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/D GLQiPLFD GH OD FDtGD GH KRMDUDVFD/ VX GHVFRPSRVLFLyQ \ FRQWHQLGR GH 1/ IXHURQ
HVWXGLDGRV GXUDQWH XQ DxR HQ OD VHOYD QXEODGD GH /D 0XFX\/ D 5683 PVQP1 HQ ORV $QGHV
9HQH]RODQRV1 6H SURGXMHURQ :/:4 0J KD04 DxR04 GH KRMDUDVFD ILQD/ FDUDFWHUL]DGD SRU XQ
SDWUyQ FRQWLQXR GH FDtGD FRQ WUHV SLFRV \ XQ Pi[LPR HQ DJRVWR GH 3/<6�3/34 0J KD04> QR
VH HQFRQWUy XQD UHODFLyQ VLJQLILFDWLYD HQWUH OD FDtGD GH KRMDUDVFD \ OD SUHFLSLWDFLyQ1 /D
IUDFFLyQ IROLDU GRPLQy VREUH OD KRMDUDVFD WRWDO1 (O IOXMR GH 1 WRWDO D WUDYpV GH OD KRMDUDVFD
ILQD/ IXH GH 437 NJ KD04DxR04 FRQ SRFDV YDULDFLRQHV HQ VX FRQFHQWUDFLyQ HQ ORV GLIHUHQWHV
PHVHV GHO DxR1 /D GHVFRPSRVLFLyQ GH OD KRMDUDVFD ILQD IXH PHGLGD D WUDYpV GH OD SHUGLGD
GH SHVR HPSOHDQGR OD PHWRGRORJtD WUDGLFLRQDO GH EROVDV1 /RV UHVXOWDGRV SXGLHURQ VHU
DMXVWDGRV D XQ PRGHOR H[SRQHQFLDO VLPSOH \ VXJLHUHQ TXH OD FDOLGDG GH OD KRMDUDVFD HV
SRVLEOHPHQWH HO SULQFLSDO IDFWRU TXH DIHFWD HO SURFHVR GH GHVFRPSRVLFLyQ HQ HVWH
HFRVLVWHPD1

3DODEUDV &ODYH= KRMDUDVFD ILQD/ GHVFRPSRVLFLyQ/ VHOYD QXEODGD/ $QGHV WURSLFDOHV/
9HQH]XHOD

$%675$&7

7KH G\QDPLFV/ GHFRPSRVLWLRQ DQG QLWURJHQ FRQWHQW RI VPDOO OLWWHUIDOO ZHUH VWXGLHG GXULQJ D
\HDU LQ DQ $QGHDQ FORXG IRUHVW LQ 9HQH]XHOD/ DW DF1 5683 P1 7RWDO VPDOO OLWWHUIDOO ZDV :1:4
0J KD04 \U04 ZLWK D PDUNHG VHDVRQDO SDWWHUQ DQG WKUHH SHDNV ZLWK KLJKHVW UHFRUG LQ DXJXVW
+31<6�3134 0J KD04,1 +RZHYHU/ GLUHFW UHODWLRQVKLS EHWZHHQ SUHFLSLWDWLRQ DQG OLWWHUIDOO ZDV
QRW IRXQG1 7KH DQQXDO IOX[ RI QLWURJHQ WKURXJK OLWWHUIDOO ZDV 437 NJ KD04 DQG LW VKRZHG RQO\
PRGHUDWH VHDVRQDO IOXFWXDWLRQV1 7KH GHFRPSRVLWLRQ RI VPDOO OLWWHUIDOO ZDV PHDVXUHG ZLWK
WUDGLWLRQDO OLWWHU EDJV1 7KH UHVXOWV FRXOG EH DGMXVWHG WR WKH H[SRQHQWLDO PRGHO DQG LW
VXJJHVW WKDW WKH TXDOLW\ RI OLWWHU ZDV WKH PRVW LPSRUWDQW IDFWRU LQ WKH GHFRPSRVLWLRQ
SURFHVV LQ WKLV HFRV\VWHP1

.H\ :RUGV= OLWWHUIDOO/ GHFRPSRVLWLRQ/ FORXG IRUHVW/ WURSLFDO $QGHV/ 9HQH]XHOD

9 ,QVWLWXWR GH &LHQFLDV $PELHQWDOHV \ (FROyJLFDV +,&$(,/ )DFXOWDG GH &LHQFLDV1 8QLYHUVLGDG GH /RV
$QGHV1 0pULGD 84341 9HQH]XHOD
(0PDLO= UDPDUW#XOD1YH/ DWDURII#XOD1YH
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/D FDtGD/ DFXPXODFLyQ \ GHVFRPSRVLFLyQ GH OD KRMDUDVFD/ VRQ YtDV FUtWLFDV GHO IOXMR GH
PDWHULD RUJiQLFD \ QXWULHQWHV HQ ORV HFRVLVWHPDV ERVFRVRV/ GRQGH OD PDWHULD RUJiQLFD \
ORV QXWULHQWHV VRQ UHJUHVDGRV DO VXHOR GHO HFRVLVWHPD +6ZLIW HW DO1 4<:</ $EHU \ 0HOLOOR
4<;3/ 6DUPLHQWR 4<;3,1 /RV QXWULHQWHV TXH VH HQFXHQWUDQ HQ ODV KRMDV UHFLpQ FDtGDV/
UHSUHVHQWDQ XQD SpUGLGD SDUD OD SODQWD FX\R FRVWR SXHGH FRQVLGHUDUVH DOWR FXDQGR OD
GLVSRQLELOLGDG GH ORV QXWULHQWHV HQ HO VXHOR HV EDMD \ VX WRPD HV GLItFLO/ SHUR HVD SpUGLGD
SXHGH UHVWULQJLUVH SRU DGDSWDFLRQHV HVSHFtILFDV/ FRPR PLQLPL]DU OD FRQFHQWUDFLyQ HQ ODV
KRMDV \ PD[LPL]DU OD UHWUDQVORFDFLyQ DQWHV GH VX GHVSUHQGLPLHQWR1 (Q HFRVLVWHPDV
VHOYiWLFRV WURSLFDOHV GH EDMD DOWLWXG VH KD HQFRQWUDGR XQD IXHUWH OLPLWDFLyQ SRU HO 3/
PLHQWUDV HQ VHOYDV PRQWDQDV WURSLFDOHV DO SDUHFHU HO QXWULHQWH PiV OLPLWDQWH HV HO 1
+*UXEE 4<::/ 9LWRXVHN 4<;7/ 9LWRXVHN \ 6DQIRUG 4<;9/ 9HQHNODDV 4<<4,1 $XQTXH VH KD
SURSXHVWR TXH ODV FRQGLFLRQHV QXWULFLRQDOHV GH ORV HFRVLVWHPDV IRUHVWDOHV GH PRQWDxD
VRQ FDXVD IXQGDPHQWDO SDUD H[SOLFDU FDPELRV HQ FUHFLPLHQWR \ ELRPDVD HQ JUDGLHQWHV
DOWLWXGLQDOHV WURSLFDOHV +*UXEE 4<::> 7DQQHU HW DO 4<<5> 9LWRXVHN 4<;7,/ VRQ SRFRV ORV
HVWXGLRV TXH DQDOL]DQ DO PHQRV SDUWH GHO FLFODGR GH ORV QXWULHQWHV1 (Q HVWH WUDEDMR/
HVWXGLDPRV ODV YtDV GH WUDQVIHUHQFLD GH ELRPDVD \ QLWUyJHQR PHGLDQWH OD FDtGD GH
KRMDUDVFD \ VX GHVFRPSRVLFLyQ HQ OD VXSHUILFLH GHO VXHOR GH XQD VHOYD QXEODGD GH /RV
$QGHV YHQH]RODQRV1

0e72'26

ÈUHD GH HVWXGLR

(O HVWXGLR VH OOHYy D FDER HQ OD VHOYD QXEODGD GH /D 0XFX\ +a3;� 6;¶1 0 :3� 47¶: \ 5683
PVQP,/ XELFDGD HQ HO 3DUTXH 1DFLRQDO 6LHUUD 1HYDGD/ HVWDGR 0pULGD/ 9HQH]XHOD1 (O FOLPD
VH FDUDFWHUL]D SRU SUHFLSLWDFLRQHV DOWDV +55<4 PP SURPHGLR DxRV 4<<4 D 4<<8, \ XQ ULWPR
DQXDO GH WHPSHUDWXUD PDUFDGDPHQWH LVRWpUPLFR/ FRQ PHGLDV DOUHGHGRU GH ORV 46/8 �&1 1R
H[LVWH XQD HVWDFLyQ FOLPiWLFDPHQWH VHFD1

(Q FXDQWR D OD YHJHWDFLyQ/ HV XQD VHOYD QXEODGD FRQ XQD HVWUXFWXUD FRPSOHMD \ HVWUDWRV
GLItFLOHV GH GHILQLU GRPLQDGD SRU iUEROHV VLHPSUHYHUGHV GH GRVHO DOWR \ FDUJDGRV FRQ
QXPHURVDV HStILWDV/ HVSHFLDOPHQWH PXVJRV/ OtTXHQHV/ RUTXtGHDV \ EURPHOLiFHDV
+/DPSUHFKW 4<87/ $WDURII \ 5DGD 5333,1 /RV VXHORV VRQ IUDQFR DUHQRVRV/ K~PLFRV/
IXHUWHPHQWH iFLGRV/ FRQ DOWRV FRQWHQLGRV GH PDWHULD RUJiQLFD \ PiV R PHQRV SURIXQGRV
GHSHQGLHQGR GH OD SRVLFLyQ WRSRJUiILFD +0DQ]DQLOOD 4<<3,1

0HWRGRORJtD

6H GHOLPLWDURQ 7 SDUFHODV FRQ XQ iUHD GH 43[48 PHWURV FDGD XQD +483 P5,/ GRQGH VH
XELFDURQ 63 FHVWDV FROHFWRUDV GH KRMDUDVFD/ DVt FRPR ODV EROVDV GH GHVFRPSRVLFLyQ1 (Q HVWD
iUHD WDPELpQ VH UHDOL]y XQ UHFRQRFLPLHQWR JHQHUDO GH OD YHJHWDFLyQ1

/DV FHVWDV FRQVLVWtDQ HQ FROHFWRUHV FLUFXODUHV GH 73 FP GH DOWXUD \ FRQ XQ GLiPHWUR GH
89/9 FP +iUHD 3/58 P5,/ \ OOHYDEDQ HQ VX LQWHULRU XQD EROVD SOiVWLFD SHUIRUDGD SDUD SHUPLWLU
HO GUHQDMH GHO DJXD1 /RV PXHVWUHRV GH KRMDUDVFD VH KLFLHURQ FDGD 7 VHPDQDV HQWUH
QRYLHPEUH GH 4<<8 \ KDVWD RFWXEUH GH 4<<91 /DV PXHVWUDV GHVSXpV GH VX UHFROHFFLyQ/
HUDQ OOHYDGDV DO ODERUDWRULR \ VHFDGDV KDVWD SHVR FRQVWDQWH1 6H UHJLVWUy VX SHVR VHFR \ OD
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KRMDUDVFD WRWDO IXH GLIHUHQFLDGD SRU IUDFFLRQHV HQ= KRMDV/ UDPDV ILQDV +? 5 FP GH
GLiPHWUR,/ SDUWHV UHSURGXFWLYDV +IORUHV/ IUXWRV/ VHPLOODV, \ SDUWHV GH HStILWDV1 $ FDGD
IUDFFLyQ VH OH GHWHUPLQy VHSDUDGDPHQWH VX SHVR VHFR1 $GHPiV/ D VXEPXHVWUDV GH OD
KRMDVFD WRWDO/ VH GHWHUPLQy OD FRQFHQWUDFLyQ GH QLWUyJHQR WRWDO SRU HO PpWRGR GH PLFUR0
.MHOGDKO +0XOOHU 4<94,1

3DUD PHGLU OD GHVFRPSRVLFLyQ GH OD KRMDUDVFD VH HODERUDURQ EROVDV GH 58[58 FP FRQ XQD
UHG GH 5 PP GH RMR/ ODV FXDOHV VH UHOOHQDURQ FRQ KRMDUDVFD \ VH XELFDURQ DO D]DU 45
EROVDV GHQWUR GH FDGD SDUFHOD +7; HQ WRWDO,1 (O SHVR LQLFLDO GHSHQGLy GH OD FDQWLGDG GH
KRMDUDVFD SURGXFLGD HQ HO VLVWHPD1 /DV PXHVWUDV GH KRMDUDVFD SDUD HO H[SHULPHQWR GH
GHVFRPSRVLFLyQ GH VHSDUDURQ HQ GRV PLWDGHV GH LJXDO SHVR= XQD VH GHMy FRPR KRMDUDVFD
IUHVFD SDUD UHOOHQDU ODV EROVDV/ \ OD RWUD PLWDG VH VHFy HQ HVWXID KDVWD SHVR FRQVWDQWH
SDUD FRQRFHU HO HTXLYDOHQWH HQ SHVR VHFR GHO PDWHULDO GH ODV EROVDV1 0HQVXDOPHQWH/ VH
H[WUDMR 4 EROVD SRU SDUFHOD +7 HQ WRWDO, SDUD OD GHWHUPLQDFLyQ HQ ODERUDWRULR GH OD SpUGLGD
GH SHVR1

6H HPSOHR HO DQiOLVLV GH YDULDQ]D +$129$, SDUD DQDOL]DU GLIHUHQFLDV HVSDFLDOHV HQ OD
SURGXFFLyQ GH KRMDUDVFD1 6H XWLOL]y DQiOLVLV GH UHJUHVLyQ SDUD HYDOXDU HO PHMRU DMXVWH GH
ORV PRGHORV OLQHDO \ H[SRQHQFLDO D ODV WDVDV GH GHFDLPLHQWR GHO SHVR HQ HO HVWXGLR GH
GHVFRPSRVLFLyQ1

5(68/7$'26 < ',6&86,Ï1

3URGXFFLyQ GH KRMDUDVFD

6H SURGXMHURQ HQ OD VHOYD QXEODGD GH /D 0XFX\ :/:4 0J KD04 DxR04 GH KRMDUDVFD ILQD/ HQWUH
ORV PHVHV GH QRYLHPEUH GH 4<<8 D RFWXEUH GH 4<<91 /D KRMDUDVFD SUHVHQWy XQ SDWUyQ
FRQWLQXR GH FDtGD HQ HO WUDQVFXUVR GHO DxR \ WUHV Pi[LPRV HQ ORV PHVHV GH IHEUHUR/ PD\R
\ DJRVWR +)LJXUD 4,1 /D FDQWLGDG PHQVXDO GH KRMDUDVFD YDULy HQWUH 3/6: \ 3/<6 0J KD04/ +HQ
QRYLHPEUH \ DJRVWR/ UHVSHFWLYDPHQWH,1 /D FRQWULEXFLyQ GH ODV GLIHUHQWHV IUDFFLRQHV HVWXYR
GRPLQDGD HQ WRGRV ORV PHVHV SRU ODV KRMDV/ FX\R DSRUWH WRWDO IXH GH 8/59 0J KD04 DxR04
+:8(,/ VHJXLGD SRU ODV UDPDV ILQDV FRQ 4/93 0J KD04 DxR04 +54(,/ SDUWHV GH UHSURGXFWLYDV
FRQ 3/5; 0J KD04 DxR04 +7(, \ HStILWDV FRQ 3/38 0J KD04 DxR04 +3/8(,1 (O PDWHULDO IROLDU \
OHxRVR VLJXLHURQ XQ ULWPR VLPLODU GH FDtGD DO GH OD KRMDUDVFD WRWDO D OR ODUJR GHO DxR +)LJXUD
4,1 $XQTXH ODV HStILWDV UHSUHVHQWDQ XQ HOHPHQWR HVWUXFWXUDO \ IORUtVWLFR LPSRUWDQWH GH OD
YHJHWDFLyQ GH OD VHOYD QXEODGD GH /D 0XFX\/ VX SDUWLFLSDFLyQ HQ OD SURGXFFLyQ DQXDO GH
KRMDUDVFD IXH EDMD \ ORV DSRUWHV PHQVXDOHV HVWXYLHURQ SRU GHEDMR GHO 5/9( GHO WRWDO GH OD
KRMDUDVFD1 1R VH SUHVHQWDURQ GLIHUHQFLDV VLJQLILFDWLYDV HQWUH FHVWDV FROHFWRUDV GH
KRMDUDVFD +$129$/ 3?3/38 Q 63,1
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)LJXUD 41 3URGXFFLyQ PHQVXDO GH KRMDUDVFD WRWDO \ SRU IUDFFLRQHV HQ OD VHOYD QXEODGD GH
/D 0XFX\ +QRY1 4<<8 D RFW1 4<<9,1 /DV EDUUDV LQGLFDQ ORV HUURUHV HVWiQGDU +Q  
63,1

/RV YDORUHV GH SURGXFFLyQ GH KRMDUDVFD ILQD UHSRUWDGR HQ HVWH WUDEDMR HVWiQ GHQWUR GHO
UDQJR SUHVHQWDGR HQ RWURV HVWXGLRV HQ VHOYDV QXEODGDV GH /RV $QGHV GHO 1RUWH
+)DVVEHQGHU \ *ULPP 4<;4/ 9HQHNODDV 4<<4/ 7DQQHU HW DO 4<<5/ 0RQHGHUR \ *RQ]iOH]
4<<8,1
(O SDWUyQ VHJXLGR SRU OD SUHFLSLWDFLyQ FRQ Pi[LPRV HQ ORV PHVHV GH DEULO \ RFWXEUH/ QR
SUHVHQWy XQD UHODFLyQ FODUD FRQ HO SDWUyQ VHJXLGR SRU OD FDtGD GH KRMDUDVFD +U  03/53,1
$XQTXH HQ DOJXQDV VHOYDV GH PRQWDxD/ VH KD UHSRUWDGR XQD UHODFLyQ GLUHFWD/ HV GHFLU
PD\RU FDtGD GH KRMDUDVFD HQ OD pSRFD K~PHGD +3URFWRU HW DO1 4<;6/ 7DQQHU HW DO1 4<<5,/
RWURV LQYHVWLJDGRUHV KDQ HQFRQWUDGR XQD UHODFLyQ LQYHUVD +6FRWW HW DO1 4<<5/ /LVDQHZRUN \
0LFKHOVHQ 4<<7/ 0RQHGHUR \ *RQ]iOH] 4<<8,1 6LQ HPEDUJR/ \ FRPR HQ HVWH WUDEDMR/ HQ
RWURV HVWXGLRV HQ VHOYDV QXEODGDV QR VH KD HYLGHQFLDGR XQD UHODFLyQ GHILQLGD HQWUH
SUHFLSLWDFLyQ \ KRMDUDVFD +)DVVEHQGHU \ *ULPP 4<;4/ /HyQ \ 4XLURJD 4<;5/ 9HQHNODVV
4<<4/ 5RGUtJXH] \ 5RVDV 4<<6,1 (V SRVLEOH TXH ORV HIHFWRV FRPELQDGRV GH OD IUHFXHQFLD H
LQWHQVLGDG GH ODV SUHFLSLWDFLRQHV \ ORV YLHQWRV/ SRU XQD SDUWH WHQJDQ XQ LPSDFWR PHFiQLFR
VREUH ODV HVWUXFWXUDV YHJHWDOHV \ FRQWULEX\DQ HQ IRUPD LPSRUWDQWH D VX GHVSUHQGLPLHQWR \
SRU RWUD SDUWH DIHFWHQ HQ GLIHUHQWH PHGLGD ORV ULWPRV IHQROyJLFRV HVSHFLHV HQ SDUWLFXODU/
RFDVLRQDQGR HQ HOODV GLIHUHQWHV PRPHQWRV GH SURGXFFLyQ Pi[LPD GH KRMDUDVFD/ \ SRU
HQGH/ QR HQFRQWUDPRV XQ ~QLFR SDWUyQ GLUHFWDPHQWH UHODFLRQDGR FRQ HVWRV IDFWRUHV1

1LWUyJHQR

&RQFHQWUDFLyQ \ IOXMR

/D FRQFHQWUDFLyQ GH QLWUyJHQR HQ OD KRMDUDVFD UHFLpQ FDtGD/ YDULy HQWUH 44/8< \ 49/:3 PJ
J04/ SDUD ODV GLVWLQWDV IUDFFLRQHV1 /D FRQFHQWUDFLyQ PiV DOWD IXH HQFRQWUDGD HQ ODV SDUWHV
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UHSURGXFWLYDV \ OD PiV EDMD HQ OD IUDFFLyQ OHxRVD/ UHVSHFWLYDPHQWH/ WDO FRPR VH KD
UHSRUWDGR SDUD RWUDV VHOYDV QXEODGDV DQGLQDV +)DVVEHQGHU \ *ULPP 4<;4/ 9HQHNODVV
4<<4,1 /D FRQFHQWUDFLyQ HQ HO PDWHULDO IROLDU IXH DVLPLVPR DOWD +46/:3 PJ J04,1

3DUD HO DxR GH HVWXGLR/ OD YHJHWDFLyQ WUDQVILULy DO VXHOR GHO HFRVLVWHPD 437/84 .J KD04 GH
QLWUyJHQR WRWDO1 (O IOXMR GHO 1 D WUDYpV GH ODV GLIHUHQWHV IUDFFLRQHV/ LQGLFD TXH ODV KRMDV VRQ
HO FRPSRQHQWH GH OD KRMDUDVFD FRQ PD\RU SDUWLFLSDFLyQ/ DOFDQ]DQGR D WUDQVIHULU ::/3: .J
KD04 DxR041 /DV UDPDV/ SHVH D TXH FRQWLHQHQ ODV FRQFHQWUDFLRQHV PiV EDMDV GH HVWH
QXWULHQWH/ DSRUWDURQ FDQWLGDGHV FRQVLGHUDEOHV +4;/7; .J KD04 DxR04 GH 1,1 'HELGR D TXH ODV
SDUWHV UHSURGXFWLYDV \ SDUWHV GH HStILWDV SDUWLFLSDURQ FRQ FDQWLGDGHV SHTXHxDV HQ OD
KRMDUDVFD GHO iUHD GH HVWXGLR/ VX FRQWULEXFLyQ HQ OD WUDQVIHUHQFLD GH 1 IXH WDPELpQ EDMD
+7/:: \ 3/:9 .J KD04DxR04/ UHVSHFWLYDPHQWH,1

/D KRMDUDVFD GH /D 0XFX\ PRVWUy FRQFHQWUDFLRQHV GH 1 DOWDV HQ FRPSDUDFLyQ D RWUDV
VHOYDV PRQWDQDV WURSLFDOHV \ DOJXQDV GH WLHUUDV EDMDV +7DQQHU 4<::> 6WHLQKKDUGW 4<:<>
0HGLQD HW DO1 4<;4> )DVVEHQGHU \ *ULPP 4<;4> *UXEE \ (GZDUGV 4<;5> 3URFWRU HW DO1
4<;<> 7DQQHU HW DO1 4<<5> 9HQHNODDV 4<<4/ +DINHQVFKHLG 5333,1 (VWR QR HQFDMD ELHQ FRQ
OD LGHD GH TXH HO 1 VHD XQ QXWULHQWH OLPLWDQWH HQ ODV VHOYDV GH PRQWDxD WURSLFDOHV +7DQQHU
HW DO1 4<<;,/ FRQFHSWR GLItFLO GH JHQHUDOL]DU \D TXH IDFWRUHV FRPR OD HGDG \ WLSR GH VXHOR
DVt FRPR OD HVWUXFWXUD GH FDGD VHOYD/ LQIOX\HQ HQ OD GLVSRQLELOLGDG GH QXWULHQWHV1

'HVFRPSRVLFLyQ

3pUGLGD GH SHVR

/D GLQiPLFD GH GHVFRPSRVLFLyQ GH OD KRMDUDVFD HQ OD VHOYD QXEODGD GH /D 0XFX\/ VH
FDUDFWHUL]y SRU SUHVHQWDU GRV IDVHV ELHQ GLIHUHQFLDGDV1 8QD SULPHUD IDVH +)DVH 4,/ VH KD
GHILQLGR FRPR DTXHOOD IDVH LQLFLDO GRPLQDGD SULQFLSDOPHQWH SRU SHUGLGDV PD\RUHV GH SHVR
\ FRPSUHQGH GHVGH HO PRPHQWR GH OD XELFDFLyQ HQ FDPSR GH OD KRMDUDVFD +W3,/ KDVWD ORV
GRV PHVHV VLJXLHQWHV +W4 \ W5,1 8QD VHJXQGD IDVH +)DVH 5,/ TXH VLJXH D OD DQWHULRU/ GRQGH
ODV YDULDFLRQHV HQ HO SHVR IXHURQ SRFR SURQXQFLDGDV +)LJXUD 5,1

/D KRMDUDVFD LQLFLDO WXYR XQ SHVR VHFR DSUR[LPDGR GH 7/< JUDPRV1 (Q OD IDVH 4/ OD
KRMDUDVFD H[SHULPHQWy XQD SpUGLGD PX\ UiSLGD GH SHVR1 'XUDQWH HO SULPHU PHV +HQHUR +W3,
D IHEUHUR +W4,,/ PDQWXYR XQ ;8/8( GH VX PDVD LQLFLDO1 (O FDPELR PiV IXHUWH/ VH SUHVHQWy HQ
HO VHJXQGR PHV +HQWUH IHEUHUR +W4, \ PDU]R +W5,,/ GRQGH OD KRMDUDVFD UHVLGXDO FRQVHUYy
~QLFDPHQWH HO 73/;( GH VX SHVR LQLFLDO1 (Q HO SULPHU PHV/ OD WDVD GH SpUGLGD IXH GHO
48/8( \ HQ HO VHJXQGR PHV/ GHO 77/:(1 (Q HVWD IDVH/ OD SpUGLGD GH SHVR GH OD KRMDUDVFD
SXHGH UHODFLRQDUVH FRQ OD IUDJPHQWDFLyQ GHO PDWHULDO/ PRYLPLHQWR \ SpUGLGDV GH
IUDJPHQWRV +PDWHULDOHV GH FDUERKLGUDWRV VROXEOHV, \ DO FRQVXPR SRU SDUWH GH RUJDQLVPRV
GHVFRPSRQHGRUHV +0HOLOOR HW DO1 4<;</ &XUULH \ $EHU 4<<:,1 (Q ORV HVWDGRV LQLFLDOHV GH OD
GHVFRPSRVLFLyQ/ HO FDUERQR HVWi GLVSRQLEOH SDUD ORV PLFURRUJDQLVPRV \ GHSHQGH GH OD
FDOLGDG GHO PDWHULDO> KRMDUDVFD PiV ULFD VHUi FRQVXPLGD PiV UiSLGDPHQWH +6ZLIW HW DO1
4<:<,1 7DPELpQ SXGR GHEHUVH HQ SDUWH/ DO FRQWHQLGR UHODWLYDPHQWH DOWR GH KXPHGDG HO
FXDO KD PRVWUDGR VHU LPSRUWDQWH HQ ODV VHOYDV GH EDMD DOWLWXG +&RUQHMR HW DO1 4<<7,/ \D TXH
D SHVDU GH TXH ORV GRV SULPHURV PHVHV FRLQFLGLHURQ FRQ XQ PtQLPR HQ ODV SUHFLSLWDFLRQHV
HQ DPERV FDVRV HVWD IXH VXSHULRU D 433 PP1
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)LJXUD 51 3pUGLGD GH SHVR SRU OD KRMDUDVFD HQ GHVFRPSRVLFLyQ HQ OD VHOYD QXEODGD GH /D
0XFX\/ XWLOL]DQGR HO PpWRGR GH EROVDV1 /DV EDUUDV LQGLFDQ ORV HUURUHV HVWiQGDU
+Q  7,1

/D IDVH 5 FRPHQ]y D SDUWLU GHO WHUFHU PHV +PDU]R,/ FXDQGR ODV YDULDFLRQHV HQ HO SHVR
IXHURQ PHQRUHV1 (O UHVLGXR GH KRMDUDVFD DOFDQ]y DO WHUPLQR GH XQ DxR XQ SHVR GHO 58(
+4/5 J, FRQ UHVSHFWR DO SHVR LQLFLDO +7/< J,1 'XUDQWH HVWD IDVH/ ODV WDVDV GH SpUGLGD GH SHVR
HQWUH PHVHV/ QR VXSHUDURQ HO 43(1 (VWD IDVH 5/ FXDQGR ODV WDVDV GH GHVFRPSRVLFLyQ
GLVPLQX\HURQ/ SXGR RFXUULU TXH OD GLQiPLFD GH OD IUDFFLyQ GH OD OLJQLQR0FHOXORVD/ HPSH]y D
LQFUHPHQWDUVH D PHGLGD TXH FRQWLQXDED HO SURFHVR +0HOLOOR HW DO1 4<;<,1 (O ODYDGR WDPELpQ
SXHGH VHU FRQVLGHUDGR FRPR XQ PHFDQLVPR GH IOXMR R SpUGLGD GH PDVD GH OD KRMDUDVFD
HQ GHVFRPSRVLFLyQ/ SHUR HV UDUDPHQWH PHGLGR HQ ODV LQYHVWLJDFLRQHV +&XUULH \
$EHU14<<:,1

/RV PRGHORV TXH PiV VH DMXVWDQ D OD HYROXFLyQ GHO SURFHVR GH GHVFRPSRVLFLyQ GH
KRMDUDVFD HQ OD VHOYD QXEODGD GH /D 0XFX\/ VRQ ORV PRGHORV OLQHDO \ H[SRQHQFLDO
QHJDWLYRV1 (O PHMRU DMXVWH VH REWXYR FRQ HO PRGHOR H[SRQHQFLDO QHJDWLYR +[W  [3 H0NW,/ HO
FXDO SUHVHQWy YDORUHV GH UHJUHVLyQ PiV DOWRV TXH ORV UHJLVWUDGRV FRQ HO PRGHOR OLQHDO +[W  
[3 ± NW, +U5  3/9; \ U5  3/8; UHVSHFWLYDPHQWH,1 (Q OD VHOYD QXEODGD GH /D &DUERQHUD/
)DVVEHQGHU \ *ULPP +4<;4,/ HQFXHQWUDQ TXH OD FXUYD GH GHVFRPSRVLFLyQ WDQWR SDUD ODV
KRMDV FRPR SDUD ODV UDPDV/ HV OLQHDU1 (VWRV DXWRUHV FDOFXODQ TXH ODV KRMDV VH
GHVFRPSRQGUiQ DO FDER GH 53 PHVHV/ GH OR FXDO UHVXOWD XQD WDVD DQXDO GH
GHVFRPSRVLFLyQ GHO :5(1 3RU RWUD SDUWH/ HQ HO FDVR GH ODV UDPDV/ HO SHUtRGR SDUD VX
GHVFRPSRVLFLyQ WRWDO HV GH 484 PHVHV +45 ò DxRV,1

$XQTXH HO PpWRGR GH ODV EROVDV SXHGH DOWHUDU HO SURFHVR QDWXUDO GH GHVFRPSRVLFLyQ
+:LHGHU \ /DQJ 4<;5, SRU OD H[FOXVLyQ GH RUJDQLVPRV PD\RUHV GH 5 PP \ ORV FDPELRV
PLFURFOLPiWLFRV TXH JHQHUD/ VLQ HPEDUJR VH DVXPH TXH ORV UHVXOWDGRV UHIOHMDQ OD
WHQGHQFLD FDUDFWHUtVWLFD GH OD GHVFRPSRVLFLyQ GH KRMDUDVFD HQ HFRVLVWHPDV WHUUHVWUHV/ \
SHUPLWH KDFHU FRPSDUDFLRQHV HQWUH HVSHFLHV/ VLWLRV \ PDQLSXODFLRQHV H[SHULPHQWDOHV1
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$*5$'(&,0,(1726

(VWD LQYHVWLJDFLyQ UHFLELy ILQDQFLDPLHQWR GHO &RQVHMR GH 'HVDUUROOR &LHQWtILFR/
+XPDQtVWLFR \ 7HFQROyJLFR +&'&+7, GH OD 8QLYHUVLGDG GH /RV $QGHV/ SUR\HFWR &0:9:0<80
340(1 $JUDGHFHPRV HO DSR\R GH ,13$548(6 \ GHO SHUVRQDO GHO 3DUTXH 1DFLRQDO 6LHUUD
1HYDGD/ DVt FRPR D *LOEHUWR 0RULOOR GHO +HUEDULR GH OD )DFXOWDG GH &LHQFLDV )RUHVWDOHV/
8QLYHUVLGDG GH /RV $QGHV1 $ /LQD 6DUPLHQWR/ 'LPDV $FHYHGR \ &DUORV *DUFtD/ SRU VXV
YDOLRVRV FRPHQWDULRV1 $ =XOD\ 0HQGH] \ 'DYLG 'XJDUWH SRU VX D\XGD HQ ODERUDWRULR \
FDPSR1

5()(5(1&,$6 %,%/,2*5$),&$6

$%(5/ -1 '1 \ 0(/,//2/ -1 01 4<;31 /LWWHU GHFRPSRVLWLRQ= PHDVXULQJ UHODWLYH FRQWULEXWLRQV
RI RUJDQLF PDWWHU DQG QLWURJHQ WR IRUHVW VRLOV1 &DQ1 -1 %RW1 8;= 74907541

$7$52))/ 01 \ 5$'$/ )1 53331 'HIRUHVWDWLRQ LPSDFW RQ ZDWHU G\QDPLFV LQ D 9HQH]XHODQ
$QGHDQ FORXG IRUHVW1 $PELR 5<+:,= 7730777

&251(-2/ )1/ $1 9$5(/$ \ -1 :5,*+71 4<<71 7URSLFDO IRUHVW OLWWHU GHFRPSRVLWLRQ XQGHU
VHDVRQDO GURXJKW= QXWULHQW UHOHDVH/ IXQJL DQG EDFWHULD1 2LNRV :3= 4;604<31

&855,(/:1 \ -1 '1 $%(51 4<<:1 0RGHOOLQJ OHDFKLQJ DV D GHFRPSRVLWLRQ SURFHVV LQ KXPLG
PRQWDQH IRUHVW1 (FRORJ\ :;+9,= 4;7704;931

)$66%(1'(5/ +1 :1 \ 81 *5,001 4<;41 &LFORV ELRTXtPLFRV HQ XQ HFRVLVWHPD IRUHVWDO
GH /RV $QGHV 2FFLGHQWDOHV GH 9HQH]XHOD1 ,,1 3URGXFFLyQ \ GHVFRPSRVLFLyQ GH ORV
UHVLGXRV YHJHWDOHV1 7XUULDOED 64+4,= 6<07:1

*58%%/ 31 -1 4<::1 &RQWURO RI IRUHVW JURZWK DQG GLVWULEXWLRQ RQ ZHW WURSLFDO PRXQWDLQV
ZLWK VSHFLDO UHIHUHQFH WR PLQHUDO QXWULWLRQ1 $QQ1 5HY1 (FRO1 6\VW1 ;= ;6043:1

*58%%/ 31-1 \ 31-1 (':$5'6 4<;51 6WXGLHV RQ PLQHUDO F\FOLQJ LQ D PRQWDQH UDLQ IRUHVW
LQ 1HZ *XLQHD1 ,,,1 7KH GLVWULEXWLRQ RI PLQHUDO HOHPHQWV LQ WKH DERYH0JURXQG PDWHULDO1
-RXUQDO RI (FRORJ\ :3=956097;

+$).(16&+(,'/ 5 53331 1XWULHQW G\QDPLFV LQ WZR XSSHU PRQWDQH UDLQ IRUHVW RI
FRQWUDVWLQJ VWDWXUH LQ WKH %OXH 0RXQWDLQV/ -DPDLFD1 ,,1 '\QDPLFV RI VPDOO OLWWHU1 3S1 4:80
535/ LQ +\GURORJ\ DQG ELRJHRFKHPLVWU\ RI WURSLFDO PRQWDQH UDLQ IRUHVW RI FRQWUDVWLQJ
VWDWXUH LQ WKH %OXH 0RXQWDLQV/ -DPDLFD1 3K' 7KHVLV/ 9ULMH 8QLYHUVLWHLW/ $PVWHUGDP1

/$035(&+7/ +1 4<871 (VWXGLRV VLYLFXOWXUDOHV HQ ORV ERVTXHV GHO YDOOH GH /D 0XFX\/
FHUFD GH 0pULGD1 )DFXOWDG GH ,QJHQLHULD )RUHVWDO/ 8QLYHUVLGDG GH /RV $QGHV/ 0pULGD1
463 SJV1

/,6$1(:25./ 11 \ $1 0,&+(/6(11 4<<71 /LWWHUIDOO DQG QXWULHQW UHOHDVH E\
GHFRPSRVLWLRQ LQ WKUHH SODQWDWLRQV FRPSDUHG ZLWK D QDWXUDO IRUHVW LQ WKH (WKLRSLDQ
KLJKODQG1 )RUHVW (FRORJ\ DQG 0DQDJHPHQW 98= 47<04971

/(Ï1/ 01 51 \ 51 $1 48,52*$1 4<;51 3URGXFFLyQ GH PDWHULD RUJiQLFD FDtGD HQ GRV
ERVTXHV FLUFXQGDQWHV D OD VDEDQD GH %RJRWi1 7HVLV HQ %LRORJtD/ )DFXOWDG GH &LHQFLDV/
8QLYHUVLGDG 1DFLRQDO GH &RORPELD1 %RJRWi1

0$1=$1,//$/ 51 4<<31 &DUDFWHUL]DFLyQ H LQWHUSUHWDFLyQ GH XQD WRSRVHFXHQFLD GH OD VHOYD
QXEODGD GH OD YHUWLHQWH QRUWH GH OD 6LHUUD 1HYDGD/ HGR1 0pULGD1 7HVLV 0DJLVWHU
6FLHQWLDH/ )DFXOWDG GH &LHQFLDV )RUHVWDOHV/ 8QLYHUVLGDG GH /RV $QGHV/ 0pULGD/
9HQH]XHOD1

0(',1$/ (1/ (1 &8(9$6 \ 31/1 :($9(51 4<;41 &RPSRVLFLyQ IROLDU \ WUDQVSLUDFLyQ GH
HVSHFLHV OHxRVDV GH 3LFR GHO (VWH/ 6LHUUD GH /XTXLOOR/ 3XHUWR 5LFR1 $FWD &LHQWtILFD
9HQH]RODQD 65=48<0498
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0(/,//2/ -1 01/ -1 $%(5/ $1 /,1.,16/ $1 5,&&$/ %1 )5< \ .1 1$'(/+2))(51 4<;<1
&DUERQ DQG QLWURJHQ G\QDPLFV DORQJ WKH GHFD\ FRQWLQXXP= SODQW OLWWHU WR VRLO RUJDQLF
PDWWHU1 3ODQW DQG VRLO 448= 4;<04<;1

021('(52/ &1 \ 91 *21=È/(=1 4<<81 3URGXFFLyQ GH KRMDUDVFD \ GHVFRPSRVLFLyQ HQ
XQD VHOYD QXEODGD GHO UDPDO LQWHULRU GH OD FRUGLOOHUD GH OD FRVWD/ 9HQH]XHOD1 (FRWURSLFRV
;+405, 40471

08//(5/ /1 4<941 8Q DSDUDWR 0LFUR0.MHOGKDO VLPSOH SDUD DQiOLVLV UXWLQDULRV UiSLGRV GH
PDWHULDV YHJHWDOHV1 7XUULDOED 44= 4:0581

352&725/ -1/ -1 01 $1'(5621 \ +1 :1 9$//$&.1 4<;61 &RPSDUDWLYH VWXGLHV RQ VRLOV
DQG OLWWHUIDOO LQ IRUHVWV DW D UDQJH RI DOWLWXGHV RQ *XQXQJ 0XOX/ 6DUDZDN1 0DOD\VLDQ
)RUHVWHU 79=930:91

352&725/ -1/ &1 3+,//,36/ *1.1 '8))/ $1 +($1(< \ )101 52%(576211 4<;<1
(FRORJLFDO VWXGLHV RQ *XQXQJ 6LODP/ D VPDOO XOWUDEDVLF PRXQWDLQ LQ 6DEDK/ 0DOD\VLD1,,1
6RPH IRUHVW SURFHVVHV1 -RXUQDO RI (FRORJ\ ::=64:0664

52'5Ë*8(=/ (1 \ 01 /1/ 526$61 4<<61 &DtGD GH KRMDUDVFD HQ HO ERVTXH DOWRDQGLQR GH
&DUSDQWD1 (Q &DUSDQWD= VHOYD QXEODGD \ SiUDPR1 )XQGDFLyQ 1DWXUD/ %RJRWi1

6$50,(172/ *1 4<;31 /RV HFRVLVWHPDV \ OD HFRVIHUD1 (GLWRULDO %OXPH/ %DUFHORQD1
6&277/ '1 $1 -1 352&725 \ -1 7+2036211 4<<51 (FRORJLFDO VWXGLHV RQ D ORZODQG

HYHUJUHHQ UDLQ IRUHVW RQ 0DUDFi LVODQG/ 5RUDLPD/ %UD]LO1 ,,1 /LWWHU DQG QXWULHQW F\FOLQJ1
-RXUQDO RI (FRORJ\/ ;3= :380:4:1

67(,1+$5'7/ 81 4<:<1 8QGHUVXFKXQJHQ �EHU GHQ :DVVHU0 XQG 1lKUVWRIIKDXVKDOW HLQHV
DQGLQHQ :RONHQZDOGHV LQ 9HQH]XHOD1 *|WWLQJHU %RGHQNXQGOLFKH %HULFKWH 89/ 404;81

6:,)7/ 01 -1/ 21 :1 +($/ \ -1 01 $1'(56211 4<:<1 'HFRPSRVLWLRQ LQ WHUUHVWULDO
HFRV\VWHPV1 %ODFNZHOO/ 2[IRUG1 3DJV1 6:5

7$11(5/ (1 91/ 91 .$326 \ :1 )5$1&21 4<<51 1LWURJHQ DQG SKRVSKRUXV IHUWLOL]DWLRQ
HIIHFWV RQ 9HQH]XHODQ PRQWDQH IRUHVW WUXQN JURZWK DQG OLWWHUIDOO1 (FRORJ\/ :6+4,= :;0;9

7$11(5/ (1 91/ 31 01 9,7286(. \ (1 &8(9$61 4<<;1 ([SHULPHQWDO LQYHVWLJDWLRQ RI
QXWULHQW OLPLWDWLRQ RI IRUHVW JURZWK RQ ZHW WURSLFDO PRXQWDLQV1 (FRORJ\/ :<+4,=430551

9(1(./$$6/ (1 4<<41 /LWWHUIDOO DQG QXWULHQW IOX[HV LQ WZR PRQWDQH WURSLFDO UDLQ IRUHVW/
&RORPELD1 -RXUQDO RI 7URSLFDO (FRORJ\ := 64<06691

9,7286(./ 31 01 4<;71 /LWWHUIDOO QXWULHQW F\FOLQJ DQG QXWULHQW OLPLWDWLRQ LQ WURSLFDO IRUHVW1
(FRORJ\ 98 +4,= 5;805<;1

9,7286(./ 31 01 \ 51 /1 6$1)25'1 4<;91 1XWULHQW F\FOLQJ LQ PRLVW WURSLFDO IRUHVW1 $QQ1
5HY1 (FRO1 6\VW1 4:= 46:049:1

:,('(5/ 51 .1 \ *1 /$1*1 4<;51 $ FULWLTXH RI WKH DQDO\WLFDO PHWKRGV XVHG LQ H[DPLQLQJ
GHFRPSRVLWLRQ GDWD REWDLQHG IURP OLWWHU EDJV1 (FRORJ\ 96 +9,= 4969049751




