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/RV PRGHORV GH VLPXODFLyQ GH FXOWLYRV SXHGHQ VHU XQD KHUUDPLHQWD FXDQWLWDWLYD GH JUDQ XWLOLGDG
SDUD HQWHQGHU FRPR IXQFLRQDQ ORV DJURHFRVLVWHPDV \ GLVHxDU PHMRUHV HVWUDWHJLDV GH PDQHMR1
&RQFHSWXDOPHQWH/ XQD HVWUDWHJLD GH LQYHVWLJDFLyQ EDVDGD HQ HO GHVDUUROOR/ HYDOXDFLyQ \ XVR GH
HVWRV PRGHORV SHUPLWH HQIDWL]DU OD LQYHVWLJDFLyQ VREUH ORV SURFHVRV \ PHFDQLVPRV/ HQ OXJDU GHO
PpWRGR GH HQVD\R \ HUURU GH OD H[SHULPHQWDFLyQ GH FDPSR1 /RV PRGHORV GH VLPXODFLyQ/
GHELGDPHQWH HYDOXDGRV \ YDOLGDGRV/ PHMRUDQ OD HILFLHQFLD GH ORV SURFHVRV GH LQYHVWLJDFLyQ/
WUDQVIHUHQFLD GH WHFQRORJtD \ GHVDUUROOR DJUtFROD/ SHUPLWLHQGR H[WUDSRODU UHVXOWDGRV D RWUDV
ORFDOLGDGHV FRQ FDUDFWHUtVWLFDV VLPLODUHV1 /RV PRGHORV VH SXHGHQ XWLOL]DU SDUD XQ DQiOLVLV HIHFWLYR
GH OD SURGXFFLyQ/ DVLJQDFLyQ GH UHFXUVRV/ ULHJR/ FDOLGDG DPELHQWDO \ XVR GH OD WLHUUD1 (Q HVWH
WUDEDMR GHVFULELPRV EUHYHPHQWH XQ FRQMXQWR FRPSUHQVLYR GH PRGHORV GH VLPXODFLyQ \ VXV
GHPDQGDV GH GDWRV/ FRQ pQIDVLV HQ XQ PRGHOR GH SDSD/ 68%67251 3DUD FRPSUREDU OD YDOLGH] GHO
XVR GH 68%6725 HQ OD UHJLyQ DQGLQD/ VH HVWXGLy HO DMXVWH GH ODV SUHGLFFLRQHV GHO UHQGLPLHQWR
VLPXODGR \ PHGLGR HQ YDULDV ORFDOLGDGHV HQ ORV SDtVHV GH %ROLYLD/ 3HU~/ (FXDGRU/ &RORPELD \
9HQH]XHOD1 /RV UHVXOWDGRV PXHVWUDQ TXH HO PRGHOR HVWLPy GH XQD PDQHUD UHDOLVWD UHQGLPLHQWRV
TXH VH XELFDURQ HQ HO UDQJR GH 8 KDVWD 93 W KD041 6LQ HPEDUJR/ HQFRQWUDPRV VLWXDFLRQHV GRQGH HO
FRPSRUWDPLHQWR GHO PRGHOR QR IXH VDWLVIDFWRULR/ OR FXDO VXJLHUH TXH ORV SURFHVRV FRQVLGHUDGRV
SXHGHQ VHU PHMRU GHVFULWRV SDUD ODV FRQGLFLRQHV GH ORV $QGHV1

3DODEUDV &ODYH= PRGHORV GH VLPXODFLyQ/ 68%6725/ SDSD/ $QGHV1

$%675$&7

7R XQGHUVWDQG KRZ HFRV\VWHPV IXQFWLRQ/ VFLHQWLVWV QHHG TXDQWLWDWLYH WRROV VXFK DV FURS JURZWK
VLPXODWLRQ PRGHOV1 &RQFHSWXDOO\/ D UHVHDUFK VWUDWHJ\ EDVHG RQ WKH GHYHORSPHQW/ HYDOXDWLRQ DQG
DSSOLFDWLRQ RI WKHVH PRGHOV SHUPLWV DQ HPSKDVLV RQ WKH VWXG\ RI SURFHVVHV UDWKHU WKDQ WULDO DQG
HUURU ILHOG H[SHULPHQWV1 6LPXODWLRQ PRGHOV WKDW DUH SURSHUO\ YDOLGDWHG LPSURYH WKH HIILFLHQF\ RI
UHVHDUFK/ WHFKQRORJ\ WUDQVIHU DQG DJULFXOWXUDO GHYHORSPHQW/ SHUPLWWLQJ WKH H[WUDSRODWLRQ RI UHVXOWV WR
RWKHU ORFDWLRQV ZLWK VLPLODU FKDUDFWHULVWLFV1 0RGHOV FDQ EH XVHG IRU WKH HIIHFWLYH DQDO\VLV RI
SURGXFWLRQ/ UHVRXUFH DOORFDWLRQ/ LUULJDWLRQ/ HQYLURQPHQWDO TXDOLW\/ DQG ODQG XVH1 ,Q WKLV SDSHU/ ZH
EULHIO\ GHVFULEH D SDFNDJH RI FRPSUHKHQVLYH FURS JURZWK PRGHOV DQG WKHLU GDWD GHPDQGV/ ZLWK
HPSKDVLV RQ WKH SRWDWR PRGHO/ 68%67251 7R HYDOXDWH WKH XVH RI 68%6725 LQ WKH $QGHDQ UHJLRQ/
ZH FRPSDUHG VLPXODWHG DQG REVHUYHG GDWD IURP SRWDWR H[SHULPHQWV LQ YDULRXV ORFDWLRQV LQ %ROLYLD/
3HUX/ (FXDGRU/ &RORPELD/ DQG 9HQH]XHOD1 7KH UHVXOWV VKRZ WKDW WKH PRGHO UHDOLVWLFDOO\ VLPXODWHG
WXEHU \LHOGV DFURVV D UDQJH WKDW YDULHG IURP 8 WR 93 W2KD1 1HYHUWKHOHVV/ ZH HQFRXQWHUHG VLWXDWLRQV
ZKHUH WKH PRGHO SHUIRUPDQFH ZDV XQVDWLVIDFWRU\/ ZKLFK VXJJHVWV WKDW VRPH RI WKH SURFHVVHV
GHVFULEHG QHHG WR EH LPSURYHG IRU VLPXODWLQJ FRQGLWLRQV LQ WKH $QGHV1

.H\ :RUGV= VLPXODWLRQ PRGHOV/ 68%6725/ SRWDWR/ $QGHV1
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/RV HVIXHU]RV FLHQWtILFRV SDUD FXEULU OD FUHFLHQWH GHPDQGD GH DOLPHQWRV GH OD SREODFLyQ/
HYLWDQGR HO FRQWLQXR GHWHULRUR GHO DPELHQWH/ SUHFLVDQ GH XQ PpWRGR TXH UHFRQR]FD OR
FRPSOHMR GHO PXQGR UHDO1 (VWD FRPSOHMLGDG VXUJH WDQWR GH FRQVLGHUDFLRQHV GH QDWXUDOH]D
ItVLFR0TXtPLFR0ELROyJLFDV/ FRPR WDPELpQ GH IDFWRUHV VRFLRHFRQyPLFRV/ FXOWXUDOHV \
SROtWLFRV1 /R FRPSOLFDGR H LQWULQFDGR GH OD UHDOLGDG KD FRQWULEXLGR D FRQIXQGLU/ WDQWR D ORV
UHVSRQVDEOHV GH WRPDU GHFLVLRQHV FRPR D ORV FLHQWtILFRV/ HVWR KD UHVXOWDGR FRQ IUHFXHQFLD
HQ XQD LPSRVLELOLGDG SDUD GHILQLU FODUDPHQWH ORV SUREOHPDV \ EXVFDU VROXFLRQHV1 6H KD
ORJUDGR p[LWR DO LQWHULRU GH DOJXQDV GLVFLSOLQDV HVSHFtILFDV HQ HO HQWHQGLPLHQWR GH
SURFHVRV \ FRQFHSWRV EiVLFRV/ SHUR HVWRV FRQRFLPLHQWRV GLVSHUVRV QR VH KDQ LQWHJUDGR \
PiV D~Q/ VH KD DYDQ]DGR PX\ SRFR HQ OD JHQHUDFLyQ GH KHUUDPLHQWDV TXH SHUPLWDQ
HVWLPDU ODV FRQVHFXHQFLDV GHO XVR GH WHFQRORJtDV DJUtFRODV HQ HO PHGLR DPELHQWH R HQ OD
SURGXFWLYLGDG1

8Q PpWRGR TXH LQFUHPHQWD OD FRPSUHQVLyQ GH ORV FRQFHSWRV EiVLFRV \ TXH DO PLVPR
WLHPSR RUJDQL]D HVWH FRQRFLPLHQWR GHQWUR GH XQ PDUFR GLQiPLFR \ FXDQWLWDWLYR/ HV
FRP~QPHQWH FRQRFLGR FRPR $QiOLVLV GH 6LVWHPDV R ,QYHVWLJDFLyQ GH 6LVWHPDV +6\VWHPV
$QDO\VLV R 6\VWHPV 5HVHDUFK,1 8QD SDUWH GH HVWD PHWRGRORJtD/ OD FXDO HV FRQVHFXHQFLD
GH ORV DYDQFHV WHFQROyJLFRV GH OD FRPSXWDFLyQ \ GH OD FLHQFLD GH OD LQIRUPiWLFD/ VRQ ODV
KHUUDPLHQWDV GH DSR\R SDUD OD LQWHJUDFLyQ GHO FRQRFLPLHQWR DGTXLULGR HQ HO iPELWR
GLVFLSOLQDULR1 (VWDV KHUUDPLHQWDV LQFOX\HQ ORV PRGHORV GH VLPXODFLyQ GHO FUHFLPLHQWR GH
ODV SODQWDV \ GH ORV SURFHVRV GHO VXHOR/ ORV PRGHORV GH VLVWHPDV VRFLDOHV \ HFRQyPLFRV/
ORV 6LVWHPDV GH ,QIRUPDFLyQ *HRJUiILFD +*,6,/ \ ORV VLVWHPDV GH PDQHMR GH EDVH GH
GDWRV1 &XDQGR WRGRV HVWRV PHGLRV/ EDVDGRV HQ OD FRPSXWDFLyQ/ VRQ XVDGRV SDUD DX[LOLDU
D ORV UHVSRQVDEOHV GH WRPDU GHFLVLRQHV/ FRQ IUHFXHQFLD VH OHV GHQRPLQD 6LVWHPDV GH
$SR\R SDUD OD 7RPD GH 'HFLVLRQHV1

$17(&('(17(6 62%5( 6,08/$&,Ï1 '( 6,67(0$6

8Q VLVWHPD SXHGH VHU GHILQLGR FRPR XQ FRQMXQWR OLPLWDGR GH REMHWRV \ ODV LQWHUDFFLRQHV
TXH VH SUHVHQWDQ HQWUH HOORV1 8Q PRGHOR QR HV PiV TXH OD GHVFULSFLyQ GH XQ VLVWHPD1 $
GLDULR HPSOHDPRV PRGHORV FRQFHSWXDOHV SDUD FRPXQLFDUQRV/ SRU HMHPSOR/ FXDQGR
DILUPDPRV TXH OOXHYH R QR/ HQ UHDOLGDG HVWDPRV XVDQGR XQ PRGHOR YHUEDO +FRQFHSWXDO,
SDUD GHILQLU XQ HVWDGR GHO VLVWHPD ³FOLPD´ TXH QRV URGHD1

8Q PRGHOR PDWHPiWLFR/ JHQHUDOPHQWH FRQ ILQHV FLHQWtILFRV R GH DGPLQLVWUDFLyQ/ YD PiV
DOOi1 6X REMHWLYR HV FXDQWLILFDU ODV UHODFLRQHV H LQWHUDFFLRQHV TXH VH SUHVHQWDQ DO LQWHULRU
GH XQ VLVWHPD1 (VWH WLSR GH PRGHORV XVXDOPHQWH VH SUHVHQWD FRPR XQ FRQMXQWR GH
HFXDFLRQHV HQ OD IRUPD GH XQ SURJUDPD GH FRPSXWDGRUD1 /RV PRGHORV FRPSXWDFLRQDOHV
GHO VLVWHPD VXHOR0FXOWLYR0DWPyVIHUD SXHGHQ KDFHU XQD FRQWULEXFLyQ YDOLRVD WDQWR HQ
SURIXQGL]DU HO HQWHQGLPLHQWR GH ORV SURFHVRV TXH GHWHUPLQDQ OD UHVSXHVWD GH XQ FXOWLYR
FRPR HQ PHMRUDU QXHVWUD KDELOLGDG SDUD SUHGHFLU HO GHVHPSHxR GH XQ FXOWLYR HQ GLIHUHQWHV
iUHDV/ EDMR GLIHUHQWHV VLWXDFLRQHV GH PDQHMR R GH FOLPD1

8QD VLPSOH LOXVWUDFLyQ GH FRPR ODV DFWLYLGDGHV GH H[SHULPHQWDFLyQ \ VLPXODFLyQ SXHGHQ
HQOD]DUVH VH PXHVWUD HQ OD )LJXUD 41 (Q OD SDUWH VXSHULRU GH OD ILJXUD/ VH REVHUYD TXH HO
PRGHOR FRQFHSWXDO GH XQ VLVWHPD GH FXOWLYR/ SURYHH KLSyWHVLV TXH SXHGHQ VHU SUREDGDV
GH PRGR H[SHULPHQWDO HQ HO FDPSR1 6L VH WLHQH OD FDSDFLGDG GH GHVFULELU HO PRGHOR
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FRQFHSWXDO HQ WpUPLQRV FXDQWLWDWLYRV/ VH SXHGH HQWRQFHV SURGXFLU XQ PRGHOR PDWHPiWLFR
TXH SXHGH VHU LQWURGXFLGR HQ XQ SURJUDPD GH FRPSXWDGRUD \ REWHQHU DVt XQ HVWLPDGR
VLPXODGR1 (O PRGHOR SXHGH VHU VLPSOH \ GHVFULELU VRODPHQWH XQ SURFHVR/ R SXHGH VHU PX\
JUDQGH/ FRPSXHVWR GH QXPHURVDV HFXDFLRQHV TXH SUHVHQWHQ OD LQWHUDFFLyQ GH YDULRV
SURFHVRV/ WDOHV FRPR OD IRWRVtQWHVLV/ IHQRORJtD/ UHSDUWLFLyQ GHO FDUERQR/ GLVSRQLELOLGDG GH
DJXD HQ HO VXHOR \ HO FUHFLPLHQWR \ GHVDUUROOR GH OD SODQWD HQ IXQFLyQ GH ORV GpILFLWV GH
DJXD \ GH QLWUyJHQR1

6,67(0$ '(
&8/7,92

'DWRV 0HGLGRV

([SHULPHQWRV HQ
&DPSR 0RGHOR

&RQFHSWXDO
0HMRUD

¢48( 3$6$ 6,«"
(VWLPDFLyQ ,QIRUPDGD

0HMRU 0DQHMR

0RGHOR
0DWHPiWLFR

'DWRV 6LPXODGRV

6LPXODFLyQ

&XDQWLILFD

'LVFUHSDQFLDV
2EVHUYDGDV&RPSDUD

0HMRUD

0HMRUD

)LJXUD 41 (VTXHPD GHO SURFHVR LQWHUDFWLYR SDUD HO GHVDUUROOR \ OD YDOLGDFLyQ GH
PRGHORV DSR\DGR HQ OD LQIRUPDFLyQ GH H[SHULPHQWRV GH FDPSR \ VX
XWLOLGDG HQ HO PDQHMR GH VLVWHPDV DJUtFRODV +EDVDGR HQ .HHQ \ 6SDLQ/
4<<5,1

,QGHSHQGLHQWHPHQWH GH OD FRPSOHMLGDG GHO PRGHOR/ HV VLHPSUH SRVLEOH FRPSDUDU ORV
UHVXOWDGRV VLPXODGR FRQ GDWRV PHGLGRV/ \ GHWHUPLQDU TXH WDQ FRUUHFWDPHQWH HO PRGHOR
LPLWD OD UHDOLGDG1 &XDQGR H[LVWHQ GLVFUHSDQFLDV FRQ ORV GDWRV PHGLGRV \ VLPXODGRV/ VH
GHEH GHWHUPLQDU HO SRU TXp/ OR FXDO SXHGH LQYROXFUDU H[SHULPHQWDFLyQ IXWXUD \ UHILQDPLHQWR
VXEVLJXLHQWH GHO PRGHOR FRQFHSWXDO \ PDWHPiWLFR1 (VWH SURFHVR UHSUHVHQWD XQ FLFOR
FOiVLFR GH LQYHVWLJDFLyQ/ SHQVDGR QR VRODPHQWH SDUD PHMRUDU QXHVWUD FRPSUHQVLyQ GHO
VLVWHPD/ VLQR WDPELpQ SDUD JHQHUDU PRGHORV GLQiPLFRV TXH QRV DSR\HQ HQ OD WRPD GH
GHFLVLRQHV1

8QD YH] TXH XQ PRGHOR VH KD SUREDGR OR VXILFLHQWH/ VH WLHQH HQWRQFHV XQD KHUUDPLHQWD
SRGHURVD GH DQiOLVLV/ OD FXDO SHUPLWH HYDOXDU GLIHUHQWHV HVWUDWHJLDV GH PDQHMR/
FRQWHVWDQGR D OD SUHJXQWD ¢4Xp SDVD VL«1"1 3RU HMHPSOR/ ¢TXH FXOWLYDUHV VH
GHVHPSHxDQ PHMRU HQ XQ VLWLR GHWHUPLQDGR"/ ¢FyPR DMXVWDU ODV IHFKDV GH VLHPEUD \
FRVHFKD/ SDUD VDFDU YHQWDMD GH FRQGLFLRQHV FOLPiWLFDV"/ ¢FRPR SRGHPRV RSWLPL]DU HO
PDQHMR GHO ULHJR \ OD DSOLFDFLyQ GHO QLWUyJHQR/ GHVGH XQD SHUVSHFWLYD HFRQyPLFD \ GH
VRVWHQLELOLGDG"



5HJXODFLyQ GH OD )HUWLOLGLGDG HQ $JURHFRVLVWHPDV GH ORV $QGHV 7URSLFDOHV111 9 074

² ,9 6,0326,2 ,17(51$&,21$/ '( '(6$552//2 6867(17$%/( ²

/RV REMHWLYRV SULPDULRV GH XQ PRGHOR HQ FLHQFLD VRQ WUHV= +L, PHMRUDU QXHVWUR
HQWHQGLPLHQWR GH XQ VLVWHPD R SUREDU WHRUtDV FLHQWtILFDV/ +LL, SUHGHFLU HO UHVXOWDGR GH XQD
FRPELQDFLyQ GH VLWXDFLRQHV HQ XQ VLVWHPD R +LLL, FRQWURODU HO VLVWHPD HVWXGLDGR \ SURGXFLU
UHVXOWDGRV DQWLFLSDGRV1 (O SURFHVR LQLFLDO GH VLPXODFLyQ HPSLH]D FRQ OD VHOHFFLyQ GHO
DFHUFDPLHQWR DGHFXDGR GH PRGHOL]DFLyQ/ OR FXDO HVWi HQ IXQFLyQ GH ORV REMHWLYRV \ HO WLSR
GH XVXDULR1 /RV PRGHORV VH KDQ FODVLILFDGR GH GLVWLQWDV PDQHUDV/ ODV FXDOHV QR VH
SURIXQGL]DQ DTXt +$GGLVFRWW/ 4<<6,1

8Q DVSHFWR SUiFWLFR LPSRUWDQWH HV VL H[LVWH R QR/ OD FDQWLGDG DGHFXDGD GH GDWRV SDUD
DOLPHQWDU \ HYDOXDU XQ PRGHOR1 0DORV]ZHVNL \ =XEHU +4<<5, PHQFLRQDQ TXH ORV PRGHORV
FRQ XQD JUDQ FDQWLGDG GH SDUiPHWURV JHQHUDOPHQWH SURYHHQ XQD PD\RU UHVROXFLyQ GH
SURFHVRV FRPSOHMRV \ SDUHDGRV/ TXH DTXHOORV PRGHORV FRQ PHQRV FDQWLGDG GH
SDUiPHWURV1 'H WRGRV PRGRV/ ORV PRGHORV PiV FRPSOHMRV QR VLHPSUH VRQ ORV PHMRUHV HQ
WpUPLQRV GH SUHFLVLyQ R H[DFWLWXG GHELGR D OD SREUH DSOLFDELOLGDG HQ XQ PHGLR FRQ SRFRV
GDWRV GLVSRQLEOHV +YDQ GHU 3HUN/ 4<<:>:DJHQHW HW DO1/ 4<<;,1 $GHPiV/ HVWD GLVSRQLELOLGDG
GH GDWRV XVXDOPHQWH GLVPLQX\H DO LU D PD\RUHV HVFDODV \D TXH HO SURFHVR GH DJUHJDFLyQ \
GH REWHQHU SURPHGLRV SXHGH FRQGXFLU D PDODV LQWHUSUHWDFLRQHV VHULDV GH YDORUHV
+6WRRUYRJHO HW DO1/ 4<<<,1

(/ 3$3(/ '( /26 02'(/26 '( 6,08/$&,21 '( &8/7,926 (1 /$
,19(67,*$&,21

3DUD HQWHQGHU FyPR IXQFLRQDQ ORV HFRVLVWHPDV/ ORV FLHQWtILFRV QHFHVLWDQ WHQHU DFFHVR D
KHUUDPLHQWDV WDOHV FRPR ORV PRGHORV GH VLPXODFLyQ GHO FUHFLPLHQWR GH FXOWLYRV1
&RQFHSWXDOPHQWH/ XQD HVWUDWHJLD GH LQYHVWLJDFLyQ EDVDGD HQ HO GHVDUUROOR/ HYDOXDFLyQ \
XVR GH ORV PRGHORV GHO FUHFLPLHQWR GH FXOWLYRV SHUPLWH HQIDWL]DU OD LQYHVWLJDFLyQ EDVDGD
HQ ORV SURFHVRV \ HQ HO HVWXGLR GH PHFDQLVPRV/ HQ OXJDU GHO PpWRGR GH SUXHED \ HUURU
GH OD H[SHULPHQWDFLyQ GH FDPSR1

/RV PRGHORV GH VLPXODFLyQ VRQ XQ LPSRUWDQWH PHGLR SDUD DXPHQWDU OD HILFLHQFLD GH OD
LQYHVWLJDFLyQ \D TXH pVWRV SXHGHQ DX[LOLDU D ORV LQYHVWLJDGRUHV HQ OD DVLPLODFLyQ GHO
FRQRFLPLHQWR DGTXLULGR PHGLDQWH OD H[SHULPHQWDFLyQ \ SURSRUFLRQDQ XQ PDUFR GH
UHIHUHQFLD SDUD DSRUWDFLRQHV GH FDUiFWHU PXOWLGLVFLSOLQDULR> DVLPLVPR/ SURPXHYHQ HO
PpWRGR GH VLVWHPDV SDUD OD VROXFLyQ GH SUREOHPDV \ IDFLOLWDQ XQD RUJDQL]DFLyQ
VLVWHPiWLFD GHO FRQRFLPLHQWR H[LVWHQWH VREUH FXOWLYRV \ UHFXUVRV QDWXUDOHV1

(O YDORU GH ORV PRGHORV GH VLPXODFLyQ SDUD LQFUHPHQWDU OD HILFLHQFLD GH OD LQYHVWLJDFLyQ
VRODPHQWH SRGUi YLVXDOL]DUVH VL HO PpWRGR GH PRGHOL]DFLyQ VH FRQVWLWX\H FRPR XQD SDUWH
LQWHJUDO GH OD LQYHVWLJDFLyQ1 6H UHTXLHUH TXH OD LQYHVWLJDFLyQ \ HO GHVDUUROOR GH PRGHORV
FDPLQHQ VLPXOWiQHDPHQWH> PLHQWUDV TXH ORV QXHYRV FRQRFLPLHQWRV VRQ XWLOL]DGRV SDUD
UHILQDU \ PHMRUDU ORV PRGHORV/ ORV PRGHORV VRQ XVDGRV SDUD LGHQWLILFDU ILVXUDV HQ HO
FRQRFLPLHQWR/ OR FXDO D VX YH] SXHGH FRQWULEXLU D HVWDEOHFHU SULRULGDGHV HQ OD
LQYHVWLJDFLyQ +)LJXUD 4,1

3DUD WHQHU p[LWR/ HO PpWRGR GH PRGHOL]DFLyQ VH UHTXLHUH TXH VX SURJUHVR VH HYDO~H
UHJXODUPHQWH/ DVLPLVPR HV QHFHVDULR XQ FRQWLQXR UHILQDPLHQWR GH REMHWLYRV \ SULRULGDGHV1
7DPELpQ VH QHFHVLWD GH XQ HTXLSR GH LQYHVWLJDGRUHV H LQVWLWXFLRQHV FRPSURPHWLGDV FRQ HO
GHVDUUROOR GH SURJUDPDV +VRIWZDUH, \ HVWiQGDUHV GH GDWRV/ ORV FXDOHV IDFLOLWHQ HO
HQWHQGLPLHQWR IXQFLRQDO GH FRPR RSHUDQ ORV HFRVLVWHPDV1
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(O SURSyVLWR GH HVWH WUDEDMR HV GHVFULELU EUHYHPHQWH XQ FRQMXQWR FRPSUHQVLYR GH PRGHORV
GH VLPXODFLyQ \ VXV GHPDQGDV HQ WpUPLQRV GH GDWRV GH HQWUDGD/ DVt FRPR DOJXQRV
HVIXHU]RV UHFLHQWHV SDUD HYDOXDU \ DSOLFDU HVWRV PRGHORV HQ ORV $QGHV1

81 6,67(0$ '( $32<2 3$5$ '(&,6,21(6 '( 75$16)(5(1&,$ '(
$*527(&12/2*,$ +'66$7,

'HVGH 4<;6/ XQ JUXSR LQWHUQDFLRQDO GH FLHQWtILFRV FRRSHUDQWHV KDQ GHVDUUROODGR PRGHORV
GH VLPXODFLyQ GH FXOWLYRV HQIRFDGRV D SURSRUFLRQDU HVWLPDFLRQHV UHDOLVWDV GHO
FRPSRUWDPLHQWR GH ORV FXOWLYRV EDMR GLIHUHQWHV HVWUDWHJLDV GH PDQHMR \ FRQGLFLRQHV
DPELHQWDOHV1 (VWRV PRGHORV XWLOL]DQ XQ MXHJR HVWiQGDU GH GDWRV GH DFFHVR +LQSXWV, \
SURGXFHQ XQ MXHJR HVWiQGDU GH GDWRV GH VDOLGD +RXWSXWV,/ D~Q FXDQGR GHVFULEHQ ORV
SURFHVRV GH FUHFLPLHQWR GH GLIHUHQWHV PDQHUDV VHJ~Q ODV SDUWLFXODULGDGHV GH FDGD
FXOWLYR> WRGRV XWLOL]DQ ORV PLVPRV SURFHGLPLHQWRV SDUD VLPXODU ORV SURFHVRV GH VXHOR/ DJXD
\ QLWUyJHQR +-RQHV HW DO1/ 4<<7> %RZHQ HW DO1/ 4<<;> -RQHV HW DO1/ 4<<;,1

(VWRV PRGHORV VH KDQ FRPELQDGR HQ XQ SDTXHWH/ FRPR SDUWH GH XQ SURJUDPD GH HQODFHV
+VRIWZDUH VKHOO, FRQRFLGR FRPR 6LVWHPD GH $SR\R SDUD 'HFLVLRQHV GH 7UDQVIHUHQFLD GH
$JURWHFQRORJtD +'66$7/ VX VLJOD HQ LQJOpV,1 (O '66$7 SHUPLWH TXH ORV XVXDULRV SXHGDQ=
4, WHQHU DFFHVR/ RUJDQL]DU \ DOPDFHQDU GDWRV VREUH FXOWLYRV/ VXHORV/ FOLPD \ SUHFLRV> 5,
UHWUDHU/ DQDOL]DU \ GHVSOHJDU GDWRV> 6, YDOLGDU \ FDOLEUDU PRGHORV GH FUHFLPLHQWR GH
FXOWLYRV> 7, HYDOXDU GLIHUHQWHV HVWUDWHJLDV GH SURGXFFLyQ HQ XQ OXJDU GDGR R GHQWUR GH XQD
UHJLyQ> \ 8, DQDOL]DU HO ULHVJR DVRFLDGR D OD YDULDELOLGDG GHO FOLPD +-RQHV HW DO1/ 4<<;,1

$FWXDOPHQWH/ HO '66$7 LQFOX\H PRGHORV GH FXOWLYRV SDUD VLPXODU HO FUHFLPLHQWR GH 49
FXOWLYRV/ HQWUH RWURV IUpMRO/ VRMD/ DUUR]/ WULJR/ SDSD/ \XFD \ FDxD GH D]~FDU +7DEOD 4,1 (O
'66$7 \ ORV PRGHORV GH FXOWLYRV KDQ VLGR HYDOXDGRV/ PRGLILFDGRV \ PHMRUDGRV
FRQWLQXDPHQWH1 /D YHUVLyQ PiV UHFLHQWH GHO '66$7 SXHVWD HQ FLUFXODFLyQ +9HUVLyQ 618,
FRQWLHQH YHUVLRQHV PHMRUDGDV GH ORV PRGHORV/ XQ SURJUDPD SDUD HO PDQHMR GH DUFKLYRV
GHO FOLPD/ DVt FRPR PHMRUHV SURJUDPDV GH DQiOLVLV/ LQFOX\HQGR OD FDSDFLGDG SDUD VLPXODU
\ DQDOL]DU URWDFLRQHV GH FXOWLYRV GH ODUJR SOD]R +7VXML HW DO1/ 4<<7> %RZHQ HW DO1/ 4<<;>
-RQHV HW DO1/ 4<<;,1 /D DSOLFDFLyQ SRWHQFLDO GH ORV PRGHORV GHO '66$7/ OD PDQHUD HQ TXH
ORV SURFHVRV VRQ VLPXODGRV/ DVt FRPR ORV UHTXHULPLHQWRV GH DFFHVR GH GDWRV SDUD FRUUHU
ORV PRGHORV VRQ FXELHUWRV HQ ORV SURJUDPDV GH HQWUHQDPLHQWR FRQGXFLGRV DQXDOPHQWH
SRU ORV FUHDGRUHV GH ORV PRGHORV +7VXML/ 4<<;,1

7DEOD 41 3ULQFLSDOHV PRGHORV GH FXOWLYRV LQFOXLGRV HQ OD YHUVLyQ 618 GHO '66$71

0RGHOR GH FXOWLYR &XOWLYR VLPXODGR
&(5(60*HQHULF 0Dt]/ 7ULJR/ &HEDGD/ 0LMR/ 6RUJR
&(5(605LFH $UUR] +GH VHFDQR \ GH LQXQGDFLyQ,
&523*52 6RMD/ 0DQt/ )UpMRO/ *DUEDQ]R/ 7RPDWH/ 3DVWR
2,/&5230681 *LUDVRO
68%672503RWDWR 3DSD
&5236,00&DVVDYD <XFD
&$1(*52 &DxD GH D]~FDU
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6LPXODQGR HO FUHFLPLHQWR GH ORV FXOWLYRV D QLYHOHV FUHFLHQWHV GH FRPSOHMLGDG FRQ
'66$7

/RV PRGHORV GHO '66$7 VRQ FDSDFHV GH VLPXODU UHVXOWDGRV D PHGLGD TXH VH LQFUHPHQWD
HO QLYHO GH FRPSOHMLGDG +)LJXUD 5,1 /RV PiV VLPSOHV R GH SULPHU QLYHO DVXPHQ TXH HO
FUHFLPLHQWR HVWi OLPLWDGR VRODPHQWH SRU OD FDQWLGDG GH UDGLDFLyQ/ WHPSHUDWXUD \ SRU HO
SRWHQFLDO JHQpWLFR> VH DVXPH TXH HO DJXD \ ORV QXWULHQWHV QR VRQ OLPLWDQWHV1 /D VLPXODFLyQ
D HVWH QLYHO SURSRUFLRQD XQD HVWLPDFLyQ GHO UHQGLPLHQWR SRWHQFLDO1 (O VHJXQGR QLYHO
DVXPH TXH HO GHVDUUROOR GHO FXOWLYR SXHGH VHU OLPLWDGR SRU OD GLVSRQLELOLGDG GHO DJXD> SHUR
ORV QXWULHQWHV QR VRQ OLPLWDQWHV1 (O WHUFHU QLYHO LQFOX\H OD GLVSRQLELOLGDG GH QLWUyJHQR FRPR
XQD SRVLEOH OLPLWDFLyQ> PLHQWUDV TXH HO FXDUWR QLYHO LQFOX\H OD GLVSRQLELOLGDG GHO IyVIRUR/
DGHPiV GH ODV UHVWULFFLRQHV GH ORV QLYHOHV DQWHULRUHV1

,QFUHPHQWR GH OD &RPSOHMLGDG

$XPHQWR
HQ OD

'HPDQGD
GH 'DWRV

3URGXFFLyQ 'LVSRQLELOLGDG 'LVSRQLELOLGDG 'LVSRQLELOLGDG
3RWHQFLDO GH DJXD GH $JXD/ 1 GH $JXD/ 1/ 3

5DGLDFLyQ VRODU 5DGLDFLyQ VRODU 5DGLDFLyQ VRODU 5DGLDFLyQ VRODU
0D[20LQ WHPS1 0D[20LQ WHPS1 0D[20LQ WHPS1 0D[20LQ WHPS1

3UHFLSLWDFLyQ 3UHFLSLWDFLyQ 3UHFLSLWDFLyQ
&XOWLYDU &XOWLYDU &XOWLYDU &XOWLYDU
3UiFWLFDV GH 3UiFWLFDV GH 3UiFWLFDV GH 3UiFWLFDV GH
PDQHMR PDQHMR PDQHMR PDQHMR

0DQHMR GH 0DQHMR GH 0DQHMR GH
ULHJR ULHJR ULHJR
3URSLHGDGHV 3URSLHGDGHV 3URSLHGDGHV
ItVLFDV GHO ItVLFDV GHO ItVLFDV GHO
SHUILO GHO VXHOR SHUILO GHO VXHOR SHUILO GHO VXHOR

0DQHMR GH 0DQHMR GH
IHUWLOL]DQWH 1 IHUWLOL]DQWH 1
\ UHVLGXRV \ UHVLGXRV
3URSLHGDGHV 3URSLHGDGHV
TXtPLFDV GHO TXtPLFDV GHO
SHUILO GHO VXHOR SHUILO GHO VXHOR

0DQHMR GH
IHUWLOL]DQWH 3
\ UHVLGXRV

)LJXUD 51 ,QFUHPHQWR GH ORV GDWRV QHFHVDULRV SDUD FRUUHU ORV PRGHORV GH
VLPXODFLyQ GH FXOWLYRV GH '66$7 FXDQGR VH LQFUHPHQWD OD
FRPSOHMLGDG GH ODV VLPXODFLRQHV1

$O DXPHQWDU HO QLYHO GH FRPSOHMLGDG HQ OD VLPXODFLyQ GHO FUHFLPLHQWR GH XQ FXOWLYR/ OD
GHPDQGD GH GDWRV GH HQWUDGD WDPELpQ DXPHQWD +)LJXUD 5,1 /RV UHTXHULPLHQWRV GH
LQIRUPDFLyQ VRQ DFXPXODWLYRV/ SRU OR WDQWR/ ORV GDWRV QHFHVDULRV D XQ QLYHO WDPELpQ OR VRQ
DO QLYHO VXSHULRU1 3DUD WRGRV ORV QLYHOHV GH FRPSOHMLGDG/ ORV PRGHORV GH VLPXODFLyQ
UHTXLHUHQ YDORUHV GLDULRV GH UDGLDFLyQ VRODU/ WHPSHUDWXUD Pi[LPD \ PtQLPD GHO DLUH \
SUHFLSLWDFLyQ1 (VWDV FXDWUR YDULDEOHV GHWHUPLQDQ ORV SURFHVRV TXH VRQ GHVFULWRV GHQWUR GH
ORV PRGHORV1

(O QLYHO GH FRPSOHMLGDG D TXH XQ XVXDULR TXLHUD VLPXODU GHSHQGHUi GH ORV REMHWLYRV/ DVt
FRPR GH OD GLVSRQLELOLGDG GH GDWRV GH HQWUDGD1 3RU HMHPSOR/ XQ PRGHOR SXHGH VHU XVDGR
SDUD FRPSDUDU HO UHQGLPLHQWR SRWHQFLDO GH GLIHUHQWHV FXOWLYDUHV GH IUpMRO EDViQGRVH HQ OD
UDGLDFLyQ/ WHPSHUDWXUD \ IRWRSHUtRGR HQ GLIHUHQWHV VLWLRV1 (Q HVWH FDVR/ HO XVXDULR DVXPH
TXH HO DJXD \ ORV QXWULHQWHV H[LVWHQ HQ FDQWLGDGHV VXILFLHQWHV> SRU OR WDQWR/ FXDOTXLHU
GLIHUHQFLD HQ UHQGLPLHQWR VH DWULEX\H VRODPHQWH D XQD LQWHUDFFLyQ HQWUH HO JHQRWLSR \ HO
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DPELHQWH1 3DUD VLPXODU HO UHQGLPLHQWR SRWHQFLDO/ ORV ~QLFRV GDWRV GH HQWUDGD UHTXHULGRV
VRQ ODV YDULDEOHV GH FOLPD/ IHFKD GH VLHPEUD/ SREODFLyQ GH SODQWDV/ GLVWDQFLD HQWUH VXUFRV
\ XQ FRQMXQWR GH SDUiPHWURV HVSHFtILFRV SDUD FDGD FXOWLYDU> QR VH UHTXLHUH LQIRUPDFLyQ GHO
VXHOR1 6LQ HPEDUJR FXDQGR VH DPSOtD HO REMHWLYR/ VH UHTXHULUiQ GDWRV GHO SHUILO GHO VXHOR/
SDUD LQFOXLU HQ OD VLPXODFLyQ HO HIHFWR GH OD GLVSRQLELOLGDG GHO DJXD \ GH QXWULHQWHV +1 \ 3,
VREUH HO UHQGLPLHQWR/ R GH RWURV FRPSRQHQWHV WDOHV FRPR OD ILMDFLyQ GH QLWUyJHQR R OD
DEVRUFLyQ GHO IyVIRUR +)LJXUD 5,1

&21&(372 '(/ &21-8172 '( '$726 0,1,026

(O QLYHO GH VLPXODFLyQ TXH SUREDEOHPHQWH LQWHUHVD PiV HV HO GH PD\RU FRPSOHMLGDG/ HV
GHFLU DTXHO TXH LQFOX\H DO DJXD \ DO QLWUyJHQR +ORV PRGHORV GH OD YHUVLyQ 618/ QR SRVHHQ
WRGDYtD XQ VXEPRGHOR SDUD IyVIRUR SHUR XQD YHUVLyQ GH WUDEDMR VH HVWi HYDOXDQGR,1
$OJXQRV GH ORV PRGHORV GH FXOWLYRV GH '66$7/ WDOHV FRPR &523*52/ LQFOX\HQ RSFLRQHV
SDUD VLPXODU IRWRVtQWHVLV D QLYHO GH KRMD/ LQWHUFHSFLyQ GH OD OX] SRU HO IROODMH GH ORV VXUFRV
FRQWLJXRV/ GLQiPLFD GHO QLWUyJHQR GHO VXHOR/ DEVRUFLyQ GH QLWUyJHQR/ ILMDFLyQ GH QLWUyJHQR
\ HO GDxR FDXVDGR SRU ODV SODJDV +%DWFKHORU HW DO1/ 4<<6> %RRWH HW DO1/ 4<<;,1

(O PHMRUDPLHQWR \ ODV SUXHEDV GH ORV GLVWLQWRV VXEPRGHORV/ UHTXLHUHQ GH H[SHULPHQWRV GH
FDPSR ELHQ FRQGXFLGRV1 /RV GDWRV SXHGHQ SURYHQLU GH HQVD\RV SUHYLRV/ R GH
H[SHULPHQWRV LPSOHPHQWDGRV FRQ HVWH ILQ HVSHFtILFR1 6H XWLOL]D OD LQIRUPDFLyQ SDUD FRUUHU
HO PRGHOR/ DVt FRPR SDUD SUREDU VX YDOLGH] FRQWUD GDWRV GH H[SHULPHQWRV UHDOHV1
&RQVHFXHQWHPHQWH VXUJH OD SUHJXQWD/ ¢4Xp FODVH GH GDWRV VH QHFHVLWD"

9DULRV HVIXHU]RV DQWHULRUHV SDUD OD HODERUDFLyQ \ HQVD\R GH PRGHORV KDQ D\XGDGR D
GHILQLU XQ FRQMXQWR GH GDWRV PtQLPRV VREUH VXHOR/ FOLPD/ FXOWLYRV \ PDQHMR TXH HV HVHQFLDO
SDUD OD LQWHUSUHWDFLyQ HIHFWLYD GH ORV H[SHULPHQWRV GH FDPSR ++XQW DQG %RRWH/ 4<<;,1 /D
GHILQLFLyQ GH HVWRV FRQMXQWRV GH GDWRV PtQLPRV D\XGD D +4, REWHQHU OD GRFXPHQWDFLyQ
DGHFXDGD GH ORV H[SHULPHQWRV GH FDPSR \ +5, SURSRUFLRQDU GDWRV H[SHULPHQWDOHV SDUD HO
GHVDUUROOR \ SUXHED GH ORV PRGHORV1 /R TXH VLJXH D FRQWLQXDFLyQ HV XQD EUHYH GHVFULSFLyQ
GH ORV SULQFLSDOHV FRPSRQHQWHV GH HVWRV FRQMXQWRV GH GDWRV PtQLPRV1

9DULDEOHV GHO &OLPD

6H UHTXLHUH GH XQD HVWDFLyQ PHWHRUROyJLFD XELFDGD FHUFD GH ORV H[SHULPHQWRV GH FDPSR
FRQ HO ILQ GH UHJLVWUDU GDWRV GLDULRV GH SUHFLSLWDFLyQ/ WHPSHUDWXUD Pi[LPD/ WHPSHUDWXUD
PtQLPD \ UDGLDFLyQ VRODU1 (VWDV YDULDEOHV FRQVWLWX\HQ HO PRWRU GH ORV PRGHORV1 /D
UDGLDFLyQ UHFLELGD WDPELpQ SXHGH PHGLUVH FRQ HO Q~PHUR GH KRUDV GH VRO1 (Q OD PD\RU
SDUWH GH ODV iUHDV/ XQD HVWDFLyQ PHWHRUROyJLFD GHQWUR GH XQD GLVWDQFLD GH 833 PHWURV
SXHGH SURSRUFLRQDU PHGLGDV FRQILDEOHV1 $ GLVWDQFLDV PD\RUHV ORV SDWURQHV GH OOXYLD
SXHGHQ VHU VLJQLILFDWLYDPHQWH GLIHUHQWHV1 &RPR XQD DOWHUQDWLYD/ HQ FDVR GH TXH OD
WHPSHUDWXUD \ OD UDGLDFLyQ IXHUDQ PHGLGDV D XQD GLVWDQFLD PD\RU GH 833 PHWURV/ SDUD
UHJLVWUDU OD OOXYLD VH KDFH QHFHVDULR FRORFDU XQ SOXYLyPHWUR HQ HO PLVPR OXJDU GHO
H[SHULPHQWR1

&DUDFWHUtVWLFDV GHO 3HUILO GHO 6XHOR

/RV PRGHORV VLPXODQ ORV SURFHVRV GHO VXHOR EDViQGRVH HQ SURSLHGDGHV GHILQLGDV SRU ORV
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GLIHUHQWHV KRUL]RQWHV GHO VXHOR/ KDVWD SRU OR PHQRV OD SURIXQGLGDG Pi[LPD GH
HQUDL]DPLHQWR1 /DV SURSLHGDGHV PiV LPSRUWDQWHV GH FDGD KRUL]RQWH LQFOX\HQ= OD
SURIXQGLGDG GHVGH OD VXSHUILFLH GHO VXHOR KDVWD HO OtPLWH LQIHULRU GH FDGD KRUL]RQWH/ HO
SXQWR GH PDUFKLWDPLHQWR SHUPDQHQWHV +303,/ OD FDSDFLGDG GH FDPSR +&&,/ OD GHQVLGDG
DSDUHQWH/ HO FRQWHQLGR GH FDUERQR \ QLWUyJHQR/ HO S+ GHO VXHOR \ HO IyVIRUR DSURYHFKDEOH1
/DV FRQVWDQWHV GH KXPHGDG 303 \ && SXHGHQ VHU PHMRU HVWLPDGRV HQ HO FDPSR> VLQ
HPEDUJR/ VH SXHGHQ REWHQHU HVWLPDFLRQHV LQLFLDOHV D SDUWLU GH OD WH[WXUD/ OD GHQVLGDG
DSDUHQWH \ HO FRQWHQLGR GH FDUERQR RUJiQLFR1

&RHILFLHQWHV (VSHFtILFRV GHO &XOWLYDU

/RV PRGHORV VLPXODQ HO HIHFWR GH OD WHPSHUDWXUD \ GHO IRWRSHUtRGR GXUDQWH HO GHVDUUROOR
YHJHWDWLYR/ HO GHVDUUROOR UHSURGXFWLYR \ ORV SURFHVRV GH FUHFLPLHQWR1 3DUD ORJUDU OR DQWHULRU
VH SURSRUFLRQDQ FRHILFLHQWHV HVSHFtILFRV GHO FXOWLYDU/ ORV FXDOHV GHVFULEHQ OD VHQVLELOLGDG D
OD WHPSHUDWXUD \ HO IRWRSHULRGR SDUD FDGD FXOWLYDU/ \ GHILQHQ ORV YDORUHV GH LQLFLR SDUD OD
JHUPLQDFLyQ/ OD IORUDFLyQ +R LQLFLDFLyQ GH OD WXEHUL]DFLyQ, \ OD PDGXUH] ILVLROyJLFD1 7DPELpQ
VH GDQ RWURV FRHILFLHQWHV HVSHFtILFRV/ WDOHV FRPR OD WDVD GH DSDULFLyQ GH ODV KRMDV/ HO
WDPDxR SURPHGLR GH ODV KRMDV/ HO HVSHVRU GH ODV KRMDV/ OD WDVD GH DSDULFLyQ GH ODV IORUHV/
OD WDVD GH DSDULFLyQ GH YDLQDV/ OD WDVD GH FUHFLPLHQWR GH OD VHPLOOD LQGLYLGXDO \ OD FiVFDUD/
DVt FRPR HO Q~PHUR GH VHPLOODV SRU YDLQD +%RRWH HW DO1/ 4<<;,1 (VWRV FRHILFLHQWHV VRQ SRU
OR JHQHUDO FDOFXODGRV GH OD LQIRUPDFLyQ GH H[SHULPHQWRV GH FDPSR/ HQ ORV FXDOHV ODV
FRQGLFLRQHV GH FUHFLPLHQWR KDQ VLGR RSWLPL]DGDV1 6L pVWRV VRQ FDOFXODGRV
FXLGDGRVDPHQWH/ ORV FRHILFLHQWHV GH ORV FXOWLYDUHV SRGUiQ VHU ORV PLVPRV SDUD WRGDV ODV
ORFDOLGDGHV1

9DULDEOHV GH ODV 3UiFWLFDV GH 0DQHMR

(QVHJXLGD VH GHILQHQ DOJXQDV GH HVWDV SUiFWLFDV GH PDQHMR=

0 )HFKD GH VLHPEUD/ SURIXQGLGDG GH VLHPEUD/ SREODFLyQ GH SODQWDV \ OD GLVWDQFLD
HQWUH VXUFRV1

0 )HFKDV GH ULHJR/ FDQWLGDG GH DJXD DSOLFDGD \ OD FODVH GH VLVWHPD GH ULHJR1

0 )HFKD GH DSOLFDFLyQ GHO IHUWLOL]DQWH QLWURJHQDGR/ FDQWLGDG DSOLFDGD/ PpWRGR GH
DSOLFDFLyQ/ SURIXQGLGDG GH DSOLFDFLyQ \ FODVH GH IHUWLOL]DQWH QLWURJHQDGR1

0 &DQWLGDG GH UHVLGXRV GHO FXOWLYR DQWHULRU/ FRQWHQLGR GH QLWUyJHQR \ IyVIRUR GH ORV
UHVLGXRV/ SURIXQGLGDG GH LQFRUSRUDFLyQ \ IHFKD GH LQFRUSRUDFLyQ1

0 )HFKD GH DSOLFDFLyQ GHO IHUWLOL]DQWH IRVIyULFR/ FDQWLGDG DSOLFDGD/ PpWRGR GH
DSOLFDFLyQ/ SURIXQGLGDG GH DSOLFDFLyQ \ FODVH GH IHUWLOL]DQWH IRVIyULFR1

0 &RQWHQLGR WRWDO \ VROXEOH GH 3538 GH OD GH URFD IRVIyULFD FXDQGR VH XVD FRPR
IXHQWH GH IyVIRUR1
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&RQGLFLRQHV ,QLFLDOHV

/RV PRGHORV QHFHVLWDQ LQLFLDU OD VLPXODFLyQ FRQ DOJXQDV HVWLPDFLRQHV LQLFLDOHV GHO DJXD
GHO VXHOR/ QLWUDWRV/ DPRQLR \ IyVIRUR GLVSRQLEOHV1 (Q OR SRVLEOH HVWDV YDULDEOHV GHEHQ VHU
PHGLGDV D GLIHUHQWHV SURIXQGLGDGHV DO PRPHQWR GH OD VLHPEUD R FRQ DQWHULRULGDG D HVWD1
3RU HMHPSOR/ ODV FRQGLFLRQHV LQLFLDOHV SRGUiQ VHU GHWHUPLQDGDV SDUD FDGD FDSD GH VXHOR
GH 43 D 48 FP KDVWD XQD SURIXQGLGDG GH 453 FP1 6t HVWDV YDULDEOHV VRQ PHGLGDV/ GHEHUiQ
UHJLVWUDUVH ODV IHFKDV HQ TXH ODV PXHVWUDV GH VXHOR IXHURQ WRPDGDV/ DVt FRPR ORV
LQWHUYDORV GH SURIXQGLGDG FRUUHVSRQGLHQWHV1

9DULDEOHV 0HGLGDV

/RV GDWRV DQWHULRUHV VRQ VXILFLHQWHV SDUD FRUUHU HO PRGHOR/ VLQ HPEDUJR/ SDUD SUREDU
FUtWLFDPHQWH OD HILFLHQFLD GH XQ PRGHOR VH UHTXLHUH GH GDWRV DGLFLRQDOHV1 (VWD LQIRUPDFLyQ
DGLFLRQDO LQFOX\H PHGLFLRQHV KHFKDV GXUDQWH HO FXUVR GH ORV H[SHULPHQWRV \ SXHGHQ LQFOXLU
YDULDEOHV WDOHV FRPR OD DFXPXODFLyQ GH ELRPDVD/ HO FRQWHQLGR GH DJXD GHO VXHOR R HO
FRQWHQLGR GH QLWUyJHQR GH OD SODQWD GXUDQWH YDULDV IHFKDV GHO FLFOR GHO FXOWLYR1 (VWDV
PHGLFLRQHV/ DVt FRPR PXFKRV RWURV YDORUHV PHGLGRV SXHGHQ VHU FRPSDUDGRV FRQ ORV
UHVXOWDGRV VLPXODGRV +RXWSXW, SDUD HYDOXDU OD HILFLHQFLD GHO PRGHOR1

(-(03/26 '(/ 862 '( '66$7 (1 /$ 5(*,21 $1',1$/ (/ &$62 '(/
1,752*(12

68%6725 +5LWFKLH HW DO1/ 4<<8,/ RWUR GH ORV PRGHORV LQWHJUDGRV HQ OD IDPLOLD '66$7 VH
KD HPSOHDGR HQ OD FRPSDUDFLyQ GHO GHVHPSHxR GH YDULHGDGHV \ HQ OD HILFLHQFLD HQ HO XVR
GH QLWUyJHQR HQ YDULDV ORFDOLGDGHV DQGLQDV1 $O LJXDO TXH WRGRV ORV PRGHORV GH '66$7/
68%6725 LQFRUSRUD KHUUDPLHQWDV TXH QRV SHUPLWHQ LQFRUSRUDU HO HIHFWR GHO PDQHMR \ HO
FOLPD HQ HO EDODQFH GH QLWUyJHQR1

3DUD FRPSUREDU OD YDOLGH] GHO XVR GH 68%6725 HQ OD UHJLyQ DQGLQD/ VH HVWXGLy HO DMXVWH
GH ODV SUHGLFFLRQHV GHO UHQGLPLHQWR VLPXODGR \ PHGLGR HQ YDULDV ORFDOLGDGHV +<DXUL/ 4<<:>
&ODYLMR/ 4<<<,1 /RV UHVXOWDGRV/ UHVXPLGRV HQ OD )LJXUD 6/ PXHVWUDQ TXH HO PRGHOR HVWLPy
GH XQD PDQHUD UHDOLVWD UHQGLPLHQWRV TXH VH XELFDURQ HQ HO UDQJR GH 49 KDVWD 89 W2KD1

&RQ XQ PRGHOR YDOLGDGR HV SRVLEOH HVWLPDU ORV UHVXOWDGRV EDMR GLVWLQWRV HVFHQDULRV/ SRU
HMHPSOR/ VH KD VLPXODGR HO HIHFWR GH GRV IXHQWHV GH QLWUyJHQR= $ERQR YHUGH +718 W2KD/ 518
( GH 1, \ GH 583 .J GH 1 DSOLFDGRV FRPR XUHD1 &RQ HO ILQ GH HVWLPDU ODV SRWHQFLDOLGDG GH
HVWDV IXHQWHV DO LQWHULRU GH XQ SHUtRGR GH 4< DxRV HQ OD ORFDOLGDG GH +XDQFD\R/ 3HU~
+%RZHQ HW DO1/ 4<<<,1

/RV UHVXOWDGRV UHVXPLGRV GH OD VLPXODFLyQ GHO UHQGLPLHQWR GH WXEpUFXORV IUHVFRV/ VH
SUHVHQWDQ HQ OD ILJXUD 7/ D PDQHUD GH XQ JUiILFR GH SUREDELOLGDGHV DFXPXODGDV1 6H
GHPXHVWUD TXH HO UHQGLPLHQWR HV PXFKR PD\RU FRQ OD DSOLFDFLyQ GH OD XUHD/ SHUR DVt
PLVPR VH REVHUYD TXH HQ XQ 48( GH ODV WHPSRUDGDV HYDOXDGDV/ QR H[LVWLy UHVSXHVWD D OD
DSOLFDFLyQ GH XUHD/ GHELGR D OD IDOWD GH DJXD1
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)LJXUD 61 5HODFLyQ HQWUH OD SURGXFFLyQ VLPXODGD FRQ 68%672503DSD \ OD
REVHUYDGD HQ HO SHVR IUHVFR GH WXEpUFXORV SDUD GLVWLQWRV VLWLRV HQ
%ROLYLD/ (FXDGRU/ 3HU~ \ 9HQH]XHOD1
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)LJXUD 71 'LVWULEXFLRQHV GH SUREDELOLGDG DFXPXODGD SDUD HO UHQGLPLHQWR HQ SHVR
IUHVFR GH WXEpUFXORV FRQ WUHV IXHQWHV GH QLWUyJHQR/ UHVXOWDGR GH OD
VLPXODFLyQ GH 4< WHPSRUDGDV HQ +XDQFD\R/ 3HU~1
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&21&/86,21(6

/D DJULFXOWXUD HQ OD UHJLyQ DQGLQD VH HQIUHQWD FRQVWDQWHPHQWH D QXHYRV UHWRV/ GHELGR D
FDPELRV HQ ODV SROtWLFDV PDFURHFRQyPLFDV/ DO FUHFLPLHQWR GH OD SREODFLyQ/ D ORV QLYHOHV
UHGXFLGRV GH SURGXFFLyQ GH ODV ]RQDV DOWDV \ D ORV OtPLWHV HQ OD VRVWHQLELOLGDG GH ORV
UHFXUVRV QDWXUDOHV XWLOL]DGRV1 &RQRFHU HQ GHWDOOH OD GLQiPLFD \ HIHFWRV GH ORV SULQFLSDOHV
IDFWRUHV LQYROXFUDGRV HQ HO GHVDUUROOR/ \ HODERUDU DOWHUQDWLYDV YLDEOHV GH SURJUHVR SDUD
ODV ]RQDV UXUDOHV DQGLQDV> FRQVHUYDQGR ORV UHFXUVRV QDWXUDOHV PHGLDQWH VX XVR UDFLRQDO/
VRQ DVSHFWRV GH HVSHFLDO LPSRUWDQFLD \ GHEHQ VHU SULRULGDGHV GH DFWXDOL]DFLyQ
SURIHVLRQDO1

3DUD HVWH SURSyVLWR/ OD VLPXODFLyQ HV XQD GH ODV KHUUDPLHQWDV GH PD\RU XWLOLGDG1 /RV
PRGHORV GH VLPXODFLyQ GHELGDPHQWH HYDOXDGRV \ YDOLGDGRV PHMRUDQ OD HILFLHQFLD HQ ORV
SURFHVRV GH LQYHVWLJDFLyQ/ WUDQVIHUHQFLD GH WHFQRORJtD \ GHVDUUROOR DJUtFROD/ SHUPLWLHQGR
H[WUDSRODU UHVXOWDGRV D RWUDV ORFDOLGDGHV FRQ VLPLODUHV FDUDFWHUtVWLFDV1 (VWDEOHFLGRV GHQWUR
GH XQ VLVWHPD LQWHJUDO GH PDQHMR GH LQIRUPDFLyQ/ ORV PRGHORV SXHGHQ XWLOL]DUVH SDUD XQ
DQiOLVLV HIHFWLYR HQ DVSHFWRV UHODFLRQDGRV D OD SURGXFFLyQ/ OD DVLJQDFLyQ GH UHFXUVRV/ HO
ULHJR/ OD FDOLGDG DPELHQWDO \ HO XVR GH OD WLHUUD1

$*5$'(&,0,(1726

$JUDGHFHPRV DO SUR\HFWR 026$QGHV +F\WHG 3UR\HFWR ;,,17, SRU HO DSR\R UHFLELGR SDUD OD
HODERUDFLyQ \ SUHVHQWDFLyQ GH HVWH WUDEDMR1

%,%/,2*5$),$

$GGLVFRWW/ 71 01 4<<61 6LPXODWLRQ PRGHOOLQJ DQG VRLO EHKDYLRU1 *HRGHUPD 93= 480731
%DWFKHORU/ :1 '1/ -1 :1 -RQHV/ .1 -1 %RRWH DQG 31 +121 4<<61 ([WHQGLQJ WKH XVH RI FURS
PRGHOV WR VWXG\ SHVW GDPDJH1 7UDQVDFWLRQV RI WKH $PHULFDQ 6RFLHW\ RI $JULFXOWXUDO
(QJLQHHULQJ 69+5,= 884088;1

%RRWH/ .1 -1/ -1 :1 -RQHV/ *1 +RRJHQERRP DQG 11 %1 3LFNHULQJ 4<<;1 7KH &523*52
PRGHO IRU JUDLQ OHJXPHV1 S1 <<045;1 ,Q *1<1 7VXML/ *1 +RRJHQERRP/ DQG 31.17KRUQWRQ
+HGV, 8QGHUVWDQGLQJ RSWLRQV IRU DJULFXOWXUDO SURGXFWLRQ1 .OXZHU $FDGHPLF 3XEOLVKHUV/
'RUGUHFKW/ 7KH 1HWKHUODQGV1

%RZHQ/ :171/ 31.1 7KRUQWRQ/ DQG *1 +RRJHQERRP1 4<<;1 7KH VLPXODWLRQ RI FURSSLQJ
VHTXHQFHV XVLQJ '66$71 S1 64:06641 ,Q *1<1 7VXML/ *1 +RRJHQERRP/ DQG 31.17KRUQWRQ
+HGV, 8QGHUVWDQGLQJ RSWLRQV IRU DJULFXOWXUDO SURGXFWLRQ1 .OXZHU $FDGHPLF 3XEOLVKHUV/
'RUGUHFKW/ 7KH 1HWKHUODQGV1

%RZHQ/ :1/ +1 &DEUHUD/ 91 %DUUHUD/ DQG *1 %DLJRUULD1 4<<<1 6LPXODWLQJ WKH UHVSRQVH RI
SRWDWR WR DSSOLHG QLWURJHQ1 S1 6;406;91 &,3 3URJUDP 5HSRUW 4<<:04<<;1 ,QWHUQDWLRQDO
3RWDWR &HQWHU/ /LPD/ 3HUX1

&ODYLMR/ 11 4<<<1 9DOLGDFLyQ GHO PRGHOR GH VLPXODFLyQ GHO VLVWHPD '66$7 HQ HO FXOWLYR GH
OD SDSD +6RODQXP WXEHURVXP /1, HQ ODV FRQGLFLRQHV GHO FDWyQ 0RQWXIDU/ SURYLQFLD GHO
&DUFKL1 ;8 S1 5LREDPED/ (FXDGRU/ (VFXHOD 6XSHULRU 3ROLWHFQLFD GHO &KLPERUD]R1
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+XQW/ /1 $1 DQG .1 -1 %RRWH1 4<<;1 'DWD IRU PRGHO RSHUDWLRQ/ FDOLEUDWLRQ/ DQG HYDOXDWLRQ1 S1
<0741 ,Q *1<1 7VXML/ *1 +RRJHQERRP/ DQG 31.17KRUQWRQ +HGV1, 8QGHUVWDQGLQJ RSWLRQV IRU
DJULFXOWXUDO SURGXFWLRQ1 .OXZHU $FDGHPLF 3XEOLVKHUV/ 'RUGUHFKW/ 7KH 1HWKHUODQGV1

-RQHV/ -1 :1/ /1 $1 +XQW/ *1 +RRJHQERRP/ '1 &1 *RGZLQ/ 81 6LQJK/ *1 <1 7VXML/ 11 31
3LFNHULQJ/ 31 .1 7KRUWRQ/ :1 71 %RZHQ/ .1 -1 %RRWH DQG -1 71 5LWFKLH1 4<<71 ,QSXW DQG
RXWSXW ILOHV1 S1 ,Q '66$7 Y6 9RO 5041 *1 <1 7VXML/ *1 8HKDUD DQG 61 %DODV1 +RQROXOX/
8QLYHUVLW\ RI +DZDL1

-RQHV/ -1:1/ *1 <1 7VXML/ *1 +RRJHQERRP/ /1 $1 +XQW/ 31 .1 7KRUQWRQ/ 31:1:LONHQV/ '1 71
,PDPXUD/ :1 71 %RZHQ DQG 81 6LQJK1 4<<;1 'HFLVLRQ VXSSRUW V\VWHP IRU
DJURWHFKQRORJ\ WUDQVIHU='66$7 Y61 S1 48:04::1 ,Q *1 <1 7VXML/ *1 +RRJHQERRP DQG 31
.1 7KRUQWRQ +HGV, 8QGHUVWDQGLQJ 2SWLRQV IRU $JULFXOWXUDO 3URGXFWLRQ11 'RUGUHFKW/ .OXZHU
$FDGHPLF 3XEOLVKHUV1

.HHQ/ 51(1/ DQG -1'1 6SDLQ1 4<<51 &RPSXWHU VLPXODWLRQ LQ ELRORJ\= D %$6,& LQWURGXFWLRQ1
-RKQ :LOH\ ) 6RQV/ ,QF1 1HZ <RUN1

5LWFKLH/ -1 71/ 71 61 *ULIILQ DQG %1 61 -RKQVRQ1 4<<81 68%6725= IXQFWLRQDO PRGHO RI SRWDWR
JURZWK/ GHYHORSPHQW DQG \LHOG1 S1 73407681 ,Q 31 .DEDW +HG, 0RGHOOLQJ DQG
SDUDPHWHUL]DWLRQ RI WKH VRLO0SODQW0DWPRVSKHUH V\VWHP1 :DJHQLQJHQ 3UHVV/ 7KH
1HWKHUODQGV1

6WRRUYRJHO/ -1 -1/ /1 .RRLVWUD DQG -1 %RXPD1 4<<<1 6SDWLDO DQG WHPSRUDO YDULDWLRQ LQ
QHPDWRFLGH OHDFKLQJ/ PDQDJHPHQW LPSOLFDWLRQV IRU D &RVWD 5LFDQ EDQD SODQWDWLRQ1 S1
5;405;<1 ,Q $VVHVVPHQW RI QRQ0SRLQW VRXUFH SROOXWLRQ LQ WKH YDGRVH ]RQH1 :DVLQJWRQ/
'&/ $PHULFDQ *HRSK\VLFDO 8QLRQ1 *HRSK\VLFDO 0RQRJUDSK 43;1

7VXML/ *1 <1 4<<;1 1HWZRUN PDQDJHPHQW DQG LQIRUPDWLRQ GLVVHPLQDWLRQ IRU DJURWHFKQRORJ\
WUDQVIHU1 S1 69:06;61 ,Q *1 <1 7VXML/ *1 +RRJHQERRP DQG 31 .1 7KRUQWRQ +HGV,
8QGHUVWDQGLQJ 2SWLRQV IRU $JULFXOWXUDO 3URGXFWLRQ11 'RUGUHFKW/ .OXZHU $FDGHPLF
3XEOLVKHUV1

7VXML/ *1 <1/ *1 8HKDUD DQG 61 %DODV +HGV,1 4<<71 '66$7 Y6/ 9ROXPHV 4061 +RQROXOX/
8QLYHUVLW\ RI +DZDL1

YDQ GHU 3HUN/ 01 4<<:1 (IIHFW RI PRGHO VWUXFWXUH RQ WKH DFFXUDF\ DQG XQFHUWDLQW\ RI UHVXOW
IURP ZDWHU TXDOLW\ PRGHOV1 +\GURORJLFDO 3URFHVVHV 44= 55:056<1

:DJHQHW/ 51 -1/ -1 %RXPD DQG -1 /1 +XVWRQ1 4<<;1 &RQFHSWXDO DQG PHWKRGRORJLFDO DVSHFWV
RI DVVHVVLQJ SHVWLFLGH HQYLURQPHQWDO LPSDFW LQ GHYHORSLQJ DUHDV1 S1 740971 ,Q &1&1
&ULVVPDQ/ -101 $QWOH/ DQG 6101 &DSDOER +HGV, (FRQRPLF/ HQYLURQPHQWDO DQG KHDOWK
WUDGHRIIV LQ DJULFXOWXUH= 3HVWLFLGHV DQG WKH VXVWDLQDELOLW\ RI $QGHDQ SRWDWR SURGXFWLRQ1
.OXZHU $FDGHPLF 3XELVKHUV/ %RVWRQ1

<DXUL/ +1 4<<:1 9DOLGDFLyQ GH XQ PRGHOR SDUD VLPXODU HO FUHFLPLHQWR GHO FXOWLYR GH SDSD1 S1
<;1 /LPD/ 3HU~/ 8QLYHUVLGDG 1DFLRQDO $JUDULD1


