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1. P^@W\i a 

iY@\W^KBǠ¢RcW\L]LKapjR¢KW£^CAcpKiPcoY@^KZ§^ZhKG£VFHfKiYC @¢hV@]L CLUMondo ZǠLjLLD§^UYC 

@^KM·hKjMC@^KK§^lE£JaoGaK. U\LfL CLUMondo iEaoCIc@W£^CAcpK jU\ jU¢KlKPcpKI^K EYLjV 

Geonamica. iY@\W^KY£^CYaCJ]C¡fG@¢hV@]L@^KK§^lE£U\LfLjR¢KK§^lE£U\LfLG]ǲC@¢^VlK@^KK§^lE£ 

ZǠLjLLD§^UYCG]ǲC@¢^V.  

P^@J§^Y`GjR¢KK§^W\i aXFtǻ@¢hV@]LkBCW£^C jU\ L]KG^YfCM\@YLAYCZǠLjLLD§^UYC. D^@K]pK, @tǺmG£

Ra@^KK§^W\i aHfVS·^C@tU\KaWb@W^SǠ·U^V. P^@JaW^R jR¢KK§^W\i a @¢hV@]LL^CAtǻRǠKPcpKI^K@¢hV@]L

@^KK§^lE£ GIDS iPcoY@\@hRAtǻRǠK@¢YK jU\ Xg]C@^KA\LVK@^KlK@^KM¸YKAtǻRǠK jU\ NfKmG£Z]L. 

P^@JaWao jU\ HtǺmM jR¢KK§^W\i a @^KK§^lE£U\LfLHfVD`C iMǪKjH¢U\L^G@£^VU\YhG.  lKB\K\Jao

BV^RXFǟ£CF^@B¢YFniPaoRAbpK, jK\K§^lX£M\H`L]GH^RjH¢U\L^G@£^VJ]CXRfGS·^CiA]pRCVG. 
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2. ZǠLjLLA§^UYC CLUMondo  

 

2.1. BV^RiMǪKR^ 

CLUMondo jR¢KjR¢KU\LfLJaoRa@^KM·hKjMCSǠ·H\XgYG jU\ W\jGClX£iX]K@^KM·hKjMC @^KK§^

lE£JaoG`K. R]KjR¢KSǠ·lKmUF\XU£^WǟGAYC@^KP]GJ\K^jLLD§^UYCiEaoCmG£iUaoRHfpKD^@ @^KM·hK jMC

@^KK§^lE£JaoG`K jU\ M\W`GJ`NfKAYCjLLD§^UYC (CLUE) (Verburg et al., 1999). H^RMǫ@@\H`
jU£VjLLD§^UYC@^KM·hKjMC@^KK§^lE£JaoG`KW\iP^\M\iPGJao@¢hVA£YC@]L@^KM·hKjMC@^KMǫ@Xǟ£RJao
G`K, iE]ǲK: M·^mR£, G`KMǠ@PcG jU\ G`KJaoRaWaoC@tǺW£^C. jH¢V¢^ RaXg^F@tU\KaJao@^KM·hKjMC@^KK§^mE£JaoGaK

LtǺmG£@\JfLiIaC@^KMǫ@X£ ǟRSǠ·lKiAGG]ǲC@¢^V, jH¢WǟRlW¢ @^KK§^mE£JaoGaK, HfVS·^C, M·hKD^@@^KMǠ@jLL

M\IfRM\I^K R^iMǪK@\iWGWǟR, M·hKD^@EfKK\LfG (PcpKJao@\W`@§^) R^iMǪKHfViRcYC (Hb@Y^B^K). FaoC

mM@¢^VK]pK, RaXg^FL¢YK@tǺLtǺW^R^G D§^jK@iMǪK M\iPG@^KK§^mE£JaoGaKiMǪKM\iPGGhV, jH¢RaXg^F

M\iPG Xgc  jLLM\WfRM\W^K. HfVS·^C, W¢VKlXF¢@^KK§^mE£JaoGaKlKiAGEfKK\LfG jR¢KM\WfRM\W^K

@]K U\XV¢^C iAGEeREfK, MǠ@PcG, U£hCW]G jU\ D]GM\iPG@^KK§^mE£JaoGaKiMǪKM\iPGlG coC Y^GD\LtǺ

PhCPt.  

CLUMondo jR¢KYY@jLLW\iP^\iPcoYD§^UYCZǠLjLL@^KM·hKjMC@^KMǫ@Xǟ£RUVRJ]C@^KD§^UYC 

ZǠLjLL@^KM·hKjMC@^KK§^mE£JaoGaK. Ya@M\@^K boC, jR¢KW\jGClX£iX]KBV^RXg^@Xg^F lKU\LfL 

@^KK§^mE£JaoGaK. ¡^@XfVlDAYC@^KW£^CZǠLjLLD§^UYCZǠLjLL@^KM·hKjMC@^KK§^mE£JaoGaKjR¢K
YaClW¢@^KV`iB^\ AtǻRǠK@¢hV@]L@^KBV^Ri¡^\WfRAYCDǟGG]ǲC@¢V^LV@@]LZǠLjLLD§^UYC@^KM·hKjMC 
jU\ @^KW§^P]K@]KU\XV¢^C JaoH]pC jU\ @^KM·hKjMCU\LfL@^KK§^mE£JaoGaKH^RiVU^. U^FU\YhG AYC

AtǻRǠK@^KP]GJ\K^ ZǠLjLLD§^UYC CLUE jU\ CLUMondo W^R^GiLaoCmG£ H^RiY@\W^KG]ǲCHtǺmMKap 

(Eitelberg et al., 2015; van A sselen and Verburg, 2013; Verburg et al., 2002; 

Verburg and Veldkamp, 2004) . 

 

2.2. kBCW£^CAYCU\LfL 

U\LfL CLUMondo jR¢KjL¢CYY@iMǪKWYC modules JaojH@H¢^C@]K, Z£YCV¢^ W¢VKJaoLtǺ@¢hV@]LJaoH]pC 

(non-spatial demand module) jU\ W¢VKJao@¢hV@]LJaoH]pC (spatially explicit allocation 

module) (ZǠLJa 1). non-spatial module W\jGClX£iX]K@^KM·hKjMC@^KK§^mE£JaoGaK H^RBV^R
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Zh@Z£YCH£YC@^KlKJfǲVAfCiAG. BV^RZh@Z£YCH£YC@^K lK@tU\KaKapjR¢KR^D^@ @^KM·hKjMC 

@^KK§^mE£JaoGaKW\iP^\iAG,  jH¢V¢^@tǺR^D^@M\U`R^K Xgc BV^RW^R^G lK@^KHYLW\ YC. HfVS·^C,  

iAGGaKMǟ@W£^CJaoN¢^KR^ (JaoW^R^GK§^W\i aiMǪKXfV ¢VFiZ]@H^)  jU\ HtǺR^jR¢KBV^RH£YC@^K

Y^X^K (JaoW^R^K§^W\i aiMǪKXfV ¢VFkHKAYCNfKN\U`G). lKiBcoYCRc@^KD]GW]K, BV^RH£YC@^KiUfǲ^

KapjR¢KW^R^GjMR^iMǪK@^KM·hKjMC@^KK§^mE£JaoGaK W\iP^\ DǟGlGDǟG coC AYCiAGJaoiZ]G@^KWb@W^, 

kGF@^KK§^mE£U\LfLH^@^kUiMǪKPcpKI^K.  

U\LfL CLUMondo, H£YC@^K@^KM¸YKAtǻRǠKD^@P^FKY@iAfp^lKU\LfL, iEaoC@^KD]GW]KmG£iZ]G kGF

@^KB`GmU¢G£VFV`Ja@^KAYC algorithm, G£VF@^KK§^mE£iBcoYCRcJaoRaSǠ·lK CLUMondo. BV^R

H£YC@^KAYC@^KK§^mE£JaoGaKjR¢KW^R^GW\jGCYY@lKXg^FZǠLjLL, iUapRD^@ @^KM\iRaK jKVkK£R

jLLC¢^FG^F DfKiIaC jLLD§^UYCiWGI\@`GW\U]LW]LE£YK. BV^RH£YC@^KjR¢KH£YCmG£ @§^KfGLfK

PcpKI^KiMǪKjH¢U\Mǧ. J^CiUcY@W§^U]L@^KiMǪKV`Ja@^KW\iP^\lGXKboCW¢VKlX¢FjR¢KAbpK@]L U]@W\K\
AYCiAGJao@^KM·hKjMC@^KK§^lE£JaoG`KJaoW§^B]KJaoWǟGP^FlKPcpKJao@^KWb@W^ jU\ W\I^K\@^K JaoD§^
iMǪKH£YCmG£Z]L@^KP`D^U\K^.  

 

ZǠLJa 1. P^LUVRAYCA\LVK@^KW£^CjLLD§^UYC. 

@^KD]GW]K@^KK§^mE£JaoGaKjR¢KYaClW¢@^KM\WfRM\W^KAYCL]KG^MǪGlD@^KM·hKjMCAYC@^KK§^mE£Jao
GaKG]ǲCJaomG£W\i alK ZǠLJa 2. MǪGlDiUfǲ^KapmG£jL¢CYY@iMǪK 4 M\iPGBc: K\kFL^FAYCPcpKJao jU\ AtǻD§^

@]G, W\I^K\P^L@^KM·hKjMCW\iP^\AYCM\iPG@^KK§^lE£JaoG`K, BV^RH£YC@^KAYC @^KK§^lE£Jao

G`K (BV^RH£YC@^K) jU\ BǟKU]@W\K\W\AYCPcpKJao. MǪGlDJ]C¡fGKapW£^CiMǪK @^KM·hKjMC @^KK§^mE£

JaoGaKH^R@^KiVU^, kGF@^KK§^mE£A]pKHYK@^KB`GmU¢ JaoE¢VFiEaoC@]KjU\@]K. BV^RH£YC@^KW\iP^\ 

jR¢KD\mG£K§^W\i aiMǪKjH¢U\@EU\KalKP^@HtǺmM.  
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ZǠLJa 2. P^LUVRAYC@^KmXgVhKAYCAtǻRǠKlKZǠLjLLD§^UYC CLUMondo  

2.2.1 K\kFL^FAYCPcpKJao jU\ AtǻD§^@]G  

K\kFL^FAYCPcpKJaojU\AtǻD§^@]G W¢VKlXF¢jU£VjR¢K¡^FiIaC iAGJaoRa@^KM·hKjMCW\iP^\AYC 
M\iPG@^KK§^mE£JaoGaK Xgc Ra@^KA§^@]G@^KM·hKjMCW\iP^\AYCM\iPG@^KK§^mE£JaoGaK. H]VS·^C, AYL

iAG@^KK§^mE£H^RK\kFL^F Xgc W\I^K\P^L@^KBYLBYCJaoGaK. lK CLUMondo PcpKJaoG]ǲC@¢^VmG£

W\jGCYY@iMǪKjNKJaoJaoXg^@Xg^, W\jGClX£iX]K@^KK§^mE£HfVD`C Xgc AYGA§^@]G lK@^KK§^mE£PcpKJao

G]ǲC@¢^V. L^CK\kFL^FW\iP^\D§^@]G@^KM·hKjMC@^KK§^mE£JaoGaKlKiAGG]ǲC@¢^V. iE]ǲKH^RiAG@]KEfK

AYCM·^W\XCVK. MǪGlDG]ǲC@¢^VJaoD§^@]G@^KM·hKjMC@^KK§^mE£JaoGaKjR¢KW^R^G iYf^iAfp^lKjNKJao

AYCZǠLjLLD§^UYC. W¢VKK\kFL^F@^KK§^mE£JaoGaKYcoKnjR¢KiU]ClW¢@^KM·hKjMC @^KK§^mE£JaoGaK
W\iP^\iE]ǲK @^KMǠ@W£^CL£^KiZcYKlKiAGGaK@\Wa@§^ Xgc @^KA\XF^FiKcpYJaoGaK @\W`@§^iAfp^mMlKiAG
@]KEfKAYCiAGW\XCVK. @^KX]KM·hK@^KK§^mE£JaoGaKJaoIc@D§^@]GkGFK\kFL^F AYCPcpKJaoW^R^GK§^

W\i akGFK§^lE£H^H\U^C@^KM·hKjMC@^KK§^mE£JaoGaK: W§^U]L@^KX]KM·hK @^KK§^lE£JaoG`KJaoiMǪKmM

mG£J]CXRfGW^R^GK§^W\i aI£^X^@V¢^WYGB¢YC@]LK\kFL^FAYCPcpKJao. 
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2.2.2. W\I^K\P^L@^KM·hKjMCW\iP^\AYCM\iPG@^KK§^lE£JaoG`K 

W\I^K\P^L@^KM·hKjMCW\iP^\AYCM\iPG@^KK§^lE£JaoG`KjR¢KiMǪKHfVjJKPbGH`@§^AYCM\iPG 
@^KK§^lE£JaoG`KW\iP^\lG coC. 2 MǪGlDJaoH£YC@^KlK@^KY\J`L^FM\iPG@^KK§^lE£JaoGaK: MǪGlD

D¢YCGcC@^KM·hKjMC jU\ U§^G]L@^KM·hKjMC@^KK§^lE£JaoG`K.  

MǪGlDD¢YCGcC@^KM·hKjMCjR¢KWVKJ^C@]K@]L@^KM·hKjMCK§^lE£JaoG`KmG£. L^CM\iPGK§^lE£JaoG`K D\

LtǺW^R^GM·hKjMCmG£C¢^FH^LlGJaoRaBV^RH£YC@^KPhCPt, HfVS·^C, iKcoYCD^@V¢^Ra@^KUfCJbK lKiAG

PcpKJaoiUfǲ^Kap. HfVS·^C, W\I^KJaoSǠ·Y^mWJaoMǠ@PcGSǩKHfpK (iE]ǲK: HfpKmR£lX£XR^@). M\iPGK§^lE£JaoG`KYcoKn

M·hKW\I^KJaomG£S·^CC¢^FG^F lKiVU^JaoPcpKJaoiXR^\WfR W§^U]L@^KK§^lE£ JaoG`KYcoKn. HfVS·^C, JaoG`K
MǠ@OǪCR]@D\iZ]G@^KP]GJ\K^iMǪKHfViRcYC lKA\K\JaoG`K @\W`@§^A\XF^F iAfp^mMlKiAG@]KEfK
M·^mR£. HfVS·^CJaoZ£^FjZCJaoWǟGjR¢KiZ]GmZ¢iUcoYKUYF: W§^U]LU\LfL@^KK§^lE£ JaoG`KKap, jR¢KW\I^KJao

lGXKboCMǫ@@\H`jR¢KK§^lE£lKmUF\iVU^LtǺi@aKWYC U\GǠ@^K, iMǪKNfKW\J£YK D^@@^KiEcoYRJ^G

Y^X^KAYCG`K. BV^RjH@H¢^CiXgfǲ^KapSǠ·lKPbGH`@§^ K§^mMWǠ¢@^KM·hKjMC@^KK§^lE£ JaoGaKW^R^GB`GmU¢

kGFYaClW¢RǠKB¢^@^KM·hKjMC. W§^U]LRǠKB¢^AYC jH¢U\M\iPG @^KK§^lE£JaoG`K H£YCmG£Z]L@^KU\LǟV¢^

iMǪKHfVjJKAYCMǪGlDJaoD¢YCGcC@^KM·hKjMC Jao@¢hVA£YCiU`oRjH¢ 0 (@^KM·hKjMCC¢^F) X  ̂ 1 (@^K

M·hKjMCJaoLtǺW^R^G@]LBcKR^mG£). jLLD§^UYCmG£H]GW`K @¢hV@]LMǪGmDKapkGFYaClW¢BV^RZǠ£ E¢hVE^K 

Xgc W]Ci@GPbGH`@§^lKmUF\N¢^KR^.  

MǪGlDJaWYCJaoH£YCmG£M¸YKiAfp^U\LfLjR¢K@^K@§^KfG@^KM·hKjMCM\iPG@^KK§^lE£JaoGaK. MǪGlDiXgfǲ^Kap

jR¢K@§^KfGSǠ·lKH^H\U^C@^KM·hKjMC. H^H\U^C@^KM·hKjMCW\jGClX£iX]K:  

¶ @^KK§^lE£JaoG`KM\iPGYcoKnJao@^KK§^lE£JaoG`KM\DǟL]KW^R^GM·hKjMCmMmG£ jU\ JaoM\iPGJao LtǺ
W^R^GM·hKjMCmMmG£ (ZǠLJa 3). 

¶ lKiAGlGJaoY\KǟF^GlX£Ra@^KM·hKjMCK§^lE£JaoG`K jU\ lKiAGlGJaoLtǺRa@^KM·hKjMC. 

¶ @§^KfGiVU^D]@Mǧ (Xgc iVU^JaolE£lKjH¢U\A]pKHYK) M\iPGK§^lE£JaoG`KH£YClX£BfCHfVBci@fǲ^ @¢YKJaoD\

W^R^GM·hKjMCmMWǠ¢M\iPG@^KK§^lE£JaoG`KYcoK. KapW^R^GiLaoCmG£lK@tU\KaAYC M·^QǩǭKQǠ. M·^iMǧGLtǺ

W^R^GRa@^KM·hKjMCR^iMǪKM·^HbLmG£kGFJ^C@fC. S·^ClG@tH^R, Xg]CD^@Xg^FMǧN¢^KmM RaBV^R

iMǪKmMmG£V¢^iMǪKM·^iMǧGJaoLtǺIc@jH\H£YCW^R^G M·hKjMCR^iMǪK M·^HbL ^mG£ F£YK@^K QǩǭKQǠ. 

¶ mUF\iVU^F^VWǟGJao@^KK§^mE£JaoGaKW^R^GF]CBfCBci@fǲ^. @^KH]pCB¢^KapjR¢KkGFW\iP^\JaoiXR^\WfR 

W§^U]L@^KMǠ@PcGSǠ·lKU\LfL@^KiZ]GmZ¢iUcoYKUYF. lKU\LfLKap, D§^KVKAYCMǧJaoW^R^GK§^lE£JaoG`K 
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kGFJfǲVmMjR¢KD§^@]GiKcoYCD^@@^KWǠKiWFJ^GY^X^KAYCG`K jU\ @^KA\XF^FHfVAYC V]GW\
PcG (XF£^) 

KapjR¢KW`oCW§^B]KJaoD\W]Ci@GV¢^RaPhCjH¢D§^KVKH§^ ǢWǟG jU\ WǠCWǟG AYCMǧ @¢YKJaoD\W^R^GM·hKjMC Xgc 
WaoCJaoD\i@aGAbpKW^R^GW\jGClX£iX]KSǠ·lKH^H\U^C@^KM·hKjMCmG£. D§^KVKMǧJaojK¢KYKYaClW¢ BV^R

@fGG]KD^@J^CiUcY@AYC@^KK§^lE£JaoG`K jU\ iCcoYKmAW\iP^\AYCW\I^KJaoH]pC. @^KD§^UYC @^K
PfVP]KU\XV¢^CMǪGlDiXgfǲ^KapUVRJ]CAtǻD§^@]GJao@§^KfGmV£lKH^H\U^C@^KM·hKjMCD\H]GW`K@§^KfGBV^R
F^VAYCmUF\iVU^@¢YKJaoD\Ra@^KM·hKjMCi@aGAbpK. ZǠLJa 3 lX£HfVS·^CAYC @^KK§^lE£H^H\U^C@^K

M·hKjMCW§^U]L@^KW\I^K\@^KjLLC¢^FG^FRaPhCjH¢W^RM\iPGK§^lE£JaoG`K.  

 

 

ZǠLJa 3. HfVS·^CWfRǟGI^KL^G@£^V@^KM·hKjMC@^KK§^lE£JaoG`KH^RU§^G]L iAfp^lKH^H\U^C@^K
M·hKjMC@^KK§^lE£JaoGaK.  

 

2.2.3. BV^RH£YC@^KAYC@^KK§^lE£JaoG`K 

BV^RH£YC@^KK§^lE£JaoG`KmG£@§^KfGmV£SǠ·lKU\G]LR\X^P^@ (@tU\Ka@^KWb@W^lKU\G]LP^@PcpK @VR

iYf^J]CXRfG) iMǪKW¢VKXKboCAYCW\I^K\@^KW\iP^\lGXKboC. BV^RH£YC@^KK§^lE£JaoG`KlK 

CLUMondo W^R^GW\jGCYY@SǠ·lKXfVXK¢VFJaojH@H¢^C@]K. HfVS·^C, W§^U]LiKcpYJao W\jGCYY@

lKD§^KVKAYCD§^KVKH^@^kU, iZ]@H^, @`kUjR]GRfKJfK, jH¢@tǺF]CW^R^GW\jGCiMǪK kHKAYC

Y^X^K, D§^KVKW]GU£hC, Xgc D§^KVKAYCXg]CB^iZcYK. BV^RH£YC@^KlK@^KK§^lE£ JaoG`KD§^@]G@^KD§^
UYC kGF@^K@§^KfGMǪGlDBV^RH£YC@^KJaoD§^iMǪK J]CXRfGJaomG£@§^KfGmV£ kGF@^KUVLUVRiYf^
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MǪGlDK§^lE£JaoG`KJ]C¡fG. BV^RH£YC@^KK§^lE£JaoG`KjR¢KB`GmU¢iMǪKY`GW\Xg\ D^@ZǠLjLLD§^UYC 

CLUMondo iMǪKHfVAYCR]KiYC. @^KB`GmU¢KapW^R^GiZ]GmG£kGF YaCH^R Xg^FV`Ja@^K, @tU\KaWb@W^ 

jU\ W\I^K\@^K. @^KM\iRaK@^KM·hKjMC@^KK§^lE£JaoGaK lKY\K^BfGY]Kl@£KapkGFYaCH^RjKVkK£R

H^RM\XV]GBV^RiMǪKR^ iMǪKiH]@K`@JfǲVmMlK@^KB`GmU¢ BV^RH£YC@^KAYC@^KK§^lE£JaoG`K. lK

iVU^JaoiMǪKmMmG£, jKVkK£R@^KiUfǲ^KapW^R^G MǪLMǟCmG£W§^U]L@^KB^GB\iK@^KiPapRAcpKAYCM\E^@YK 

jU\/Xgc XgdGUfCAYCiKcpYJaoG`K. W§^U]L@^KV`iB^\K\kFL^F R]K@tiMǪKmMmG£JaoD\YaClW¢I^KBV^RH£YC@^K

AYC@^KK§^lE£JaoG`K lKZǠLjLLD§^UYCiWGI\@`GR\X^P^@. HfVS·^C, W^R^GFf@W\I^K\@^KJao

@¢hVA£YC@]LiMǫǭ^XR^F AYCK\kFL^F. 

 

2.2.4. BǟKU]@E\K\AYCJaoH]pC 

@^KM·hKjMC@^KK§^lE£JaoG`KJaoB^GV¢^D\i@aGEcpKlKW\I^KJaoJaoRa 'LǠU`R\W`G' JaoWǠCWǟGW§^U]LM\iPG 

AYC@^KK§^lE£JaoG`KW\iP^\lKU\XV¢^CiVU^JaomG£@§^KfGmV£. BV^RH£YC@^KAYCW\I^KJaojR¢K@^KB^G

B\iKHfVD`CD^@Jao@§^KfGmV£D^@MǪGmDJaoYaClW¢BV^RjH@H¢^C@]K, A]pKHYK, BV^RiAfp^lD@¢hV@]LHfV@§^

KfG@^KM·hKjMC@^KK§^lE£JaoG`KAYCPcpKJaomG£. iEaoCW^R^GiZ]G @^KB`GmU¢G]ǲCWǠGHtǺmMKap:  

 Rki =C + akX1i + bkX2i + ..... 

lKK]pK, Rki jR¢KBV^RH£YC@^KAYCPcpKJao i M\iPGK§^lE£JaoG`K k, C iMǪKB¢^BfCJao, X1,2,... BǟKU]@E\K\

EaV\@^F\P^L Xgc iWGI\@`GW]CBfRAYCPcpKJao i, jU\  ak jU\ bk D^@NfK@\JfLD^@BǟKU]@E\K\iXgfǲ^Kap

lW¢@]LBV^Ri¡^\WfRW§^U]LM\iPGK§^lE£JaoG`K k. AtǻRǠKJaoE]GiDK D^@HfVjLLD§^UYCKapBVKD\YaClW¢

A\LVK@^K@^KJfLJVKBcKS·^CU\YhGlK@^KD]GW]KPcpKJao@^KK§^lE£JaoG`KlKAYLiAG@^KWb@W^.  

ZǠLjLLJ^CW\I`H`W^R^GmG£Z]L@^KP]GJ\K^iMǪKHfVjLL binomial logit model AYCWYCJ^C

iUcY@: M·hKD^@PcpKJao i mMiMǪK@^KK§^lE£JaoG`KM\iPG k XgcLtǺ. BV^Ri¡^\WfR RKi D\Ic@IcV¢^@^K

HYLW\XKYCJaoH`GP]KA@]LJ^CiUcY@. S·^ClG@tH^R, BV^Ri¡^\WfR RKi LtǺW^R^GW]Ci@G Xgc V]GjJ@

mG£J^CkGF@fC. iP^\W\K]pKR]KD\H£YCRa@^KB`GmU¢BV^RiMǪKmMmG£. @^KiZ]GVh@AYCBV^RiMǪKmMmG£

iXgfǲ^Kap@]LBǟKU]@E\K\J^CEaV\@^F\P^L jU\ iWGI\@`GW]CBfR mG£Ic@@§^KfGlKZǠLjLL Logit G]ǲCHtǺmM

Kap: 
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lKK]pK, Pi BV^RiMǪKmMmG£AYCH^@^kU i  

JaoM\@fGiX]KM\iPG@^KK§^lE£JaoG`KiPcoYP`D^U\K^, jU\ X jR¢KMǪGlDJaoH]pC. W§^M\W`G (ɼ)  

B`GmU¢kGFlE£ regression logistic K§^lE£ZǠLjLL@^KK§^lE£JaoG`KHfVD`CiMǪKHfVjMH^R. V`Ja@^KKap 

jR¢KB£^FBc@]K@]L@^KV`iB^\@^KM·hKjMCK§^lE£JaoG`KkGFlE£V`Ja@^KG£^KiWGI\@`G (econometric 

analysis) EboCV`Ja@^KG]ǲC@¢^VmG£Ic@K§^lE£S·^CjN¢Xg^FlK@^KWb@W^@^KJ§^U^FM·^mR£. lK@^KWb@W^ 

J^CG£^KiWGI\@`GDǟGM\WfCjR¢KlX£mG£@§^mUWǠC, JaoD§^@]GD^@BǟKU]@E\K\AYCJaoH]pC, MǪGlDJ^CG£^K 

iWGI\@`G (@\W`@§^).  

lKiAGPcpKJao@^KWb@W^R]KmG£Ic@W]KK`I^KV¢^@^KM·hKjMCM\iPG@^KK§^lE£JaoG`KJao 'iXR^\WfR' JaoWǟG. 

'BV^RiXR^\WfR' UVRiI`C@§^mUiMǪKiC`K, jH¢F]CW^R^GUVRiYf^V]GJ\K\J§^ jU\ MǪGmDYcoKn JaoK§^mM

WǠ¢@^KX]KM·hKD^@ (iWGI\@`G) PbGH`@§^JaoWfRiXGWfRNfKlK@^KD]GW]KJaoG`K. WfRRǟGH`I^KKap iZ]GlX£

iMǪKmMmG£UVRRaBV^RXg^@Xg^FAYCBǟKU]@W\K\AYCJaoH]pC, Xgc HfVjJKAYC iAf^iDfp^, iPcoYM\iRaK logit 

function JaomG£@§^KfGBV^RiMǪKmMmG£W§^U]L M\iPGK§^lE£JaoG`K JaojH@H¢^C@]K.  

 

RaXg^FBǟKU]@W\K\PcpKJaoJao@¢hVA£YC@]LW\I^KJaoW\iP^\lGXKboCkGF@fC iE]ǲK BǟKU]@W\K\AYCG`K jU\ 
U\G]LBV^RWǠC. S·^ClG@tH^R, @^KH]GW`KlD@^KBǟ£RBYCJaoG`KW§^U]LPcpKJaoW\iP^\lGXKboCJaoLtǺmG£YaC

W\iXRa@]LW\I^KJaoU]@W\K\W\iP^\lGXKboCjH¢S·^CGhV: iCcoYKmASǠ·lKU\G]LYcoKn, iE]ǲK: BfViZcYK, 

EdREfK Xgc U\G]L@^KLtU`X^K W^R^GRaY`GJ`PfK@^KH]GW`KlDiE]ǲK@]K. MǪGmDiXgfǲ^KapjR¢KiMǪKHfVjJK

kGFRa R^GH\@^KiAfp^iI`C, U\LǟH§^jXK¢CAYCW\I^KJaoJhL@]LW\I^KJaoJaoW§^B]KAYCAfCiAG, iE]ǲK: 

H\Xg^G, jU\ kGF@^KK§^lE£ @^KM·hKjMCJaoE]@E£^AYCPcpKJao. @^KM·hKjMCJaoE]@E£^AYCPcpKJaoW\jHC
iIaC BV^RXK^jXK£KAYC M\E^@YKkGFM\R^KBV^R@fGG]KM\E^@YKlKAfCiAGjJKJaoD\iMǪKHfV
jJKPhCjH¢M\E^@YKG§^UfCEaV`GSǠ·lKW\I^KJaoK]pK.  

 

2.2.5. BǟKU]@W\K\W\AYCPcpKJao 

lKiVU^JaoMǪGlDJ]CXRfGmG£M¸YKiAfp^lKU\LfL, ZǠLjLLD§^UYC CLUMondo D\B§^KVKV¢^ @^K

M·hKjMCK§^lE£JaoG`KJaoD\W^R^GiMǪKmMmG£kGF@^KK§^lE£A]pKHYKJaolE£iVU^@^KH]GW`K. A]pKHYK lK

@^KD]GW]KmG£W\XUǟLlK ZǠLJa 4. A]pKHYKHtǺmMjR¢K@^KD]GW]K@^KM·hKjMC@^KK§^lE£JaoGaK:  
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¶ A]pKHYKJ§^Y`GU\LǟD^@^kUJ]CXRfGJaomG£Y\KǟF^GlX£Ra@^KM·hKjMCmG£. H^@^kUJaoRaW¢VKXKboC 
@VRiYf^iAGM·^W\XCVK Xgc M\DǟL]KD]GSǠ·lKM\iPG@^KK§^lE£JaoG`KJaoLtǺmG£Y\KǟF^GlX£Ra @^KM·hK 
jMCjR¢KlX£iYf^YY@D^@@^KB`GmU¢. KY@D^@KapjR¢KLtǺmG£Y\KǟF^GlX£M·hKjMCW\I^KJaoJaoRa@^K 

M·hKjMCW\iP^\lGXKboC Y]KiKcoYC R^D^@AtǻRǠKAYCH^H\U^C@^KM·hKjMCmG£Ic@@§^KfGmV£jU£V.  

¶ W§^U]LJǟ@nH^@^kU (i) lKmUF\iVU^ (t) BV^RY^GW^R^GlK@^KM·hKjMC (Ptran t,i,LU) jR¢K

B`GmU¢W§^U]LjH¢U\M\iPGAYC@^K§^lE£JaoGaK (LU) u YaCH^RWǠG: 

Ptran t,i,LU = Ploc t,i,LU + Pres LU + Pcomp t,LU 

lKK]pK, Ploc t,i,LU jR¢KBV^RiR^\WfRAYCW\I^KJao i W§^U]LM\iPG@^KK§^lE£JaoGaK LU (YaCH^R 

logit model), Pres LU jR¢K @^KA]GAV^C@^KM·hKjMC@^KK§^lE£JaoG`K LU jU\ Pcomp t,LU  

iMǪKHfVjM JaoRa@^K@\JfLiE`oC@]KjU\@]KW\iP^\@]LM\iPG@^KK§^lE£JaoG`K jU\ HfVEapV]G BV^R
W^R^GjA¢CA]K@]KAYCM\iPGJaoK§^lE£JaoG`K. Pres LU, jR¢KM\iPG@^KK§^lE£JaoG`KW\iP^\ JaoRa

MǪGlDA]GAV^C@^KM·hKjMC, PhCjH¢HcoRlW¢I^H^@^kU i mG£SǠ·lKM\iPG@^KK§^lE£JaoGaK LU lKMǧ

JaomG£P`D^U\K^. 

¶ @^KD]GW]KiLcpYCHfpKjR¢KRaRǠKB¢^iJfǲ^JhR@]KAYC@^KM·hKjMCEǻ§^ (Pcomp t,LU) W§^U]LJǟ@
M\iPGK§^lE£JaoG`KkGF@^KD]GW]KM\iPG@^KK§^lE£JaoG`KJ]CXRfGJaoRa@^KB^GB\iKV¢^RakY@^GD\
M·hKjMCWǠCJaoWǟGW§^U]LjH¢U\H^@^kUJaoP`D^U\K^. @^KM·hKjMCJaoF]CLtǺmG£Y\KǟF^GlX£ H^R

H^H\U^C@^KM·hKjMCjR¢KF]CLtǺmG£D]GW]K. A\LVK@^KD]GW]KKapD\iZ]GlX£i@aGiMǪKD§^KVK Jao

jK¢KYKAYCDǟGH^@^kUJaoRa@^KM·hKjMC@^KK§^lE£JaoG`K.  

¶ @^KD]GW]KiAGJ]CXRfG, N\U``GH\P]K jU\ @^KLtU`@^K AYCNǠ£EfRlE£JaoG`KJ]CXRfG lKMǪGDǟL]K 

jR¢KJhL@]LBV^RH£YC@^KAYC@^KK§^lE£JaoG`K. W§^U]LBV^RH£YC@^KAYC@^KK§^lE£JaoG`K JaoF]CLtǺ

J]KmG£L]KUǟiMǫǭ^¡^F, RǠKB¢^AYC@^KM·hKjMCEǻ§^jR¢KiPaoRAbpK. W§^U]LBV^RH£YC@^K AYC@^KK§^

lE£JaoG`KJaoRaXg^F@¢V^BV^RPtlD@^KD]GW]K@^KK§^lE£JaoG`K,RǠKB¢^jR¢KXgdGUfC. kGFN¢^KU\LhL
@^KKapR]KiMǪKmMmG£V¢^BV^RiXR^\WfRP^FlKPcpKJaokGFYaClW¢MǪGmDW\I^KJaoH]pC jR¢KLtǺFYRlX£
i@aG@^KM·hKjMCEǻ§^Y]KiKcoYCR^D^@BV^RjH@H¢^ClKBV^RH£YC@^KlKU\G]L P^@PcpK. A]pKHYK

@^KM\H`L]GjR¢KiZ]GH^R@^KD]GW]K jH¢Uǟ¢R-AcpKiJ`C iZ]GH^R BV^Ri¡^\WfR J^CG£^KPcpKJao jU\ 

@^KD]GW]K jH¢iJ`C-UfCUǟ¢R kGFYaClW¢BV^RH£YC@^KU\G]LP^@PcpK. 

A]pKHYKJao 2 iI`C 4 jR¢KH£YCmG£UcpRBcKI£^X^@V¢^BV^RH£YC@^KJ]CXRfG LtǺmG£Z]L@^K D]GW]KS·^C
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Ic@H£YC. lKiVU^JaoZǠLjLL@^KK§^lE£JaoG`KW^R^GW\XKYCBV^RH£YC@^K J]CXRfG W§^U]LPcpKJao, 

W`KB£^ jU\ @^KLtU`@^K, jNKJaoWǟGJ£^FKapIc@L]KJc@ jU\ @^KB`GmU¢ JaoW^R^GWcLHtǺW§^U]L@^KA]pK

HYKHtǺmM. L^CW¢VKAYC@^KM·hKjMC@^KD]GW]KjR¢K @fLBcKLtǺmG£lKA\K\ Jao@tU\KaYcoKjR¢KAbpK@]L 

@^KM·hKjMC lKA]pKHYK@¢YKXK£^Kap. iP^\W\K]pK, @^KB`GmU¢ jKVkK£R AYCZǠLjLLD§^UYC JaoRaJaoD\

WfǲCNfK lX£RaBV^RW\U]LW]LE£YK, @^KM·hKjMCJaoLtǺjR¢KiW]pKEco lKZǠLjLL@^KK§^lE£JaoG`K, BǟK

U]@W\K\AYC U\LfLJaoW\U]LW]LE£YK.  

 

 

ZǠLJa 4. H^H\U^C@^KiZ]GVh@AYCiB¢YCRc@^KD]GW]KHfVjLLAYC CLUMondo  
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3. @tU\KaWb@W^@^KK§^lE£ 
 

3.1. jNKJao@^KK§^lE£JaoGaK 

lKLfGOǨ@X]GiXgfǲ^Kap ZǠLjLLD§^UYC CLUMondo D\mG£Z]L@^KK§^lE£W§^U]L W£^CZǠLjLLD§^UYC AYC

@^KM·hKjMCK§^lE£JaoG`KlK WMM U^V (ZǠLJa 5). jNKJaoiLcpYCHfpKiMǪKHfVjJKlX£j@¢ @^KK§^lE£JaoG`K

lK WMM U^V lKMǧ 2010, kGFK§^lE£W`LM\iPG @^KK§^lE£JaoGaKJaojH@H¢^C@]K. 

 

ZǠLJa 5. jNKJao@^KK§^lE£JaoGaKAYC WMM U^V-@tU\KaWb@W^ 



 

12 

 

3.2. MǪGlDJaoH]pC 

KY@D^@jNKJao@^KK§^lE£JaoG`K, D§^KVKAYCjNKJaoiMǪKHfVjJKMǪGlDJaoH]pCmG£iWaRiAfp^. jNKJaoiXgfǲ^Kap 

mG£Ic@K§^lE£iMǪKHfV@§^KfGW§^U]L@^KD]GW]KM\iPG@^KK§^lE£JaoG`KJaojH@H¢^C@]K (H^H\U^C 1). jNKJao

J]C¡fGD\EY@iX]KiMǪKEcomQUiMǪK sc1gr*.fil lKQYKiGaJaomG£iZ]G@^KjU¢KjLLD§^UYC, iEaoC * jR¢K

iMǪKkHjJKAYCK§Ȋ^iLamQUAYCMǪGlDJaoH]pC.  

H^H\U^C 1. MǪGlDJaoH]pCSǠ·lK@^KK§^lE£l¡¢. Cat W\jGCiIaCM\iPGMǪGlD (HfVS·^C, Ra Xgc LtǺRa MǪGlD
G]ǲC@¢^V), jU\ Num jR¢KK§Ȋ^iLaAYCMǪGlD. 

@fG M\iPG EcoMǪGlD  B§^Y\J`L^F 

0 Cat w_3_ab2k mUF\J^CX^jXg¢CK§Ȋ^@^F (Xg^F@¢^V) 2 @R 

1 Num access @^KiAfp^iIaCL£^K 

2 Num access_dom @^KiAfp^iIaCH\Xg^GP^FlK (X^WǠK@^CAYCjAVC jU\ iRcYC) 

3 Num access_int @^KiAfp^iIaCH\Xg^GW^@fK (X  ̂K\BYKXgVC, W\ ^RLaK jU\ G¢^K

W^@fK) 

4 Cat contractp L£^KJaoRaY]GH^W¢VKW]KF^NǠ@P]K (contract farming)  

5 Num popdensity BV^R ^j £KAYCM\E^@YK 

6 Num slope BV^RB£YFE]K (W\iU]ǲFD^@ 2x2 @R) 

7 Num elevation BV^RWǠC (W\iU]ǲFD^@ 2x2 @R) 

8 Num precipitation M\U`R^KK§Ȋ^OǫKW\iU]ǲFHtǺMǧ 

9 Num temperature YǟK\PǠRW\iU]ǲFHtǺMǧ 

10 Cat awc_1 BV^RY^GW^R^Gi@]LZ]@W^Kǻ§^JaoRaSǠ· FAO M\iPG 1: 150 RR/R 

11 Cat awc_4 BV^RY^GW^R^Gi@]LZ]@W^Kǻ§^JaoRaSǠ· FAO M\iPG 4: 75 RR/R 

12 Cat awc_5 BV^RY^GW^R^Gi@]LZ]@W^Kǻ§^JaoRaSǠ· FAO M\iPG 5: 50 RR/R 

13 Cat drain4 @^KU\L^FK§Ȋ^AYCG`K FAO M\iPG 4: M^K@^CX^Ga 
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14 Num t_clay M\U`R^KGaK hVlKE]pK £^GaKiMǪK % 

15 Num s_clay M\U`R^KGaK hVlKE]pKGaKiMǪK% 

16 Num t_gravel M\U`R^KXaKlKE]pK £^GaKiMǪK% 

17 Num toc_4 M\U`R^KYaKEaV]GIdlKE]pK £^GaKH^R FAO M\iPG 4: 1.2 Ƹ 2.0 % 

18 Cat w_2_un2k mUF\J^CX^jXg¢CK§Ȋ^m@£@V¢^ (K£YF@V¢^) 2 @R 
 

3.3. AtǻRǠK  

HfVS·^C@tU\KaWb@W^M\@YLRaW\I^K\@^K@^KM·hKjMCK§^lE£JaoG`KlKY\K^BfGlKM\iJGU^V. @tU\KaKap

jR¢KiMǪKHfVjJKAYCBV^RH£YC@^KW§^U]L@^KK§^lE£JaoG`KJaojH@H¢^C@]K. 4 BV^RH£YC@^K JaojH@

H¢^C@]K @§^KfGmV£lKW\I^K\@^K: iAGPcpKJao@^K@tǺW£^C, @^KMǠ@PcGW\LhC Y^X^K, @^KN\U`G PcG

iMǪKWaKB£^, jU\ MǠ@mR£YǟGW\X\@§^. B^GB\iKV¢^ Ra@^KiPaoRAbpKU\G]L M^K@^ClKHfViRcYC, jU\ @^K

iPaoRAbpKJao@¢hVP]K@]L@^KMǠ@PcG W\LhCY^X^K. @^KiPaoRAbpKAYC PcGiMǪKWaKB£^ jU\ mR£SǩKHfpK

@¢hVA£YC@]L@^KN\U`GlKiAGW§^M\J^KJaoG`K, EboCIc@A]LiBcoYKkGF BV^RH£YC@^KD^@ H¢^CM\iJG.  

WYCmQUsJaoD§^@]GjR¢KUVRJ]C @^KK§^lE£, JaoiMǪKHfVjJKlX£j@¢PcpKJaoJaoLtǺmG£Y\KǟF^GlX£M·hKjMC K§^

lE£JaoG`KlK@^KD§^UYC. Y]KJ§^Y`GjR¢KiMǪKHfVjJKAYCiBcYA¢^F M·^W\XCVKjX¢CE^GlK WMM U^V, 

jU\ mG£Ic@@§^KfGkGFmQU 'region_park.fil'. Y]KJaWYC, RaEcoV¢^ 'region_1000' @§^KfGiAGPcpKJaoJao

WǠC@V¢^ 1000 R jU\ iZ]GVh@H^RHfVS·^CAYCV`Ja@^KM\@YL G£VFA]pKHYK @^KiYf^E]pKJaoFf@iV]pK

iA]p^R^lKU\LfL. LfGOǨ@X]G@¢hV@]LK\kFL^FAYCAfCiAG (P^@Ja 0) lX£AtǻRǠKL^CS·^CiPaoRiHaR@¢hV@]L

@^KK§^lE£E]pKJaoFf@iV]pK. 

R]KBVKD\mG£Z]LFf@lX£iX]KV¢^W\I^K\@^KlK@tU\KaWb@W^B]pCKapjR¢KiPcoYDǟGM\WfC@^KOǨ@YfLZfR. 

G]ǲCK]pK, @^Kj@£mADboCjR¢KRaDǟGM\WfCiPcoYW\jGClX£iX]KV`Ja@^KZǠLjLL@^KiZ]GVh@AYCU\LfL. 

iP^\W\K]pK, PV@iAf^LtǺmG£W\J£YKlX£iX]KW\I^K\@^KD`CW§^U]L WMM U^V, jU\ LtǺBVKD\mG£Z]L @^K

HaU^B^G]ǲC@¢^V.   
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4. @\@hRBYRP`ViHa jU\ K§^lE£ GIS 
 

4.1. @\@hRBYRP`ViHa  

iPcoYlX£W^R^GK§^lE£ZǠLjLLA§^UYC CLUMondo mG£, jU\ @^KH]pCB¢^ jU\ K§^lE£AtǻRǠKAYCJ¢^KiYC, 

J¢^KH£YC@^K@VGWYL jU\ MǪLMǟCW\I^KJaoH]pCAYCiBcoYCBYRP`ViHaAYCJ¢^K. kGFW\iP^\, JaoJ¢^K

H£YC@^KiPcoYiZ]GlX£jK¢lDV¢^BYRP`ViHalE£B¢^D§Ȋ^iR]G (.) W§^U]L@^KjF@DǟG, jJKJaoD\iMǪKDǟG (,). Atǻ

RǠKlK tutorial jR¢K@\@hRS·^CPhCPtjU£V, S·^ClG@tH^RiPcoYXga@iV]pK@^KL]KX^ JaoD\i@aGAcpKlK

iVU^JaojU¢KAtǻRǠKAYCJ¢^KiYC, J¢^KBVKD\iZ]G@^KH]pCB¢^KapBYRP`ViHaAYCJ¢^K.  

¶ W§^U]L Windows, mMX^ Control Panel / Clock, Language, and Region . jU£V

J¢^KD\iX]K ƺRegion and Languageƻ- 

¶ lK ƺFormatƻ+iUcY@ ƺEnglish (United States)ƻ 'ZǠLJa 6). @fGlW¢ ƺAdditional 

ïáððåêãïƻiPcoY@VGBcKV¢^A§Ȋ^iR]GmG£Ic@iUcY@lX£lE£jJKDǟG jU£VXgcLtǺ. 

 

ZǠLJa 6. H]pCB¢^JaoH]pC jU\ P^W^lKBYRPaViHaAYCJ¢^K  
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4.2. GIS EYQjV 

iPcoYD\H`GH]pCU\LfLlXR¢, J¢^KRaBV^RD§^iMǪKH£YCMǟCjH¢CAtǻRǠKjNKJaoD§^KVKXKboC, iE]ǲK: jNKJao 

@^KK§^lE£JaoG`KAYCJ¢^K XUc jNKJaoiXR^\WfRW^@¢YK. A]pKHYKKapLtǺW^R^GiZ]GmG£P^FlK EYQjV 

CLUMondo jU\ iP^\W\K]pKDboCBYRP`ViHaAYCJ¢^KH£YCmG£UfCEYQjV GIS. GIS H£YC@^KiPcoY: 

¶ @\@hR jU\ MǟCjH¢C AtǻRǠKJaoD§^iMǪK W§^U]L K§^lE£lK CLUMondo (HfVS·^C digitize and 

rasterize AtǻRǠKjNKJao iE]ǲK jNKJao@^KK§^lE£JaoGaK, AYLiAGD§^@]G, MǪGlDJaoH]pC). 

¶ M\H`L]G@^KV`iB^\PcpKJaoiPaoRiHaRD^@AYCNfKmG£Z]LI£^X^@V¢^RaBV^RD§^iMǪK. 

¶ @\@hRjNKJao Y\J`L^FBV^RXR^F jU\ AtǻBV^RW§^U]LiY@\W^K, jU\ @^KP`RiNaFjN¢. 

W¢VKlXF¢jR¢KK§^lE£EYQjV GIS JaoRaW`GJ`L]G jR¢K ArcGIS D^@ ESRI 

(http://www.esri.com/software/arcgis) jU\ IDRISI D^@ Clark Labs 

(http://www.clarklabs.org/products/idrisi-gis.cfm). jH¢V¢^ @tǺRaEYQjV GIS D§^KVKXg^FJao

iMǧGLtǺRaB¢^lE£D¢^F. lKP^@KappPV@iZf^D\mG£WǟRlW¢K§^lE£@tǺRaEYQjV GIS JaoiMǧG jU\ LtǺRaB¢^lE£D¢^F. @tǺ

RaEYQjV GIS JaoiMǧGK§^lE£@]KS·^CjN¢Xg^FJaoWǟGRaG]ǲCUǟ¢RKap: 

¶ QGIS http://www.qgis.org  

¶ GRASS GIS http://grass.osgeo.org 

¶ SAGA GIS http://www.saga-gis.org 

¶ ILWIS http://52north.org/downloads/category/10-ilwis  

 

EYQjViMǧGW¢VKlXF¢jU£VjR¢KiZ]GVh@mG£S·^CiH]RW¢VK jU\ W^R^GJfGjJKEYLjV GIS H¢^CnJaoRa

W`GJ`L]G. iEaoCRaM\W`GJ`P^LlKJ]CW\jGCAtǻRǠK Xgc @^K@\@hRjNKJao, Xgc iZ]G@^KV`iB^\ PcpKJaoU\YhG 

UVRJ]C V`iB^\A\LVK@^KJ^CPǠR`W^G (geoprocessing).  

 

4.3. @^KH`GH]pCiBcoYCRcMhLJhLjNKJao (MCK) 

lKLfGOǨ@X]GAYCPV@iZf^F]CD\K§^lE£iBcoYRcMhLJhLjNKJao (MCK) . MCK M\@YLRaWǠG@^KB`GmU¢ 

D§^KVKXU^FW§^U]L@^KMhLJhLjNKJao (raster), JaoiMǪKM\kXFGkGFW\iP^\jR¢K W§^U]LZǠLjLL 

http://www.esri.com/software/arcgis
http://www.clarklabs.org/products/idrisi-gis.cfm
http://www.qgis.org/
http://grass.osgeo.org/
http://www.saga-gis.org/
http://52north.org/downloads/category/10-ilwis


 

16 

 

D§^UYC@^KM·hKjMC@^KK§^lE£JaoG`K. iMǪKiBcoYCRcJaoW^R^GK§^lE£mG£C¢^F, ZhKZǠ£mG£C¢^F jU\ iXR^\WfR 

W§^U]L@^KlE£MhLJhLjNKJao (raster). G£VFiBcoYCRc MCK, PV@iZf^W^R^GMhLJhL: 

¶ P^LUVRAYC@^KM·hKjMC  
¶ @^KjD@S^FAYCDǟGJaoRa@^KM·hKjMC  
¶ W\P^V\AYC@^KM·hKjMC  
¶ B`GmU¢R^GH^W¢VKAYCjNKJao (K§^iLa, U§ȉ^G]L, mUF\X¢^C Xgc R^GH^W¢VKA\XK^G) 

 

MCK jR¢KQTaD^@ website. J¢^KW^R^GG^VkUGiYf^ version U£^WǟGD^@ http://mck.riks.nl/.  

Xg]CD^@H`GH]pCjU£V, jU¢K MCK.  £^Xg]@@]LiBcYCRclE£C^KD\M\@fGAcpK (ZǠLJa 7). EYQjVD\I^R

J¢^KlX£iMǧG log file, iEaoCLtǺJ]KmG£W£^CAcpKiJcoY, lX£@fG cancel. 

 

 

ZǠLJa 7.  £^H^AYCiBcoYCRc MCK  

J¢^KW^R^GYY@D^@ MCK EYQjV. SǠ· section ƺDisplaying simulation resultsƻAYCLfGOǨ@

X]@Ja 1, PV@iZf^D\K§^P^J¢^KiZ]GmMjH¢U\L^G@£^VlKiZ]G@^KMhLJhLjNKJaol¡¢.  

 

  

http://mck.riks.nl/


 

17 

 

5. K§^W\i aV`Ja@^KK§^lE£ CLUMondo (LfGOǨ@X]G) 

 

DǟGM\WfCAYCLfGOǨ@X]GKapjR¢KiPcoYiZ]GlX£NǠ£lE£Bǟ£KiBaF@]L CLUMondo lK@^KK§^lE£. BcG]ǲCJ¢^KmG£

N¢^KR^@¢hV@]LL^CHfV@§^KfGMǪGlD, jH¢AtǻRǠKU\YhG@¢hV@]LHfV@§^KfGMǪGlDJaojH@H¢^C@]K jU\ mQU

AtǻRǠKJaoM¸YKiAfp^D\mG£Z]LlKLfGOǨ@X]GYcoKniE]ǲKGhV@]K@]LlKBǠ¢Rc@^KK§^lE£. 

 

5.1. iMǧG CLUMondo 

SǠ·lK CLUMondo, ZǠLjLLD§^UYCHfVR]KiYCjR¢KjF@YY@D^@U\LfLM\H`L]GC^K. lKBV^RZǠ£Wb@Kap 

CLUMondo iZ]GVh@B£^FBc@]K@]L, Ff@HfVS·^C,  Microsoft Word, L¢YKJaoiY@\W^K mG£Ic@jF@

YY@D^@EYLjVAYCHfVR]KiYC. G]ǲCK]pK, lK@^KH`GH]pCjR¢KRa@^KH`GH]pCmV£lKW\I^KJao JaojH@H¢^C

@]K.  

Xg]CD^@@^KH`GH]pC CLUMondo, EYQjVRaSǠ·lK Start / All Programs / CLUMondo. Ya@J^C

iUcY@, iMǧGU\LfL CLUMondo D^@QYKiGaJaomG£H`GH]pCN¢^K windows explorer jU\ double 

BU`@ mQUs 'Geonamica.exe @tǺmG£. 

Xg]CD^@JaoiMǧGEYQjVmG£, CLUMondo D\jD£CX  ̂project file. project file jR¢KmQUiY@\W^K Jao

M\@YLG£VFU\LfLM\H`L]GC^KAYCHfVjLLD§^UYCKap. U\LfLM\H`L]GC^KAYCHfVjLLXKboC (Laos), 

jR¢KW\XKYClX£@]LHfVjLLKap. mMJaokQKiGakBC@^KJao@§^KfGmV£lKU\XV¢^C@^KH`GH]pC (Mǫ@@\H`jU£V 

Documents \ CLUMondo \ Laos), jU\ iUcY@iYf^ Laos.  £îBcoYCRc user-interface D\

M^@fGlKXK£^Dt.  

 

5.2. iBcoYCRc jU\  £^JaoHfpKHt  

iBcoYCRciZ]GlX£J¢^KW^R^Gj@£mA jU\ iL`oCmQUAtǻRǠKHfpKHtJaoD\M¸YKiAfp^lKU\LfL jU\ HfVEapV]G, jU\ 

Y\KǟF^GlX£NǠ£lE£W^R^GiUcY@W\I^K\@^K. lKU\LfLM\H`L]GC^K Laos, HfV@§^KfGZǠLjLLD§^UYC J]C

XRfGjR¢KmG£@§^KfGmV£jU£V. G]ǲCK]pK, J¢^KjU£VW^R^GG§^iKaK@^KD§^UYCkGF@^KBU`@lW¢Mǟ·R ƺRunƻ+ 

XgcmMJao Simulation / Run.  

lKiVU^JaoHfVjLLD§^UYCKap@§^U]CjU¢K, J^CUǟ¢RD\M^@fGAbpKR^ disabled (iE]ǲK, M\@fGV¢^RaWaAapiIfǲ^, 
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W\K]pKJ¢^KLtǺW^R^GiUaoRHfpK@^KG§^iKaKC^KlXR¢lKA\K\GhV@]K), jU\ J¢^KiL`oCjILBV^RBcLXK£^ 

WaAhVlKjDUǟ¢RiLcpYCAV^. lKA\K\JaoJ¢^KiX]KjILBV^RBcLXK£^Kap (iI`CjR¢KV¢^lKiVU^JaoR]KLY@V¢^ 

100%), HfVjLLKap@tǺF]CiZ]GVh@SǠ·.  

NfKAYC@^KD§^UYCD\mG£Z]L@^KL]KJc@@]LmQUs output files (jNKJaolKZǠLjLL ASCII) JaoW^R^G

iYf^iAfp^mMlK GIS W§^U]LiZ]G@^KW\jGC jU\ @^KV`iB^\. jNKJaoJ]CXRfGAYC mUF\GhVD\i@]L

Z]@W^mV£SǠ·lKkQKiGaGhV@]K, jU\ @^KjU¢KZǠLjLLD§^UYClXR¢@tD\Ra@^K i@]LZ]@W^mV£HtǺR^SǠ·

lKkQKiGalXR¢, G]ǲCK]pKJ¢^KLtǺiBaFWǠKiWF@^KH`GH^R. jQ¸RiXgfǲ^KapjR¢KmG£H]pCSǠ·lK 

CLUmondo/Laos/ClumondoWorkingDir, jU\ Ra@^KU\LǟV]KJa jU\ iVU^JaoJ¢^K@fGiUaoRHfpK. 

V`Ja@^KKap, D\iZ]GlX£J¢^KW^R^GZǠ£mG£@^KG§^iKaKC^KXg£^WǟGAYCJ¢^K. 

 

5.2.1. BǠKU]@E\K\AYC@^KlE£C^K  

lKjILJ§^Y`GAYC CLUMondo  £^NǠ£lE£C^K ƺApplication characteristicsƻNǠ£lE£W^R^GiPaoR, 

UbL jU\ W\jGCE]pKjNKJaoH^RBV^RiXR^\WfR, M\iPG@^KK§^lE£JaoG`K jU\ E]pKJaoFf@iV]pK (ZǠLJa 8). 

E]pKjNKJaoJaoiXR^\WfR - MǪGmDW\I^KJaoiMǪKHfVjJKkGF: @^KiAfp^iI`C, BV^RXK^jXK£KAYC

M\E^@YK, BV^RWǠC jU\ jNKJaoK§Ȋ^OǫK - W^R^GiPaoRiHaRmG£kGF@^KBU`@lW¢ Add suitability 

èÝõáîƻ. lKW¢VKAYC ƺLand use servicesƻM\iPG@^KK§^lE£JaoG`KW^R^GiL`oCmG£ jU\ j@£mAmG£. 

W¢VK ƺExclusion layersƻ@§^KfGiAGPcpKJaoJaoLtǺmG£B`GmU¢D^@@^KD§^UYC jU\ W^R^GiPaoRkGF@fG 

ƺ½àà áôßèñïåëê èÝõáîƻ. jNKJaoM\@YLJ]CXRfG (BV^RiXR^\WfR jU\ A]pKHYK@^KFf@iV]pK), 

W^R^GiL`oCmG£kGF@^KBU`@lW¢Mǟ·R 'ShowƻA£^C@]K@]LW\jGCU^FU\YhG iY@\W^K. 
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ZǠLJa 8. BǟKU]@E\K\@^KlE£C^K AYC CLUMondo. 

5.2.2. @^KV`iB^\ Regression 

lKjILJaWYC,EcoV¢^ ƺRegression analysisƻ +NǠ£lE£W^R^GiZ]G@^KV`iB^\J^CW\I`H` iEaoCH£YCmG£ 

iZ]G@^KH]pCB¢^lXR¢ (Figure 9). W§^U]L@^KH]pCB¢^JaoRaSǠ·jU£V, LtǺD§^iMǪKH£YCiZ]G@^KV`iB^\ 

Regression Eǻ§^Ya@. 

 

Figure 9. V`iB^\ Regression lK CLUMondo  
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5.2.3. HfV@§^KfGAYCZǠLjLLD§^UYC  

lKjILKap, NǠ£lE£W^R^G@§^KfGHfV@§^KfG@^KjLLJ]CXRfG, iE]ǲK: HfV@§^KfG regression, U§^G]L@^K

M·hKjMC jU\ BV^RH£^KJ^K, MǪLMǟCH^H\U^C@^KM·hKjMC jU\ BǟKU]@W\K\Jao@¢hVA£YC, iE]ǲKGhV

@]K@]L@§^KfGW\I^K\@^K (ZǠLJa 10). HfV@§^KfG@^KiXgfǲ^KapRaBV^RW§^B]K lKiVU^Jao@§^KfG W\I^K\

@^KlXR¢, jU\ mG£Y\J`L^FS·^CU\YhGlKLfGOǨ@XNGJa 2: W\I^K\@^K@^KM·hKjMC @^KK§^lE£Jao

GaK. 

 

ZǠLJa 10. @^Kj@£mAHfV@§^KfGZǠLjLLD§^UYClK CLUMondo  

5.3. iUapRjU¢KZǠLjLLD§^UYC 

ZǠLjLLW^R^GmG£Z]L@^KG§^iKaK@^KlKiVU^Jao project mG£Ic@W\XKYClX£@]LmQUAtǻRǠKJaoD§^iMǪK. 

lK@tU\KaKap, mQUAtǻRǠKJ]CXRfGmG£M¸YKiAfp^mMlKkQKiGaiZ]GVh@.  

¶ @fG ƺRunƻjU\ U\LfLD\iUapRjU¢KZǠLjLLD§^UYC. 
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Xg]CD^@ZǠLjLLmG£jU¢KW§^iU]GjU£V, mQUsNfKmG£Z]LJaoRaSǠ·lKkQKiGaNfKmG£Z]L (lKHfVS·^CKapjR¢K 

\CLUMondo\Laos\CLUMondoWorking\ jU\  iMǪKkQiGaF¢YFW\jGClX£iX]KV]KJa jU\ iVU^ 

AYC@^KjU¢KZǠLjLLD§^UYC). ZǠLjLLD§^UYCW^R^GjU¢KYa@iJcoYXKboC kGF@^KiPaoRE]pKAtǻRǠKl¡¢, 

@^K@§^KfGMǪGlDlKE]pKAtǻRǠKlXR¢, Xgc kGF@^KM·hKjMCAYCHfV@§^KfG (iE]ǲK: U§^G]L@^KM·hKjMC, 

@^KA]GAV^C@^KM·hKjMC, BǟKU]@W\K\Jao@¢hVA£YC ... ). 

 

5.4. EapKWǟG@^KjU¢KZǠLjLLD§^UYC 

lKiVU^JaojU¢KjLLD§^UYCW§^iU]GNfKjU£V CLUMondo D\jD£ClX£J¢^KkGFRaAtǻBV^RlX£ZǠ£ (ZǠLJa 

11) jU\ SǠ·L¢YKL^JaoW\jGCBV^RBcLXK£^D\W\jGClX£iX]KV¢^LtǺRa@`GD\@§^XF]C. mQUsNfKmG£Z]L D§^

KVKXU^F D\i@]LmV£SǠ·lK project kQKiGa. XK£^J§^Y`G, mQUsM\@YLG£VF mQUAtǻRǠKJaoM¸YKiAfp^ jU\ 
iVU^JaolE£jU¢KAtǻRǠK jU\ Y^GD\mG£Z]L@^KjD£ClKiVU^JaoRaBV^RN`GP^Gi@aGAbpK XUc NfKmG£Z]L JaoLtǺ
mG£B^GXV]CmG£Ic@PfLiX]K. JaWYC, W§^U]LjH¢U\MǧD\i@]LmV£iMǪK cov_all.* JaoIc@W£^CH]pCAcpK, L¢YKJao * 

W\jGCMǧAYC@^KjU¢KZǠLjLLD§^UYC. R]KM\@YLG£VF@^K@\D^FM\iPG@^KK§^lE£JaoG`K JaomG£Z]LXg]C

D^@@^KjU¢KjLLD§^UYCW§^U]LMǧG]ǲC@¢^V. KapjR¢KmQUs ASCII JaoW^R^GK§^iAfp^mMlKEYQjV GIS 

iMǪK (ArcGIS, Idrisi, QGIS) jU\ lKiBcoYCRcMhLJhLjNKJao MCK. JaW^R, age.*  mQUs, L¢YK

Jao * W\jGCi dIaCMǧAYC@^KD§^UYCmG£Ic@W£^CAcpK.mQUKapW\jGCiI`CjD¢U\H^@^kU,iVU^JaolE£ lKjH¢U\

A]pKHYKXU]CD^@@^KM·hKjMC@^KK§^lE£JaoG`KJaoN¢^KR^SǠ·lKPcpKJaG]ǲC@¢^V. F`oCmM@V¢^K]pK, HfVjLLKapD\

W£^CmQUJaoiYapKV¢^ landarea.txt. mQUG]ǲC@¢^VM\@YLG£VFAtǻRǠK @¢hV@]LiAGPcpKJao D]GW]KlKjH¢U\Mǧ 

(Ff@iV]pKW§^U]LMǧ 0) AYCU\LfL@^KK§^lE£JaoG`KJaojH@H¢^C@]K (lKjC¢AYC D§^KVKH^@^kU * A\ ^G

AYCH^@^kU). mQUsNfKmG£Z]LYcoKn mG£Y\J`L^FlKBǠ¢RciEaoC M\@YLlX£SǠ·lK EYLjVmG£ (iAfp^ help). 

 

 
ZǠLJa 11. W§^iU]G@^KjU¢KZǠLjLLD§^UYC. 
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5.5. W\jGCNfK jU\ MhLJhLNfKmG£Z]L  

NfKAYC@^KjU¢KZǠLjLLD§^UYCJ]CXRfGAYC CLUMondo mG£Ic@L]KJb@mV£lKkQUiGaiZ]GVh@ 

CLUMondo\Laos\CLUMondoWorking. NfKAYC@^KjU¢KZǠLjLLD§^UYCW^R^GiMǧGiLaoClK 

CLUMondo kGF kGFW\jGClX£iX]KjNKJaoK§^lE£JaoG`KlKiLcpYCHfpK jU\ W£^CjLLD§^UYClKjIL ' 

Results and postprocessing'. W§^U]L@^KiLaoCU^FU\YhGiPaoRiHaR jU\ @^KV`iB^\NfK AYC

@^KD§^UYCD§^iMǪKH£YCmG£K§^lE£ GIS EYQjV. P^@KapW\iXKaV`Ja@^KW\jGC jU\ MhLJhLNfK 

@^KD§^UYCkGF@^KK§^lE£iBcoYCRcMhLJhLjNKJao (MCK).  

¶ iMǧG MCK (BǠ¢RciK^\K§^@^KH]pCmG£Y\J`L^FmMjU£VlKP^@Ja 2 ƺK§^lE£ GISƻ(. 

¶ iVU^JaoEYQjViMǧGAcpK jU\I^RlX£iMǧGmQU .log, @fG cancel. PV@iZf^F]CLtǺJ]KmG£W£^C .log 

mQUiJcoY. 

¶ iUcY@ ƺFile/Newƻ-jU£V £^ ƺEdit log fileƻD\M\@fGAcpK (ZǠLJa 12) 

 

 
ZǠLJa 12. MǪLMǟC log mQUlK MCK. 

 

¶ iUcY@ ƺImportƻ jU\mMX^kQUiGaNfKAYC@^KjU¢KZǠLjLLD§^UYC (CLUMondo\Laos 

\CLUMondoWorking, kQUiGaF¢YFiEaoCU\LǠ V]K jU\ iVU^ AYC@^KjU¢KZǠLjLLD§^UYC), H]pC 
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ƺÈåïð Âåèáï ëâ Ðõìá9ƻiMǪK ƺAll Files ')(ƻ-NfKAYC@^KjU¢KZǠLjLLD§^UYC (jNKJao@^K K§^lE£

JaoGaK) jR¢Ki@]LmV£SǠ·lKmQUEcoV¢^: cov_all.* lKK]pK * W\jGCIaCMǧXg]CD^@jU¢KZǠLjLL D§^UYC.  

¶ iUcY@iYf^mQUJaoD\MhLJhL, HfVS·^C,  mQUJaoiMǪKkHjJKlX£j@¢mUF\U`iUapR (MǧJa 0) jU\ MǧWǟG

J£^F (iE]ǲK MǧJa 10). iUcY@mQU cov_all.0 jU\ cov_all.10 jU£V@fG ƺOKƻ- 

¶ mQUsD\mG£Z]L@^KiPapRU^F@^KlK ƺEdit log fileƻ. @fG ƺOkƻ, jU\ EYLjVJaoD\I^R lX£J¢^KlW¢

EcomQU jU\ L]KJc@mQUiAfp^iMǪK .log. L]KJc@mQUG]ǲC@¢^VkGFlW¢EcoJaoiR^\WfR jU\ J¢^KW^R^iUapR

iZ]G@^KMhLJhLjNKJaomG£iUaF.  

¶ jNKJaoIc@W\jGCSǠ·lK £ĤfpKHtAYC MCK, S·^ClG@tH^RlKiLcppYCHfpKUfCWamV£iMǪKkYkH. jK\K§^lX£ 

M·hKWajNKJaoiPcYiZ]GlX£MhLJhLjNKJaomG£C¢^F. iZ]GjKVK]pK, , lX£G]LiLaK BU`@lW¢ legend  

AYCjNKJaoSǠ·lKiLcpYCE£^FAYC £Ĝ]ǲC@¢^V, jU£V M·hKjMCiBcoYC¡^F ƺLegends editorƻ@tǺD\iMǧG

AcpKR^ (ZǠLJa 13). lKK]pKJ¢^KD\W^R^GMǪLMǟCj@£mAWaW§^U]LM\iPG@^KK§^lE£JaoG`K, iE]ǲKGhV@]K

@]L@^KM·hKEco M\iPG@^KK§^lE£JaoG`KjR¢KlX£iAfp^mMlKEcojU£VlW¢EcoJaoiXR^\WfR (iE]ǲK: HfViRcYC, 

M·^HbL ... ). @^KM·hKEcoM\iPG@^KK§^lE£JaoG`KD\iZ]GlX£@^KMhLJhLmG£C¢^FAbpKlKA]pKHYKHtǺmM. 

¶ iUcY@WaJaoiLaoCmG£C¢^F jU\ WYGB¢YC@]LM\iPG@^KK§^lE£JaoG`KJaojH@H¢^C@]K iPcoYZ]LM\@]K @^K
MhLJhLJaoM\W`GJ`NfKWǠC. NfK@^KjU¢KZǠLjLLD§^UYCW^R^GiLaoCiX]KiJaCXK£^Dt jU\ lKA]pKDtǺmM

W^R^GV`iB^\@^KM·hKjMCkGFK§^lE£ MCK (ZǠLJa 14). 

¶ J¢^KW^R^GM·hKmMR^D^@iUapRHfpK jU\ NfKAYC@^KD§^UYClKJǟ@mUF\iVU^G£VF@^K@fGMǟ·R 
 Xgc . 
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ZǠLJa 13. MǪLM·hKW]KF^U]@JaoiMǪKkHjJKAYCjNKJao@^KK§^lE£JaoGaKlK MCK. 

 

 

ZǠLJa 14. W\jGCNfKjNKJao@^KK§^lE£JaoGaKlK MCK. 
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ZǠLJa 15. HfVS·^CiBcoYC¡^FAYCM\iPG@^KK§^lE£JaoGaKW§^U]L WMM U^V. 

 

L^GKapiZf^@tǺW^R^GMhLJhLjNKJaomG£. J§^Y`G iZf^D\MhLJhLU\XV¢^CiUapRHfpK jU\ EapKWǟG kGFK§^lE£

iBcoYCRc ƺPer comparisonƻlK MCK. iBcoYCRcG]ǲC@¢^ViZ]G@^KMhLJhL H^@^kU-HtǺ-H^@^kU AYC

M\iPG@^KK§^lE£JaoGaKJaoiUcY@R^MhLJhL.  

¶ iUcY@ ƺOptions/Comparison algorithmƻXgc@fGlW¢Mǟ·RMhLJhL . iUcY@ ƺPer 

ßÝðáãëîõƻ- 

¶ iUcY@ ƺOptions/Algorithm settingsƻXgc @fGlW¢ Mǟ·RH]pCB¢^MhLJhL  

¶ J§^Y`GiUcY@M\iPG@^KK§^lE£JaoG`KJaoJ¢^KH£YC@^KJaoD\WfRJhL. lX£PV@iZf^iYf^lDlW¢HtǺM\iPG

@^KK§^lE£JaoGaKJa '6 - Closed forest' M·^MǦG. PV@iZf^W]Ci@GiX]K@^KM·hKjMClK@^KMǫ@Xǟ£R

AYCM·^mR£mG£lKU\XV¢^CMǧiUapRHfpK jU\ MǧEapKWǟG AYC@^KjU¢KZǠLjLLD§^UYC (ZǠLJa 16). G£VF

V`JaKapPV@iZff^W^R^GiX]KmG£V¢^M·^mR£F]CBfCSǠ·Bci@fǲ^, SǠ·L¢YKJaomG£D§^UYCV¢^ M·^mR£XgdGUfC jU\ iPapR

AcpK. iPcoYlX£iZ]G@^KMhLJhLmG£GaAcpK, G]LiLaK@U`@ lW¢iBcoYC¡^FjNKJaoSǠ·J^CE£^F jU]V H]pCB¢^Wa

iMǪKIn ƺin none of the mapsƻiMǪKWaiJf^ grey. 

¶ NfKmG£Z]LJ^CG£^KW\I`H` 'ƺOptions/Result statistics, Xgc@fGMǟ·R  ) Y\J`L^F@^KM·hKjMC

U\XV¢^CWYCjNKJaoWǟRlW¢M\iPG@^KK§^lE£JaoG`KkGFW\iP^\J^CG£^KM\U`R^K. 

¶ WcLHtǺMhLJhLjNKJaoW§^U]LM\iPG@^KK§^lE£JaoGaKM\iPGYcoKnJ]C¡fGG£VF@^KiUcY@iYf^jH¢U\
M\iPGlK ƺAlgorithm settingsƻ- 
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ZǠLJa 16. @^KMhLJhLjNKJaoiMǪKjH¢U\M\iPGlK MCK. 

 

HtǺmM, PV@iZf^D\WfRJhLJ]CWYCjNKJao@^KK§^lE£V`Ja Kappa. A]pKHYKV`JaKapMhLJhLjNKJaoJ]CWYC 

H^R H^@^kU-HtǺ-H^@^kU, jU\ P`D^U\K^B¢^W§^U]LBǠ¢AYCH^@^kUSǠ·lKJ]CWYCjNKJao V¢^D\iMǪKBV^R

iJfǲ^@]K Xgc LtǺ. 

¶ iUcY@iYf^ Kappa lK £^ ƺSelect comparison algorithmƻ-SǠ·lKNfKmG£Z]LPV@iZf^D\iX]K

BV^RjH@H¢^CkGFUVRU\XV¢^CWYCjNKJao (ZǠLJa 17). 

¶ iUcY@ ƺOptions/Result statisticsƻXgc@fGMǟ·R W\I`H` . PV@iZf^D\@VGWYLiMǪKjH¢U\

M\iPG@^KK§^lE£JaoGaK jU\ H^H\U^C@^KMhLJhLAYC Kappa. 

lKH^H\U^C ƺPer categoryƻ, J¢^KW^R^GiX]KBV^RjH@H¢^CU\XV¢^CJ]CWYCjNKJao V¢^jH¢U\M\iPG

AYC@^KK§^lE£JaoGaKRa@^KM·ohKjMCW\iP^\Xg^FM^KlG. B¢^AYC KLoc Y\J`L^FBV^RB£^FBc@]K




























































