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'LVVHUWDOmR VXEPHWLGD DR 3URJUD
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6DQWD &DWDULQD SDUD D REWHQomR
(QJHQKDULD $PELHQWDO
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2 SUHVHQWH WUDEDOKR HP QtYHO GH PHVWUDGR |
HIDPLQDGRUD FRPSRVWD SHORV VHIJXLQWHYV |

3URI .RQUDG =LHPRZLW OLRWOLQVNL 'L
8QLYHUVLGDGH )HGHUDO GH 6DQWD &DW

3URI $QWRQLR +HQULTXH GD JRQWRXUD .
8QLYHUVLGDGH )HGHUDO GH 6DQWD &DW

3URI J)HUQDQGR ODLQDUGL )DQ 'U
QVWLWXWR GH 3HVTXLVDV +LGUIXOLFDV + 8QLYHU\

EGHUWLILFDPRVYHUH AR WL [pJ IBQRD & UHD EIDQOIKAR GH FRQF(
MXOJDGR DGHTXDGR SDUD REWHQOmMR GR WtWXOR GH PHV
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3URID ODULD (OL]D 1DJHO +DVVHPHU 'U]I
&RRUGHQDGRUD GR 3URJUDPD
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B3URI 3HGUR /XL] %RUJHV &KDIIH 'U
2ULHQWDGRU
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$JUDGHOR j &RRUGHQDomR GH $SHUIHLoRDPR@WR GH
SHOD EROVD GH PHVWUDGR &yGLJR GH )LQDQFLDPHQWR
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2 XVR GH P~OWLSORYV PRGHORYV KLGUROYJLERVEBRPR KRE
DMXGDU D FRPSUHHQGHU PHOKRU DV EDFUDDQKHGDRRY WL
EDFLDV HQWUHWDQWR XWLOL]DP QRUPBDUPHQMSUBSHQN
DV EDFLDV $0OpP GLVVR QmR H[LVWH RUDH@KW PRGR R B UH
WDPSRXFR TXDLV VmMR RV SURFHVVRV H ®R D/ SR R\F S RS
2 REMHWLYR JHUDO GHVWH WUDEDOKR IRWDXQWOUDD UWEBH B
KLGUROYJLFRY FRQFHLWXDLYV HP EDFLDR UL XR/LWLIBGR \C
PRGHORY GLIHUHQWHY GHVHQYROYLGRV VHJIXL[Q8 R ) FHV
GH UHODomR HQWUH D HYWUXWXUD GRVPRIWH EGR FH. DV IFROLUY
DWUDYpV GH DVVLQDWXUDV KLGUROYTKFDRD I$W LEQ@IWDXFMDHF L
GHVHPSHQKR GRV PRGHORV IRUDP DV UHODFLRQWBEBWM D
IRUDP PHOKRUHV FRP R DXPHQWR GDV DV VYDYRWEUDLVGRIG
FRPSRUWDPHQWR RSRVWR IRL HQFRQWUDGR SDE®XMRV |
HVFRDPHQWR GR ULR p GRPLQDGR SHOR H$PDRDPH@W®RIRI
VXSHULRUHV GDTXHODV HP VpULH ,VWR R QGLEFWHTNUHK QH |
PRGHOR HVWi UHODFLRQDGD FRP R TXH UHDO®GE QW K DIFRR
GLIHUHQWHV SURFHVVRV KLGUROYJLFRV GHYWBOLBGRDGE
LPSDFWR GD LQFOXVmMR GR UHVHUYDWyULRQG\DR | R3PL M h R
IRUDP HVFROKLGDV GXDV DVVLQDWXUDV KLSWRRHMY RV tT,
GH DULGH] H tQGLFH GH HVFRDPHQWR GH EDVH PRV WREKC
VXILFLHQWH SDUD VH REWHU XPD VLIPXD\DdFRR EDW[R/ tD\G
HVFRDPHQWR GH EDVH $ DGLomR GR I HAH BPRYWWRDR EG
LQGHSHQGHQWHPHQWH GR tQGLFH GH HJG®H DHF GR t+Q GLIED
GR UHVHUYDWYULR OHQWR Vy IRL EHQpILFD TXDHQGR R |
HVFRDPHQWR GH EDVH (VWH UHVXOWD G FE PPRR/ \F X DWIDAH YOH
VH SHQVD QHP VHPSUH WUD] EHQHItFLRYV HRXVRBRM X@EDV [E PF
KLGURJUIILFDV $0pP GLVVR PDLV LPSRUWIPQMEH GIX 1S HO |
Q~PHUR GH SDUKPHWURY + p D FRUUHWD UEHBURD/GII)\EDE h
ORGHORV FRP R PHVPR Q~PHUR GH SDUKPHW UGRM HUHIHNV H'
$0JXPDV EDFLDV LQGHSHQGHQWHPHQWH GR PIR@EHORRXWM
TXH DV GHPDLV SULQFLSDOPHQWH DWiBHEDQLWPRR T®A8 LR
QHVWDV EDFLDV DLQGD QmR HVWmR VHIEHOBHRA W KB WH\PH
D FDSDFLGDGH GH GLIHUHQWHY PRGHORWDQDD VLB X ODRRLR
QR %UDVLO R TXH SRGH VHUYLU FRPR XPD EDVH SDUD SU

3DODYUDV6BE(BYH; ORGHODJHP KLGUROYJLFD %UDVLO
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7KH XVH RI D ODUJH QXPEHU RI EDVLQV ORJZFADO PRGWHR
K\SRWKHVHV IRU WKH IXQFWLRQLQJ Rl WKHKEPFWY BIMX&
ZLWK D ODUJH VDPSOH RI FDWFKPHQWYV K FZH XN®&U RGRRIFLL
PRGHO WR UHSUHVHQW DOO FDWFKPHQW ¥K , PRIEG®L RU RPRR
VWUXFWXUH LV EHVW QRU ZKDW DUH WKW BRPK @5 6 WL SLLFR
FDWFKPHQW 7KH REMHFWLYH RI WKL\H ZRR WG\L @B W FMQRVD\OWD @
FRQFHSWXDO K\GURORJLFDO PRGHOV LQ FBWHARRMH @R EH
GHYHORSHG XVLQJ WKH 683(5)/(; IUDPHZRURNRDM N SR/QIGH
EHWZHHQ WKH PRGHO VWUXFWXUH DQG WKH K\GUR®IRJILFLC
WKURXJK K\GURORJLFDO VLJQDWXUHV 7KH K\GEHR® RVKRAL
SHUIRUPDQFH RI WKH PRGHOV ZHUH UH 9B WIS 2ZM R H CERDWYD
LQFUHDVH LQ K\GURORJLFDO VLJQDWXUHNYURO X\ MG RXR C
WKH PRGHOV LQ SDUDOOHO )RU FDWFKPH@WN\NOREKRS B UWDLC
VWUXFWXUHV ZHUH EHWWHU WKDQ WV KWRMH UHDS WHWH 8 W D
XQGHUJURXQG SURFHVV LQ WKH PRGHO LWV D\ PRGNV W R Z
DQDOVH ZKHQ GLIIHUHQW K\GURORJLFDO SVRFHKMVIPS DRW
DGGLQJ WKH UHVHUYRLU RI WKH XQVDW XUYIWHIEG] RYGRH DWKA
K\GURORJLFDO VLIJQDWXUHV ZHUH FKRVHQ DWKRWOL@QH
UHVHUYRLU SURYHG WR EH HQRXJK WR REWDZLW K ¥ ORLZ
EDVHIORZ LQGH[ 7KH DGGLWLRQ Rl WKH GHWRUEHR LEH@H I\
UHJDUGOHVV Rl WKH DULGLW\ LQGH[ DQIGHWHOIR EDMMBRYR
RQO\ EHQHILFLDO ZKHQ WKH ULYHU |0RZUHNX GW PLCRYW HWB
DGGLWLRQ RI FRPSOH[LW\ DV LV RIWHQ W KERDW WW U GRS
WKH SURFHVVHV LQ WKH FDWFKPHQWYV P,RODIGION WR R®Q K P RR

PHDVXUHG E\ WKH QXPEHU RI SDUDPHRW WKW GLRP WEB QAR |$
LQ HDFK FDWFKPHQW ORGHOV ZLWK WK HH® DYHU Q XGR.E IHHW
SHUIRUPDQFHV 6RPH FDWFKPHQWYV UHJDQGHUHWRWY RIHWXK &
WKH RWKHUV PDLQO\ WKH GU\ RQHV 7KLV LQGLFXWHWY WH
WKHVH FDWFKPHQWY DUH VWLOO QRRVD HE WLR) HY WO & QJLH/KUB
IRU WKH FDSDFLW\ Rl GLIIHUHQW PRGHO VRIZQI RUK F DM P XK P D
ORFDWHG LQ %UD]JLO ZKLFK FDQ VHRYH VDV @ E BN LAR KRUWNIC
ZRUN IXUWKHU DQDO\VLV PXVW EH PDGH RI KWEHR B RZKHW\
WR XQGHUVWDQG WKH LPSDFW RI GLIIHUHQW IRUPXODWLF
ODQG XVH LPSDFWV RQ K\GURORJLFDO SURFHVVHV

.H\ZRU®®%3(5)/(; +\GURORJLFDO PRGHOLQJ %UD]LO
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)LIXUD &LFOR KLGUROYJLFR H VHXV SULMHISDPY FHWR B

JLIXUD &RPSRQHQWHYV GR 683(5)/(; D 5HWZHMXRWHUMLRG
HVTXHUGD SDUD D GLUHLWD XQLmR GLYSWHRL S\X\EDMthRo H
GR HVFRDPHQWR +RUWRQLDQR )RQWH )HQLFLD HW DO
)LIXUD &RQILIJXUDO}HV GH UHVHUYDWYULR SHRWW UYXHA XU
SDUD UHVHUYDWYULR UiSLGR 5 H 5 HVW UXMWXWUDG/D S BU
HVWUXWXUD SDUD R UHVHUYDWYULR OHQWRD SR\WU B BL/SLL
4 10X[R GH VDtGD GR UHVHUYDWYULR HP YUWRIP IEBIKRDGH
HVWUXWXUD

JLIXUD 9DULDOMR GDVIKKPYHARPFRQVWLWXWLYDV
JLIXUD 5HSUHVHQWDOMR HVTXHPiWLFID GIbP AU B &mA
VMR DMXVWDGRYVY LWHUDWLYDPHQWH D |IV§ O D XMHR B SUHRV
DR Pi[LPR GD UHVSRVWD REVHUYDGD OLQKD SRQWLOKDG!
JLIXUD EUHD GH HVYWXGR H R OLPLWH GDV EDFLDV K
J)LIXUD + D 8VR GD WHUUD GRPLQDQWH N KL GWRSRIiQH
HVWXGDGDV

)LIXUD &DUDFWHUtVWLFDV I1tVLFDVW DWQDOLEDLGDDNR GHHNS
$OWLWXGH P E '"HFOLYLGDGH F SURIXQGHIGIDGH GR
H I 6LOWH

)LIXUD (VWUXWXUDV GH PRGHOR XWHOWIDWG DY HJIARRABTE
UISLGR 85 UHVHUYDWYULR GD JRQD QmR VDWXUDGD 65

)LIXUD ([HPSOR GD DSOLFDomR GD UDL] TXDGUDGD QD
)LIXUD (VTXHPD GD FDOLEUDOmMR H ¥BMBRD RWVRFRQDIKE
GH SDUKPHWURY REWLGRYV QRV SHUtRGRV GH FDOLEUDoOmMF
)LIXUD JOX[RJUDPD GR WUDEDOKR

)LIXUD 'LVWULEXLomR HVSDFLDO GDA/DNVEFH QW W XNIDLVE R
)LIXUD &RHILFLHQWHY GH FRUUHOMDMMNRLGH BRCHILWFPINQ

DV FRUUHODo}HV FRP FRHILFLHQWH DFLPD GH VmR VLJ



)LIXUD &RHILFLHQWHY GH FRUUHQDWXRKR DG/H KASSHIROCAYD
FDUDFWHUtVWLFDV ItVLFDV 7RGDV DRWH RORALHPOD GHHYV FI
VLIQLILFDWLYDV S YDORU

)LIXUD 'LYLVMR GDV EDFLDV KLGURJUFIRFIRV SHUFRDGD
tQGLFH GH HVFRDPHQWR GH EDVH 3 SHUFHQWLO 3
J)LIXUDG6FBEWWBBVSOBWRUHY GH 16( QD YDOLGDomR SDUD
IXQomR GRV YDORUHV GH FDGD DVVLQDWXUD KLGUROyYJLF
JLIXUD6FDWWHKWRWBOPWRUHY GH 16( QD YDOLGDomR SDUD
IXQomR GRV YDORUHV GH FDGD FDUDFWHUtVWLFD ItVLFD

)LIXUD 'LVWULEXLomR HVSDFLDO SERUD YRDOER K N DG E DI (-

GH PRGHOR DYDOLDGDYV

)LIXUD 9DORUHV GH 16( GH DFRUGR FRPDKR FPXS®\GHVH

FRP %), DEDL[R GR SHUFHQWLO . HQMLDKY R Y LSIHOM-
H D EDFLDV ~PLGDV VHFDV FRP %), HQBDWFH RW .

~PLGDV VHFDV FRP %), DFLPD GR SHUFHQWLO

)LIXUD SRUFHQWDJHP GH EDFLDV TXH REVQLDY HD D P EYJIX

SDUD EDFLDV ~PLGDV SDLQHO VXSHULREDRHLDNMHFPYGBULQ

FRP %), DEDL[R GR SHUFHQWLO . HQMLDKY R Y LSIHIM-
H D EDFLDV ~PLGDV VHFDV FRP %), HQBDWFH RW .

~PLGDV VHFDV FRP %), DFLPD GR SHUFHRRGAHKHOR 05 )BRG61
PRGHOR O 85B)5B65 PRGHOR O

)LIXUD 'LVWULEXLomR HVSDFLDO GHR\D & D ORPPUDHE DG/HHMOW

GH PRGHOR DYDOLDGDYV

)LIXUD 9DORUHV GH 16( GH DFRUGR FRPDR F3PXS®\GHVH

FRP %), DEDL[R GR SHUFHQWLO D HOMLDY R Y LSFUM-
H D EDFLDV ~PLGDV VHFDV FRP %), HQBDWFH RW .

~PLGDV VHFDV FRP %), DFLPD GR SHUFHQWLO

)LIXUD SRUFHQWDJHP GH EDFLDV TXH REWL HDDR &/Dd

SbuD EDFLDV ~PLGDV SDLQHO VXSHULREDRHHDHFPYGBVLAQ

FRP %), DEDL[R GR SHUFHQWLO . HQMLDKY R Y LSIHOM-
H D EDFLDV ~PLGDV VHFDV FRP %), HQBDWFH RW .

~PLGDV VHFDV FRP %), DFLPD GR SHUFHRRGAHKHOR 05 )BRB 61
PRGHOR 0O 85B)5B65 PRGHOR O



)LIXUD 'LVWULEXLomR HVSDFLDO GRR SDGBWMRWGIHRUYU
QD YDOLGDomR SDUD FDGD XPD GDV HVWUXWXUDV GH PRC
)LIXUD + 9 DORUHYV GH YLpV GLIHUHQOoD PR GHERLRLIDG
HP JUXSRV SDUD DV EDFLDV ~PLGDV : EDRLWNVNO~-PLGDYV |
EDFLDV ~PLGDV FRP %), HQWUH RV SHWBGEHWQRREF %)HHQV
RV SHUFHQWLYV H : EDFLDV ~PLGDV FRP %), DFLPD ¢
)LIXUD 9DORUHYV GH YLpV GLIHUHQKHDFQREDGHREHR S G
HP JUXSRV SDUD DV EDFLDV VHFDV EDFHQWEOGLGD:V FF
EDFLDV ~PLGDV FRP %), HQWUH RV SHUFHERR VW), HOQWUH
SHUFHQWLYV H : EDFLDV ~PLGDV FRP %), DFLPD GR .
)LIXUD + 'LVWULEXLomR GRV YDORUHV BGRVEBPBUKXY HWUE
VHSDUDGDV SRU JUXSRV EDFLDV ~PLGDV FRPFEDY DETL
~PLGDV FRP %), HQWUH RV SHUFHQWLYV HQWUH RVESHUPB
H : EDFLDV ~PLGDV FRP %), DFLPD GRFRHUWAHSWR QG |
FDOLEUDomR HQWUH H H R SHUtRGR D]IXO j FDOL
)LIXUD 'LVWULEXLomR GRV YDORUHV GRY¥DIFDLDKPNWRIBG
VHSDUDGDV SRU JUXSRV ' EDFLDV VHFDV FRIPF®%D )V DBDAL
FRP %), HQWUH RV SHUFHQWLYV H 'H RV ESHRLBH/QWHA/D \
EDFLDV VHFDV FRP %), DFLPD GR SHUFHQWLO R2 SHU
HQWUH H H R SHUtRGR D]XO j FDOLEUDomR GH
)LIXUD 6FRWWHQSMURWR tQGLFH GH HVFRDPHQWR TBXHEDYV
UHSUHVHQWD D GLYLVmMR GH IOX[R HQWUWW IR¥RYWHN P LOYCDUADY
UHIHUHQWHYV jV EDFLDV VHFDV SDUDVREDHFROGMORAL GDWH S
PHVPRV PRGHORYV
)LIXUD 'LVWULEXLomR HVSDFLDO GD RHSRWVDQD A MMV
SDUD FDGD XPD GDV FRPSDUDo}HV DQDOYDODGPW QP YNMFO
LQFOXVmMR GR UHVHUYDWYULR GD JRQD Q mkP VRO WXIMK/DR (
LOQFOXVmMR GR UHVHUYDWYULR OHQWR
)LIXUD 'LIHUHQoD GDV SHUIRUPDQFHV GRXPPRGMHMOR
FRPSDUDo}HVY DQDOLVDGDV ' EDFLDV ~BH®&IFWQWHID \
EDFLDV ~PLGDV VHFDV FRP %), HQWUH RMVF:EBVF
~PLGDV VHFDV FRP %), HQWUH RV SHUFBIYWHFDVH FRP ¢
DFLPD GR SHUFHQWLO %R[SORWV HP WHUWEGHGDY RALD K



VDWXUDGD 85 %R[SORWVY HP D]XO DOB@QWRP B5.LQRBAKWM
VMR DV FRPSDUDO}HV HQWUH PRGHORWWIFIRP YDBBHOHW |
PRGHORV PDLV FRPSOH[RYV
)LIXUD 'LVWULEXLomR HVSDFLDO GD FRPGRW Mdn R DD\
SDUD FDGD XPD GDV FRPSDUDO}HV DQDYRODGPWR QP YNFO
LQFOXVmMR GR UHVHUYDWYULR GD JRQD Q mRP VR WXSD/DR (
LQFOXVMR GR UHVHUYDWYULR OHQWR
)LIXUD 'LIHUHQoD GDV SHUIRUPDQFHV GRXPBRGBWR
FRPSDUDO}HV DQDOLVDGDV : EDFLDV ~BH®FWQWHPD)
EDFLDV ~PLGDV VHFDV FRP %), HOWUH RUFSBWVF
~PLGDV VHFDV FRP %), HQWUH RV SHUFBI\QWWFDVH FRP ¢
DFLPD GR SHWRHOWRPR®YHUGH DYDOLDP D LQFOXVmMR GR L
VDWXUDGER[8BHPWIN]XO DYDOLDP D LQFOXVMR GR UNVHUY|
VMR DV FRPSDUDO}HV HQWUH PRGHORWWIFIRP YDBBHOHW |
PRGHORV PDLV FRPSOH[RYV
)LIXUD +LGURJUDPDV REVHUYDGR H VLPX@BGSRULD®ILV
IHLWDV SDUD XPD EDFLD ~PLGD FRP tRGLEFR SHUHFWRRDLRH Q
&RPSDUDomR GH PRGHORV FRP RX VHP RDUHWVHUYTL
)5 HO 85)5 H E 0 )565 HO 85)5 65PRRPSRY FRPF
VHP UHVHUYDWYULR OHQWR F 0 )5 HO )565 H G 0
)LIXUD +LGURJUDPDV REVHUYDGR H VLPXOBIGWRDYDSDL
EDFLDV ~PLGDV FRP tQGLFH GH HVFRDPHQ@W®GLGR EDVH LQ
&RPSDUDomR GH PRGHORV FRP RX VHP R DH\WHUSDWyOLR
85)5 H E O )565 H O 85)565 FRPSDBRPoMRVERM P
UHVHUYDWYULR OHQWR F 0O )5 HO )565 H G 0 85 )¢
)LIXUD +LGURJUDPDV REVHUYDGR H VLPXOBIGWDYDSDL
EDFLDV iULGDV FRP tQGLFH GH HVFRD®HQWRGEHREDVH LQ
&RPSDUDomR GH PRGHORYV FRP RX VHP R DDHWHU»SDWyU LR
85)5 H E O )565 H O 85)565 FRPSDBRPoMRVERM P
UHVHUYDWYULR OHQWR F 0 )5 HO )565 H G 0 85 )&
)LIXUD +LGURJUDPDV REVHUYDGR H VLPXOBIGWDYDSDL
EDFLDV VHFDV FRP tQGLFH GH HVFRQWHOWR GWGEDRH LQ
&RPSDUDomR GH PRGHORYV FRP RX VHP R DHWHUM»SDWyU LR



85)5 H E O )565 H O 85)565 FRPSDBRPoMRVEBRM P
UHVHUYDWYULR OHQWR F 0 )5 HO )565 H G 0 85 )¢

)LIXUD 3DLQHO VXSHULRU GLIHUHQOYD®L 3dnuRRIPPDI
XPD GDV FRPSDUDo}HVY DQDOLVDGDV 3 BHORLGER $RBFHWY
3 EDFLDV FRP SURIXQGLGDGH GR VROR HQWBR RV

SURIXQGLGDGH GR VROR HQWUH RV SHUFHQWLWY DMH.PD 3
GR SHUFHMARNEGHFRPWYHUGH DYDOLDP D LQFOXVmMR GRDUHVH!
85 %R[SORRVWD]XO DYDOLDP D LQFOXVmMR GR UHMHWRWDW
SRUFHQWDJHP GH EDFLDV TXH REWLY HUDP O&/BEDRWHRY GRIGH
85B)5 PRGHOR O )5B65 PRGHOR O 85B)5B65 PRGHOR O
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7DEHOD
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BURFHVVRV KLGUROYJLFRYVY FRQVLGHUDGRYV HP
(TXDOo}HV FRQVWLWXWLYDV XWLOL]DGDV
3DUKPHWURY FRQVLGHUDGRY HP FDGD HVWUXYV
(TXDo}HV GH EDODQOR KtGULFR XWLOL]DGDYV
)XQO0}HV DX[LOLDUHV XWLOL]DGDV

'HVFULOmMR GRV SDUKPHWURYV GRVORR/GMOQR P R

Pi[LPR XWLOL]DGRV FRPR OLPLWHYV GD GISWWR UE X XdMLRO X]C
FDOLEUDoOomMR

7TDEHOD

SHVXPR GDV DVVLQDWXUDV KOGMRDGIDWDV H F
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$, + EQGLFH GH DULGH]

%), + EQGLFH GH HVFRDPHQWR GH EDVH

*UXSR GH EDFLDV iULGDV FRP tQGLFH GH HVFRDPHQW
+ *UXSR GH EDFLDV iULGDV FRP tQGLFH GH HWFRDPHC
: + *UXSR GH EDFLDV iULGDV FRP tQGLFH GH HWFRDPHC(
*UXSR GH EDFLDV iULGDV FRP tQGLFH GH HVFRDPHQW
(34 + (ODVWLFLGDGH GD YD]mR

)5 + SHVHUYDWYULR ID8WGRH \GHRUYRLOrV

16( + &RHILFLHQWH GH 1DVK 6XWFOLIIH

4 9D]mMR TXH p H[FHGLGD RX LJXDODGD GR WHPSR

4 + 9D]mMR TXH p H[FHGLGD RX LIJXDODGD GR WHPSR
55 + 7D[D GH HVFRDPHQWR

6&( 8% + $SOJRULWPR6GMNIFDME BLRPOSICRH[ (YROXWLRQ

6)'& £+ ,QFOLQDOmMR GD FXUYD GH SHUPDQrQFLD

65 + 5SHVHUYDWYULRVORQWR VE R YLRLID r V

85 + SHVHUYDWYULR GD ]RQDXQMBRWDWDIWHEG Y RGA UG YOIIWY
*UXSR GH EDFLDV ~PLGDV FRP tQGLFH GH HVEFRDPHQV
+ *UXSR GH EDFLDV ~PLGDV FRP tQGLFH BHFHQMRD/P H

I+

I+

I+

I+

I+

+ *UXSR GH EDFLDV ~PLGDV FRP tQGLFHIBUWFHYMRD/PH

I+

*UXSR GH EDFLDV ~PLGDV FRP tQGLFH GH HVFRDPHQV
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6tPEROR 'HVFULomR 'LPHQVmR

$, EQGLFH GH DULGH]

$OSKD 3DUKPHWUR GH QmR OLQHDULGDGH GR UHVHUYDW\

%HWD 3DUKPHWUR GH QmR OLQHDULGDGH GR UHVHUYDW:
VDWXUDGD

F 3DUKPHWUR SDUD FiOFXOR GR HVFRDPHQWR GH ED

&H 3DUKPHWUR GH HILFLrQFLD GH HYDSRUDomR
3DUKPHWUR GH UHSDUWLomR GR IOX[R

(X (YDSRWUDQVSLUDOmMR QR UHVHUYDWYULR GD JRQD

(1 (YDSRWUDQVSLUDOmMR QR UHVHUYDWYULR UiSLGR

3 (YDSRWUDQVSLUDOomMR SRWHQFLDO PpGLD

(43 (ODVWLFLGDGH GD YD]mR

) M JODVKLQHVYV

NI &RHILFLHQWH GH UHFHVVmMR GR UHVHUYDWYULR Ui

NV &RHILFLHQWH GH UHFHVVmMR GR UHVHUYDWYULR Ol

3 3UHFLSLWDomR

3 3UHFLSLWDomR PpGLD DQXDO

3 3UHFLSLWDomR PpGLD QR DQR L

31 BUHFLSLWDomR TXH HQWUD QR UHVHUYDWYULR Ui

3 X 3UHFLSLWDomR TXH HQWUD QR UHVHUYDWYULR GD

3V BUHFLSLWDomR TXH HQWUD QR UHVHUYDWYULR OH

4 9D]mR /7

yi 9D]mMR PpGLD DQXDO I 7

4 9D]mMR PpGLD DQR L /7

4 9D]MR QR SHUFHQWLO /7

4 9D]MR QR SHUFHQWLO /7

41 9D]mMR GH VDtGD GR UHVHUYDWYULR UiSLGR

4T 9D]mMR GH VDtGD GR UHVHUYDWYULR GD JRQD QmR |

4V 9D]mMR GH VDtGD GR UHVHUYDWYULR OHQWR

4W 9D]JmMR WRWDO GH VDtGD GR PRGHOR 7

55 7D[D GH HVFRDPHQWR




6tPERORIVFULOomMR ‘'LPHQVmMR

6 SUPDJHQDPHQWR /

61l $UPDJHQDPHQWR QR UHVHUYDWYULR UIiSLGR

6V $UPDJHQDPHQWR QR UHVHUYDWYULR OHQWR

6 X $UPDJHQDPHQWR QR UHVHUYDWYULR GD JRQD QmR

68PD[ &DSDFLGDGH GH DUPDJ]HQDPHQWR GR UHVHUYDWyl
VDWXUDGD

6. &RHILFLHQWH GH VDWXUDomR GR UHVHUYDWYULR
6 ,QFOLQDOomR GD FXUYD GH SHUPDQrQFLD
W 7THPSR 7
; 9DImR /7
Q (VFRDPHQWR GH EDVH QR WHPSR W
X (VFRDPHQWR WRWDO /7
&RQMXQWR GH SDUKPHWURYV
1 '"HVYLR SDGUmMR /7
OpGLD I 7

/| FRPSULPHQWR 7 WHPSR
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ORGHODJHP FRP JUDQGH FRQMXQWR GH EDFLDV
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ORGHORYV
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,1752'8d-2

8PD SDUWH VLJQLILFDWLYD GD LQFHUW KJHDWB P HRR\G
UHODFLRQDGD FRP R QRVVR FRQKHFLPHQWR VQVWHFDHQ!
EDFLD KLGURJUIILFD $ EDFLD KLGURJUIiIIGADH® XPH P L MV HF R
GH FDQDO VRORV H YHJHWDomR VmR WRGRWFROMYXKRVD
JHRPYUILFRV 6,9$3$/$1 $ FRQHFWLY LG DBHM HI W UHX B
GHSHQGrQFLDV HP UHODomR DRV OLPLWRW BGRDH PDRS@D
LQIOXHQFLDP VLJQLILFDWLYDPHQWH R FRERDFRDWBPHQWR
+5$&+2:,7= 0&*8,5( 0&'211(// 3RUW D QW®RH YH/P/ DV
VHU FRQVLGHUDGDV QD FRQVWUXomR GH PRGHQRV KLC
.$9(76., 6$9(1,-(

$ FRQVLGHUDOMR GH XP JUDQGH FRQMXQ\QR K5 FE BEE|
KLGUROYJLFR XPD YH] TXH SHUPLWH L R HQHUDEHQBIELHP
JUDX GH DSOLFDELOLGDGH GH PpWR Q@RRUH PRGN ORM L FIL H.q
VH HYWDEHOHFHU UHODO}HV HVWDRVERW RFD X VRS &H VD N O
R XVR GH P~OWLSORV PRGHORV KLGUROYJLFRV BRI KL
DMXGDU D FRPSUHHQGHU PHOKRU DV EDRW NOK LIBAhRR UG F
IUDPHZRW W ~OWLSODV KLSYWHVHY QHVWH FD VIRF RVmRRG Bl
LQFHUWH]D SURYHQLHQWH GR VLVWHP®9{6&GH YHX&, FRPS

,VWR SRGH VHU IHLWR D SDUWLU EOP B R R SUDHPHDMWIR | &
+ SRU PHLR GDV HVWUXWXUDV GR PRGHOR H DV FDUDFW

(VWXGRV FRP JUDQGH FRQMXQWR GH EDFLDV XAQWU'F
PRGHOR FRQFHLWXDO SDUD UHSUHVHQWDUHWRGYVFDVRDF
R FRQMXQWR GH SDUKPHWURYV LQIHULGR p jRRXYHU 5 L GHR
FRQVLGHUD H[SOLFLWDPHQWH RV SURFHVVRZ KNRUBEYJ
HVWUXWXUDV IL[DV GH PRGHORYV SRGH VHU7&MHWLPSRUWD
OHVPR EDFLDV ILVLRJUDILFDPHQWH VHPHOKDEDOHY PFRR/G 4
HVFRDPHQWR GRPLQDQWHY H XPD HVWUXW®UDHISPB \GHD
DGHTXDGDPHQWH WRGRV RV IHQ{PHQRV GD EDFHQW.I$9 (ZB F
FRP GLQKPLFDV KLGUROYJLFDV GLVWLQWDHQWHR/ HH/OWLRUN
PRGHORYV FRQFHLWXDLYV R TXH LQGLFD XPDGIREBFhR H QW
DGHTXDGR GH HVWUXWXUDV GH PRGHORV )(1,&,$ HW DO



3RQFHOHW HW DO XWLOL]DUDP XPDRBW\W QYR X
PXOWLQDFLRQDO GH EDFLDV SDUD LQMWVAH MDJnR WEHOWDI
FDUDFWHUtVWLFDV WRSRJUilLFWXGR POXLPH WILX DNX 6 DV UEHSH
SURFHVVRV KLGUROYJLFRV IRL OLPLWDGD SPVQFXWROPN
SRUWDQWR UHFRPHQGDP WHVWDU GLIHUH®Q WHRXBDWUHIWI
UHSUHVHQWDOMR GH SURFHVVRV KLGUROGDLARW GRPXQD C
PRGHORY FRQFHLWXDLY SRGHP VHU UHVRAVYLI®BNtFRPVR (X
WLSR GH HVWUXWXUD IOH[tYHO Mi VH PRVWUSBYXWEN® NI L
FRPSRUWDPHQWR GH EDFLDV &/$5. HW DO

JHQLFLD .DYHWVNL H 6DYHQLMH S U R S)DWHHWADWPN X |
HVWUXWXUD GH PRGHODJHP IOH[tYHO FKDEDG®BROB IHQ/M YL
FRPR UHVHUYDWYULRV MXQWDV H IXQo}HV GH SURSDHDRY
PDQHLUDV )HQLFLD HW DO XW L OB BDWBP/R: H P WX W
EDFLDV iUHDV PHQRUHV TXH NP& FRP GL\Q KAPIDAD G EW IR
(OHV HQFRQWUDUDP TXH DV HVWUXW XD\ WY UDXPM [P FOKRIV UTH
WLQKDP UHODomR FRP RV SURFHVVRV KBRURIQPJILHFRNVVTXXJ
XWLOL]DU R 683(5)/(; HP XP Q~PHUR P D LRIR \GHHV E BIfPL B X VHF
FRUUHVSRQGIQFLD HQWUH DV FDUMHRWRUYtYWGEBR®yGDNRED

WDPEpP SURSXVHUDP XPD HVWUXWXUDPGEHRRBERGHQ
8QGHUVWDQGLQJ 6)Y8BKFW XWHF@RHQBDP SDUD WUDEDOKRV
UHODO}HVY HQWUH D SHUIRUPDQFH H HVW IEPDWXDYD GIRVAHRIG[H.
HVWUXWXUDV PDLV DGHTXDGDV SDUD GLIHUHQWHY UHJLP

1mMR H[LVWH RULHQWDOmR VREUH TXDO PRGH®MR RX H
RV SURFHVVRV H PHFDQLVPRV GRPLQDQMIBY B PDLFHDGD
:22'6 .LUFKQHU HQFRQWURX TXH DOJRBDV BREL
VLVWHPDV GLQKPLFRVY QmR OLQHDUHV GH SHQPRQ WL IRWIEF
UHODOmMR KLSRWpWLFD HQWUH FRPSOH[Q\ DB W IBRWVARR G/
QmR IRL WHVWDGD

1R QRVVR FRQKHFLPHQWR DLQGD QmR H[LVWHPP WUTL
XP JUDQGH Q~PHUR GH EDFLDV FRP iUHD LQIPMWWRNEDOKR
FRP EDFLDV FRP iUHDV DFLPD GH N P 8S UHHY HEQ WaH , %% B
DQDOLVRX D SHUIRUPDQFH GH GLIHUHQWHR/QHR MM XBVAU B |
EDFLDV KLGURJUIILEDV ORFDOL]DGDV QRUBPtX ¥ R® LiJDHEIR Y/ C



PRGHORY GLIHUHQWHY GHVHQYROYLGRV VHJIXL[QG R M HVDV
GH UHODomR HQWUH D HVWUXWXUD R PRG HROIR YHH M KD \F [
GH DVVLQDWXUDV KLGUROYJLFDV I8HKIKR EWMHREDGWLPRBRGH
FDSDFLGDGH SUHGLWLYD IRUDP DYDO IXPORYLYMMRDODR GBI
GD FDSDFLGDGH GH PRGHORV KLGUROyYJLERNLBRK QHFHIWNRIMDIL
GR %UDVLO

2%-(7,92 *(5%/

$QDOLVDU D SHUIRUPDQFH GH GLIHUHQW HMF H MW/XIDXIW
HP EDFLDV KLGURJUIILFDV ORFDOL]DGDV QR %UDVLO FRP

2%-(7,926 (63(&E),&26

L 4RPSUHHQGHU D FRUUHVSRQGrQFLD HQWUH HVW
KLGUROYJLFDV

$V TXHVW}HV UHIHUHQWHY D HVVH REMHWLYR VmR

D 4XDO p R GHVHPSHQKR GH HVWUXWXUDV GHPBGHO

E ([(LVWHP YDQWDJHQV HP XVDU GLIHUHRMR HMWWH
SDGU}HV RX FDUDFWHUtVWLFDV HPHUJHRWRXW®P DIV

F 4XDO D LQIOXrQFLD GH FHUWDYV FDUD VW A8 HQXIRF O R
PRGHOR™

LLSYDOLDU TXDQGR GLIHUHQWHV SURFHVVRV KLGUI
PRGHOR

$V TXHVW}HV UHIHUHQWHY D HVVH REMHWLYR VmR

D 3DUD TXDLV EDFLDV KLGURJUIiILFDV XP PRGHOR
VXILFLHQWH"

E 3DUD TXDLV EDFLDV KLGURJUIILFDV GHYH WH DGL
VDWXUDGD £+ TXH UHSUHVHQWD R DUPD]J]HQDPHQWR

F 3DUD TXDLV EDFLDV KLGURJUIILFDV GHYH VH DGL
UHSUHVHQWD R IOX[R VXEWHUUKQHR™"






5(9,6-2 %,%/,2*5E),&$

02'(/$*(0 +,'52/1*,&$

ORGHODJHP KLGUROYJLFD SRGH VHU HQWHQGLGD F
KLGUROYJLFRV GH XPD GHWHUPLQDGD iUHD )JUWOXIUAD 2% C
PRGHORYV KLGUROYJLFRV VLPXODP D YDImRHNPPORVHERN LEH
GRVY SURFHVVRV KLGUROYJLFRV 6mR IHUUPHIO®W®RD WH QGWWI
H UHSUHVHQWDU R FRPSRUWDPHQWR GD EDFQVHKW CURJI
REVHUYDGDV

Precipitacdo

i Interceptacdo Evaputrirlspiragau

r Mooy
Transpiragdo Evaporacao
HoA A

Esc.
‘SUPErﬁE,-aI Evaporacdo

Evaporacdo
AAA b

AA A

Esc.Subterrineg ———

RIO LAGO

Vazdototal

)LIXUD &LFOR KLGUROYJLFR )ROWHIX¥GHOBEWQER B L KES\DREF H W VORO\

([LVWHP GRLVY PRGRV GH YHU XP PRGHOR 1R JWDLPHLI
D HI WUDSRODomR GRV GDGRV GLVSRQtYHLV QRVWBIFRE RSDU
GLIHUHQWHY EDFLDV KLGURJUIILFDV 1H\ORNWDVR/ DWLFpI
GH SUHYLVMR GH YDImR QtYHO GD iJXD WFBEWRWWHk QB DD RO
D GHWHUPLQDGDV QHFHVVLGDGHV 1R VHJX(PHRRSRR/FRY HPQR !
QRVVR FRQKHFLPHQWR ItVLFR GR SURFHVVR HQYROWMMAIGRG
FRPR KLSyWHVH GR FRPSRUWDPHQWR GDINVRD BLIDWM K- CDJ@a
FLrQFLD GD KLGURORJLD GHYH VH]RHEWHRHUMYDWH®S RVKWD Y
DQVZHUV IRU WKH .US&KW5UHDVRQV



2 PRGHOR GHYH WHU XPD FRUUHVSRQGQRLX\FR®RD
FRPR XPD IHUUDPHQWD SDUD HQW H Q GRW RR \G Y IYWHWHP BAH K L
TXH QHQKXP PRGHOR KLGUROYJLFR p XPD UH®WH VHROW DRV
PRGHORV VMR KLSYWHVHV VLPSOLILFDGDV HOWNBRPRL 8y D/F
UHTXHUHP XPD ULJRURVD FRQVWUXomR LP8OHRHG@WDomR

%RQV PRGHORV VMR DTXHOHV TXH SRVVXHP XPD P
LOQFHUWH]DV 6%$9(1,-(

$ JUDQGH TXDQWLGDGH GH PRGHORV FRQFHLRVXDL'
LQVXILFLHQWH GD GLQKPLFD DPELHQWDO QD GVNRFXD GIHG!
HP PHGLU H UHSUHVHQWDU D KHWH U R/JH®PAIN GBI H &/
$9(76., )(1,&,$ &DGD PRGHOR SURS}H GRWHEHRMHAV
KLGUROYJLFRY H VXDV VXEVHTXHQWHYV LQWHUD ®}®IpP GAK
H[SOLFLWDPHQWH FDUDFWHUL]DU D KHMBURK HRRELHGMREH [X
FRPSOH[RV H VXSHUSDUDPHWUL]DGRY +*+ H SURPXWEDE R
VXEMDFHQWHY j KHWHURJHQHLGDGH H FRPSOH[LGDGH

8PD IRUPD HQFRQWUDGD SDUD OLGDU FRP D JUDQ
GLILFXOGDGH GH HQFRQWUDU XP PRGHOR M[R pFRSPYRG G
HVWUXWXUDV GH PRGHORV IOH[tYHLV 8P H[H®E®BR p R ¢
6$9(1,-( .$9(76., )(1,&,% (VWH PRGROHRP M LIRIU B §
HVWXGRV H Mi VH PRVWURX HILFLHQWHFRQDHMWIH GW VI LFWD
GRPLQDQWHY GH GLIHUHQWHV EDFLDV

&ODUN HW DO ) IBJARFSZR/HN DRURSQGHUVWDQGLQJ
)86( TXH FRPELQD TXDWUR PRGHORV KLGUR®KJIJRRBW ARV
H VXJHULUDP TXH D HVFROKD GD HVWUXKMPHWURWG®GR RPRS
(OHV UHFRPHQGDP SDUD WUDEDOKRYV IX\WMURRMVSG DRFHRN \M |
GR PRGHOR HP XP Q~PHUR PDLRU GH EDFLDR )8EPE®ODQ
GDGRV GH WUDODGRUHV FRPR IHUUDPHQWR S B FIRYOX®DL
HVWUXWXUD LQIOXHQFLRX QD VLPXODOmMR FB[RQGINGEGED iJ
WDPEpP XWLOL]DUDP R )86( HP  EDFRONQK R GRR B RGP |
GH DFRUGR FRP DV FDUDFWHUtVWLFDV GRVE®ERB H\DWRALC
FRQWURODP D UHVSRVWD GD EDFLD +UDFKRDIPMEZRWND®H
HVWUXWXUDV IOH[tYHLY GH PRGHOR R '¥M%D p? HVXGHXKMM\D
FRP GDGRV GH WUDODGRUHV SDUD LQYKMMEDFDR R RSWHQHLI



PRGHORY EDVHDGRV HP GLIHUHQWHYV SQKFLAD/BY G/H PQV!
D VHQVLELOLGDGH GD EDFLD DRV HVWDGRYV GH XPLGDGH
ORGHORV PDLV FRPSOH[RV SRGHP DSUHVHQWDU UH
GHWHUPLQDGDV EDFLDV 9%$1 (66( HW DO/ UHV X Q@\D GRW B®
jV FXVWDV GH PRWLYRV LQFRUUHWRYV * SHIDRKPHWBRWV
UHSUHVHQWDQGR GH IRUPD HUU{QHD D GL Q@k®H F®OLBIDQKD B
GD FRQILDELOLGDGH QD YDOLGDOomMR $ HMW XPWXPH GDP I
UHOHYDQWH QRV SURFHVVRV KLGUROYJLFRV WP RFERIHJ |
UHVLGrQFLD + GR TXH D iUHD GD EDFLD SRY FHAOPSWRY DG
HQWUH RV FRPSDUWLPHQWRY GD EDFLDGH NXPN]HHBRHHX
SURSULHGDGHVY GR VROR H WRSRJUDILD LQIOXH®@RLDP
KLGUROYJLFR GRV VLVWHPDV QDWXUDLV 08&*8Q5\H 0OR b3H?1
GHYHP VHU FRQVLGHUDGDYV QD HVWUXWX8$D (GR(PRGHOR
8PD SDUWH VLJQLILFDQWH GD LQFHUW® PDGDPR E DFFR 6 HKOLRGW
HVWi GLUHWDPHQWH OLJDGD DR QRVWRRNRIQKWHQF HDQMV/R GLF
FRPR D RUJDQL]DomR LQWHUQD H D FDXSDIFWU GDGLHY &/Ri RIF RIVF
jV GLQKPLFDV WHPSRUDLV 6%$9(1,-( +5%$&+2:,7=
'LIHUHQWHY HVWXGRYVY DYDOLDUDP R L P3OWRVB HG B DH YN

HJ &/$5. HW DO '"( %2(5 (86(5 HW DO *$@1 FRWS$ DHD
*+$5%$5, HW DO .$9(76., )(1,&,$ 5,1% :8 9% (/'
257+ HW DO 3(55,1 0,&+(/ $1'5e$66,$1 HW D®O$1 (66

4XDQGR GLIHUHQWHY PRGHORYV VmR DY F®PBO®RYL @DSAHH BH
PRGHOR QHVWH FDVR Q~PHUR GH SDUKPHWURJMPORMW RW
SRGH OHYDU DR DMXVWH H[FHVVLYR 257 HWURY DGLFLI
SRGHP VHU DGDSWDGRY DR UXtGR GRV GDRRBHRERNSMHNIRRF
XP SHUtRGR LQGHSHQGHQWH GH GDGRV /(9(5 +g3s%(516., §

HW DO ORGHORV PXLWR DMXVWDGRV SRGHP WHU
FDOLEUDomR PDV SURYDYHOPHQWH WHUMR XPB(5GHVHP
.5=<:,16., $/70%1 8PD FRPSOH[LGDGH LQDGHTXD

SDUDPHWUL]DomR HLQFHUWH]D GRV SDUKPHEWURYV 3(55,1

2 SULQFtSLR GD SDUFLP{QLD * RX QD GDQKBPREHK2 5K WVF
FRQFRUUHQWHY FRP D PHVPD FDSDFLGDGRIVG B 6 HOKRM YHH[U
p DPDLV VLPSOHV TXH HQYROYH PHQRYGIXGR \GLR ARG 2O



D HTXLILQDOLGDGH GR SDUKPHWUR H DMXGD ®RLBHQW
JHQHUDOL]DomR H FODVVLILFDomR KLGUR®YI(LIFD( 6&+2836
$OpP GLVVR HYLWD D DGDSWDomR H[FHWWLYDD GRV S D&JKH
UHVXOWDGR R PHOKRU PRGHOR VHUi DTXHOH €RPDXIX PN E
FRPSOH[LGDGH

8PD IRUPD GH DQDOLVDU PRGHORV FRP QtYHLK GHI F
SDUKPHWURY p FRPSDUDU D VXDV SHUIRURQGHRRAQWHPGRPF)>
TXH IRL XWLOL]DGR QD FDOLEUDOMR * FKDRDG®WIH B/HDDHA
YDOLGDomR p GHSHQGHQWH GR SHUtRGR GH GDGRV HYV
GLIHUHQWHY SDUD SHUtRGRV GLIHUHQWHYV

2XWUD IRUPD GH DYDOLDU TXDO PRGHOR PREHDKRRWU |
(VWHV PpWRGRY EXVFDP R HTXLOtEULR B ®WW\N DI ADRS\D BLIX
FRPSOH[LGDGH GR PRGHOR SDUD ID]r OR ,VWRDP ERVBEDH
R VXILFLHQWH SDUD H[SOLFDU RV GDGRR QHPHYNWRLERW R
SRUWDQWR SHQDOL]DP D FRPSOH[LGDGH XRXQWHRMDH M R\
EHP DRV GDGRV SRUpP VXD FRPSOH[LG DH3/HF ROMK G W LV RED
PRGHOR PDLV FRPSOH[R H TXH VH DMXVWD BBGKRQMRR Y
MXVWLILFDGD +g*( :g+/,1* 12:$. 2 FRBWSWRR © R GGII R
SHUPLWH LGHQWLILFDU TXDO WHP R QtYHOGBN BRWSRB[N
6&+2836 9$1 '( *,(6(1 6$9(1,-(

8P PPWRGR GH VHOHomR GH PRGHORV VmM®ALRVHPULXWp
JUDX PRGHORV FRQFRUUHQWHY FRQFRUGDP FRP RV GDGR
12:$. $ VHOHOmR p EDVHDGD HP XP FULWDILIF®D ®H
LQIRUPDOomR TXH p SHUGLGD VH D KLSYWHGEGRRGHZDR, HX
DO

$OpP GLVVR R DXPHQWR GD FRPSOH[LGDGR(®D HVW
(86(5 HW DO )(1,&,$ HW DO 257+ HW DO 9%
HVEDOD HVSDFLDO HJ /, ;8 %(/'5,1%1 :229%1 '(QmR'
JDUDQWHP VLPXODO}HV PHOKRUHV 1mR p RO G-DFSHDUFR GSIHG I
PRGHOR GH UHSURGX]LU DV UHVSRVWDV GSD XRPPHBERLD
SURFHVVRV TXH UHSUHVHQWDP H VHXV 18P $DHW FRDW QD Ul
3RUWDQWR R PHOKRU XVR GDV LQIRUPDO}HV GRHWVERRY YGIR
PRGHOR SRGH PHOKRUDU R GHVHPSHQKR GR PRGHOR



ORGHODJHP FRP JUDQGH FRQMXQWR GH EDFLDV

(VWXGRV GH PRGHODJHP FRP XP JUDQGH FRQMXHK) WR
SRUTXH SHUPLWHP FRQFOXV}HV PDLV JHDRMH\D GD]\D &D ¥ L\DR/
LQIOXHQFLDP QD SHUIRUPDQFH GRV PRGHOURRV$ERPRQBHRAC
H GHVWD IRUPD p SRVVtYHO DSULPRUDU WDWRGKOWRD BHI

OLVWDUDP GLIHUHQWHY HVWXGRV GH PEDBDHIODJHP
Q~-PHUR GH EDFLDV XWLOL]DGDV YDULRX HQWYR GHMWHYV
WUDEDOKRYVY HUDP PDLV FRPXPHQWH L GHY¥YRESROVOmMR
LL HVWLPDWLYD GH SDUkPHWURY UHJLR®DOLYD ®RO L M H
LQFHUWH]D H VHQVLWLYLGDGH H Y HVWXGRV GH LPSDF\

&RPR H[HPSORV GH HVWXGRV 3HUULQ OLBHIOHWODH $
SHUIRUPDQFH GH PRGHORV HP EDFLDV KR&FURDUVILF
FRPSOH[RV VmR PHOKRUHV QD FDOLEUDOWRIDPDBR @ nmKRHQE
PRGHORVY QmR SRVVXHP XPD HVWUXWXUD H¥ZFWISRQt¥FBISD ]
VpULHV GH FKXYD YDImR 2XGLQ HW DO | KDNMQLFHV R X G |
DQDOLVDU UHJLRQDOL]DomR GH SDUkPHWUBRNV IORVDOQHF R
IRUQHFH R PHOKRU UHVXOWDGR GH UHJLRQDLL]PD m&RH W]+

SDUDMND H %O|VFKO XVDUDP XP PRBGHOR ¥BPLDOALW
EXVWULD H FRQFOXtUDP TXH D SHUIRUPDQFH GR PRGHOR
HW DO XWLOL]RX GLIHUHQWHYV HVWDRWXUDM QR ®
TXH RV PRGHORV WrP GHVHPSHQKR PHOKRU HRHEBPEDDNV
SHTXHQDV H VHFDV 1HZPDQ HW DO XWLOEPRPAL XY PR
UHODWRX TXH DV SULQFLSDLY FDUDFWHUP/VWLHFDQYD®DLGDA
DULGH] /DQH HW DO DYDOLDUDP TXMHWURRD HW WHBIXW X

EDFLDV KLGURJUIILFDV QD *Um %UHWDQKD STRGERVRRNVBXD
VLPLODU GH GHVHPSHQKR SURGX]LQGR PHGBRUHVRV LPIXE
GHVHPSHQKR GR PRGHOR HVWDYD IUHTXHQWHPHIQODNH D
KLGURJUIILFD FRP PRGHORV LQFDSD]HV GH [EPBIVRDQW HR R
EDODQOR KtGULFR QmR IHFKDYD



02'(/26 683(5)/(;

2 683(5)/(; )(1,&,% .$9(76., 6$9(1,-( HA(RE S,

FRQVLVWH HP UHVHUYDWYULRV H FRQHH BDVOILEH &R QF|
iJXD (OHV SRGHP UHSUHVHQWDU HOHP RQWKXBH B RAR DLEQ WXH
GR VROR HVFRDPHQWR VXEVXSHUILFLDO HQWURXRQ@WR RV
OLQHDU 2V PRGHORYV SRGHP WDPEpPP VHW HOQWWVLKLSY &R
FRQHFWLYLGDGH GRVY WUDMHWRY GR IORHOR.VWR $ U HYF
FRPSRQHQWHV GR 683(5)/(; D SDUWLU GRV EXDDWMW $R
DVVLP KLSYWHVHV VREUH R FRPSRUWDPHQWRDGD ofiDRF LD
MXQo}HV )LIXUD

Ed /Pd Pcl
o Qc,r
Qd Qc,li
)LIXUD &RPSRQHQWHYV GR 683(5)/(; B DSMWBIWR DRV YMX Qo0 JFH M X

SDUD D GLUHLWD XQLmR GLYLVMR SWX{E B DWDRMGRD HH ©® D B ROV
+RUWRQLDQR )RQWH )HQLFLD HW DO

2V UHVHUYDWYULRYV FRQVLVWHP QD FRQBDDIPWRIVRL }D
OLEHUDOMR GH iJXD (OHV SRGHP U HSHNN/GI\@ VP®RGX PHIDKQ!
OLQHDU RX QmR OLQHDU 2V PRGHORV XWHW IHDW R X WXV
UHVHUYDWYULRY GD JRQD QmR VDWXUDGD BRQ\GWRUXOMHQ W
UHVHUYDWYULRY D SDUWLU GDV TXDWUR HVWUXWXUDV DS
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)LIXUD &RQILIJXUDO}HV GH UHVHUYDWYBLR SRVNVWHULXWRERID

UHVHUYDWYULR UiISLGR 5 H 5 HVWURWXXUDXUSGODD U H W UWWDX
UHVHUYDWYULR OHQWR 3 SUHFLSIRWOWHIN@RY SG& UD 0O MB]H4A DIRDHEKQ RV
UHVHUYDWYyULR HP YHUPHOKR VMR DSUHVHQWDGRYV RV SDUkPE

2 UHVHUYDWYULR GD ]JRQD QmR VDWXUWDHEDL | DGR HOH
SDUKPHWUR GH FDSDFLGDGH G&X PDPPB]HQDIRKQR/ G HP i MIPtK
UHVHUYDWYULR SRGH VHU OLQHDU RX FRP YRMRIX o B R U
GH XP OLPLDU 2 IOX[R DLQGD SRGH VHU UHS®BQWIRG 8 HD
SDUKPHWURRQVLGHUDGD DLQGD D HYDSRWUDQVSLUROmR
&H 2 UHVHUYDWYULR OHQWR 5 FRUUHVSRQGH |DR R \BFHROD
SDUKP.WWHWEABDFLRQDGR DR WHPSR GH SHUPDQrQ@R D5GRXJX
5 UHSUHVHQWD R HVFRDPHQWR VXSHISIRELE® & D WP
UHODFLRQDGR BRGHHFER OLQHDU RX QmR OLQHDU FRP
SDUKPH@WIK® UHVHUYDWYULR GD JRQD ULSIiULD.y HFIDUDF\
SUHFLSLWDoOmMR HIHWLYD TXH QHOH URKHT R Hp DG B WYLUGPH. CHI
UHVHUYDWYULRY GD JRQD QmR VDWXUDGD H JRQD ULSiULTL

$V IXQ0}HV GH SURSDJDomR VmR RSHUDGRWHQWD FR
D SURSDJDomR GHFRUUHQWH GRV FDPLQKRV GD iJ)XAH (VW
TXDOTXHU UHVHUYDWYULR 2 XVR GHVVDV HQQWDk YRS OBU
FRPSRUWDPHQWR GH GLIHUHQWHY UHVHUYHDRVYPURN TRHAC
WrP QHFHVVDULDPHQWH R PHVPR WHRS®QoGHVGEH [5dhRRS DU
IRUDP FRQVLGHUDGDV $V MXQo0}HV QRUPDOP HG®I\S B LSTROMVRX
XP IOX[R HQWUH GRLV RX PDLV UHVHUYDWYULRV RX FRPE
UHVHUYDWYULRY 6mR FRQVLGHUDGDYV DITXGDUBS UK g bl)HW
UHODO}HV KLSRWpWLFDV GH DUPDJMDRWRHRQRVR (G HV, B D IUsB 7
6$59(1,-( (ODV VmR XWLOL]DGDV SUYRER MUDRH/SW DS



VDtGD GR UHVHUYDWYULR TXDQGR p FRQVGERHUXDAER VIHK H QH-
IOX[R GH VDtGD

. r 0

s D5 «E 0.5 > 0.5

0 0.5 1 ] 0.5 1 0 0.5 1
X x 5

)LIXUD 9DULDomR GDVIKKRHHARPFRQVWLWXWLYDV

2 683(5)/(; Mi IRL WHVWDGR H FRQVLGHUDSR-RBHTKEC
TXH YmR GHVGH NP& D NP8 )(1,&,$ HWODTH., * 4
)(1,&,$ 9$1 (66( HW DO '$9,' HW OO H Q FRQ WL
FRP R 683(5)/(; TXH EDFLDV H[SHULPHQWDLVJRRP WXPUNLHFE
LQILOWUDOMR H SHUFRODomMR VmR PHO KR SHIDH\HODW D
FRQH[IHV HP SDUDOHOR FRQVLGHUDP D GRWWWLAEX LWiB R G
OHQWRYV LQGHSHQGHQWHY 3RU RXWUR ODGRKRDE[RY WIIRC
IRUDP PHOKRU UHSUHVHQWDGDV FRP PRGHOHRW BRP FRQ|
XWLOL]RX R 683(5)/(; HP EDFLDV |UDXRWiHR D3/HHX P RUODHANHIN
OHQWR UHSUHVHQWDQGR R IOX[R VXEVXSHUIEBPIFRO W ARK
OHQORO IUHIWLFR GRPLQDQWH XPD YH] TXHSIHWRRLW H BQ
.DYHWVNL H )HQLFLD HQFRQWUDUD FFDE/D BLLD N UFHRORN 16
PHOKRUHV UHSUHVHQWDGDV FRP HVWUXWXUDVTEH KROH
HVWUXWXUD IL[D QmR FRQVHJXH DFRPRGDU D JUDPWGH T
PHVPR QDV DSHQDV TXDWUR EDFLDV FRQVLGHUDGDV QR H

&$/,%5%$d-2 '( 02'(/26

2V PRGHORV GHYHP UHIOHWLU R Pi[LPR SRVNWVWHY UH
ItVLFRV GH GHWHUPLQDGD EDFLD 'HVVD NRURDD WGRUKHUY
KLVWYyULFR RX QD iUHD XWLOL]DGDV SDUD RLED®RIOFUD®BE
FRQFHLWXDLV SRGHP VHU H[SUHVVRV FRPR



6 | T

RQ®Hp D YDImR VLNX®DOGW YDULIiYHLV GH HQWUDGD QF
HYDSRWUDQVSL DR nFR GM KQVWR GH SOR KPHWRU BV WRFILDRS RE
PRGHOR VHU ~WLO HP SUHYLVIHV RV YDOR UHM OGRWL S LI
SURSULHGDGHYV LQYDULDQWHY GRV FRPSRQSH&W HWGROV L

OXLWDV YH]JHV QmR p SRVVtYHO HVWLEB WP B0 Uk PHWRIX
HVWLPDWLYDV D SULRUL VHQGR SUHFLVR JBR UNVODWDWLR D F
FDOLEUDomR R REMHWLYR p HQFRQX\UMDLD RPERD) R XFWIR G |

$ PDLRULD GRV HVWXGRV GH FDOLEUD o iR RO GIR
SDUKPHWURY FRPSDUDQGR RV UHVXOWDGRWWEHDOB SR
REVHUYDomR GD UHVSRVWD GD EDFLDDGR W Bl QRWHHY DG/RV R
PRGHOR PDQXDOPHQWH RX SRU XP DOJRULWP V& TRVHL F
FRQMXQWR GH SDUKPHWURY TXH 3PHOKRU VH DMXVWD’ VH

' QGHSHQGHQWHPHQWH GD PHWRGRORJLD X¥WILRR\VDG
VRIUH GH GLILFXOGDGHVY VHPHOKDQWH\ PRYFOREDRGR @RHH
GH SDUKPHWURY FRP SHTXHQRV H JUDQGHV GRMDRLR\GHS |
SDUKPHWURY HP WRUQR GH XP PtQLPR ORFDMH FXWPHPH L
PXOWLGLPHQVLRQDLY (VVDV FRQVLGHUDD}BW VIHQNR QDR
SURFHGLPHQWR GH RWLPL]DomR JOREDO URERWNR LHDhLF
JORBER®IIOHG &RPSOH[&(YSREO X DROJRULWPR 6&( 8% p FRQV
HILFLHQWH QD ORFDOL]DomR GRVKSDURRHWIURR SKRWDH [ B S
HW DO 625226+,$1 HW DO /8&( &81'< *
7$1$.$0$58 .8&=(5% +2*8( HW DO %2</( HW D
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)LIXUD 5HSUHVHQWDomR HVTXHPIWLEY SDUKPBDWHWRNOoGER B8R
DMXVWDGRYV LWHUDWLYDPHQWH D ILP GWOI&H RAM WHSWER] WHDHGR U
GD UHVSRVWD REVHUYDGD OLQKD SRQWLOKDGD )RQWH DGD:¢

PATAMELITOS  A— OLMIZACAO

$OJRUBWRROHG &RPSOHE(BROXWLRQ

'HYLGR j JUDQGH TXDQWLGDGH GH EDRLDEDRKRURNRI
SRVVtYHO XWLOL]DU DOJRULWPRV GH FDDRED DH m&HVXAHD >
SHUPLWHP D DYDOLDoOmMR WDPEpPP @B\ QEHERW HW\MP BYD W M RP
QmR KDYLD WHPSR KiELO H FDSDFL G DRGW ERP % XOW DEFDR RIQCDVO
IRL HVFROKLGR FRPR DOJRULWPR SDUD L GIKMIIQ FIGD &R\ G
(YROXW&RQ$ '8%$1 HW DO

2 6&( 8% p XP DOJRULWPR GH RWLPL]DomRGHOREDWUR
FRQFHLWRV '8$1 HW DO L FRPELQDWMRSE R DERLOG L
LL HYROX0omR VLVWHPiIWLED GH 3FRP S/(BH[RR/ G & HS B R QRHRN,
GLUHOMR GR yWLPR JOREDO LLL HYROXomR FRPSHWLWL

2 REMHWLYR GR 6&( 8% p HQFRQWUDU XP ~QLE®RFRQ N\
QR HVSDOR YLIiYHO 3RUWDQWR HYROXL FRQWWL @RDXH QHW
QR HVSDOR GH YLiIYHO GRV SDUKPHWURV DHDBDRHCROPWY GR
PHQRU GHQVLGDGH SRVWHULRU

$V HWDSDV GR PpWRGR 6&( 8% SRGHP VHU &HDPULW

*HUDU DPRVWSRQWRRWOHDWRULDPHQWH QR HVSI
FDOFXOH R YDORU GD IXQomR REMHWLYR 6 OWVFWHIIWUHB B DI



SRQWR 1D DXVrQFLD GH LQIRUPDO}HV DO@WGBUGR YyM\. F/REO
XWLOL]D VH XPD GLVWULEXLomR GH SUREDELOLGDGH XQL

&ODVVLILFDOmMR GRWSRQWRY HR RGIEHEF RBHFUHVFE]
FULWPULR GH PRGR TXH R SULPHLUR SRQW R OMISRR \BRQW
UHSUHVHQWH R PHQRU YDORU GH FULWWUWLE H FIFDQ\KL 6XW D
REMHWLYR p PD[LPL]DU R YDORU

3DUWLOMR HP FRPSOWRYW B0 BI\Y ISFERSIDHRFPVF R QW
PSRQWRVY 2V FRPSOH[RV VMR SDUWLFLRQDGR VDGW RRFROR
RV SRQWRV FODVVLILEDGRV HP S N R VHIXQGR
FODVVLILFDGRV HP S N H DVVLP SRU GLDQWH RQG

(YROXomR GH FDGD FRPSOH[R HYROXIO FRGIDNPRP
JHQPWLFR &&( TX6LPpFEBHHDORIKRH OHDG

&RPSOH[RV DOHDWYULRY FRPELQD RV SRQAMRD QF
SRSXODomR DPRVWUDO FODVVLILED D S\RSHK®W HmA&RH GYDD O
FULWpULR HPEDUDOKD LVWR p SDUWLF HPQPR®G B®E RRNQ W
DFRUGR FRP R SURFHGLPHQWR HVSHFLILFDGR QD (WDSD

9HULILFDOomR FRQYHUJrQFLD VH DOJXP GRV F
HVSHFLILFDGRV IRU DWHQGLGR SDUD FDVR FRQWUIULR

$ DPRVWUDJHP DOHDWYULD LQLFLDO GRRWYRFLR GBS
ORFDOL]DU R yWLPR JOREDO VHP VHU LQIOREGRNVD G RG BRI\
GD SRSXODomR HP YiULRV FRPSOH[RV IDFHQMNDDXEBB H VS
YLIiYHO HP GLIHUHQWHY GLUHO}HV SHUPUWIDQ®RGH SRDVUE
GH DWUDomR 2 HPEDUDOKDPHQWR GRV ERPISOIHY RYF DB FSHRQ
GR FRPSDUWLOKDPHQWR GDV LQIRUPDO}HV VREUH R
LQGHSHQGHQWHPHQWH SRU FDGD FRPSOH[R
8PD SDUWH LPSRUWDQWH GR 6&( 8% p D HYROXRVR G

SRQWRYV HYROXHP QR HVSDOR 3DUD BVYR SO/ GRRDB D O R
GH XP FRPSOH[R p XP SRWHQFLDO 3SDISDUF R [5 UFIDSHWAL
SUHSURGXomR’ 8P VXEFRPSOH[R IXQFLRQD FRPRDKY SHU
GRLV PHPEURV 2 XVR GH XP HVTXHPD HVJRRFSHWUIPARV I8 DNX
HVSDoR GR SDUKPHWUR VHMD SHVTXLVDGRSPFML\W GHVGDE
LQWURGX]LGD QD IRUPDomR GH VXEFRPSOH[RVRER P EIDAHP
PHOKRU H JHUDP ILOKRV PDLV VDXGiYHLV I6GRLTGOHFRVP PIDW



DJLOL]D D EXVFD SRU UHJL}HV SURPLVVRUDVR$UFISGRGX B
p UHDOL]DGD SHOR XVR GH XPD GLVWUILTECHL d BRRGH F$UBE
PHOKRUHV VREUH SRQWRYV SLRUHV

2 HVTXHPD 6HPB@WHERWLOL]DGR SRUWDQWR SDUD JHU
P LQVHQVtYHO j QmR VXDYLGDGH GWH/ XX HURtBIOH FSUHL WIRRS
LQIRUPDO}HYV GD VXSHUItFLH GH UHVSRVW B OCSIRILL R U$® KR
HVTXBPPSORY ILOKRV VMR LQWURGX]LGRY HP ORFWDW DO
FRQGLO}HV SDUD JDUDQWLU TXH R SUR RV ¥R PGRH UHHWRO@X\L
DOJXPDV FRQGLOIHV LQFRPXQV HQFRQWUD&MDEDQRHIREFRO
SRSXODomR WHP SHOR PHQRV XPD FKDQFH G HR FIR@QWH\. EX
VHU GHVORFDGR RX GHVFDUWDGR 3RUWDQWR PRWOMKXPD
p LJQRUDGD

2 SURFHVVR GH HYROXomR FRPSHWLWLYD MXGRPSO|
JDUDQWLU TXH DV LQIRUPDO}HV FRQW LSGIHW Q B HIPRI WK PDC
(OHV WDPEpP DMXGDP D JDUDQWLU TXH R FRQUMX QWRD @
SURSULHGDGHVY GR PpWRGR 6&( 8% SHUPLWHP XMPB3@ERD F
JDPD GH SUREOHPDV

&/$66,),&%d-2 ( 6,0,/$5,'$"(

&ODVVLILFDomR GH EDFLDV p XPD IRVURY KLH:UR 8 QI
GRPLQDQWHY 0&'211(// :22'6 (OD SRGH DMXGD
PRQLWRUDPHQWR IRUQHFHQGR RULHQWDOWR H/ REFUEDB VD
VREUH TXDLV PRGHORV VMR DSURSULDGRV SBWDDPDGD VL
(VWD FODVVLILEDomR GHYH FRQVLGHUDX[RGWL | DWH QWD P |
WHPSRV GH UHVSRVWD H MXQWR FRP R XRARWBH WRW R O3V |
SRGH DMXGDU D PHOKRU HQWHQGHU R FLFOR KLGUROVYJLF

$QiOLVHV GH VLPLODULGDGH FRP JUDQ @D VQ SPHIDR I
LGHQWLILFDomR GH SDGU}HV H GLIHUHQWHKVDWIUEDOKR M
HVWUXWXUD GD EDFLD HR IXQFLRQDPHQWR XHGUROYJLFR
/, HW DO 0&0,//$1 HW DO 6$:,&= HW DARULHQWD G
SDUD R GHVHQYROYLPHQWR GH KLSYWHVHV 0O WBH\DWWLDYpR
HVSDOR GH SDUKPHWURYV YLIYHO +5$&+2:,7= &/$5.



$V DVVLQDWXUDV KLGUROYJLFDV IRUQHFHPEDFILROM D «
FRPR D LGHQWLILFDomR GRV PHFDQLVPRYV GRPIORFQWHG H
HVSDoR WHPSRUDO GR SURFHVVR FKXYD YD]mR G®R UHS!
KLGURJUDPD 0&0,//$1 :(67(5%(5* %5$1*(5 L Q D]D\G B\R
SDUD GLYHUVRV ILQV 3RU H[HPSOR SDURPBRDWWDIPAHBD
VHPHOKDQWH HJ 6$:,&4= HW DO SDUPRWDOLE
FDOLEUDQGR WDPEpPP DV DVVLQDWXUB\HW Q@R DSH QIO 7.
HW DO 6$'(*+ 958*7 958*7 6$'(*+ LFR BRRIP (
DYDOLDomR GH PRGHORV KLGUROYJLFRV FRRSYDRBWQHLRY DC
FRP D GH GDGRV VLPXODGRV HJ &2;21 HW B®7$ (
:$*(1(5 /,8 +5$&+2:,7= HW DO

$LQGD QmR H[LVWH XP FRQVHQVR VREUHERELDNMVV
:$*(1(5 HW DO VHQGR R XVR GH FRWLDPAW HEDWWL FRWP
FRPXP GH FODVVLILFDomR 1HVWH WUDBDXQKR/ |IRUDWPROY
GLIHUHQWHYV TXH UHSUHVHQWDP GLIHUHRUDHFW B DUMMVGEF
SURFHVVRYV
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JRUDP XWLOL]DGDV EDFLDV KLGURJUIILFDV GD EDVH
SRVVXL XP WRWDO GH EDFLDV 2V GDGRV G B WLD/|W RQIGH
GH GDGRV GLiULRV HVWLPDGRV D SDUWILRP ©GWHU IERKJW D RAU
HVFROKLGDV SHOR DXWRU FRP EDVH RIRUPDQWHGDBRHFR &
DSHQDV HVWDO}HV IOXYLRPpWULFDV FRX BODRHPHQ@RKD L
UHDOL]RX DLQGD XP H[WHQVLYR FRQWUROHFBPHDAD®IR
SURSRVWD SRU &ROH HW DO TXH p SBVPD®DQE DDY |
YD]mR FRP D VpULH WHPSRUDO (VWH FRCHQWRIOCH SB0U D XTOXH
HYLWDGRY UHVXOWDGRYV LQFRHUHQWNW H' HPRHD) WK R\OHU H L
LQFHUWH]D QD PHGLomR GRV GDGRV GH YD]mR

$V EDFLDV IRUDP GHOLPLWDGDV WDLSDV W LR FSROWHID\RWA
HOHYDomR 0'( GRXBWEOH 5DGDU 7RSBEWDSKLF TXWVERQV |
HP GDGRV DOWLPpWULFRV GH PHWURW G3HH UHN\KR GX & WH
YHUWLFDO $ GHOLPLWDomR IRL IHLWDFRRPFRGVYRRW ZHDRJ 13\ ¥
SRU &KDJDV

2V GDGRV GH SUHFLSLWDomR IRUDP REWLGRV\VGH ;D)
GDGRV GD $1$ ,QVWLWXWR 1DFLRQDO GMHQKWRHGE H REDJXIL
(QHUJLD (OpWULFD GH 6mR 3DXOR '$(( YRUWPGKWDO WD
UHVROXOMR * GH SUHFLSLWDoOmMR GLiULD 2V GDGRV GH HY
REWLGRWRBMRO /DQG (YDSRUDWLRQ($®PVWHIQDE 19WGHD
0,5%$//(6 HW DO 3DUD R FiOFXOR L \XMQK\LH GD\ORK
FRQVLGHUD REVHUYDO}HV GH UDGLDomR OtT%IUGPLRID jV X
VXSHUItFLH 2V GDGRV GH SUHFLSLWDORWRD M MFHRYQ@\BIRGHLE
XQLIRUPHV VREUH D EDFLD

3DUD HVWH WUDEDOKR IRUDP FRQVLGHUDXPWD EBIFLD"
TXH IRUDP XWLOL]DGRV PRGHORYV KLGUROpPBLERWVRR @RKLW
VH TXH HP EDFLDV FRP iUHD PXLWR HILWHQWD | SRIBH RMD S
GRPLQDQWHV $VVLP QHVWH WUDEDOK@&DXWURUIRX BHPDL
GDV EDFLDV HVWmR ORFDOL]DGDV QD DULHRIL R R GLXVERIY BVARH



SRXFDV EDFLDV QD UHJLMmMR 1RUGHVWH YXPOnRHHPTXNDDWYOH
PDLRUHV TXH NPd

| | BHJL}HV +LGYRJIUIILFDV
©
[ ] wbpFLDV +LGURJIUIILFDV
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© $OWLWXGH P
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)LIXUD EUHD GH HVWXGR H R OLPLWH GDW HVWRERDV KLGUR

JRUDP FRQVLGHUDGDYV DLQGD EDFLDV KLGURJWIILED\
XUEDQR )LJXUD D 2V GDGRV GH XVR GR VROR VRWHDRAFRE'
XP FDWiORJR JOREDO FRP PDLV GH V pUR H W DIGHDRERR/
DVVRFLDGRV j HVVDV VpULHV H[WUDtGRW IE&H USISRGXWQ
GLIHUHQWHYV SURSULHGDGHV FRPR FREHWWKD\D FR. RiRVQ
WRSRJUIILEFDV 2V DXWRUHV REWLYHUBGR RKHGOGIRAD W HX \&F
,QLWLDWLYH /9PQGC&KRWEY¥HWIXUD E DLQGD DSUHVHQWD I
IUHTXHQWH SDUD FDGD EDFLD TXH WDPEpP RRARR RWELDG/MRY



GH GBRRU*ULB +HQJO HW DO e SRVVtYHO REVHUYD
GDV EDFLDV R WLSR GH VROR GRPLQDQWH KGR ®HIWRR)
+LGURJUIILFD GR $WOKkQWLFR 1RUWH H 1RUGWFNOR HTXBIVDE
GD 5HJLMR +LGURJUIILFD GR $WOkKkQWLFR 6XGRINVQWH TRXI
FDPELVVROR
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Uso do solo / A ¢ c‘ G { ®  Ferralsols
Agriculture (S !l A@ Lixisols
2 1
® Forest LY ® Luvisols
! oc’} '. ..
® Grassland Ly Nitisols
No dominant class L ¥ "ng ®  No dominant class
Shrubland _d "% ¥ Phaeozems

Planosols

/’(‘:\ ~ ;;:“? ®  Podzols
JLIXUD + D 8VR GD WHUUD GRPLOQDQWH HGHRWLSIRFBDY NRWRC
&$535&7(5E67,&$6 )E6,8$6

JRUDP DQDOLVDGDV VHLV FDUDFWHIULADWL FDVOIRD ¥ L R
WRSRJUDILD H VROR )LJXUD DOWLWXGHGRpGRD R GRHHRLIL
SRUFHQWDJHQV GH DUHLD DUJLOD H VLOWH GR VROR

2V GDGRV GH DOWLWXGH PpGLD H GHFOLYLEEBHOHDAU

FXMRV DXWRUHV FDOFXODUDP D SDUWIGW RRGP(REGHO
+\GURORJLFDO GDWD DQG PDSV EDVHG RQ 6KXWWHIWH (OH
GDGRV GH SRUFHQWDJHP GH DUJLOD DUHLDO GRIVORWRP HR ¢
6RLO*UL®YV +tHQJO HW6RDO*URGYHFH GDGRV JOREDLV IHLW
PDFKLQH GBHDIUIDQERHUHQWHY SURSULHGDGHYV GRPDRVAR P
GD SURIXQGLGDGH GR VROR DWp D URFKD GIDGLERVQ@EE XL
S5HIHUHQFH5%D&bH$ FODVVLILFDWLRQ V\VWHP

e SRVVtYHO REVHUYDU FODURYV SDGURDW UFHDV REDOAL
FRPR HVSHUDGR $V EDFLDV FRP PDLRDWY\W BDMWHW X&B VHH:



QDV VHUUDV $V EDFLDV FRP PDLRUHN GHHAOILKR LSDYFHN DWL
(VWDV EDFLDV SRVVXHP DV PHQRUHV SURIXQE LREIDLG/HL OGN\
HURGHP HQTXDQWR DV EDFLDV FRP DV FRIPRRIHHYRINHR/ OOG\
H GHFOLYLGDGHY SURYDYHOPHQWH SHDD NW®MHRHQWDBIDC
SULQFLSDOPHQWH QD UHJLMR QRUGHVWH

AXDQWR j FRPSRVLomR GRV VRORV DLBRHHVNKRANXHQ D
GH DUJLOD H VLOWH TXH YmMR GLPLOXLR@RUGCBGWWL ¥?[RPS
REVHUYDGR FRP D SRUFHQWDJHP GH DUHLDJUOMR @ RPUHGEHRW
6RORVY DUHQRVRV VmR PDLV SHUPHIYHGYWH TXDR WR QB HXYH
GHYLGR DRV SRURV JUDQGHYVY HQWUH RV LUMRMOTEBD SIKWDI
VRORV DUJLORVRV VmR PHQRV SHUPHIiYHL&DI® H REHV HIIXXCH P
VHXV SRURV SRU VHUHP PHQRUHYV

(VWDV FDUDFWHUtVWLFDV IRUDP HVFROKIQMDAN SRILR/F
KLGUROYJLFRV 3RU H[HPSOR D UHSUHVHQWDR®RGID F|RR) I
SRUFHQWDJHQV GH DUJLOD H DUHLD QR VHO@QWR HIXHI XDY W
HVFRDPHQWR WRWDO SRGH HVWDU UHODFLRQDGD FRP D S
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$UJLOD $UHLD sLOWH

)LIXUD &DUDFWHUtVWLFDV [tVIVKXDVGLY WWILEXE DM RQH V B/HF WX
E 'HFOLYLGDGH F 3URIXQGLGDGH GR VROR HP G $UJLC

$66,1$785%6 +,'52/1*,&%$6

3DUD FRPSUHHQGHU PHOKRU DV EDFLDV WKLBQWHI
SURFHVVRV KLGUROYJLFRV H FDUDF\WRHWR/\DVNFDRQOWXEDV
EXVFDQGR VH UHSUHVHQWDU GLIHUHQVBHRVRS 8RB HVVR\G H3
GH D

(ODV IRUDP DQDOLVDGDV HVSDFLD GRIPQNHFD DIVF MR
ItVLFDV FRP R REMHWLYR GH HVFRONHWV®MDXDV DU DY DEH
KLGUROYJLFRV DV PDLV VLJQLILFDWLYDSUR FMNHWWRVY KLV BIR
UHSUHVHQWDGRYV

L )ODVKGRHYN]mR

JODVKLQHEHNVHDGD QR tQGLFH GH 5LFKDUGYV %DNHU %
D UHODomR GDV IOXWXDo}HV GLIULD GD VYB|nQRG ERHP W HB X



YDULDELOLGDGH LQWHUDQXDO HP UHOB dGHR |0 RXPR RULIR G
PDLRU SRGHU SDUD GHWHFWDU WHQGIQFLDV DO XD BIWD B
|ODVKGQHWIN]mMR HP EDFLDV GD (VORYIiTXLDHK EOGNUWLRD HV B
HVWi UHODFLRQDGR FRP DV SULQFLSDLV ®DRGREHR D XRIDG
GD iUHD GD EDFLD 3RQFHOHW HW DO L RO DNKARKHWN WD |
UHVXOWDUDP HP SHUIRUPDQFHV SLRUHSLGRR P ERROR DXRP |
GD YDULDELOLGDGH GD YD]mR

)ODVKpPpQADWOFXODGD SHOD UDJmR HQWUH DV IOXWXDo

"M I W
e’

RQGQHpP R tQGUPHWVEH,QPVIY YDULIYHO GH LQWHUHVVH YI
HYDSRWUDQVSLUDomR SRWHQFLDO L FOROEXDBEERBDERGH
DQR GR SHUtRGR GH WHPSR HVWXGDERVWLPDGR (PHDHJI R
YDORMBWXDLYV 2V NODOU/KWEPWNCEHP GH JHUR D GRLV =HUR LU
DEVROXWDPHQWH FRQVWDQWH NDDORUWKDE R DR PHHW IGDG Y |
+2/.2 HW DO

LL(ODVWLFLGDGH GD YD]mR

$ HODVWLFLGDGH GD YD]mR (43 GHVBUGBHYD]WRQ
PXGDQoDV QD SUHFLSLWDOmMR QD HMFD @ X P XGDO D$/ WIODD
SRGH PDLV LQIOXHQFLDU QR DJUXSDPHQWR GH BEDELBYV H
DO HQFRQWURX TXH DOWRY YDORUHV G R4 B Y Whn B
HVFRDPHQWR GH EDVH H YLFH YHUVDQRAM YV INOIGRVQDQ (&
GHSHQGHQWHY GR DUPD]HQDPHQWR GH QHYH;RGR) G DPH G
XPLGDGH %DFLDV FRP XP DOWR tQGLFH \GWMLRPGG BE&HG SR
FRQVWDQWHYV H EDL[RV 6$1.$5%$68%5%$0%$1,$15 92*(/ /,0
6DQNDUDVXEUDPDQLDQ H 9RJHO HQFR QWUWIULDR IR HG |
D LPSOLFDQGR TXH D UHODOmMR HQWWH RUHRE DI IQMD o
LQIOXHQFLDGD SHORV SURFHVVRV GH DUPD]JHQDPHQWR Q|



$ HODVWLFLGDGH GD YDImMR PHGH R ¥BIWYWVILCESOHEDSE
HP XPD HVFDOD DQXDO 6%$1.$5$68%5%$0%1,$1 92*(/ /,0%58.

(.., PHGLBoD2
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RQGHp D HODVWLFLED @HDGYD DR GL P D RS DIRL WL WD omR

DQIR3p D SUHFLSLWDom&R [P DGY D]MEXDNGE LID D QXDIQ) XHRO YD O |

LQGLFD TXH XPD PXGDQoD GH QD SUHFLSYWEnRnRB® NDD A
PDLRU RX PHQRU GH GHILQH UHVSHPWIOAVIFHQW HP X\GD @
SUHFLSLWDomR RX LQHOiIVWLFD LQVHQVtYHO j PXGDQoD

LLEQGLFH GH DULGH]

$ HODVWLFLGDGH GD YD]JmR (43 GHVBUGNHYD]WRQ
PXGDQoDV QD SUHFLSLWDomR QD HMFD @ X PD>XGDY D$/ WHODD
SRGH PDLV LQIOXHQFLDU QR DJUXSDPHQWR GH BEDELBY H¥
DO HQFRQWURX TXH DOWRY YDORUHV GI&R4QBY W B
HVFRDPHQWR GH EDVH H YLFH YHUVDQRM YV D®IGERYVQIQ (&
GHSHQGHQWHY GR DUPD]JHQDPHQWR GH QHYHRGR) & DPH G
XPLGDGH %DFLDV FRP XP DOWR tQGLFH \GWMLRPGO B @ HG SR
FRQVWDQWHY H EDL[RV 6%$1.$5$68%5%$0%$1,$15 92*(/ /,0
6DQNDUDVXEUDPDQLDQ H 9RJHO HQFRQW\WDDULDR I R HG |
D LPSOLFDQGR TXH D UHODomR HQWWH KUHRF DI IQMDdr
LQIOXHQFLDGD SHORV SURFHVVRV GH DUPDJHQDPHQWR QI
2 tQGLFH GH DULGH] p D UD]JmR D ORQJRHSBDDR QWL

H D SUHFLSLWDomR PpGLD

g, L3
3



RQGHp R tQGLFH GHpDN HYWM]SRWUDQVSLUDGemR 5 BWH PLFS IDVD
PpGLD
LY7D[D GH HVFRDPHQWR

$ WD[D GH HVFRDPHQWR LQGLFD TXDQWR EGDF S KL S
IRUPD GH YD]JmR UHIOHWLQGR DVVLP WOHREPRDQDXEMHHGL
$ SHUIRUPDQFH GR PRGHOR WHQGH D DXPHQWDR) KRP R HD
TXH EDFLDV FRP WD[DV PDLRUHV VmR P BIDV HYPRSPOW UD @ VIS
H iJXD VXEWHUUKQHD VmR PHQRUHV 321&(/(7 HW DO

$ WD[D GH HVFRDPHQWR p D UD]mR D O BQ HE LSSULI B o}
PpGLD

a1
(6]

RQGHEp D WD[D GH H¥FRDPNQWR PpGLD

Y , QFOLQDomR GD FXUYD GH SHUPDQrQFLD

$ LQFOLQDOomR GD FXUYD GH SHUPDQrQMMmWEDLYDY
YDULDELOLGDGH GR IOX[R %DFLDV FRP FXUXPD PRRRRD
YDULDELOLGDGH DR ORQJR GR DQR 8PD PRDQR/UDIPQRAON QD
SRGHQGR VXJHULU XPD SUHGRPLQKQFLD GD FMQWRERX L
$''25 HW DO 6$:,&= HW DO

$ LQFOLQDOmMR GD FXUYD GH SHUPD®/QF LDHp F DO FKD]|
XPD YH] TXH FRP R XVR GH XPD HVFDOOPDHPDUNRD BN QIDWS
OLQHDU GD FXUYD
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RQGH p D LQFOLQDOomR GD FXUYDDEMDImBPOR rSFUPHY WL O
YDImMR QR SHUFHQWLO



YLEQGLFH GR HVFRDPHQWR GH EDVH

2 tQGLFH GH HVFRDPHQWR GH EDVH p D SURPSRUMRIR |
WRWDO D ORQJR SUDJR 8P YDORU PDLRU GHVVH tGBLFH
HVFRDPHQWR GH EDVH %DL[RV tQGLFHV GFHOHYPRPHP\HGW R
GH SHUPDQrQFLD SRGHP LQGLFDU EDFLDV FRP (WWBRQWD
DSUHVHQWD DLQGD XP IRUWH SDGUMR RUHIGRY OO PHQR
UHVSRVWDV GD YD]mR j PXGDQoDV QD SUHFL®IOVDomR PH

2 tQGLFH GH HVFRDPHQWR GH EDVH p D UD]mRHDHORQ
R HVYFRDPHQWR WRWDO 2 HVFRDPHQWR GH EDVH p FDOFX

\C?EWF\OEW FWOV\) o)

RQC@-I p R HVFRDPHQWR GH EDVH QR WHPSR W FRPRpHPP S

RXWURV WUDEDOKRYV H J (&.+$5'7 6%:,&= HW DO
2 tQGLFH GH HVFR®D P QSWUGEIBD EGWRH

C

|
%) )

YLI4 H 4

$4 UHSUHVHQWD D YDImR TXH p HIFHGLGD RX LJXD¢
WHPSR UHSUHVHQWDQGR DV YD]}HV Pi[ePDIVFHHWQLODV
XWLOL]DUDP DPEDV DVVLQRDWXUDRWQERQ W/ FDOWNK LT X AHDH Yh\RD
DSUHVHQWDP XPD DOWD YDULDELOLGIDH DWHBHRG DWOVW IR
4 SRGH VHU XWLOL]DGD SDUD GLVWL Q J>XQW HROPARMWDH QRRHPVU
EDFLDV FRP PDLRUHV 4 DSUHVHQWDP PDLRU YDULDELOL
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ORGHORYV

JRUDP XWLOL]DGDV TXDWUR HVWUXWXUDDVGR HVPHYW
TXH HP )HQLFLD HW DO +0 0O O HO ODRAXL FKDI
UHVSHFWLYDPHQWH $ FRQVWUXomR GRV PRGHORYQ &H IRL
GR GHVHPSHQKR jV GLIHUHQODV QD HVWUXWEDD 6R QAR BH
HP VpULH YHUVXV HP SDUDOHOR H D OLQHDULGDGH GRV .

YRUDP DQDOLVDGRYV RV LPSDFWRYV GHRGRBHV HUO/HRWHQ
]JRQD QmR VDWXUDGD H LL R UHVHUYDWJHQRFQRQW®ER X R
DVVLQDWXUDV HVFROKLGDV SDUD DDIVMXIOR 8B FR P HRVHUGYLIF
HR UHVHUYDWYULR OHQWR FRP R tQGLFH GH HVFRDPHQW

2 UHVHUYDWYULR GD JRQD QmR VDWXUDGD HJBSWHD/ H
FDSDFLGDGH GH DUPD]HQDU iJXD (P W HMmRUWPLDOWOHV P |IRREF
HP EDFLDV PDLV iULGDV (VWH UHWHDVYPWHQR X P FHREHK B+
Pi[LPRSPDH OLEHUD iJXD GH DFRUGR FRP R DAHPVIEDRIOD P H (
EDFLDV ~PLGDV HVWDULDP VHPSUH FRP ARHQW\RHQ MERWYHRIU I
QHFHVViIULR TXDQWR HP EDFLDV PDLV VHEDYV

2 UHVHUYDWYULR OHQWR UHSUHVHQWD R ISXUPD OKDW
DR UHVHUYDWYULR UiSLGR TXH UHSUHVHQVWSR R H® X[LRY BW
GD ]JRQD QmR VDWXUDGD QR PRGHOR 0O RX D SUHFLSLWD
GRLVY UHVHUYDWYULRV H FDGD XP SRVVXL HVPW B DIRKPRDN UM/
IOX[RV VMR LQGHSHQGHQWHY XP GR RXWUR (QTXDQWR R
UiISLGD R UHVHUYDWYULR OHQWR WHQM D X®R HWLSR R WA/ A
EDVH (VSHUD VH HQWMR TXH EDFLDV FRP XP PD&RVUWEG
UHVHUYDWYULR SDUD UHSUHVHQWDU HVWD FRPSRQHQWH

JRUDP HVFROKLGDV DV TXDWUR HVWUXWXUDWWH IR
UHVHUYDWYULRY SXGHVVH VHU YHU Y HRUGHIOFFO\G R DHR/ FER® 1S
SRUWDQWR VH QDV GXDV FRPSDUDO}HV R UASDHFWRQW D o\
SURFHVVR PHOKRURX D SHUIRUPDQFH H QmR VWSR\WQD3IDRL
YHULILFDU R LPSDFWR GD DGLomR GR UHVARPSDWPERY G
PRGHORV 0 FRP 0 PRGHORV PDLV VLPSOHV HHRV FRPS® U I
R LPSDFWR GR UHVHUYDWYULR OHQWR IRUDP FRPSBUDGF
VLPSOHV H O FRP 0O PRGHORV PDLV FRPSOH[RYV



2V PRGHORV 0 H 0 SRVVXHP XPD HVWUXWWXIND W PUV|
DSHQDV R UiSLGR )5 FXMD VDtGD p QBIRUGRRWIKD WHOQ
PRGHOR 0 GLIHUH GR 0 SHOD LQFOXVMR GR UHMHVUL ®MR
HQWUD QR UHVHUYDWYULR GD JRQD QmR VDWXUDGD 85
IXQomR H[SRQHQFLDO H HQWUD QR UHVHUYDWYULR UiSLG|

2V PRGHORV 0 H 0 SRVVXHP XPD HVWUXWBRUDRHP S|
GLYLGLGD HP UHVHUYDWYULRY OLQHDUHYV Qi$QBMRYV WR /D
HVWUXWXUD p D VRPD GRV IOX[RV GRV UHWNU Y DARGH®RR Q
GLIHUH GR 0 SHOD LQFOXVmMR GH XP UHVH®Y PWSIMIRG GE D
UHVHUYDWYULRYV UiSLGRV H OHQWRY DPERV OLQHDUHYV

$ 7DEHOD UHVXPH TXDLV SURFHVVRV HPH¥YBGDDW
HVWUXWXUD $

7DEHOD DSUHVHQWD RV SDUKPHWURYV DG H D6 Q WPIRRG
HTXDo}HV XWLOL]DGDV TXH IRUDP UHWLUDGDV GH )HQLFL

Di 1 ‘EP Di P EP $GLomR 85 HP
| | PRGHORY PDL
—
| Q) | \ | Q VLPSOHYV

| $GLomR 85 HP

IR > PRGHORY PDL
1 Q l | a FRPSOH[RV
Di D¢
$GLomR 65 HP PRGHORYV PDLV
$GLomR 65 HP PRGHORYV PDLV FRPSOH

VLPSOHYV

JLIXUD (VWUXWXUDV GH PRGHOR XWLORYD GB VUM FIRPEDW PO }H
UHVHUYDWYULR GD JRQD QmR VDWXUDGD 65 UHVHUYDWYULR C



7TDEHOD URFHVVRV KLGUROYJLFRV FRQVLGHUDGRY HP FDGEC
0 0 0 0

5S5HVHUYDWYULR JRQD QmR VDWXUDGD ;
SHVHUYDWyYULR UiSLGR ; ; ; ;
SHVHUYDWYULR OHQWR ; ;

7TDEHOD (TXDo}HV FRQVWLWXWLYDV XWLOL]DGDV

(TXDo}HV &RQVWLWXWLYDV ORGHORYV
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7TDEHOD (TXDo}HV GH EDODQoR KtGULFR XWLOL]DGDV
(TXDo}HV GH EDODQOR KtGULFR ORGHORYV
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7DEHOD )XQO0}HV DX[LOLDUHV XWLOL]DGDV
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,PSOHPHQWDomR QXPpULFD GRV PRGHORYV

2V SURFHVVRV QRV PRGHORV KLGUROYJL PRD/oYHM G L
EDODQoR GH PDVVD SDUD FDGD UHVHUYDWWIIGR IFRGQQIEG

RUGLQiIiULDV 2'(
— 3 W 46

RQGH R DUPD]|HRP PHSUMELSLWDBlogn B YHDQWRI D\GIXGH) (VWH p
JHQPULFR VHQGR TXH VMR FRQVLGHUDGRYV {IEROU/P DRRPHRQ D



HYDSRWUDQVSLUDomR 1D PDLRULD WDW ¥YHH XD/ JHVRDXQ B RV
XPD YH] TXH DV 2'( TXH GHVFUHYHP D WD[D GH YRULBDBmMR
QmR OLQHDUHYVY 3RU LVVR XWLOL]D VH PpWRGRYV QXPpULT

1HVWH WUDEDOKR IRL XWLOL]DGR R PpWRGRH®DHRSU
QR IOX[R QR FRPHoR GR SDVVR GH WHPSR O4W

6 & W3 W

RQGH VXSHUVFULWR (( VLJQLILFD (XOHU ([SOtFOW]® G(R/ W |
HP PRGHORV KLGUROYJLFRV SRU VXD VLPSOL$XWDGHRGD
.$9(76., &/$5. 2 HUUR QR FDVR GH (X\OH 8 URSRUFIL\R R
WDPDQKR GR SDVVR GDGR (W SRUWDQWR D DKEXQWD G&F
SUHFLVmMR

e SUHFLVR WHU HP PHQWH TXH RV PpWRGRYXAPBIORR )
TXH SRGHP RFDVLRQDU ELPRGDOLGDGH GD GLV3¢ULW XDO m!

TXH GHIRUPDP D IXQomR REMHWLYR GR PRK KBRRP RHGHX
SRGH VHU FRQWDPLQDGD SRU HVWHYV HUWWWRR/G R X P DU IQRRDY
DSUHVHQWHP XPD ERD FDOLEUDomR SRGRK WHMDUHYVXERW
TXH RV HUURV QXPpULFRV FRPSHQVHP RV HUWOR¥6HVWUX

.$9(76., &/%$5. $LQGD HVWHV PpWRGRXL®H¥DP
FRQYHUJrQFLD OHQWD GRV PpWRGRV 0&0& 6%RY8GH MW X
PHQRUHV VXE GLiIiULRV UHGX]HP RV HUURW@XRFhE XOD\ }F
FRP SDVVR GH WHPSR GLIiULR &/$5. .$9(R6.RV PRGHRORWV
LPSOHPHQWDGRYV FRP XP PpWRGR H[SOtFLWHRPGSR BB DS
6&+2836 HW DO WROHUKQFLDY DEVROXWDV H UHOD!

&$/,%5%$d-2

2 DOJRULWPR GH FDOLEUD oK X OGHREP RYRIPFSED BEW(LYORLQ X
8$ (OH SRVVXL DOJXQV SDUKPHWURYV TXH GH\WWIR WD B
IRUDP XWLOL]DGDV LWHUDO}HV FRPSOHRRRpELDVLPS
PLQXWRV SDUD FDGD FDOLEUDOomR



$YDOLRX VH R GHVHPSHQKR JHUDO GRV PRBG®WRVGKL
1DVK 6 XWFOLIIH 16( DPSODPHQWH XWLOL]DGR TQXH HWLERR
PHGLGD GH IiFLO LQWHUSUHWDomR GR GHVHPSHQKR GR P

16( o2 2

RQGR YH UHIHUH j YD]mMR REVHUY D G& UHR HALHGYHS P Y B Rn G RV

HP FDGD SDVVR§GFD WHPSHR. B GRV YDORUHYVY GH YD]mR RE)
YDORUHYV GH 16( HQWUH DMXVWH SHUIHLWR H i’ RQGH
GR PRGHOR WHP D PHVPD KDELOLGDGH TXH XVDQGRUD PpCcC
FRP PDLV SURIXQGLGDGH DV UD]J}HV GR GHVHPSHQBEEBDERTF
DLQGD GHFRPSRVWDV GR 16( GH YLpV HUUR QR GHVYLR S

8PD GDV OLPLWDO}HV GR 16( p TXH YDBW\DOQ@WRIOK ISR
PDLV EDL[DV 3RU LVVR SDUD D FDOLEUXDNGR DREID XG/MDIVO k
GLPLQXLQGR DVVLP D GLIHUHQoOoD HQW UWHH YWIHJH V. BDGWRD @ I+
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JLIXUD ([HPSOR GD DSOLFDomR GD UDL] TXDGUDGD QD VpUL

3DUD GLPLQXLU R LPSDFWR GRV SHUtRGRWIRIVFRORL
EDFLD IRL FDOLEUDGD GXDV YH]HV )EXUWBHQ DQRGHH LI
D FRPUQGIHQ DQRV $ YDOLGDOmMR GRV FRQMXQWRYV

Ha IRL IHLWD HQWmMR QR SHUtRGR RSRVWR DR FDOQR E UDHG |
GDGRV H YDOLGDGRY DQRV 2V UHVXOWDGERRW HG BB OGN\
QRYDPHQWH R 16( SDUD RV DQRV FRPSOMWRRYV RS P H\DROR. (



2V LQWHUYDORYV GRV SDUKkPHWURYV HVWhGRLEVYDI MR UF

XWLOL]DGRV R ORYVY BIR & SR HPVPWHWHYW/RRFRGHORY SRVVXHP YD

p PDLV GLItFLO SHUFRUUHU R HVSDXRGO0GoYDDOQOR WHD\O Bl WH Y
JUDQGH PXGDQoD QRV UHVXOWDGRYV )R DDW UDHWWRWGHD/O IfFf

FRP WUDQVIRUPDomR DSUHVHQWDUDP UHVXOWDGRY PDLYV
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7TDEHOD '"HVFULomR GRV SDUKPHWIRRMWR/H RCWERY KO RO
XWLOL]DGRV FRPR OLPLWHV GD GLVWU XBKLO MNP X QB WFDH LE UL

S3DUKPHWUR 'HVFULomR OLQ 0D 8QLG
ORGHOR +LGUROVYJLFR
&H (ILFLrQFLD GH HYDSRUDomR

68PD[ &DSDFLGDGH GH DUPD]JHQDPHQWR GD J]RQD QMR VDWXU
%HWD 3DUKkPHWUR GH QmR OLQHDULGDGH GR UHVHUYDWYULR

QmR VDWXUDGD
BURSRUomR GR IOX[R GLUHFLRQDGR SDUD R

UHVHUYD'
$OSKD 3DUKkPHWUR GH QmR OLQHDULGDGH GR UHVHUYDWyYULR

‘l &RQVWDQWH GH UHFHVVmMR GR UHVHUYDWYULR UiSLGR
.V &RQVWDQWH GH UHFHVVMR GR UHVHUYDWYULR OHQWR

$YDOLDomR GR GHVHPSHQKR

3DUD FRPSDUDU RV PRGHORV DOpP GBRWEUDPRVGOIH R}
DVSHFWRY GR GHVHPSHQKR GR PRGHOR 3DUDRTL6D QRIR F

DFLPD GH 2 FRHILFLHQWH GH 1DVK 6 XWWHULFIRHPSRGHC
GLVWLQWRY D FRUUHODomR R YLpV H XPDGBMEBLGRVGIRO X|
*837%$ HW DO $ FRPSUHHQVmMR R GHVHP SHHGIKRV I6R

FRPSRQHQWHYV SRGH QRV DMXGDU D GLDJQRVWLUHNUERRWT
RX UXLQV 2 YLpV UHODWLYR GD PpGLD IRL FDOFXODGR X\

R /
R

P

HP TXM—RH UHIHUHP | PpGLD GR FLFOR DQXDO VLEPX® DGR
XP PRGHOR LPSDUFLDO—WHUDLO BXP YPRORGLGMR SHUIHLWD
VXEHVWLPRX RX VXSHUHVWLPRX R IOX[R DQXDOYRpGHR—RE
UHVSHFWLYDPHQWH 8P YDORU GH * L Q ® DAMDLPY B PR VIXOSH R

$ GLIHUHQoD UHODWLYD QR GHVYLR SDGUmR IRL FDO



Ly
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RQGMHLRUHSUHVHQWDP R GHVYLR SDGUmMR GR FLFOWR/ DQXI
XPD YH] XP YDORU JHUR LQGLFD XPD FR®R\LoW RYRNVURKLOH
LQGLFDP XPD VXSHUHVWLPDomR RX VXEHV®@XBDomBRGGH
UHVSHFWLYDPHQWH $ FRUUHODOmMR IRBHPDORRXOBBD XUR
LQGLFD XPD FRUUHODomR OLQHDU SHNODLG\RDY HRQ/TUAD RW RC
GH LQGLFD QHQKXPD FRUUHODomR 2 FRHGIOF&EH @GWRHP& B H-
FDSWXUDU R WHPSR H D IRUPD GR KLGURJUDPD

3DUD DYDOLDU R LPSDFWR GD L Q F3IXYRQRD GPMERGLD W K
GR UHVHUYDWYULR OHQWR QR GHVHPSHQKR GRORFGIH@R
FDOFXODGD GD VHIXLQWH IRUPD

16 16
16

16 (G L4

RQGH(Y R YDORU GH 16( SDUD R PRGHOR Y6Hp RR UHDVOHRIYY [B\
16( SDUD R PRGHOR FRP R UHVHUYDWYULR DQDOLVDGR %
REMHWLYR GH GDU XP PDLRU SHVR SDUD D P HY@®MKRRIDHQ BG
16( 3RU H[HPSOR XRB(PHOKmRDRB@BH WHUi XP16D®IRIU Gt
PHQRU GR TXH XPI®% (HOKRVUMDYGEH 3DUD SHQDOL]DU D C
FRPSOH[LGDGH HQWUH RV PRGHORV XWLQILQDGRY |RBWUDHPUH
FRP RV UHVXOWDGRY GD YDOLGDomR

(7$3%6 '2 75$%%$/+2

2 WUDEDOKR IRL GHVHQYROYLGR FRQIRUPH R IOX[RJI



1. Escolha das bacias
hidrograficas

2. Caélculo das assinaturas
hidrologicas

3. Escolha dos modelos
hidrologicos e elementos
para avaliagdo

3. Escolha das assinaturas
que apresentam relagdo
hipotética com os
processos representados
pelos elementos

4. Divisdo das bacias a
partir das assinaturas
selecionadas no item 3
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Analise dos resultados e
correlagdes entre
assinaturas

Calibragdo e validagdo dos
modelos nas bacias
selecionadas

Avaliagdo dos resultados
em relagdo aos grupos
formados

Avaliagdo dos resultados
de forma geral

Avaliagdo do impacto dos
elementos selecionados na
performance dos modelos
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e SRVVtYHO YHULILFDU TXH EDFLDV SUy[LWPDBD\DSU
DVVLQDWXUDV KLGUROYJLFDV )LJXUD (VWH UHVXOW
6DZLF] HW DO QRV TXDLV D SUR[LPLGDWH HJB UE 8 DX
GDV EDFLDV $LQGD p SRVVtYHO REVHWLYP KiX® RHAP DUDHPIMG
PXGDQoD QR YDORU GDV DVVLQDWXUDR X $Y DDRIHD/WHKILLR
EDFLDV ORFDOL]DGDV QR 6X0O H 1RUGHVWR &RGHMW HWH B IE
QR LQWHULRU GR 1RUGHVWH (VWD DVVGEDDAWDXUWDY H 8 SHH VU
DR WRWDO DQXDO %DFLDV FRP XP YDORIURBDYRWUL B HL GO
HODVWLFLGDGH GD YD]mR (43 DSUHVHQWDGRD DRUWGINVRDH.
VHMD DV YD]}HV GHVVDV EDFLDV VEBHMISL.WBQWRY Ap& D
DVVLQDWXUD QmR DSUHVHQWRX XP SDGUmMR HVSDFLDO Wr

2 tQGLFH GH DULGH] $, p PHQRU QR 6XO GR $DtV D.
e SRVVtIYHO YHU XP SDGUmMR HVSDFLDOVEWP IBHILQD &K S |
YDORUHV RSRVWRV DRV GH WD[D GH HVFRD®R QXD ¥5] R
UHSUHVHQWDP FDUDFWHUtVWLF D VRRSR\DWRD GRN POR. X D VF
QR 1RUGHVWH (P EDFLDV PDLV iULGDV XPD FPLHIQRRP ISRDUPHH
GH YD]mR

2 tQGLFH GH HVFRDPHQWR GH EDVH %), 1RSJGHWHQHN [
PDLRUHV QDV RXWUDV UHJL}HV GR SDtdmRXGRHNDF RD-PHD!
EDVH p PDLRU 5HVXOWDGR RSRVWR IRL HQBSRIQWDQ GXRF IS
6)'& $ 6)'& TXDQWLILFD D YDULDELOLGDGHRGNMi Y| RI VBA
XPD YH] TXH JUDQGHV LQFOLQDO}HV HWWGHR HMFRIDPLHRI/DRS |
+ R TXH SRGH LQGLFDU EDFLDV FRP UHVSRVWD UiSLGD

$ 4 SRVVXL YDORUHV PDLRUHV QR 6X0 H 1RRMGW R/ H
VHPHOKDQWH j 6)'& RQGH EDFLDV FRP FPDLLARWHW WID]YH © Pl
YD]JmMR 3RU RXWUR ODGR D 4 WHP XP FRPSRUWDPHQWR
PHQRU R tQGLFH GH HVFRDPHQWR GH ENVRtQ$ DV TXSUHX
YDORUHV PDLRUHV QR 6X0O H 6XGHVWH GLPLQXLQGR HP G



YODVKLQH

55> @ {z ;;z V@6&>@
4 > @ 4@

)LIXUD 'LVWULEXLomR HVSDFLDO GDW IGWALW B WXULLLED R KRU R

G

JRL FDOFXODGR R FRHILFLHQWH GH FPWWH QD WMXR
KLGUROYJLEDV )LJXUD D ILP GH VHGHNFDRQ D D VDS DRADV L
GDV HVWUXWXUDV GH PRGHORV UHPRY HD®R R \F\RIPQDW %W
2 tQGLFH GH HVFRDPHQWR GH EDVH D%DWVAHRPVDVDDWDLY
IODVKLQHVV 6)'& H4 2X VHMD TXDQIWRHPILR G H EROHV
HVFRDPHQWR WRWDO PHQRUHV DV IQBW®&HoGHVY®DPmRD it A
DV YD]}HV Pi[LPDV

$ DVVLQDWXUD IODVKLQHVV (43 6)WRUHODOIPVUSRWL
HQWUH VL 4XDQWR PDLRUHV DV 10XW>PD}RINV P VRHOHAL BL



GD YD]mR jV PXGDQoDV GD SUHFLSLWD ®®R/ D2 RRGW FA B DGoHn F
FRP D WD[D GH HVFRDPHQWR H FRF XRD PHQRDFSRWY FRHIQV
SUHFLSLWDomR VDL GD EDFLD HP IRDODRGKtTD]RR GLHOGNE
PHQRV OLQHDU H PDLV FRPSOHIR

&RQVLGHUDQGR WRGDV HVWDV LQWHUD ¢FIBYF KQ V&M
RSWRX VH SRU XWLOL]DU R tQGLFH GH DUE®RR H RV HQ S DI
UHODFLRQDU RV GLIHUHQWHY SURFHVVRV ARGHORRFBA SO
FDUDFWHUtVWLFDV KLGUROYJLFDV GDEDEDRDBNVDSHGR U HKH?
VDELGR TXH EDFLDV FRP EDL[RV YDORUHPDGRY W DV LCDVEVLLAY
PHQRUHV IOXWXDo}HV GD YD]mR H TXH HVWDV FDUDFWHU'

$R GLYLGLU DV EDFLDV HQWUH iULGDWMX PPIQ®RLVTXGH
UHVSHFWLYDPHQWH HVWDPRV YHULIIPFBQGWR HRVMPEE®REW RF |
OLPLWDGD $,! H FRP HQHUJLD OLPLWDGD  $HVW XI@U B
DV UHODo}HV HQWUH RV FRPSRQHQWHV R/ EEDDDBE P oR KOS
VLWXDGDV QRV (8% 8VDQGR D HVWUXWUXYU®GHG & Do X6V FHR
HVWDGRV EDFLDV FRP iJXD OLP LMADI®DH 6HDXAL W \FRE WDE
TXH HP FRQGLO}HV GH HQHUJLD OLPLWDGDoOMRPD MRUWD Y Ut
SDUD D DQRPDOLD GH HVFRDPHQWR 2 LPSQBEBDN\R GOV HYBE
VXEWHUUKQHDYV p SRUWDQWR UHGX]LG Rt GOJALFRL &/P\) G R G
KLGUROYJLFRV 321&(/(7 HW DO (QW U HWD QDN RD IHPU F
SDUWH GD DQRPDOLD GH SUHFLSLW IDoWPRD jH VDY WRU HG $
DQRPDOLD GH SUHFLSLWDOmMR p WUDQWBUOUI®&D 4MDUDGR DQ
DXPHQWD D SDUWLOomR GD SUHFLSLW D]¢-hQ PR HWVR R/DIPW Q U
YDULIiYHO 3RUWDQWR R EDODQOR KtGULFR p PDLV GLItFL



Flashiness -
EqQp - 0.25

I— 0.8
AL --0.092 -0.35

- 0.4
RR - 0.24 0.19 BN/
- 0.0
BFI - -0.38 0.055-0.091
SFDC -1 0.51 0.42 -0.042-0.008
'— -0.8
Q10 - 0.4 0.018-0.023
9.56

| | . | | | \ |

\
°
Flashiness EQP AL RR BFI SFDC Q10 Q90

0 - -0.28 -0.11 1

)LIXUD &RHILFLHQWHY GH FRUUHQDWWXR 5\H KELSGAWDRIAPYDIQ FIDQ
FRUUHODoO}HV FRP FRHILFLHQWH DFLPD GH VmR VLIQLILFDW

&DOFXORX VH WDPEpP R FRHILFLHQWH GH VRQD\N R D
KLGUROYJLFDV H DV FDUDFWHUtVWLFDWLM\XGH VH GBDH/F El
DSUHVHQWDUDP EDL[DV FRUUHODO}HVFPR/P \RRIGDHID WD JHQ/
DUJLOD H VLOWH DSUHVHQWDUDPHD® HP DURGHY H RVUDL[DO®H )
e SRVVtYHO YHULILFDU QDV )LIJXUDV  HWDVXBVBLQDWX
FDUDFWHUtVWLFDV p EDVWDQWH FR DS HUIDWDR VIHQ HIQFRQ.
PDLRU FRUUHODOmMR FRP HVWDV FDUDFWHRORNLG DWX KK@BL
LQILOWUDOMR H D TXDQWLGDGH DUPDX{E QWG G D33H i BXDD bl H\
SHUPHiYHLV

$V FRUUHODO}HV HQWUH D HODVMFIAL GRGHROG R WD PR
PHQRUHV TXH DV HVSHUDGDV WHQGR HP YLVWD TXH HVW
DPRUWHFHU D YDULDELOLGDGH GD SUSIKLGH W B ORRT XK W U !
TXH IRVVH VLIJQLILFDWLYD p FRP R tQ G ITEKHH GIHD H \HFVRADI PUHHDQY
FRP D iJXD VXEWHUUKQHD



Flashiness -  0.045 0.18 -0.053 0.36 | -0.38 |
EQP - 0.074 -0.009 0.24 -0.2 -0.24 0.4

aT-0.3 SCl ©.52 | o055 | -0.61 | 0.39 [P
ww - ICIECI 0125 0.3,
BFI - 0.13 -0.078 -0.11 0.081 .38 | Ny
SFDC - -0.15 -0.022 0.035 0.033 | -0.12
Qe - -0.17 0.034 0.042 0.044 -0.18 | 0.

oo EEE 0.2 0.26 -0.29 0.12 -0.096 0.6

Altitude Declividade Argila Areia Silte Prof. solo

)LIXUD &RHILFLHQWHYVY GH FRWWHQROMWK GBHIV6KE HEWR O Y2J HEDA/L
ItVLFDV 7RGDV DV FRUUHODO}HV FRP RRRIERBWEYEBQ W3 YCOCFQARD

$ 7TDEHOD WUD] XP UHVXPR GDV DVVLWDADXUDV LKI
FDOFXODGDV SDUD FDGD XPD GDV EDFLDV KLGURJUIILFDV

7DEHOD 5HVXPR GDV DVVLQDWXUDNYFONGBROK XIOCDBDOM FDUDF
&DUDFV 0tQL OpG Oi[LFP
EU NF

)ODVK

(ODVWLFLGI

EQGLFH

7D[D GH HV

EQGLFH GH HVFF

,QFOLQDomR GD FXI

4

4 PP

$OWLWXGFH

'"HFOLYLGDGI

$UJLO

$UHLI

6LOW

BURIXQGLGDIP

'XDV DVVLQDWXUDV KLGUROYJLFDV IRKDLB XRILO LY B GWD
JUXSRV FRP FRPSRUWDPHQWRY VHPHOK®Y WHNVR D@ G IQOAMHRGE
%), $V EDFLDV IRUDP SULPHLUR VHSDUDGDWXIBH DERULR

RX VHMD EDFLDV iULGDV RX ~PLGDV UHVSHFWLYDPHC
FRP R SHUFHQWLO GR %), )RUDP FRQVLGHUDGRWWR SHL
TXDWUR JUXSRV &RPR HVSHUDGR EDFLDV GR BHYPRPDUVX:
HVSDFLDOPHQWH



$ DQIiOLVH GD SHUIRUPDQFH GDV TXDWVWH W DXWN QX K
IHLWD L DYDOLDQGR R FRPSRUWDPHQRVRRRSHRIUONGPM QOB
JUXSRV FULDGRYV

— P25 < BFI — W25

— P25<BFI<P50 —» W25-50
Al<l —>

> P50<BFI<P75 —* W50-75

$,

— P25 < BFI — D25

— P25<BFI<P50 —» D25-50
Al>1 —»

" P50<BFI<P75 —* D50-75

)LIXUD 'LYLVmMR GDV EDFLDV KLGURFRIUIGFRD VRHPPR~BHG B ¥ GHW\L
HVFRDPHQWR GH EDVH 3 SHUFHQWLO 3 SHUFHQWLO K

$1E/,6('$ 3(5)250%1&( '$6 (6758785%6 '( 02'(/2

$ )LIXUD DSUHVHQWD R LPSDFWR GDV IREWHRQDMHY IX
1DVK 6 XWFOLIIH 16( GD YDOLGDomR GRV TXDWRIRF PRGH
KLGURJUIiIILFDV 'H XPD IRUPD JHUDO R PROHIRNRDIXLYHWLE
SLRUHV HQTXDQWR R PRGHOR PDLV FRPSOH[R 0 URI[R

2V PRGHORV 0 H 0O H RV PRGHORV 0 H O DSUH
VHPHOKDQWHY 1R FDVR GDMDYV X LIQEBNXWIDAL & DGUBR®Y M.F|D
GH HVFRDPHQWR 55 H LQFOLQDomR GD RPDYAF IS Kb B UWPHROSC
0 HO PHOKRUD FRP R DXPHQWR GR YDORUDHEVYDLNVQDWNA
UHSUHVHQWD GH IRUPD JHUDO XP DX®B QYWRMmE&DHY®L DOA
GHVVDV EDFLDV 3RUWDQWR TXDQWR PDLVH DUHISIYHWODHD WV
HVFRDPHQWR VXEWHUUKQHR SHOR UHVHUYDWWHQWDOP®
GHVHPSHQKR PHOKRU HP EDFLDV FRP PHQRUWDVNVDQ DOWQA
PHQFLRQDGDV R TXH SRGH HVWDU UHODFLRQDGRRRP D



JLIXUD6FDXIWWERVSORWRUHY GH 16( QD YDOLGDomR SDUDVFDGD |
YDORUHYVY GH FDGD DVVLQDWXUD KLGUROYJLFD

4AXDQWR PDLRUHV RV YDORUHV GH %), PHROXKRU D
UHVHUYDWYULR OHQWR 0 H O $V HVWUXWMNHUDIRBEHWUVR
DSUHVHQWDP XP JUDQGH SLRUD QD SHUIRWRPQBB WRPY RC
GHVVD DVVLQDWXUD VmR DTXHODV FEGR PR IPRGHSEDWH G
VHPSUH XP IOX[R FRP XPD EDL[D IUHTXrQFLD BRQMWYW DXL
TXDQGR Ki D LQFOXVmMR GH XP UHVHUYDWYWRMRRHPEUERBRR L
DXPHQWR GR tQGLFH GH DULGH] SLRU®D OVWOMH IRH\POD@W B GR-
FRP RXWURV WUDEDOKRV H J 321&(/(7 HW DV VmR POH
GLItFHLVY GH VLPXODU XPD YH] TXHQWIDX EHDRODRBDRRKtEQLE
HYDSRWUDQVSLUDomR H GR DUPD]JHQDPHQWR V XENMODWbLUWKR)
HOQOWUH RV SURFHVVRV GRPLQDQWH GDV EDFLDV H RV SUR

)DJHQGR D PHVPD DQiIOLVH FRP DWEFBPIUDFWHUXVWNLFI
SRVVtYHO WDPEpP HQFRQWUDU DOJXQV SPGILIRIY SHWU PRGH



HP EDFLDV FRP PDLV SRUFHQWDJHP GNHDQWILWHP3XP DH Y
SHUPHDELOLGDGH GR VROR D DGLomR &R 2 HVAPHYDOWR U
SRUFHQWDJHP GH DUJLOD PHOKRURX D SHUIRUYPEHD ®RFB8 G&GIH
0 4XDQWR PHQRU D SHUPHDELOLGDGH GRVWHRRD P RQRUF R
VXEWHUUKQHR 2 DXPHQWR GD SURIXQGLGDGH GR VROR Q
FRP UHVHUYDWYULR OHQWR 0O H O HQWUHRNDIQRV R p BILIR UG
H O %DFLDV FRP PDLRUHV SURIXQGLGDGHYV GRDVROR S
FRQWULEXLomR GR HVFRDPHQWR GH EDVH SDUD IORGH§mMR DA
UHVHUYDWYULR OHQWR

JLIXUD6FDWWIBRWSEIRWRUHY GH 16( QD YDOLGDomR SDUIPRNFDGD
YDORUHYVY GH FDGD FDUDFWHUtVWLFD ItVLFD

$ )LIXUD DSUHVHQWD D GLVWULEXLomRDHGMS RPLGBV
PRGHORYV $V EDFLDV ORFDOL]DGDVD®DPHEKRWR W XJ®! WXORWIL
0O (vWDV EDFLDV VmR DV TXH DSUHVHQWWY P R WPHRRHW PO L. |
EDFLDVY DSUHVHQWDUDP XP YDORU GH 16( PHQRMWDGRHY XP
SRXFR PHOKRUHV TXDQGR FRPSDUDGR DR 0 BRERQHIDLISROF
%), -i QDV UHJL}HV FRP DOWR %), QmR KRXYH XPD PHOKR

2 PRGHOR 0 DSUHVHQWD UHVXOWDGRYV IMDWLKNQO5VRY C
UHJLMR QRUGHVWH D TXH DSUHVHQWRX RV BSISRIUHHNWHQWNRX
PHOKRUHVY UHVXOWDGRYV HP WRGDV DV UBADMVQ 2 BMHUW ¥I
FRVWD GR 1RUGHVWH IRUDP DV TXH DSUHVHQWDUDP RV S



0
16( FDOLEUDOmM

0 0

16( FDOLEUD 16( FDOLEUDO

JLIXUD 'LVWULEXLomR HVSDFLDOMKRRYDYDORNGIY XHD 16 DY M
PRGHOR DYDOLDGDV

4XDQGR R 16( GD FDOLEUDoOomR p DYDOLDGR BWORYV
SDGU}HV FODURVY GH FRPSRUWDPHQWR )LSRUQHO VIS HDL
SHUIRUPDQFH GRV PRGHORYVY VHP R UHVHUYDWyYUL®R)OHQW

SDUD R JUXSR FRP PDLRU %), : 1HVWH WUIBED OKR
LIXDO D SDUD FRQVLGHUDU VH XP PRGHUORSRDOKRXRQI
O IDOKD HP SUDWLFDPHQWH WR G DWWHY JUXSLIFD 8 R 8V X&DH vD
TXH RX VHMD PDLV GD PHWDGH GR HWRDBDPHRHNRV 8 HWVIRL
1R FDVR GR JUXSR : RV PRGHORYV FRP UHVHUY DWYWDLR BY
TXH DSUHVHQWDUDP PHOKRUHYV UHVXOWDGRYV HRWDR W R
RV TXH DSUHVHQWDUDP DV PHOKRUHYV SHUIRUPDQFHYV



3buD DV EDFLDV iULGDV )LJXUD SDLQHOQMWHHWVLR
EDFLDV ~PLGDV HQWUHWDQWR FRP XPD SLRHQW®R IGRRJ %)k
GRV JUXSRV $ GLIHUHQoD HQWUH RV PRGHDRWXEDR Bl WiBP
p PDLVY HYLGHQWH

)LIXUD 9DORUHV GH 16( GH DFRUGR FRP W ~RIDGIRY G M HEHDAL DR
DEDL[R GR SHUFHQWLO ! EDFQDWI HPRYG BW UV HRDWL VF R PH'

EDFLDV ~PLGDV VHFDV FRP %), HQWUH RV GHHW FHIQRMDLW F RHP
DFLPD GR SHUFHQWLO

$ )LIXUD wubD] D SRUFHQWDJHP GH EDFDDV T®&H RE
FDOLEUDomR HP FDGD PRGHOR FRQVLGHUDGR RV SHRI®DHBIRG
0O )5 HO 85B)5 IDOKDP PDLV TXH RV PRGH@R% 0SD)bB 6
WRGRV RV JUXSRVY DQDOLVDGRYV H SULQFLSDOPHEWHLBYY
iULGDV )LJIXUD SDLQHO LQIHULRU DBURIYVHWWDUD F SR\
RV JUXSRV H PRGHORV TXDQGR FRPSDUDGDV FRALEDFLD
QRYDPHQWH PRVWUDQGR TXH EDFLDV 3DUGDE/D¥ MRVPBRF &
%), ILFD HYLGHQWH D QHFHVVLGDGH GD DXH cRnRQ G RFBIHY Hi
GRV PRGHORV HP VpULH IRL PDLRU TXH HWPDEDBPB EDNV~YHE



)LIXUD SRUFHQWDJHP GH EDFLDV TXRH PEW LY B UFDP LY BWIRANHR/
~PLGDV SDLQHO VXSHULRU H VHFDWPEIOCDYHYHRDNUERP %:), D
SHUFHQWLO D EDFLDV ~PLGMBHUFHEKDNLWRPH%), HQWUH
~PLGDV VHFDV FRP %), HQWUH RV SHUFHIMIMHFDW FRP %).,ED
SHUFHQWLO )5 PRGHOR 0 85B)5 PRGHOR 0 PRRBE®RPRGHOTI

2V UHVXOWDGRYVY GD YDOLGDomR IRUDP V3RPGEH MHYW
REVHUYDGR QD )LJXUD I1mR KRXYH XPD SLRGR VXBQQ inF
KRXYH XP DMXVWH H[FHVVLYR QR SHUtRGR HG(HFEDGRETUOb 1
PRGHORV XVDGRYVY DTXL VMR FRQVLGHUDGRVHVLPBOHWYVR
HVSHUDYD VH TXH QmR KRXYHVVH XPD JUDQGH SLRUD QR
SDUKkPHWURY $V EDFLDV TXH DSUHVHRVORFX®D]|BGRVDQQD
H QDV UHJL}HV FRP PDLRU %),



0 0
16( YDOLGDom 16( YDOLGDom

0
16( YDOLGDoO

0
16( YDOLGDoO

)LIXUD 'LVWULEXLomR HVSDFLDO GRUD FOBDHXPGHGD6/ DD\
PRGHOR DYDOLDGDV

4XDQGR R 16( GD YDOLGDOmMR p DYDOLDGR GRMORV JL
PHVPRV SDGU}HV GD FDOLEUDomR )LJXUD P OQLW/URH S\LIRQI\A
QD YDOLGDomR QR FDVR GDV EDFLDV iULGDVURSIRPR HPL E
TXH DSUHVHQWRX RV SLRUHV UHVXOW BG R S (\WWIH\Q WDPLD
SHUtRGRV FRP YD]}HV JHUR RX PXLWR SUY[LPDV GH JHUR

$ )LIXUD WUD] D SRUFHQWDJHP GH EDFDDV T@H RE
YDOLGDomR HP FDGD PRGHOR FRQVLGHUDGRHOSDQW HD @
GD FDOLEUDomR (QWUHWDQWR XPD PDLRU DSSROULFR QMWD JH
HP WRGRV RV FDVRV SULQFLSDOPHQWH QDV EDFLDV iULG
0O DLQGD IDOKRX HP GDV EDFLDV



)LIXUD 9DORUHV GH 16( GH DFRUGR FRP R ~RDCIRV G M HHADRL DF
DEDL[R GR SHUFHQWLO s EDFQDWIHPRYG B UV HRDIWL VF R PH !

EDFLDV ~PLGDV VHFDV FRP %), HQWUH RY GHW FHIDMDLW F RHP
DFLPD GR SHUFHQWLO

)LIXUD SRUFHQWDJHP GH EDFLDV TRUPEWLYBUWDROY G D &R \
~PLGDV SDLQHO VXSHULRU H VHFDWPEOCDYHYHRERDNUERP %:), D
SHUFHQWLO s EDFLDV ~PLGD®BHUFHEDNL W RPH%), HOQWUH
~PLGDV VHFDV FRP %), HQWUH RV SHUFHIMIMHFDYN FRP %).,ED
SHUFHQWLO )5 PRGHOR 0O 85B)5 PRGHOR 0 PFRBE®RPRGHOT



JRUDP FDOFXODGDV WUrV PpWULFDV TXH VmR REWLG
HW DO YLpV GD PpGLD TXH UHSUH\DHRWRPS RK R AEH
PpGLR DQXDO GD YDImMR D GLIHUHQoD QR GHVUHR VGIDFREDUMLE
GD DPSOLWXGH GR FLFOR DQXDO H [DGRUH HQPXOB GIC
UHSUHVHQWD D FDSDFLGDGH GR PRGHOR HP BDIWXWDU R
DSUHVHQWD RV UHVXOWDGRYV GDV WUrvVPEB/RYL FD ¥ RSIHIDF
VXSHUHVWLPD D YDImR PpGLD DQXDWXEB YV VEIDFFL MW D PHO
1RUGHVWH -i RV PRGHORYV 0 0 HO WHQWRE DV VIX\E N\HW
VHQGR RV SLRUHVY UHVXOWDGRY QDV UHJL}HV FRP DOWR 't

2 GHVYLR SDGUmMR GR FLFOR DQXDO GD YR nbXG R F
1RUGHVWH +* UHJL}HV FRP PHQRU %), HVYRSHUEHWYWWR B DHDF !
FRP RV PRGHORV 0 H O 2 PRGHOR 0 VXEHVWUPDLRHEH
FRUUHODomR WDPEpP DSUHVHQWRX 8D G D BPHM N Q WBLLLCLR/ |
FRUUHODo}HV FRP RV PRGHORYV VHP UBGHUYYBW YWDLURD @ HXPW
FRUUHODomR FRP RV PRGHORV 0 H O $V WBFLSVHYMH QW DLF
PHQRU FRUUHODomR FRP WRGRV RV PRGHORYV

&RP UHODomR DRV JUXSRV GH EDFLDV DOJXBIALDBDG
~PLGDV )LJXUD DV EDFLDV FRP PHQRWG 1% H UIRQ®OIPV DH/Q™
PRGHORV 2 0 VXSHUHVWLPRX D PpGLD HXYTRBQWRRRVOG
0 IRUDP R TXH DSUHVHQWDUDP R PHQRUWRP Q D$VELPHGQHRQ
R DXPHQWR GR %), VHQGR TXH SDUD R JUXSRRUD®PVDITXXNHD
FRP R UHVHUYDWYULR OHQWR 2 GHVYLR SDGUR\WR \GLTP YD
UHVHUYDWYULR OHQWR H VXSHUHVWLPDGR FRELRHPRQIHDF
FRQVLGHUDQGR EDFLDV FRP %), DFLPDUBBRSHURE®WYBUD
PHQRUHY GLIHUHQoDV FRP RV PRGHORVXEMVYWUPID UIDMRR BF
SDGUmMR $ FRUUHODomR IRL PHOKRU FRP RV%®R@HQRD BR

SHUFHQWLO HQTXDQWR TXH DV FRP %)RPHBHDURVER YIZH\U
GD ]JRQD QmR VDWXUDGD DSUHVHQWDUDP DV PDLRUHV FRI
3buD DV EDFLDV iULGDV )LJXUD W R GIR VHRYDRBDGR

JUXSR FRP R PDLRU %), D GLIHUHQoD HQWUHOR®YWRGH
VLIQLILFDWLYD FRP XPD PXGDQoD GR YLpV PROERD&HFRP
EDL[R %), RV PRGHORV HP VpULH DSUHVHQWDUDP XP UHV?’



&RHI FRU

)LIXUD 'LVWULEXLomR HVSDFLDO GRHWVYD® BDIKBW nsAH H LHR/U |
YDOLGDomR SDUD FDGD XPD GDV HVWUXWXUDV GH PRGHOR DYI



)LIXUD + ODORUHV GH YLpV GLIHURQ®OHD KORG 6 ARG IRORD G IUYTLRS E
Sbub DV EDFLDV ~PLGDV EDFLDV ~RIOGDV:FRP %®RpDFRDEVL{RL
FRP %), HQWUH RV SHUFHQWLYV H cWUH BOF SBIV FIPQWDLV FRI
EDFLDV ~PLGDV FRP %), DFLPD GR SHUFHQWLO

2 GHVYLR SDGUmR IRL VXEHVWLPDGR HP WWRGRMW RK
SDUD R JUXSR ' QR TXDO R YLpV p HP WRUQR GHR HQT
GH JHUR 1R FDVR GD FRUUHODomR SDUD QRNLOUXSWNY HR
PHOKRUHYV UHVXOWDGRYV RV PRGHORV FRP R QMAR H.DULDN R
GHPDLVY RV PRGHORV FRP R UHVHUYDWYULR OHQWR REWL"®



)LIXUD O9DORUHV GH YLpV GLIHUHQG&D ®IR FECRHG/HQ R SDGIUGNRS R
SDUD DV EDFLDV VHFDV : EDFLDV QMLIEDV FRP % )E CDFHDIM R FBELR
%), HQWUH RV SHUFHQWLYV H : REDSHD¥Y H@WEDBYV FRP %),
~PLGDV FRP %), DFLPD GR SHUFHQWLO

$QiOLVH GRV SDUKPHWURYV

JRL IHLWD XPD DQiOLVH GRV YDORUHV BGRVISBERNF HMW
EDFLDV FRQVLGHUDQGR RV GRLV SHUtRGRV GH FDOLEUDC
DSUHVHQWD RV UHVXOWDGRYVY SDUD DV RAD KW ~FPH GRG
GLVWULEXLomR GRV YDORUHV GRV SDURPHHRWDRW g QNHFHQO
SHUtRGRV XWLOL]J]DGRV 'HVWD IRUPD SRGH VW LD/IIDUPPUL R
D LQIHUrQFLD GRVY SDUKPHWURY FDSD] GIWWEPBWXUDU DV



2 SDUKRHFRAQYHUJLX SDUD R OLPLWH VXSHULRU QR\
SRGH VHU XPD WHQWDWLYD GH FRP$BQKDPWHR KW WBVQRWUR
HP VpULH O H 0O DSUHVHQWRX YDORUHWRFP DR PH\Q R XU H
DFXVDQGR XPD QmR OLQHDULGDGH GR HVFRDPHQXWR VXS
JUDQGH YDULDomR GHVVH SDUKPHWUR H QDMLY D \G HE DIRXUHD \
PRGHOR QmR p FDSD] GH FDSWXUDU RW @R RXH \PVR \F RHHIV.¥ L
GH UHFHVVMR GR UHVHUYDWYULR UiSLGR RIEMW HRY i X¥D ORG
VHU XPD WHQWDWLYD GH UHSUHVHQW D UQRNIID X [FRD GPR1 & R B RE
IUHTXrQFLD H XPD WD[D PDLV FRQVWDQWH -iHYRY BRGKPI
GLPLQXLX FRP R DXPHQWR R %), H QR FDVR 05 R 0S DOUKUPHIWH.
GH FDSDFLGDGH GH DUPD]HQDPHEPADRQGR JIREUDH Q Fi@ WRDW X
FODUR QR FDVR GR PRGHOR 0 SRUpP SDUD R 0 RRXYH
DXPHQWR GR %), 2X VHMD Ki XP PDLRU YN@®RHKIDPMHD WR|
FRQWULEXLomR GR HVFRDP H®MRDGH WEHDS/WHH \2H § BMDk IH @/ R
UHVHUYDWYULR GD JRQD QmR VDWXUD HMNWIH®WRMH R MM J0
LQFHUWH]D HP WRGRV RV JUXSRV GH ERBDDER ,FRKRHPRV S\
HVWDU VHQGR FRPSHQVDGR QR YDORU GR SDUKkPHWUR

2 SDUKPHWUR TXH DSUHVHQWRX R FRPSRUWDPHQWR
(OH UHSDUWH R IOX[R HQWUH R HVFRDP HI@ WX EWXSHWK D
UHVHUYDWYULR OHQWR 4XDQWR PDLRU PDLRUOMHGSWRSR
2 SDUKPHWUR DXPHQWRX FRQIRUPH R DXPHQ WRDGW R QSDLL
PRGHOR 0 TXDQWR SDUD R PRGHOR 0 'HVWRURD FED VRWDP
UHDOtVWLFD D GLYLVMR GR HVFRDPHQWIRPISR WWXIQGR H G
GR UHVHUYDWYULR OHQWR SDUD EDFLDWDBR P \VIHIQMRR % )X P [
LQFHUWH]D (VWH SDUKPHWUR UHS8UGR HQHW Bl LRY B R/l ULFRL HDQ
EDFLDV GR JUXSR : D LQFHUWH]D IR LR BB IORUVTRP LG G I
FRP R DXPHQWR GR %), WHQGR UHVHUYDWYULR OHQWR O

$V EDFLDV iULGDV DSUHVHQWDUDP DGR¥P S UXPIHIW t

)LIXUD 2 SOHGRPHWXRX GH DFRUGR FRP R %), GDV EDI
PHQRU HVFRDPHQWR GH EDVH PDLRUHV G ¥ H3D D KP &if
$OSK®L SUyY[LPR D SDUD DV EDFLDV ' WDQWHR GDZ2D R

SDUKkPHWWRR TXH VH PRVWURX PDLV VHQVtYHOHDRVBHWRRC
R PRGHOR 0 2 aSSPODKAHRVDKRUHVHQWRX XP SDGUMR FRPR Q]



QmR DSUHVHQWDQGR UHODomR FRP R D X PHDQW RR QR & MH,0®F
DSUHVHQWRX XPD JUDQGH LQFHUWH]D SDUD RRSKXSRDU D
IDOWR GR UHVHUYDWYULR OHQWR FRP HVWD PDLRU FDSDF

)LIXUD + 'LVWULEXLomR GRV YDORUHU G RDWN SEOOJKIPIHW URRLMG G M

SRU JUXSRYV EDFLDV ~PLGDV FRP %), BDERPUOR SMRLSB YV FHRPNYG !
RV SHUFHQWLYV H : EDFLDV ~PWEGMV FRP %), HED¥UB WY

FRP %), DFLPD GR SHUFHQWLO 2 SHUtRIOANR WMAWD HFRUUHV S
SHUtRGR D]XO | FDOLEUDomR GH D



JLIXUD 'LVWULEXLomR GRV YDORUBDUDRUVSEDKPBEWUVRY¥DOH ¥
JUXSRV ' EDFLDV VHFDV FRP %), DEDL[R BRV SHRFF QWHQW U
SHUFHQWLV H ' EDFLDV VHFDVHRP %), BEDFWDW RWF BN UF
DFLPD GR SHUFHQWLO 2 SHUtRGR WBMD FRUUHWS RQSHIUJ |
D]XO j FDOLEUDomR GH D

2 SDUKkPAHWNYOMRVLP FRPR SDUD DV EDFLDV ~PLGDV DS
SDUD EDFLDV FRP DOWR HVFRDPHQWR GH &BVHG BRWR WiU(
LQFOXVmMR GR UHVHUYDWYULR GD JRQD QDhFEWDMXPBDQP HP



PRGHORY HQWUHWDQWR QmR IRL SRV VHN\HOH HHD IR BMQNDE
DVVLQDWXUDV KLGUROYJLEDV DTXL XWLDS HIR®VVI RLR VRHRG/H
DXPHQWR GR %), FRP R JUXSR DSUHVHQ@GHORROD G\ E
DXPHQWRX FRQIRUPH R DXPHQWR GR HVVFEGDPHDWER ERPE
DXPHQWR GR %), SDUD R PRGHOR 0 Mi QRSPREMWHRR DO MM
DSUHVHQWDU XPD DOWD LQFHUWH]D QR FDVR BRIVRIURKR"
SDUKPHWURY PRVWUD TXH HVVDV HVWHRWRUDFRQ t R WD
SULQFLSDLV SURFHVVRV TXH RFRUUHP QD EDFLD

1R FDVR GDV EDFLDV iULGDV REVHUYD VH TXH D UHS
p PDLV UHDOtVWLFD QR 0 GR TXH QR 0 HUWDRVY N I R UGD TPRE
VDWXUDGD p LPSRUWDQWH SDUD D FRUUHRW DHB HEDFHL DN Q W1

4XDQGR p REVHUYDGR FRP PDLVY GHWRP KRHYDID RH G5Ro t
GH HVFRDPHQWR GH EDVH )LJXUD REV QUMH VRV T&R |
SULQFLSDOPHQWH FRP R PRGHOR 0 WDQWR SOHUDNVHEDF
SDUKPHWUR SRGH VHU GLUHWDPHQWH FRP SIXHDD FG EQRPRF
LQWHUQD GR PRGHOR p PDLV SDUHFLGD FRP R TXH DFRQW

JLIXUDG6FDWWHQWURWR tQGLFH GH HVFRDPHQWRT)XGH EBDSYWUBHYH,Q
GLYLVMR GH IOX[R HQWUH RV UHVHUY DOWDyUD @RM DU VS1LRS RJ HHI FOUHHQYY
VHFDV SDUD RV PRGHORV 0 HO H RV DIXLRREHBERRALDV ~PLGD

,03$&72 '26 5(6(59%$715,26 '$ =21% 1-2 6$785%'$ ( /(172

JRL DQDOLVDGR WDPEpP R LPSDFWR GD L QFOXXUhRG
85 FRPSDUDQGR D SHUIRUPDQFH GRV PRGHORYV OL HG® |
UHVHUYDWYULR OHQWR 65 FRPSDUDQGR D $HWIRRPHD QFH
(TXDomR 3bub FDGD UHVHUYDWYULRMRAD LWL WIDP OB VD f



FRPSOH[RV GH IRUPD D JDUDQWLU TXH D PHODX\RWD &H >SH
SURFHVVR KLGUROYJLFR LPSRUWDQWH H QmRSDYUKE BW SR\
$ )LIXUD DSUHVHQWD R UHVXOWDGR GPWRGREEN UPL
FDOLEUDomR $ SULPHLUD OLQKD DSUHRGGRVOINR VP®XEW
YHUVXV 0 PRGHORV PDLV VLPSOHV IRP90MNFKRW X¥\W UHIRGHH
RtQGLFH GH HVFRDPHQWR GH EDVH p PDIMHRVRGEN VIR IHH
PHOKRUD RX DWp PHVPR SLRUD FRP D LQFOXVmMR @GR 85 |
FRP O (P UHJL}HV FRP %), PHQRUHV 6XODSUSD/HQYMW BBN
PHOKRUD VXSHULRU
2 LPSDFWR GD LQFOXVmMR GR UHVHUYDWYULR OHQWR
0 YHUVXV 0 PRGHORV PDLV VLPSOHV HRPSOHURNKYV (P
EDFLDV FRP EDL[R tQGLFH GH HVFRDPUH@NMAMWEH CEDLQHORVY
UHVHUYDWYULR SLRURX D SHUIRUPDQFH RX PHOK®YRX SF

DEDL[R GH FRQIRUPH )LJIXUD D UHSUHVHO®@GEBMR G
VLPXODomR XPD YH] TXH QmR p XP SURFHVVRXWGR RODYA I
SDUD EDFLDV FRP %), PDLRUHV TXH D LQB &M RUFPD QI

QDY GXDV FRPSDUDo}HV (VWH UHVXOWDGR GRWBGLEDFIIX
KLGURJUIILFDV p SRUWDQWR PDLV LPSRUWDQWH TXH R C

$YDOLDQGR R LPSDFWR GRV UHVHUYDWYULRYV VHSDU|
HQFRQWUDGRYV SDGU}HV LQWHUHVVDQWHVFRERIPDUDGDV :
SHUIRUPDQFHV VH SHOR PHQRV XPD WLYHVVNH &OVV&IBDV
SHUIRUPDQFHV IRVVHP LQIHULRUHYV D HVVHD QWAaR @ nDAR B/R
VLIQLILFDWLYD D DYDOLDomR GD PHOKRUGDR/X SDRQ B O &RX
DV EDFLDV FRP RV PHQRUHV %), : DSUBWIRQW\D P$ XLFQ B O &
GR UHVHUYDWyYULR GD ]JRQD QmR VDWXUDGD X$WHV S W/ B
LQFOXVmMR GR UHVHUYDWYULR OHQWR &RPRRMGRRUHMKULNEFX
OHQWR HP EDFLDV FRP EDL[RV %), QmR PHORKRUDPFP [FRFHUO
PpGLD GD PHOKRUD SUy[LPD GH J]HUR -i SDUD R W)XSR
PDLRUHV TXH R LPSDFWR GD LQFOXVmMR GR UHVHUYDV
GR UHVHUYDWYULR GD JRQD QmR VDWXUDGD P BIRPRKRR DD DL
VLPXODomR

2V JUXSRYV : H : DSUHVHQWDUDP R PHVPR FRPS
SRUpP DSUHVHQWDUDP XPD GLIHUHQOD PD[RQDHQWR K RW_



H OHQWR 'HYH VH VDOLHQWDU TXH R FRPB®HODWP VQRWRO
FRPSOH[RV IRL EDVWDQWH VHPHOKDQWH LQEHPMNRG®RX
PRGHOR H R TXH UHDOPHQWH HVWi DFRQWHFHQGR QD EDF

0 YV O 0 YV O
)LIXUD 'LVWULEXLomR HVSDFLDO GDPRBHM®RYDQ b FF EONVESIBDO K

XPD GDV FRPSDUDo}HVY DQDOLVDGDV RSIDXNMWR B0 LQVFOX VD R CLR
GD JRQD QmR VDWXUDGD 0 YV O HO YV O DYDIWPWLR DOMHIDN R

3DUD DV EDFLDV iULGDV SDLQHO LQIHULRYFRQWUDG
HQWUH RV JUXSRV 7RGDYLD ILFD PDLYVDHVLGLHRQ Q/HHQDV & LHRR
FRP EDL[R %), 1R FDVR GDV EDFLDV iULGD¥RR %YXBRQR
TXH $ LPSRUWKQFLD GD LQFOXVmMR GR UHVBDYDWYUG
JUXSR 2 SHUFHQWLO GR %), GDV EDFLDV VHFDV p
~PLGDV D LQFOXVMR GR UHVHUYDWy ULGROHDMR WHWY B UR



QmR VDWXUDGD TXDQGR R HVFRDPHQWR GH B DWH E GRLIPL
iULGDYVY DSUHVHQWDP XP EDODQOR KtGUQRRIBRER FR BDSGIC
XPD EDFLD DSUHVHQWRX 16( PDLRU TXH SDUD RV PRG

)LIXUD 'LIHUHQoD GDV SHUIRUPDQMPHN GG P REHDORBN VQPRP|
bDeQDOLVDGDV ' EDFLDV ~PLGDV NRWRW FRP'%), DEDHRDGEGR
VHFDV FRP %), HQWUH RV SHUFHQWLWOV HWHFDV' FRP EDF LHXQ
SHUFHQWLYV H s EDFLDV ~PLGDV HQAMADDY F RoR P&5)0 FOW Y. P
DYDOLDP D LQFOXVmMR GR UHVHUYDWYyW.RI G D]MR3 D YDOOR DI/VID W XL
UHVHUYDWYULR OHQWR 65 &RUUM PROHDRWMRRBLNVVERBOMYD &)
DV FRPSDUDo}HV HQWUH PRGHORYV PDLV FRPSOH[RYV

3DbUD D YDOLGDomR R UHVXOWDGR GDV FRPISDWDoO}t
DSUHVHQWDGR QD )LJXUD 2V SDGU}HVRVIKERRPVHBPHOKD
SHTXHQDV GLIHUHQoDV $ PHOKRUD SHPDRLQYPOYXVMDBOGR R
UHJLmMR VXGHVWH GR SDtV RQGH R %), p PDLRQF®XYRRL
UHVHUYDWYULR OHQWR WDPEpPP OQmR IRR WQWHUWWD GRJ L1¢
$YDOLDQGR R LPSDFWR GRV UHVHUYDWyYULRW YHSD UD ®MDP
YDOLGDomR HQFRQWUDPRYVY RV PHVPRV UHVXOWDGRYV GD F



0 YV i : i; % 0 YV O
0 YV O i i 0 YV O
)LIXUD 'LVWULEXLomR HVSDFLDO GD FRORSDQD ohRO GG N o HRU §

XPD GDV FRPSDUDo}HVY DQDOLVDGDV RSIDNWR BD LYV OX DR GCLRK
GD ]JRQD QmR VDWXUDGD O YV O HO YV O DYDIDWUPWPLR DOHIDFR



)LIXUD 'LIHUHQoD GDV SHUIRUPDQFHNDGRVXPRGE DR \F RS ¥

bDEQDOLVDGDV ' EDFLDV ~PLGDV NRWRW FRP'%), DEDHRDGEGR
VHFDV FRP %), HQWUH RV SHUFHQWLWDV HWHFDV' FRP EDF LHX
SHUFHQWLYV H s EDFLDV ~PLGDW FHOQRMAND] $ GIRPWXN/H UBEHH. P

DYDOLDP D LQFOXVmMR GR UHVHUY DA/RY B OHRPWY] X B (DY OLRD ¥ DDV IXQ
UHVHUYDWYULR OHQWR 65 &RUUM PROHDRWMRRBLNVVVERBOMYD &)
DV FRPSDUDo}HV HQWUH PRGHORYV PDLV FRPSOH[RYV

$ GLIHUHQOD GD LQFOXVmMR GR UHVHUYDWQWRR D ]F
ILFD HYLGHQWH TXDQGR REVHUYD VH RV KD&URRRSPDN oVYH
HQWUH RV PRGHORYV SDUD EDFLDV ~PLGR\SHFRPHQWIRD P H G
1D )LIXUD D H )LIXUD E p DSUHVHQWDWRUR R RID FRA
VDWXUDGD SDUD PRGHORV PDLV VLPSOHW 0 WHUSHFWDYD
e SRVVtYHO REVHUYDU TXH RV PRGHORPDVHIFP KU DHnHO Wb W
SRUpP DR DGLFLRQDU R 85 YHPRV XP PDLRU DRPR/\MH G
FRPHQWDGR D PpWULFD GH FRUUHODOmMR p PHOXRWYyQRR |

$ )LIXUD F H G DSUHVHQWDP R LPSDFWR GD L
PRGHORV PDLV VLPSOHV 0 HO H PDLV FRE®®OGIH[IRW VOHW |
WRGRV RV PRGHORV VH FRPSRUWDP GH IRUEBD EB Y WRQW S|
PRGHORV FRP R 65 (VVDV EDFLDV t ~PRGDR BIVFRPLEDLLR S
UHSURGX]LU R EDODQOR KtGULFR VHQGR R PRGB®RV/DH V



FRP 16( LIXDO D HQTXDQWR R O DSUHVHQWmBMNKP 16( G
SbUD D EDFLD DSUHVHQWDGD (QWUHWDQWRXWUHDRERpW U
)LIXUD Yr VH TXH R PRGHOR 0 DSUHVHQWDSPHOQRBHWR!
VHMD D LQFOXVmR GR UHVHUYDWYyULRFBRQRRWMDMRP I8 Q BIRBP
GD DPSOLWXGH GD YDJmR SDUD DV EDFLDV FRP EDL[R %),

)LIXUD +LGURJUDPDV REVHUYDGR H DLEXQ FRR S DD D bBDb mK
XPD EDFLD ~PLGD FRP tQGLFH GH HVFRD®WRWR GFyE&DMH LQI
&RPSDUDOomR GH PRGHORV FRP RX VHP R DHYHUSDWWULRB5GB |R
H E 0 )565 HO 85)565 FRPSDUDoMR PGHHNVRWYDORN FIRP Gl
)5 HO )565 H G 0O 85)5 HO 85 )5 65



$ )LIXUD WUD] DV FRPSDUDO}HV HQW FR R W \PRREIHOHR
GH EDVH VXSHULRU DR SHUFHQWLO : 1DV ) QIPOXD/ mR [
UHVHUYDWYULR GD JRQD QmR VDWXUDGD SRXEGRHDIRWD M
0 TXH QmR SRVVXHP R 65 DSUHVHQWDP XPD O3HWU MRXHP D
SRVVXHP FRP YDORUHV GH 16( GH H BHR 'S HTRYHL Y
DSUHVHQWDP D PHQRU FRUUHODOMR HQRWUWHDAD Y QM RVFRB
UHSUHVHQWDP EHP R WHPSR H IRUPDWR GR KLGURJUDPD

2V PRGHORV 0 H 0 TXH SRVVXHP R 65 UHSUMHWHQV

YDULDo}HV GD YD]mR FRP 16( GH H UHPRIGHWIRYD F
FRQVHIJXHP DSHQDYVY UHSUHVHQWDU XP FRPIRUWDE@HIQW G F
)LIXUD F H G $SHVDU GH DSUHVHQWRD P R(GPHDOER &L

DSUHVHQWRX UHVXOWDGRYV SLRUHV SDUD DBHMWPEKADXEBR (
EDFLDV H PHQRUHY FRUUHODO}HYV

3DUD DV EDFLDV iULGDV FRP tQGLFH SHHUHRMBRRVOLROH Q W'
RV KLGURJUDPDV HVWmMR UHSUHVHQWDGRYV QD XABRXWMDR

)LIXUD D H )LIJXUD E 2V PRGHORV VHPWBD EBWVHD
DSUHVHQWDUDP 16( GH H HQTXDQWR RX\P AP ®RH85
H UHVSHFWLYDPHQWH (VVHV ~OWLERY WPLDANH WD K HY

GHVHPSHQKRYV UXLQV FRP YLpV GD PpGLD H GR GG WTIXRH SC
FRQVHJIJXLVVH RWLPL]DU WRGDV DV R®WUIIURIE\D V2 pEPDID\Q & |
TXH HP EDFLDV ~PLGDV H SRU LVVR RV PRGRYRW @R HAF
DR PHVPR WHPSR -i D LQFOXVmMR GR UMHGRY DSWWR FDDHGIV
QR FDVR GRV PRGHORV PDLV FRPSOH[RV ORGBORVHNRF
GLIHUHQoDV QR GHVYLR SDGUmR H YLpV GD PpGLD
3DUD DV EDFLDV iULGDV FRP tQGLFH GHQOWVBORDPHQW |
RV PRGHORYV VHP R UHVHUYDWYULR OHQWR D YDHMR QW.DR!
D FRP 16( GH SDUD R PRGHOR O H 16( GH S
UHVHUYDWYULR GD J]RQD QmR VDWXUDGD PHOKRDRXHKP S
UHSUHVHQWDU R FRPSRUWDPHQWR GD EDFLD
3bUD RV PRGHORYV PDLV FRPSOH[RV )LJXUDH GH f
16( LIXDO D SDUD R O SDUD FRP RO KRXYH WDPE
YLpV GD PpGLD GLIHUHQoD GR GHVYLR S[HS UGN RP R VRMRWIJA-
LPSRUWKQFLD GD LQFOXVmMR GR UHVHUYDRYURERP OR (W R



DSUHVHQWDUDP XPD UHSUHVHQWDomR GR WHPSRTXRUPD)
RV PRGHORV VHP

)LIXUD +LGURJUDPDV REVHUYDGR H VLBKUDIGRWDW 3 DADIG [
~PLGDV FRP tQGLFH GH HVFRDPHQWR YGLEDOVH LQIH&ERR B DD &if
PRGHORV FRP RX VHP R UHVHUYDWYULR GD 88Qb (¢imE VIO W)EU®5

HO 85)565 FRPSDUDomR GH PRGHRFOHBRMRHFVHP U5 VH OY D)\
H G 0 85)5 HO 85 )5 65



)LIXUD +LGURJUDPDYV REVHUYDGR H VDBRXK\D GHRL Y/DWVWDS PL®DE}
FRP tQGLFH GH HVFRDPHQWR GH EDVH LQIHGIRRPE DRDSHRFE R W R
FRP RX VHP R UHVHUYDWYULR GD J]RQD5QmRHVIEWNXUD)GD65D HOO |

Y

85 )5 65 FRPSDUDOmMR GH PRGHORWWMRP F \OHP) & HW KU Y)BW6y5U LH
0O 85)5 HO 85 )5 65



)LIXUD +LGURJUDPDV REVHUYDGR HSDUPXOHG RHE WD D@D
FRP tQGLFH GH HVFRDPHQWR GH EDVH LQIHWGRPES DRDSHKRFE R WR
FRP RX VHP R UHVHUYDWyYULR GD J]RQD5QmRHVIEWNXUD)GD65D HOO |

Y

85 )5 65 FRPSDUDOmMR GH PRGHORWWMRP F \OHP) & HW KU Y)BW6y5U LH
0O 85)5 HO 85 )5 65

',6&866-2

2 UHVHUYDWYULR OHQWR VH PRVWURX QHFHWDWIHLR T
PDLRU TXH WDQWR SDUD EDFLDV ~PLG®RHDQX\DH GRS DULM
PRPHQWR HP TXH HVWH SURFHVVR VH WRUWUHGRQWDD QW H.
QHFHVViIiULD 8P UHVXOWDGR VHPHOKDQWH IRL HIQHARQW



HQFRQWUDUDP TXH PRGHORYV HP SDUDOHOR E®FHDMQVRP
HVFRDPHQWR VXEWHUUKQHR GRPLQDQWH

-i R UHVHUYDWYULR GD ]JRQD QmR VDWXUD® D~ BISGHW
TXDQWR iULGDV LQGHSHQGHQWHPHQWH GRXGMEDER Q@ih R
HVSHUDGR (VSHUDYD VH TXH EDFLDHVMH @B HRY DMRB WLDR
DSUHVHQWDVVHP XPD PHOKRUD QD SHUIRUPDQFH RIDLRU
EDFLDV iULGDV+ R EDODQOR KtGULFR GHSHQGHSPHRQ®NWRGH
GR DUPD]JHQDPHQWR VXEWHUUKQHR GR DXRGP @BDRLDD W,
VHULD LPSRUWDQWH SDUD FRPSHQVDSDHPWDN EDR LONQ HI
PRGHORY VHP HVWH UHVHUYDWyYULR D S/UHNHICDNVDRFORP DL 8
2 PRGHOR 0 SRU H[HPSOR QmR FRQVHJXH UHSKHIMHQW
SURYDYHOPHQWH SRUTXH D iJXD TXH FRPS}H HVWYDDSDU'
DUPD]HQDGD

%DFLDV iULGDV VH PRVWUDUDP PDLV G-PLBHIW GHN)
UHVXOWDGR HVWi GH DFRUGR FRP RXWURVI X\HJ BBDFG QRAU L
TXH D DULGH] GD EDFLD p XPD GDV 9P LR BLH\DH K/S FHIWKIRF B/Ri
SRU HOHV XWLOL]DGR (OHV MXVWLILFFRDNXHPRGIHV NPSE
PHQRV UHVSRVWDV QmR OLQHDUHYV PDPhRU BRUD HMDIXRR \F
iULGDV SULQFLSDOPHQWH DV FRP EDL[R tQGLFH GM HVFR
XP UHVXOWDGR VDWLVIDWYULR 16( ! SHWWRBRVEBRPDYL
SUY[LPD GH JHUR RX JHUR R TXH WRUQD D PRGHODJHP GL

2V PRGHORV 0 H 0 SRVVXHP R PHVPR Q~PHUR GH S
EDFLDV FXMR HVFRDPHQWR GH EDVH puUB@WIHQ D@ WH VG H HI
PRVWUDP FODUDPHQWH TXH PDLV LPSRUWDQWH TXH R Q~
P R TXH HOHV UHSUHVHQWDP H TXDLV RV SWRF KWWK W D
VHPHOKDQWHY Mi IRUDP PRVWUDGRY SR)H B LHRSOHRW DU
2UWK HW DO 9DQ (VVH HW DO H'H %RHU (XVHL

(VWHV UHVXOWDGRY UHVVDOWDP IV UR®YRXKWW K@ LPR G |
WHQKD XPD FRUUHVSRQGIQFLD FRP RV SURFHKVE®RBRJIGRIREC
OXLWDV YH]JHV DSHVDU GR PRGHOR DSDBYMDWRY %P ERPH
VH TXH HOHV QmR DSUHVHQWDP X PRV UKH.GRRTCRy FLOFIRWDGHR P
IRUPD p REWLGR RV UHVXOWDGRY FHUWRY SHORV PRWLY



( 3$5% %$&,$6 1-2 021,725%$'$6"

8PD TXHVWmMR LPSRUWDQWH GD KLGURORYLH pLR QK
GLYHUVDV LQLFLDWLYDV LQWHU QIR LRQHGEVFB/MDBRVHYQ D8
%DVLIB% IRL R WHPD GD GpFPWBUQDWLR®DO $VVRFLDWL
6FLHQMBH® 2V REMHWLYRV GD LQLFLDWLYBRWPRGH®R!
KLGUROYJLFRV H[LVWHQWHY GH JHUDU SUWRINM}GDVFRDI
GHVHQYROYHU QRYRV PRGHORV H DERUGD JH®W L DRLYDLAR
HVSDFLDO H WHPSRUDO GRV SURFHSURY LKWGR R & K ERNG D
QmR PRQLWRUDGDV
1HVWH WUDEDOKR IRUDP XWLOL]DGSY XD \G B \G/ALE D
HOHPHQWRYV QRV PRGHORV XPD EDVHDGR R $SQEEEHBLGHD
H RXWUD QD YD]JmR +#+ R tQGLFH GH HYHFRD FIHSQMAR HXHWDIBV
DX[LOLDU WUDEDOKRV IXWXURV D HVFROKHU DR U(RH\
WDPEpP SHUPLWHP D LGHQWLILFDomRR&RVXSURBFEWUS B PVQHL
KLGUROYJLFDV (QWUHWDQWR VH IRVVALOHFHR VAR DR VHRW
PHVPR LGHQWLILFDU RV SURFHVVRV KLGUROYUDFRRN 8 RFH.G
YH] TXH QmR VH WHULD GDGRYV SD UIB IFWD MDD QR PAN, H ' HY
FDUDFWHUtVWLFDV [tVLFDV SRGHWIRD P)VHERPRLOLLIDGBEN
JOREDLV GDV FDUDFWHUtVWLFDV X¥DLDED N GPOMU D TKAD GO
PHVPR SDUD D SUHFLSLWDomR H HYDSRWUDQVSLUDomR
JRL HVFROKLGD XPD FDUDFWHUQLWLBO |8WLRFIX G®U®DE
$ HVFROKD IRL IHLWD FRP EDVH QDW UDEDQKRY SR UDBHH \[H
TXH DSUHVHQWRX R PDLRU FRHILFLHQWHp B HDF R US\H/DHD\OIh R
HVWD FDUDFWHUtVWLFD GR VROR LQIBXGD FLODQRX E RMNLLPL
)LIXUD SDLQHO VXSHULRU DSUHVHQM®PWRY BRGXORD
GLIHUHQWHY EDFLDV DJUXSDGDV GH DFRUGR FRP R SHUFI
FRP R %), 2EVHUYD VH XP SDGUmMR EDRVFR® VRH% H P% D KL
DV PHQRUHV SURIXQGLGDGHYV GH VROR 3 WLYHBDERSR X
UHVHUYDWYULR OHQWR H XPD PHOKRUD P®DRRUMRRYDIVRG
8PD KLSyWHVH p TXH EDFLDV FRP PHQRU SURIXQGLGDGH
SRUWDQWR D SURSRUomR GH HVFRDPHQWR GHSE DIV R |
3 HVVH FRPSRUWDPHQWR VH LQYHUWH H R XPISDERULR OC



GR UHVHUYDWYULR GD JRQD QmR VDWXUDGDGEDHRFHARBPHIC
GH EDVH (VWH UHVXOWDGR PRVWUD TXH FRMRUBXP QYN
GR IOX[R VXEWHUUKQHR GD EDFLD WRUQD VH PDLV LPSRU

$ )LIXUD SDLQHO LQIHULRU DSUHVHQWWIUDPSRM F}
16( LQIHULRU D QD YDOLGDOmMR HP FDGD PR GHORVFR Q\
SDUD EDFLDV FRP PDLRUHV SURIXQGLGDGHYL@H ¥RORSD U
PRGHORV HP VpULH * VHP UHVHUYDWyULWR DDGRMED BN WR
PRGHORV IRUDP DTXHODV FRP DV PHQRUHV SURIXQGLGDG

HQGR DVVLP SDUD EDFLDV VHP GDGRV REVHUYDC
SURIXQGLGDGH GR VROR QRV SHUPLWH FULDUYBLBRWHYV
GRPLQDQWHY GD EDFLD KLGUROYJLFD XPD XHIGURK WDER
GRPLQDQWHY GHYHP VHU FRQVLGHUDGRY QR PR GHOR LKA &
XP PDLRU HQWHQGLPHQWR GHVWHYV ViR WHMDWP HRWXALDNG
DQiOLVH PDLV DSURIXQGDGD DLQGD GHYH VHU IHLWD FRHF
FDGD JUXSR GH EDFLD H J )LJXUDV HRP FD WD KW DR
VHPHOKDQWHYV

)LIXUD 3DLQHO VXSHULRU GLIHUHQOYPD®D & C5aHR RPDI F B G
FRPSDUDo}HV DQDOLVDGDV 3 EDFLPDRV GRS IBURHROWEIOGDGB G
FRP SURIXQGLGDGH GR VROR HQWUH RRNPSHBURHXQRMGUVGDGH GR3 VF
SHUFHQWLYV H 3 EDFLDV FRP SURIXQGLEEOSC BRARVNROR |
DYDOLDP D LQFOXVmMR GR UHVHUY DURY B OHRPVEY] X B (DD @@RD ¥ DDV XQ
UHVHUYDWYULR OHQWR 65 3DLOQWOXH RBINRYH WBRR FIDQW D BN PC

QD YDOLGDomR ORGHOR 0O 85B)5 PRGHOR 0O RGBIGBR PRGHC



&21&/86®(6

(VWH WUDEDOKR DQDOLVRX D SHUIRURDROFKLGH B yH |
FRQFHLWXDLV HP EDFLDV KLGURJUiIL AOM HURRMOD]DGD)
$TXL WHQWRX VH DYDQoDU QD FRPSUHHQV MK VGDX WRU DK
PRGHORY KLGUROYJLFRV H DV FDUDFWR Gt \X PFDUD RQICGHU RRO
GH EDFLDV SDUD R WHVWH GH GLIHUHQW H\W B RTHBRN SKIH
GRV SURFHVVRV KLGUROYJLFRV TXH RFRUUHP QD HVFDOD
JHQHUDOL]DO}HV VREUH R VLVWHPD DBOR AFHDELDEBOBFLBH
PRGHORYV

3ULPHLUR EXVFRX VH FRPSUHHQGHU D FRUUHVSRQC
DVVLQDWXUDV KLGUROYJLFDV 'H IRUPD JH{NMXED WADRGERD V DDAV
GR FULWpPULR GH 1DVK 6XWFOLIIH SDUD SBRBRWIHRQRR SR G
FRQVLGHUDU TXH RV PRGHORYV KLGUROyJLFRMN ERQEFRM SR
VLPXODomR H SUHYLVmMR KLGUROYJLFDV 2VWPRBHEBRVGH 1
PDLRUHV GH SDUD H GDV EDFLDV UHVSHF

)RL SRVVtYHO HQFRQWUDU DOJXQV SD GIQR Y HWVSDGLLR
GH HVFRDPHQWR GH EDVH FRPR DV HQFROMPUPRQY QIVXE
Mi FRP R PRGHOR PDLV VLPSOHV FRQVLDGHUBGRUY BVOY 4L RX
DV EDFLDV PDLV iULGDV GD UHJLmMRHIRV ®BSWWNHRW PBDGM
UHVXOWDGRY H R 0 IDOKRX HP PDLV GH KR&D\EBPIEDRYD VU L
VMR PDLV GLItFHLVY GH VLPXODU SRU DSUHVH®RVDXH FE XPL!
PDLV ~PLGDV WHQGR D HYDSRWUDQVSLUDOMRDHPDLRBUQ
LQIOXrQFLD

$V FDUDFWHUtVWLFDV KLGUROYJLFDV TXN PRIG\HQQ W
IRUDP DV UHODFLRQDGDV D YDULDELOLGDBH BR/ pOKHRV 2K
UHVHUYDWYULR OHQWR IRUDP PBONRUGGDNVR EPFADEHFB I
LQFOLQDOmMR GD FXUYD GH SHUPDQrQFLD 2 FRPSRUWDPH(
HP SDUDOHOR 0O H O TXH WHP UHVHUYDWYy QKR GBQW FE DA
FRP PDLRU YDULDELOLGDGH QD YD]nPRH QQVBRX®H (BDR H R HQ
GHVHPSHQKR GHVVHV PRGHORV ,VWR LQGLFDKk@KR RRUH
PRGHOR HVWi UHODFLRQDGD FRP R TRN N EDGPHY \WXMRFRQ
GR ULR p GRPLQDGR SHOR HVFRDPHQWR BH EDVR VDX\8 HWL



jTXHODV HP VpULH 2 DXPHQWR GD DULGIHH WRGEWD R\D P RC
PRVWUDQGR QRYDPHQWH TXH HVWDV EDFLDV VmR PDLV FI
'HSRLV DQDOLVRX VH TXDQGR GLIHUHQWHFLRQRBHRWA
QRV PRGHORYV )RUDP DYDOLDGRV R LPSDFWRVOWXQPGOVn
UHSUHVHQWD R DUPD]JHQDPHQWR H OLEHUDWIRR 03HD WIK Dt
UHSUHVHQWD D iJXD VXEWHUUKQHD 2 YPSDB®WR [B\WV DY
FRPSDUDoO}HV HQWUH PRGHORYV PDLV VLRS®BVIRUPRGISGR
JDUDQWLU TXH XPD PHOKRUD RX SLRUD QR G H \SHFRSFHHQ/K/R Y
KLGUROYJLFRVY H QmR DSHQDV GR DXPHQWR GDVFERBWOF
DVVLQDWXUDV KLGUROYJLFDV TXH PDL\ & HFH H®HD PLR MY I
UHVHUYDWYULR GD JRQD QmR VDWXUDGD H tQGLFH GH HVI
8P PRGHOR FRP DSHQDV XP UHVHUYDWyU LRRE WIRE X RDC
VLPXODomR VDWLVIDWYULD HP EDF IRDP HPMGD G HF ED ED L BRI
UHVHUYDWYULR GD JRQD QmR VDWXUDGD VH PRGWURNX GH
H GR tQGLFH GH HVFRDPHQWR GH EDVH GD EDFALWD iYYSBNVD
XPD YH] TXH HVVH UHVHUYDWYULR DX[LOLDWIUR @R ®L
OLQHDULGDGH GD UHODOmMR HQWUH SUBWFNVS QW XD W KILVGF
GHYHP VHU WHVWDGDV SDUD HQFRQWUDU BXMHY HIHODERP
HVWH UHVHUYDWYULR
-i D LQFOXVMR GR UHVHUYDWYULR OHQWRRWYy DRL EH¢
RX VHMD TXDQGR R IOX[R HUD HP VXD PDLRULD SURYHQL
HUD LQIHULRU D HVVH YDORU D SHUIRWEDQRHRIRYLRR GG
PRGHORY VHP SULQFLSDOPHQWH QDV ENMLD W HVX®MD B K
TXH D DGLomR GH FRPSOH[LGDGH FRFPRS PH LWDDY] EHH]GINVI t\F
DMXGD D PHOKRU UHSUHVHQWDU RV SURFHVVRV QDV EDFI
2V UHVXOWDGRY HQFRQWUDGRY QHVWH WQWEDDOXR P
FRPSOH[LGDGH GRVY PRGHORV * PHGLGD SHORUMVAHHINRDG t
GRV SURFHVVRV GRPLQDQWHY GH FDGD EDFLBWOURGE HORRPI
RO HO + DSUHVHQWDUDP SHUIRUPDQEBY PRPVWR \GRIHQYE
HVFRDPHQWR GH EDVH D GLIHUHQoD HQWUH. PM®HV p D DG
$0JXPDV EDFLDV LQGHSHQGHQWHPHQWH GRGRRGHO
LQIHULRUHYV TXH DV GHPDLV SULQFLS D OHFP\HVQRWHHDRHIRD D
TXH REFRUUHP QHVWDV EDFLDV QmR HVW mHRQWRYG & REH P RUG



KLGUROYJLFRVY GHYHP VHU DYDOLDGRYV += DOWPDERD KRH ¥
WHVWDU VH D LQFOXVmMR GH DOJXP RPBOXRB®DpP GLRX®RD
FDUDFWHUtVWLFDV ItVLFDV H FOLPGHYHDR \FHD VW QOWR G
HOQOFROQWUDU QRYDV FRUUHVSRQGrQFLDV HQWMHUt\RWLHDWE
EDFLDV 7UDEDOKRV GH FDPSR H GH PRQLWORURHAHOQWRRW
GHFLIUDU DV EDFLDV KLGURJUIILFDV H FURDHM RRGBDORYK
KLGUROyYJLFRV PDLV UHDOLVWDYV

&RQVLGHUDQGR D UHJLMR FRVWHLUD GR % WBVWLO
XWLOL]DGRV SDUD HVWXGRV GH LPSDPWRRG RW PREGMHDIRDW
VHU XWLOL]J]DGRV SDUD FDOFXODU R RVY&EB BBUIPXBVHYPLBDI
FRPSRVWRYV GH FKHLD QHVWDV UHJL}HV t@B PFRIVGYHD @WRRIRID/
GH EDVH p SRVVtYHO HVFROKHU D HVWRMWGXR BLTOH WH O Kk
IDJHU DV VLPXODo}HV &HQWHQDV GHDEDBRLBW IML @ HRIUMD
XWLOL]DGDV H Mi p SRVVtYHO XWLO&MWB UVH SR HEVH ULHHAWAKOOG\RD

(P WUDEDOKRV IXWXURV GHYH VH DQDOLVDU DLQGD
SUHFLVDPRV PHOKRUDU RV PRGHORV SDUD HQWHWGHU
SHFRPHQGD VH DLQGD D FRQVLGHUDOmMmRHED 'HY AMDU WRHUPDL
SRVVtYHO IDJHU SUHYLV}HV FRQILIYHLV SBDDVWSURN BV V
KLGUROYJLFRVY TXH RFRUUHP QD EDFLD KLBWROMWRFDD A |
SHUPLWLQGR DVVLP HQWHQGHU H HVWLBRDHUURD OHRSD BEWR
KLGUROYJLFRYV






5()(5C1&,%6

$'25 1 HW DO 7KH &%$0(/6 GDWD VHW &BDWFERH QW UD @&/DVUL
VDPSOH ¥YWoXURMAHRI\ DQG (DUWK 6XVWHR 6FLIBQFHW

$7.,1621 6 ( 5 $ :22'6 $1'0 6,9$3$/$1 &OLPDWM DQG C
RQ ZDWHU EDODQFH PRGHO FRPSOMMWWU BRHNR ¥KDRHY QJ V
GRL 5

$1$ $*C1&,%$ 1$&,21%/ '( E*8%$6 +LGUR:HE 6LNWHPD GH ,Ql
+LGUROYJLFDV 'LVSRQtYHO HP KWWS KLGURZHE DC

%%$.(5 ' % HW DO $ 1HZ )ODVKLQHVV ,QGH[W&RKDUDFWHU L
OLGZHVWHUQ 5LYHRXDQDO6 WIUWRAVSPHULFDQ :DWHU 5HVR
-$:5% Y Q S *

%(9(1 .5DLQIDOO 5XQRII ORGHOOLHG E&KHFXHMWHHU :LOH\
S

%2</( ' 3 + 9 *837% $1'6 625226+,$1 7RZDUG LPSURY}
K\GURORJLFDO PRGHOV &RPELQLQJ WKH VWUBWQHWKYV RI F
SHVRXU 5HV *

%52;721 3 ' HW DO $ JOREDO ODQG FRYHW®RXOQPDWRORJ
$SSOLHG OHWHRURORJ\DYDPQG & OLPBWRORJI\

%8776 0 % HW DO $Q HYDOXDWLRQ RI WKH LPSDFW RI P
PRGHOOLQJ XQFHUWDLQW\ {RXUWYDWHRP +HOR U RABXODWERQ
+

&$55,//2 * HW DO &DWFKPHQW FODVVLILFORHRW EHIGLRL]
WKURXJK SURFHVV EDVHG PRGH®GURDRRQ D QGF (OLP\D K/ 18\ ¥
6FLHQFHV Q S +

&+$*$6 9 W X3GDQoDV QRV UHJLPHV GH FKEMD H ®DImR QR
S 'LVVHUWDomR OHVWUDGR HP (QJHQKDULD $PELHQWD
(QJHQKDULD $PELHQWDO 8QLYHUVLGDGH )HGHUDO GH 6D

&/$5. 0 3 HW DO )UDPHZRUN IRU 8QGHUVWDQGLQJ 6WUX
IUDPHZRUN WR GLDJQRVH GLIITHUHQFBWIEHEUBWHANRXURIBWR O
SHVHDUFK Q S +

&/$5. 0 3 HW DO +\GURORJLFDO ILHOG GDWD IHRN D PR
EDVHG HYDOXDWLRQ RYGURREHR KR B R WBKIHRFI@WY V HS/ *

&/$5. 0 3 .$9(76., ' $QFLHQW QXPHULFDO GDHPRQV RI |
PRGHOLQJ JLGHOLW\ DQG HIILFLHWH R B MAMRXIUVFW W SHIMV
Y Q



&/$5. 0 3 .$9(76., ' )(1,&,% ) 3XUVXLQJ WKH PHWKRG |
K\SRWKHVHV IRU K\GURWRJLBEBYRPRIFHYLRHVBI DU FX +

&2/( 5 $ - -2+16721 + 7 52%,1621 ' - 7KH XVH RI IOR
GDWD TXDIOGWRWRREDO 6FLNQFHW-RX8QDG

&2;21 * HW DO 'LDIJQRVWLF HYDOXDWLRQ RI PXOWLSOH |
D OLPLWYV RI DFFHSWDELOLW\ I1UBPHIZRORJLRFWD O YBU K BDEWRAKH
S +

'$9," 3 & 2/,9(,5% ' < *5,621 ) .2%,<$0%$ 0 &+$))( 3/
6\WWHPDWLF LQFUHDVH LQ PRGHO FRPSOH[LW\FKIPQSVPVR
LQ WZR VPDOO IRWGHMNVOHRG LEDWVL @FLIAQFHY -RXUQDO

'( %2(5 (86(5 7 HW DO /RRNLQJ EH\RQG JHQHUDO PHWULF
IURP DQ LQWHUQDWLRQDO PRGHROBWHLNEER A HDWK/ RYY WWI
Y Q S +

'2 + ; *8'081'6621 / /(21$5' 0O $1' :(675% 6 T7KH *ORE
6WUHDPIORZ ,QGLFHV DQG OHWDGDWD $UFKLY®\ *6,0 + 3C
VWUHDPIORZ DUFKIDHVIQ 6\P?WW B WDW D

'8$1 4 9 . *837% $1'6 625226+,%$1 (IIHFWLYH DQG HIILF
RSWLPL]IDWLRQ IRU FRQFHSWRXWE UWDBHYRXWO IHWRII PRGH(

'8$1 4 9 . *837% $1'6 625226+,%$1 $ VKXIIOHG FRPSOH]
IRU HIITHFWLYH DQG HIILFLHQNSWQREDRHRUWLFIFBWLRQ

'8$1 4 625226+,%$1 6 *837% 9 . 2SWLPDO XVH RI WKH
RSWLPLIDWLRQ PHWKRG IRU FDRXEBEQDW®W LRJJ+XGWRHAWR/KXHG P |

(&.+$5'7 . +RZ WR FRQVWUXFW UHFXUVLYH GLJLWDO ILOV
+\GURORJLFDOYURFgQVVHY *

(86(5 7 Hw DO $ IUDPHZRUN WR DVVHVV WKH UHOOLVP R
VLIQDWUCGWHRWRI\ DQG (DUWK 6XVWHR 6FL3H QFH¥

)(1,&,$ ) HW DO 8QGHUVWDQGLQJ FDWFKPHQW EHKDYLRL
LPSURYHPWRW 5HVRXUFHY 5HVBIDURK =

)(1,&,$ ) HW DO &DWFKPHQW SURSHUWLHV IXWERQRQ D
WKHUH D FRUUYHMSRORBCHGB®"Y3URFE VV HS/ +

)(1,&,$ ) HW DO 6LJQDWXUH 'RPDLQ &DOLEUDWLRQ RI +\¢
$SSUR[LPDWH %D\HVLDQ &RPSXWDWLRQ (PSLULIFWBUWQDO
5HVRXUFHV 56 VHDSJFK



)(1,&,$ ) .$9(76., ' 6$9(1,-( + + * (OHPHQWVIRU D IOH]|
FRQFHSWXDO K\GURORJLFDO PRGHOLQJ OBWHYDWLRQ T
5HVRXUFHV 5MVHDQFK S =

*$1 7 < $1'* ) %,)78 $XWRPDWLF FDOLBEUWRWVILRRGRHORR (

2SWLPL]DWLRQ DOJRULWKPV FDWFKPHOWH®R GQEHVWRWXREQYH\
+

*$2 + HW DO 7HVWLQJ WKH UHDOLVP RI D WRSRJUDSK\ G
FDWFKPHQWYV RI WKH 8SSWHRIORHL KDHQ G KR QW K 6XVWHR 6FLHC
S +

*+$5%$5, 6 HW DO 8VLQJ H[SHUW NQRZOHGJH WWRHIPQFUHD \
PRGHOV FDQ GUDPDWLFDOO\ UHGXEFROMRKH BQHG GDILRW KF &\ IV
6FLHQKFHV Q S *

*837$ + 9 HW DO 'HFRPSRVLWLRQ RI WKH PHDQ VTXDUH:(
,PSOLFDWLRQV IRU LPSURYLQRXU QDR R J+\FEDUR 6 RG\HO O ISQ .

+

*837%$¢ + 9 HW DO /DUJH VDPSOH K\GURORJ\ $ QHHG WR
+\GURORJ\ DQG (DUWK 6XVWHR 6FLHQFHYV

*837% + 9 :$*(1(5 7 [/,8 < BHFRQFLOLQJ WKHRURIZDW K

GLDJQRVWLF DSSURDFK \\8 R FPGRREH.G [HO'B O R DN \RIDG +
DJR

+(1*/ 7 0(1'(6 '( -(686 - +(89(/,1. * % 0 58,3(5(= *21=8%,

0 ..,/,%%$5'$ 0 HW DO BRLO*ULGY P JOREDO JULGG

ODFKLQH /IDR®LQJ H

+g*( 0 :g+/,1* 7 12:$. : $ 3ULPHU IRU OR G HIOY BIHEIRHOFHW L

Rl ORGHO &RPBWHYULSMVRXUFHSY 5HVHDUFK

+2*8( 7 6 6 625226+,%$1 + 9 *837% $ +2/= $1'"' %5$$7:
PXOWLVWHS DXWRPDWLF FDOLEUDWLRQ ¥YVWXUWHRPMHHM K RWLRYMH
+

+2/.2 /| HW DO )ODVKLQHVV RI PRXQWDLQRXWQBOFRM LQ 6
+\GURORJ\ Q + S +

+5%$&+2:,7= 0 HW DO :KDW FDQ IOX[ WUDFNLQJ WHDFK XV
SDWWHUQV DQG WKHIHVGWRPRRUDQ G QDMK BXVWHR 6F L3 Q

+

+5$&+2:,7= 0 HW DO 3URFHVV FRQVLVWHQF\PLQ PRGHOV
VLIQDWXUHV H[SHUW NQRZOH®WHW G B VRXRIFHHIWV 5HR/BIDQHF
S +



+5%$&+2:,7= 0 &/$5. 0 3 +(66 2SLQLRQV 7KH FRPSOHPHC
FRPSHWLQJ PRGHOOLQJ SKt OTRMROEKL\HYQ®A (PWBWIR GRIW H P
Q S +

.$9(76., ' HW DO 6LJQDWXUH 'RPDLQ &DOLEUDWLRQ RI +\
$SSUR[LPDWH %D\HVLDQ &RPSXWDWLRQ 7KHRU\ DQG &RP:
:DWHU 5HVRXUFH® 5H\BGHDY FK

.$9(76., ' &/$5. 0 3 $QFLHQW QXPHULFDO GDHPRQV RI |
PRGHOLQJ ,PSDFW Rl WLPH VWHSSLQJ VFKBWHW RQ PRC
SHVRXUFHYVY 5HMVHDQFK S +

.$9(76., ' &/$5. 0 3 1XPHULFDO WURXEOHV LQ FRQFHSW
$SSUR[LPDWLRQV DEVXUGLWLHV D{QGURCGRFIV IRMYKI B RMAK\
Q S *

.$9(76., ' )(1,&,%$ ) (OHPHQWV RI D IOH[LEOH DSSURDFK
PRGHOLQJ $SSOLFDWLRQ DI\GH SHIWVIRPXKHGW B G H\BVD UK W
S x

.$9(76., ' )(1,&,%$ ) &/$5. 0 3 ,PSDFW Rl WHPSRUDO G
SDUDPHWHU LQIHUHQFH DQG PRGHO LGHQWLILPVWLRWYVLQ
IURP DQ H[SHULP HCDMWHU FIMW RKRFOW 5SHVGIDUFRK =

,5&+1(5 - : *HWWLQJ WKH ULJKW DQVZHUV IRUQWKWH ULJF
DQDO\WHVY DQG PRGHOV WR DG Y IDWHIUWSKIY RFUF B ¥ b IRV HKD
Q S o+

.,5&+1(5 - : &DWFKPHQWY DV VLPSOH G\QUDFVWBOLYDWLR
UDLQIDOO UXQRII PRGHOLQJ DQDWHRLGOGHWKREURSRVY\ EDFN

.2%,<$0%$ 0 *5,621 . 027% $ 0 &XUVR GH FDSDFLWDomR
KLGURPHWULD SDUD FRQVHUYDomR GH PDQDEXAL®MUR )AL
S

.8&=(5% * (IILFLHQW VXEVSDFH SUREDEOLXWHR \§ DRIRDGHHO
:DWHU 5HVRXU 5HV *

/$1( 5 $ &2:21 * )5((5 - ( :$*(1(5 7 -2+1(6 3 - %/:
- 3 *5((1( 6 0$&/(2' & - $ $1'5(%1(< 6 0 %WHQFKPDL
SUHGLFWLYH FDSDELOLW\ Rl K\GURORJLFDO PRGHOV IRU |

RYHU FDWFKPHQWV\GQ R OH DD ¥ K LANDW Qt6 F L
/(9(5 - .5=<:,16., 0 $/70%$1 1 3RLQWV RI 6LJRQIDPQFH
RYHUIUWMWXQH 0HWKR GY S +

/, + < HW DO )XQFWLRQDO DSSURDFK WR H[SQRULQJ FO
JHQHUDWLRQ %HKDYLRUDO ERWMW BBIVRWY FRIY B XY@ D UM
S + GH]



l, + ;8 & < %(/'5,1* 6 +RZ PXFK FDQ ZH JDLQHZLWX LQ
ZLWK WKH VDPH P-REGHQ F®R RF HSWWR O BBJ\

/18&( & + $1'7 : &81'< 3DUDPHWHU LGHQWLILFDWLRQ II
URD®WHU 5HVRXU 5HV =

0$57(16 % HW DO */($0Y O6DWHOOLWH EDVHG ODQG HYL
PRLVWHXRWFLHQWLILF ORGHYO 'HY®IOR SSP HQ W

0&'211(// - - HW DO ORYLQJ EH\RQG KHWHURJHQHLW\ DQ
YLVLRQ IRU ZDWHUIMVWHG KEMFBRKORBY 5HVRIDUFRK +

0&'211(// - - :22'6 5 2Q WKH QHHG IRU FBWERPBQRN FOL
+\GURORJ\ Q + S +

0&*8,5( . - HW DO 7KH UROH RI WRSRJUDSKWR@®HDWFKP
:DWHU 5HVRXUFHY 5HVBIDURK =

0&*8,5( . - 0&'211(// - - +\GURORJLFDO FRQQHFWLYLW\
&KDUDFWHULVWLF WLPH MPDDW 6 DVRX QRIQYO b @ M@ D UWER H \A&

0&,1(51(< ' HW DO ,PSURYLQJ SUREDELOLVWLF SUHGLFW
3DUHWR RSWLPDO DSSURDFKHV IRU PRGHONIYU &HWRDIURAH
SHVHDWFK Q S + PDU

0&,1(51(< ' .$9(76., ' 7+<(5 0 /(5%7 - 8&=(5R8l * %H

H[SOLFLW WUHDWPHQW RI |HUR IORZV LQ SUREDELOLVWLF
FDWFKPBHWWY SHVRXUFHV 5SHVHDUFK

0&0,//$1 + HW DO 'R WLPH YDULDEOH WUDFHRRKRGHOE WKH
VWUXFWXUH" $ PXOWMWRG 38 VIRSSUFRIYF EH V@ D U F K

0&0,//$1 + HW DO 6SDWLDO YDULDELOLW\ RI K\GURORJLF
GLDJQRVWLFV LQ D+\GIPREOIRVWERKPE @BWRFEVVHYB +

0&0,//$1 + :(67(5%(5* , %5%$1*(5 ) )LYH JXLGHOLQHV IR
K\GURORJLFD®\® URDRWXEBYVBURFEVVHS +

0(5= 5 3%$5%$-.% - %/g6&+/ * 6FDOH HIIHFWV RQHMIQFIHS
:DWHU 5HVRXUFHY 5HVBIDURK =

0,5%//(6 " * HW DO *OREDO ODQG VXUIDFHWHN EDR/BBW LR
REVHUYDWURQ@WRI\ DQG (DUWK BAVWH® 6FISHQFHYV

1$6+ - ( 687&/,))( -9 5LYHU IORZ IRUHFDVWLQJ WKURXJ
GLVFXVVLRQ RI S\GLJE®BEWHYGDP Y S

1(/'(5 -$ O0($ 5 $ VLPSOH[ PHWKRG IRGRRSRWLYRQ PLQL
S



1(:0$1 $ - HW DO 'HYHORSPHQW RI D ODUJH VDPBOH ZD\
GDWD VHW IRU WKH FRQWLJXRXV 86$%$ 'DWDLMHDEGKDUDFW
YDULDELOLW\ LQ K\GURORYGE B RFPARFREN @ Q8 UIIRUMW B GFWHWHP 6F
Q S +

257+ 5 HW DO 'RHV PRGHO SHUIRUPDQFH LPSURYH ZLWK
K\GURORJLFIRXPRDEB®M +\GURORJ\ =

28',1 /| HW DO 6SDWLDO SUR[LPLW\ SK\VLFDBKWVHRL\WDU L
$ FRPSDULVRQ RI UHIJLRQDOL]DWLRQ DSSURDWKHNV EDVHG
SHVRXUFHVY 5WVHDQFK S

3(55,1 & 0,&+(/ & $1'5e$66,$1 9 'RHV D ODUDKRQIPHEHU
PRGHO SHUIRUPDQFH" &RPSDUDWLYH DVVHVWXUMV RQFRP
FDWFKPROQWQDO RI +\GURORJ\ = S +

321&(/(7 & HW DO 3URFHVV EDVHG LQWHUSUHWDWLRQ RI
SHUIRUPDQFH XVLQJ D PXOWILWBHW bR ¥ R X UFMHW FSHWH DN VKL W
+ DJR

6$'(*+ 0 958*7 - $ $SSUR[LPDWH %D\HVLDQ &RPSXWDW.L
ORQWH &DUOR VWPXODHWIRRXQU FHY 5HVEA D UK *

6$1.$5$68%5%0%$1,%$1 $ 92*(/ 5 0 +\GURFOLPDWRORJ\ RI
BQLWHG*6(MBWWVYFDO 5 HVHMUFK QHWWHUV * DEU

6$1.$5$68%5%$0%$1,$1 $ 92*(/ 5 0 /,0%5811(5HODVWOEPWD
RI VWUHDPIORZ LQ WKMHH8QIAMMRX B WHWWV HNVVEI D U FIXK *

6$9(1,-( + + * +(66 2SLQLRQV 27K ®WRN R I \KD®ER @RIMWK ¢
6FLHQFHV Q S +

6$9(1,-( + + * +5$&+2:,7= 0 +(66 2SLQLRQVUILDWNRRH Q
$ QHZ EOXHSULQW IRU K\&\RIRRJR F\DDQRR THOMK GYVWHP 6F
Q S +

6$:,&= . HW DO &DWFKPHQW FODVVLILFDWVRRLQBPSLWLFD
EDVHG RQ FDWFKPHQW IXQ FWLRRO RQ\VDIQ-G H D UW K UsY Va/é Bl P
Q S +

6%$:,&= . $ HW DO &KDUDFWHUL]LQJ K\GURORJLRQFKDQJH
+\GURORJ\ DQG (DUWK 6XVWHR 6FLHQFHYV

6&+g1,*(5 $ HW DO ORGHO VHOHFWLRQ RQ VROLG JURXQ!

WR HYDOXDWH %D\H V:IDDMHBRGH/M® XIYEIBH G HNGI DUF K *
GH]
6&+gl,*(5 $ :g+/,2* 7 12:%$. : $ VWDWLVWKHDO FRQFHS

XQFHUWDLQW\ LQ %D\HVLDQ PRGHO ZHLJBWHN UD RV RW V FLHPV
SHVHDWYFK Q S + VHW



6&+2836 * HW DO &RUUXSWLRQ RI DFFXUDF\ DQG HIILFLFE
VLPXODWLRQ E\ LODFFXUDWH QXPHULFDO LPS O:HRWHQUVDW L
SHVRXUFHYVY 5MVHDQFK S +

6&+2836 * 9$1 '( *,(6(1 1 & 6$9(1,-( + + * ORBMHO FRP
IRU K\GURORJLBP\WHHGHWRXRIFHY 5HVOIDURK +

6&+2836 * 958*7 - $ $ IRUPDO OLNHOLKRRG IXQFWLRQ
LQIHUHQFH RI K\GURORJLF PRGHOV ZLWK FRUUHODWHG K
:DWHU 5HVRXUFHY 5HVAGDUFE

6&+:$5= * (VWLPDWLQJ WKH GQDPMH@BWIRQ RItD PRGHO
GRL DRV

6,48(,5% 9 $ 3%$,9% 5 & ' )/(,6&+0%11 $ 6 )$1 ) 0O 5

3217(6 3 5 0 3%$5,6 $ &$/0$17 6 $1' &2//,6&+211 : T

FRQWLQHQWDO K\GURORJLF+K\GURG\OIRILFOP RG bW K6\ \L\Y
+ KWWSV GRL RUJ KHVV

6,9$3%$/$1 0 3DWWHUQ 3URFHVV DQG )XQFWLRQ (OHPHOQ\
DW WKH &DWHRRFMROR SABGOB Rl +\GURQR$BEDO 6FLHQFHYV

625226+,$1 6 4 '8%1 $1'9 . *837% &DOLEUDWLRQ RI UD
$SSOLFDWLRQ RI JOREDO RSWLPL]DWLRQ WRR/GKIDVEBBUD P
SHVRXU 5HV +

7$1%$.$0%$58 + S3DUDPHWHU HVWLPDWLRQ IRU WKH WDQN F
7UDQV -SQ 6RF ,UULJ 'UDLQ 5HFODP (QJ

86*6 8 6 *(2/2*,&%/ 68B6KKWWOH 5DGDU 7TRSRJUDSK\ OLVV]
VFHQ@QDU\ODQG (8% 'LVSRQtYHO HP $FHVVR HP M X (

9%1 '(5/,1'(1 6 22 0 . $SSOLFDWLRQ RI K\GURORJLFDO
FRPSOH[LW\ WR V XE BRXWQATFOF R WFFERIHRPDMM\ = S +

9$1 (66( : 5 HW DO 7KH LQIOXHQFH RI FRQFHSWXDO PRC
$ FRPSDUDWLYH VWXG\ IRU+\G YRIDREK FQ® KR P MWEWNYYV W H P
Q S +

92/3, ( 6&+2836 * ),50%$1, * 958*7 - $ 6ZRUQ WHVWLI
HYLGHQFH *DXVVLDQOL[WXUH ,PSPVWWHRQIFIHIVRRUFHADBRBOH
S +

958*7 - $ HW DO 7UHDWPHQW RI LQSXW XQFHUWDLQW\ L
EDFNZDUG ZLWK ODUNRY FKDLDWMHUWIH ¥R X ORHWYL ®XOCEDDWLH
S =



958*7 - $ 6%$'(*+ 0 7TRZDUG GLDJQRVWLF PRGHO FDOLEU
$SSUR[LPDWH %D\HYVLDWHRR PI$XRIMOUNFIHYQS5 HVEI D U FIXK *

:$*(1(5 7 HW DO &DWFKPHQW &ODVVLILFDWRURQSKQG +\GL
&RPSDWYV Q S +

'$1* ' $1'1 $/,02+%$00%$', 5HVSRQVHV RI DQQXDO UXQRII
VWRUDJH FKDQJH WR FOLPDWH YIDULBE LEHWRXDWSMKH ZDV

;$9,(5 ¢ & .,1* & : 6&%1/21 % 5 'DLO\ JULE®HHY RKQWH
%UD]LO £t QWHUQDWLRQDO -RXWQDO QI &CBLPDWRORJ\



