PARA ANÁLISE ESPACIAL 

= ^= éçéìä~êáÇ~ÇÉ= Ççë= ëáëíÉã~ë= ÇÉ= áåÑçêã~´©ç= ÖÉçÖê•ÑáÅ~= É= ç=
ÇÉëÉåîçäîáãÉåíç= É= î~äáÇ~´©ç= Ç~ë= í¨ÅåáÅ~ë= ÇÉ= Éëí~í∞ëíáÅ~= Éëé~Åá~äI= ÇÉëÅêáí~ë=
åÉëíÉ= äáîêçI= íÉã= ãçíáî~Çç= ÉãéêÉë~ë= É= áåëíáíìá´πÉë= ÉåîçäîáÇ~ë= åç=
ÇÉëÉåîçäîáãÉåíç=ÇÉ=ëçÑíï~êÉI=~=ÄìëÅ~ê=Ñçêã~ë=ÇÉ=ìåáÑáÅ~ê=Éëí~ë=~ÄçêÇ~ÖÉåëK=
^í¨= éçìÅç= íÉãéçI= Éê~=ãìáíç= ÇáÑ∞Åáä= ÉåÅçåíê~ê= pfdë= Åçã= Ñìå´πÉë=ÇÉ= ~å•äáëÉ=
Éëé~Åá~äK=j~áë=êÉÅÉåíÉãÉåíÉI=Éëí~=ëáíì~´©ç=Éëí•=ãìÇ~åÇç=ê~éáÇ~ãÉåíÉ=É=Äç~=
é~êíÉ= Ç~ë= í¨ÅåáÅ~ë= ÇÉëÅêáí~ë= åÉëíÉ= äáîêç= à•= Éëí•= áåíÉÖê~Ç~= ~= ~äÖìã= Ççë= pfdë=
Çáëéçå∞îÉáë=åç=_ê~ëáäK=bã=Ñìå´©ç=Ç~=~Äê~åÖÆåÅá~=Ç~ë=í¨ÅåáÅ~ë=ÇÉëÅêáí~ëI=åÉã=
íçÇ~ë=Éëí©ç=áåíÉÖê~Ç~ë=åìã=∫åáÅç=ëçÑíï~êÉ=É=ç=ÉëéÉÅá~äáëí~=éçÇÉ=åÉÅÉëëáí~ê=ÇÉ=
ÅçãÄáå~ê=ÇáÑÉêÉåíÉë=ëáëíÉã~ëK==

= m~ê~= áåÑçêã~´©ç= Çç= äÉáíçêI= áåÅäì∞ãçë= ~= ëÉÖìáê= ìã~= ÇÉëÅêá´©ç= ÇÉ=
ÄáÄäáçíÉÅ~ë= É= ëçÑíï~êÉë= ÉëéÉÅá~äáò~Ççë= Éã= ~å•äáëÉ= Éëé~Åá~ä= É= ÇÉ= ëáëíÉã~ë= ÇÉ=
áåÑçêã~´©ç=ÖÉçÖê•ÑáÅ~=èìÉ=ÇáëéπÉã=ÇÉ=Ñìå´πÉë=ÇÉ=~å•äáëÉ=Éëé~Åá~äK=a~Ç~ë=~ë=
ê•éáÇ~ë=ãìÇ~å´~ëI=éÉÇÉJëÉ=~ç=äÉáíçê=èìÉ=ÅçåëáÇÉêÉ=ëÉê=Éëí~=ìã~=äáëí~=é~êÅá~ä=É=
åÉÅÉëë~êá~ãÉåíÉ= áåÅçãéäÉí~K= m~ê~=ìã~=îáë©ç= ~íì~äáò~Ç~I= êÉÅçãÉåÇ~JëÉ=ìã~=
îáëáí~= ~ç= ë∞íáç= ïïïK~áJÖÉçëí~íëKçêÖI= ã~åíáÇç= éçê= dêÉÖçêáÉ= aìÄçáëI= É= èìÉ=
êÉéêÉëÉåí~=ìã=ÉñÅÉäÉåíÉ=éçêí~ä=ëçÄêÉ=ç=íÉã~K=



= ^ä¨ã=Ççë=éêçÖê~ã~ë=Åáí~Ççë=~=ëÉÖìáêI=ÇÉîÉJëÉ=êÉëë~äí~ê=èìÉ=ç=faofpf=É=ç=
do^ppI=Ççáë=pfd=ãìáíç=éçéìä~êÉëI=íÉã=áåíÉêÑ~ÅÉ=Åçã=ç=~ãÄáÉåíÉ=dpq^q=É=
éçêí~åíç= éçÇÉã= êÉ~äáò~ê= ~å•äáëÉë= ÖÉçÉëí~í∞ëíáÅ~ëK= sÉà~JëÉ= ç= ÅçåíÉ∫Çç= Ç~=
q~ÄÉä~=NJPK=

TABELA 1-2 

GSLIB – Biblioteca para Geoestatística 

Descrição Biblioteca para desenvolvimento de programas em geoestatística, 
escrita em Fortran 90 

Autores Clayton Deutsch e André Journel 

Disponibilidade Software livre em <www.gslib.com> 

Funções  Análise Exploratória: estatísticas descritivas, cálculo de variograma (2D 
e 3D). 

Estimação: krigeagem simples e ordinária, com modelo de tendência, 
co-krigagem, krigeagem por indicação, simulação seqüencial 
(gaussiana e por indicação), com suporte a variáveis contínuas ou 
categóricas. 

Aplicabilidade  Geoestatística Linear (cap 3) e por Indicação (cap 4) 

=

=TABELA 1-3 

GSTAT – Software para Geoestatística 

Descrição Ambiente para desenvolvimento de programas em geoestatística, 
escrito em C. Possui interface com IDRISI e GRASS. 

Autores Edsger Predesma 

Disponibilidade Software livre em <www.gstat.org> 

Funções  Análise Exploratória: estatísticas descritivas, cálculo de variograma (2D 
e 3D). 

Estimação: krigeagem simples, ordinária e universal (com modelo de 
tendência), co-krigagem, krigeagem por indicação, simulação 
seqüencial (gaussiana e por indicação), com suporte a variáveis 
contínuas ou categóricas. 

Aplicabilidade  Geoestatística Linear (cap 3) e por Indicação (cap 4) 

 
 



TABELA 1-4 

ClusterSeer – Clustering de Processos Pontuais=

Descrição Programa para detecção de clusters (conglomerados) associados a 
eventos 

Autores Godfrey Jacquez 

Disponibilidade Software comercial em <www.terraseer.com> 

Funções  Detecção de Conglomerados Espaciais: testes focados (Diggle, Bithell, 
Besag e Newell, Turnbull) e globais (Besag e Newell, função K de 
Ripley).   

Detecção de Conglomerados Espaço-Temporais (Kulldorff) 

Aplicabilidade Análise de Eventos (cap 2)  

=

TABELA 1-5 

CrimeStat – Análise de Estatísticas Criminais=

Descrição Software para análise de eventos associados a criminalidade 

Autores  

Disponibilidade Software livre em <www.icpsr.umich.edu/NACJD/crimestat.html> 

Funções  Estatísticas descritivas: centro médio, elipse dos desvios padrões, 
índice I de Moran.  

Detecção de conglomerados: função K de Ripley, k-médias e índices 
locais de Moran. 

Estimador de densidade: “kernel estimator”. 

Aplicabilidade Análise de Eventos (cap 2) 

=



TABELA 1-5 

SpaceStat – Análise Espacial de Áreas =

Descrição Software para análise espacial de áreas, com ênfase em técnicas de 
regressão espacial. Possui interface com ArcView. 

Autor Luc Anselin 

Disponibilidade Comercial em http://www.spacestat.com/ 

Funções  Análise ExploratóriaW=estatísticas descritivas, índice I de Moran (global 
e local), mapa de Moran, índice C de Geary, com testes de hipóteses 
sobre autocorrelação espacial. 

EstimaçãoW=Regressão por mínimos quadrados, e regressão espacial 
com várias técnicas: modelos SAR (spatial lag e spatial error), com 
inclusão de heterocedasticidade.  

Aplicabilidade Análise de Áreas (capítulo 5) 

=

TABELA 1-6 

SPRING =

Descrição Software de geoprocessamento de propósito geral, com funções de 
processamento de imagens, modelagem de terreno, álgebra de mapas 
e consulta a bancos de dados geográficos. Possui interface com 
SpaceStat e suas funções de geoestatística utilizam a GSLIB. 

Autores Equipe da Divisão de Processamento de Imagens do INPE 

Disponibilidade Software livre em <www.dpi.inpe.br/spring> 

Funções de 
Análise Espacial 

Análise Exploratória: estatísticas descritivas, cálculo de variograma (2D 
e 3D), índice I de Moran (global e local), mapa de Moran, índice C de 
Geary, com testes de hipóteses sobre autocorrelação espacial. 

Detecção de conglomerados: função K de Ripley, vizinho mais próximo 
e índices locais de Moran. 

Estimador de densidade: “kernel estimator”. 

Estimação: krigeagem simples e ordinária, krigeagem por indicação, 
simulação seqüencial (gaussiana e por indicação), com suporte a 
variáveis contínuas ou categóricas. 

Aplicabilidade  Análise de eventos (cap 2), geoestatística Linear (cap 3) e por 
Indicação (cap 4), análise de áreas (cap 5). 

=



TABELA 1-7 

ArcGIS Geostatistical Analyst=

Descrição Extensão do ArcGIS (software de geoprocessamento de propósito 
geral) 

Autores Konstantin Krivoruchko e equipe da ESRI 

Disponibilidade Comercial em <www.esri.com> 

Funções de 
Análise Espacial 

Análise Exploratória: estatísticas descritivas, cálculo de variograma (2D 
e 3D), análise de tendências 

Estimação: krigeagem simples e ordinária, krigeagem por indicação, 
co-krigagem e krigeagem disjuntiva 

Aplicabilidade  Geoestatística Linear (cap 3) e por Indicação (cap 4) 

=

=
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