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RLTLISC7&$O&MRNC&CMDSP.&WG&RLVG&URHCGO&MH&NOVGCMNFLMG&SNXXGIGOM&IGKLMNHOC&EGMWGGO&

KLOSCKNSGC& LOS& KLOSCKNSG& ULDCNOF& XLUMHIC.& NOMGI6HKLMNOF& MRG& IGCDKMC& LOS& MRGNI&
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1. INTRODUCTION 
&
/LOSCKNSGC&LIG&MRG&QHCM&SGCMIDUMNVG&QGO:QLSG&HI&OLMDILK&RLTLISC&KGLSNOF&

MH& NOUIGLCGS&VDKOGILENKNMP&HX&LXXGUMGS&CGMMKGQGOMC.& MRGIGXHIG&ULDCNOF&CNFONXNULOM&
SLQLFGC&NO&6IH6GIMP.&KLOS:DCG&LOS&NOXILCMIDUMDIG7&%UUHISNOF&MH& DISGLOD&51@@[;.&
NO&+HQLONL.&KLOSCKNSGC.&LC&OLMDILK&SNCLCMGIC.&RLVG&MRG&RNFRGCM&HUUDIIGOUG&XIGaDGOUP7&

^DKOGILENKNMP&HX&DIELO&LOS&IDILK&CGMMKGQGOMC&IG6IGCGOMC&L&RNFRKP&CMDSNGS&
LUMDLK&NCCDG&EGULDCG&HX&MRG&NOUIGLCGS&WHIKS&6H6DKLMNHO&549b;&WRNUR&KNVGC&NO&LIGLC&
6IHOG&MH&OLMDILK&LOS&QGO:QLSG&SNCLCMGIC&5Reducing Disaster Risk.&A Challenge for 
Development.&"ONMGS&>LMNHOC&#GVGKH6QGOM&,IHFILQQG.&2338;7&-NFR&VDKOGILENKNMP&
CMLPC&NO&L&CMIHOF&IGKLMNHOCRN6&WNMR&L&FIGLMGI&MGOSGOUP&MH&SNCLCMGIC.&MRGIGXHIG&MRG&
KLUY&HX&NOXILCMIDUMDIG.&RLTLIS&QNMNFLMNHO&WHIYC&LOS&KLOS&6KLOONOF&CMILMGFNGC&KGLS&
MH&RNFR&VLKDGC&HX&CDCUG6MNENKNMP&LOS&INCY7&

!RG&LNQ&HX&HDI&CMDSP&NC&MH&SGCUINEG&L&IGKLMNHOLK&LOLKPCNC&EGMWGGO&CGMMKGQGOMC&
LOS&SHWO:CKH6G&QHVGQGOM7&!RG&QHCM&CNFONXNULOM&SHWO:CKH6G&QHVGQGOM&HX&MRNC&
MGIINMHIP&NC&MRG&KLOS&CKNSNOF.&WRNUR&WNKK&EG&LOLKPTGS&NO&HDI&CMDSP&DCNOF&SNXXGIGOM&
QGMRHSC.& KNYG& MRG& 6INOUN6KG& HX&QLZNQDQ&GOMIH6P& LOS& FGHC6LMNLK& LOLKPCM& MHHKC7&
%OHMRGI& 6DI6HCG& HX& HDI& CMDSP& NC& MH& RNFRKNFRM& MRG& VDKOGILENKNMP& MH& MRG& GZNCMGOM&
KLOSCKNSGC& HX& MRG& CGMMKGQGOMC& XIHQ& MRG& )LCMGIO& LOS& <GOMILK& 6LIM& HX& %KEL& $DKNL&
RNOMGIKLOS7&/LOSCKNSGC& ULDCG& MRG&QHCM& CNFONXNULOM& NQ6LUM& LOS&RLVG& MRG&RNFRGCM&
SPOLQNCQ&XIHQ&SHWO:CKH6G&6IHUGCCGC.&MRDC.&NM&EGUHQGC&OGUGCCLIP&MH&6GIXHIQ&L&
6IGSNUMNHO&HX&MRG&MHMLK&VDKOGILEKG&LIGL7&cG&SGUNSGS&MH&LOLKPTG&MRG&GLCMGIO&6LIM&
HX&MRG&%KEL&$DKNL&RNOMGIKLOS&SDG&MH&NMC&6LIMNUDKLI&KNMRHKHFNULK&LOS&QHI6RHKHFNULK&
CMIDUMDIG.& LOS& MRIHDFR& HX& MRG& RNFR& XIGaDGOUP& LOS& SNQGOCNHO& HX& MRG& GZNCMGOM&
KLOSCKNSGC.& NM& MILOCXHIQC& MRNC& LIGL& NOMH& L& VGINMLEKG& RHMC6HM& HX& SHWO:CKH6G&
QHVGQGOM7&$O&IGUGOM&PGLIC.&QLOP&QGMRHSC&WGIG&DCGS&LOS&LOLKPTGS&MH&FGOGILMG&
VLKNS& CDCUG6MNENKNMP& 6IGSNUMNHOC& HX& L& UGIMLNO& LIGL7& !RG& 6INOUN6KG& HX&QLZNQDQ&
GOMIH6P&WLC&DCGS&CDUUGCCXDK&NO&FGOGILMNOF&VLKNS&CDCUG6MNENKNMP&LOLKPCNC&5#LVNC&
LOS& NQC.&231Ad&eGKNUNCNQH&GM&LK7.&2312d&#LVNC&LOS&'KGCNDC.&2319;&LOS&LUUHISNOF&MH&
)7!7&]LPOGC.&NM&IG6IGCGOMC&MRG&EGCM&L66IHLUR.&RLVNOF&RNFR&+*<&VLKDGC7&'LCGS&HO&
MRGCG&IGLCHOC.&WG&IGaDNIGS&MH&DCG&MRG&=LZ)OM&CHXMWLIG&MH&FGOGILMG&MRNC&YNOS&HX&
6IGSNUMNHO.& MRDC.&WG&ULO&QLYG&XDIMRGI&LOLKPCNC&HX& MRG&CGMMKGQGOMC& NOUKDSGS&NO&
MRG&CMDSNGS&MGIINMHIP7&

$O&HDI&LOLKPCNC.&WG&DCGS&[&6LILQGMGI&QL6C&LOS&IGLKNTGS&LO&HVGIKLP&WNMR&MRG&
CDCUG6MNENKNMP&QL6&LOS&MRG&GZNCMGOM&CNMDLMNHO&NO&HISGI&MH&CGG&WRNUR&CGMMKGQGOMC&
LIG&LXXGUMGS&EP&KLOSCKNSGC&LOS&WRNUR&LIG&6IHOG&MH&MRNC&SNCLCMGIC7&

&

&

2. STUDY AREA 

&

!RG&RNOMGIKLOS&HX&%KEL&$DKNL&WLC&SGKNQNMGS&DCNOF&QDKMNUINMGINLK&L66IHLUR.&

ELCGS&HO&MGHIGMRNULK&5($ &QHSGKNOF;&LOS&GQ6NINULK&LOLKPCNC&5>NUDKL&GM&LK7.&2319;7&
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Fig. 1.&(GHFIL6RNULK&6HCNMNHO&HX&MRG&CMDSNGS&LIGL&

&

&

*DI& CMDSP& LIGL& IG6IGCGOMC& MRG& )LCMGIO& LOS& <GOMILK& 6LIM& HX& %KEL& $DKNL&

RNOMGIKLOS&5eNF7&1;7&cG&ULO&HECGIVG&L&KLOSCKNSG&RHMC6HM&HO&MRNC&MGIINMHIP.&MRG&QLhHINMP&

HX&MRGQ&EGNOF&6IGCGOM&HO&MRG& GULi&5(HIFLOD:(IDND;&LOS&<GIFjD&,KLMGLD.&ULDCGS&

EP& MRG& XIGaDGOUP& HX& ,LOOHONLO& SG6HCNMNHOC& 5SG6HCNMNHOC& WNMR& RNFR& 6HIHCNMP;7& !RG&

XIGaDGOUP&HX&KLOSCKNSGC&NC&IGSDUGS&NO&MRG&WGCMGIO&6LIM&HX&MRG&RNOMGIKLOS&5WRNUR&

NC&SHQNOLMGS&EP&QHDOMLNOC;7&!RG&%KEL&$DKNL:%NDS:!DISL&<HIINSHI&CG6LILMGC&MRG&MWH&

6LIMC&HX&HDI&CMDSP&LIGL.&LOS&MRG&UHOOGUMNHO&EGMWGGO&MRG&<HIINSHI&LOS&QHDOMLNOC&NC&

EGNOF&IGLKNTGS&EP&WHHSGS&CKH6GC.&URLILUMGINTGS&EP&MRG&LECGOUG&HX&KLOS&CKNSNOF7&!RG&

LEHVG&QGOMNHOGS& XLUMC&LIG& MRG&QLNO&IGLCHOC&WRP&WG&RLVG&URHCGO&MRG&)LCMGIO&

6LIM&MH&NOVGCMNFLMG7&

eIHQ&IGFNHOLK&6HNOM&HX&VNGW.&HDI&MGIINMHIP&HVGIKL6C&MWH&QLNOC&IGKNGX&DONMC?&

MRG&DONM&HX&QHDOMLNOC& 5!ILCUjD&=HDOMLNOC;&LOS&RNKKC& XIHQ&MRG&WGCMGIO&6LIM&HX&

MRG& GULi&,KLMGLD&LOS&MRG&=DIGi&<HIINSHI.&WNMR&MRG&%KEL&$DKNL:%NDS:!DISL&CGUMHI7&!RG&

LIGL&DOSGI&NOVGCMNFLMNHO&UHOMLNOC&1A&MGIINMHINLK&LSQNONCMILMNVG&DONMC.&XIHQ&WRNUR&11&

NC&LXXGUMGS&EP&KLOS&CKNSNOF7&
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eIHQ&L&QHI6RHKHFNU&6HNOM&HX&VNGW.&WG&ULO&HECGIVG&L&FILSDLK&MILOCNMNHO&HX&

MRG&IGKNGX&DONMC.&XIHQ&MRG&QHDOMLNO&LOS&RNKKB6KLMGLD&DONMC&XIHQ&MRG&WGCM&5%Q6HN&

=HDOMLNOC.&'GSGKGD&=LCCNX.&%NDS&-NKKC;&LOS&)LCM&5 GULi&,KLMGLD;&MH&MRG&UGOMILK&6LIM&

HX&MRG&MGIINMHIP.&IG6IGCGOMGS&EP&MRG&=DIGi&<HIINSHI7&!RG&%KEL&$DKNL:%NDS:!DISL&

5=DIGi;&<HIINSHI&IG6IGCGOMC&L&CNFONXNULOM&IGKNGX&DONM.&WNMR&LO&GKHOFLMGS&XHIQ.&

LOS&L&MHMLK&KGOFMR&HX&113&YQ&5,H6.&2312;7&$O&MRG&OHMR:WGCMGIO&6LIM.&MRG&UHOOGUMNHO&

EGMWGGO&MRG&'GSGKGD&=LCCNX&LOS&MRG&%KEL& $DKNL:%NDS:!DISL&<HIINSHI& NC&IGLKNTGS&

FILSDLKKP.&WNMR&MRG&NOMGI6HCNMNHO&HX&%NDS&-NKKC7&$O&MRG&ULCG&HX&MRG&%Q6HN&=HDOMLNOC.&

MRGP&RLVG&L&SNCUIGMG&UHOOGUMNHO&WNMR&MRG&CLQG&<HIINSHI7&

!RGIGXHIG.&MRG&MGIINMHIP&NC&CG6LILMGS&NO&MWH&QLNO&LIGLC&EP&MRG&%KEL&$DKNL:

%NDS:!DISL&<HIINSHI?& MRG&WGCMGIO&6LIM.&SHQNOLMGS&EP&QHDOMLNOC.& LOS& MRG& GLCMGIO&

6LIM.&SHQNOLMGS&EP&6KLMGLDC7&

&

&

3. METHODOLOGY AND DATA COLLECTION 

&

$O&HISGI&MH&FGOGILMG&L&KLOSCKNSG&CDCUG6MNENKNMP&QL6.&WRNUR&EGUHQGC&DCGXDK&

NO&MRG&6IGSNUMNHO&HX&MRG&MHMLK&VDKOGILEKG&LIGL&HX&MRG&CGMMKGQGOMC&5MRNC&NC&HDI&QLNO&

6DI6HCG;7&eNICM.&WG&OGGS&MH&NSGOMNXP&MRG&GZNCMNOF&KLOSCKNSGC&5KLOSCKNSG&NOVGOMHIP.&

XNF7&2;&LOS&MRG&ULDCLMNVG& XLUMHIC&HX&MRNC&SNCLCMGI&5+HiNLO.&233@;7&eHI&FGOGILMNOF&

IGKGVLOM&6LILQGMGI&QL6C.&WG&DCGS&%IU($ &137272&CHXMWLIG7&

!RG&XNICM&CMG6& NC&IG6IGCGOMGS&EP&MRG&VGUMHINTLMNHO&HX& MRG& KLOSCKNSGC&LOS&

CGMMKGQGOMC.&DCNOF&CLMGKKNMG&NQLFGIP&LOS&LGINLK&6RHMHFIL6RC&5CHDIUG?&%><,$.&(HHFKG&

)LIMR;.&IGC6GUMNVGKP&*6GO& MIGGM&=L67&%&ODQEGI&HX&22[&KLOSCKNSGC&WGIG&NSGOMNXNGS.&

[& XIHQ&MRGQ&LXXGUMNOF&9&CGMMKGQGOMC?&<NCMGN.&<DM.&'GIFRNO.&-GONOF&LOS&*EIGhL7&

!RNC&MGIINMHIP&UHOMLNOC&L&ODQEGI&HX&92&CGMMKGQGOMC.&MRGIGXHIG&@7`1b&HX&MRGQ&LIG&

LXXGUMGS&EP&KLOSCKNSGC7&

!RG&MHMLK&CDIXLUG&HX& KLOSCKNSGC&NC&GaDLK&WNMR&A8[@7A3[&RL&LOS&3722b&HX&

MRG&LXXGUMGS&CDIXLUG&ULO&EG&XHDOS&HO&MRG&MGIINMHIP&HX&MRG&CGMMKGQGOMC7&

!RG&CGUHOS&CMG6&NOUKDSGC&MRG&6IG6LILMNHO&LOS&FGOGILMNHO&HX&MRG&6LILQGMGI&

QL6C.&IG6IGCGOMNOF&MRG&KLOSCKNSG&ULDCNOF&XLUMHIC7&eHI&MRG&CGKGUMNHO&HX&MRG&QLNO&

ULDCLK&XLUMHIC.&WG&OGGS&MH&UHOCNSGI&MRG&OLMDIG&HX&MRG&CMDSP&LIGL&LOS&MRG&LVLNKLENKNMP&

HX& MRG& SLML.& LKCH&WG& OGGS& MH& EG& LCCDIGS& LEHDM& MRG& XLUM& MRLM& MRLM& MRG& CGKGUMGS&

6LILQGMGIC&LIG&DCGXDK.&UHQ6KGMG.&QGLCDILEKG.&VLIPNOF&C6LMNLKKP&LOS&OHO:IGSDOSLOM&

5fLKUNO.&233[;7&

!RGIGXHIG.&WG& UHOCNSGIGS& MRG& XHKKHWNOF& 6LILQGMGIC.& EP& UHOCDKMNOF& MRG&

KNMGILMDIG?&CKH6G.&LC6GUM.&MGIILNO&IHDFROGCC.&SG6MR&HX&XILFQGOMLMNHO.&6KLO&LOS&6IHXNKG&

UDIVLMDIG.&MGQ6GILMDIG&LOS&6IGUN6NMLMNHO&5'LPGC.&2319d&<RGO&GM&LK7.&231`d&<RDOF&

GM&LK7.&231`d&<HOXHIMN&GM&LK7.&2311d&,ILSRLO&LOS&/GG.&2313;7&
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Fig. 2.&/LOSCKNSG&LOS&CGMMKGQGOMC&NOVGOMHIP7&!RG&UDIIGOM&CNMDLMNHO&

& &
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!RG&C6LMNLK&SLMLELCG&DCGS&NO&HDI&IGCGLIUR&NC&IG6IGCGOMGS&NO&!LEKG&17&

Table 1.  6LMNLK SLMLELCG&

No. Name Type Structure Source 

1& /LOSCKNSG&NOVGOMHIP& ^GUMHI& ,HKPFHO& %GINLK&HIMRH6RHMHFILQC&LOS&

CLMGKKNMG&NQLFGIP&

2&  GMMKGQGOMC& ^GUMHI& ,HKPFHO& * =&

A& ,IGUN6NMLMNHO& +LCMGI& (INS& >LMNHOLK&%SQNONCMILMNHO&HX&

=GMGHIHKHFP.&+HQLONL&

8& !GQ6GILMDIG& +LCMGI& (INS& >LMNHOLK&%SQNONCMILMNHO&HX&

=GMGHIHKHFP.&+HQLONL&

9&  KH6G& +LCMGI& (INS& #)=&5A3ZA3;&SGINVGS&

`& %C6GUM& +LCMGI& (INS& #)=&5A3ZA3;&SGINVGS&

4& #G6MR&HX&XILFQGOMLMNHO& +LCMGI& (INS& #)=&5A3ZA3;&SGINVGS&

[& ,IHXNKG&LOS&6KLO&UDIVLMDIG& +LCMGI& (INS& #)=&5A3ZA3;&SGINVGS&

@& !GIILNO&IHDFROGCC& +LCMGI& (INS& #)=&5A3ZA3;&SGINVGS&

$O& HDI& CMDSP.& WG& NSGOMNXNGS& L& ODQEGI& HX& `& KLOSCKNSGC& ULDCNOF& #)=&

5#NFNMLK&)KGVLMNHO&=HSGK;JSGINVGS&6LILQGMGIC?&CKH6G&LOFKG.&CKH6G&LC6GUM.&SG6MR&

HX& XILFQGOMLMNHO.&6IHXNKG& LOS&6KLO&UDIVLMDIG&LOS& MGIILNO& IHDFROGCC7&%KK&#)=&

SGINVGS&6LILQGMGIC&WGIG&FGOGILMGS&EP&DCNOF&MRG& 6LMNLK&%OLKPCM&MHHK7&=HIGHVGI.&WG&

NSGOMNXNGS&2&UKNQLMHKHFNULK&XLUMHIC.&WRNUR&UHOMINEDMG&MH&MRG&L66GLILOUG&HX&MRNC&SNCLCMGI?&

MGQ6GILMDIG&LOS&6IGUN6NMLMNHO.&WRNUR&WGIG&FGOGILMGS&EP&\INFNOF&NOMGI6HKLMNHO7&

Slope angle& NC& MRG&QHCM& NOXKDGOUNOF& XLUMHI& HX& KLOS& CKNSNOF.& EGULDCG& LKK&

6IHUGCCGC&WRNUR&LIG&ULDCGS&EP&MRG&FILVNMLMNHOLK&XHIUG&HUUDI&DOSGI&C6GUNXNU&UHOSNMNHOC&

LOS&CKH6G&LOFKG7&%KCH.& MRNC&6LILQGMGI& NC& XIGaDGOMKP&DCGS& NO& KLOSCKNSG& CDCUG6MNENKNMP&

LOLKPCNC&5,ILSRLO&LOS&/GG.&2311d&<RDOF&GM&LK7.&233A;7&!RG&CKH6G&6LILQGMGI&QL6&

WLC&UKLCCNXNGS& NO&`& NOMGIVLKC?&3:23.&2:93.&93:133.&13:193.&19:293.&k2937&%OLKPTNOF&

MRG& IGCDKMC.& WG& ULO& UHOUKDSG& MRG& XLUM& MRLM& QHCM& KLOSCKNSGC& XIHQ& MRG& LIGL& HX&

CGMMKGQGOMC&HUUDIIGS&EGMWGGO&9:1337&

Slope aspect& NC& LO& NQ6HIMLOM& XLUMHI& EP& NOXKDGOUNOF& MRG& GZ6HCDIG& MH&
CDOKNFRM.&ILNOXLKK&HI&SIPNOF&WNOSC&5,ILSRLO&LOS&/GG.&2313d&<HOXHIMN&GM&LK7.&2311;&
MRDC& MRG& SGFIGG& HX& CLMDILMNHO& LOS& MRG& aDLOMNMP& HX& CHKLI& GOGIFP& LIG& DOGVGOKP&
SNCMINEDMGS&HO&MRG&CMDSP&LIGL?&CKH6GC&WNMR&CHDMR.&CHDMR:GLCMGIO&LOS&CHDMR:WGCMGIO&
HINGOMLMNHO&IGUGNVG&QHIG&CHKLI&GOGIFP&MRDC&EGUHQNOF&KGCC&CLMDILMGS&WNMR&QHNCMDIG7&
!RNC&6LILQGMGI&SGCUINEGC&MRG&SNIGUMNHO&HX&CKH6G&5<RGO&GM&LK7.&231`;7&!RNC&MRGQLMNU&
KLPGI&WLC&FIHD6GS&NOMH&1A&UKLCCGC?&XKLM&5:1;.&OHIMR&5AA4.93:&A`33.&33:22.93;.&OHIMR:
GLCM&522793J`4793;.&GLCM&5`4793J112793;.&CHDMR:GLCM&5112793J194793;.&CHDMR&5194793J
232793;.& CHDMR:WGCM& 5232793J284793;.& WGCM& 5284793J2@2793;.& LOS& OHIMR:WGCM&
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52@2793JAA4793;7&%OLKPTNOF&MRGCG&FIHD6C.&WG&ULO&CLP&MRLM&MRG&QHCM&LXXGUMGS&CKH6GC&
HX&MRG&CGMMKGQGOMC&LIG&MRG&CHDMR:GLCMGIO&HOGC7&

Depth of fragmentation IG6IGCGOMC& MRG& IGKLMNVG& LKMNMDSNOLK& SNXXGIGOUG&
XHI&L&C6GUNXNU&LIGL7&$O&HDI&CMDSP.&MRNC&MRGQLMNU&QL6&WLC&FIHD6GS&NOMH&XNVG&UKLCCGC.&
CGGO&NO&eNF7&A7&=HCM&KLOSCKNSGC&WRNUR&LXXGUM&CGMMKGQGOMC&HUUDIIGS&EGMWGGO&VLKDGC&
HX&3:133&Q7&

Profile and plan curvature IG6IGCGOM& MRG& CRL6G& HX& CDIXLUG.& OGFLMNVG&
UDIVLMDIG&VLKDGC&IG6IGCGOM&UHOULVG.&6HCNMNVG&UDIVLMDIG&VLKDGC&IG6IGCGOM&UHOVGZ&
CDIXLUG&5,ILSRLO&LOS&/GG.&2313;7&cG&DCGS&MRG&OLMDILK&EIGLYC&QGMRHS&MH&UKLCCNXP&
HDI&QL6C& NO&9&UKLCCGC.&LC&WG&ULO&CGG& NO&eNF7&A7& $O&MRG&ULCG&HX&6IHXNKG&UDIVLMDIG.&
QHCM&KLOSCKNSGC&HX&MRG&CGMMKGQGOMC&HUUDIIGS&EGMWGGO&:371`:13&Q:1.&IGC6GUMNVGKP&:
371`:373`&Q:1&NO&MRG&ULCG&HX&6KLO&UDIVLMDIG7&

%UUHISNOF&MH&+NKGP&GM&LK7.&1@@@.&terrain roughness IG6IGCGOMC&L&MGIILNO&
IDFFGSOGCC& NOSGZ.& WRNUR& aDLOMNXNGC& MH6HFIL6RNU& RGMGIHFGOGNMP7& !RG& MRGQLMNU&
KLPGI&WLC&UKLCCNXNGS&NOMH&XNVG&FIHD6C.&DCNOF&MRG&OLMDILK& hGOYC&SNCMINEDMNHO?&37339`:
37AAQd&37AA:378AQd&378A:3791Qd&3791:37`3Qd&37`3:37@1Q7&=HCM&KLOSCKNSGC&WRNUR&
LXXGUM&MRG&CGMMKGQGOMC&HUUDIIGS&NO&MRG&CGUHOS&FIHD67&

&

Fig. 3.&/LOSCKNSG&ULDCNOF&6LILQGMGIC&
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The precipitation and temperature& QL6& 5eNF7& 8;& WLC& 6IG6LIGS& EP&
DCNOF& MRG& KLCM&9&PGLIC& ILNOXLKK&SLML7&cG&IGLKNTGS&LO&LVGILFG&LOODLK& ILNOXLKK& LOS&
MGQ6GILMDIG&QL6&DCNOF&\INFNOF&NOMGI6HKLMNHO7&,IGUN6NMLMNHO&LOS&MGQ6GILMDIG&LIG&
KLOSCKNSG&MINFFGINOF&XLUMHIC.&UHOMINEDMNOF&MH&CKH6G&NOCMLENKNMP?& XIGGTG:MRLW&LOS&
WGMMNOF:SIPNOF& 6IHUGCCGC.& NOMGOCG& ILNOC& NOXKDGOUGC& MRG& SHWO:CKH6G& QHVGQGOM7&
!RG&QHCM&LXXGUMGS&CGMMKGQGOMC&RLVG&LO&LVGILFG&LOODLK& MGQ6GILMDIG&EGMWGGO&
@:@79&<3&LOS&LO&LVGILFG&LOODLK&6IGUN6NMLMNHO&EGMWGGO&@33:1333&QQ7&

Fig. 4.&!GQ6GILMDIG&LOS&6IGUN6NMLMNHO&QL6&

"CNOF&MRGCG&6LILQGMGIC.&WG&IGaDNIGS&MH&MRG&OGZM&CMG6.&MRG&C6LMNLK&LOLKPCNC.&
FGOGILMNOF& L& VLKNS& CDCUG6MNENKNMP& QL6.& WRNUR& IG6IGCGOMC& MRG& ELCG& XHI& XDIMRGI&
IGCGLIUR.&6IGCGOMGS&NO&MRNC&CMDSP7&

4. SPATIAL ANALYS S

 6LMNLK&LOLKPC C&NC&MRG&QHCM&NQ6HIMLOM&6RLCG:NO&IGUGNVNOF&L&VLKNS&CDCUG6MNENKNMP&
QL67& $O& HDI& CMDSP& WG& DCGS& MRG& =LZ)OM& CHXMWLIG& MH& FGOGILMG& L& IGKNLEKG& KLOSCKNSG&
CDCUG6MNENKNMP&QL6.&WRNUR&NC&ELCGS&HO&MRG&=LZNQDQ&)OMIH6P&,INOUN6KG7&

!RG&=LZNQDQ&)OMIH6P&,INOUN6KG&WLC&DCGS&NO&CGVGILK&CMDSNGC.&QLNOKP&XHI&
C6GUNGC&SNCMINEDMNHO.&EDM&NO&MRG&KLCM&PGLIC&NM&WLC&CDUUGCCXDKKP&L66KNGS&XHI&LOLKPTNOF&
KLOSCKNSG&CDCUG6MNENKNMP7&%UUHISNOF&MH&,RNKN6RC&GM&LK7&52339;.&)7!7&]LPOGC&UKLNQGS?&
lMRG&EGCM&L66IHLUR&NC&MH&GOCDIG&MRLM&MRG&L66IHZNQLMNHO&CLMNCXNGC&LOP&UHOCMILNOMC&
HO& MRG& DOYOHWO& SNCMINEDMNHO& MRLM& WG& LIG& LWLIG& HX.& LOS& MRLM& CDEhGUM& MH& MRHCG&
UHOCMILNOMC.&MRG&SNCMINEDMNHO&CRHDKS&RLVG&QLZNQDQ&GOMIH6P &5]LPOGC.&1@94;7&
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cRNKG&IDOONOF&MRG&CHXMWLIG.&LKK& MRGQLMNU& KLPGIC.&WRNUR&WGIG&FGOGILMGS&

EP&MRG& 6LMNLK&%OLKPCM&MHHK.&WGIG&DCGS&LOS&LOLKPTGS&EP&MRG&=LZ)OM&CHXMWLIG7&%XMGI&

MRNC.&WG&IGUGNVGS&L&VLKNS&KLOSCKNSG&CDCUG6MNENKNMP&QL6.&LOS&MRG&IGCDKMGS&VLKDGC&WGIG&

UKLCCNXNGS&NOMH&XNVG&FIHD6C&5DCNOF&MRG&OLMDILK&EIGLYC&SNCMINEDMNHO;?&VGIP&KHW.&KHW.&

QHSGILMG.&RNFR&LOS&VGIP&RNFR&6IHELENKNMP&UKLCC&HX&KLOSCKNSNOF&HUUDIIGOUG&5eNF7&9;7&

5. RESULTS AND VALIDATION

%OLKPTNOF&MRG&IGCDKMGS&QL6.&WG&UHDKS&6IGSNUM&EP&DCNOF&MRG&HVGIKLP&MHHK&

MRG& XLUM& MRLM& 978@b& HX& MRG& GZNCMGOM& CGMMKGQGOMC&WNKK& EG& LXXGUMGS& EP& KLOSCKNSGC7&

%UUHISNOF&MH&MRG&CDCUG6MNENKNMP&QL6&UKLCCNXNULMNHO&5eNF7&9;.&LIGLC&WNMR&VGIP&RNFR&

LOS&RNFR&MGOSGOUP&XHI&KLOSCKNSNOF&LIG&CNMDLMGS&NO&MRG&GLCMGIO.&OHIMR:GLCMGIO&6LIM&

HX& MRG&RNOMGIKLOS7&!RGIGXHIG.&WG& IGLKNTGS&L& UKLCCNXNULMNHO&HX& MRG& CGMMKGQGOMC.& MH&

6IGSNUM&WRNUR&LIG&MRG&QHCM&VDKOGILEKG7&&

!RG&UKLCCNXNULMNHO&WLC&QLSG&EP&DCNOF&MRG&HVGIKLP&MHHK7&eHI&GVGIP&CGMMKGQGOM&

WG&ULKUDKLMGS&MRG&MHMLK&LIGL&WRNUR&NC&MRG&QHCM&6IHOG&MH&KLOSCKNSGC&5VGIP&RNFR&LOS&

RNFR&CDCUG6MNENKNMP&UKLCCGC;.&LOS&MRGCG&VLKDGC&WGIG&SNVNSGS&WNMR&MRG&MHMLK&CDIXLUG&

HX& MRG& CGMMKGQGOMC7&!RGIGXHIG.&WG&HEMLNOGS&VLKDGC&EGMWGGO&3&LOS&17&!RG&QHCM&

VDKOGILEKG&LIGLC.&WRNUR&RLVG&VLKDGC&LEHVG&371.&LIG?&'GIFRNO&537288;.&<j6DS&537138;.&

<NCMGN& 53724;.& #LNL& +HQmOj& 5371@;.& #ImQELI& 53724;.& #DQNMIL& 53782;.& (RNIEHQ&

5372`;.&-j6INL&537A1;.&-GONF&537A8;.& $FRNGK&537131;.&=NRLKn&53712;.&*EIGhL&53718;.&

,mUKNiL& 53724;.&,GnGKUL& 5371[;&LOS& MILhL& 537A3;7&=HSGILMG&VLKDGC&QGLOC&VLKDGC&

EGMWGGO&371&LOS&3731&5NO&MHMLK&11&CGMMKGQGOMC;.&QHSGILMG:KHW&VLKDGC&QGLOC&VLKDGC&

EGKHW&3731& 5NO& MHMLK&@& CGMMKGQGOMC;& LOS& KHW&CDCUG6MNENKNMP& UKLCC&HX& CGMMKGQGOMC&

QGLOC&MRLM&MRHCG&CGMMKGQGOMC&LIG&OHM&6IHOG&MH&XDIMRGI&KLOSCKNSGC7& 

!RG&VLKNSLMNHO&HX&MRG&CDCUG6MNENKNMP&QL6&NC&LO&NQ6HIMLOM&CMG6.&EGULDCG&NO&

MRG&KLUY&HX&MRNC&6RLCG.&WG&ULOOHM&SGUNSG&NX&HDI&LOLKPCNC&NC&VLKNS&HI&OHM&LOS&NM&LKCH&

URGUYC&MRG&6IGSNUMNVG&UL6LENKNMP&HX&MRG&6IHSDUGS&QL6&5<RDOF&LOS&eLEEIN.&233A;7&

!RG&=LZ)OM&CHXMWLIG&FGOGILMGS&L&IGUGNVGI&H6GILMNOF&URLILUMGINCMNU&UDIVG&5+*<&

UDIVG;.&WRNUR&NC&DCGS&XHI&MGCMNOF&MRG&IGKNLENKNMP&HX&HDI&IGCGLIUR&5+HiNLO&GM&LK7.&231`;7&

cG&L66KP&MRG&LIGL&DOSGI&MRG&UDIVG&5%"<;&QGMRHS7&%"<&VLKDGC&EGMWGGO&374&LOS&

37@&NOSNULMG&IGLCHOLEKG&SNCUINQNOLMNHO&LENKNMP&LOS&VLKDGC&RNFRGI&MRLO&37@&IG6IGCGOM&

L&RNFR&LUUDILUP&HX&MRG&UKLCCNXNULMNHO&5 WGMC.&1@[[;7&^LKDGC&EGKHW&379&IG6IGCGOM&L&

6HHI&6GIXHIQLOUG&HX&MRG&L66KNGS7&*DI&CHXMWLIG&FGOGILMGS&L&+*<&UDIVG.&MRG&%"<&

VLKDG&WLC&GCMNQLMGS& MH&EG&37@29&5eNF7&`;.&WRNUR& NOSNULMGC&L&RNFR&LUUDILUP&LOS&

IGKNLENKNMP&HX&HDI&QGMRHSHKHFP7&
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Fig. 5.  GMMKGQGOMC&CDCUG6MNENKNMP&MH&KLOSCKNSGC&

&
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Fig. 6.&+*<&UDIVG&

6. CONCLUSIONS

/LOSCKNSG&LCCGCCQGOM&EGUHQGC&NQ6HIMLOM&NO&MRG&6IGSNUMNHO&HX&MRG&LIGLC&

MRLM&LIG&QHCM&6IHOG&MH&KLOSCKNSG7&#DG&MH&NMC&SGVLCMLMNOF&GXXGUMC.&DIELO&LOS&IDILK&

CGMMKGQGOMC&RLVG&L&RNFRGI&MGOSGOUP&MH&MRNC&OLMDILK&SNCLCMGI.&ULDCGS&EP&MRG&NOUIGLCGS&

6H6DKLMNHO7&

%& VLKNS& CDCUG6MNENKNMP& QL6& IG6IGCGOMC& MRG& ELCG& HX& MRG& LOLKPCNC& HX& MRG&

VDKOGILENKNMP&HX& MRG&CGMMKGQGOMC7&*DI&LNQ&WLC& MH&RNFRKNFRM&L&IGKLMNHOLK&LOLKPCNC&

EGMWGGO&CGMMKGQGOMC&CNMDLMGS& NO& MRG&)LCMGIO&LOS&<GOMILK&6LIM&HX& MRG&%KEL& $DKNL&

RNOMGIKLOS&LOS&SHWO:CKH6G&QHVGQGOM7&&

*DI&6DI6HCG&WLC&IGLKNTGS&EP&DCNOF&($ &MGUROHKHFP&LOS&=LZ)OM&CHXMWLIG7&

!RG& IGCDKMC& WGIG& CMDSNGS& 6IGUNCGKP.& LOS& VLKNSLMGS& EP& DCNOF& MRG& +*<& QGMRHS.&

IGUGNVNOF& RNFR& %"<& VLKDG& 53.@29;.& NOSNULMNOF& MRG& NOUIGLCGS& 6IGUNCNHO& HX& HDI&

NOVGCMNFLMNHO7& !RGIGXHIG.& WG& UHDKS& FGOGILMG& L& IGKNLEKG& UKLCCNXNULMNHO& LEHDM& MRG&

CDCUG6MNENKNMP&MH&KLOSCKNSGC&HX&MRG&CGMMKGQGOMC7&

*DI&QHSGK&EGUHQGC&DCGXDK& NO& XDIMRGI&LOLKPCNC&SDG&MH& NMC&RNFR&LUUDILUP7&

!RDC.&ELCGS&HO&HDI&QL6C.&WG&ULO&UHOUKDSG&MRLM&MRG&6IGVGOMNHO&HX&XDIMRGI&KLOSCKNSGC&

ULO&EG&IGLKNTGS&EP&MRG&LOLKPCNC&HX&HDI&IGCDKMC.&NQ6KGQGOMNOF&SNXXGIGOM&KLOS&6KLOONOF&

CMILMGFNGC.&WRNUR&EGUHQGC&OGUGCCLIP&EGULDCG&HX&MRG&RNFR&6GIUGOMLFG&HX&CDCUG6MNEKG&

LIGLC7&
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