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$ LQFRUSRUDomR GD DQiOLVH GH ULVFR j DYDOLDomR HFRQ{PLFD GH WHFQRORJLDV p XPD

SRGHURVD IHUUDPHQWD TXH SURSRUFLRQD DRV HFRQRPLVWDV DJUtFRODV H DRV SHVTXLVDGRUHV D

RSRUWXQLGDGH GH DQDOLVDUHP DV DOWHUQDWLYDV WHVWDGDV� QmR VRPHQWH VRE R SRQWR GH YLVWD GH

VXVWHQWDELOLGDGH� PDV� WDPEpP� VRE R DVSHFWR GH ULVFR TXH R DJULFXOWRU HVWi FRUUHQGR QD VXD

DGRomR� 2 SULQFLSDO REMHWLYR GHVWH HVWXGR p DQDOLVDU TXDWUR VLVWHPDV DOWHUQDWLYRV GH SURGXomR

GH LQWHJUDomR ODYRXUD�SHFXiULD SDUD UHFRPHQGDU DR DJULFXOWRU DTXHOH GH PHQRU ULVFR� 1HVWD

DQiOLVH IRL DSOLFDGR R PpWRGR GD 'RPLQkQFLD (VWRFiVWLFD FRPSDUDGR FRP R PpWRGR 0pGLD�

9DULkQFLD� )RUDP XWLOL]DGRV RV GDGRV REWLGRV SRU )RQWDQHOL HW DO�������� 3HOR PpWRGR 0pGLD�

9DULkQFLD� R DJULFXOWRU VHULD OHYDGR D HVFROKHU R VLVWHPD GH SURGXomR FRPSRVWR SRU ��� GD

iUHD GD ODYRXUD FRP WULJR H ��� FRP SDVWDJHQV FRQVRUFLDGDV� QR LQYHUQR� H ��� FRP PLOKR H

��� FRP VRMD� QR YHUmR� HP YH] GR VLVWHPD DOWHUQDWLYR FRPSRVWR SRU ��� GD iUHD FRP WULJR H

��� FRP SDVWDJHP FRQVRUFLDGD� QR LQYHUQR� H ��� FRP VRMD H ��� FRP PLOKR� QR YHUmR� (VWH

~OWLPR IRL VHOHFLRQDGR SHOD GRPLQkQFLD HVWRFiVWLFD FRPR VHQGR R PHOKRU VLVWHPD DOWHUQDWLYR

WHVWDGR VRE FRQGLo}HV GH ULVFR� (VWH PpWRGR GH DQiOLVH PRVWURX PDLRU SRGHU GH GLVFULPLQDomR

TXH R PpWRGR 0pGLD 9DULkQFLD H GHYH VHU XWLOL]DGR� VHPSUH TXH SRVVtYHO� SDUD WHVWDU DV QRYDV

UHFRPHQGDo}HV DRV SURGXWRUHV�

3DODYUDV�FKDYH� VLVWHPDV GH SURGXomR� DJURSHFXiULD� DQiOLVH GH ULVFR�

� ,1752'8d®2

$ DQiOLVH GH ULVFR� QD WHRULD GD SURGXomR� p XPD SRGHURVD IHUUDPHQWD� TXH

SURSRUFLRQD DRV HFRQRPLVWDV DJUtFRODV H DRV SHVTXLVDGRUHV D RSRUWXQLGDGH GH

DQDOLVDUHP DV DOWHUQDWLYDV WHFQROyJLFDV� QmR VRPHQWH VRE R SRQWR GH YLVWD GH

                                                
�
(FRQRPLVWD� 0�6F�� (0%5$3$�&137� &[� 3� ���� 3DVVR )XQGR � 56� ���������

�
(QJ� $JU�� 0�6F�� (0%5$3$�&137� &[� 3� ���� 3DVVR )XQGR � 56� ���������
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VXVWHQWDELOLGDGH HFRQ{PLFD� PDV� WDPEpP� VRE R DVSHFWR GH ULVFR TXH R DJULFXOWRU

HVWi FRUUHQGR QD VXD DGRomR�

6HJXQGR 3RUWR HW DO� ������� D PDLRU SDUWH GRV PpWRGRV GH LQFRUSRUDomR GH

ULVFR DRV PRGHORV HPStULFRV GH GHFLVmR TXH WrP VLGR UHSRUWDGRV QD OLWHUDWXUD GH

HFRQRPLD DJUtFROD VmR GH FDUiWHU PXLWR JHUDO H� FRQVHT�HQWHPHQWH� GLVS}HP GH

OLPLWDGR SRGHU GH GLVFULPLQDomR HQWUH DV DOWHUQDWLYDV WHFQROyJLFDV�

'H IRUPD JHUDO� RV UHVXOWDGRV GH SHVTXLVD VmR XVXDOPHQWH JHUDGRV D SDUWLU GH

H[SHULPHQWRV TXH FRPELQDP YiULRV QtYHLV GH XP RX PDLV IDWRUHV GH SURGXomR�

WHQGR�VH FRPR UHVXOWDGR GH]HQDV GH FRPELQDo}HV GH WUDWDPHQWRV�

2 SULQFLSDO REMHWLYR GHVWH WUDEDOKR p DSOLFDU XPD PHWRGRORJLD TXH LQFRUSRUH

ULVFR D PRGHORV GH GHFLVmR HP UHVXOWDGRV GH SHVTXLVD REWLGRV QR &HQWUR 1DFLRQDO GH

3HVTXLVD GH 7ULJR� GD (PSUHVD %UDVLOHLUD GH 3HVTXLVD $JURSHFXiULD �(0%5$3$�

&137�� SRU )RQWDQHOL HW DO�������� H TXH DSUHVHQWH IRUWH SRGHU GH GLVFULPLQDomR

HQWUH DOWHUQDWLYDV JHUDGDV DR QtYHO GH H[SHULPHQWDomR�

'H RXWUD IRUPD� D SHVTXLVD SRGH ILFDU FRP XP OHTXH GH UHFRPHQGDo}HV PXLWR

DPSOR SDUD TXH SRVVD VHU ~WLO DRV SURGXWRUHV�

6HJXQGR 0RXWLQKR HW DO� ������� R ULVFR WHQGH D DWXDU FRPR LPSHGLPHQWR� SRU

SDUWH GRV DJULFXOWRUHV� j DGRomR GH SUiWLFDV PHOKRUDGRUDV� (VWHV� JHUDOPHQWH�

HQFDUDP DV DOWHUQDWLYDV WHFQROyJLFDV� GHULYDGDV GH WUDEDOKRV H[SHULPHQWDLV� FRPR

DUULVFDGDV� GDt D LPSRUWkQFLD GH VH GLYXOJDUHP UHVXOWDGRV GH SHVTXLVD TXH LQFOXDP R

DVSHFWR GH ULVFR�

&RPR WRGR R SURFHVVR GH SURGXomR DJUtFROD HVWi VXMHLWR D LQFHUWH]DV FOLPiWLFDV H

D RXWUDV IRQWHV GH ULVFR GH PHUFDGR� HVWXGDU�VH�i D UHQWDELOLGDGH VRE HVWDV FRQGLo}HV

GH ULVFR GRV UHVXOWDGRV REWLGRV DR QtYHO GH H[SHULPHQWDomR�

� 5(9,6®2 %,%/,2*5É),&$

��� $QiOLVH (�9� VXDV YDULDQWHV H VXDV GLILFXOGDGHV GH GLVFULPLQDomR HQWUH

DOWHUQDWLYDV

7HQGR HP YLVWD TXH R H[FHVVLYR JUDX GH JHQHUDOLGDGH GR 7HRUHPD GD 8WLOLGDGH

(VSHUDGD� WDPEpP FRQKHFLGR FRPR 7HRUHPD )XQGDPHQWDO GD 7HRULD GD 8WLOLGDGH

GH 9RQ 1HXPDQQ �3RUWR HW DO�� ������ GLILFXOWD D VXD DSOLFDomR HPStULFD� YiULDV VmR DV

WHQWDWLYDV IHLWDV QD OLWHUDWXUD� REMHWLYDQGR D RSHUDFLRQDOL]DomR HPStULFD GHVWHV

SULQFtSLRV� 3DUD XPD YLVmR GHWDOKDGD GDV DERUGDJHQV XVDGDV QD OLWHUDWXUD FRP HVWH

ILP� FRQVXOWDU &UX] �������
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8P SDVVR LQLFLDO GDGR� QR VHQWLGR GH UHVWULQJLU DV JHQHUDOLGDGHV GR 7HRUHPD GD

8WLOLGDGH (VSHUDGD� IRL D DQiOLVH PpGLD�YDULkQFLD �(�9 $QDOLV\V�� TXH FRQVLGHUD

DSHQDV RV GRLV SULPHLURV PRPHQWRV GDV GLVWULEXLo}HV GH SUREDELOLGDGH GRV UHWRUQRV

RX GD UHQGD �0DUNRZLW] ������ $ DQiOLVH (�9 SRGH VHU ULJRURVDPHQWH GHULYDGD GRV

D[LRPDV GD WHRULD GH %HUQRXOOL� TXH VmR SUp�RUGHQDPHQWR� FRQWLQXLGDGH H

LQGHSHQGrQFLD �'LOORQ ������ VRE GXDV KLSyWHVHV �0DUNRZLW]� ����� 7RELQ� �����

)HOGVWHLQ� ������

�� SUHVXPLQGR�VH TXH D IXQomR GH XWLOLGDGH GR WRPDGRU GH GHFLVmR VHMD

TXDGUiWLFD� RX

�� VXSRQGR�VH TXH D GLVWULEXLomR GH SUREDELOLGDGH GRV UHWRUQRV VHMD QRUPDO�

$ DQiOLVH (�9 SUHVXPH TXH R WRPDGRU GH GHFLVmR HVFROKD D DOWHUQDWLYD TXH

DSUHVHQWH PHQRU YDULkQFLD SDUD XPD PHVPD PpGLD� RX D DOWHUQDWLYD TXH DSUHVHQWH

PDLRU PpGLD SDUD XPD PHVPD YDULkQFLD �3RUWR HW DO�� ������ 4XDQGR XPD DOWHUQDWLYD

�$�� FRPSDUDGD FRP XPD DOWHUQDWLYD �%�� DSUHVHQWDU PDLRU YDULkQFLD� SHOR FULWpULR GH

$QiOLVH (�9� SRGH�VH GL]HU TXH DPEDV VmR HILFLHQWHV �$QGHUVRQ HW DO�� ������ (VWD

FDUDFWHUtVWLFD GD DQiOLVH (�9 SRGH VHU LQGHVHMiYHO� SRLV� HP FHUWRV FDVRV� XPD

DOWHUQDWLYD �$� SRGH DSUHVHQWDU UHWRUQR PpGLR PXLWR VXSHULRU H DSHQDV SHTXHQR

DFUpVFLPR QD YDULkQFLD HP UHODomR j DOWHUQDWLYD �%�� R TXH FRQVWLWXL PRWLYR VXILFLHQWH

SDUD WRUQDU DPEDV DV DOWHUQDWLYDV LJXDOPHQWH GHVHMiYHLV�

3DUD VXSHUDU WDO GLILFXOGDGH GD DQiOLVH (�9� YiULRV DXWRUHV LQWURGX]LUDP� QD

OLWHUDWXUD� GLIHUHQWHV FULWpULRV SDUD D HVFROKD GH DOWHUQDWLYDV VRE FRQGLo}HV GH ULVFR�

(QWUH RV YiULRV FULWpULRV� 3RUWR ������ GHVWDFD RV PpWRGRV �DG KRF�� RX VHMD� DTXHOHV

PpWRGRV QmR EDVHDGRV HP GHULYDomR WHyULFD RX HP D[LRPDV� 7DLV PpWRGRV

QRUPDOPHQWH FRQVLVWHP HP UHJUDV GH DOJLEHLUD� VHQGR VXD SUHRFXSDomR PDLRU D

VHJXUDQoD GR WRPDGRU GH GHFLVmR� HP YH] GD PD[LPL]DomR GD VXD XWLOLGDGH HVSHUDGD�

3RU HVWH PRWLYR VmR FKDPDGRV GH FULWpULRV GH �VHJXUDQoD HP SULPHLUR OXJDU� �VDIHW\�

ILUVW�� 3DUD PDLRUHV GHWDOKHV H WUDEDOKRV QHVWD OLQKD� YHU 5RXPDVVHW ������ H

$QGHUVRQ �������

��� $SOLFDo}HV HPStULFDV GD 'RPLQkQFLD (VWRFiVWLFD

$V GHFLV}HV HPStULFDV SRGHP VHU FODVVLILFDGDV HP GRLV JUXSRV� VHJXQGR R

Q~PHUR GH Do}HV FRQVLGHUDGDV� ,� GLVFUHWD � DTXHOD HP TXH p FRQVLGHUDGR XP Q~PHUR

ILQLWR GH RSo}HV DOWHUQDWLYDV� H ,,� FRQWtQXD � DTXHOD HP TXH R Q~PHUR GH HVFROKDV

HQWUH DOWHUQDWLYDV GH ULVFR p LQILQLWR� $ DSOLFDomR GH UHJUDV GH VHOHomR SHOD

GRPLQkQFLD HVWRFiVWLFD PDLV FRPXP D SUREOHPDV GH GHFLVmR p D IRUPD GLVFUHWD� 3DUD
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RV SUREOHPDV GH GHFLVmR TXH HQYROYHP D IRUPD FRQWtQXD� D DSOLFDomR GDV UHJUDV GH

GRPLQkQFLD HVWRFiVWLFD DEUDQJH XP Q~PHUR LQILQLWR GH FRPSDUDo}HV GH IXQo}HV

FXPXODWLYDV GH SUREDELOLGDGH� 3DUD UHVROYHU HVWH SUREOHPD DV IXQo}HV FRQWtQXDV VmR

WUDQVIRUPDGDV HP GLVFUHWDV� SRUpP EDVHLDP�VH QR SUREOHPD RULJLQDO� ,VWR

QRUPDOPHQWH FRQVLVWH QD XWLOL]DomR GH VHJPHQWRV OLQHDUHV SDUD D DSUR[LPDomR GD

GLVWULEXLomR GH SUREDELOLGDGH�

4XDQGR R Q~PHUR GH DOWHUQDWLYDV D VHUHP FRPSDUDGDV IRU SHTXHQR� SRGH VHU

XWLOL]DGD D DQiOLVH JUiILFD� RX WDEXODU� SDUD D VHOHomR GDV DOWHUQDWLYDV PDLV HILFLHQWHV�

(QWUHWDQWR� TXDQGR R SUREOHPD GH GHFLVmR HQYROYH JUDQGH Q~PHUR GH FRPSDUDo}HV�

GXDV D GXDV �SDLUZLVH� GDV IXQo}HV FXPXODWLYDV GH SUREDELOLGDGH� p QHFHVViULD D

XWLOL]DomR GH XP DOJRULWPR FRPSXWDFLRQDO� 7DLV IHUUDPHQWDV� SDUD D REWHQomR GH XP

FRQMXQWR HVWRFDVWLFDPHQWH HILFLHQWH GH DOWHUQDWLYDV� VRE R DVSHFWR GH ULVFR SDUD

IXQo}HV GLVFUHWDV GH SUREDELOLGDGH� IRUDP GHVFULWDV SRU /HY\ 	 +DQRFK ������� SRU

/HY\ 	 6DUQDW ������ H SRU 3RUWHU 	 &DUH\ �������

$ PDLRU SDUWH GDV DSOLFDo}HV HPStULFDV GD GRPLQkQFLD HVWRFiVWLFD DWp KRMH

XWLOL]DGDV UHIHUH�VH D SUREOHPDV DGPLQLVWUDWLYRV ILQDQFHLURV H GH SRUWLIyOLR� $QWHV GR

GHVHQYROYLPHQWR GDV UHJUDV GH GRPLQkQFLD HVWRFiVWLFD� D DQiOLVH QXPpULFD GRV

SUREOHPDV GH GHFLVmR XWLOL]DYD R PpWRGR GH 0DUNRZLW] � R PRGHOR GH � PRPHQWRV �L�

H�� DQiOLVH (�9��

6HJXQGR =HQWQHU ������� DWp KRMH� IRUDP RSHUDFLRQDOPHQWH GHVHQYROYLGDV WUrV

UHJUDV GH VHOHomR SHOD GRPLQkQFLD HVWRFiVWLFD� (VWDV UHJUDV WrP XPD SURJUHVVmR

QDWXUDO GH PDLV UHVWULo}HV FRQFHUQHQWHV j QDWXUH]D GD XWLOLGDGH VXEMDFHQWH GD IXQomR

XWLOLGDGH� (VWDV UHJUDV VmR FKDPDGDV GH SULPHLUR JUDX GH GRPLQkQFLD HVWRFiVWLFD

�3*'�� GH VHJXQGR JUDX GH GRPLQkQFLD HVWRFiVWLFD �6*'� H GH WHUFHLUR JUDX GH

GRPLQkQFLD HVWRFiVWLFD �7*'�� 2 SULPHLUR JUDX GH GRPLQkQFLD HVWRFiVWLFD IRL

GHVHQYROYLGR SRU 4XLUN 	 6DSRVQLFN ������� R VHJXQGR IRL GHVHQYROYLGR�

LQGHSHQGHQWHPHQWH� SRU )LVKEXUQ ������� SRU +DQRFK 	 /HY\ ������ H SRU +DGDU 	

5XVVHOO ������ H R WHUFHLUR� SRU :KLWPRUH ������� 3DUD XPD GHVFULomR WHyULFD VXFLQWD

GH WDLV JUDXV� FRQVXOWDU =HQWQHU �������

e SRVVtYHO GHILQLU XP TXDUWR RX PDLRU JUDX GH GRPLQkQFLD HVWRFiVWLFD� SRUpP�

JHUDOPHQWH� GH IRUPD QmR RSHUDFLRQDO H FRP MXVWLILFDWLYDV LQWXLWLYDV H WHyULFDV�

8P HVWXGR IHLWR SRU 3RUWHU 	 *DXPQLW] ������� FRPSDUDQGR RV PpWRGRV (�9�

3*'� 6*' H 7*'� HQWUH ��� SRUWLIyOLRV H[DPLQDGRV� HYLGHQFLRX� ��� HILFLHQWHV SHOR

3*'� �� SHOR 6*' H �� SHOR 7*'� 2 FRQMXQWR GH SRUWLIyOLRV HILFLHQWHV� SHOD DQiOLVH

(�9� IRL GH ��� GRV TXDLV �� SDUWLFLSDYDP GR 6*'�
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(P RXWUR HVWXGR� HQYROYHQGR R UHWRUQR LQGLYLGXDO GH ��� DOWHUQDWLYDV� /HY\ 	

+DQRFK ������ HYLGHQFLDUDP TXH DV DQiOLVHV (�9 H 6*' IRUDP HTXLYDOHQWHV HP

WHUPRV GH Q~PHUR GH DOWHUQDWLYDV VHOHFLRQDGDV� PDV QmR R IRUDP HP WHUPRV GH

LGHQWLGDGH GDV DOWHUQDWLYDV� (OHV FRQFRUGDP TXH R PpWRGR (�9 SRGH UHVXOWDU QD

HVFROKD GH SRUWLIyOLRV� HVSHUDGD� H FRQFOXtUDP TXH R 6*' H R 7*' VmR VXSHULRUHV DR

PpWRGR (�9 H TXH R 3*' QmR IRL HIHWLYR QD RUGHQDomR GDV DOWHUQDWLYDV GH ULVFR� 2V

UHVXOWDGRV GH RXWURV HVWXGRV FRPSDUDWLYRV� HQYROYHQGR SRUWLIyOLRV H GHFLV}HV GH

DGPLQLVWUDomR ILQDQFHLUD� FRPR� SRU H[HPSOR� RV WUDEDOKRV GH 3RUWHU 	 &DUH\ ������

H GH /HY\ 	 6DUQDW ������� WrP� GH IRUPD JHUDO� FRQILUPDGR RV UHVXOWDGRV

HQFRQWUDGRV SRU /HY\ 	 +DQRFK �������

$V DSOLFDo}HV GD GRPLQkQFLD HVWRFiVWLFD D SUREOHPDV GH GHFLVmR QD DJULFXOWXUD

VmR� DLQGD� UDUDV� $QGHUVRQ ������ XVRX D GRPLQkQFLD HVWRFiVWLFD SDUD GHWHUPLQDU R

LPSDFWR GH GLIHUHQWHV JUDXV GH DYHUVmR DR ULVFR HP XP H[SHULPHQWR GH SURGXomR GH

WULJR GH VHTXHLUR FRP GLIHUHQWHV GRVHV GH IHUWLOL]DQWHV� $ DQiOLVH FRQVLVWLX GH ��

FRPELQDo}HV GH QLWURJrQLR H GH IyVIRUR� H D IXQomR GHQVLGDGH GH SUREDELOLGDGH GH

FKXYD GHULYRX GH GDGRV HVSDUVRV� 2 3*' GHVWDFRX XP FRQMXQWR GH �� FRPELQDo}HV

GH IHUWLOL]DQWHV� HQTXDQWR R 6*' H R 7*' GHVWDFDUDP XP FRQMXQWR GH VHWH

FRPELQDo}HV GH IHUWLOL]DQWHV HILFLHQWHV �L�H�� R 7*' QmR HOLPLQRX QHQKXPD

FRPELQDomR HILFLHQWH GR FRQMXQWR GR 6*'�� 2 FRQMXQWR HILFLHQWH GD DQiOLVH (�9 IRL

FRQVWLWXtGR GH RLWR FRPELQDo}HV� GDV TXDLV VHWH WDPEpP HUDP PHPEURV HILFLHQWHV GR

6*'�

(P RXWUR HVWXGR� HQYROYHQGR �� YDULHGDGHV GH WULJR GH SULPDYHUD� D

GRPLQkQFLD HVWRFiVWLFD IRL XWLOL]DGD SDUD YHULILFDU TXDLV DV YDULHGDGHV TXH WLQKDP

PDLRU DGDSWDELOLGDGH DPELHQWDO� GR SRQWR GH YLVWD GH DYHUVmR DR ULVFR GRV

SURGXWRUHV �&,00<7� ������ 2 UHVXOWDGR GD DQiOLVH LQGLFRX TXH �� YDULHGDGHV

SDUWLFLSDUDP GR FRQMXQWR HILFLHQWH GR 3*'� 2V FRQMXQWRV HILFLHQWHV GR 6*' H GR

7*' IRUDP FRQVWLWXtGRV GH � H GH � YDULHGDGHV� UHVSHFWLYDPHQWH�

3RUWR HW DO� ������� FRPSDUDQGR �� DOWHUQDWLYDV HP SODQWLR GH DUUR] LUULJDGR�

FRPELQDGR FRP pSRFDV GH LUULJDomR [ pSRFDV GH FREHUWXUD FRP QLWURJrQLR [

KHUELFLGDV SUp� H SyV�HPHUJHQWHV� VHOHFLRQRX QRYH DOWHUQDWLYDV SHOR PpWRGR (�9 H

GXDV SHOR PpWRGR GH +DQRFK 	 /HY\ ������� ILFDQGR PDLV XPD YH] FRPSURYDGR R

SRGHU GLVFULPLQDWyULR GHVWH PpWRGR�

2 UHVXOWDGR GHVVHV WUDEDOKRV HPStULFRV H GH RXWURV UHSRUWDGRV QD OLWHUDWXUD�

HQYROYHQGR R PpWRGR GH GRPLQkQFLD HVWRFiVWLFD� WHP UHYHODGR YiULDV FDUDFWHUtVWLFDV

FRPXQV� (VWDV SRGHP VHU VXPDUL]DGDV GD VHJXLQWH IRUPD� R 3*' UDUDPHQWH UHGX]

FRP HILFLrQFLD R FRQMXQWR RULJLQDO GH DOWHUQDWLYDV� R 6*' p PDLV HILFLHQWH TXH R 3*'�
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JHUDOPHQWH UHGX]LQGR R FRQMXQWR HVWRFDVWLFDPHQWH HILFLHQWH D XP WDPDQKR UD]RiYHO�

R 7*' SRXFR ID] SDUD UHGX]LU DLQGD PDLV R FRQMXQWR GH DOWHUQDWLYDV HVWRFDVWLFDPHQWH

HILFLHQWHV� FRPSDUDQGR RV FRQMXQWRV (�9 HILFLHQWHV H RV 6*' HILFLHQWHV� QRUPDOPHQWH

REVHUYD�VH TXH VmR LJXDLV HP WDPDQKR� PDV GLIHUHQWHV QDV DOWHUQDWLYDV TXH RV

FRPS}HP� R FRQMXQWR HILFLHQWH (�9 JHUDOPHQWH LQFOXL DOJXQV HOHPHQWRV TXH VmR

HOLPLQDGRV SHOR 6*'� ILQDOPHQWH� R FULWpULR GH GRPLQkQFLD HVWRFiVWLFD p GH DSOLFDomR

PDLV GLItFLO� HP DQiOLVH GH GHFLVmR� GR TXH R FULWpULR GH (�9�

� 0$7(5,$/ ( 0e72'26

2V GDGRV XWLOL]DGRV SURYrP GH H[SHULPHQWR UHDOL]DGR SHOD (0%5$3$�&137

QR &HQWUR GH ([WHQVmR H 3HVTXLVD $JURQ{PLFD GD )DFXOGDGH GH $JURQRPLD GD

)XQGDomR 8QLYHUVLGDGH GH 3DVVR )XQGR �83)�&(3$*52��

2 H[SHULPHQWR IRL LQLFLDGR QR LQYHUQR GH ���� H FRQGX]LGR DWp R YHUmR GH

��������

2V VLVWHPDV FRPSDUDGRV� HP WHUPRV GH XVR GH iUHD� IRUDP�

6LVWHPD , � ��� FRP WULJR H ��� FRP DYHLD SDVWHMR� QR LQYHUQR� H ���� FRP VRMD�

QR YHUmR�

6LVWHPD ,, � ��� FRP WULJR H ��� FRP SDVWDJHP FRQVRUFLDGD� QR LQYHUQR� H ���

FRP VRMD VREUH WULJR H ��� FRP PLOKR VREUH SDVWDJHP FRQVRUFLDGD� QR YHUmR�

6LVWHPD ,,, � ��� FRP WULJR H ��� FRP SDVWDJHP FRQVRUFLDGD� QR LQYHUQR� H ���

FRP VRMD H ��� FRP PLOKR� QR YHUmR� VHQGR VHPSUH FXOWLYDGD VRMD DSyV R WULJR�

6LVWHPD ,9 � ��� FRP WULJR H ��� FRP DYHLD JUmR� QR LQYHUQR� H ���� VRMD� QR

YHUmR�

3DUD PHOKRU HQWHQGLPHQWR GRV VLVWHPDV� YHMD R $QH[R � H R

$QH[R ��

$V LQWHUDo}HV LQYHVWLJDGDV UHVXOWDUDP HP TXDWUR VLVWHPDV DOWHUQDWLYRV GH

SURGXomR DJURSHFXiULD � (VWHV TXDWUR VLVWHPDV DUUDQMDGRV GRLV D GRLV� SDUD HIHLWR GH

DQiOLVH FRPSDUDWLYD� GHUDP RULJHP D VHLV GLIHUHQWHV FRPELQDo}HV�

2 GHOLQHDPHQWR H[SHULPHQWDO IRL GH EORFRV FDVXDOL]DGRV� FRP � UHSHWLo}HV� H

FRP XQLGDGH H[SHULPHQWDO GH ��� P��

$V FXOWXUDV DQXDLV H[SORUDGDV IRUDP HVWDEHOHFLGDV VRE R VLVWHPD SODQWLR GLUHWR�

3DUD DV FXOWXUDV SURGXWRUDV GH JUmRV IRUDP DYDOLDGRV R UHQGLPHQWR GH JUmRV H D

SURGXomR GH SDOKD� 3DUD DV SDVWDJHQV� DYDOLRX�VH D GLVSRQLELOLGDGH GH IRUUDJHP SRU

RFDVLmR GD HQWUDGD GH ERYLQRV SDUD SDVWHMDU H ORJR DSyV D VDtGD GRV DQLPDLV�

(VWLPRX�VH R JDQKR GH SHVR GH ERYLQRV SHOR FRQVXPR GH IRUUDJHP� FRQVLGHUDQGR�VH
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XPD HILFLrQFLD GH FRQYHUVmR GH �� NJ 06�NJ 39 �SHVR YLYR�� FRP EDVH QRV VHJXLQWHV

WUDEDOKRV� 0RUDHV ������� 5HVWOH HW DO� ������� /XSDWLQL HW DO� ������� &DQWR HW

DO�������� 0XOOHU 	 3ULPR ������� 0RRMHQ 	 6DLEUR ������ H )RUPLJKHUL HW DO� �������

7DPEpP DYDOLDUDP�VH D FRPSRVLomR ERWkQLFD H R WHRU GH SURWHtQD EUXWD GDV

SDVWDJHQV�

3DUD FDGD FXOWXUD H HP FDGD VLVWHPD IRUDP DSOLFDGRV RV LQVXPRV H DGRWDGDV DV

UHFRPHQGDo}HV SDUD DV GLYHUVDV FXOWXUDV� WHQGR�VH R FXLGDGR GH ID]HU DV DQRWDo}HV

HFRQ{PLFDV SRU VLVWHPD H SRU XQLGDGH H[SHULPHQWDO� &DGD VLVWHPD SRGH VHU

FRQVLGHUDGR FRPR XPD SURSULHGDGH LQGHSHQGHQWH H WUDWDGD FRPR WDO�

&RPR QRV TXDWUR VLVWHPDV GH SURGXomR SDUWLFLSDUDP GLYHUVDV FXOWXUDV� p

LPSRVVtYHO FRPSDUDU DV SURGXo}HV REWLGDV� 3DUD FRQWRUQDU HVWH SUREOHPD� IRUDP

DSXUDGRV D UHFHLWD WRWDO� R FXVWR WRWDO H D UHFHLWD OtTXLGD SDUD FDGD UHSHWLomR� GHQWUR

GRV VLVWHPDV�

1D FRPSRVLomR GRV FXVWRV IL[RV� IRUDP GHVFRQVLGHUDGRV RV MXURV VREUH R FDSLWDO

WHUUD H R FXVWR GH DGPLQLVWUDomR�3DUD D FRPSRVLomR GH FXVWRV H GH UHFHLWDV� IRUDP

XWLOL]DGRV RV SUHoRV GRV LQVXPRV H SURGXWRV� YLJHQWHV HP ��������� QD SUDoD GH 3DVVR

)XQGR � 56� WUDQVIRUPDGRV HP GyODU DPHULFDQR SHOD WD[D GH FkPELR GR GLD�

'H SRVVH GD UHFHLWD OtTXLGD� SRU UHSHWLomR� IRUDP FDOFXODGDV D PpGLD H D

YDULkQFLD �(�9� GHVWD� SDUD FDGD VLVWHPD DOWHUQDWLYR GH SURGXomR� H IRL DSOLFDGR R

PpWRGR GH +DQRFK 	 /HY\ �������

� 5(68/7$'26 ( ',6&866®2

��� $QiOLVH 0pGLD�9DULkQFLD �(�9 $QDO\VLV�

$ UHJUD GH GHFLVmR SHOR PpWRGR (�9 GL] TXH VH GHYH UHMHLWDU DOWHUQDWLYDV TXH

DSUHVHQWDUHP PDLRU YDULkQFLD SDUD XPD PHVPD PpGLD RX PHQRU PpGLD SDUD D

PHVPD YDULkQFLD� 4XDQWR DRV FDVRV HP TXH XPD GLVWULEXLomR �$� GH UHQGLPHQWRV

DSUHVHQWH PDLRU PpGLD H PDLRU YDULkQFLD TXH XPD GLVWULEXLomR �%�� D HVFROKD GR

VLVWHPD GH SURGXomR FRUUHVSRQGHQWH �RX D VXD YDULDomR� ILFD D FDUJR GR WRPDGRU GH

GHFLVmR� GHSHQGHQGR GD LPSRUWkQFLD UHODWLYD TXH HVWH DWULEXD j PpGLD H j YDULkQFLD�

6H R WRPDGRU GH GHFLVmR WLYHU JUDQGH DYHUVmR DR ULVFR� p SRVVtYHO TXH HOH SUHILUD D

DOWHUQDWLYD FRP PpGLD H FRP YDULkQFLDV PHQRUHV� H YLFH�YHUVD SDUD R FDVR GH

WRPDGRUHV GH GHFLVmR PHQRV DYHVVRV DR ULVFR� (VWD WpFQLFD QmR SRVVLELOLWD D HVFROKD

GD PHOKRU DOWHUQDWLYD�
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1D 7DEHOD �� FRQVWDP RV UHVXOWDGRV GD UHFHLWD OtTXLGD H R UHVSHFWLYR GHVYLR�

SDGUmR SDUD RV VLVWHPDV DOWHUQDWLYRV GH SURGXomR HVWXGDGRV� 2V TXDWUR VLVWHPDV

DSUHVHQWDP PDUJHP OtTXLGD PpGLD SRVLWLYD H GHVYLR�SDGUmR GLIHUHQWHV� R TXH WRUQD

GLItFLO D HVFROKD GD PHOKRU DOWHUQDWLYD�

7DEHOD � � 5HFHLWD OtTXLGD PpGLD KD�� HP VLVWHPDV DOWHUQDWLYRV GH SURGXomR GH

LQWHJUDomR ODYRXUD�SHFXiULD� 3DVVR )XQGR�56� ���� D ����
Sistema de Produção Receita Líquida (US$) Desvio-Padrão (US$) 
Sistema I   154 120 
Sistema II  221 229 
Sistema III 206 189 
Sistema IV  128 86 

2EV�� FiOFXORV IHLWRV FRP EDVH QRV GDGRV GH )RQWDQHOL HW DO��������

��� 0pWRGR GH 'RPLQkQFLD (VWRFiVWLFD

2V UHVXOWDGRV FRQVWDQWHV QDV 7DEHODV � H � IRUDP REWLGRV FRP R SURJUDPD

DSOLFDWLYR GHQRPLQDGR �%,25,6&2� RX �3$&7$�� (VWH SURJUDPD HVWi EDVHDGR QR

FULWpULR GH VLPHWULD GH +DQRFK 	 /HY\ ������� $ SDUWLU GRV GDGRV GD 7DEHOD �� HVWH

SURJUDPD FRPSDUD DV UHFHLWDV OtTXLGDV GRV VLVWHPDV GH SURGXomR DOWHUQDWLYRV� VRE RV

SRQWRV GH YLVWD GH UHQWDELOLGDGH H GH ULVFR� FRQIRUPH GHVFULWR SRU &UX] �������

$ SDUWLU GRV GDGRV GH HQWUDGD GD PpGLD H GR UHVSHFWLYR GHVYLR�SDGUmR GH FDGD

DOWHUQDWLYD� VmR JHUDGDV GLVWULEXLo}HV GH SUREDELOLGDGH DFXPXODGDV DWUDYpV GR

PpWRGR GH 0RQWH &DUOR� EHP FRPR D GLVWULEXLomR GD PDUJHP OtTXLGD

FRUUHVSRQGHQWH D FDGD DOWHUQDWLYD� &RP EDVH QHVWDV GLVWULEXLo}HV GH SUREDELOLGDGH

DFXPXODGD� IRUDP LPSUHVVRV RV LQWHUYDORV GH PDUJHP OtTXLGD GD 7DEHOD � FRP �� GH

SUREDELOLGDGH HQWUH FDGD LQWHUYDOR �WZHQWLOHV�� $V PDUJHQV OtTXLGDV GDV DOWHUQDWLYDV

VRE FRPSDUDomR IRUDP DQDOLVDGDV GXDV D GXDV �SDLUZLVH�� VHQGR TXH D GRPLQkQFLD HP

FRQGLomR GH ULVFR �GRPLQkQFLD HVWRFiVWLFD� IRL DQDOLVDGD SHOR PpWRGR GH +DQRFK 	

/HY\ ������� VHQGR PRVWUDGRV RV UHVXOWDGRV QD 7DEHOD ��

��� &ULWpULR GD �VHJXUDQoD HP SULPHLUR OXJDU� �6DIHW\�)LUVW $QDO\VLV�

(VWH WLSR GH DQiOLVH SRVVLELOLWD D HVFROKD GD DOWHUQDWLYD FRP EDVH QXPD

GHWHUPLQDGD SUREDELOLGDGH GH JDUDQWLU XPD UHQGD OtTXLGD HP GHWHUPLQDGR QtYHO GH

HVFROKD GR WRPDGRU GH GHFLVmR� (VWH SULQFtSLR EDVHLD�VH QR FULWpULR GD �VHJXUDQoD HP
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SULPHLUR OXJDU�� RX VHMD� TXDO D FKDQFH GH XP GRV VLVWHPDV DSUHVHQWDU XPD UHQGD

OtTXLGD ;" 2 YDORU GH ; VHULD HVFROKLGR SHOR WRPDGRU GH GHFLVmR�

2V GDGRV GD 7DEHOD � IRUDP JHUDGRV D SDUWLU GD GLVWULEXLomR FRPSOHWD GH

SUREDELOLGDGH DFXPXODGD GD GLVWULEXLomR QRUPDO GHQWUR GH FDGD VLVWHPD� 2 SUySULR

SURJUDPD GLYLGH HVWD GLVWULEXLomR HP �� LQWHUYDORV GH � � GH SUREDELOLGDGH FDGD�

7DEHOD � � 'LVWULEXLomR GH SUREDELOLGDGH DFXPXODGD GD UHFHLWD OtTXLGD �7ZHQWLOHV�

KD�� HP VLVWHPDV DOWHUQDWLYRV GH SURGXomR GH LQWHJUDomR ODYRXUD�SHFXiULD�

3DVVR )XQGR�56� ���� D ����
 %   Sist.I Sist.II Sist.III Sist.IV 
  0    < 0     < 0    < 0    < 0 
  5    < 0     < 0    < 0    < 0 
 10   5,88     < 0    < 0  24,25 
 15  34,99     < 0  11,28  44,52 
 20  53,72   16,83  41,80  57,57 
 25  87,95   86,51  97,57  81,42 
 30 111,86  135,18 136,52  98,07 
 35 123,61  159,11 155,67 106,26 
 40 138,38  189,17 197,73 116,55 
 45 159,56  232,31 214,24 131,31 
 50 173,77  261,23 237,39 141,20 
 55 184,67  283,42 255,15 148,80 
 60 203,19  321,13 285,32 161,70 
 65 225,58  366,71 321,80 177,30 
 70 246,04  408,37 355,14 191,55 
 75 265,13  447,24 386,24 204,85 
 80 277,88  473,19 407,01 213,73 
 85 305,26  528,94 451,62 232,81 
 90 338,41  596,43 502,63 255,90 
 95 383,30  687,82 578,76 287,18 
100 512,77  951,41 789,70 377,37 

2EV�� FiOFXORV IHLWRV FRP EDVH QRV GDGRV GH )RQWDQHOL HW DO��������

$VVLP VHQGR� D OHLWXUD GHVWHV LQWHUYDORV GH LJXDO SUREDELOLGDGH �7ZHQWLOHV� p IHLWD

HP DFUpVFLPRV GH �� GH FLPD SDUD EDL[R� 3RU H[HPSOR� QR 6LVWHPD , GH SURGXomR�

Ki �� GH SUREDELOLGDGH GH D UHFHLWD OtTXLGD VHU QHJDWLYD� �� � GH SUREDELOLGDGH GH D

UHFHLWD OtTXLGD VHU LJXDO RX LQIHULRU D 86� ���� KD��� �� � GH SUREDELOLGDGH GH D

UHFHLWD OtTXLGD VHU LJXDO RX LQIHULRU D 86� ����� KD��� H DVVLP SRU GLDQWH�

6XSRQGR�VH TXH XP DJULFXOWRU �$� QmR TXHLUD FRUUHU R ULVFR VXSHULRU D �� � GH

WHU UHFHLWD OtTXLGD QHJDWLYD� HVWH DJULFXOWRU MDPDLV GHYHULD HVFROKHU RV 6LVWHPDV ,, H ,,,

GD 7DEHOD �� 3RU RXWUR ODGR� XP DJULFXOWRU �%�� TXH TXHLUD REWHU D PDLRU UHQGD

OtTXLGD SRVVtYHO� HVFROKHULD R 6LVWHPD ,, �7DEHOD ��� 6H XP DJULFXOWRU �&� MRJDVVH �� �

GH VXD FKDQFH SDUD DWLQJLU D Pi[LPD UHFHLWD OtTXLGD� HVFROKHULD R 6LVWHPD ,,, GD
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7DEHOD � SDUD REWHU XPD UHFHLWD OtTXLGD PHQRU RX LJXDO D 86� ������ KD��� 3RU HVWH

PpWRGR� D HVFROKD GD DOWHUQDWLYD GHSHQGH ~QLFD H H[FOXVLYDPHQWH GR FRQFHLWR GH

ULVFR GR WRPDGRU GH GHFLVmR�

3DUD VXSHUDU RV SUREOHPDV GH GHFLVmR� EDVHDGRV HP FULWpULRV (�9 H 6DIHW\�)LUVW

$QDO\VLV� SRGH�VH ODQoDU PmR GR FULWpULR GH GRPLQkQFLD HVWRFiVWLFD�

��� &ULWpULR GD 'RPLQkQFLD (VWRFiVWLFD

2V UHVXOWDGRV GD GRPLQkQFLD HVWRFiVWLFD HQFRQWUDP�VH QD 7DEHOD �� (VWHV

UHVXOWDGRV IRUDP JHUDGRV� OHYDQGR�VH HP FRQVLGHUDomR D UHQWDELOLGDGH H R ULVFR� 2V

Q~PHURV ]HUR� XP H GRLV WrP D VHJXLQWH LQWHUSUHWDomR� ]HUR VLJQLILFD VLVWHPD

DOWHUQDWLYR GRPLQDQWH QD FROXQD H GRPLQDGR QD OLQKD� XP VLJQLILFD VLVWHPD

DOWHUQDWLYR GRPLQDGR QD FROXQD H GRPLQDQWH QD OLQKD� H GRLV� DPERV RV VLVWHPDV

DOWHUQDWLYRV VH HTXLYDOHP� HP WHUPRV GH GRPLQkQFLD HVWRFiVWLFD� &RP HVWD

LQWHUSUHWDomR� SRGH�VH FRQFOXLU TXH R 6LVWHPD ,9 IRL GRPLQDGR SHORV GHPDLV� 2V

6LVWHPDV DOWHUQDWLYRV GH SURGXomR , H ,, VmR HTXLYDOHQWHV HP WHUPRV GH ULVFR� SRU VXD

YH]� RV 6LVWHPDV ,, H ,,, WDPEpP VmR HTXLYDOHQWHV� PDV R 6LVWHPD ,,, GRPLQD R

6LVWHPD ,� 1HVWDV FLUFXQVWkQFLDV� RV GRLV PHOKRUHV VLVWHPDV DOWHUQDWLYRV GH SURGXomR�

HP RUGHP GHFUHVFHQWH� VmR RV 6LVWHPDV ,,, H ,,�

7DEHOD � � 'RPLQkQFLD HVWRFiVWLFD GRV VLVWHPDV GH SURGXomR DOWHUQDWLYRV GH

LQWHJUDomR ODYRXUD�SHFXiULD� HP WHUPRV GH PDUJHP OtTXLGD� FRPSDUDGRV

GRLV D GRLV �3DLUZLVH�� VHJXQGR R PpWRGR GH +DQRFK 	 /HY\ ������ 3DVVR

)XQGR�56� ���� D ����
2ª Alternativa Sistemas de Produção 
1ª Alternativa I II III IV 

I - 2 0 1 
II 2 - 2 1 
III 1 2 - 1 
IV 0 0 0 - 

)217(� 5HVXOWDGRV GR 3$&7$ XVDQGR RV GDGRV REWLGRV SRU )217$1(/, HW DO��������

2%6�� $ OHLWXUD GHYH VHU IHLWD QR VHQWLGR KRUL]RQWDO� VHQGR TXH � �]HUR� VLJQLILFD TXH D SULPHLUD

DOWHUQDWLYD p GRPLQDGD SHOD VHJXQGD� � �XP� VLJQLILFD TXH D SULPHLUD DOWHUQDWLYD GRPLQD D

VHJXQGD� � �GRLV� VLJQLILFD GXSOD HILFLrQFLD� RX VHMD� QHQKXPD GDV GXDV DOWHUQDWLYDV p LQIHULRU VRE

FRQGLomR GH ULVFR� ([HPSOR� $ SULPHLUD OLQKD �6LVWHPD ,� WHP D VHJXLQWH OHLWXUD� D� 2 6LVWHPD ,

DSUHVHQWD GXSOD HILFLrQFLD FRP UHODomR DR 6LVWHPD ,,� RX VHMD QHP R 6LVWHPD , QHP R 6LVWHPD ,,

IRUDP GRPLQDGRV QHVWD FRPSDUDomR� E� 2 6LVWHPD ,,, GRPLQD R 6LVWHPD ,� H F� 2 6LVWHPD ,9 p

GRPLQDGR SHOR 6LVWHPD , HP FRQGLo}HV GH ULVFR� REVHUYH�VH� QHVWH SDUWLFXODU� TXH R 6LVWHPD ,9 p R

SLRU GH WRGRV� SRLV IRL GRPLQDGR SHORV GHPDLV VRE FRQGLomR GH ULVFR�
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� &21&/86¯(6

3HOR PpWRGR (�9� R VLVWHPD DOWHUQDWLYR GH SURGXomR ,, DSUHVHQWRX PDLRU UHFHLWD

OtTXLGD PpGLD H PDLRU GHVYLR SDGUmR� VHP� QR HQWDQWR� SHUPLWLU TXH VH GHILQLVVH TXDO

D PHOKRU DOWHUQDWLYD�

3HOR PpWRGR GD 'RPLQkQFLD (VWRFiVWLFD� R FXOWLYR GH ��� GD iUHD FRP WULJR H ���

FRP SDVWDJHP FRQVRUFLDGD� QR LQYHUQR� H ��� FRP VRMD H ��� FRP PLOKR� QR YHUmR�

VHQGR VHPSUH FXOWLYDGD VRMD DSyV R WULJR �6LVWHPD ,,,�� PRVWURX VHU R PHOKRU VLVWHPD

DOWHUQDWLYR GH SURGXomR� VRE RV SRQWRV GH YLVWD GH UHQWDELOLGDGH H GH ULVFR�

2 VHJXQGR PHOKRU VLVWHPD DOWHUQDWLYR� HP UHQWDELOLGDGH H HP ULVFR� IRL R

FXOWLYDGR FRP ��� GH WULJR H ��� FRP SDVWDJHP FRQVRUFLDGD� QR LQYHUQR� H ��� FRP

VRMD� VREUH WULJR� H ��� FRP PLOKR� VREUH SDVWDJHP FRQVRUFLDGD �6LVWHPD ,,��

2 PpWRGR GD 'RPLQkQFLD (VWRFiVWLFD PRVWURX PDLRU SRGHU GH GLVFULPLQDomR

HP UHODomR DR PpWRGR (�9 H GHYH VHU XWLOL]DGR� VHPSUH TXH SRVVtYHO� SDUD WHVWDU DV

QRYDV UHFRPHQGDo}HV DRV SURGXWRUHV�

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

$1'(5621� -�5� 5LVN DYHUVLRQ DQG SRO\QRPLDO SUHIHUHQFH� $XVWUDOLDQ (FRQRPLF

3DSHUV� $GHODLGH�Y���� Q���� S�������� �����

$1'(5621� -�5� 0RGHOLQJ GHFLVLRQ PDNLQJ XQGHU ULVN� 0p[LFR� &,00<7� �����

$1'(5621� -�5� 6SDUFH GDWD� HVWLPDWLRQDO UHOLDELOLW\ DQG ULVN�HIILFLHQW GLVFXVLRQV�

$PHULFDQ -RXUQDO RI $JULFXOWXUDO (FRQRPLFV� $PHV� Y���� Q��� S��������� �����

$1'(5621� -�5�� ',//21� -�/� 	 +$5'$.(5� %� $JULFXOWXUDO GHFLVLRQ DQDO\VLV�

$PHV� ,RZD 6WDWH 8QLYHUVLW\ 3UHVV� �����

&$172� 0�:� GR� 48$'526� )�/�)� GH � 5(67/(� -�� 025$(6� $�*� 	

/83$7,1,� *�&� *DQKR GH SHVR GH DQLPDLV PDQWLGRV HP SDVWDJHP GH DYHLD �$YHQD

VWULJRVD� DGXEDGD FRP QLWURJrQLR H HP PLVWXUD FRP HUYLOKDFD �9LFLD VDWLYD�� ,Q�

5(81,®2 $18$/ '$ 62&,('$'( %5$6$6,/(,5$ '( =227(&1,$� ���� �����

/DYUDV� 0*� $QDLV� 9LoRVD� 6RFLHGDGH %UDVLOHLUD GH =RRWHFQLD� ����� S���

&,00<7� 5HVXOWV RI WKH �WK ,QWHUQDWLRQDO 6SULQJ :KHDW <LHOG 1XUVHU\� 0p[LFR�

����� �&,00<7� 5HVHDUFK %XOOHWLQ� ����

&58=� (�5� GD� 2Q WKH GHWHUPLQDWLRQ RI SULRULWLHV IRU DJULFXOWXUDO UHVHDUFK XQGHU

ULVN� /RQGRQ� 7HVH �'RXWRUDGR�� :\H &ROOHJH� 8QLYHUVLW\ RI /RQGRQ� �����

&58=� (�5� GD� 3$&7$ � 3URJUDPD GH DYDOLDomR FRPSDUDWLYD GH WHFQRORJLDV

DOWHUQDWLYDV� JXLD GR XVXiULR� %UDVtOLD� ����� �S� (0%5$3$� ''0�

',//21� -�/� $Q H[SRVLWRU\ UHYLHZ RI %HUQRXOOLDQ GHFLVLRQ WKHRU\� 5HYLHZ RI

0DUNHWLQJ DQG $JULFXOWXUDO (FRQRPLFV� +D\PDUNHW� Y���� Q� �� S� ����� �����
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�� )(/'67(,1� 0�6� 0HDQ YDULDQFH DQDO\VLV LQ WKH WKHRU\ RI OLTXLGLW\ SUHIHUHQFH
DQG SRUWIROLR VHOHFWLRQ� 5HYLHZ RI (FRQRPLF 6WXGLHV� 2[IRUG� Y� ��� Q� �� S� �����
�����
�� ),6+%851� 3�&� 'HFLVLRQ DQG YDOYH WKHRU\� 1HZ <RUN� -RKQ :LOOH\ 	 6RQV�
�����
�� )217$1(/,� 5�6�� $0%526,� ,� 	 ',.(6&+� -�$� $QiOLVH HFRQ{PLFD GH
VLVWHPDV GH URWDomR GH FXOWXUDV FRP SDVWDJHQV DQXDLV GH LQYHUQR� HP SODQWLR GLUHWR�
3DVVR )XQGR� (0%5$3$�&137� ����� �S� 7UDEDOKR DSUHVHQWDGR QD ,9 5HXQLmR
&HQWUR�6XO GH $GXEDomR 9HUGH H 5RWDomR GH &XOWXUDV� ����� 3DVVR )XQGR� 56�
�� )250,*+(5,� /�� )217$1(/,� 5�6� 	 )250,*+(5,� /� $YDOLDomR GR
GHVHPSHQKR GH ERYLQRV GH FRUWH HP SDVWDJHQV GH HVWDomR IULD� 3DVVR )XQGR�
(0%5$3$�&137� ����� �S� 7UDEDOKR DSUHVHQWDGR QD ,9 5HXQLmR &HQWUR�6XO GH
$GXEDomR 9HUGH H 5RWDomR GH &XOWXUDV� ����� 3DVVR )XQGR� 56�
�� )5(81'� 5�-� 7KH LQWURGXFWLRQ RI ULVN LQWR D SURJUDPPLQJ PRGHO�
(FRQRPHWULFD� 2[IRUG� Y���� Q��� S�������� �����
�� +$'$5� -� 	 5866(/� :�5� 5XOHV IRU RUGHULQJ XQFHUWDLQ 3URVSHFWV� $PHULFDQ
(FRQRPLF 5HYLHZ� 1DVKYLOOH� Y���� Q��� S������� �����
�� +$12&+� *� 	 /(9<� +� (IILFLHQW SRUWIROLR VHOHFWLRQ ZLWK TXDGUDWLF DQG FXELF
XWLOLW\� -RXUQDO RI %XVLQHVV� Y���� Q��� S��������� �����
�� +$12&+� *� 	 /(9<� +� 7KH HIILFLHQF\ DQDO\VLV RI FKRLFHV LQYROYLQJ ULVN�
5HYLHZ RI (FRQRPLF 6WXGLHV� 2[IRUG� Y���� Q��� S��������� �����
�� /(9<� +� 	 +$12&+� *� 5HODWLYH HIIHFWLYHQHVV RI HIILFLHQF\ FULWHULD IRU
SRUWIROLR VHOHFWLRQ� -RXUQDO RI )LQDQFLDO DQG 4XDQWLWDWLYH $QDO\VLV� 6HDWWOH� Y��� Q���
S������� �����
�� /(9<� +� 	 6$51$7� 0� $OWHUQDWLYH HIILFLHQF\ FULWHULD� DQ HPSLULFDO DQDO\VLV�
-RXUQDO RI )LQDQFH� 1HZ <RUN� Y���� S����������� �����
�� /83$7,1,� *�&�� 5(67/(� -�� &(5(77$� 0�� 9$/(17(� $�9�� %$57=� +�5��
022-(1� (�/�	 '$/6$662� /�&� $YDOLDomR GD PLVWXUD GH DYHLD SUHWD �$YHQD
VWULJRVD� H D]HYpP �/ROLXP PXOWLIORUXP� VRE SDVWHMR VXEPHWLGD D QtYHLV GH
QLWURJrQLR� ,, � 3URGXomR GH IRUUDJHP� ,Q� 5(81,®2 $18$/ '$ 62&,('$'(
%5$6,/(,5$ '( =227(&1,$� ��� ����� 5LR GH -DQHLUR� 5-� $QDLV� 1LWHUyL�
6RFLHGDGH %UDVLOHLUD GH =RRWHFQLD� ����� S����
�� 0$5&2:,7=� +� 3RUWIROLR VHOHFWLRQ � HIILFLHQW GLYHUVLILFDWLRQ RI LQYHVWPHQWV�
1HZ <RUN� :LOH\� �����
022-(1� (�/� 	 6$,%52� -�&� GH� (IHLWR GH UHJLPHV GH FRUWH VREUH R UHQGLPHQWR H
TXDOLGDGH GH PLVWXUDV IRUUDJHLUDV GH HVWDomR IULD� 3HVTXLVD DJURSHFXiULD EUDVLOHLUD�
%UDVtOLD� Y���� Q��� S��������� �����
025$(6� $� GH� 3URGXWLYLGDGH DQLPDO H GLQkPLFD GH XPD SDVWDJHP GH SDQJROD
�'LJLWDULD GHFXPEHQV�� D]HYpP �/ROLXP PXOWLIORUXP� H WUHYR EUDQFR �7ULIROLXP
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UHSHQV�� VXEPHWLGD D GLIHUHQWHV SUHVV}HV GH SDVWHMR� 3RUWR $OHJUH� 8QLYHUVLGDGH

)HGHUDO GR 5LR *UDQGH GR 6XO� ���S� 7HVH �'RXWRUDGR� ����

0287,1+2� '�$�� 6$1'(56 -U�� -�+� 	 :(%(5� 0�7� 7RPDGD GH GHFLVmR VRE

FRQGLo}HV GH ULVFR HP UHODomR D QRYD WHFQRORJLD SDUD D SURGXomR GR IHLMmR GH FRUGD�

5HYLVWD GH (FRQRPLD 5XUDO� %UDVtOLD� Y���� Q��� S������� �����

08//(5� /� 	 35,02� $�7� ,QIOXrQFLD GR UHJLPH DOLPHQWDU GXUDQWH D UHFULD H

WHUPLQDomR QR GHVHQYROYLPHQWR GH QRYLOKRV� ,Q� 5(81,®2 $18$/ '$

62&,('$'( %5$6,/(,5$ '( =227(&1,$� ��� ����� &DPERUL~� 6&� $QDLV�

9LoRVD� 6RFLHGDGH %UDVLOHLUD GH =RRWHFQLD� ����� S�����

3257(5� 5�%� 	 &$5(<� .� 6WRFKDVWLF GRPLQDQFH DV D ULVN DQDO\VLV FULWHULRQ�

'HFLVLRQ 6FLHQFH� $WODQWD� Y��� Q��� S������� �����

3257(5� 5�%� 	 *$801,7=� -�(� 6WRFKDVWLF GRPLQDQFH 96 PHDQ�YDULDQFH

SRUWIROLR DQDO\VLV� DQ HPSLULFDO HYDOXDWLRQ� $PHULFDQ (FRQRPLF 5HYLHZ� 1DVKYLOOH�

Y���� Q��� S��������� �����

32572� 9�+� GD )�� '$ &58=� (�5�	 ,1)(/'� -�$� � 0HWRGRORJLD SDUD

LQFRUSRUDomR GH ULVFR HP PRGHORV GH GHFLVmR XVDGRV QD DQiOLVH FRPSDUDWLYD HQWUH

DOWHUQDWLYDV� R FDVR GD FXOWXUD GR DUUR] LUULJDGR� 5HYLVWD GH (FRQRPLD 5XUDO�

%UDVtOLD� Y���� Q��� S��������� �����

48,5.� -�3� 	 6$3261,&.� 5� $GPLVVLELOLW\ DQG PHDVXUDEOH XWLOLW\ IXQFWLRQV�

5HYLHZ RI (FRQRPLF 6WXGLHV� 2[IRUG� Y���� Q��� S��������� �����

5(67/(� -�� /83$7,1,� *�&�� 9$/(17(� $�9�� &(5(77$� 0� 	 %$57=� +� 5�

$YDOLDomR GD PLVWXUD GH DYHLD SUHWD �$YHQD VWULJRVD� H D]HYpP �/ROLXP PXOWLIORUXP�

VRE SDVWHMR VXEPHWLGD D QtYHLV GH QLWURJrQLR� ,Q� 5(81,®2 $18$/ '$

62&,('$'( %5$6,/(,5$ '( =227(&1,$� ���� ����� 5LR GH -DQHLUR� 5-� $QDLV�

1LWHUyL� 6RFLHGDGH %UDVLOHLUD GH =RRWHFQLD� ����� S����

5280$66(7�-� 5LFH DQG ULVN� GHFLVLRQ PDNLQJ DPRQJ ORZ�LQFRPH IDUPHUV�

$PVWHUGDP� 1RUWK +ROODQG� �����

72%,1� -� /LTXLGLW\ SUHIHUHQFH DV EHKDYLRXU WRZDUGV ULVN� 5HYLHZ RI (FRQRPLF

6WXGLHV� 2[IRUG� Y���� Q��� S������� �����

:(,16� 7�%� 3HDVDQW ULVN DYHUVLRQ DQG DOORFDWLRQ EHKDYLRXU� D TXDGUDWLF

SURJUDPPLQJ H[SHULHQW� $PHULFDQ -RXUQDO RI $JULFXOWXUDO (FRQRPLFV� $PHV� S� ����

��� QRY� �����

:+,7025(� *�$� 7KLUG�GHJUHH VWRFKDVWLF GRPLQDQFH� $PHULFDQ (FRQRPLF

5HYLHZ� 1DVKYLOOH� Y���� Q��� S��������� �����

=(171(5� 5�3� 'HFLVLRQ PDNLQJ XQGHU ULVN ZLWK VWRFKDVWLF GRPLQDQFH� >6�O�@�

8QLYHUVLW\ RI 0LQQHVRWD� ����� ��S�7H[WR GDWLORJUDIDGR�
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$%675$&7

5,6. $1$/<6,6 2) )285 $/7(51$7,9( 6<67(06 2) 352'8&7,21 $1'

,17(*5$7,21 2) &523�/,9(672&.

5LVN DQDO\VLV LV D SRZHUIXO WRRO WR VHOHFW FURSSLQJ V\VWHPV EDVHG RQ DJULFXOWXUDO

VXVWDLQDELOLW\ DQG ULVN� 7KH PHDQ�YDULDQFH PHWKRG �(�9 DQDO\VLV� HPSOR\HG WDNHV LQWR

FRQVLGHUDWLRQ D ODUJH JURXS RI FURSSLQJ V\VWHPV DV DFFHSWDEOH� PDNLQJ LW GLIILFXOW WR

VHOHFW WKH PRVW GHVLUDEOH RQHV DQG UHVWULFWLQJ LWV XVHIXOQHVV� 7KH 6WRFKDVWLF 'RPLQDQFH

0HWKRG UDQNV FURSSLQJ V\VWHPV LQ JURXSV DQG IDFLOLWDWHV WKH VHOHFWLRQ RI WKH PRVW

VXVWDLQDEOH DQG OHVV ULVN\ V\VWHPV� 7KH DLP RI WKLV VWXG\ ZDV WR HYDOXDWH IRXU QHZ

LQWHJUDWHG FURS�OLYHVWRFN SURGXFWLRQ V\VWHPV� 7KH FKRLFH EDVHG RQ WKH 6WRFKDVWLF

'RPLQDQFH 0HWKRG ZDV IRU WKH FURSSLQJ V\VWHPV LQ ZKLFK ZKHDW ZDV VRZQ WR RQH�

WKLUG DQG IRUDJHV ZHUH VRZQ WR WZR�WKLUGV RI WKH DUHD LQ WKH ZLQWHU DQG VRZQ WR

VR\EHDQ RQ WZR�WKLUGV DQG PDL]H WR RQH�WKLUG RI WKH DUHD LQ WKH VXPPHU� 7KH (�9

DQDO\VLV LQGLFDWHG WKDW D SURGXFWLRQ V\VWHP LQ ZKLFK WKH DUHD ZDV VSOLW LQ HTXDO

SURSRUWLRQV EHWZHHQ ZKHDW DQG IRUDJHV LQ WKH ZLQWHU DQG EHWZHHQ VR\EHDQ DQG PDL]H

GXULQJ WKH VXPPHU KDG WKH JUHDWHVW QHW PDUJLQ DQG VWDQGDUG GHYLDWLRQ� ,W ZDV

FRQFOXGHG WKDW WKH 6WRFKDVWLF 'RPLQDQFH 0HWKRG LV PRUH DSSURSULDWH WKDQ WKH (�9

$QDO\VLV IRU VHOHFWLQJ FURSSLQJ V\VWHP WR EH UHFRPPHQGHG WR IDUPHUV�

.H\�ZRUGV� SURGXFWLRQ V\VWHPV� DJURFDWWOH � ULVN DQDO\VLV�
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$1(;2 � � (VTXHPD GH URWDomR GH FXOWXUDV SDUD RV VLVWHPDV DOWHUQDWLYRV GH

SURGXomR GH LQWHJUDomR ODYRXUD�SHFXiULD
Sistema  Parcela Anos 

       90/91 91/92  92/93 
     1 T/S   A/S    A/S 
I    2 A/S   T/S    A/S 
     3 A/S   A/S    T/S 
     4 Con/M T/S    Con/M 

II   5 T/S   Con/M  T/S 
     6 Con/M T/S    Con/S 

III  7 Con/S Con/M  T/S 
     8 T/S   Con/S  Con/M 
     9 T/S   AG/S   AG/S 

IV  10 AG/S  T/S    AG/S 
    11 AG/S  AG/S   T/S  

$ $YHLD SDVWHMR� $* $YHLD JUmR� &RQ &RQVRUFLDomR� 0 0LOKR� 6 6RMD� 7 7ULJR�

$1(;2 � � 3DUWLFLSDomR GDV FXOWXUDV QRV VLVWHPDV DOWHUQDWLYRV GH SURGXomR GH

LQWHJUDomR ODYRXUD�SHFXiULD
Sistema Parcela Composição das culturas  

  Inverno Verão 
I (1,2,3)  1/3 Trigo 1/1 Soja 
  2/3 Aveia pastejo  
    

II (4,5) 1/2 Trigo 1/2 Soja 
  1/2 Past.cons. 1/2 Milho 
    

III (6,7,8) 1/3 Trigo 2/3 Soja 
  2/3 Past.cons. 1/3 Milho 
    

IV (9,10,11) 1/3 Trigo 1/1 Soja 
  2/3 Aveia grão  
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$1(;2 � � 2 0pWRGR GH +DQRFK 	 /HY\ SDUD LQFRUSRUDomR GH ULVFR

2 FULWpULR GH +DQRFK 	 /HY\ SDUD LQFRUSRUDomR GH ULVFR� XVDGR QHVWH WUDEDOKR�

HVWi EDVHDGR QRV D[LRPDV GH %HUQRXOOL H QR 7HRUHPD GD 8WLOLGDGH (VSHUDGD� FRP DV

VHJXLQWHV KLSyWHVHV DGLFLRQDLV�

�� D IXQomR GH XWLOLGDGH GR WRPDGRU GH GHFLVmR p TXDGUiWLFD�

�� D IXQomR GH GLVWULEXLomR GH SUREDELOLGDGH GRV UHWRUQRV p VLPpWULFD� 6RE HVWDV

FRQGLo}HV� R FULWpULR GH +DQRFK H /HY\ p XP FDVR HVSHFLDO GDV UHJUDV GH GRPLQkQFLD

HVWRFiVWLFD� TXH QmR SUHVXPHP VLPHWULD H QHP WDPSRXFR TXDOTXHU IRUPD HVSHFtILFD

GD IXQomR GH XWLOLGDGH�

+DQRFK H /HY\ GHULYDUDP RXWURV FULWpULRV� XVDQGR KLSyWHVHV DOWHUQDWLYDV�� PDV

QRV DWHUHPRV DR FDVR GD VLPHWULD SHODV VHJXLQWHV UD]}HV�

�� H[LVWH H[WHQVD OLWHUDWXUD TXH XVD H MXVWLILFD D KLSyWHVH GH IXQo}HV GH XWLOLGDGH

TXDGUiWLFD FRPR XPD DSUR[LPDomR UD]RiYHO SDUD R FRPSRUWDPHQWR GR WRPDGRU GH

GHFLVmR� SHOR PHQRV GHQWUR GH XP FHUWR LQWHUYDOR GH UHWRUQRV� $ HVWH UHVSHLWR� YHMD�VH

)HOGVWHLQ ������� 7RELQ ������ H $QGHUVRQ �������

�� D KLSyWHVH GD VLPHWULD GDV GLVWULEXLo}HV GH SUREDELOLGDGH GDV YDULiYHLV VRE

LQYHVWLJDomR SRGH VHU VDWLVIHLWD D SDUWLU GH XPD JUDQGH YDULHGDGH GH GLVWULEXLo}HV

�H[�� QRUPDO� XQLIRUPH� WULDQJXODU� EHWD� HWF��� (VWXGRV HPStULFRV UHSRUWDGRV HP &UX]

������ HYLGHQFLDP TXH� SDUD DSOLFDo}HV DJUtFRODV� DV GLVWULEXLo}HV GH UHQGLPHQWRV H

SUHoRV HVSHUDGRV VmR DSUR[LPDGDPHQWH VLPpWULFDV� SRU RXWUR ODGR� R XVR GH

GLVWULEXLo}HV VLPpWULFDV p PDLV DFHLWiYHO� UHODWLYDPHQWH j KLSyWHVH GH QRUPDOLGDGH�

TXH p EHP PDLV IRUWH H WHP VLGR XVDGD SRU )UHXQG������ H :HLQV ������ HP

DSOLFDo}HV QD DJULFXOWXUD�

$ IXQomR GH XWLOLGDGH TXDGUiWLFD SRGH VHU UHSUHVHQWDGD GD VHJXLQWH IRUPD�

( ) ( ) 2X   U1 cXbXa ++=
RQGH ; p XPD YDULiYHO DOHDWyULD� UHSUHVHQWDQGR R UHWRUQR RX D UHQWDELOLGDGH

HVSHUDGD �QXP GDGR SHUtRGR GH WHPSR� GDV DOWHUQDWLYDV VRE FRQVLGHUDomR GR

WRPDGRU GH GHFLVmR� 1HVWH FDVR� SUHVXPLQGR�VH XWLOLGDGH PDUJLQDO SRVLWLYD� WHUHPRV�

                                                
� (QWUH HVWDV� SRGHPRV FLWDU D KLSyWHVH GD IXQomR GH XWLOLGDGH F~ELFD H R SUHVVXSRVWR GH DVVLPHWULD SUHYLDPHQWH

FRQKHFLGD GDV GLVWULEXLo}HV GH SUREDELOLGDGH GRV UHWRUQRV�
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( ) ( ) 0  2   U2 ' 〉+= cXbX
6XSRQGR�VH DYHUVmR DR ULVFR SRU SDUWH GR WRPDGRV GH GHFLVmR � YHMD�VH

HYLGrQFLDV HPStULFDV HP 'LOORQ 	 6FDQGL]]R������� HQWmR�

( ) ( )  0  2    U3 " 〈= cX

$V HTXDo}HV ��� H ��� LPSOLFDP TXH ; p OLPLWDGR QR LQWHUYDOR ; � .� RQGH . �

E��F PDLRU TXH ��

'HVWD IRUPD� D IXQomR GH XWLOLGDH TXDGUiWLFD SRGHUi VHU UHSUHVHQWDGD SRU�

( ) ( ) ( )K  X 0; K                    2   4 2 〈〉−= XKKXU

3DUD VH FRPSDUDU GXDV GLVWULEXLo}HV VLPpWULFDV� +DQRFK H /HY\ GHULYDUDP D

VHJXLQWH UHJUD�

X1 GRPLQDUi X2 VH

( ) ( ) ( ) ( ) 0   -   t2  5 2
2

2
1

2
21

 1
21 〉−−+− σσµµµµ

RQGH�

( )11 XE=µ
( )22 XE=µ

( )11 XVar =σ �

( )22 XVar =σ
4XDQGR R Q~PHUR GH DOWHUQDWLYDV D VHUHP FRPSDUDGDV p PXLWR JUDQGH� R

PpWRGR GH +DQRFK H /HY\ WHP D YDQWDJHP GH UHGX]LU EDVWDQWH R Q~PHUR GDV

DOWHUQDWLYDV HILFLHQWHV� RX VHMD� HOH GLVS}H GH DOWR SRGHU GH GLVFULPLQDomR HQWUH

DOWHUQDWLYDV�


