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,PSDFWR SRWHQFLDO GHVWD SHVTXLVD� (VVD SHVTXLVD WHP R SRWHQFLDO GH JHUDU

LPSDFWRV VXEVWDQFLDLV HP GLYHUVDV iUHDV� GHVGH D DJULFXOWXUD DWp D ELRWHFQRORJLD�

$V EDFWpULDV DVVRFLDGDV D SODQWDV GHVHPSHQKDP XP SDSHO FUXFLDO QD SURPRomR GD

VD~GH H GR FUHVFLPHQWR YHJHWDO� DX[LOLDQGR QD DTXLVLomR GH QXWULHQWHV� QD

UHVLVWrQFLD D SDWyJHQRV H QR DXPHQWR GD WROHUkQFLD D FRQGLo}HV DGYHUVDV� $

FDUDFWHUL]DomR JHQ{PLFD GHVVDV EDFWpULDV SRGH UHYHODU LQIRUPDo}HV YDOLRVDV VREUH

IXQo}HV DVVRFLDGDV j DGDSWDomR FRP SODQWD� DOpP GH DSRQWDU QRYRV LQVLJKWV

UHODFLRQDGRV D JHQHV H FDWHJRULDV IXQFLRQDLV SRXFR FDUDFWHUL]DGDV SDUD VHUHP

H[SORUDGDV HP IXWXURV HVWXGRV RX DSOLFDo}HV� 2V UHVXOWDGRV REWLGRV IRUQHFHP

LQIRUPDo}HV GHWDOKDGDV VREUH RV JHQHV H PHFDQLVPRV TXH JrQHURV HVSHFtILFRV GH

EDFWpULDV XVDP SDUD LQWHUDJLU FRP D SODQWD� ,VVR SRGH OHYDU DR GHVHQYROYLPHQWR GH

HVWUDWpJLDV GH PDQHMR PDLV HILFD]HV SDUD PHOKRUDU D SURGXWLYLGDGH GH

FDQD�GH�Do~FDU RX SDUD RXWUDV FXOWXUDV GH IRUPD VXVWHQWiYHO� UHGX]LQGR D

GHSHQGrQFLD GH SURGXWRV TXtPLFRV DJUtFRODV� 2 HVWXGR WDPEpP SRGH WHU

LPSOLFDo}HV LPSRUWDQWHV QD ELRWHFQRORJLD� XPD YH] TXH D FDUDFWHUL]DomR JHQ{PLFD

GH EDFWpULDV DVVRFLDGDV j FDQD�GH�Do~FDU SRGH DEULU FDPLQKR SDUD D FULDomR GH

PLFURUJDQLVPRV JHQHWLFDPHQWH PRGLILFDGRV D ILP GH PHOKRUDU DLQGD PDLV D

UHVLOLrQFLD GDV SODQWDV�

7KH SRWHQWLDO LPSDFW RI WKLV UHVHDUFK� 7KLV UHVHDUFK KDV WKH SRWHQWLDO WR JHQHUDWH

VXEVWDQWLDO LPSDFWV DFURVV YDULRXV ILHOGV� IURP DJULFXOWXUH WR ELRWHFKQRORJ\� %DFWHULD

DVVRFLDWHG ZLWK SODQWV SOD\ D FUXFLDO UROH LQ SURPRWLQJ SODQW KHDOWK DQG JURZWK E\

DLGLQJ LQ QXWULHQW DFTXLVLWLRQ� HQKDQFLQJ UHVLVWDQFH WR SDWKRJHQV� DQG LQFUHDVLQJ

WROHUDQFH WR DGYHUVH FRQGLWLRQV� *HQRPLF FKDUDFWHUL]DWLRQ RI WKHVH EDFWHULD PD\

XQYHLO YDOXDEOH LQVLJKWV LQWR IXQFWLRQV DVVRFLDWHG ZLWK SODQW DGDSWDWLRQ� RIIHULQJ QHZ

SHUVSHFWLYHV RQ SRRUO\ FKDUDFWHUL]HG JHQHV DQG IXQFWLRQDO FDWHJRULHV IRU H[SORUDWLRQ

LQ IXWXUH VWXGLHV RU DSSOLFDWLRQV� 7KH REWDLQHG UHVXOWV SURYLGH GHWDLOHG LQIRUPDWLRQ

DERXW WKH JHQHV DQG PHFKDQLVPV WKDW VSHFLILF JHQHUD RI EDFWHULD HPSOR\ WR LQWHUDFW

ZLWK SODQWV� 7KLV FDQ OHDG WR WKH GHYHORSPHQW RI PRUH HIIHFWLYH PDQDJHPHQW

VWUDWHJLHV WR HQKDQFH VXJDUFDQH SURGXFWLYLW\ RU RWKHU FURSV VXVWDLQDEO\� WKHUHE\

UHGXFLQJ GHSHQGHQFH RQ DJULFXOWXUDO FKHPLFDOV� 7KH VWXG\ PD\ DOVR KDYH VLJQLILFDQW

LPSOLFDWLRQV LQ ELRWHFKQRORJ\� DV WKH JHQRPLF FKDUDFWHUL]DWLRQ RI EDFWHULD DVVRFLDWHG

ZLWK VXJDUFDQH FRXOG SDYH WKH ZD\ IRU FUHDWLQJ JHQHWLFDOO\ PRGLILHG PLFURRUJDQLVPV

WR IXUWKHU HQKDQFH SODQW UHVLOLHQFH�
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0LFKHOOL ,QiFLR *RQoDOYHV )XQQLFHOOL ± 1DVFLGD HP �� GH RXWXEUR GH ����� HP
6mR -RVp GR 5LR 3UHWR� 6mR 3DXOR� %UDVLO� *UDGXRX�VH HP 7HFQRORJLD HP
%LRFRPEXVWtYHLV� HP GH]HPEUR GH ���� SHOD )DFXOGDGH GH 7HFQRORJLD� )DWHF GH
-DERWLFDEDO� (P PDUoR GH ���� LQJUHVVRX QR FXUVR GH 0HVWUDGR HP 0LFURELRORJLD
$JURSHFXiULD� QD )DFXOGDGH GH &LrQFLDV $JUiULDV H 9HWHULQiULDV � 8QLYHUVLGDGH
(VWDGXDO 3DXOLVWD ³-~OLR GH 0HVTXLWD )LOKR´ ± )&$9� 81(63� QD FLGDGH GH
-DERWLFDEDO� VRE D RULHQWDomR GD 3URID� 'UD� (OLDQD *� GH 0DFHGR /HPRV H REWHYH R
WtWXOR GH PHVWUH HP ����� 1R PHVPR DQR IRL DSURYDGD QR FXUVR GH 'RXWRUDGR SHOR

PHVPR SURJUDPD VRE D RULHQWDomR GR 3URI� 'U �'DQLHO�*XDUL]�3LQKHLUR



$*5$'(&,0(1726

$R 3URI� 'U� 'DQLHO *XDUL] 3LQKHLUR� SRU WRGR FRQKHFLPHQWR FRPSDUWLOKDGR�
RULHQWDomR H SDFLrQFLD HP QRVVDV GLVFXVV}HV� H VREUHWXGR� SRU DFUHGLWDU HP PLQKDV
FRPSHWrQFLDV H FRQILDU HP PHX WUDEDOKR�

$R 3URID� 'UD� (OLDQD *HUWUXGHV GH 0DFHGR /HPRV SHOD FRRULHQWDomR� SRU VHPSUH
PH DSRLDU H SRU WRGR R VXSRUWH GH LQIUDHVWUXWXUD FRPSXWDFLRQDO�

$RV PHXV DPLJRV GR /DERUDWyULR GH ELRLQIRUPiWLFD� /XFDV $PRURVR� 6DEULQD 'LEHOOL
H /XLV 7HKHUDQ SHOD FRQYLYrQFLD� PRPHQWRV GH GHVFRQWUDomR H VXSRUWH GXUDQWH
HVVHV DQRV�

¬V PLQKDV DPLJDV 1DWiOLD 6DUPDQKR� 3kPHOD 0DOGDQHU� %iUEDUD %RQIi� 7DWLDQH
)HUQDQGD SHOD DPL]DGH GHQWUR H IRUD GD IDFXOGDGH� DSRLR H DV GLYHUVDV ULVDGDV
FRPSDUWLOKDGDV�

$ WRGRV RV PHXV IDPLOLDUHV� HVSHFLDOPHQWH j PLQKD PmH� ,UHQH ,QiFLR *RQoDOYHV�
SHOR DPRU LQFRQGLFLRQDO H SRU DFUHGLWDU H PH DSRLDU VHPSUH�

$R *XVWDYR $ODQ 6LQLVFDOFKL� SHOR FRPSDQKHLULVPR HP PRPHQWRV HP TXH HX PDLV
SUHFLVHL�

¬ )DFXOGDGH GH &LrQFLDV $JUiULDV H 9HWHULQiULDV� 8QLYHUVLGDGH (VWDGXDO 3DXOLVWD
³-~OLR GH 0HVTXLWD )LOKR´ �)&$9�8QHVS� SHOR VXSRUWH DFDGrPLFR H LQIUDHVWUXWXUD
XWLOL]DGD GXUDQWH R SHUtRGR GR PHVWUDGR�

¬ &$3(6 SHOD EROVD FRQFHGLGD� 2 SUHVHQWH WUDEDOKR IRL UHDOL]DGR FRP DSRLR GD
&RRUGHQDomR GH $SHUIHLoRDPHQWR GH 3HVVRDO GH 1tYHO 6XSHULRU � %UDVLO �&$3(6� �
&yGLJR GH )LQDQFLDPHQWR ����

¬ )XQGDomR GH $PSDUR j 3HVTXLVD GR (VWDGR GH 6mR 3DXOR �)$3(63�� SHOR
ILQDQFLDPHQWR GD SHVTXLVD �QR� ��������������

( WRGRV TXH DFRPSDQKDUDP H PH DSRLDUDP GXUDQWH HVVD FDPLQKDGD H TXH GH
DOJXPD IRUPD FRQWULEXtUDP SDUD D UHDOL]DomR GHVWH WUDEDOKR�

0HXV VLQFHURV DJUDGHFLPHQWRV D WRGRV�
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5(6802 � 2V PLFURUJDQLVPRV DVVRFLDGRV D SODQWDV VmR FUXFLDLV SDUD D VD~GH H
SURGXWLYLGDGH YHJHWDO� (VWXGRV GH PHWDEDUFRGLQJ H GDGRV JHQ{PLFRV UHODFLRQDGRV
DR PLFURELRPD YHJHWDO GH GLYHUVDV HVSpFLHV WrP UHYHODGR LQIRUPDo}HV UHOHYDQWHV
VREUH D FRPSRVLomR H HVWUXWXUD GD PLFURELRWD HP UHVSRVWD D GLIHUHQWHV FRQGLo}HV H
HVWUHVVHV DPELHQWDLV� ,VVR WHP DPSOLDGR QRVVD FRPSUHHQVmR VREUH DV LQWHUDo}HV
PLFURUJDQLVPR�SODQWD� GHVWDFDQGR R SRWHQFLDO GDV WHFQRORJLDV GHULYDGDV GHVVHV
HVWXGRV SDUD DSOLFDo}HV QD DJULFXOWXUD� 1R %UDVLO� D FDQD�GH�Do~FDU� GH DOWD
UHOHYkQFLD HFRQ{PLFD� VHUYH FRPR XP FDPSR SURPLVVRU SDUD H[SORUDU
PLFURUJDQLVPRV EHQpILFRV� 'HVWH PRGR� R SUHVHQWH WUDEDOKR WHYH FRPR REMHWLYR
LQYHVWLJDU JHQRPDV EDFWHULDQRV LVRODGRV GH FRPXQLGDGHV SUHYLDPHQWH
UHFRQKHFLGDV FRPR SURPRWRUDV GH FUHVFLPHQWR YHJHWDO� SURYHQLHQWHV GD
FDQD�GH�Do~FDU� 3DUD LVVR� HPSUHJDPRV D DERUGDJHP GH PRQWDJHQV GH JHQRPDV D
SDUWLU GH PHWDJHQRPDV �0$*V� QD LQYHVWLJDomR GH WUDoRV EHQpILFRV GRV PHPEURV
SUHVHQWHV GHVVDV FRPXQLGDGHV EDFWHULDQDV� D ILP GH LGHQWLILFDU RV SULQFLSDLV
PHFDQLVPRV UHODFLRQDGRV jV FDUDFWHUtVWLFDV GH SURPRomR GH FUHVFLPHQWR YHJHWDO�
WDLV FRPR GLVSRQLELOL]DomR GH QXWULHQWHV� VtQWHVH GH ILWRKRUP{QLRV� HQWUH RXWURV� H GH
GHVWDFDU FDQGLGDWRV SDUD DYDOLDomR HP FDPSR GHYLGR jV VXDV FDUDFWHUtVWLFDV
FRPSOHPHQWDUHV H EHQpILFDV SDUD DV SODQWDV� $SyV GHWHUPLQDU RV JrQHURV
EDFWHULDQRV SUHVHQWHV QDV FRPXQLGDGHV� IRL UHDOL]DGD XPD DQiOLVH GH JHQ{PLFD
FRPSDUDWLYD GH HVSpFLHV SHUWHQFHQWHV D HVVHV JrQHURV� SURYHQLHQWHV RX QmR GH
SODQWDV� SDUD GHWHUPLQDU FDUDFWHUtVWLFDV JrQLFDV DVVRFLDGDV j FRORQL]DomR GH
SODQWDV� $ DQiOLVH JHQ{PLFD GRV �� JHQRPDV LGHQWLILFDGRV SHUPLWLX GHWHUPLQDU DV
SULQFLSDLV FDUDFWHUtVWLFDV DVVRFLDGDV DRV PHFDQLVPRV VXEMDFHQWHV jV LQWHUDo}HV
EDFWpULD�SODQWD� &LQFR GRV JHQRPDV HVWXGDGRV TXH IRUDP LGHQWLILFDGRV FRPR
(QWHUREDFWHU DVEXULDH �0$*�� H 0$*���� &LWUREDFWHU ZHUNPDQLL �0$*����
5KL]RELXP SXQHQVH �0$*���� H $FKURPREDFWHU DQLPLFXV �0$*��� GHVWDFDUDP�VH
SHOD DOWD GHQVLGDGH GH JHQHV DVVRFLDGRV D FDUDFWHUtVWLFDV EHQpILFDV� (P UHODomR j
DQiOLVH JHQ{PLFD YROWDGD SDUD FRPSUHHQGHU RV PHFDQLVPRV HQYROYLGRV QD
DVVRFLDomR FRP DV SODQWDV� GRV �� JrQHURV HVWXGDGRV� � DSUHVHQWDP
HQULTXHFLPHQWR GH JHQHV� SHUPLWLQGR VHJXLU FRP PRGHORV GH FODVVLILFDomR SDUD D
SUHGLomR GH JHQRPDV DVVRFLDGRV jV SODQWDV� 1HVVH FRQWH[WR� D DERUGDJHP GH
UDQGRP IRUHVW �5)� VXSHURX RV PRGHORV GH UHJUHVVmR ORJtVWLFD �5/�� $ DQiOLVH GH
HQULTXHFLPHQWR GH JHQHV RUWyORJRV DOpP GDV DVVLQDWXUDV GH FDWHJRULDV &2*
FRPSDUWLOKDGDV HQWUH JHQRPDV UHYHODUDP XP FRQMXQWR VLJQLILFDWLYR GH JHQHV
UHODFLRQDGRV D 7UDQVSRUWH H PHWDEROLVPR GH DPLQRiFLGRV �(�� 7UDQVSRUWH H
PHWDEROLVPR GH OLStGLRV �,�� %LRVVtQWHVH� WUDQVSRUWH H FDWDEROLVPR GH PHWDEyOLWRV
VHFXQGiULRV �4�� 7UDQVFULomR �.� H 0HFDQLVPRV GH WUDQVGXomR GH VLQDO �7�� 2V
UHVXOWDGRV VXJHUHP TXH DV EDFWpULDV LQYHVWLJDGDV WrP XP SRWHQFLDO VLJQLILFDWLYR
SDUD SURPRYHU R FUHVFLPHQWR GH SODQWDV� SRVLFLRQDQGR�RV FRPR FDQGLGDWRV
SURPLVVRUHV SDUD SUiWLFDV DJUtFRODV VXVWHQWiYHLV� (VWXGRV FRPR HVWH WrP VLGR
FUXFLDLV SDUD R DYDQoR GD DJULFXOWXUD VXVWHQWiYHO� XPD YH] TXH RV PLFURUJDQLVPRV
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GHVHPSHQKDP SDSpLV IXQGDPHQWDLV QD SURPRomR GD VD~GH H GR FUHVFLPHQWR GDV
SODQWDV� 8PD FRPSUHHQVmR PDLV SURIXQGD GDV LQWHUDo}HV PLFURUJDQLVPRV�SODQWDV
SHUPLWLUi R GHVHQYROYLPHQWR GH HVWUDWpJLDV PDLV HILFD]HV SDUD SURPRYHU D VD~GH GR
VROR� UHGX]LQGR D GHSHQGrQFLD GH IHUWLOL]DQWHV TXtPLFRV H DXPHQWDQGR D UHVLVWrQFLD
GDV SODQWDV D GRHQoDV H IDWRUHV GH HVWUHVVH DPELHQWDO�

3DODYUDV�FKDYH� %DFWpULDV 3URPRWRUDV GH &UHVFLPHQWR 9HJHWDO �%3&9�� *HQ{PLFD
FRPSDUDWLYD� 0HWDJHQ{PLFD� 6HTXHQFLDPHQWR GH 1RYD *HUDomR �61*�
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$%675$&7 � 3ODQW�DVVRFLDWHG PLFURRUJDQLVPV DUH FUXFLDO WR SODQW KHDOWK DQG
SURGXFWLYLW\� 0HWDEDUFRGLQJ VWXGLHV DQG JHQRPLF GDWD UHODWHG WR WKH SODQW
PLFURELRPH RI VHYHUDO VSHFLHV KDYH UHYHDOHG YDOXDEOH LQIRUPDWLRQ DERXW WKH
FRPSRVLWLRQ DQG VWUXFWXUH RI WKH PLFURELRWD LQ UHVSRQVH WR GLIIHUHQW FRQGLWLRQV DQG
HQYLURQPHQWDO VWUHVVHV� 7KLV KDV EHHQ H[SDQGLQJ RXU XQGHUVWDQGLQJ RI
SODQW�PLFURRUJDQLVP LQWHUDFWLRQV� KLJKOLJKWLQJ WKH SRWHQWLDO RI WHFKQRORJLHV GHULYHG
IURP WKHVH VWXGLHV IRU DSSOLFDWLRQV LQ DJULFXOWXUH� ,Q %UD]LO� VXJDUFDQH FXOWLYDWLRQ LV RI
JUHDW HFRQRPLF LPSRUWDQFH DQG KDV EHHQ DQ LQWHUHVWLQJ VRXUFH IRU SURVSHFWLQJ SODQW
JURZWK�SURPRWLQJ PLFURRUJDQLVPV� 7KHUHIRUH� WKH SUHVHQW ZRUN DLPHG WR LQYHVWLJDWH
EDFWHULDO JHQRPHV LVRODWHG IURP FRPPXQLWLHV SUHYLRXVO\ UHFRJQL]HG DV SURPRWHUV RI
SODQW JURZWK� GHULYHG IURP VXJDUFDQH� 7R WKLV HQG� ZH HPSOR\HG WKH JHQRPH
DVVHPEO\ DSSURDFK IURP PHWDJHQRPHV �0$*V� WR LQYHVWLJDWH EHQHILFLDO
FKDUDFWHULVWLFV RI PHPEHUV SUHVHQW LQ WKHVH EDFWHULDO FRPPXQLWLHV� LQ RUGHU WR
LGHQWLI\ WKH PDLQ PHFKDQLVPV UHODWHG WR SODQW JURZWK�SURPRWLQJ FKDUDFWHULVWLFV� VXFK
DV QXWULHQW DYDLODELOLW\� V\QWKHVLV RI SK\WRKRUPRQHV� DPRQJ RWKHUV� DQG KLJKOLJKW
FDQGLGDWHV IRU ILHOG HYDOXDWLRQ GXH WR WKHLU FRPSOHPHQWDU\ DQG EHQHILFLDO
FKDUDFWHULVWLFV IRU SODQWV� $IWHU GHWHUPLQLQJ WKH EDFWHULDO JHQHUD LQ WKH FRPPXQLWLHV�
D FRPSDUDWLYH JHQRPLF DQDO\VLV RI VSHFLHV EHORQJLQJ WR WKHVH JHQHUD� ZKHWKHU RU
QRW RULJLQDWLQJ IURP SODQWV� ZDV FDUULHG RXW WR GHWHUPLQH JHQH FKDUDFWHULVWLFV
DVVRFLDWHG ZLWK SODQW FRORQL]DWLRQ� 7KH JHQRPLF DQDO\VLV RI WKH �� LGHQWLILHG
JHQRPHV DOORZHG XV WR GHWHUPLQH WKH PDLQ FKDUDFWHULVWLFV DVVRFLDWHG ZLWK WKH
PHFKDQLVPV XQGHUO\LQJ EDFWHULD�SODQW LQWHUDFWLRQV� )LYH RI WKH VWXGLHG JHQRPHV�
LGHQWLILHG DV (QWHUREDFWHU DVEXULDH �0$*�� DQG 0$*���� &LWUREDFWHU ZHUNPDQLL
�0$*���� 5KL]RELXP SXQHQVH �0$*���� DQG $FKURPREDFWHU DQLPLFXV �0$*����
H[KLELWHG D KLJK GHQVLW\ RI JHQHV DVVRFLDWHG ZLWK 3ODQW *URZWK�3URPRWLQJ 7UDLWV
�3*37V�� 5HJDUGLQJ JHQRPLF DQDO\VLV DLPHG DW XQGHUVWDQGLQJ RWKHU PHFKDQLVPV
LQYROYHG LQ DVVRFLDWLRQ ZLWK SODQWV� RXW RI WKH �� JHQHUD VWXGLHG� RQO\ � H[KLELWHG
JHQH HQULFKPHQW� HQDEOLQJ WKH XVH RI FODVVLILFDWLRQ PRGHOV WR SUHGLFW JHQRPHV
DVVRFLDWHG ZLWK SODQWV� 7KH UDQGRP IRUHVW DSSURDFK RXWSHUIRUPHG ORJLVWLF UHJUHVVLRQ
PRGHOV E\ HPSOR\LQJ PDFKLQH OHDUQLQJ PHWKRGV WR SUHGLFW JHQRPHV DVVRFLDWHG ZLWK
SODQWV� 7KH HQULFKPHQW DQDO\VLV RI RUWKRORJRXV JHQHV DORQJ ZLWK WKH VLJQDWXUH RI
&2* FDWHJRULHV VKDUHG DPRQJ JHQRPHV UHYHDOHG D VLJQLILFDQW VHW RI JHQHV UHODWHG
WR $PLQR DFLG WUDQVSRUW DQG PHWDEROLVP �(�� /LSLG WUDQVSRUW DQG PHWDEROLVP �,��
%LRV\QWKHVLV� WUDQVSRUW DQG FDWDEROLVP RI VHFRQGDU\ PHWDEROLWHV �4�� 7UDQVFULSWLRQ
�.� DQG 6LJQDO WUDQVGXFWLRQ PHFKDQLVPV �7�� 7KH UHVXOWV IRXQG KHUH GHPRQVWUDWH
WKDW WKH LGHQWLILHG EDFWHULD KDYH WKH SRWHQWLDO WR SURPRWH SODQW JURZWK� SRVLWLRQLQJ
WKHP DV SURPLVLQJ FDQGLGDWHV IRU VXVWDLQDEOH DJULFXOWXUDO SUDFWLFHV� 7KH VWXG\ RI
PLFURRUJDQLVPV KDV EHHQ FUXFLDO IRU WKH DGYDQFHPHQW RI VXVWDLQDEOH DJULFXOWXUH� DV
WKH\ SOD\ IXQGDPHQWDO UROHV LQ SURPRWLQJ WKH KHDOWK DQG JURZWK RI SODQWV� $ GHHSHU
XQGHUVWDQGLQJ RI WKH LQWHUDFWLRQV RI PLFURRUJDQLVPV�SODQWV ZLOO DOORZ WKH
GHYHORSPHQW RI PRUH HIIHFWLYH VWUDWHJLHV WR SURPRWH VRLO KHDOWK� UHGXFLQJ
GHSHQGHQFH RQ FKHPLFDO IHUWLOL]HUV DQG LQFUHDVLQJ SODQW UHVLVWDQFH WR GLVHDVHV DQG
HQYLURQPHQWDO VWUHVVRUV�

.H\ZRUGV� 3ODQW *URZWK�3URPRWLQJ %DFWHULD �3*3%�� &RPSDUDWLYH JHQRPLFV�
0HWDJHQRPLF� 1H[W�*HQHUDWLRQ 6HTXHQFLQJ �1*6�
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&+$37(5 � � *HQHUDO FRQVLGHUDWLRQV

�� ,1752'8&7,21

0LFURRUJDQLVPV RFFXU LQ D YDULHW\ RI HQYLURQPHQWV� LQFOXGLQJ SODQW WLVVXHV WKDW

KDUERU D GLYHUVH PLFURELDO OLIH� VXFK DV EDFWHULD DQG IXQJL� ,QWHUDFWLRQV EHWZHHQ

PLFURRUJDQLVPV DQG SODQWV FDQ EH VLPSOLILHG DV EHQHILFLDO� QHXWUDO� RU GHWULPHQWDO

�+DVVDQL HW DO� ������ DQG D UHODWLRQVKLS FDQ EH GLVUXSWHG ZKHQ HQYLURQPHQWDO

FRQGLWLRQV FKDQJH �&KHQJ HW DO� ������

7KH DEXQGDQFH DQG GLYHUVLW\ RI DVVRFLDWHG WD[D RI WKH UKL]RVSKHUH DQG RWKHU

FRPSDUWPHQWV DUH VKDSHG E\ WKH SODQW DQG WKH VRLO LV WKH PDLQ UHVHUYRLU RI

SODQW�FRORQL]LQJ PLFURRUJDQLVPV �&RPSDQW HW DO� ����� %DQHUMHH DQG YDQ GHU

+HLMGHQ ������ +RZHYHU� RWKHU IDFWRUV FDQ DOVR LQIOXHQFH WKH FRPSRVLWLRQ RI WKH

DVVRFLDWHG PLFURELRWD� VXFK DV HQYLURQPHQWDO YDULDELOLW\ �VRLO S+� &�1 UDWLR� VRLO

FDUERQ� ZDWHU FRQWHQW�� FURSSLQJ SUDFWLFHV �PRQRFXOWXUH RU FURS URWDWLRQ� W\SH RI

IHUWLOL]DWLRQ� �'DVWRJHHU HW DO� ������

6FLHQWLVWV KDYH EHHQ LVRODWLQJ DQG VWXG\LQJ PLFURRUJDQLVPV DVVRFLDWHG ZLWK

YDULRXV SODQW VSHFLHV IRU D ORQJ WLPH� 7KH\ DUH LQWHUHVWHG LQ WKH EHQHILFLDO HIIHFWV

WKHVH PLFURRUJDQLVPV FDQ SURPRWH IRU WKH KHDOWK DQG UHVLOLHQFH RI SODQWV� 6HYHUDO

VWXGLHV KDYH UHSRUWHG WKH SODQW KHDOWK EHQHILWV PHGLDWHG E\ WKH DVVRFLDWHG

PLFURELRWD� VXFK DV GLVHDVH VXSSUHVVLRQ �0HQGHV HW DO� ������ LQFUHDVHG QXWULHQW

DFTXLVLWLRQ �0XWKXNXPDUDVDP\ HW DO� ������ JURZWK SURPRWLRQ �$UPDQKL HW DO� ������

DQG LQGXFWLRQ RI V\VWHPLF UHVLVWDQFH �<X HW DO� ������ DPRQJ RWKHUV�

7KH VXJDUFDQH FURS �6DFFKDUXP VSS�� LV FRQVLGHUHG RQH RI WKH PRVW

LPSRUWDQW DFWLYLWLHV IRU WKH ZRUOG HFRQRP\ DQG LV D NH\ FURS LQ WKH %UD]LOLDQ HFRQRP\

GXH WR WKH SURGXFWLRQ RI VXJDU DQG HWKDQRO �+HLQULFKV HW DO� ������ ,W LV UHFRJQL]HG DV

RQH RI WKH PRVW LPSRUWDQW HQHUJ\ FURSV� D UHFRJQLWLRQ LQWHQVLILHG E\ WKH DGYHQW RI

HWKDQRO SURGXFWLRQ �7HZ DQG &RELOO ������

7KH H[WHQVLYH VXJDUFDQH FXOWLYDWLRQ LPSRVHV D KLJK GHPDQG IRU IHUWLOL]HUV DQG

SHVWLFLGHV� ZKLFK KDV D VLJQLILFDQW HQYLURQPHQWDO LPSDFW� ,Q WKLV VHQVH� WKH

PDQLSXODWLRQ RI WKH VXJDUFDQH PLFURELRPH KDV EHHQ H[SORUHG DV D SURPLVLQJ
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DOWHUQDWLYH IRU VXVWDLQDEOH FXOWLYDWLRQ �$UPDQKL HW DO� ����� GH 6RX]D HW DO� ����� GH

&DUYDOKR HW DO� ����� 7HKHUDQ�6LHUUD HW DO� ������

$GYDQFHV LQ QH[W�JHQHUDWLRQ VHTXHQFLQJ �1*6� WHFKQRORJLHV KDYH EHHQ

FUXFLDO WR XQGHUVWDQGLQJ PLFURELDO GLYHUVLW\ LQ HQYLURQPHQWDO VDPSOHV �6FKRO] HW DO�

������ DQG ORQJ�UHDG VHTXHQFLQJ WHFKQRORJ\ KDV FRQWULEXWHG VXEVWDQWLDOO\ WR WKH

DQDO\VLV RI PLFURELDO FRPPXQLWLHV �&XVFy HW DO� ����� +DUR�0RUHQR HW DO� ������

7KHUHIRUH� WKH SUHVHQW VWXG\ LQYHVWLJDWHG EDFWHULDO JHQRPHV IURP EDFWHULDO

FRPPXQLWLHV DOUHDG\ UHFRJQL]HG DV SODQW JURZWK SURPRWHUV LVRODWHG IURP VXJDUFDQH�

)RU WKLV SXUSRVH� ZH XVHG WKH DSSURDFK RI JHQRPH DVVHPEOLHV IURP PHWDJHQRPHV

WR LQYHVWLJDWH EHQHILFLDO WUDLWV RI WKH PHPEHUV SUHVHQW LQ WKH EDFWHULDO FRPPXQLWLHV WR

GHWHUPLQH WKH PDLQ PHFKDQLVPV UHODWHG WR WKH FKDUDFWHULVWLFV RI SODQW JURZWK

SURPRWLRQ� $IWHU GHWHUPLQLQJ WKH EDFWHULDO JHQHUD LQ WKH FRPPXQLWLHV DVVRFLDWHG ZLWK

VXJDUFDQH� ZH SHUIRUPHG D FRPSDUDWLYH JHQRPLF DQDO\VLV RI VSHFLHV EHORQJLQJ WR

WKH LGHQWLILHG JHQHUD� ZKHWKHU RU QRW WKH\ ZHUH GHULYHG IURP SODQWV� WR GHWHUPLQH WKH

JHQHWLF FKDUDFWHULVWLFV DVVRFLDWHG ZLWK SODQW DGDSWDWLRQ�

�� /,7(5$785( 5(9,(:

���� 6RLO DQG SODQW�DVVRFLDWHG PLFURRUJDQLVPV

0LFURRUJDQLVPV DUH SUHVHQW LQ D ZLGH UDQJH RI HQYLURQPHQWV� LQFOXGLQJ WKRVH

FRQVLGHUHG PRUH KRVWLOH� 7KH VRLO LV D FRPSOH[ HQYLURQPHQW DQG RQH RI WKH ODUJHVW

UHVHUYRLUV RI PLFURELDO JHQHWLF GLYHUVLW\� DQG G\QDPLFV� ZKLFK ODUJHO\ UHPDLQV

XQGHU�H[SORUHG �7RUVYLN DQG �YUHnV ������ $GGLWLRQDOO\� LW LV FRQVLGHUHG D

FRUQHUVWRQH RI 2QH +HDOWK FRQFHSW �%DQHUMHH DQG YDQ GHU +HLMGHQ ������

6RLO PLFURRUJDQLVPV SOD\ VHYHUDO FUXFLDO UROHV LQ QXWULHQW F\FOLQJ� VRLO FDUERQ

VHTXHVWUDWLRQ� PDLQWHQDQFH RI IHUWLOLW\� DQG VRLO PLFURELRWD FDQ GLUHFWO\ RU LQGLUHFWO\

DIIHFW WKH KHDOWK RI SODQWV DQG DQLPDOV LQ WHUUHVWULDO HFRV\VWHPV �)LHUHU ������

$GGLWLRQDOO\� WKH\ DUH D ULFK VRXUFH RI ELRORJLFDOO\ DFWLYH PHWDEROLWHV DQG HQ]\PHV

�'DQLHO ������ ZKLFK KDYH QXPHURXV ELRWHFKQRORJLFDO DSSOLFDWLRQV LQ GLIIHUHQW ILHOGV�

7KH SODQWV DQG WKHLU DVVRFLDWHG PLFURRUJDQLVPV FRHYROYH LQ UHVSRQVH WR

UHFLSURFDO DGDSWDWLRQ� DQG WKLV UHODWLRQVKLS KDV EHHQ UHFRJQL]HG WR EH RQH RI WKH
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PDLQ GHWHUPLQDQWV RI SODQW KHDOWK DQG SURGXFWLYLW\ �%HUJ HW DO� ����� ������ :KLOH

SODQWV KDYH WKHLU RZQ PHFKDQLVPV WR PLWLJDWH ELRWLF DQG DELRWLF VWUHVVHV LQ QDWXUH�

WKH PLFURRUJDQLVPV ZLWKLQ WKHP FDQ SOD\ D NH\ UROH LQ IRVWHULQJ QXPHURXV EHQHILWV�

7KHVH LQFOXGH GLVHDVH VXSSUHVVLRQ� DFWLYDWLRQ RI WKH SODQW
V LPPXQH V\VWHP�

LQGXFWLRQ RI V\VWHPLF UHVLVWDQFH� HQKDQFHG QXWULHQW DFTXLVLWLRQ� LPSURYHG WROHUDQFH

WR DELRWLF VWUHVVHV� DGDSWDWLRQ WR HQYLURQPHQWDO IOXFWXDWLRQV� DQG SURPRWLRQ RI

P\FRUUKL]DO DVVRFLDWLRQV �+DVVDQL HW DO� ������

7KH SODQW V\VWHP VKRZV D PXOWLWXGH RI QLFKHV WKDW HQDEOH WKH JURZWK DQG

SUROLIHUDWLRQ RI GLYHUVH PLFURRUJDQLVPV �7ULYHGL HW DO� ������ 3ODQWV DFWLYHO\ UHFUXLW

PLFURRUJDQLVPV IURP VXUURXQGLQJ PLFURELDO UHVHUYRLUV �&RPSDQW HW DO� ������ DQG

WKH UKL]RVSKHUH LV FRQVLGHUHG D KRWVSRW RI SODQW±PLFUREH LQWHUDFWLRQV� GXH WR WKH

LQWHQVLW\ RI PLFURELDO DFWLYLW\� ,W UHSUHVHQWV RQH RI WKH PRVW FRPSOH[ HFRV\VWHPV

EHFDXVH URRW H[XGDWHV DQG PXFLODJH DWWUDFW DQG VHOHFW D KLJK GLYHUVLW\ RI VRLO

PLFURRUJDQLVPV �0LWWHU HW DO� ������

3ODQW PLFURELRPH FRPSRQHQWV PD\ IRUP VHSDUDWH FRPPXQLWLHV� VXFK DV

WKRVH IRXQG LQ WKH SODQW UKL]RVSKHUH� HQGRVSKHUH� DQG SK\OORVSKHUH� 7KLV LV GXH WR

WKH HQYLURQPHQW�GHSHQGHQW VHOHFWLRQ SURFHVV DQG UHVSRQVH WR PLFUREHV LQ HDFK RI

WKHVH QLFKHV �$QGUHRWH HW DO� ������ $GGLWLRQDOO\� PLFURELDO GLYHUVLW\ SUHVHQWV D

JUDGLHQW ZKHQ FRPSDULQJ DERYHJURXQG DQG EHORZJURXQG FRPSDUWPHQWV� PHDQLQJ

WKDW SK\OORVSKHUH PLFURELDO FRPPXQLWLHV KDYH UHODWLYHO\ ORZ VSHFLHV GLYHUVLW\ ZLWK D

KLJK UDWH RI FKDQJH �/HEHLV ������ ,Q WKH VWXG\ GHVFULEHG E\ 7ULYHGL HW DO� ������� WKH

SURILOH RI EDFWHULDO JURXSV LQ WKH VRLO H[KLELWHG VLPLODULW\ ZLWK WKH UKL]RVSKHUH� ZLWK D

VOLJKW LQFUHPHQW LQ WKH 3URWHREDFWHULD SK\OXP� 6LPLODUO\� ZLWK WKH IXQJDO FRPPXQLW\�

WKH SURILOH GLIIHUV LQ WHUPV RI EHORZJURXQG YHUVXV DERYHJURXQG� FRORQL]HG E\ D

GLYHUVLW\ RI IXQJL PDLQO\ EHORQJLQJ WR WKH SK\OD $VFRP\FRWD DQG %DVLGLRP\FRWD�

+RZHYHU� D VXEVHW RI PLFURRUJDQLVPV FDOOHG WKH FRUH PLFURELRPH� ZKLFK FRQVWLWXWHV

JURXSV RI PLFURRUJDQLVPV WKDW DUH SDUWLFXODUO\ ZLGHVSUHDG ZLWKLQ D KRVW SRSXODWLRQ�

UHSUHVHQW D SDUWLFXODUO\ FULWLFDO FRPSRQHQW IRU KRVW ELRORJLFDO IXQFWLRQV �5LVHO\ ������

DQG D IHZ PHPEHUV DUH NH\VWRQH WD[D WKDW LQIOXHQFH DQG GULYH WKH FRPPXQLW\

VWUXFWXUH �%DQHUMHH HW DO� ������ 7KLV KDV FRQWULEXWHG WR XQGHUVWDQGLQJ

SODQW±PLFURELRPH VWUXFWXUH DQG SURYLGHG D VWDUWLQJ SRLQW IRU DVVHPEOLQJ 6\Q&RPV WR

PDQLSXODWH SODQW±PLFURELRPH LQWHUDFWLRQV IRU LQFUHDVHG JURZWK DQG SURGXFWLYLW\

�7ULYHGL HW DO� ������
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���� 6XJDUFDQH� ,PSRUWDQFH

6XJDUFDQH LV D ODUJH SHUHQQLDO WURSLFDO JUDVV EHORQJLQJ WR WKH JHQXV

6DFFKDUXP� D PHPEHU RI WKH $QGURSRJRQHDH WULEH RI WKH JUDVV IDPLO\ �3RDFHDH�

DQG KDV D YHU\ FORVH JHQHWLF UHODWLRQVKLS WR VRUJKXP DQG RWKHU JUDVV IDPLO\

PHPEHUV �*RGVKDOO DQG /HJHQGUH ����� +RDQJ HW DO� ������

7KH FXOWLYDWLRQ RI VXJDUFDQH �6DFFKDUXP VSS�� LV FRQVLGHUHG RQH RI WKH PRVW

LPSRUWDQW DFWLYLWLHV IRU WKH JOREDO HFRQRP\� 7KLV FURS KDV D VLJQLILFDQW HFRQRPLF

LPSDFW RQ WKH %UD]LOLDQ DJULEXVLQHVV VHFWRU� ,Q DGGLWLRQ WR VXJDU DQG HWKDQRO

SURGXFWLRQ� VXJDUFDQH SURGXFHV QXPHURXV YDOXDEOH E\�SURGXFWV VXFK DV EDJDVVH�

SUHVV PXG� PRODVVHV� DQG VSHQW ZDVK �YLQDVVH�� GHPRQVWUDWLQJ WKH YHUVDWLOLW\ RI WKLV

FURS�

'XULQJ WKH ��������� FURS \HDU� DURXQG ��� PLOOLRQ WRQV RI VXJDUFDQH ZHUH

SURGXFHG LQ WKH FRXQWU\� LQ D KDUYHVW DUHD RI ������� PLOOLRQ KHFWDUHV� 7KLV YROXPH

UHSUHVHQWV D UHWUDFWLRQ RI ����� FRPSDUHG WR WKH SUHYLRXV KDUYHVW �����������

�&21$% ����D��

7KH KDUYHVW VXUYH\ IRU ������� HVWLPDWHG D SURGXFWLRQ RI ����� PLOOLRQ WRQV�

LQGLFDWLQJ D �� GHFUHDVH IURP WKH SUHYLRXV KDUYHVW� ,W DOVR VKRZV D ���� GHFUHDVH

LQ WKH DUHD GHYRWHG WR VXJDU DQG DOFRKRO SURGXFWLRQ� SULPDULO\ GXH WR WKH LQFUHDVHG

GHPDQG IRU DUHDV GHGLFDWHG WR VR\EHDQV DQG FRUQ FXOWLYDWLRQ� GULYHQ E\ DWWUDFWLYH

JUDLQ SULFHV �&21$% ����E��

���� 0LFURELRPH DVVRFLDWHG ZLWK VXJDUFDQH

7KH SODQW PLFURELRPH KDV JDLQHG SURPLQHQFH GXH WR XQH[SORUHG GLYHUVLW\

�PLFURELDO GDUN PDWWHU� �0DSHOOL HW DO� ������ KLJKOLJKWLQJ WKH LPSRUWDQFH RI

PLFURRUJDQLVPV
 UROHV LQ KRVW DVVRFLDWLRQV ZLWK LPSOLFDWLRQV IRU WKH SODQW
V KHDOWK�

GHYHORSPHQW� DQG SURGXFWLYLW\ �/HY\ HW DO� ������
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,Q UHFHQW \HDUV� WKHUH KDV EHHQ D VLJQLILFDQW LQFUHDVH LQ VWXGLHV DLPHG DW

XQGHUVWDQGLQJ SODQW�DVVRFLDWHG PLFURELRPHV� ZLWK D QRWDEOH VZHOO� HVSHFLDOO\ IURP

���� WR ���� �)LJXUH ���

)LJXUH �� 7KH WUHQG LQ WKH QXPEHU RI SXEOLFDWLRQV �13� UHODWHG WR WKH
SODQW�DVVRFLDWHG PLFURELRPH IURP ���� WR ���� LQ WKH :HE RI 6FLHQFH &RUH
&ROOHFWLRQ� �0HWKRGRORJ\ RI DXWRPDWLF VHDUFKHV EDVHG RQ WHUPV DUH DYDLODEOH LQ
$SSHQGL[ $�� 7KH EDU SORW GLVSOD\V WKH WRWDO QXPEHU RI DUWLFOHV SHU SODQW �RQO\ SODQWV
ZLWK RYHU �� UHFRUGV� DQG WKH OLQH SORW GLVSOD\V WKH FXPXODWLYH QXPEHU SHU \HDU�
6WXGLHV DVVRFLDWHG ZLWK VXJDUFDQH DUH KLJKOLJKWHG LQ JUHHQ�

$W WKH WRS RI WKH OLVW RI SODQWV ZLWK WKH PRVW VWXGLHG PLFURELRPHV �)LJXUH �� DUH

WKRVH UHODWHG WR VWDSOH IRRGV� VXFK DV FHUHDOV OLNH PDL]H �FRUQ�� ZKHDW� DQG ULFH�

ZKLFK DUH DFNQRZOHGJHG DV WKH PRVW UHOHYDQW FURSV ZRUOGZLGH DQG FRQWULEXWH WR

DSSUR[LPDWHO\ ��� RI WKH WRWDO GLHWDU\ FDORULHV �(UHQVWHLQ HW DO� ������ 7KLV KLJKOLJKWV

WKH LPSRUWDQFH RI PLFURELRWD IRU WKH SODQW
V KHDOWK� GHYHORSPHQW� DQG SURGXFWLYLW\�

� KWWSV���ZZZ�ZHERIVFLHQFH�FRP�ZRV�ZRVFF�EDVLF�VHDUFK
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7KH VXJDUFDQH LV ZLGHO\ DFNQRZOHGJHG DV D YDOXDEOH PRGHO V\VWHP IRU

PLFURELRPH VWXGLHV� RZLQJ WR LWV VLJQLILFDQW HFRQRPLF LPSRUWDQFH LQ %UD]LO DQG RWKHU

FRXQWULHV� SDUWLFXODUO\ IRU VXJDU DQG ELRIXHO SURGXFWLRQ� +RZHYHU� WKHUH LV D ODFN RI

FRPSUHKHQVLYH VWXGLHV IRFXVHG RQ WKLV FURS� )RUWXQDWHO\� VRPH VWXGLHV KDYH VKHG

OLJKW RQ WKH VWUXFWXUH DQG FRPSRVLWLRQ RI WKH PLFURELDO DVVHPEODJH DVVRFLDWHG ZLWK

VXJDUFDQH�

7KH VWXG\ FRQGXFWHG E\ +DPRQWV HW DO� ������ LQYHVWLJDWHG WKH PLFURELRPH RI

GLVWLQFW YDULHWLHV RI VXJDUFDQH DW YDULRXV VWDJHV WR LGHQWLI\ WKH IDFWRUV LQIOXHQFLQJ WKH

DVVHPEO\ RI WKH FRPPXQLW\ XQGHU ILHOG FRQGLWLRQV DQG WKH EHKDYLRU RI WKH

PLFURELRPH DVVRFLDWHG ZLWK WKH RFFXUUHQFH RI <HOORZ &DQRS\ 6\QGURPH �<&6�� 7KH

VWXG\¶V ILQGLQJV UHYHDOHG WKDW WKH SODQW FRPSDUWPHQW ZDV WKH SULPDU\ GHWHUPLQDQW RI

VXJDUFDQH�DVVRFLDWHG PLFURELDO DVVHPEODJHV� IROORZHG E\ JURZLQJ UHJLRQ� FURS DJH�

YDULHW\� DQG WKH LQFLGHQFH RI <HOORZ &DQRS\ 6\QGURPH �<&6�� )XUWKHUPRUH� WKH

RFFXUUHQFH RI WKH V\QGURPH VLJQLILFDQWO\ LQIOXHQFHG D FRUH PLFURELRPH�

,Q DQRWKHU VWXG\ RQ WKH VXJDUFDQH PLFURELRPH� 6RX]D HW DO� ������ SURYLGH D

GHWDLOHG LQYHQWRU\ RI WKH VWUXFWXUH DQG FRPSRVLWLRQ RI EDFWHULDO DQG IXQJDO

FRPPXQLWLHV� 7KH VWXG\
V ILQGLQJV UHYHDO WKDW WKH FRUH PLFURELRPH FRPSULVHV D VPDOO

VXEVHW RI VSHFLHV� ZKLFK UHSUHVHQW D ODUJH SURSRUWLRQ �PRUH WKDQ ��� RI WKH WRWDO

UHODWLYH DEXQGDQFH� LQ DQ\ RUJDQ� +RZHYHU� GLIIHUHQFHV EHWZHHQ RUJDQV UHIOHFW

YDULDWLRQV LQ UHODWLYH WD[D DEXQGDQFHV� )XUWKHUPRUH� WKHVH JURXSV SOD\ FULWLFDO

ELRORJLFDO UROHV LQ SODQW JURZWK DQG IHUPHQWDWLRQ� ,QWHUHVWLQJO\� VRPH RI WKH PRVW

DEXQGDQW WD[D LQ FHQWUDO PLFURELRPHV KDYH QRW EHHQ LVRODWHG RU VWXGLHG EHIRUH� ,Q

FRQWUDVW WR WKH EDFWHULDO FRPSRQHQW RI WKH PLFURELRPH� RQO\ D VPDOO SRUWLRQ RI IXQJDO

GLYHUVLW\ KDV EHHQ LQYHVWLJDWHG� VXJJHVWLQJ WKDW D VXEVWDQWLDO SRUWLRQ UHPDLQV

XQNQRZQ� HVSHFLDOO\ UHJDUGLQJ WKH UROH RI IXQJDO FRORQL]HUV LQ SODQW JURZWK�

GHYHORSPHQW� DQG UHVSRQVH WR ELRWLF DQG DELRWLF VWUHVV�

7KH IDUPLQJ V\VWHP FDQ DOVR LQIOXHQFH WKH FRPSRVLWLRQ DQG VWUXFWXUH RI WKH

VXJDUFDQH PLFURELRPH� ,Q 'H &DUYDOKR HW DO� ������� WKH ULFKQHVV DQG GLYHUVLW\ RI

PLFURRUJDQLVPV ZHUH VOLJKWO\ JUHDWHU LQ FRQYHQWLRQDO V\VWHPV� +RZHYHU� WKH IDUPLQJ

V\VWHP DORQH GLG QRW UHSUHVHQW D ZHLJKW\ IDFWRU LQ GULYLQJ WKH IXQJDO DQG EDFWHULDO

FRPPXQLWLHV¶ DVVHPEO\� EXW LQ FRPELQDWLRQ ZLWK WKH SODQW HQYLURQPHQWDO QLFKH�

$PRQJ WKH GLIIHUHQWLDOO\ DEXQGDQW WD[D� VHYHUDO JHQHUD ZLWK WKH SRWHQWLDO WR SURPRWH
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SODQW JURZWK DQG SURWHFWLRQ ZHUH LGHQWLILHG� HYLGHQFLQJ D SRWHQWLDO VRXUFH IRU

LVRODWLRQ DQG SURVSHFWLRQ RI EHQHILFLDO PLFURRUJDQLVPV IRU DJULFXOWXUH�

0LFURRUJDQLVPV DVVRFLDWHG ZLWK VXJDUFDQH KDYH H[KLELWHG D ODUJH SRWHQWLDO

IRU SURPRWLQJ SODQW JURZWK� DV GHPRQVWUDWHG LQ D VWXG\ FRQGXFWHG E\ $UPDQKL HW DO�

������� ,Q WKLV VWXG\� D V\QWKHWLF EDFWHULDO FRPPXQLW\ DVVHPEOHG IURP WKH VXJDUFDQH

PLFURELRPH ZDV IRXQG WR EH FRPSDWLEOH ZLWK FRUQ� GRPLQDWLQJ RYHU ��� RI WKH

PLFURELDO DEXQGDQFH LQ WKH UKL]RVSKHUH� 7KLV GRPLQDQFH OHG WR D UHPDUNDEOH

LQFUHDVH LQ ELRPDVV ��� WLPHV JUHDWHU LQ WKH LQRFXODWHG SODQWV JURXS WKDQ LQ WKH

FRQWURO� 0RUHRYHU� WKH JHQRPLF DQDO\VLV RI WKLV V\QWKHWLF FRPPXQLW\ UHYHDOHG WKDW

FRPPRQO\ VWXGLHG 3*3 WUDLWV ZHUH QRW WKH VROH GHWHUPLQDQWV RI UREXVW FRORQL]DWLRQ�

7KHUHIRUH� WKH REVHUYHG 3*3 WUDLWV LQ WKH H[SHULPHQWV FRXOG EH UHODWHG WR RWKHU

XQNQRZQ IHDWXUHV� DV VXJJHVWHG E\ GH 6RX]D HW DO� �������

���� 3ODQW *URZWK�3URPRWLQJ %DFWHULD

7KH JOREDO IRRG GHPDQG LV FRQWLQXRXVO\ LQFUHDVLQJ� DQG ZLWK WKLV LQFUHDVH�

HQYLURQPHQWDO LPSDFWV FDXVHG E\ DJULFXOWXUH DOVR DUH H[SDQGLQJ �7LOPDQ HW DO� ������

7R GHDO ZLWK WKLV� VXVWDLQDEOH DOWHUQDWLYHV QHHG WR EH LQWHQVLILHG� %HQHILFLDO

PLFURRUJDQLVPV KDYH EHHQ KLJKOLJKWHG IRU VXVWDLQDEOH DJULFXOWXUH� SOD\LQJ D

VLJQLILFDQW UROH LQ LQFUHDVLQJ WKH SURGXFWLYLW\ RI YDULRXV FURSV� KHOSLQJ WR PDLQWDLQ VRLO

IHUWLOLW\� DQG UHGXFLQJ SROOXWDQWV GHULYHG IURP WKH LQWHQVLYH XVH RI FKHPLFDO LQSXWV�

6HYHUDO SODQW�DVVRFLDWHG PLFURRUJDQLVPV FDQ SURYLGH YDULRXV EHQHILWV WR

KRVWV� DQG WKH\ KDYH EHHQ KLJKOLJKWHG DV SURPLVLQJ IRU LPSURYLQJ SODQW KHDOWK DQG

JURZWK� 7KHVH DUH FRPPRQO\ UHIHUUHG WR DV SODQW JURZWK�SURPRWLQJ PLFURRUJDQLVPV

�3*30� ZKLFK DUH GLYLGHG LQWR SODQW JURZWK�SURPRWLQJ >UKL]R@EDFWHULD �3*3% RU

3*35� DQG SODQW JURZWK�SURPRWLQJ IXQJL �3*3)� �&RPSDQW HW DO� ������ $OO RI WKHP

KDYH PHFKDQLVPV WKDW SURPRWH EHQHILFLDO HIIHFWV IRU SODQWV� KHOSLQJ WR PDLQWDLQ WKH

KHDOWK RI WKH KRVW�

7KH JHQHUD $]RVSLULOOXP� %DFLOOXV� %XUNKROGHULD� (QWHUREDFWHU�

*OXFRQDFHWREDFWHU� +HUEDVSLULOOXP� .OHEVLHOOD� 3DHQLEDFLOOXV� 3DQWRHD�
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3VHXGRPRQDV� 5KL]RELXP� 6WHQRWURSKRPRQDV UHSUHVHQW JHQHUD FRPPRQO\

DVVRFLDWH ZLWK VXJDUFDQH EHQHILFLDO WUDLWV �7DEOH �� DQG OLNHO\ FRQVWLWXWH SDUW RI WKH

VXJDUFDQH PLFURELRPH �<HRK HW DO� ����� $UPDQKL HW DO� ����� GH &DUYDOKR HW DO�

����� 7HKHUDQ�6LHUUD HW DO� ������

7DEOH �� ,GHQWLILHG VXJDUFDQH�DVVRFLDWHG EDFWHULDO JHQHUD DQG WKHLU WUDLWV UHODWHG WR
SODQW JURZWK SURPRWLRQ� 7KH PHWKRGRORJ\ RI DXWRPDWLF VHDUFKHV EDVHG RQ WHUPV
DQG UHIHUHQFHV RI UHFRUGV LQ WKH WDEOH LV GHVFULEHG LQ $SSHQGL[ $ DQG $SSHQGL[ %�
UHVSHFWLYHO\� ,$$  LQGROHDFHWLF DFLG SURGXFWLRQ� 1,7  QLWURJHQ IL[DWLRQ� 3+26  
SKRVSKDWH VROXELOL]DWLRQ� $&&  $&& GHDPLQDVH� 6,'  VLGHURSKRUH SURGXFWLRQ�
675  DELRWLF�ELRWLF VWUHVV WROHUDQFH� &.  F\WRNLQLQ SURGXFWLRQ� +&1  +&1
SURGXFWLRQ� $0  DPPRQLD SURGXFWLRQ� *$  JLEEHUHOOLQ SURGXFWLRQ� %,2&  
ELRFRQWURO DQG 3*  SODQW JURZWK SURPRWLRQ�

*HQXV 7UDLWV 5HIHUHQFHV

$FKURPREDFWHU ,$$� 1,7� 3+26� 6,'� %,2&� 3* �±�

$FLGRPRQDV ,$$� %,2& �

$FLQHWREDFWHU ,$$� 1,7� 3+26� %,2&� 3* �����

$JUREDFWHULXP ,$$� 1,7� 3+26� $&&� 6,'� %,2&� 3* �����

$UWKUREDFWHU $&&� %,2&� 3* �

$VDLD 1,7� 3+26� 6,'� $0� %,2&� 3* �

$]RVSLULOOXP ,$$� 1,7� 3+26� 6,'� %,2&� 3* �����

$]RWREDFWHU 1,7 ��

%DFLOOXV
,$$� 1,7� 3+26� $&&� 6,'� 675� &.�
+&1� $0� %,2&� 3* ����������������������±��

%HLMHULQFNLD 1,7� 3* ��

%UDG\UKL]RELXP 1,7� %,2&� 3* �����±��

%UHYLEDFLOOXV ,$$� 1,7� 3+26� %,2&� 3* �������

%XUNKROGHULD ,$$� 1,7� 3+26� $&&� 6,'� $0� %,2&� 3*
�����������±�����������������±
��

&KU\VHREDFWHULXP ,$$� 3+26� $&&� 3* ��

&ORVWULGLXP 1,7 ��

&RKQHOOD ,$$� 3+26� %,2&� 3* ��

&XUWREDFWHULXP 1,7� %,2& �����

'HOIWLD ,$$� 3+26� 6,'� +&1� %,2&� 3* ��

'\HOOD ,$$� 1,7� 3+26� 3* ��

(QWHUREDFWHU
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* ���������������������������±��

(UZLQLD ,$$� 1,7� 3+26� 3* ��

*OXFRQDFHWREDFWHU ,$$� 1,7� 3+26� 6,'� %,2&� 3*
������������������������������
�������������±���

+HUEDVSLULOOXP ,$$� 1,7� 3+26� 6,'� +&1� *$� %,2&� 3* ������������������������������
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���������������������������±�
��

,GHRQHOOD 1,7� %,2& ��

.OHEVLHOOD
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* ���������������������±���

.RVDNRQLD ,$$� 1,7� 3+26� *$� %,2&� 3* ����������������±���

/HLIVRQLD %,2& ��

0HVRUKL]RELXP 1,7� %,2&� 3* �����

0HWK\OREDFWHU 1,7� 3+26� 3* ��

0HWK\OREDFWHULXP ,$$� 1,7� 3+26� &.� 3* ���������±���

0LFUREDFWHULXP ,$$� 1,7� $&&� %,2&� 3* ������������

0LFURELVSRUD ,$$� 1,7� 3+26� $&&� 6,'� %,2&� 3* ������

1JX\HQLEDFWHU 1,7� 3+26� 6,'� $0� %,2&� 3* �

1LWURVSLULOOXP 1,7� 6,'� %,2&� 3* �������������

2FKUREDFWUXP %,2& ��

3DHQLEDFLOOXV ,$$� 1,7� 3+26� 6,'� %,2&� 3* �����������

3DQQRQLEDFWHU ,$$� 1,7� 3+26� $&&� 6,'� +&1� 3* ��

3DQWRHD
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* ���������������������±���

3DUDEXUNKROGHULD 1,7� *$� %,2&� 3* ����������������

3VHXGRPRQDV
,$$� 1,7� 3+26� $&&� 6,'� +&1� $0� *$�
%,2&� 3*

�������������������������������
�����������������������������
���������±���

5DKQHOOD ,$$� 1,7� 3+26� $&&� 6,'� +&1� 3* ��

5DRXOWHOOD 1,7� 3* ���

5KL]RELXP
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* �����������������

5RVHDWHOHV ,$$� 1,7� 3+26� 3* ��

6HUUDWLD 1,7 ��

6KLQHOOD 1,7� %,2&� 3* ����

6SKLQJRELXP ,$$� 3+26� 3* ��

6SKLQJRPRQDV 1,7� %,2&� 3* ������

6WDSK\ORFRFFXV ,$$� 3+26� 3* �

6WHQRWURSKRPRQDV
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* ���������������������������

6WUHSWRP\FHV ,$$� 1,7� 3+26� $&&� 6,'� %,2&� 3* ������

7DQWLFKDURHQLD 1,7� 3+26� 6,'� $0� %,2&� 3* �

;DQWKRPRQDV
,$$� 1,7� 3+26� $&&� 6,'� +&1� %,2&�
3* �������
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���� 0HFKDQLVPV RI DFWLRQ RI SODQW JURZWK�SURPRWLQJ EDFWHULD

7KHUH DUH GLUHFW DQG LQGLUHFW PHFKDQLVPV UHODWHG WR SODQW JURZWK SURPRWLRQ�

KHUH ZH ZLOO IRFXV RQ WKH PRVW FRPPRQ WUDLWV SUHVHQW LQ EDFWHULD WKDW KDYH WKHVH

PHFKDQLVPV�

������ 'LUHFW PHFKDQLVPV

%LRORJLFDO 1LWURJHQ )L[DWLRQ

1LWURJHQ LV DQ HVVHQWLDO HOHPHQW RI OLIH DQG LV RQH RI WKH PRVW LPSRUWDQW

QXWULHQWV WKDW OLPLW FURS \LHOG� 3ODQWV FDQQRW GLUHFWO\ DVVLPLODWH DWPRVSKHULF QLWURJHQ

RU GL�QLWURJHQ �1��� +RZHYHU� FHUWDLQ DUFKDHD RU EDFWHULD NQRZQ DV GLD]RWURSKV KDYH

WKH DELOLW\ WR FRQYHUW DWPRVSKHULF QLWURJHQ LQWR DPPRQLD �1+��� ZKLFK LV XVDEOH E\

SODQWV �6RXPDUH HW DO� ������ 7KLV SURFHVV� NQRZQ DV ELRORJLFDO QLWURJHQ IL[DWLRQ

�%1)�� LV FDWDO\]HG E\ QLWURJHQDVHV� ZKLFK DUH FRPSOH[ PHWDOORHQ]\PHV ZLWK

FRQVHUYHG VWUXFWXUDO DQG PHFKDQLVWLF IHDWXUHV �'L[RQ DQG .DKQ ������ 7KH PRVW

SUHYDOHQW QLWURJHQDVH FRPSOH[ FRQVLVWV RI WZR SURWHLQV� WKH FDWDO\WLF

PRO\EGHQXP�LURQ SURWHLQ �0R)H3� HQFRGHG E\ QLI'. JHQHV DQG LWV VSHFLILF

UHGXFWDVH� WKH LURQ SURWHLQ �)H3� HQFRGHG E\ QLI+ JHQH� $GGLWLRQDOO\� VHYHUDO

UHJXODWRU\ SURWHLQV LQYROYHG LQ QLWURJHQ IL[DWLRQ DUH HQFRGHG E\ WKH QLI JHQHV �'L[RQ

DQG .DKQ ����� 6RXPDUH HW DO� ������ 6RPH VSHFLHV DOVR SRVVHVV KRPRORJRXV

DOWHUQDWLYH QLWURJHQDVHV� VXFK DV YDQDGLXP�FRQWDLQLQJ QLWURJHQDVH �)H9� DQG�RU

LURQ�RQO\ QLWURJHQDVH �)H)H��

7KH GLD]RWURSKV DUH IRXQG LQ D UDQJH RI KDELWDWV� LQFOXGLQJ IUHH�OLYLQJ LQ VRLOV

DQG ZLWKLQ SODQWV DV HQGRSK\WHV RU HQGRV\PELRQWV �0XV HW DO� ������ 6HYHUDO JURXSV

SDUWLFLSDWH LQ QLWURJHQ IL[DWLRQ� DQG WKH PRVW ZHOO�NQRZQ DVVRFLDWLRQ �SODQW±PLFUREH

PXWXDOLVP� LV WKH V\PELRVLV EHWZHHQ UKL]RELD DQG OHJXPHV� DV ZHOO DV WKH

DFWLQRUKL]DO V\PELRVHV EHWZHHQ ILODPHQWRXV QLWURJHQ�IL[LQJ VRLO EDFWHULD RI WKH JHQXV

)UDQNLD DQG GLYHUVH JURXS RI GLFRW\OHGRQRXV SODQWV �$FWLQRUKL]DO SODQWV� �0XV HW DO�

������
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6\QWKHWLF QLWURJHQ IHUWLOL]HUV DUH FRPPRQO\ XVHG WR DOOHYLDWH WKH QLWURJHQ

OLPLWDWLRQ LQ FURSV� FRQVHTXHQWO\ LQFUHDVLQJ \LHOGV� +RZHYHU� LQWHQVLYH IHUWLOL]DWLRQ

FDQ OHDG WR VHYHUDO HQYLURQPHQWDO LPSDFWV �6DLQMX HW DO� ������

1LWURJHQ�IL[LQJ EDFWHULD� NQRZQ DV GLD]RWURSKV� KDYH HPHUJHG DV DQ

DOWHUQDWLYH WR UHSODFH DQG UHGXFH WKH XVH RI V\QWKHWLF QLWURJHQ IHUWLOL]HUV� (IIRUWV DQG

LQWHUHVW DUH LQFUHDVLQJ WR IDFLOLWDWH KLJKHU OHYHOV RI %LRORJLFDO 1LWURJHQ )L[DWLRQ �%1)�

LQ QRQ�OHJXPH FURSV� 7KH VWXG\ FRQGXFWHG E\ :HQ HW DO� ������ KLJKOLJKWHG WKH

VXFFHVVIXO GHYHORSPHQW DQG FRPPHUFLDOL]DWLRQ RI WKH ILUVW PLFURELDO SURGXFW

FRPSRVHG RI .OHEVLHOOD YDULLFROD �������� �.Y���������� PRGLILHG WKURXJK V\QWKHWLF

ELRORJ\ WR HQDEOH %1) IRU FRUQ �=HD PD\V� LQ IHUWLOL]HG ILHOGV� 7KLV UHSUHVHQWV D

VLJQLILFDQW VWHS WRZDUGV WKH GHYHORSPHQW RI VXVWDLQDEOH DJULFXOWXUDO SUDFWLFHV WKDW

UHGXFH RXU UHOLDQFH RQ V\QWKHWLF QLWURJHQ IHUWLOL]HUV�

3KRVSKDWH DQG 3RWDVVLXP 6ROXELOL]DWLRQ

3KRVSKRUXV LV DQ HVVHQWLDO PDFURQXWULHQW UHTXLUHG IRU NH\ PHWDEROLF

SURFHVVHV LQ SODQWV� LQFOXGLQJ FHOO GLYLVLRQ� HQHUJ\ JHQHUDWLRQ� PDFURPROHFXOH

ELRV\QWKHVLV� PHPEUDQH LQWHJULW\� VLJQDO WUDQVGXFWLRQ� DQG SKRWRV\QWKHVLV �5DZDW HW

DO� ������ $OWKRXJK LW LV D FRPPRQ HOHPHQW LQ WKH VRLO DQG DEXQGDQW� D KXJH SRUWLRQ

LV SUHGRPLQDQWO\ LQ LQVROXEOH IRUPV WKDW DUH QRW UHDGLO\ DEVRUEHG E\ SODQWV� 7KLV

QHFHVVLWDWHV WKH XVH RI SKRVSKDWH IHUWLOL]HUV WR DGGUHVV SKRVSKRUXV GHILFLHQF\�

3KRVSKRUXV RFFXUV LQ VRLO LQ WZR IRUPV RUJDQLF� ZKLFK LV GHULYHG IURP

ELRORJLFDO PHWDEROLF SURFHVVHV� DQG LQRUJDQLF� FRPSULVLQJ SKRVSKDWHV ERXQG WR

PLQHUDOV OLNH FDOFLXP SKRVSKDWH� DOXPLQXP SKRVSKDWH� DQG LURQ SKRVSKDWH �5DZDW

HW DO� ������ 'XH WR WKHLU KLJKO\ UHDFWLYH QDWXUH� WKHVH IRUPV XQGHUJR YDULRXV

WUDQVIRUPDWLRQV� UHQGHULQJ 3 LQDFFHVVLEOH WR SODQWV �'H =XWWHU HW DO� ������

3KRVSKDWH�VROXELOL]LQJ PLFURRUJDQLVPV �360V� SRVVHVV PHWDEROLF FDSDFLW\ WR

HQKDQFH WKH ELRDFFHVVLELOLW\ RI YDULRXV UHFDOFLWUDQW 3 IRUPV LQ VRLOV� 'LIIHUHQW

PHFKDQLVPV LQYROYHG LQ LQRUJDQLF SKRVSKDWH VROXELOL]DWLRQ LQFOXGH WKH SURGXFWLRQ RI

RUJDQLF DFLGV� LQRUJDQLF DFLGV� +�6� H[RSRO\VDFFKDULGHV �(36�� DQG VLGHURSKRUHV�

0HDQZKLOH� RUJDQLF SKRVSKDWH VROXELOL]DWLRQ LV PHGLDWHG E\ WKH VHFUHWLRQ RI



��

H[WUDFHOOXODU HQ]\PHV� LQFOXGLQJ QRQ�VSHFLILF DFLG SKRVSKDWDVHV �16$3V�� SK\WDVHV�

SKRVSKDWDVHV� DV ZHOO DV &±3 O\DVHV�

$PRQJ WKH GLYHUVLW\ RI 360 WKH JHQHUD 3DHQLEDFLOOXV� %DFLOOXV�

3VHXGRPRQDV� /DFWRFRFFXV� (QWHUREDFWHU� DQG $OFDOLJHQHV DUH FRQVLGHUHG WKH PDLQ

EDFWHULDO JHQHUD FDSDEOH RI VROXELOL]LQJ RUJDQLF DQG LQRUJDQLF SKRVSKDWHV� ZKLOH

$VSHUJLOOXV DQG 3HQLFLOOLXP DUH WKH PDLQ UHSUHVHQWDWLYH IXQJDO JHQHUD �/L HW DO�

������

7KH ELRDYDLODELOLW\ RI SRWDVVLXP WR SODQWV KLJKO\ GHSHQGV RQ WKH W\SH RI

PLQHUDO� 7ZR SK\OORVLOLFDWH PLQHUDOV ZLWKLQ WKH PLFD IDPLO\� ELRWLWH DQG PXVFRYLWH� DUH

RI SDUWLFXODU LQWHUHVW� GXH WR WKHLU ULFKQHVV LQ HVVHQWLDO QXWULHQWV� VXFK DV 0J� .� 0Q�

DQG =Q� 7KHVH PLQHUDOV DUH PRUH UHDGLO\ VROXEOH WKDQ RWKHUV �6DWWDU HW DO� ������

'LIIHUHQW PHFKDQLVPV DUH DVVRFLDWHG ZLWK .�VROXELOL]DWLRQ E\ EDFWHULD�UKL]REDFWHULD�

WKH PDMRU PHFKDQLVPV EHLQJ WKH SURGXFWLRQ RI RUJDQLF DQG LQRUJDQLF DFLGV DQG WKH

SURGXFWLRQ RI SURWRQV �DFLGRO\VLV PHFKDQLVP�� VLPLODU WR ZKDW RFFXUV LQ SKRVSKDWH

VROXELOL]DWLRQ �(WHVDPL HW DO� ������

6LGHURSKRUHV SURGXFWLRQ

0RVW RUJDQLVPV UHTXLUH LURQ DV D WUDFH HOHPHQW� +RZHYHU� LW LV RIWHQ

XQDYDLODEOH IRU GLUHFW DVVLPLODWLRQ E\ SODQWV DQG PLFURRUJDQLVPV� ,Q DQ DHURELF

HQYLURQPHQW� LURQ H[LVWV SUHGRPLQDQWO\ DV )H��� W\SLFDOO\ LQ WKH IRUP RI LQVROXEOH

K\GUR[LGHV RU R[\K\GUR[LGHV �5DMNXPDU HW DO� ������ 6RPH EDFWHULD DFTXLUH LURQ IRU

WKHLU JURZWK DQG GHYHORSPHQW E\ V\QWKHVL]LQJ DQG VHFUHWLQJ VLGHURSKRUHV� ZKLFK DUH

VPDOO IHUULF LURQ�ELQGLQJ PROHFXOHV� HIIHFWLYHO\ DFWLQJ DV VROXELOL]LQJ DJHQWV IRU LURQ

IURP PLQHUDOV RU RUJDQLF LQVROXEOH FRPSRXQGV �.RQJ DQG *OLFN ������ $GGLWLRQDOO\�

WKHVH PROHFXOHV FDQ DOVR FKHODWH QXPHURXV RWKHU PHWDOV �-RKQVWRQH DQG 1RODQ

������

6LGHURSKRUH�SURGXFLQJ EDFWHULD FDQ HLWKHU GLUHFWO\ VWLPXODWH SODQW JURZWK E\

LPSURYLQJ LURQ DYDLODELOLW\ RU LQGLUHFWO\ E\ LQKLELWLQJ WKH DFWLYLW\ RI SODQW SDWKRJHQV LQ

WKH UKL]RVSKHUH E\ OLPLWLQJ LURQ DYDLODELOLW\ LQ WKH HQYLURQPHQW �.RQJ DQG *OLFN ������



��

6RPH VSHFLHV DUH NQRZQ IRU WKHLU DELOLW\ WR SURGXFH VLGHURSKRUHV LQFOXGLQJ

6WUHSWRP\FHV VSS� �7HUUD HW DO� ������ %XUNKROGHULD VSS�� %DFLOOXV VSS� �.KDQ HW DO�

������ DQG 3VHXGRPRQDV VSS� �&RUQHOLV DQG 0DWWKLMV ������ 7KHVH VSHFLHV KDYH

EHHQ VWXGLHG IRU WKHLU UROH LQ SURPRWLQJ SODQW JURZWK� ZKLFK LQFOXGHV WKH SURGXFWLRQ

RI VLGHURSKRUHV� ,Q D UHODWHG VWXG\� *KD]\ DQG (O�1DKUDZ\ ������ FRQGXFWHG

UHVHDUFK IRFXVLQJ RQ VWUDLQV RI %DFLOOXV VXEWLOLV DQG 3VHXGRPRQDV NRUHHQVLV�

VHOHFWHG IRU WKHLU VXSHULRU SHUIRUPDQFH LQ VLGHURSKRUH SURGXFWLRQ DQG DQWDJRQLVWLF

DFWLYLW\ DJDLQVW &HSKDORVSRULXP PD\GLV LQ DQ LQ YLWUR WHVW� ,Q WKH FRUQ ILHOG

H[SHULPHQW RQ WKH LQFLGHQFH RI PDL]H ODWH ZLOW� WKH LQRFXODWLRQ ZLWK WKH PL[WXUH RI

LVRODWHV OHG WR VLJQLILFDQW LQFUHDVHV LQ FDWDODVH �&$7�� SHUR[LGDVH �32;�� DQG

SRO\SKHQRO R[LGDVH �332� DFWLYLWLHV� DV ZHOO DV WRWDO FKORURSK\OO DQG FDURWHQRLGV�

FRPSDUHG WR FRQWURO WUHDWPHQWV� $GGLWLRQDOO\� WKHUH ZDV D JUHDWHU HIIHFW LQ UHGXFLQJ

LQIHFWLRQ DQG LQFUHDVLQJ WKH WKLFNQHVV RI WKH VFOHUHQFK\PDWRXV VKHDWK OD\HU

VXUURXQGLQJ WKH YDVFXODU EXQGOHV LQ WKH FRUQ VWDON� 7KHVH UHVXOWV UHIOHFWHG DQ

LQFUHDVH LQ SURGXFWLYLW\ DQG SURGXFWLYLW\ SDUDPHWHUV�

3K\WRKRUPRQHV SURGXFWLRQ

3K\WRKRUPRQHV DUH FUXFLDO SODQW JURZWK UHJXODWRUV WKDW JHQHUDOO\ IDFLOLWDWH

SK\VLRORJLFDO SURFHVVHV XQGHU ERWK QRUPDO DQG VWUHVVIXO FRQGLWLRQV� 6HYHUDO JHQHUD

RI EDFWHULD LQ WKH UKL]RVSKHUH DQG SODQW�DVVRFLDWHG SURGXFH RU PRGXODWH HVVHQWLDO

SK\WRKRUPRQHV VXFK DV JLEEHUHOOLQV �*$V�� F\WRNLQLQV� DEVFLVLF DFLG �$%$�� DX[LQV�

DQG HWK\OHQH�

$X[LQV DUH SODQW KRUPRQHV WKDW FRQVWLWXWH D JURXS RI ORZ�PROHFXODU�ZHLJKW

PROHFXOHV� SOD\LQJ D FHQWUDO UROH LQ FRQWUROOLQJ SODQW JURZWK DQG GHYHORSPHQW DFURVV

YDULRXV HQYLURQPHQWDO FRQGLWLRQV �*RPHV DQG 6FRUWHFFL ������ 7KH PRVW FRPPRQ

QDWXUDOO\ RFFXUULQJ DX[LQ LV LQGROH�����DFHWLF DFLG �,$$� �dDNPDNoÕ HW DO� �����

/HRQWRY\þRYi HW DO� ������ ZKLFK LV SURGXFHG E\ SODQWV� EDFWHULD� DQG IXQJL WKURXJK

DW OHDVW WKUHH GLIIHUHQW WU\SWRSKDQ�GHSHQGHQW ,$$ SURGXFWLRQ SDWKZD\V� 7KLV

KRUPRQH SOD\V D VLJQLILFDQW UROH LQ HVWDEOLVKLQJ DQG PDLQWDLQLQJ EHQHILFLDO LQWHUDFWLRQ

EHWZHHQ SODQWV DQG DVVRFLDWHG PLFURRUJDQLVPV� +RZHYHU� VRPH SDWKRJHQV FDQ

V\QWKHVL]H DQG VHFUHWH ,$$ DV D YLUXOHQFH PHFKDQLVP GXULQJ GLVHDVH GHYHORSPHQW

�)X DQG :DQJ ������



��

&\WRNLQLQV �&.V� DUH GHULYDWLYHV RI DGHQLQH PROHFXOHV WKDW SOD\ D FUXFLDO UROH

LQ LQIOXHQFLQJ YDULRXV WUDLWV RI SODQW JURZWK� GHYHORSPHQW� DQG SK\VLRORJ\ �$NKWDU HW

DO� ������ 6HYHUDO VWXGLHV KDYH UHSRUWHG WKH VHFUHWLRQ RI WKLV SODQW KRUPRQH LQ

GLIIHUHQW EDFWHULD� LQFOXGLQJ $]RVSLULOOXP EUDVLOHQVH �=DKHHU HW DO� ������

3VHXGRPRQDV IOXRUHVFHQV �*UR�NLQVN\ HW DO� ������ DQG %DFLOOXV VXEWLOLV �/LX HW DO�

������ +RZHYHU� WKH PHFKDQLVPV LQYROYHG LQ &. V\QWKHVLV DUH VWLOO QRW ZHOO

XQGHUVWRRG �)UpERUWRYi DQG )UpERUW ������ 6LPLODUO\� OLWWOH KDV EHHQ XQFRYHUHG DERXW

WKH ELRV\QWKHVLV RI *LEEHUHOOLQV �*$V� LQ EDFWHULD� *LEEHUHOOLQV EHORQJ WR DQRWKHU

FODVV RI UHJXODWRUV RI JURZWK DQG GHYHORSPHQWDO SURFHVVHV LQ YDVFXODU SODQWV� ,W LV

NQRZQ WKDW VRPH PHPEHUV IURP WKH UKL]RELD JURXS FRQWDLQ D SXWDWLYH *$

ELRV\QWKHWLF RSHURQ�JHQH FOXVWHU �1HWW HW DO� ����� ������

(WK\OHQH �(7� JRYHUQV SODQW DGDSWDWLRQ WR VWUHVV� EXW LW FRPHV DW WKH H[SHQVH

RI JURZWK DQG GHYHORSPHQW �,ODQJXPDUDQ DQG 6PLWK ������ 8QGHU VWUHVV FRQGLWLRQV�

SODQWV LQFUHDVH (7 V\QWKHVLV� ZKLFK WKHQ WULJJHUV GHIHQVH PHFKDQLVPV� +RZHYHU�

GXH WR WKH PXOWLSOH HIIHFWV RI WKLV KRUPRQH RQ SODQW SKHQRW\SH� HOHYDWHG OHYHOV RI (7

OHDG WR D VHULHV RI SOHLRWURSLF HIIHFWV �5DYDQEDNKVK HW DO� ������ 7R FRXQWHUDFW WKH

GHWULPHQWDO HIIHFWV RI (7� PDQ\ 3*3%V HQFRGH LQ WKHLU JHQRPH WKH HQ]\PH

��DPLQRF\FORSURSDQH���FDUER[\ODWH �$&&� GHDPLQDVH� 7KLV HQ]\PH KDV WKH DELOLW\

WR UHJXODWH WKH SURGXFWLRQ RI HWK\OHQH �$OL HW DO� ����� &KDQGUD HW DO� �����

.RQNROHZVND HW DO� ������ UHGXFLQJ WKH LPSDFW RI YDULRXV GHOHWHULRXV HIIHFWV RQ

SODQWV �*OLFN ������



��

������ ,QGLUHFW PHFKDQLVPV

,QGXFWLRQ RI 6\VWHPLF 5HVLVWDQFH �,65�

7KH LQGXFHG V\VWHPLF UHVLVWDQFH LV D SODQW¶V GHIHQVLYH UHVSRQVH DJDLQVW D

EURDG VSHFWUXP RI SDWKRJHQV DQG KHUELYRURXV LQVHFWV� 7KLV UHVSRQVH LV DOVR

VWLPXODWHG E\ EHQHILFLDO PLFURRUJDQLVPV �3LHWHUVH HW DO� ������ 3ODQWV KDYH DQ LQQDWH

DELOLW\ WR GHWHFW DQG UHFRJQL]H SRWHQWLDO LQYDGLQJ PLFURRUJDQLVPV E\ LGHQWLI\LQJ

SDWKRJHQ� RU PLFUREH�DVVRFLDWHG PROHFXODU SDWWHUQV �0$03V RU 3$03V� WKURXJK

WUDQVPHPEUDQH SDWWHUQ UHFRJQLWLRQ UHFHSWRUV �355V�� 7KHVH UHFHSWRUV DFWLYDWH

LPPXQH GHIHQVH� NQRZQ DV SDWWHUQ�WULJJHUHG LPPXQLW\ �3$03�WULJJHUHG LPPXQLW\ �

37,� �1LVKDG HW DO� ����� <X HW DO� ������ 1RQ�SDWKRJHQLF EDFWHULD FDQ UHJXODWH

LQGXFHG V\VWHPLF UHVLVWDQFH �,65� WKURXJK VLJQDOLQJ SDWKZD\V WKDW DUH VDOLF\OLF DFLG

�6$��LQGHSHQGHQW PHFKDQLVPV� VXFK DV WKH MDVPRQLF DFLG �-$��(7�GHSHQGHQW

SDWKZD\ �3LHWHUVH HW DO� ����� (OtDV HW DO� ����� <DQWL HW DO� ����� 1JX\HQ HW DO�

������ 0RUHRYHU� FHUWDLQ 3*35V KDYH EHHQ UHSRUWHG WR WULJJHU DQ 6$�GHSHQGHQW

W\SH RI ,65 WKDW UHVHPEOHV SDWKRJHQ�LQGXFHG V\VWHPLF DFTXLUHG UHVLVWDQFH �6$5�

�5\X HW DO� ����D� 1LX HW DO� ����� 6XQ HW DO� ������

$ YDULHW\ RI EDFWHULDO IDFWRUV DUH LQYROYHG LQ LQGXFLQJ V\VWHPLF UHVLVWDQFH E\

3*3%� ZLWK RXWHU PHPEUDQH OLSRSRO\VDFFKDULGHV �/36�� VLGHURSKRUH SURGXFWLRQ� DQG

VDOLF\OLF DFLG SURGXFWLRQ UHFRJQL]HG DV WKH PRVW LPSRUWDQW �5DPDPRRUWK\ HW DO�

������

0DQ\ VWXGLHV KDYH GHPRQVWUDWHG WKH HIIHFWLYHQHVV RI 3*3% LQ LQGXFLQJ

V\VWHPLF UHVLVWDQFH �,65� LQ SODQWV� 7KH UHVHDUFK FRQGXFWHG E\ $UHQFLELD HW DO��

������ VKRZHG WKDW *OXFRQDFHWREDFWHU GLD]RWURSKLFXV SRVVHVVHV DQG�RU SURGXFHV

HOLFLWRU PROHFXOHV WKDW DFWLYDWH VXJDUFDQH
V GHIHQVH PHFKDQLVPV� UHVXOWLQJ LQ

UHVLVWDQFH WR ;DQWKRPRQDV DOELOLQHDQV� 6SHFLILFDOO\� LW ZDV IRXQG WKDW WKH EDFWHULXP

DIIHFWHG WKH VXJDUFDQH GHIHQVH V\VWHP WKURXJK WKH SURGXFWLRQ RU LQIOXHQFH RQ

VHYHUDO NH\ FRPSRQHQWV� JHQHV RI WKH HWK\OHQH VLJQDOLQJ SDWKZD\� SURWHLQV

UHJXODWHG E\ DX[LQV� ����� *OXFDQDVH SURWHLQV� DQG XELTXLWLQ JHQHV� $OVR� -HWL\DQRQ

DQG 3OLDQEDQJFKDQJ ������ UHSRUWHG WKDW /36 RI (QWHUREDFWHU DVEXULDH VWUDLQ 56��

SOD\V D UROH LQ WKH LQGXFWLRQ RI HDUO\ GHIHQVLYH�UHODWHG HQ]\PHV LQ OHWWXFH DJDLQVW VRIW

URW GLVHDVH FDXVHG E\ 3HFWREDFWHUXP FDURWRYRUXP VXEVS� FDURWRYRUXP �3FF��



��

$QWLPLFURELDOV DQG O\WLF HQ]\PHV

6RPH EDFWHULD KDYH WKH DELOLW\ WR VXSSUHVV SK\WRSDWKRJHQV¶ JURZWK DQG

SUROLIHUDWLRQ E\ SURGXFLQJ D VHULHV RI DQWLPLFURELDO FRPSRXQGV DQG HQ]\PHV ZLWK

DQWDJRQLVWLF DFWLYLW\� 7KHVH FRPSRXQGV LQFOXGH D ZLGH UDQJH RI VXEVWDQFHV VXFK DV

ULERVRPDO SHSWLGHV� SRO\NHWLGHV �3.V�� QRQ�ULERVRPDO SHSWLGHV �153V�� YRODWLOH

RUJDQLF FRPSRXQGV �92&V�� DQG WHUSHQHV�

7KH ULERVRPDOO\ V\QWKHVL]HG DQG SRVWWUDQVODWLRQDOO\ PRGLILHG SHSWLGHV

�5L33V�� KDYH DWWUDFWHG LQWHUHVW DV DOWHUQDWLYHV WR FRQYHQWLRQDO DQWLELRWLFV� 7KH

ELRV\QWKHVLV RI WKHVH FRPSRXQGV EHJLQV ZLWK WKH V\QWKHVLV RI OLQHDU SHSWLGHV LQ

ULERVRPHV� ZKLFK DUH VXEVHTXHQWO\ PRGLILHG E\ HQ]\PHV �/L DQG 5HEXIIDW ������

:KLOH 153V DQG 3.V DUH PHFKDQLVPV LQGHSHQGHQW RI WKH ULERVRPH� ERWK DUH

V\QWKHVL]HG E\ ODUJH HQ]\PH FRPSOH[HV FDOOHG QRQULERVRPDO SHSWLGH V\QWKHWDVHV

�1536V�� ZKLFK FRQGHQVH DPLQR DFLGV �DQG VRPHWLPHV RWKHU RUJDQLF DFLGV� WR IRUP

QRQULERVRPDO SHSWLGHV� 3RO\NHWLGH V\QWKDVHV �3.6V�� RQ WKH RWKHU KDQG� FRQGHQVH

VPDOO FDUER[\OLF DFLGV� SULPDULO\ DFHWDWH� DQG SURSLRQDWH� WR IRUP SRO\NHWLGHV �/LWWOH

DQG +HUWZHFN ������

7KH WHUSHQRLGV DUH WKH PRVW DEXQGDQW QDWXUDO SURGXFWV DQG FRPSULVH D

GLYHUVH FODVV ZLWK GLYHUVH ELRORJLFDO IXQFWLRQV �:DQJ HW DO� ����� +HOIULFK HW DO�

������ 7HUSHQRLG VNHOHWRQV FRQVLVW RI &� LVRSUHQH XQLWV� ZKLFK DUH GHULYHG IURP WKH

SUHFXUVRUV LVRSHQWHQ\O GLSKRVSKDWH �,33� DQG GLPHWK\ODOO\O GLSKRVSKDWH �'0$33��

,Q EDFWHULD� WKHVH XQLWV FRPPRQO\ RFFXU YLD WKH ��&�PHWK\O�'�HU\WKULWRO ��SKRVSKDWH

SDWKZD\ �0(3� �:DQJ HW DO� ������

9RODWLOH RUJDQLF FRPSRXQGV �92&V� FRQVLVW RI FDUERQ�FRQWDLQLQJ FRPSRXQGV

ZLWK ORZ PROHFXODU ZHLJKW WKDW UHDGLO\ HYDSRUDWH DW QRUPDO WHPSHUDWXUHV DQG

SUHVVXUHV �:DQJ HW DO� ������ 7KH\ EHORQJ WR YDULRXV FRPSRXQG FODVVHV� VXFK DV

DONHQHV� DOFRKROV� NHWRQHV� EHQ]HQRLGV� S\UD]LQHV� VXOILGHV� DQG WHUSHQHV

�6FKXO]�%RKP HW DO� ������ 7KLV FRPSRXQG FDQ KDYH PXOWLSOH IXQFWLRQV LQ DGGLWLRQ WR

DQWDJRQLVWLF DFWLYLW\ DJDLQVW DQRWKHU RUJDQLVP� FDQ KDYH DQ HIIHFW WR SURPRWH SODQW

JURZWK �3DUN HW DO� ����� $OPHLGD HW DO� ������ DQG LQGXFH V\VWHPLF UHVLVWDQFH �5\X

HW DO� ����E�� 5HVSRQVLEOH IRU LQWHU� DQG LQWUD�RUJDQLVP FRPPXQLFDWLRQ� WKHVH



��

FRPSRXQGV SOD\ D UROH LQ D YDULHW\ RI LQWHUDFWLRQV EHWZHHQ SODQWV DQG WKHLU

V\PELRWHV� LQFOXGLQJ DQWDJRQLVWLF DQG PXWXDOLVWLF UHODWLRQVKLSV� ERWK EHORZ DQG

DERYH JURXQG �.DQFKLVZDP\ HW DO� ������

$GGLWLRQDOO\� WKHUH DUH O\WLF HQ]\PHV SURGXFHG E\ 3*3%V� LQFOXGLQJ

FKLWLQDVHV� FHOOXODVHV� ����� JOXFDQDVHV� SURWHDVHV� DQG OLSDVHV WKDW FDQ K\GURO\]H

WKH SRO\VDFFKDULGHV WKDW PDNH XS WKH FHOO ZDOO RI YDULRXV SK\WRSDWKRJHQLF IXQJL

�3KLOLS HW DO� ����� 6KDUPD HW DO� ����� DQG EDFWHULD �=KDQJ HW DO� ����� 'RQJ HW DO�

������

���� 0HWDJHQRPLFV DSSOLHG LQ VWXGLHV RI SODQW�DVVRFLDWHG PLFURELRPHV

)RU D ORQJ WLPH� PLFURRUJDQLVPV ZHUH GLVFRYHUHG XVLQJ FODVVLFDO

PLFURELRORJLFDO FXOWXUH�GHSHQGHQW DSSURDFKHV� ZKLFK DOORZHG WKH LGHQWLILFDWLRQ RI

VSHFLILF JURXSV RI PLFURRUJDQLVPV DQG ELRDFWLYH FRPSRXQGV� +RZHYHU� LW LV

LPSRUWDQW WR QRWH WKDW FXOWXUH�GHSHQGHQW DSSURDFKHV KDYH D OLPLWDWLRQ IRU D

FRPSUHKHQVLYH PLFURELDO FRPPXQLW\ GLVFRYHU\� 7KLV RFFXUV EHFDXVH RQO\ WKRVH

PLFURRUJDQLVPV FDSDEOH RI JURZLQJ LQ WKH FXOWXUH PHGLD ZLOO EH UHFRYHUHG� OHDGLQJ WR

DQ LQFRPSOHWH UHSUHVHQWDWLRQ RI WKH ORFDO PLFURELDO GLYHUVLW\ �7HJWPHLHU HW DO� ������

,W LV DOVR ZRUWK PHQWLRQLQJ WKDW WKHUH LV QRW DOZD\V D FRUUHODWLRQ EHWZHHQ WKH UHODWLYH

DEXQGDQFH RI D PLFURRUJDQLVP LQ LWV QDWXUDO HQYLURQPHQW DQG LWV DELOLW\ WR JURZ LQ

V\QWKHWLF FXOWXUH PHGLD �3R\HW HW DO� ������ 7KLV PHDQV WKDW D PLFURRUJDQLVP PD\ EH

DEXQGDQW LQ LWV QDWXUDO KDELWDW EXW PD\ QRW JURZ ZHOO RU DW DOO LQ ODERUDWRU\ FRQGLWLRQV�

,Q WKLV ZD\� DOWHUQDWLYH DSSURDFKHV� VXFK DV FXOWXUH�LQGHSHQGHQW PHWKRGV� DUH

QHFHVVDU\ WR REWDLQ D PRUH FRPSUHKHQVLYH XQGHUVWDQGLQJ RI PLFURELDO FRPPXQLWLHV�

7KH FXOWXUH�LQGHSHQGHQW PHWKRGV KDYH EHFRPH SRVVLEOH GXH WR WHFKQRORJLFDO

DGYDQFHV LQ PROHFXODU ELRORJ\ DQG KLJK�WKURXJKSXW RPLFV� 7KHVH PHWKRGV KDYH

JUHDWO\ SURPRWHG HIIRUWV WR HOXFLGDWH WKH VWUXFWXUH DQG G\QDPLFV LQKHUHQW LQ

PLFURELRPHV� VXFK DV SODQW�DVVRFLDWHG PLFURELRPHV �/HY\ HW DO� ������ ,Q UHFHQW

\HDUV� SODQW PLFURELRPH UHVHDUFK KDV LQFUHDVHG GUDVWLFDOO\� SURYLGLQJ VLJQLILFDQW

LQVLJKWV FRQFHUQLQJ WKH UROHV RI SODQW�DVVRFLDWHG PLFURELRWD� SDUWLFXODUO\ LQ WHUPV RI

WKHLU DJULFXOWXUDO UHOHYDQFH RQ SODQW JURZWK SURPRWLRQ DQG SDWKRJHQHVLV�

0HWDJHQRPLF DSSURDFKHV VHUYH DV WKH IRXQGDWLRQ IRU YDULRXV RWKHU
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WHFKQLTXHV DQG WKH LQFUHDVLQJ DEXQGDQFH RI RPLFV GDWD LQIRUPDWLRQ IURP D ZLGH

UDQJH RI HQYLURQPHQWV RIIHUV QXPHURXV RSSRUWXQLWLHV WR DGYDQFH RXU XQGHUVWDQGLQJ

RI WKH ILHOG RI SODQW�DVVRFLDWHG PLFURELRPHV�

0DQ\ VWXGLHV GHVFULELQJ PLFURELDO FRPPXQLWLHV UHO\ RQ VKRUW�UHDG DPSOLFRQ

VHTXHQFLQJ� ZKLFK KDV OLPLWDWLRQV LQ XQGHUVWDQGLQJ IXQFWLRQDO FDSDELOLWLHV DQG

SURYLGLQJ ORZ WD[RQRPLF UHVROXWLRQ DW WKH VSHFLHV OHYHO �6RWR�*LURQ HW DO� ������ ,Q

FRQWUDVW� ORQJ�UHDG PHWDJHQRPLF VHTXHQFLQJ KDV HPHUJHG DV D SRZHUIXO WRRO�

HQDEOLQJ WKH UHWULHYDO RI PHWDJHQRPH�DVVHPEOHG JHQRPHV �0$*V� ZLWK KLJK

FRPSOHWHQHVV� 7KLV DSSURDFK KDV JUHDWO\ LPSURYHG RXU XQGHUVWDQGLQJ RI PLFURELDO

SRSXODWLRQV DQG WKHLU LQWHUDFWLRQV ZLWK KRVWV RU WKHLU HQYLURQPHQW� DV ZHOO DV

IDFLOLWDWHG WKH GLVFRYHU\ RI QRYHO VSHFLHV� WKXV FRQWULEXWLQJ WR WKH UHGXFWLRQ RI ZKDW LV

RIWHQ UHIHUUHG WR DV WKH µPLFURELDO GDUN PDWWHU¶ �6HWXEDO ������ ,Q PLFURELRPH

DQDO\VHV XVLQJ PDUNHU JHQHV �PHWDEDUFRGLQJ�� KLJK�WKURXJKSXW VHTXHQFLQJ RI ORQJ

UHDGV SRVLWLYHO\ LPSDFWV WKH LQFUHDVH LQ WKH SK\ORJHQHWLF VLJQDO� ZKLFK LV DWWULEXWHG WR

JUHDWHU FRYHUDJH RI WKH WDUJHW JHQH� ZKLFK LQ WXUQ OHDGV WR D VLJQLILFDQW ULVH LQ WKH

UHVROXWLRQ RI WKH WD[RQRPLF SURILOH RI WKH FRPPXQLW\� )XUWKHUPRUH� ORQJ�UHDG

VHTXHQFLQJ KDV EHHQ LQVWUXPHQWDO LQ HQKDQFLQJ WD[RQRPLF UHVROXWLRQ DW ERWK WKH

VSHFLHV DQG JHQRW\SH OHYHOV �$UPDQKL HW DO� ����� :DOGHU HW DO� ����� 0DUWLMQ HW DO�

����� 7HGHUVRR HW DO� ������
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�� 5()(5(1&(6

$NKWDU 66� 0HNXUH\DZ 0)� 3DQGH\ &� 5RLWVFK 7 ������ 5ROH RI &\WRNLQLQV IRU
,QWHUDFWLRQV RI 3ODQWV :LWK 0LFURELDO 3DWKRJHQV DQG 3HVW ,QVHFWV� )URQWLHUV LQ 3ODQW
6FLHQFH ��� ����� KWWSV���GRL�RUJ���������ISOV�����������

$OL 6� &KDUOHV 7&� *OLFN %5 ������ $PHOLRUDWLRQ RI KLJK VDOLQLW\ VWUHVV GDPDJH E\
SODQW JURZWK�SURPRWLQJ EDFWHULDO HQGRSK\WHV WKDW FRQWDLQ $&& GHDPLQDVH� 3ODQW
3K\VLRORJ\ DQG %LRFKHPLVWU\ ��� ���±����
KWWSV���GRL�RUJ���������M�SODSK\������������

$OPHLGD 2$&� 'H $UDXMR 12� 0XODWR $71� 3HUVLQRWL *)� 6IRUoD 0/�
&DOGHUDQ�5RGULJXHV 0-� 2OLYHLUD -9'& ������ %DFWHULDO YRODWLOH RUJDQLF FRPSRXQGV
�92&V� SURPRWH JURZWK DQG LQGXFH PHWDEROLF FKDQJHV LQ ULFH� )URQWLHUV LQ 3ODQW
6FLHQFH ��� �������� KWWSV���GRL�RUJ���������ISOV�������������

$QGUHRWH )'� *XPLHUH 7� 'XUUHU $ ������ ([SORULQJ LQWHUDFWLRQV RI SODQW
PLFURELRPHV� 6FLHQWLD $JULFROD ��� ���±����
KWWSV���GRL�RUJ����������������������������

$UHQFLELD $'� 9LQDJUH )� (VWHYH] <� %HUQDO $� 3HUH] -� &DYDOFDQWL -� 6DQWDQD ,�
+HPHUO\ $6 ������ *OXFRQRDFHWREDFWHU GLD]RWURSKLFXV (OLFLWDWH D 6XJDUFDQH
'HIHQVH 5HVSRQVH $JDLQVW D 3DWKRJHQLF %DFWHULD ;DQWKRPRQDV DOELOLQHDQV� 3ODQW
6LJQDOLQJ 	 %HKDYLRU �� ���±���� KWWSV���GRL�RUJ���������SVE���������

$UPDQKL -6/� GH 6RX]D 56&� 'DPDVFHQR 1 GH %� GH $UD~MR /0� ,PSHULDO -� $UUXGD
3 ������ $ &RPPXQLW\�%DVHG &XOWXUH &ROOHFWLRQ IRU 7DUJHWLQJ 1RYHO 3ODQW
*URZWK�3URPRWLQJ %DFWHULD IURP WKH 6XJDUFDQH 0LFURELRPH� )URQWLHUV LQ 3ODQW
6FLHQFH �� ����� KWWSV���GRL�RUJ���������ISOV�����������

$UPDQKL -6/� GH 6RX]D 56&� GH $UD~MR /0� 2NXUD 9.� 0LHF]NRZVNL 3� ,PSHULDO -�
$UUXGD 3 ������ 0XOWLSOH[ DPSOLFRQ VHTXHQFLQJ IRU PLFUREH LGHQWLILFDWLRQ LQ
FRPPXQLW\�EDVHG FXOWXUH FROOHFWLRQV� 6FLHQWLILF 5HSRUWV �� ������
KWWSV���GRL�RUJ���������VUHS�����

%DQHUMHH 6� YDQ GHU +HLMGHQ 0*$ ������ 6RLO PLFURELRPHV DQG RQH KHDOWK� 1DWXUH
5HYLHZV 0LFURELRORJ\ ��� �±��� KWWSV���GRL�RUJ���������V����������������Z

%DQHUMHH 6� 6FKODHSSL .� YDQ GHU +HLMGHQ 0*$ ������ .H\VWRQH WD[D DV GULYHUV RI
PLFURELRPH VWUXFWXUH DQG IXQFWLRQLQJ� 1DWXUH 5HYLHZV 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������V����������������

%HUJ *� .|EHUO 0� 5\EDNRYD '� 0�OOHU +� *URVFK 5� 6PDOOD . ������ 3ODQW PLFURELDO
GLYHUVLW\ LV VXJJHVWHG DV WKH NH\ WR IXWXUH ELRFRQWURO DQG KHDOWK WUHQGV� )(06
0LFURELRORJ\ (FRORJ\ ��� IL[���� KWWSV���GRL�RUJ���������IHPVHF�IL[���

%HUJ *� 5\EDNRYD '� )LVFKHU '� &HUQDYD 7� 9HUJqV 0�&&� &KDUOHV 7� &KHQ ;�
&RFROLQ /� (YHUVROH .� &RUUDO *+� .D]RX 0� .LQNHO /� /DQJH /� /LPD 1� /R\ $�
0DFNOLQ -$� 0DJXLQ (� 0DXFKOLQH 7� 0F&OXUH 5� 0LWWHU %� 5\DQ 0� 6DUDQG ,� 6PLGW +�
6FKHONOH %� 5RXPH +� .LUDQ *6� 6HOYLQ -� 6RX]D 56& GH� YDQ 2YHUEHHN /� 6LQJK
%.� :DJQHU 0� :DOVK $� 6HVVLWVFK $� 6FKORWHU 0 ������ 0LFURELRPH GHILQLWLRQ
UH�YLVLWHG� ROG FRQFHSWV DQG QHZ FKDOOHQJHV� 0LFURELRPH �� ����



��

KWWSV���GRL�RUJ���������V�����������������

dDNPDNoÕ 5� 0RVEHU *� 0LOWRQ $+� $ODW�UN )� $OL % ������ 7KH (IIHFW RI $X[LQ DQG
$X[LQ�3URGXFLQJ %DFWHULD RQ WKH *URZWK� (VVHQWLDO 2LO <LHOG� DQG &RPSRVLWLRQ LQ
0HGLFLQDO DQG $URPDWLF 3ODQWV� &XUUHQW 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������V�����������������

GH &DUYDOKR /$/� 7HKHUDQ�6LHUUD /*� )XQQLFHOOL 0,*� GD 6LOYD 5&� &DPSDQDUL 0)=�
GH 6RX]D 56&� $UUXGD 3� 6RDUHV 0$� 3LQKHLUR '* ������ )DUPLQJ V\VWHPV
LQIOXHQFH WKH FRPSRVLWLRQDO� VWUXFWXUDO� DQG IXQFWLRQDO FKDUDFWHULVWLFV RI WKH
VXJDUFDQH�DVVRFLDWHG PLFURELRPH� 0LFURELRORJLFDO 5HVHDUFK ���� �������
KWWSV���GRL�RUJ���������M�PLFUHV������������

&KDQGUD '� 6ULYDVWDYD 5� *XSWD 9965� )UDQFR &00� 6KDUPD $. ������ (YDOXDWLRQ
RI $&&�GHDPLQDVH�SURGXFLQJ UKL]REDFWHULD WR DOOHYLDWH ZDWHU�VWUHVV LPSDFWV LQ
ZKHDW �7ULWLFXP DHVWLYXP /�� SODQWV� &DQDGLDQ -RXUQDO RI 0LFURELRORJ\ ���
���±���� KWWSV���GRL�RUJ���������FMP����������

&KHQJ <7� =KDQJ /� +H 6< ������ 3ODQW�0LFUREH ,QWHUDFWLRQV )DFLQJ (QYLURQPHQWDO
&KDOOHQJH� &HOO +RVW 	 0LFUREH ��� ���±����
KWWSV���GRL�RUJ���������M�FKRP������������

&RPSDQW 6� &OpPHQW &� 6HVVLWVFK $ ������ 3ODQW JURZWK�SURPRWLQJ EDFWHULD LQ WKH
UKL]R� DQG HQGRVSKHUH RI SODQWV� 7KHLU UROH� FRORQL]DWLRQ� PHFKDQLVPV LQYROYHG DQG
SURVSHFWV IRU XWLOL]DWLRQ� 6RLO %LRORJ\ DQG %LRFKHPLVWU\ ��� ���±����
KWWSV���GRL�RUJ���������M�VRLOELR������������

&RPSDQW 6� 6DPDG $� )DLVW +� 6HVVLWVFK $ ������ $ UHYLHZ RQ WKH SODQW
PLFURELRPH� (FRORJ\� IXQFWLRQV� DQG HPHUJLQJ WUHQGV LQ PLFURELDO DSSOLFDWLRQ�
-RXUQDO RI $GYDQFHG 5HVHDUFK ��� ��±���
KWWSV���GRL�RUJ���������M�MDUH������������

&21$% �����D� � $FRPS� VDIUD EUDV� FDQD� Y� � � 6DIUD �������� Q� � � 4XDUWR
OHYDQWDPHQWR� &RQDE %UDVtOLD� $YDLODEOH IURP�
KWWSV���ZZZ�FRQDE�JRY�EU�LQIR�DJUR�VDIUDV�FDQD�EROHWLP�GD�VDIUD�GH�FDQD�GH�DFXFDU�L
WHP�GRZQORDG������B�����ED�GD��H����E��F���H����HF��

&21$% �����E� � $FRPS� VDIUD EUDV� FDQD� Y� � � 6DIUD �������� Q� � � 6HJXQGR
OHYDQWDPHQWR� &RQDE %UDVtOLD� $YDLODEOH IURP�
KWWSV���ZZZ�FRQDE�JRY�EU�LQIR�DJUR�VDIUDV�FDQD�EROHWLP�GD�VDIUD�GH�FDQD�GH�DFXFDU�L
WHP�GRZQORDG������B�F������EIIFIEIE��GHE���G���D����

&RUQHOLV 3� 0DWWKLMV 6 ������ 3VHXGRPRQDV VLGHURSKRUHV DQG WKHLU ELRORJLFDO
VLJQLILFDQFH� ,Q� 0LFURELDO VLGHURSKRUHV� 6SULQJHU� ���±����

&XVFy $� 3pUH] '� 9LxHV -� )jEUHJDV 1� )UDQFLQR 2 ������ /RQJ�UHDG
PHWDJHQRPLFV UHWULHYHV FRPSOHWH VLQJOH�FRQWLJ EDFWHULDO JHQRPHV IURP FDQLQH
IHFHV� %0& *HQRPLFV ��� ���� KWWSV���GRL�RUJ���������V�����������������

'DQLHO 5 ������ 7KH VRLO PHWDJHQRPH ± D ULFK UHVRXUFH IRU WKH GLVFRYHU\ RI QRYHO
QDWXUDO SURGXFWV� &XUUHQW 2SLQLRQ LQ %LRWHFKQRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������M�FRSELR������������
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'DVWRJHHU .0*� 7XPSD )+� 6XOWDQD $� $NWHU 0$� &KDNUDERUW\ $ ������ 3ODQW
PLFURELRPH±DQ DFFRXQW RI WKH IDFWRUV WKDW VKDSH FRPPXQLW\ FRPSRVLWLRQ DQG
GLYHUVLW\� &XUUHQW 3ODQW %LRORJ\ ��� �������
KWWSV���GRL�RUJ���������M�FSE������������

'H =XWWHU 1� $PH\H 0� %HNDHUW %� 9HUZDHUHQ -� 'H *HOGHU /� $XGHQDHUW . ������
8QFRYHULQJ 1HZ ,QVLJKWV DQG 0LVFRQFHSWLRQV RQ WKH (IIHFWLYHQHVV RI 3KRVSKDWH
6ROXELOL]LQJ 5KL]REDFWHULD LQ 3ODQWV� $ 0HWD�$QDO\VLV� )URQWLHUV LQ 3ODQW 6FLHQFH
��� ������� KWWSV���GRL�RUJ���������ISOV������������

'L[RQ 5� .DKQ ' ������ *HQHWLF UHJXODWLRQ RI ELRORJLFDO QLWURJHQ IL[DWLRQ� 1DWXUH
5HYLHZV 0LFURELRORJ\ �� ���±���� KWWSV���GRL�RUJ���������QUPLFUR���

'RQJ +� ;X ;� *DR 5� /L <� /L $� <DR 4� =KX + ������ 0\[RFRFFXV [DQWKXV 5��
6XSSUHVVHV 7RPDWR %DFWHULDO :LOW E\ ,QKLELWLQJ WKH 3DWKRJHQ 5DOVWRQLD
VRODQDFHDUXP :LWK 6HFUHWHG 3URWHLQV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

(OtDV -0� *XHUUHUR�0ROLQD 0)� 0DUWtQH]�=DPRUD 0*� 'tD]�5LFFL -&� 3HGUD]D 52
������ 5ROH RI HWK\OHQH DQG UHODWHG JHQH H[SUHVVLRQ LQ WKH LQWHUDFWLRQ EHWZHHQ
VWUDZEHUU\ SODQWV DQG WKH SODQW JURZWK�SURPRWLQJ EDFWHULXP $]RVSLULOOXP EUDVLOHQVH�
3DSHQ + �(G��� 3ODQW %LRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������SOE������

(UHQVWHLQ 2� -DOHWD 0� 6RQGHU .� 0RWWDOHE .� 3UDVDQQD %0 ������ *OREDO PDL]H
SURGXFWLRQ� FRQVXPSWLRQ DQG WUDGH� WUHQGV DQG 5	' LPSOLFDWLRQV� )RRG 6HFXULW\ ���
����±����� KWWSV���GRL�RUJ���������V�����������������

(WHVDPL +� (PDPL 6� $OLNKDQL +$ ������ 3RWDVVLXP VROXELOL]LQJ EDFWHULD �.6%���
0HFKDQLVPV� SURPRWLRQ RI SODQW JURZWK� DQG IXWXUH SURVSHFWV��$ UHYLHZ� -RXUQDO RI
VRLO VFLHQFH DQG SODQW QXWULWLRQ ��� ���±����
KWWSV���GRL�RUJ���������6����������������������

)LHUHU 1 ������ (PEUDFLQJ WKH XQNQRZQ� GLVHQWDQJOLQJ WKH FRPSOH[LWLHV RI WKH VRLO
PLFURELRPH� 1DWXUH 5HYLHZV 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������QUPLFUR��������

)UpERUWRYi -� )UpERUW , ������ %LRFKHPLFDO DQG 6WUXFWXUDO $VSHFWV RI &\WRNLQLQ
%LRV\QWKHVLV DQG 'HJUDGDWLRQ LQ %DFWHULD� 0LFURRUJDQLVPV �� �����
KWWSV���GRL�RUJ���������PLFURRUJDQLVPV�������

)X -� :DQJ 6 ������ ,QVLJKWV LQWR $X[LQ 6LJQDOLQJ LQ 3ODQW�3DWKRJHQ ,QWHUDFWLRQV�
)URQWLHUV LQ 3ODQW 6FLHQFH �� KWWSV���GRL�RUJ���������ISOV�����������

*KD]\ 1� (O�1DKUDZ\ 6 ������ 6LGHURSKRUH SURGXFWLRQ E\ %DFLOOXV VXEWLOLV
0)������ DQG 3VHXGRPRQDV NRUHHQVLV 0*������ DQG WKHLU HIILFDF\ LQ FRQWUROOLQJ
&HSKDORVSRULXP PD\GLV LQ PDL]H SODQW� $UFKLYHV RI 0LFURELRORJ\ ���� ����±�����
KWWSV���GRL�RUJ���������V�����������������

*OLFN %5 ������ %DFWHULD ZLWK $&& GHDPLQDVH FDQ SURPRWH SODQW JURZWK DQG KHOS WR
IHHG WKH ZRUOG� 0LFURELRORJLFDO 5HVHDUFK ���� ��±���
KWWSV���GRL�RUJ���������M�PLFUHV������������

*RGVKDOO 0$� /HJHQGUH %/ ������ 68*$5 _ 6XJDUFDQH� ,Q� (QF\FORSHGLD RI )RRG
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6FLHQFHV DQG 1XWULWLRQ� (OVHYLHU� ����±�����
KWWSV���GRL�RUJ���������%������������;��������

*RPHV */%� 6FRUWHFFL .& ������ $X[LQ DQG LWV UROH LQ SODQW GHYHORSPHQW� VWUXFWXUH�
VLJQDOOLQJ� UHJXODWLRQ DQG UHVSRQVH PHFKDQLVPV� :LFNH 6 �(G��� 3ODQW %LRORJ\ ���
���±���� KWWSV���GRL�RUJ���������SOE������

*UR�NLQVN\ '.� 7DIQHU 5� 0RUHQR 09� 6WHQJOHLQ 6$� *DUFtD GH 6DODPRQH ,(�
1HOVRQ /0� 1RYiN 2� 6WUQDG 0� YDQ GHU *UDDII (� 5RLWVFK 7 ������ &\WRNLQLQ
SURGXFWLRQ E\ 3VHXGRPRQDV IOXRUHVFHQV *����� GHWHUPLQHV ELRFRQWURO DFWLYLW\
DJDLQVW 3VHXGRPRQDV V\ULQJDH LQ $UDELGRSVLV� 6FLHQWLILF 5HSRUWV �� ������
KWWSV���GRL�RUJ���������VUHS�����

+DPRQWV .� 7ULYHGL 3� *DUJ $� -DQLW] &� *ULQ\HU -� +ROIRUG 3� %RWKD )&� $QGHUVRQ ,&�
6LQJK %. ������ )LHOG VWXG\ UHYHDOV FRUH SODQW PLFURELRWD DQG UHODWLYH LPSRUWDQFH RI
WKHLU GULYHUV� (QYLURQPHQWDO 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ������������������������

+DUR�0RUHQR -0� /ySH]�3pUH] 0� 5RGULJXH]�9DOHUD ) ������ (QKDQFHG 5HFRYHU\ RI
0LFURELDO *HQHV DQG *HQRPHV )URP D 0DULQH :DWHU &ROXPQ 8VLQJ /RQJ�5HDG
0HWDJHQRPLFV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

+DVVDQL 0$� 'XUiQ 3� +DFTXDUG 6 ������ 0LFURELDO LQWHUDFWLRQV ZLWKLQ WKH SODQW
KRORELRQW� 0LFURELRPH �� ��� KWWSV���GRL�RUJ���������V����������������

+HLQULFKV 5� 2WWR 5� 0DJDOKmHV $� 0HLUHOOHV *& ������ ,PSRUWDQFH RI VXJDUFDQH LQ
%UD]LOLDQ DQG ZRUOG ELRHFRQRP\� ,Q� .QRZOHGJH�'ULYHQ 'HYHORSPHQWV LQ WKH
%LRHFRQRP\� 6SULQJHU� ���±����

+HOIULFK (-1� /LQ *�0� 9RLJW &$� &ODUG\ - ������ %DFWHULDO WHUSHQH ELRV\QWKHVLV�
FKDOOHQJHV DQG RSSRUWXQLWLHV IRU SDWKZD\ HQJLQHHULQJ� %HLOVWHLQ -RXUQDO RI 2UJDQLF
&KHPLVWU\ ��� ����±����� KWWSV���GRL�RUJ���������EMRF�������

+RDQJ 19� )XUWDGR $� %RWKD )&� 6LPPRQV %$� +HQU\ 5- ������ 3RWHQWLDO IRU
*HQHWLF ,PSURYHPHQW RI 6XJDUFDQH DV D 6RXUFH RI %LRPDVV IRU %LRIXHOV� )URQWLHUV
LQ %LRHQJLQHHULQJ DQG %LRWHFKQRORJ\ �� KWWSV���GRL�RUJ���������IELRH�����������

,ODQJXPDUDQ *� 6PLWK '/ ������ 3ODQW *URZWK 3URPRWLQJ 5KL]REDFWHULD LQ
$PHOLRUDWLRQ RI 6DOLQLW\ 6WUHVV� $ 6\VWHPV %LRORJ\ 3HUVSHFWLYH� )URQWLHUV LQ 3ODQW
6FLHQFH �� ����� KWWSV���GRL�RUJ���������ISOV�����������

-HWL\DQRQ .� 3OLDQEDQJFKDQJ 3 ������ /LSRSRO\VDFFKDULGH RI (QWHUREDFWHU DVEXULDH
VWUDLQ 56��� $ EDFWHULDO GHWHUPLQDQW IRU LQGXFWLRQ RI HDUO\ GHIHQVLYH HQ]\PHV LQ
/DFWXFD VDWLYD DJDLQVW VRIW URW GLVHDVH� %LRORJLFDO &RQWURO ��� ���±����
KWWSV���GRL�RUJ���������M�ELRFRQWURO������������

-RKQVWRQH 7&� 1RODQ (0 ������ %H\RQG LURQ� QRQ�FODVVLFDO ELRORJLFDO IXQFWLRQV RI
EDFWHULDO VLGHURSKRUHV� 'DOWRQ 7UDQVDFWLRQV ��� ����±�����
KWWSV���GRL�RUJ���������&�'7�����&

.DQFKLVZDP\ &1� 0DOQR\ 0� 0DIIHL 0( ������ &KHPLFDO GLYHUVLW\ RI PLFURELDO
YRODWLOHV DQG WKHLU SRWHQWLDO IRU SODQW JURZWK DQG SURGXFWLYLW\� )URQWLHUV LQ 3ODQW



��

6FLHQFH �� KWWSV���GRL�RUJ���������ISOV�����������

.KDQ $� 'RVKL +9� 7KDNXU 0& ������ %DFLOOXV VSS�� D SUROLILF VLGHURSKRUH SURGXFHU�
%DFLOOL DQG DJURELRWHFKQRORJ\� ���±����

.RQJ =� *OLFN %5 ������ 7KH 5ROH RI 3ODQW *URZWK�3URPRWLQJ %DFWHULD LQ 0HWDO
3K\WRUHPHGLDWLRQ� ,Q� $GYDQFHV LQ 0LFURELDO 3K\VLRORJ\� (OVHYLHU� ��±����
KWWSV���GRL�RUJ���������EV�DPSEV������������

.RQNROHZVND $� 3LHFKDODN $� &LV]HZVND /� $QWRV�.U]HPL�VND 1� 6NU]\SF]DN 7�
+DQü $� 6LWNR .� 0DáNRZVNL (� %DUDáNLHZLF] '� 0DáHFND $ ������ &RPELQHG XVH RI
FRPSDQLRQ SODQWLQJ DQG 3*35 IRU WKH DVVLVWHG SK\WRH[WUDFWLRQ RI WUDFH PHWDOV �=Q�
3E� &G�� (QYLURQPHQWDO 6FLHQFH DQG 3ROOXWLRQ 5HVHDUFK ��� �����±������
KWWSV���GRL�RUJ���������V�����������������

/HEHLV 6/ ������ *UHDWHU WKDQ WKH VXP RI WKHLU SDUWV� FKDUDFWHUL]LQJ SODQW
PLFURELRPHV DW WKH FRPPXQLW\�OHYHO� &XUUHQW 2SLQLRQ LQ 3ODQW %LRORJ\ ��� ��±���
KWWSV���GRL�RUJ���������M�SEL������������

/HRQWRY\þRYi +� 7UGi /� 'REUHY 3,� âDãHN 9� *D\ (� %DOHVGHQW 0�+� %XUNHWRYi /
������ $X[LQ ELRV\QWKHVLV LQ WKH SK\WRSDWKRJHQLF IXQJXV /HSWRVSKDHULD PDFXODQV LV
DVVRFLDWHG ZLWK HQKDQFHG WUDQVFULSWLRQ RI LQGROH���S\UXYDWH GHFDUER[\ODVH
/P,3'&� DQG WU\SWRSKDQ DPLQRWUDQVIHUDVH /P7$0�� 5HVHDUFK LQ 0LFURELRORJ\
���� ���±���� KWWSV���GRL�RUJ���������M�UHVPLF������������

/HY\ $� 6DODV *RQ]DOH] ,� 0LWWHOYLHIKDXV 0� &OLQJHQSHHO 6� +HUUHUD 3DUHGHV 6� 0LDR
-� :DQJ .� 'HYHVFRYL *� 6WLOOPDQ .� 0RQWHLUR )� 5DQJHO $OYDUH] %� /XQGEHUJ '6� /X
7�<� /HEHLV 6� -LQ =� 0F'RQDOG 0� .OHLQ $3� )HOWFKHU 0(� 5LR 7*� *UDQW 65� 'RW\
6/� /H\ 5(� =KDR %� 9HQWXUL 9� 3HOOHWLHU '$� 9RUKROW -$� 7ULQJH 6*� :R\NH 7� 'DQJO
-/ ������ *HQRPLF IHDWXUHV RI EDFWHULDO DGDSWDWLRQ WRSODQWV� 1DWXUH *HQHWLFV ���
���±���� KWWSV���GRL�RUJ���������V����������������

/L -� /X -� :DQJ +� )DQJ =� :DQJ ;� )HQJ 6� :DQJ =� <XDQ 7� =KDQJ 6� 2X 6� <DQJ
;� :X =� 'X ;� 7DQJ /� /LDR %� 6KX :� -LD 3� /LDQJ - ������ $ FRPSUHKHQVLYH
V\QWKHVLV XQYHLOV WKH P\VWHULHV RI SKRVSKDWHòVROXELOL]LQJ PLFUREHV� %LRORJLFDO
5HYLHZV ��� ����±����� KWWSV���GRL�RUJ���������EUY������

/L <� 5HEXIIDW 6 ������ 7KH PDQLIROG UROHV RI PLFURELDO ULERVRPDO SHSWLGH±EDVHG
QDWXUDO SURGXFWV LQ SK\VLRORJ\ DQG HFRORJ\� -RXUQDO RI %LRORJLFDO &KHPLVWU\ ����
��±��� KWWSV���GRL�RUJ���������MEF�5(9����������

/LWWOH 5)� +HUWZHFN & ������ &KDLQ UHOHDVH PHFKDQLVPV LQ SRO\NHWLGH DQG
QRQ�ULERVRPDO SHSWLGH ELRV\QWKHVLV� 1DWXUDO 3URGXFW 5HSRUWV ��� ���±����
KWWSV���GRL�RUJ���������'�13�����*

/LX )� ;LQJ 6� 0D +� 'X =� 0D % ������ &\WRNLQLQ�SURGXFLQJ� SODQW JURZWK�SURPRWLQJ
UKL]REDFWHULD WKDW FRQIHU UHVLVWDQFH WR GURXJKW VWUHVV LQ 3ODW\FODGXV RULHQWDOLV
FRQWDLQHU VHHGOLQJV� $SSOLHG 0LFURELRORJ\ DQG %LRWHFKQRORJ\ ��� ����±�����
KWWSV���GRL�RUJ���������V����������������

0DSHOOL )� 0HQJRQL $� 5LYD 9� %RULQ 6 ������ %DFWHULDO FXOWXULQJ LV FUXFLDO WR ERRVW
VXVWDLQDEOH DJULFXOWXUH� 7UHQGV LQ 0LFURELRORJ\� 6�������;���������
KWWSV���GRL�RUJ���������M�WLP������������



��

0DUWLMQ -� /LQG $(� 6FK|Q 0(� 6SLHUW] ,� -X]RNDLWH /� %XQLNLV ,� 3HWWHUVVRQ 29�
(WWHPD 7-* ������ &RQILGHQW SK\ORJHQHWLF LGHQWLILFDWLRQ RI XQFXOWXUHG SURNDU\RWHV
WKURXJK ORQJ UHDG DPSOLFRQ VHTXHQFLQJ RI WKH ��6ò,76ò��6 U51$ RSHURQ�
(QYLURQPHQWDO 0LFURELRORJ\ ��� ����±�����
KWWSV���GRL�RUJ������������������������

0HQGHV 5� .UXLMW 0� GH %UXLMQ ,� 'HNNHUV (� YDQ GHU 9RRUW 0� 6FKQHLGHU -+0� 3LFHQR
<0� 'H6DQWLV 7=� $QGHUVHQ */� %DNNHU 3$+0� 5DDLMPDNHUV -0 ������ 'HFLSKHULQJ
WKH 5KL]RVSKHUH 0LFURELRPH IRU 'LVHDVH�6XSSUHVVLYH %DFWHULD� 6FLHQFH ����
����±����� KWWSV���GRL�RUJ���������VFLHQFH��������

0LWWHU %� 3IDIIHQELFKOHU 1� 6HVVLWVFK $ ������ 3ODQW±PLFUREH SDUWQHUVKLSV LQ �����
0LFURELDO %LRWHFKQRORJ\ �� ���±���� KWWSV���GRL�RUJ������������������������

0XV )� &URRN 0%� *DUFLD .� *DUFLD &RVWDV $� *HGGHV %$� .RXUL ('� 3DUDPDVLYDQ
3� 5\X 0�+� 2OGUR\G *('� 3RROH 36� 8GYDUGL 0.� 9RLJW &$� $Qp -�0� 3HWHUV -:
������ 6\PELRWLF 1LWURJHQ )L[DWLRQ DQG WKH &KDOOHQJHV WR ,WV ([WHQVLRQ WR
1RQOHJXPHV� .HOO\ 50 �(G��� $SSOLHG DQG (QYLURQPHQWDO 0LFURELRORJ\ ���
����±����� KWWSV���GRL�RUJ���������$(0���������

0XWKXNXPDUDVDP\ 5� 5HYDWKL *� 9DGLYHOX 0� $UXQ . ������ ,VRODWLRQ RI EDFWHULDO
VWUDLQV SRVVHVVLQJ QLWURJHQ�IL[DWLRQ� SKRVSKDWH DQG SRWDVVLXP�VROXELOL]DWLRQ DQG
WKHLU LQRFXODWLRQ HIIHFWV RQ VXJDUFDQH� ,QGLDQ -RXUQDO RI ([SHULPHQWDO %LRORJ\ ���
���±����

1HWW 56� 1JX\HQ +� 1DJHO 5� 0DUFDVVD $� &KDUOHV 7&� )ULHGEHUJ ,� 3HWHUV 5-
������ 8QUDYHOLQJ D 7DQJOHG 6NHLQ� (YROXWLRQDU\ $QDO\VLV RI WKH %DFWHULDO *LEEHUHOOLQ
%LRV\QWKHWLF 2SHURQ� .HQW $' �(G��� P6SKHUH �� H���������
KWWSV���GRL�RUJ���������P6SKHUH���������

1HWW 56� 0RQWDQDUHV 0� 0DUFDVVD $� /X ;� 1DJHO 5� &KDUOHV 7&� +HGGHQ 3� 5RMDV
0&� 3HWHUV 5- ������ (OXFLGDWLRQ RI JLEEHUHOOLQ ELRV\QWKHVLV LQ EDFWHULD UHYHDOV
FRQYHUJHQW HYROXWLRQ� 1DWXUH &KHPLFDO %LRORJ\ ��� ��±���
KWWSV���GRL�RUJ���������QFKHPELR�����

1JX\HQ 1+� 7URWHO�$]L] 3� 9LOODXPH 6� 5DEHQRHOLQD )� 6FKZDU]HQEHUJ $�
1JXHPD�2QD (� &OpPHQW &� %DLOOLHXO )� $]L] $ ������ %DFLOOXV VXEWLOLV DQG
3VHXGRPRQDV IOXRUHVFHQV 7ULJJHU &RPPRQ DQG 'LVWLQFW 6\VWHPLF ,PPXQH
5HVSRQVHV LQ $UDELGRSVLV WKDOLDQD 'HSHQGLQJ RQ WKH 3DWKRJHQ /LIHVW\OH� 9DFFLQHV
�� ���� KWWSV���GRL�RUJ���������YDFFLQHV�������

1LVKDG 5� $KPHG 7� 5DKPDQ 9-� .DUHHP $ ������ 0RGXODWLRQ RI 3ODQW 'HIHQVH
6\VWHP LQ 5HVSRQVH WR 0LFURELDO ,QWHUDFWLRQV� )URQWLHUV LQ 0LFURELRORJ\ ��� �����
KWWSV���GRL�RUJ���������IPLFE�����������

1LX '� :DQJ ;� :DQJ <� 6RQJ ;� :DQJ -� *XR -� =KDR + ������ %DFLOOXV FHUHXV
$5��� DFWLYDWHV 3$03�WULJJHUHG LPPXQLW\ DQG LQGXFHV D V\VWHPLF DFTXLUHG
UHVLVWDQFH WKURXJK D 135� �DQG 6$�GHSHQGHQW VLJQDOLQJ SDWKZD\� %LRFKHPLFDO
DQG %LRSK\VLFDO 5HVHDUFK &RPPXQLFDWLRQV ���� ���±����
KWWSV���GRL�RUJ���������M�EEUF������������

3DUN <�6� 'XWWD 6� $QQ 0� 5DDLMPDNHUV -0� 3DUN . ������ 3URPRWLRQ RI SODQW JURZWK
E\ 3VHXGRPRQDV IOXRUHVFHQV VWUDLQ 66��� YLD QRYHO YRODWLOH RUJDQLF FRPSRXQGV�



��

%LRFKHPLFDO DQG %LRSK\VLFDO 5HVHDUFK &RPPXQLFDWLRQV ���� ���±����
KWWSV���GRL�RUJ���������M�EEUF������������

3KLOLS 19� .RWHVKZDUD $� .LUDQ *$� 5DMD 6� 6XEUDKPDQ\DP 90� &KDQGUDVKHNDU +5
������ 6WDWLVWLFDO 2SWLPL]DWLRQ IRU &RSURGXFWLRQ RI &KLWLQDVH DQG %HWD ��
��(QGRJOXFDQDVH E\ &KLWLQRO\WLF 3DHQLEDFLOOXV HOJLL 3%� +DYLQJ $QWLIXQJDO $FWLYLW\�
$SSOLHG %LRFKHPLVWU\ DQG %LRWHFKQRORJ\ ���� ���±����
KWWSV���GRL�RUJ���������V�����������������

3LHWHUVH &0-� =DPLRXGLV &� %HUHQGVHQ 5/� :HOOHU '0� 9DQ :HHV 6&0� %DNNHU
3$+0 ������ ,QGXFHG 6\VWHPLF 5HVLVWDQFH E\ %HQHILFLDO 0LFUREHV� $QQXDO 5HYLHZ
RI 3K\WRSDWKRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������DQQXUHY�SK\WR��������������

3R\HW 0� *URXVVLQ 0� *LEERQV 60� $YLOD�3DFKHFR -� -LDQJ ;� .HDUQH\ 60� 3HUURWWD
$5� %HUG\ %� =KDR 6� /LHEHUPDQ 7'� 6ZDQVRQ 3.� 6PLWK 0� 5RHVHPDQQ 6�
$OH[DQGHU -(� 5LFK 6$� /LYQ\ -� 9ODPDNLV +� &OLVK &� %XOORFN .� 'HLN $� 6FRWW -�
3LHUFH .$� ;DYLHU 5-� $OP (- ������ $ OLEUDU\ RI KXPDQ JXW EDFWHULDO LVRODWHV SDLUHG
ZLWK ORQJLWXGLQDO PXOWLRPLFV GDWD HQDEOHV PHFKDQLVWLF PLFURELRPH UHVHDUFK� 1DWXUH
0HGLFLQH ��� ����±����� KWWSV���GRL�RUJ���������V����������������

5DMNXPDU 0� $H 1� 3UDVDG 019� )UHLWDV + ������ 3RWHQWLDO RI
VLGHURSKRUH�SURGXFLQJ EDFWHULD IRU LPSURYLQJ KHDY\ PHWDO SK\WRH[WUDFWLRQ� 7UHQGV
LQ %LRWHFKQRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������M�WLEWHFK������������

5DPDPRRUWK\ 9� 9LVZDQDWKDQ 5� 5DJXFKDQGHU 7� 3UDNDVDP 9� 6DPL\DSSDQ 5
������ ,QGXFWLRQ RI V\VWHPLF UHVLVWDQFH E\ SODQW JURZWK SURPRWLQJ UKL]REDFWHULD LQ
FURS SODQWV DJDLQVW SHVWV DQG GLVHDVHV� &URS 3URWHFWLRQ ��� �±���
KWWSV���GRL�RUJ���������6��������������������

5DYDQEDNKVK 0� 6DVLGKDUDQ 5� 9RHVHQHN /$&-� .RZDOFKXN *$� -RXVVHW $ ������
0LFURELDO PRGXODWLRQ RI SODQW HWK\OHQH VLJQDOLQJ� HFRORJLFDO DQG HYROXWLRQDU\
FRQVHTXHQFHV� 0LFURELRPH �� ��� KWWSV���GRL�RUJ���������V����������������

5DZDW 3� 'DV 6� 6KDQNKGKDU '� 6KDQNKGKDU 6& ������ 3KRVSKDWH�6ROXELOL]LQJ
0LFURRUJDQLVPV� 0HFKDQLVP DQG 7KHLU 5ROH LQ 3KRVSKDWH 6ROXELOL]DWLRQ DQG 8SWDNH�
-RXUQDO RI 6RLO 6FLHQFH DQG 3ODQW 1XWULWLRQ ��� ��±���
KWWSV���GRL�RUJ���������V�����������������

5LVHO\ $ ������ $SSO\LQJ WKH FRUH PLFURELRPH WR XQGHUVWDQG KRVW±PLFUREH V\VWHPV�
7DWH $ �(G��� -RXUQDO RI $QLPDO (FRORJ\ ��� ����±�����
KWWSV���GRL�RUJ������������������������

5\X &�0� 0XUSK\ -)� 0\VRUH .6� .ORHSSHU -: �����D� 3ODQW JURZWK�SURPRWLQJ
UKL]REDFWHULD V\VWHPLFDOO\ SURWHFW $UDELGRSVLV WKDOLDQD DJDLQVW &XFXPEHU PRVDLF
YLUXV E\ D VDOLF\OLF DFLG DQG 135��LQGHSHQGHQW DQG MDVPRQLF DFLG�GHSHQGHQW
VLJQDOLQJ SDWKZD\� 7KH 3ODQW -RXUQDO ��� ���±����
KWWSV���GRL�RUJ���������M���������;������������[

5\X &�0� )DUDJ 0$� +X &�+� 5HGG\ 06� .ORHSSHU -:� 3DUp 3: �����E� %DFWHULDO
9RODWLOHV ,QGXFH 6\VWHPLF 5HVLVWDQFH LQ $UDELGRSVLV� ���� 3ODQW 3K\VLRORJ\
����±����� KWWSV���GRL�RUJ���������SS�����������



��

6DLQMX 80� *KLPLUH 5� 3UDGKDQ *3 ������ 1LWURJHQ IHUWLOL]DWLRQ ,� ,PSDFW RQ FURS�
VRLO� DQG HQYLURQPHQW� 1LWURJHQ )L[DWLRQ�

6DWWDU $� 1DYHHG 0� $OL 0� =DKLU =$� 1DGHHP 60� <DVHHQ 0� 0HHQD 96� )DURRT 0�
6LQJK 5� 5DKPDQ 0� 0HHQD +1 ������ 3HUVSHFWLYHV RI SRWDVVLXP VROXELOL]LQJ
PLFUREHV LQ VXVWDLQDEOH IRRG SURGXFWLRQ V\VWHP� $ UHYLHZ� $SSOLHG 6RLO (FRORJ\
���� ���±���� KWWSV���GRL�RUJ���������M�DSVRLO������������

6FKRO] 0%� /R &�&� &KDLQ 36 ������ 1H[W JHQHUDWLRQ VHTXHQFLQJ DQG ELRLQIRUPDWLF
ERWWOHQHFNV� WKH FXUUHQW VWDWH RI PHWDJHQRPLF GDWD DQDO\VLV� &XUUHQW 2SLQLRQ LQ
%LRWHFKQRORJ\ ��� �±��� KWWSV���GRL�RUJ���������M�FRSELR������������

6FKXO]�%RKP .� 0DUWtQ�6iQFKH] /� *DUEHYD 3 ������ 0LFURELDO 9RODWLOHV� 6PDOO
0ROHFXOHV ZLWK DQ ,PSRUWDQW 5ROH LQ ,QWUD� DQG ,QWHU�.LQJGRP ,QWHUDFWLRQV� )URQWLHUV
LQ 0LFURELRORJ\ �� ����� KWWSV���GRL�RUJ���������IPLFE�����������

6HWXEDO -& ������ 0HWDJHQRPH�DVVHPEOHG JHQRPHV� FRQFHSWV� DQDORJLHV� DQG
FKDOOHQJHV� %LRSK\VLFDO 5HYLHZV ��� ���±����
KWWSV���GRL�RUJ���������V����������������\

6KDUPD 6� .XPDU 6� .KDMXULD $� 2KUL 3� .DXU 5� .DXU 5 ������ %LRFRQWURO SRWHQWLDO
RI FKLWLQDVHV SURGXFHG E\ QHZO\ LVRODWHG &KLWLQRSKDJD VS� 6���� :RUOG -RXUQDO RI
0LFURELRORJ\ DQG %LRWHFKQRORJ\ ��� ���
KWWSV���GRL�RUJ���������V�����������������

6KHQ :� 5HQ + ������ 7D[RQ.LW� $ SUDFWLFDO DQG HIILFLHQW 1&%, WD[RQRP\ WRRONLW�
-RXUQDO RI *HQHWLFV DQG *HQRPLFV ��� ���±����
KWWSV���GRL�RUJ���������M�MJJ������������

6RWR�*LURQ 0-� .LP -�1� 6FKRWW (� 7DKPLQ &� ,VKRH\ 7� 0LQFHU 7-� 'H:DOW -� 7ROHGR
* ������ 7KH (GLEOH 3ODQW 0LFURELRPH UHSUHVHQWV D GLYHUVH JHQHWLF UHVHUYRLU ZLWK
IXQFWLRQDO SRWHQWLDO LQ WKH KXPDQ KRVW� 6FLHQWLILF 5HSRUWV ��� ������
KWWSV���GRL�RUJ���������V�����������������

6RXPDUH $� 'LHGKLRX $*� 7KXLWD 0� +DILGL 0� 2XKGRXFK <� *RSDODNULVKQDQ 6�
.RXLVQL / ������ ([SORLWLQJ %LRORJLFDO 1LWURJHQ )L[DWLRQ� $ 5RXWH 7RZDUGV D
6XVWDLQDEOH $JULFXOWXUH� 3ODQWV �� ����� KWWSV���GRL�RUJ���������SODQWV�������

GH 6RX]D 56&� $UPDQKL -6/� 'DPDVFHQR 1 GH %� ,PSHULDO -� $UUXGD 3 ������
*HQRPH 6HTXHQFHV RI D 3ODQW %HQHILFLDO 6\QWKHWLF %DFWHULDO &RPPXQLW\ 5HYHDO
*HQHWLF )HDWXUHV IRU 6XFFHVVIXO 3ODQW &RORQL]DWLRQ� )URQWLHUV LQ 0LFURELRORJ\ ���
����� KWWSV���GRL�RUJ���������IPLFE�����������

GH 6RX]D 56&� 2NXUD 9.� $UPDQKL -6/� -RUUtQ %� /R]DQR 1� GD 6LOYD 0-�
*RQ]iOH]�*XHUUHUR 0� GH $UD~MR /0� 9HU]D 1&� %DJKHUL +&� ,PSHULDO -� $UUXGD 3
������ 8QORFNLQJ WKH EDFWHULDO DQG IXQJDO FRPPXQLWLHV DVVHPEODJHV RI VXJDUFDQH
PLFURELRPH� 6FLHQWLILF 5HSRUWV �� ������ KWWSV���GRL�RUJ���������VUHS�����

6XQ .� ;LH ;�*� /X )� =KDQJ )�0� =KDQJ :� +H :� 'DL &�& ������ 3HDQXW
SUHLQRFXODWLRQ ZLWK D URRW HQGRSK\WH LQGXFHV SODQW UHVLVWDQFH WR VRLO�ERUQH SDWKRJHQ
)XVDULXP R[\VSRUXP YLD DFWLYDWLRQ RI VDOLF\OLF DFLG�GHSHQGHQW VLJQDOLQJ� 3ODQW DQG
6RLO ���� ���±���� KWWSV���GRL�RUJ���������V�����������������



��

7HGHUVRR /� $QVODQ 6� %DKUDP 0� .}OMDOJ 8� $EDUHQNRY . ������ ,GHQWLI\LQJ WKH
µXQLGHQWLILHG¶ IXQJL� D JOREDO�VFDOH ORQJ�UHDG WKLUG�JHQHUDWLRQ VHTXHQFLQJ DSSURDFK�
)XQJDO 'LYHUVLW\ ���� ���±���� KWWSV���GRL�RUJ���������V�����������������

7HJWPHLHU '� +XUND 6� 0LKDMORYLF 6� %RGHQVFKDW] 0� 6FKOLPEDFK 6� 9LOFLQVNDV $
������ &XOWXUH�,QGHSHQGHQW DQG &XOWXUH�'HSHQGHQW &KDUDFWHUL]DWLRQ RI WKH %ODFN
6ROGLHU )O\ *XW 0LFURELRPH 5HYHDOV D /DUJH 3URSRUWLRQ RI &XOWXUDEOH %DFWHULD ZLWK
3RWHQWLDO IRU ,QGXVWULDO $SSOLFDWLRQV� 0LFURRUJDQLVPV �� �����
KWWSV���GRL�RUJ���������PLFURRUJDQLVPV�������

7HKHUDQ�6LHUUD /*� )XQQLFHOOL 0,*� GH &DUYDOKR /$/� )HUUR 0,7� 6RDUHV 0$�
3LQKHLUR '* ������ %DFWHULDO FRPPXQLWLHV DVVRFLDWHG ZLWK VXJDUFDQH XQGHU GLIIHUHQW
DJULFXOWXUDO PDQDJHPHQW H[KLELW D GLYHUVLW\ RI SODQW JURZWK�SURPRWLQJ WUDLWV DQG
HYLGHQFH RI V\QHUJLVWLF HIIHFW� 0LFURELRORJLFDO 5HVHDUFK ���� �������
KWWSV���GRL�RUJ���������M�PLFUHV������������

7HUUD /� 5DWFOLIIH 1� &DVWUR +&� 9LFHQWH $&3� '\VRQ 3 ������ %LRWHFKQRORJLFDO
3RWHQWLDO RI 6WUHSWRP\FHV 6LGHURSKRUHV DV 1HZ $QWLELRWLFV� &XUUHQW 0HGLFLQDO
&KHPLVWU\ ��� ����±����� KWWSV���GRL�RUJ����������������������������������

7HZ 7/� &RELOO 50 ������ *HQHWLF LPSURYHPHQW RI VXJDUFDQH �6DFFKDUXP VSS�� DV
DQ HQHUJ\ FURS� ,Q� *HQHWLF LPSURYHPHQW RI ELRHQHUJ\ FURSV� 6SULQJHU� ���±����

7LOPDQ '� %DO]HU &� +LOO -� %HIRUW %/ ������ *OREDO IRRG GHPDQG DQG WKH VXVWDLQDEOH
LQWHQVLILFDWLRQ RI DJULFXOWXUH� 3URFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV
���� �����±������ KWWSV���GRL�RUJ���������SQDV�����������

7RUVYLN 9� �YUHnV / ������ 0LFURELDO GLYHUVLW\ DQG IXQFWLRQ LQ VRLO� IURP JHQHV WR
HFRV\VWHPV� &XUUHQW 2SLQLRQ LQ 0LFURELRORJ\ �� ���±����
KWWSV���GRL�RUJ���������6��������������������

7ULYHGL 3� /HDFK -(� 7ULQJH 6*� 6D 7� 6LQJK %. ������ 3ODQW±PLFURELRPH
LQWHUDFWLRQV� IURP FRPPXQLW\ DVVHPEO\ WR SODQW KHDOWK� 1DWXUH 5HYLHZV
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������V����������������

:DOGHU )� 6FKODHSSL .� :LWWZHU 5� +HOG $<� 9RJHOJVDQJ 6� YDQ GHU +HLMGHQ 0*$
������ &RPPXQLW\ 3URILOLQJ RI )XVDULXP LQ &RPELQDWLRQ ZLWK 2WKHU 3ODQW�$VVRFLDWHG
)XQJL LQ 'LIIHUHQW &URS 6SHFLHV 8VLQJ 6057 6HTXHQFLQJ� )URQWLHUV LQ 3ODQW
6FLHQFH �� ����� KWWSV���GRL�RUJ���������ISOV�����������

:DQJ &� /LZHL 0� 3DUN -�%� -HRQJ 6�+� :HL *� :DQJ <� .LP 6�: ������ 0LFURELDO
3ODWIRUP IRU 7HUSHQRLG 3URGXFWLRQ� (VFKHULFKLD FROL DQG <HDVW� )URQWLHUV LQ
0LFURELRORJ\ �� ����� KWWSV���GRL�RUJ���������IPLFE�����������

:DQJ &� :DQJ =� 4LDR ;� /L =� /L )� &KHQ 0� :DQJ <� +XDQJ <� &XL + ������
$QWLIXQJDO DFWLYLW\ RI YRODWLOH RUJDQLF FRPSRXQGV IURP 6WUHSWRP\FHV DOERIODYXV 7'���
)(06 0LFURELRORJ\ /HWWHUV ���� ��±��� KWWSV���GRL�RUJ������������������������

:HQ $� +DYHQV ./� %ORFK 6(� 6KDK 1� +LJJLQV '$� 'DYLV�5LFKDUGVRQ $*� 6KDURQ -�
5H]DHL )� 0RKLWL�$VOL 0� -RKQVRQ $� $EXG *� $QH -�0� 0DHGD -� ,QIDQWH 9� *RWWOLHE
66� /RULJDQ -*� :LOOLDPV /� +RUWRQ $� 0F.HOODU 0� 6RULDQR '� &DURQ =� (O]LQJD +�
*UDKDP $� &ODUN 5� 0DN 6�0� 6WXSLQ /� 5RELQVRQ $� +XEEDUG 1� %URJOLH 5� 7DPVLU
$� 7HPPH . ������ (QDEOLQJ %LRORJLFDO 1LWURJHQ )L[DWLRQ IRU &HUHDO &URSV LQ



��

)HUWLOL]HG )LHOGV� $&6 6\QWKHWLF %LRORJ\ ��� ����±�����
KWWSV���GRL�RUJ���������DFVV\QELR��F�����

<DQWL <� :DUQLWD� 5HIOLQ ������ ,QYROYHPHQW RI -DVPRQLF $FLG LQ WKH ,QGXFHG
6\VWHPLF 5HVLVWDQFH RI 7RPDWR DJDLQVW 5DOVWRQLD V\]LJLLVXE VS� LQGRQHVLHQVLV E\
,QGLJHQRXV (QGRSK\WH %DFWHULD� ,23 &RQIHUHQFH 6HULHV� (DUWK DQG
(QYLURQPHQWDO 6FLHQFH ���� �������
KWWSV���GRL�RUJ�������������������������������

<HRK <.� 3DXQJIRR�/RQKLHQQH &� 'HQQLV 3*� 5RELQVRQ 1� 5DJDQ 0$� 6FKPLGW 6�
+XJHQKROW] 3 ������ 7KH FRUH URRW PLFURELRPH RI VXJDUFDQHV FXOWLYDWHG XQGHU
YDU\LQJ QLWURJHQ IHUWLOL]HU DSSOLFDWLRQ� 1 IHUWLOL]HU DQG VXJDUFDQH URRW PLFURELRWD�
(QYLURQPHQWDO 0LFURELRORJ\ ��� ����±�����
KWWSV���GRL�RUJ������������������������

<X <� *XL <� /L =� -LDQJ &� *XR -� 1LX ' ������ ,QGXFHG 6\VWHPLF 5HVLVWDQFH IRU
,PSURYLQJ 3ODQW ,PPXQLW\ E\ %HQHILFLDO 0LFUREHV� 3ODQWV �%DVHO� 6ZLW]HUODQG� ���
���� KWWSV���GRL�RUJ���������SODQWV��������

=DKHHU 06� $OL ++� ,TEDO 0$� (ULQOH .2� -DYHG 7� ,TEDO -� +DVKPL 0,8� 0XPWD] 0=�
6DODPD ($$� .DODML +0� :UyEHO -� 'HVVRN\ (6 ������ &\WRNLQLQ 3URGXFWLRQ E\
$]RVSLULOOXP EUDVLOHQVH &RQWULEXWHV WR ,QFUHDVH LQ *URZWK� <LHOG� $QWLR[LGDQW� DQG
3K\VLRORJLFDO 6\VWHPV RI :KHDW �7ULWLFXP DHVWLYXP /��� )URQWLHUV LQ 0LFURELRORJ\
��� ������� KWWSV���GRL�RUJ���������IPLFE������������

=KDQJ 6� &KDNUDEDUW\ 3.� )OHLWHV /$� 5D\VLGH 3$� +RSNLQV '/� *DEULHO ': ������
7KUHH 1HZ 3LHUFH¶V 'LVHDVH 3DWKRJHQLFLW\ (IIHFWRUV ,GHQWLILHG 8VLQJ ;\OHOOD
IDVWLGLRVD %LRFRQWURO 6WUDLQ (%����� $UQROG '/ �(G��� 3/26 21( ��� H��������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������



��

$33(1',;



��

$33(1',; $� 6XSSOHPHQWDU\ PHWKRGRORJ\

3ODQW PLFURELRPH VWXGLHV

7R REWDLQ D VXPPDU\ RI WKH ZRUN UHODWHG WR SK\WRPLFURELRPHV� ZH FROOHFWHG

UHFRUGV IURP WKH :HE RI 6FLHQFH � RQOLQH WRRO� XVLQJ WKH IROORZLQJ VHDUFK WHUP RQ

WLWOH� DEVWUDFW DQG NH\ZRUGV� µSODQW PLFURELRPH¶ 25 ��
FRUH PLFURELRWD
� $1' �SODQW�

25 ��
FRUH SODQW PLFURELRPH
� 25 �
FRUH SODQW PLFURELRWD
���� 7KH SODQW RU JURXS ZDV

LGHQWLILHG EDVHG RQ D PDWFK ZLWK D OLVW RI FRPPRQ RU VFLHQWLILF SODQW QDPHV REWDLQHG

IURP WKH $SVQHW � ZHEVLWH�

%DFWHULDO JHQHUD DVVRFLDWHG ZLWK VXJDUFDQH

7KH GDWD RI EDFWHULDO JHQHUD GHVFULEHG DV SODQW�JURZWK SURPRWHUV LVRODWHG

IURP VXJDUFDQH ZHUH FROOHFWHG IURP WKH :HE RI 6FLHQFH RQOLQH WRRO� XVLQJ WKH

IROORZLQJ VHDUFK WHUPV RQ WLWOH� DEVWUDFW� DQG NH\ZRUGV� ���3*35� 25 �3*3%� 25

��SODQW JURZWK�SURPRWLQJ�� 25 ��SODQW JURZWK SURPRWLRQ�� 25 ��SODQW JURZWK
�� 25

��SODQW JURZWK�SURPRWLQJ EDFWHULD�� 25 ��SODQW JURZWK�SURPRWLQJ UKL]REDFWHULD�� �

$1' ��VXJDU
FDQH� 25 �6DFFKDUXP� 25 �LVRODWH IURP VXJDU
FDQH� 25 �LVRODWHG IURP

VXJDU
FDQH� 25 �VXJDUFDQH HQGRSK\WLF� 25 �VXJDUFDQH HSLSK\WLF����

$ OLVW RI EDFWHULDO JHQHUD DYDLODEOH LQ WKH 1&%, 7D[RQRP\ ZDV UHWULHYHG XVLQJ

WKH 7D[RQ.LW WRRO �6KHQ DQG 5HQ ������ 7KLV OLVW ZDV WKHQ XVHG WR LGHQWLI\ PDWFKLQJ

JHQHUD LQ WKH UHFRUGV� $GGLWLRQDOO\� ZH FRQGXFWHG VHDUFKHV XVLQJ WHUPV UHODWHG WR

WUDLWV DVVRFLDWHG ZLWK SODQW JURZWK SURPRWLRQ IURP WKH UHFRYHUHG TXHULHV�

7KH PDWFKLQJ UHVXOWV IRU VSHFLHV RU JHQHUD UHFRJQL]HG DV VXJDUFDQH

SDWKRJHQV �VSHFLHV� $FLGRYRUD[ DYHQDH� /HLIVRQLD [\OL� +HUEDVSLULOOXP

UXEULVXEDOELFDQV� JHQXV 3K\WRSODVPD� 0\FRSODVPD� ZHUH QRW DFFRXQWHG IRU�

� KWWSV���ZZZ�DSVQHW�RUJ�HGFHQWHU�UHVRXUFHV�FRPPRQQDPHV�3DJHV�GHIDXOW�DVS[

� KWWS���ZZZ�ZHERINQRZOHGJH�FRP



��

$33(1',; %� 7KH UHODWHG UHIHUHQFHV LQ 7DEOH ��

�� $QWXQHV -(/� /\UD 0&&3� 2OOHUR )-� )UHLWDV $'6� 2OLYHLUD /06� $UD~MR $6)�
HW DO� 'LYHUVLW\ RI SODQW JURZWK�SURPRWLQJ EDFWHULD DVVRFLDWHG ZLWK VXJDUFDQH� *HQHW
0RO 5HV >,QWHUQHW@� ���� >FLWHG ���� 'HF ��@������� $YDLODEOH IURP�
KWWS���ZZZ�IXQSHFUS�FRP�EU�JPU�\HDU�����YRO�����SGI�JPU�������JPU����������SGI

�� 7DXOp &� 0DUHTXH &� %DUORFFR &� +DFNHPEUXFK )� 5HLV 90� 6LFDUGL 0� HW DO�
7KH FRQWULEXWLRQ RI QLWURJHQ IL[DWLRQ WR VXJDUFDQH �6DFFKDUXP RIILFLQDUXP /��� DQG
WKH LGHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI SDUW RI WKH DVVRFLDWHG GLD]RWURSKLF EDFWHULDO
FRPPXQLW\� 3ODQW 6RLO� ���� -XO������±�����±���

�� 6DQWRV 50 GRV� 5LJREHOR (&� *URZWK�3URPRWLQJ 3RWHQWLDO RI 5KL]REDFWHULD
,VRODWHG )URP 6XJDUFDQH� )URQW 6XVWDLQ )RRG 6\VW� ���� $SU ������������

�� 3LWLZLWWD\DNXO 1� :RQJVRUQ '� 7DQDVXSDZDW 6� &KDUDFWHULVDWLRQ RI 3ODQW
*URZWK�3URPRWLQJ (QGRSK\WLF %DFWHULD IURP 6XJDUFDQH DQG 7KHLU $QWDJRQLVWLF
$FWLYLW\ DJDLQVW )XVDULXP PRQLOLIRUPH� 7URS /LIH 6FL 5HV� ���� 6HS �����������±����

�� 6LOYD -& GD� 6DQWRV /'6� )DULD 36$� 6LOYD )*� 5XELR 1HWR $� 0DUWLQV 3)� HW
DO� 0XOWLIXQFWLRQDO FKDUDFWHULVWLFV RI $FLQHWREDFWHU OZRIILL %DF��� IRU JURZWK
SURPRWLRQ DQG FRORQL]DWLRQ LQ PLFURSURSDJDWHG VXJDUFDQH� 3HVTXL $JURSHFXiULD
7URS� ��������H������

�� &* %KDNWD ,QVWLWXWH RI %LRWHFKQRORJ\� 8ND 7DUVDGLD 8QLYHUVLW\� %DUGROL�
������ � *XMDUDW� ,QGLD� 3DWHO 3� 6KDK 5� &* %KDNWD ,QVWLWXWH RI %LRWHFKQRORJ\� 8ND
7DUVDGLD 8QLYHUVLW\� %DUGROL� ������ � *XMDUDW� ,QGLD� 0RGL .� $63(( 6+$.,/$0
$JULFXOWXUDO %LRWHFKQRORJ\ ,QVWLWXWH� 1DYVDUL $JULFXOWXUDO 8QLYHUVLW\� 6XUDW� *XMDUDW�
,QGLD� ,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI SODQW JURZWK SURPRWLQJ SRWHQWLDO RI
$FLQHWREDFWHU VS� 56&� LVRODWHG IURP 6DFFKDUXP RIILFLQDUXP FXOWLYDU &R ���� - ([S
%LRO $JULF 6FL� ���� 6HS �����������±���

�� %HQHGX]L $� 0RUHLUD )� &RVWD 3%� 9DUJDV /.� /LVERD %%� )DYUHWR 5� HW DO�
'LYHUVLW\ DQG SODQW JURZWK SURPRWLQJ HYDOXDWLRQ DELOLWLHV RI EDFWHULD LVRODWHG IURP
VXJDUFDQH FXOWLYDWHG LQ WKH 6RXWK RI %UD]LO� $SSO 6RLO (FRO� ���� -DQ������±����

�� ;LQJ <;� :HL &<� 0R <� <DQJ /7� +XDQJ 6/� /L <5� 1LWURJHQ�)L[LQJ DQG 3ODQW
*URZWK�3URPRWLQJ $ELOLW\ RI 7ZR (QGRSK\WLF %DFWHULDO 6WUDLQV ,VRODWHG IURP
6XJDUFDQH 6WDONV� 6XJDU 7HFK� ���� $XJ����������±��

�� 3HUHLUD /%� $QGUDGH *6� 0HQHJKLQ 63� 9LFHQWLQL 5� 2WWRERQL /00�
3URVSHFWLQJ 3ODQW *URZWK�3URPRWLQJ %DFWHULD ,VRODWHG IURP WKH 5KL]RVSKHUH RI
6XJDUFDQH 8QGHU 'URXJKW 6WUHVV� &XUU 0LFURELRO� ���� 1RY������������±���

��� 5HLQKDUGW eULFD /� 5DPRV 3/� 0DQILR *3� %DUERVD +5� 3DYDQ &�
0RUHLUD�)LOKR &$� 0ROHFXODU FKDUDFWHUL]DWLRQ RI QLWURJHQ�IL[LQJ EDFWHULD LVRODWHG IURP
EUD]LOLDQ DJULFXOWXUDO SODQWV DW 6mR 3DXOR VWDWH� %UD] - 0LFURELRO� ����
6HS����������±���

��� GH %HOORQH 6&� %HOORQH &+� 3UHVHQFH RI HQGRSK\WLF GLD]RWURSKV LQ VXJDUFDQH
MXLFH� :RUOG - 0LFURELRO %LRWHFKQRO� ���� 2FW������������±��



��

��� 7HMHUD 1� /OXFK &� 0DUWuQH]�7ROHGR 09� *RQ]jOH]�/ySH] -� ,VRODWLRQ DQG
FKDUDFWHUL]DWLRQ RI $]RWREDFWHU DQG $]RVSLULOOXP VWUDLQV IURP WKH VXJDUFDQH
UKL]RVSKHUH� 3ODQW 6RLO� ���� 0DU�����������±���

��� .HQQHG\ ,� 1RQ�V\PELRWLF EDFWHULDO GLD]RWURSKV LQ FURS�IDUPLQJ V\VWHPV� FDQ
WKHLU SRWHQWLDO IRU SODQW JURZWK SURPRWLRQ EH EHWWHU H[SORLWHG" 6RLO %LRO %LRFKHP�
���� $XJ�����������±���

��� 3('5$=$ 52� ',$= 5,&&, -&� *HQHWLF VWDELOLW\ RI $]RVSLULOOXP EUDVLOHQVH
DIWHU SDVVLQJ WKURXJK WKH URRW LQWHULRU RI VXJDUFDQH� 6\PELRVLV� �����

��� %RGGH\ 50� GH 2OLYHLUD 2&� 8UTXLDJD 6� 5HLV 90� GH 2OLYDUHV )/� %DOGDQL
9/'� HW DO� %LRORJLFDO QLWURJHQ IL[DWLRQ DVVRFLDWHG ZLWK VXJDU FDQH DQG ULFH�
&RQWULEXWLRQV DQG SURVSHFWV IRU LPSURYHPHQW� 3ODQW 6RLO� ����
-XO������±������±����

��� 1DVFLPHQWR )&� .DQGDVDP\ 6� /D]DURYLWV *� 5LJREHOR (&� (IIHFW RI
&KHPLFDO )HUWLOL]DWLRQ RQ WKH ,PSDFWV RI 3ODQW *URZWK�3URPRWLQJ 5KL]REDFWHULD LQ
0DL]H &URSV� &XUU 0LFURELRO� ���� 'HF������������±���

��� 5RVD 3$/� *DOLQGR )6� 2OLYHLUD &( GD 6� -DODO $� 0RUWLQKR (6� )HUQDQGHV
*&� HW DO� ,QRFXODWLRQ ZLWK 3ODQW *URZWK�3URPRWLQJ %DFWHULD WR 5HGXFH 3KRVSKDWH
)HUWLOL]DWLRQ 5HTXLUHPHQW DQG (QKDQFH 7HFKQRORJLFDO 4XDOLW\ DQG <LHOG RI
6XJDUFDQH� 0LFURRUJDQLVPV� ���� -DQ �������������

��� 6LQJK '� 6KDUPD $� 6DLQL *.� %LRFKHPLFDO DQG PROHFXODU FKDUDFWHULVDWLRQ RI
WKH EDFWHULDO HQGRSK\WHV IURP QDWLYH VXJDUFDQH YDULHWLHV RI +LPDOD\DQ UHJLRQ� �
%LRWHFK� ���� -XQ���������±���

��� &KDXKDQ +� %DJ\DUDM '-� 6KDUPD $� 3/$17 *52:7+�352027,1*
%$&7(5,$/ (1'23+<7(6 )520 68*$5&$1( $1' 7+(,5 327(17,$/ ,1
352027,1* *52:7+ 2) 7+( +267 81'(5 ),(/' &21',7,216� ([S $JULF�
���� -DQ���������±���

��� 3LVD *� 0DJQDQL *6� :HEHU +� 6RX]D (0� )DRUR +� 0RQWHLUR 5$� HW DO�
'LYHUVLW\ RI ��6 U51$ JHQHV IURP EDFWHULD RI VXJDUFDQH UKL]RVSKHUH VRLO� %UD] -
0HG %LRO 5HV� ���� 'HF������������±���

��� 2OLYHLUD $/0� 6WRIIHOV 0� 6FKPLG 0� 5HLV 90� %DOGDQL -,� +DUWPDQQ $�
&RORQL]DWLRQ RI VXJDUFDQH SODQWOHWV E\ PL[HG LQRFXODWLRQV ZLWK GLD]RWURSKLF EDFWHULD�
(XU - 6RLO %LRO� ���� -DQ����������±���

��� 5RVVHWWR /� 3LHUDQJHOL *0)� .XUDPDH ((� ;DYLHU 0$� &LSULDQR 0$3� 6LOYHLUD
$3' GD� 6XJDUFDQH SUH�VSURXWHG VHHGOLQJV SURGXFHG ZLWK EHQHILFLDO EDFWHULD DQG
DUEXVFXODU P\FRUUKL]DO IXQJL� %UDJDQWLD� ��������H�����

��� 0LFKDYLOD *� $OLEUDQGL 3� &LQj 3� :HOLQ %� &DVWDJQDUR $3� &KDOIRXQ 15� HW DO�
3ODQW JURZWK�SURPRWLQJ EDFWHULD LVRODWHG IURP VXJDUFDQH LPSURYH WKH VXUYLYDO RI
PLFURSURSDJDWHG SODQWV GXULQJ DFFOLPDWLVDWLRQ� ,WDO - $JURQ >,QWHUQHW@� ���� -XQ ��
>FLWHG ���� 'HF ��@������� $YDLODEOH IURP�
KWWSV���ZZZ�DJURQRP\�LW�LQGH[�SKS�DJUR�DUWLFOH�YLHZ�����

��� GH 0HOR /+9� 5RFKD )<2� 9LGDO 06� *LWDK\ 3 GH 0� $UUXGD *0� %DUUHWR &3�



��

HW DO� 'LYHUVLW\ DQG ELRWHFKQRORJLFDO SRWHQWLDO RI HQGRSK\WLF %DFLOOXV VSHFLHV
RULJLQDWLQJ IURP WKH VWHP DSRSODVW IOXLG RI VXJDUFDQH SODQWV� $SSO 6RLO (FRO� ����
2FW������������

��� 6LQJK 5.� 6LQJK 3� /L +%� 6RQJ 44� *XR '-� 6RODQNL 0.� HW DO� 'LYHUVLW\ RI
QLWURJHQ�IL[LQJ UKL]REDFWHULD DVVRFLDWHG ZLWK VXJDUFDQH� D FRPSUHKHQVLYH VWXG\ RI
SODQW�PLFUREH LQWHUDFWLRQV IRU JURZWK HQKDQFHPHQW LQ 6DFFKDUXP VSS� %0& 3ODQW
%LRO� ���� 'HF�����������

��� 0DJQDQL *6� 'LGRQHW &0� &UX] /0� 3LFKHWK &)� 3HGURVD )2� 6RX]D (0�
'LYHUVLW\ RI HQGRSK\WLF EDFWHULD LQ %UD]LOLDQ VXJDUFDQH� *HQHW 0RO 5HV�
�������������±��

��� GH /LPD '50� GRV 6DQWRV ,%� 2OLYHLUD -7&� GD &RVWD '3� GH 4XHLUR] -9-�
5RPDJQROL (0� HW DO� *HQHWLF GLYHUVLW\ RI 1�IL[LQJ DQG SODQW JURZWK�SURPRWLQJ
EDFWHULDO FRPPXQLW\ LQ GLIIHUHQW VXJDUFDQH JHQRW\SHV� DVVRFLDWLRQ KDELWDW DQG
SKHQRORJLFDO SKDVH RI WKH FURS� $UFK 0LFURELRO� ���� $SU������������±����

��� =DLQDE 1� $PQD� 'LQ %8� -DYHG 07� $IULGL 06� 0XNKWDU 7� HW DO� 'HFLSKHULQJ
PHWDO WR[LFLW\ UHVSRQVHV RI IOD[ �/LQXP XVLWDWLVVLPXP /�� ZLWK H[RSRO\VDFFKDULGH DQG
$&&�GHDPLQDVH SURGXFLQJ EDFWHULD LQ LQGXVWULDOO\ FRQWDPLQDWHG VRLOV� 3ODQW 3K\VLRO
%LRFKHP� ���� -XO�������±��

��� 'L < QLQJ� .XL /� 6LQJK 3� /LX / IHQJ� ;LH / \DQ� +H / OLDQ� HW DO� ,GHQWLILFDWLRQ
DQG &KDUDFWHUL]DWLRQ RI %DFLOOXV VXEWLOLV %�� $ 'LD]RWURSKLF 3ODQW *URZWK�3URPRWLQJ
(QGRSK\WLF %DFWHULXP ,VRODWHG IURP 6XJDUFDQH 5RRW� - 3ODQW *URZWK 5HJXO
>,QWHUQHW@� ���� 0D\ � >FLWHG ���� 'HF ��@� $YDLODEOH IURP�
KWWSV���OLQN�VSULQJHU�FRP���������V����������������[

��� $PQD� ;LD <� )DURRT 0$� -DYHG 07� .DPUDQ 0$� 0XNKWDU 7� HW DO�
0XOWL�VWUHVV WROHUDQW 3*35 %DFLOOXV [LDPHQHQVLV 30�� DFWLYDWLQJ VXJDUFDQH
�6DFFKDUXP RIILFLQDUXP /�� UHG URW GLVHDVH UHVLVWDQFH� 3ODQW 3K\VLRO %LRFKHP� ����
-XQ��������±��

��� 6KDVWUL %� .XPDU 5� /DO 5-� ,VRODWLRQ� &KDUDFWHUL]DWLRQ DQG ,GHQWLILFDWLRQ RI
,QGLJHQRXV (QGRSK\WLF %DFWHULD ([KLELWLQJ 3*3 DQG $QWLIXQJDO 7UDLWV IURP WKH
,QWHUQDO 7LVVXH RI 6XJDUFDQH &URS� 6XJDU 7HFK� ���� $XJ����������±���

��� 'DVK '0� 2VERUQH -:� %LRGHJUDGDWLRQ RI PRQRFURWRSKRV E\ D SODQW JURZWK
SURPRWLQJ %DFLOOXV DU\DEKDWWDL �9,711'-�� VWUDLQ LQ DUWLILFLDOO\ FRQWDPLQDWHG VRLO� ,QW
- (QYLURQ 6FL 7HFKQRO� ���� 0DU�����������±���

��� :DQJ =� <X = ò;�� 6RODQNL 0.� <DQJ / ò7�� ;LQJ < ò;�� 'RQJ ' ò)�� HW DO�
'LYHUVLW\ RI VXJDUFDQH URRWòDVVRFLDWHG HQGRSK\WLF %DFLOOXV DQG WKHLU DFWLYLWLHV LQ
HQKDQFLQJ SODQW JURZWK� - $SSO 0LFURELRO� ���� 0DU�����������±���

��� +D]DULND '-� *RVZDPL *� *DXWRP 7� 3DUYHHQ $� 'DV 3� %DURRDK 0� HW DO�
/LSRSHSWLGH PHGLDWHG ELRFRQWURO DFWLYLW\ RI HQGRSK\WLF %DFLOOXV VXEWLOLV DJDLQVW IXQJDO
SK\WRSDWKRJHQV� %0& 0LFURELRO� ���� 'HF����������

��� =LD 0$� <DVPLQ +� 6KDLU )� -DEHHQ =� 0XPWD] 6� +D\DW =� HW DO� *OXFDQRO\WLF



��

5KL]REDFWHULD 3URGXFH $QWLIXQJDO 0HWDEROLWHV DQG (OLFLW 526 6FDYHQJLQJ 6\VWHP LQ
6XJDUFDQH� 6XJDU 7HFK� ���� $SU����������±���

��� $QWXQHV -(/� )UHLWDV $'6'� 2OLYHLUD /06� /\UD 0'&&3'� )RQVHFD 0$&�
6DQWRV &(56� HW DO� 6XJDUFDQH LQRFXODWHG ZLWK HQGRSK\WLF GLD]RWURSKLF EDFWHULD�
HIIHFWV RQ \LHOG� ELRORJLFDO QLWURJHQ IL[DWLRQ DQG LQGXVWULDO FKDUDFWHULVWLFV� $Q $FDG
%UDV &LrQF� �����������H���������

��� )RQVHFD 0 GH & GD� %RVVRODQL -:� GH 2OLYHLUD 6/� 0RUHWWL /*� 3RUWXJDO -5�
6FXGHOHWWL '� HW DO� %DFLOOXV VXEWLOLV ,QRFXODWLRQ ,PSURYHV 1XWULHQW 8SWDNH DQG
3K\VLRORJLFDO $FWLYLW\ LQ 6XJDUFDQH XQGHU 'URXJKW 6WUHVV� 0LFURRUJDQLVPV� ���� $SU
�������������

��� 3LUKDGL 0� ,03$&7 2) 62,/ 6$/,1,7< 21 ',9(56,7< $1' &20081,7<
2) 68*$5&$1( (1'23+<7,& 3/$17 *52:7+ 352027,1* %$&7(5,$
�6$&&+$580 2)),&,1$580 /� 9$5� &3���� $SSO (FRO (QYLURQ 5HV�
��������������±���

��� $QWXQHV -(/� )UHLWDV $'6 GH� %RQLIDFLR $� 2OLYHLUD /0 GH 6� 6DQWRV &( GH 5
H 6� /\UD 0 GR &&3 GH� HW DO� ,VRODWLRQ DQG &KDUDFWHUL]DWLRQ RI 3ODQW
*URZWK�3URPRWLRQ 'LD]RWURSKLF (QGRSK\WLF %DFWHULD $VVRFLDWHG WR 6XJDUFDQH
�6DFFKDUXP RIILFLQDUXP /�� *URZQ LQ 3DUDtED� %UD]LO� %UD] $UFK %LRO 7HFKQRO�
��������H���������

��� .UXDVXZDQ :� 7KDPFKDLSHQHW $� 'LYHUVLW\ RI &XOWXUDEOH 3ODQW
*URZWK�3URPRWLQJ %DFWHULDO (QGRSK\WHV $VVRFLDWHG ZLWK 6XJDUFDQH 5RRWV DQG 7KHLU
(IIHFW RI *URZWK E\ &R�,QRFXODWLRQ RI 'LD]RWURSKV DQG $FWLQRP\FHWHV� - 3ODQW
*URZWK 5HJXO� ���� 'HF�����������±���

��� 5RFKD )<2� 1HJULVROL -~QLRU $6� GH 0DWRV *)� *LWDK\ 3 GH 0� 5RVVL &1�
9LGDO 06� HW DO� (QGRSK\WLF %DFLOOXV %DFWHULD /LYLQJ LQ 6XJDUFDQH 3ODQW 7LVVXHV DQG
7HOFKLQ OLFXV OLFXV /DUYDH �'UXU\� �/HSLGRSWHUD� &DVWQLLGDH�� 7KH 6\PELRVLV 7KDW 0D\
2SHQ 1HZ 3DWKV LQ WKH %LRORJLFDO &RQWURO� )URQW 0LFURELRO� ���� 0D\ �������������

��� GH ORV 0LODJURV 2UEHUi 5DWyQ 7� <DQR 5� 5RGUtJXH] *iPH] 2� )ORK (,6� GH
-HV~V 6HUUDW 'tD] 0� %DUERVD +5� ,VRODWLRQ DQG FKDUDFWHULVDWLRQ RI DHURELF
HQGRVSRUH IRUPLQJ %DFLOOL IURP VXJDUFDQH UKL]RVSKHUH IRU WKH VHOHFWLRQ RI VWUDLQV
ZLWK DJULFXOWXUH SRWHQWLDOLWLHV� :RUOG - 0LFURELRO %LRWHFKQRO� ����
$SU�����������±����

��� +DVVDQ 01� $IJKDQ 6� +DIHH] )<� 6XSSUHVVLRQ RI UHG URW FDXVHG E\
&ROOHWRWULFKXP IDOFDWXP RQ VXJDUFDQH SODQWV XVLQJ SODQW JURZWK�SURPRWLQJ
UKL]REDFWHULD� %LR&RQWURO� ���� $XJ����������±���

��� GH 2OLYHLUD =0� )ORK (,6� )HUUDUD ),6� %DUERVD +5� 'LD]RWURSK\F
UKL]REDFWHULD LVRODWHG IURP VXJDUFDQH FDQ UHOHDVH DPLQR DFLGV LQ D V\QWKHWLF FXOWXUH
PHGLXP� %LRO )HUWLO 6RLOV� ���� 1RY����������±���

��� $QGR 6� *RWR 0� 0HXQFKDQJ 6� 7KRQJUD�DU 3� )XMLZDUD 7� +D\DVKL +� HW DO�
'HWHFWLRQ RI QLI+ 6HTXHQFHV LQ 6XJDUFDQH � 6DFFKDUXP RIILFLQDUXP /�� DQG
3LQHDSSOH � $QDQDV FRPRVXV >/�@ 0HUU��� 6RLO 6FL 3ODQW 1XWU� ���� $SU����������±��

��� GH $OHQFDU 0HQH]HV -~QLRU ,� )HLWRVD GH 0DWRV *� 0RXUD GH )UHLWDV .� GD



��

&RQFHLomR -HVXV (� 5RXZV /)0� 2FFXUUHQFH RI GLYHUVH %UDG\UKL]RELXP VSS� LQ
URRWV DQG UKL]RVSKHUHV RI WZR FRPPHUFLDO %UD]LOLDQ VXJDUFDQH FXOWLYDUV� %UD] -
0LFURELRO� ���� -XO����������±���

��� GH 0DWRV *)� =LOOL -(� GH $UD~MR -/6� 3DUPD 00� 0HOR ,6� 5DGO 9� HW DO�
%UDG\UKL]RELXP VDFFKDUL VS� QRY�� D OHJXPH QRGXODWLQJ EDFWHULXP LVRODWHG IURP
VXJDUFDQH URRWV� $UFK 0LFURELRO� ���� 1RY������������±��

��� 5RXZV /)0� /HLWH -� GH 0DWRV *)� =LOOL -(� &RHOKR 055� ;DYLHU *5� HW DO�
(QGRSK\WLF % UDG\UKL]RELXP VSS� LVRODWHV IURP VXJDUFDQH REWDLQHG WKURXJK GLIIHUHQW
FXOWXUH VWUDWHJLHV� %UDG\UKL]RELXP VSS� LVRODWHV IURP VXJDUFDQH� (QYLURQ 0LFURELRO
5HS� ���� $XJ���������±���

��� )LVFKHU '� 3ILW]QHU %� 6FKPLG 0� 6LP}HV�$UD~MR -/� 5HLV 90� 3HUHLUD :� HW
DO� 0ROHFXODU FKDUDFWHULVDWLRQ RI WKH GLD]RWURSKLF EDFWHULDO FRPPXQLW\ LQ
XQLQRFXODWHG DQG LQRFXODWHG ILHOG�JURZQ VXJDUFDQH �6DFFKDUXP VS��� 3ODQW 6RLO�
���� -XO������±�����±���

��� *RYLQGDUDMDQ 0� .ZRQ 6:� :HRQ +<� ,VRODWLRQ� PROHFXODU FKDUDFWHUL]DWLRQ
DQG JURZWK�SURPRWLQJ DFWLYLWLHV RI HQGRSK\WLF VXJDUFDQH GLD]RWURSK .OHEVLHOOD VS�
*5�� :RUOG - 0LFURELRO %LRWHFKQRO� ���� -XO����������±�����

��� *RYLQGDUDMDQ 0� %DODQGUHDX -� 0XWKXNXPDUDVDP\ 5� 5HYDWKL *�
/DNVKPLQDUDVLPKDQ &� ,PSURYHG <LHOG RI 0LFURSURSDJDWHG 6XJDUFDQH )ROORZLQJ
,QRFXODWLRQ E\ (QGRSK\WLF %XUNKROGHULD YLHWQDPLHQVLV� 3ODQW 6RLO� ����
)HE������±������±���

��� &DEDOOHUR�0HOODGR -� 0DUWtQH]�$JXLODU /� 3DUHGHV�9DOGH] *� 6DQWRV 3( GH
ORV� %XUNKROGHULD XQDPDH VS� QRY�� DQ 1��IL[LQJ UKL]RVSKHULF DQG HQGRSK\WLF
VSHFLHV� ,QW - 6\VW (YRO 0LFURELRO� ���� -XO ������������±���

��� %RGGH\ 50� 8UTXLDJD 6� $OYHV %-5� 5HLV 9� (QGRSK\WLF QLWURJHQ IL[DWLRQ LQ
VXJDUFDQH� SUHVHQW NQRZOHGJH DQG IXWXUH DSSOLFDWLRQV� 3ODQW 6RLO� ����
0D\�����������±���

��� &XL *� <LQ .� /LQ 1� /LDQJ 0� +XDQJ &� &KDQJ &� HW DO� %XUNKROGHULD JODGLROL
&*%��� $ 1RYHO 6WUDLQ %LRFRQWUROOLQJ WKH 6XJDUFDQH 6PXW 'LVHDVH�
0LFURRUJDQLVPV� ���� 'HF �������������

��� /XYL]RWWR '0� 0DUFRQ -� $QGUHRWH )'� 'LQL�$QGUHRWH )� 1HYHV $$&� $UD~MR
:/� HW DO� *HQHWLF GLYHUVLW\ DQG SODQW�JURZWK UHODWHG IHDWXUHV RI %XUNKROGHULD VSS�
IURP VXJDUFDQH URRWV� :RUOG - 0LFURELRO %LRWHFKQRO� ���� 2FW������������±���

��� /DEDQFD (5*� $QGUDGH 6$/� .XUDPDH ((� 6LOYHLUD $3'� 7KH PRGXODWLRQ RI
VXJDUFDQH JURZWK DQG QXWULWLRQDO SURILOH XQGHU DOXPLQXP VWUHVV LV GHSHQGHQW RQ
EHQHILFLDO HQGRSK\WLF EDFWHULD DQG SODQWOHW RULJLQ� $SSO 6RLO (FRO� ����
'HF������������

��� 0DOYL\D 0.� /L &1� 6RODQNL 0.� 6LQJK 5.� +WXQ 5� 6LQJK 3� HW DO�
&RPSDUDWLYH DQDO\VLV RI VXJDUFDQH URRW WUDQVFULSWRPH LQ UHVSRQVH WR WKH SODQW
JURZWK�SURPRWLQJ %XUNKROGHULD DQWKLQD 0<63���� 6LQJK $.� HGLWRU� 3/26 21(�
���� $SU ��������H��������



��

��� 0DOYL\D 0.� 6RODQNL 0.� /L &1� +WXQ 5� 6LQJK 5.� 6LQJK 3� HW DO� %HQHILFLDO
/LQNDJHV RI (QGRSK\WLF %XUNKROGHULD DQWKLQD 0<63��� 7RZDUGV 6XJDUFDQH *URZWK
3URPRWLRQ� 6XJDU 7HFK� ���� 2FW����������±���

��� *RQoDOYHV 3-5 GH 2� +XPH &&'� )HUUHLUD $-� 7VXL 6� %URFFKL 0� :UHQ %:�
HW DO� (QYLURQPHQWDO LQWHUDFWLRQV DUH UHJXODWHG E\ WHPSHUDWXUH LQ %XUNKROGHULD
VHPLQDOLV 7&�����5�� 6FL 5HS� ���� $SU ������������

��� 5H]DPDKDOOHK +0� .KRGDNDUDPLDQ *� +DVVDQ]DGHK 1� 'LYHUVLW\ RI
(QGRSK\WLF DQG (SLSK\WLF %DFWHULD )URP 6XJDUFDQH LQ .KX]HVWDQ� ,UDQ� %UD] $UFK
%LRO 7HFKQRO� ��������H���������

��� GRV 6DQWRV 6*� &KDYHV 9$� GD 6LOYD 5LEHLUR )� $OYHV *&� 5HLV 90� 5RRWLQJ
DQG JURZWK RI SUH�JHUPLQDWHG VXJDUFDQH VHHGOLQJV LQRFXODWHG ZLWK GLD]RWURSKLF
EDFWHULD� $SSO 6RLO (FRO� ���� -DQ�������±���

��� 5RGULJXHV $$� $UD~MR 09)� 6RDUHV 56� 2OLYHLUD %)5'� 5LEHLUR ,'$� 6LERY
67� HW DO� ,VRODWLRQ DQG SURVSHFWLRQ RI GLD]RWURSKLF UKL]REDFWHULD DVVRFLDWHG ZLWK
VXJDUFDQH XQGHU RUJDQLF PDQDJHPHQW� $Q $FDG %UDV &LrQF� ����
'HF�����������±���

��� /LPD '50 GH� 6DQWRV ,% GRV� 2OLYHLUD -7&� %DUERVD -*� 'LQL] :3 GD 6�
)DULDV $5% GH� HW DO� 7ROHUDQFH RI SRWHQWLDOO\ GLD]RWURSKLF EDFWHULD WR DGYHUVH
HQYLURQPHQWDO FRQGLWLRQV DQG SODQW JURZWK�SURPRWLRQ LQ VXJDUFDQH� $UFK $JURQ 6RLO
6FL� ���� 6HS ��������������±���

��� 'HSDUWPHQW RI $JULFXOWXUDO 0LFURELRORJ\� 7DPLO 1DGX $JULFXOWXUDO 8QLYHUVLW\�
&RLPEDWRUH���� $UWKHH 5� 0DULPXWKX 3� 'HSDUWPHQW RI $JULFXOWXUDO 0LFURELRORJ\�
7DPLO 1DGX $JULFXOWXUDO 8QLYHUVLW\� &RLPEDWRUH���� 6WXGLHV RQ HQGRSK\WLF
%XUNKROGHULD VS� IURP VXJDUFDQH DQG LWV VFUHHQLQJ IRU SODQW JURZWK SURPRWLQJ
SRWHQWLDO� - ([S %LRO $JULF 6FL� ���� 0D\ �����������±���

��� 0XWKXNXPDUDVDP\ 5� 5HYDWKL *� 9DGLYHOX 0� $UXQ .� ,VRODWLRQ RI EDFWHULDO
VWUDLQV SRVVHVVLQJ QLWURJHQ�IL[DWLRQ� SKRVSKDWH DQG SRWDVVLXP�VROXELOL]DWLRQ DQG
WKHLU LQRFXODWLRQ HIIHFWV RQ VXJDUFDQH� ,QGLDQ - ([S %LRO� ���� 0DU����������±���

��� 3DXQJIRR�/RQKLHQQH &� /RQKLHQQH 7*$� <HRK <.� 'RQRVH %&� :HEE 5,�
3DUVRQV -� HW DO� &URVVWDON EHWZHHQ VXJDUFDQH DQG D SODQW�JURZWK SURPRWLQJ
%XUNKROGHULD VSHFLHV� 6FL 5HS� ���� 'HF������������

��� 3HUHLUD $ GH $� 6LOYD 0 GH %� 2OLYHLUD - GH 6� 5DPRV $ GH 6� )UHLUH 0� )UHLUH
)-� HW DO� 6DOLQLW\ LQIOXHQFH RQ WKH JURZWK DQG SURGXFWLRQ RI LQGROH DFHWLF DFLG E\
HQGRSK\WLF %XUNKROGHULD VSS� IURP VXJDUFDQH� %LRVFL -� ���������� 6XSSO� ������±���

��� &DVWUR�*RQ]iOH] 5� 0DUWtQH]�$JXLODU /� 5DPtUH]�7UXMLOOR $� (VWUDGD�GH ORV
6DQWRV 3� &DEDOOHUR�0HOODGR -� +LJK GLYHUVLW\ RI FXOWXUDEOH %XUNKROGHULD VSHFLHV
DVVRFLDWHG ZLWK VXJDUFDQH� 3ODQW 6RLO� ���� $XJ������±������±���

��� 5RWKEDOOHU 0� 6FKPLG 0� +DUWPDQQ $� 'LD]RWURSKLF %DFWHULDO (QGRSK\WHV LQ
*UDPLQHDH DQG 2WKHU 3ODQWV� ,Q� 3DZORZVNL .� HGLWRU� 3URNDU\RWLF 6\PELRQWV LQ
3ODQWV >,QWHUQHW@� %HUOLQ� +HLGHOEHUJ� 6SULQJHU %HUOLQ +HLGHOEHUJ� ���� >FLWHG ����
'HF ��@� S� ���±���� �0LFURELRORJ\ 0RQRJUDSKV� YRO� ��� $YDLODEOH IURP�
KWWS���OLQN�VSULQJHU�FRP�������������B����B���



��

��� %KLVH ..� %KDJZDW 3.� 'DQGJH 3%� 6\QHUJLVWLF HIIHFW RI &KU\VHREDFWHULXP
JOHXP VS� 68. ZLWK $&& GHDPLQDVH DFWLYLW\ LQ DOOHYLDWLRQ RI VDOW VWUHVV DQG SODQW
JURZWK SURPRWLRQ LQ 7ULWLFXP DHVWLYXP /� � %LRWHFK� ���� -XQ����������

��� +HUOHW -� 6FKZDU] :+� =YHUORY 99� /LHEO :� .RUQEHUJHU 3� $GGLWLRQ RI
��JDODFWRVLGDVH ERRVWV WKH [\ORJOXFDQ GHJUDGDWLRQ FDSDELOLW\ RI HQGRJOXFDQDVH
&HO�' IURP &ORVWULGLXP WKHUPRFHOOXP� %LRWHFKQRO %LRIXHOV� ���� 'HF�����������

��� GD 6LOYHLUD $3'� ,yULR 5 GH 3)� 0DUFRV )&&� )HUQDQGHV $2� GH 6RX]D
6$&'� .XUDPDH ((� HW DO� ([SORLWDWLRQ RI QHZ HQGRSK\WLF EDFWHULD DQG WKHLU DELOLW\ WR
SURPRWH VXJDUFDQH JURZWK DQG QLWURJHQ QXWULWLRQ� $QWRQLH 9DQ /HHXZHQKRHN� ����
)HE�����������±���

��� 6LQJK 3� 6LQJK 5.� /L +%� *XR '-� 6KDUPD $� /DNVKPDQDQ 3� HW DO�
'LD]RWURSKLF %DFWHULD 3DQWRHD GLVSHUVD DQG (QWHUREDFWHU DVEXULDH 3URPRWH
6XJDUFDQH *URZWK E\ ,QGXFLQJ 1LWURJHQ 8SWDNH DQG 'HIHQVH�5HODWHG *HQH
([SUHVVLRQ� )URQW 0LFURELRO� ���� -DQ �������������

��� $VLV &$� .XERWD 0� 2KWD +� $ULPD <� &KHERWDU 9.� 7VXFKL\D . LFKL� HW DO�
,VRODWLRQ DQG SDUWLDO FKDUDFWHUL]DWLRQ RI HQGRSK\WLF GLD]RWURSKV DVVRFLDWHG ZLWK
-DSDQHVH VXJDUFDQH FXOWLYDU� 6RLO 6FL 3ODQW 1XWU� ���� 6HS����������±���

��� 0HKQD] 6� *HQHWLF DQG 3KHQRW\SLF 'LYHUVLW\ RI 3ODQW *URZWK 3URPRWLQJ
5KL]REDFWHULD ,VRODWHG IURP 6XJDUFDQH 3ODQWV *URZLQJ LQ 3DNLVWDQ� - 0LFURELRO
%LRWHFKQRO� ���� 'HF�����±���

��� *XR '-� 6LQJK 5.� 6LQJK 3� /L '3� 6KDUPD $� ;LQJ <;� HW DO� &RPSOHWH
*HQRPH 6HTXHQFH RI (QWHUREDFWHU URJJHQNDPSLL ('�� D 1LWURJHQ )L[LQJ 3ODQW
*URZWK 3URPRWLQJ (QGRSK\WLF %DFWHULXP :LWK %LRFRQWURO DQG 6WUHVV 7ROHUDQFH
3URSHUWLHV� ,VRODWHG )URP 6XJDUFDQH 5RRW� )URQW 0LFURELRO� ���� 6HS �������������

��� 3DUHGHV�9LOODQXHYD -� 'HO 5RVDULR -/� 8UFLD�3XOLGR 0� =DYDOHWD�$UPDV -�
3ODQW JURZWK SURPRWHU FROOHFWLRQ RI *OXFRQDFHWREDFWHU GLD]RWURSKLFXV IURP QRUWKHUQ
FRDVW RI 3HUX� 6FL $JURSHFX� ���� 0DU �����������±���

��� 7DXOp &� /XL]]L +� %HUDFRFKHD 0� 0DUHTXH &� 3ODWHUR 5� %DWWLVWRQL )� 7KH 0R�
DQG )H�QLWURJHQDVHV RI WKH HQGRSK\WH .RVDNRQLD VS� 8<62�� DUH QHFHVVDU\ IRU
JURZWK SURPRWLRQ RI VXJDUFDQH� $QQ 0LFURELRO� ���� -XO����������±���

��� .UXDVXZDQ :� 7KDPFKDLSHQHW $� ��$PLQRF\FORSURSDQH���FDUER[\ODWH �$&&�
'HDPLQDVH�3URGXFLQJ (QGRSK\WLF 'LD]RWURSKLF (QWHUREDFWHU VS� (1��� 0RGXODWHV
6DOW±6WUHVV 5HVSRQVH LQ 6XJDUFDQH� - 3ODQW *URZWK 5HJXO� ���� 6HS����������±���

��� 7DXOp &� &DVWLOOR $� 9LOODU 6� 2OLYDUHV )� %DWWLVWRQL )� (QGRSK\WLF FRORQL]DWLRQ RI
VXJDUFDQH �6DFFKDUXP RIILFLQDUXP� E\ WKH QRYHO GLD]RWURSKV 6KLQHOOD VS� 8<62��
DQG (QWHUREDFWHU VS� 8<62��� 3ODQW 6RLO� ���� -XQ������±������±���

��� 0HHVLOS 1� -DLVLO 3� 0LOLQWDZLVDPDL 1� 1LDPVDQLW 6� (IIHFWV RI D )RUPXODWHG
%LR�SURGXFW &RQWDLQLQJ WKH 1LWURJHQ )L[LQJ %DFWHULDO 6WUDLQ (QWHUREDFWHU RU\]DH
�/62� RQ 6XJDUFDQH *URZWK� 6XJDU 7HFK� ���� -XQ����������±��

��� /LQ /� /L =� +X &� =KDQJ ;� &KDQJ 6� <DQJ /� HW DO� 3ODQW *URZWK�3URPRWLQJ
1LWURJHQ�)L[LQJ (QWHUREDFWHULD $UH LQ $VVRFLDWLRQ ZLWK 6XJDUFDQH 3ODQWV *URZLQJ LQ



��

*XDQJ[L� &KLQD� 0LFUREHV (QYLURQ� ��������������±��

��� =KX %� &KHQ 0� /LQ /� <DQJ /� /L <� $Q 4� *HQRPH 6HTXHQFH RI (QWHUREDFWHU
VS� 6WUDLQ 63�� DQ (QGRSK\WLF 1LWURJHQ�)L[LQJ %DFWHULXP ,VRODWHG IURP 6XJDUFDQH� -
%DFWHULRO� ���� 'HF ���������������±��

��� 3HGUD]D 52� 5HFHQW DGYDQFHV LQ QLWURJHQ�IL[LQJ DFHWLF DFLG EDFWHULD� ,QW -
)RRG 0LFURELRO� ���� -XQ����������±���

��� /HU\ /06� &RHOKR $� YRQÓ.UXJHU :0$� *RQoDOYHV 060� 6DQWRV 0)� 9DOHQWH
5+� HW DO� 3URWHLQ H[SUHVVLRQ SURILOH RI *OXFRQDFHWREDFWHU GLD]RWURSKLFXV 3$/�� D
VXJDUFDQH HQGRSK\WLF SODQW JURZWK�SURPRWLQJ EDFWHULXP� 3527(20,&6� ����
1RY�����������±�����

��� &RFNLQJ (&� 6WRQH 3-� 'DYH\ 05� ,QWUDFHOOXODU FRORQL]DWLRQ RI URRWV RI
$UDELGRSVLV DQG FURS SODQWV E\ *OXFRQDFHWREDFWHU GLD]RWURSKLFXV� 9LWUR &HOO 'HY
%LRO � 3ODQW� ���� -DQ���������±���

��� /HH 6� )ORUHV�(QFDUQDFLyQ 0� &RQWUHUDV�=HQWHOOD 0� *DUFLD�)ORUHV /�
(VFDPLOOD -(� .HQQHG\ &� ,QGROH���$FHWLF $FLG %LRV\QWKHVLV ,V 'HILFLHQW LQ
*OXFRQDFHWREDFWHU GLD]RWURSKLFXV 6WUDLQV ZLWK 0XWDWLRQV LQ &\WRFKURPH F
%LRJHQHVLV *HQHV� - %DFWHULRO� ���� $XJ ���������������±���

��� 3HULQ /� %DOGDQL -,� 5HLV 90� 'LYHUVLGDGH GH *OXFRQDFHWREDFWHU
GLD]RWURSKLFXV LVRODGD GH SODQWDV GH FDQD�GH�Do~FDU FXOWLYDGDV QR %UDVLO� 3HVTXL
$JURSHFXiULD %UDV� ���� $XJ����������±���

��� &RFNLQJ (&� (QGRSK\WLF FRORQL]DWLRQ RI SODQW URRWV E\ QLWURJHQ�IL[LQJ EDFWHULD�
3ODQW 6RLO� ���� 0D\�����������±���

��� 9$5*$6 &� 081,= '( 3$'8$ 9/� '( 0$726 12*8(,5$ (� 9,1$*5( )�
0$68'$ +3� 52'5,*8(6 '$ 6,/9$ )� HW DO� 6LJQDOLQJ SDWKZD\V PHGLDWLQJ WKH
DVVRFLDWLRQ EHWZHHQ VXJDUFDQH DQG HQGRSK\WLF GLD]RWURSKLF EDFWHULD� D JHQRPLF
DSSURDFK� 6\PELRVLV� �����

��� 'RQJ =� =HOPHU &'� &DQQ\ 0-� 0F&XOO\ 0(� /XLW %� 3DQ %� HW DO� (YLGHQFH IRU
SURWHFWLRQ RI QLWURJHQDVH IURP 2� E\ FRORQ\ VWUXFWXUH LQ WKH DHURELF GLD]RWURSK
*OXFRQDFHWREDFWHU GLD]RWURSKLFXV� 0LFURELRORJ\� ���� $XJ �������������±��

��� 3DQ %� 9HVVH\ -.� 5HVSRQVH RI WKH (QGRSK\WLF 'LD]RWURSK
*OXFRQDFHWREDFWHU GLD]RWURSKLFXV RQ 6ROLG 0HGLD WR &KDQJHV LQ $WPRVSKHULF 3DUWLDO
2 � 3UHVVXUH� $SSO (QYLURQ 0LFURELRO� ���� 2FW������������±����

��� $JXLDU 12� 2OLYDUHV )/� 1RYRWQ\ (+� &DQHOODV /3� &KDQJHV LQ PHWDEROLF
SURILOLQJ RI VXJDUFDQH OHDYHV LQGXFHG E\ HQGRSK\WLF GLD]RWURSKLF EDFWHULD DQG KXPLF
DFLGV� 3HHU-� ���� 6HS ����H�����

��� GRV 6DQWRV 6*� GD 6LOYD 5LEHLUR )� GD )RQVHFD &6� 3HUHLUD :� 6DQWRV /$�
5HLV 90� 'HYHORSPHQW DQG QLWUDWH UHGXFWDVH DFWLYLW\ RI VXJDUFDQH LQRFXODWHG ZLWK
ILYH GLD]RWURSKLF VWUDLQV� $UFK 0LFURELRO� ���� $XJ�����������±���

��� <RRQ 9� 7LDQ *� 9HVVH\ -.� 0DFILH 60� 'DQJL 23� .XPHU $.� HW DO�
&RORQL]DWLRQ HIILFLHQF\ RI GLIIHUHQW VRUJKXP JHQRW\SHV E\ *OXFRQDFHWREDFWHU
GLD]RWURSKLFXV� 3ODQW 6RLO� ���� -DQ������±������±���



��

��� $OTXpUHV 60� &DUGRVR $0� %ULWR�0RUHLUD -� %DOGDQL -,� 0DUWLQV 2%� 7UDQVIHU
51$�GHSHQGHQW DVSDUDJLQH ELRV\QWKHVLV LQ *OXFRQDFHWREDFWHU GLD]RWURSKLFXV DQG
LWV LQIOXHQFH RQ ELRORJLFDO QLWURJHQ IL[DWLRQ� 3ODQW 6RLO� ���� -XO������±������±���

��� 1LHWR�3HxDOYHU &*� %HUWLQL (9� GH )LJXHURD /,&� ,GHQWLILFDWLRQ RI 1�DF\O
KRPRVHULQH ODFWRQHV SURGXFHG E\ *OXFRQDFHWREDFWHU GLD]RWURSKLFXV 3$/� FXOWXUHG
LQ FRPSOH[ DQG V\QWKHWLF PHGLD� $UFK 0LFURELRO� ���� -XO�����������±���

��� 1DWKHHU 6(� 0XWKXNNDUXSSDQ 6� $VVHVVLQJ WKH LQ YLWUR ]LQF VROXELOL]DWLRQ
SRWHQWLDO DQG LPSURYLQJ VXJDUFDQH JURZWK E\ LQRFXODWLQJ *OXFRQDFHWREDFWHU
GLD]RWURSKLFXV� $QQ 0LFURELRO� ���� 0DU����������±���

��� 'H /D &UX] &33� %LUG &2� ,VXODW 0'� RWKHUV� 6SURXWLQJ� VXUYLYDO DQG JURZWK
RI \RXQJ VXJDUFDQH �6DFFKDUXP RIILFLQDUXP /�� WUHDWHG ZLWK GLD]RWURSKLF EDFWHULD
�*OXFRQDFHWREDFWHU GLD]RWURSKLFXV�� 3KLOLSS $JULF 6FL� ��������������±���

���� /HU\ /06� +HPHUO\ $6� 1RJXHLUD (0� YRQ .U�JHU :0$� %LVFK 30�
4XDQWLWDWLYH 3URWHRPLF $QDO\VLV RI WKH ,QWHUDFWLRQ %HWZHHQ WKH (QGRSK\WLF
3ODQW�*URZWK�3URPRWLQJ %DFWHULXP *OXFRQDFHWREDFWHU GLD]RWURSKLFXV DQG
6XJDUFDQH� 0RO 3ODQW�0LFUREH ,QWHUDFWLRQV�� ���� 0D\����������±���

���� 6LOYD�)URXIH /* GD� %RGGH\ 50� 5HLV 90� 4XDQWLILFDWLRQ RI QDWXUDO
SRSXODWLRQV RI *OXFRQDFHWREDFWHU GLD]RWURSKLFXV DQG +HUEDVSLULOOXP VSS� ,Q VXJDU
FDQH �6DFFKDUXP VSS�� 8VLQJ GLIIHUHQWH SRO\FORQDO DQWLERGLHV� %UD] - 0LFURELRO
>,QWHUQHW@� ���� 'HF >FLWHG ���� 'HF ��@������� $YDLODEOH IURP�
KWWS���ZZZ�VFLHOR�EU�VFLHOR�SKS"VFULSW VFLBDUWWH[W	SLG 6����������������������	
OQJ HQ	QUP LVR	WOQJ HQ

���� %HUWDODQ 0� $OEDQR 5� GH 3iGXD 9� 5RXZV /� 5RMDV &� +HPHUO\ $� HW DO�
&RPSOHWH JHQRPH VHTXHQFH RI WKH VXJDUFDQH QLWURJHQ�IL[LQJ HQGRSK\WH
*OXFRQDFHWREDFWHU GLD]RWURSKLFXV 3DO�� %0& *HQRPLFV� ���� 'HF�����������

���� ,QWRUQH $&� GH 2OLYHLUD 099� /LPD 0/� GD 6LOYD -)� 2OLYDUHV )/� GH 6RX]D
)LOKR *$� ,GHQWLILFDWLRQ DQG FKDUDFWHUL]DWLRQ RI *OXFRQDFHWREDFWHU GLD]RWURSKLFXV
PXWDQWV GHIHFWLYH LQ WKH VROXELOL]DWLRQ RI SKRVSKRUXV DQG ]LQF� $UFK 0LFURELRO� ����
0D\�����������±���

���� 0DUTXHV -~QLRU 5%� &DQHOODV /3� 6LOYD /* GD� 2OLYDUHV )/� 5RRWLQJ RI PLFUR
VHHG SLHFHV E\ FRPELQHG XVH RI KXPLF VXEVWDQFHV DQG HQGRSK\WLF GLD]RWURSKLF
EDFWHULD LQ VXJDU FDQH� 5HY %UDV &LHQF 6ROR� ������������±��

���� 'RZQLQJ .-� /HVOLH *� 7KRPVRQ -$� %LRFRQWURO RI WKH 6XJDUFDQH %RUHU
(OGDQD VDFFKDULQD E\ ([SUHVVLRQ RI WKH %DFLOOXV WKXULQJLHQVLV FU\�$F� DQG 6HUUDWLD
PDUFHVFHQV FKL$ *HQHV LQ 6XJDUFDQH�$VVRFLDWHG %DFWHULD� $SSO (QYLURQ 0LFURELRO�
���� -XO�����������±���

���� 2OLYDUHV )/� %DOGDQL 9/'� 5HLV 90� %DOGDQL -,� '|EHUHLQHU -� 2FFXUUHQFH RI
WKH HQGRSK\WLF GLD]RWURSKV +HUEDVSLULOOXP VSS� LQ URRWV� VWHPV� DQG OHDYHV�
SUHGRPLQDQWO\ RI *UDPLQHDH� %LRO )HUWLO 6RLOV� ���� )HE����������±����

���� /HLWH 0)$� 'LPLWURY 05� )UHLWDV�,yULR 53� GH +ROODQGHU 0� &LSULDQR 0$3�
$QGUDGH 6$/� HW DO� 5HDUUDQJLQJ WKH VXJDUFDQH KRORELRQW YLD SODQW JURZWK�SURPRWLQJ
EDFWHULD DQG QLWURJHQ LQSXW� 6FL 7RWDO (QYLURQ� ���� 'HF������������



��

���� 6DMMDG 0LU]D 0� $KPDG :� /DWLI )� +DXUDW -� %DOO\ 5� 1RUPDQG 3� HW DO�
,VRODWLRQ� SDUWLDO FKDUDFWHUL]DWLRQ� DQG WKH HIIHFW RI SODQW JURZWK�SURPRWLQJ EDFWHULD
�3*3%� RQ PLFUR�SURSDJDWHG VXJDUFDQH LQ YLWUR� 3ODQW 6RLO� ��������������±���

���� 'DQWXU .,� &KDOIRXQ 15� &ODSV 03� 7yUWRUD 0/� 6LOYD &� -XUH È� HW DO� 7KH
(QGRSK\WLF 6WUDLQ .OHEVLHOOD PLFKLJDQHQVLV .G�� /DFNV 3DWKRJHQLF ,VODQG�/LNH
5HJLRQV LQ ,WV *HQRPH DQG ,V ,QFDSDEOH RI ,QIHFWLQJ WKH 8ULQDU\ 7UDFW LQ 0LFH� )URQW
0LFURELRO� ���� -XO ����������

���� /LQ /� :HL &� &KHQ 0� :DQJ +� /L <� /L <� HW DO� &RPSOHWH JHQRPH VHTXHQFH
RI HQGRSK\WLF QLWURJHQ�IL[LQJ .OHEVLHOOD YDULLFROD VWUDLQ ';���(� 6WDQG *HQRPLF 6FL�
���� 'HF����������

���� :HL &<� /LQ /� /XR /-� ;LQJ <;� +X &-� <DQJ /7� HW DO� (QGRSK\WLF
QLWURJHQ�IL[LQJ .OHEVLHOOD YDULLFROD VWUDLQ ';���( SURPRWHV VXJDUFDQH JURZWK� %LRO
)HUWLO 6RLOV� ���� 0D\����������±���

���� 6LQJK 5.� 6LQJK 3� /L +%� *XR '-� 6RQJ 44� <DQJ /7� HW DO� 3ODQW�3*35
LQWHUDFWLRQ VWXG\ RI SODQW JURZWK�SURPRWLQJ GLD]RWURSKV .RVDNRQLD UDGLFLQFLWDQV %$�
DQG 6WHQRWURSKRPRQDV PDOWRSKLOLD &2$� WR HQKDQFH JURZWK DQG VWUHVV�UHODWHG
JHQH H[SUHVVLRQ LQ 6DFFKDUXP VSS� - 3ODQW ,QWHUDFW� ���� -DQ �����������±���

���� %HUDFRFKHD 0� 7DXOp &� %DWWLVWRQL )� 'UDIW *HQRPH 6HTXHQFH RI .RVDNRQLD
UDGLFLQFLWDQV 8<62��� DQ (QGRSK\WLF 3ODQW *URZWK�3URPRWLQJ %DFWHULXP RI
6XJDUFDQH � 6DFFKDUXP RIILFLQDUXP �� 'HQQHK\ --� HGLWRU� 0LFURELRO 5HVRXU
$QQRXQF� ���� 2FW ���������H���������

���� &KHQ 0� =KX %� /LQ /� <DQJ /� /L <� $Q 4� &RPSOHWH JHQRPH VHTXHQFH RI
.RVDNRQLD VDFFKDUL W\SH VWUDLQ 63�7� 6WDQG *HQRPLF 6FL� ���� -XQ �����������±��

���� <DQJ 7� 6KL )� $Q <� 6XQ '� /X <� ,VRODWLRQ RI D 3LQN�SLJPHQWHG )DFXOWDWLYH
0HWK\ORWURSKLF %DFWHULD DQG LWV *URZWK�SURPRWLQJ (IIHFW RQ 3HSSHU 3ODQWV� &XUU 6FL�
���� -XO ��������������

���� 0DGKDL\DQ 0� 3RRQJX]KDOL 6� 6XQGDUDP 63� 6D 7� $ QHZ LQVLJKW LQWR IROLDU
DSSOLHG PHWKDQRO LQIOXHQFLQJ SK\OORSODQH PHWK\ORWURSKLF G\QDPLFV DQG JURZWK
SURPRWLRQ RI FRWWRQ �*RVV\SLXP KLUVXWXP /�� DQG VXJDUFDQH �6DFFKDUXP RIILFLQDUXP
/��� (QYLURQ ([S %RW� ���� $XJ�����±������±���

���� 0DGKDL\DQ 0� 3RRQJX]KDOL 6� /HH +6� +DUL .� 6XQGDUDP 63� 6D 70�
3LQN�SLJPHQWHG IDFXOWDWLYH PHWK\ORWURSKLF EDFWHULD DFFHOHUDWH JHUPLQDWLRQ� JURZWK
DQG \LHOG RI VXJDUFDQH FORQH &R����� �6DFFKDUXP RIILFLQDUXP /��� %LRO )HUWLO 6RLOV�
���� -XO����������±��

���� 0HHQD ..� .XPDU 0� .DO\X]KQD\D 0*� <DQGLJHUL 06� 6LQJK '3� 6D[HQD $.�
HW DO� (SLSK\WLF SLQN�SLJPHQWHG PHWK\ORWURSKLF EDFWHULD HQKDQFH JHUPLQDWLRQ DQG
VHHGOLQJ JURZWK RI ZKHDW �7ULWLFXP DHVWLYXP� E\ SURGXFLQJ SK\WRKRUPRQH� $QWRQLH
9DQ /HHXZHQKRHN� ���� 0D\�����������±���

���� 0HQGHV 5� 3L]]LUDQL�.OHLQHU $$� $UDXMR :/� 5DDLMPDNHUV -0� 'LYHUVLW\ RI
&XOWLYDWHG (QGRSK\WLF %DFWHULD IURP 6XJDUFDQH� *HQHWLF DQG %LRFKHPLFDO
&KDUDFWHUL]DWLRQ RI %XUNKROGHULD FHSDFLD &RPSOH[ ,VRODWHV� $SSO (QYLURQ 0LFURELRO�
���� 1RY ��������������±���



��

���� /LQ /� *XR :� ;LQJ <� =KDQJ ;� /L =� +X &� HW DO� 7KH DFWLQREDFWHULXP
0LFUREDFWHULXP VS� ��6+ DFFHSWV S%%5��EDVHG S352%( YHFWRUV� IRUPV ELRILOPV�
LQYDGHV URRWV� DQG IL[HV 1� DVVRFLDWHG ZLWK PLFURSURSDJDWHG VXJDUFDQH SODQWV� $SSO
0LFURELRO %LRWHFKQRO� ���� )HE�����������±���

���� .UXDVXZDQ :� +RVNLVVRQ 3$� 7KDPFKDLSHQHW $� 'UDIW *HQRPH 6HTXHQFH RI
5RRW�$VVRFLDWHG 6XJDUFDQH *URZWK�3URPRWLQJ 0LFURELVSRUD VS� 6WUDLQ *.8 ����
*HQRPH $QQRXQF� ���� -XO ���������H���������

���� 7HUUD /$� GH 6RDUHV &3� 0HQHVHV &+6*� 7DGUD 6IHLU 0=� GH 6RX]D (0�
6LOYHLUD 9� HW DO� 7UDQVFULSWRPH DQG SURWHRPH SURILOHV RI WKH GLD]RWURSK 1LWURVSLULOOXP
DPD]RQHQVH VWUDLQ &%$P& LQ UHVSRQVH WR WKH VXJDUFDQH DSRSODVW IOXLG� 3ODQW 6RLO�
���� -XQ������±������±���

���� 6FKZDE 6� 7HUUD /$� %DOGDQL -,� *HQRPLF FKDUDFWHUL]DWLRQ RI 1LWURVSLULOOXP
DPD]RQHQVH VWUDLQ &%$P&� D QLWURJHQ�IL[LQJ EDFWHULXP LVRODWHG IURP
VXUIDFH�VWHULOL]HG VXJDUFDQH VWHPV� 0RO *HQHW *HQRPLFV� ����
$XJ�����������±�����

���� /RLUHW )*� 2UWHJD (� .OHLQHU '� 2UWHJD�5RGHV 3� 5RGHV 5� 'RQJ =� $ SXWDWLYH
QHZ HQGRSK\WLF QLWURJHQ�IL[LQJ EDFWHULXP 3DQWRHD VS� IURP VXJDUFDQH� - $SSO
0LFURELRO� ���� 6HS����������±���

���� =HQJ 4� 6KL *� 1RQJ =� <H ;� +X &� &RPSOHWH *HQRPH 6HTXHQFH RI 3DQWRHD
DQDQDWLV 6WUDLQ 11������ DQ (QGRSK\WLF %DFWHULXP ,VRODWHG IURP 6XJDUFDQH� &XUU
0LFURELRO� ���� $XJ�����������±���

���� .DPUDQ 6� 6KDKLG ,� %DLJ '1� 5L]ZDQ 0� 0DOLN .$� 0HKQD] 6� &RQWULEXWLRQ RI
=LQF 6ROXELOL]LQJ %DFWHULD LQ *URZWK 3URPRWLRQ DQG =LQF &RQWHQW RI :KHDW� )URQW
0LFURELRO� ���� 'HF ����������

���� GD 6LOYD -)� %DUERVD 55� GH 6RX]D $1� GD 0RWWD 29� 7HL[HLUD *1� &DUYDOKR
96� HW DO� ,VRODWLRQ RI 3DQWRHD DQDQDWLV IURP VXJDUFDQH DQG FKDUDFWHUL]DWLRQ RI LWV
SRWHQWLDO IRU SODQW JURZWK SURPRWLRQ� *HQHW 0RO 5HV� ����������������±���

���� /RLUHW )*� *ULPP %� +DMLUH]DHL 05� .OHLQHU '� 2UWHJD (� ,QRFXODWLRQ RI
VXJDUFDQH ZLWK 3DQWRHD VS� LQFUHDVHV DPLQR DFLG FRQWHQWV LQ VKRRW WLVVXHV� VHULQH�
DODQLQH� JOXWDPLQH DQG DVSDUDJLQH SHUPLW FRQFRPLWDQWO\ DPPRQLXP H[FUHWLRQ DQG
QLWURJHQDVH DFWLYLW\ RI WKH EDFWHULXP� - 3ODQW 3K\VLRO� ���� -XO�������������±���

���� GD 6LOYD 35$� 9LGDO 06� 6RDUHV & GH 3� 3ROHVH 9� 7DGUD�6IHLU 0=� 6RX]D (0
GH� HW DO� 6XJDUFDQH DSRSODVW IOXLG PRGXODWHV WKH JOREDO WUDQVFULSWLRQDO SURILOH RI WKH
GLD]RWURSKLF EDFWHULD 3DUDEXUNKROGHULD WURSLFD VWUDLQ 3SH�� $URFD 5� HGLWRU� 3/26
21(� ���� 'HF ����������H��������

���� .XPDU 15� $UDVX 97� *XQDVHNDUDQ 3� *HQRW\SLQJ RI DQWLIXQJDO FRPSRXQGV
SURGXFLQJ SODQW JURZWK�SURPRWLQJ UKL]REDFWHULD� 3VHXGRPRQDV IOXRUHVFHQV� &XUU
6FL� ���������±��

���� /RSHV /'� :HLVEHUJ $-� 'DYLV (:� 9DUL]H & GH 6� 3HUHLUD H 6LOYD 0 GH &�
&KDQJ -+� HW DO� *HQRPLF DQG PHWDEROLF GLIIHUHQFHV EHWZHHQ 3VHXGRPRQDV SXWLGD
SRSXODWLRQV LQKDELWLQJ VXJDUFDQH UKL]RVSKHUH RU EXON VRLO� 3XJOLVL (� HGLWRU� 3/26
21(� ���� 2FW ���������H��������



��

���� /L +%� 6LQJK 5.� 6LQJK 3� 6RQJ 44� ;LQJ <;� <DQJ /7� HW DO� *HQHWLF
'LYHUVLW\ RI 1LWURJHQ�)L[LQJ DQG 3ODQW *URZWK 3URPRWLQJ 3VHXGRPRQDV 6SHFLHV
,VRODWHG IURP 6XJDUFDQH 5KL]RVSKHUH� )URQW 0LFURELRO� ���� -XO ����������

���� 5DPHVKNXPDU 1� *HQRW\SLF DQG 3KHQRW\SLF 'LYHUVLW\ RI 3*35 )OXRUHVFHQW
3VHXGRPRQDGV ,VRODWHG IURP WKH 5KL]RVSKHUH RI 6XJDUFDQH �6DFFKDUXP
RIILFLQDUXP /��� - 0LFURELRO %LRWHFKQRO� ���� -DQ �����������±���

���� 6LQJK 3� 6LQJK 5.� *XR '-� 6KDUPD $� 6LQJK 51� /L '3� HW DO� :KROH
*HQRPH $QDO\VLV RI 6XJDUFDQH 5RRW�$VVRFLDWHG (QGRSK\WH 3VHXGRPRQDV
DHUXJLQRVD %��²$ 3ODQW *URZWK�3URPRWLQJ %DFWHULXP :LWK $QWDJRQLVWLF 3RWHQWLDO
$JDLQVW 6SRULVRULXP VFLWDPLQHXP� )URQW 0LFURELRO� ���� )HE ������������

���� 0HKQD] 6� :HVHORZVNL %� $IWDE )� =DKLG 6� /D]DURYLWV *� ,TEDO -� ,VRODWLRQ�
FKDUDFWHUL]DWLRQ� DQG HIIHFW RI IOXRUHVFHQW SVHXGRPRQDGV RQ PLFURSURSDJDWHG
VXJDUFDQH� &DQ - 0LFURELRO� ���������������±���

���� 9LOOHJDV /&� 3DWHUQR (6� RWKHUV� *URZWK HQKDQFHPHQW DQG URRW FRORQL]DWLRQ
RI VXJDUFDQH E\ SODQW JURZWK�SURPRWLQJ EDFWHULD� 3KLOLSS - &URS 6FL�
������������±���

���� /XR 7� 2X�<DQJ ;4� <DQJ /7� /L <5� 6RQJ ;3� =KDQJ *0� HW DO� 5DRXOWHOOD VS�
VWUDLQ /�� IL[HV 1 � LQ DVVRFLDWLRQ ZLWK PLFURSURSDJDWHG VXJDUFDQH SODQWV�
5DRXOWHOOD �VXJDUFDQH DVVRFLDWHG 1 � �IL[DWLRQ� - %DVLF 0LFURELRO� ����
$XJ����������±���

���� 'RV�6DQWRV &0� 5LEHLUR 196� 6FKZDE 6� %DOGDQL -,� 9LGDO 06� 7KH (IIHFW RI
,QRFXODWLRQ RI D 'LD]RWURSKLF %DFWHULDO &RQVRUWLXP RQ WKH ,QGLJHQRXV %DFWHULDO
&RPPXQLW\ 6WUXFWXUH RI 6XJDUFDQH $SRSODVW )OXLG� &XUU 0LFURELRO� ����
$XJ�����������±���

���� GH /LPD $06� GH 2OLYHLUD (&$� 0DUWLQV 956� GD 6LOYD /%� GH 6RX]D 3+1�
)UHLUH )-� ,QWHJUDWHG $SSOLFDWLRQ RI 1LWURJHQ� 0RO\EGHQXP DQG 3ODQW
*URZWK�3URPRWLQJ 5KL]REDFWHULXP FDQ (QKDQFH WKH 6XJDUFDQH *URZWK� 6XJDU
7HFK� ���� 'HF�����������±���

���� .UXDVXZDQ :� 6DOLK 76� %UR]LR 6� +RVNLVVRQ 3$� 7KDPFKDLSHQHW $� 'UDIW
*HQRPH 6HTXHQFH RI 3ODQW *URZWK�3URPRWLQJ (QGRSK\WLF 6WUHSWRP\FHV VS� *.8
��� ,VRODWHG IURP WKH 5RRWV RI 6XJDUFDQH� *HQRPH $QQRXQF� ���� 0D\
���������H���������



��

&+$37(5 � ± 8QYHLOLQJ JHQRPLF IHDWXUHV OLQNHG WR WUDLWV RI
SODQW�JURZWK�SURPRWLQJ EDFWHULDO FRPPXQLWLHV IURP VXJDUFDQH

$%675$&7 � 7KH PLFURRUJDQLVPV DUH XELTXLWRXV� DQG WKRVH LQKDELWLQJ SODQWV KDYH
EHHQ WKH VXEMHFW RI VHYHUDO VWXGLHV� 3ODQW�DVVRFLDWHG EDFWHULD H[KLELW YDULRXV
ELRORJLFDO PHFKDQLVPV WKDW HQDEOH WKHP WR FRORQL]H KRVW SODQWV DQG� LQ VRPH FDVHV�
HQKDQFH WKHLU ILWQHVV� ,Q WKLV VWXG\� ZH GHVFULEH WKH JHQRPLF IHDWXUHV SUHGLFWHG WR EH
DVVRFLDWHG ZLWK SODQW JURZWK�SURPRWLQJ WUDLWV LQ VL[ EDFWHULDO FRPPXQLWLHV LVRODWHG
IURP VXJDUFDQH� 7KH XVH RI KLJKO\ DFFXUDWH VLQJOH�PROHFXOH UHDO�WLPH VHTXHQFLQJ
WHFKQRORJ\ IRU PHWDJHQRPLF VDPSOHV IURP WKHVH EDFWHULDO FRPPXQLWLHV DOORZHG XV
WR UHFRYHU �� JHQRPHV� 7KH WD[RQRPLF DVVLJQPHQWV IRU WKH ELQQHG JHQRPHV ZHUH
SHUIRUPHG� UHYHDOLQJ WD[D GLVWULEXWHG DFURVV WKUHH PDLQ SK\OD� %DFLOORWD�
%DFWHURLGRWD� DQG 3VHXGRPRQDGRWD� ZLWK WKH ODWWHU EHLQJ WKH PRVW UHSUHVHQWDWLYH�
6XEVHTXHQWO\� ZH IXQFWLRQDOO\ DQQRWDWHG WKH PHWDJHQRPH�DVVHPEOHG JHQRPHV
�0$*V� WR FKDUDFWHUL]H WKHLU PHWDEROLF SDWKZD\V UHODWHG WR SODQW JURZWK�SURPRWLQJ
WUDLWV� 2XU VWXG\ VXFFHVVIXOO\ LGHQWLILHG WKH HQULFKPHQW RI LPSRUWDQW IXQFWLRQV UHODWHG
WR SKRVSKDWH DQG SRWDVVLXP DFTXLVLWLRQ� PRGXODWLRQ RI SK\WRKRUPRQHV� DQG
PHFKDQLVPV IRU FRSLQJ ZLWK DELRWLF VWUHVV� 7KHVH ILQGLQJV FRXOG EH OLQNHG WR WKH
UREXVW FRORQL]DWLRQ RI WKHVH VXJDUFDQH HQGRSK\WHV�

.H\ZRUGV� ORQJ�UHDG VHTXHQFLQJ� 6LQJOH�0ROHFXOH 5HDO 7LPH �6057� VHTXHQFLQJ�
SODQW±PLFUREH DVVRFLDWLRQ� SODQW�EHQHILFLDO EDFWHULD�
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3ODQWV KDUERU QXPHURXV PLFURRUJDQLVPV WKDW HQJDJH LQ FRPSOH[ LQWHUDFWLRQV

ZLWK ERWK WKH SODQW KRVW DQG ZLWK HDFK RWKHU� 7KH SODQW PLFURELRPH KDV EHHQ

UHFRJQL]HG DV RQH RI WKH PDLQ GHWHUPLQDQWV RI SODQW JURZWK� KHDOWK� DQG SURGXFWLYLW\

�%HUJ HW DO� ������ 7KH FRPELQDWLRQ RI WKH KRVW SODQW DQG LWV V\PELRWLF PLFURELRWD LV

UHIHUUHG WR DV D KRORELRQW �6iQFKH]�&DxL]DUHV HW DO� ����� +DVVDQL HW DO� ������

%HQHILFLDO PLFURRUJDQLVPV DUH EHFRPLQJ PRUH SURPLQHQW LQ PRGHUQ

DJULFXOWXUH� JLYHQ WKHLU UROH LQ LQFUHDVLQJ WKH SURGXFWLYLW\ RI GLIIHUHQW FURSV� KHOSLQJ WR

PDLQWDLQ VRLO IHUWLOLW\� DQG UHGXFLQJ SROOXWDQWV GHULYHG IURP WKH LQWHQVLYH XVH RI

DJURFKHPLFDO LQSXWV �.XPDU HW DO� ������ 7KH VWXG\ RI PLFURELRPHV DVVRFLDWHG ZLWK

VRLO DQG SODQWV KDV EHHQ KLJKOLJKWHG WR H[SDQG SODQW UHVLOLHQFH DQG FURS SURGXFWLYLW\

LQ DQ DJULFXOWXUDO V\VWHP �$UPDQKL HW DO� ������ 6HYHUDO VWXGLHV GHPRQVWUDWH

FRQVLGHUDEOH HYLGHQFH RI WKH UROH RI EHQHILFLDO PLFURRUJDQLVPV LQ LQFUHDVLQJ SODQW

JURZWK �0DUNV HW DO� ������ QXWULHQW DFTXLVLWLRQ �(PDPL HW DO� ����� 6LQJK HW DO�

������ ELRFRQWURO �5RMDV�6ROtV HW DO� ������ DQG UHVLVWDQFH LQGXFWLRQ �6KDUPD HW DO�

������ +RZHYHU� RXU XQGHUVWDQGLQJ RI WKH UHODWLRQVKLSV LQKHUHQW WR WKH PLFURELRWD

DVVRFLDWHG ZLWK SODQWV DQG VRLO LV VWLOO OLPLWHG�� 7KLV KDV OHG WR VWXGLHV DLPLQJ WR

LGHQWLI\ WKH GULYLQJ IDFWRUV WKDW PRGXODWH WKH FRPSRVLWLRQ DQG VWUXFWXUH RI

PLFURELRPH FRPPXQLWLHV �'DVWRJHHU HW DO� ����� 6DQWRV DQG 2OLYDUHV ������

7KH SK\WRPLFURELRPHV RI GLIIHUHQW SODQWV VXFK DV VXJDUFDQH �GH 6RX]D HW DO�

����� +DPRQWV HW DO� ����� GH &DUYDOKR HW DO� ������ PDL]H �&DL HW DO� ������ ULFH

�&DL HW DO� ����� :DQJ HW DO� ������ DQG RWKHUV� KDYH EHHQ H[SORUHG WR XQGHUVWDQG

WKHLU VWUXFWXUHV� LQWHUDFWLRQV� DQG UROHV LQ SURPRWLQJ EHQHILWV WR KRVWV� FRQVHTXHQWO\

LPSURYLQJ FURS TXDOLW\ DQG SURGXFWLYLW\ LQ DJULFXOWXUH �3DUUD\ HW DO� ������ 'HVSLWH WKH

NQRZOHGJH VXUURXQGLQJ WKH VWUXFWXUH DQG G\QDPLFV RI SODQW�DVVRFLDWHG PLFURELRPHV�

LW LV VWLOO D FKDOOHQJH WR XQGHUVWDQG ZKLFK VSHFLHV DQG WUDLWV DUH DFWLYHO\ SDUW RI WKH

FRPPXQLW\ RU DUH SOD\LQJ NH\ UROHV �*UR�NRSI DQG 6R\HU ������ 7R RYHUFRPH WKLV

OLPLWDWLRQ� UHVHDUFKHUV KDYH IRFXVHG RQ DVVHPEOLQJ VLPSOLILHG PLFURELDO FRQVRUWLD

�60&� RU V\QWKHWLF FRPPXQLWLHV �6\Q&RP� �*UR�NRSI DQG 6R\HU ����� .DQJ HW DO�

������ )XUWKHUPRUH� D QHZ DSSURDFK NQRZQ DV VLPSOH VWDWH FRPPXQLWLHV �66&� KDV

EHHQ SURSRVHG WR VLPSOLI\ WKH FRPSOH[ FRPPXQLWLHV DQG HQDEOH VWXGLHV DLPHG DW

XQGHUVWDQGLQJ PLFURELDO LQWHUDFWLRQV �6DUNDU HW DO� ������
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%DFWHULDO FRQVRUWLD KDYH JDLQHG LQWHUHVW DV SRWHQWLDO LQRFXODQWV VLQFH GLIIHUHQW

W\SHV RI PLFURRUJDQLVPV FDQ LQWHUDFW V\QHUJLVWLFDOO\� 7KLV FDQ QRW RQO\ LQFUHDVH

IXQFWLRQDO GLYHUVLW\ EXW DOVR HQKDQFH PHWDEROLF HIILFLHQF\ DQG HQYLURQPHQWDO

DGDSWDWLRQ �7RVL HW DO� ������ 6HYHUDO VWXGLHV UHODWHG WR WKH FR�LQRFXODWLRQ RI GLIIHUHQW

VSHFLHV RI PLFURRUJDQLVPV KDYH REVHUYHG DQ LPSURYHPHQW LQ \LHOG �+XQJULD HW DO�

������ $GGLWLRQDOO\� WKHVH VWXGLHV KDYH SUHVHQWHG YDULRXV PHFKDQLVPV RI DFWLRQ

UHVXOWLQJ IURP WKH FRPSDWLELOLW\ DQG V\QHUJ\ EHWZHHQ WKH VSHFLHV �.RULU HW DO� �����

$UPDQKL HW DO� ����� .DXU HW DO� ������

5HFHQWO\� WKH VWXG\ E\ 7HKHUDQ�6LHUUD HW DO�� ������ UHSRUWHG PLFURELDO

FRPPXQLWLHV IURP VXJDUFDQH ZLWK KLJK SRWHQWLDO WR SURPRWH SODQW JURZWK� 7KLV UHSRUW

ZDV EDVHG RQ VHYHUDO DVVD\V FRPPRQO\ UHODWHG WR SODQW JURZWK�SURPRWLQJ PLFUREHV

�3*30� DQG DOVR REVHUYHG EHQHILFLDO WUDLWV LQ SODQWV �%UDFKLDULD UX]L]LHQVLV�� EHVLGHV

RWKHU FKDUDFWHULVWLFV UHODWHG WR LQGLUHFW WUDLWV WKDW FRXOG SURYLGH EHQHILWV WR WKH

PLFURRUJDQLVPV¶ DGDSWDELOLW\ LQ WKH SODQW HQYLURQPHQW� +RZHYHU� WKHUH LV VWLOO D ODFN RI

LQIRUPDWLRQ DERXW WKH UROH DQG IXQFWLRQ RI WKH EDFWHULD LQ WKHVH FRPPXQLWLHV WKDW

SRVVHVV PXOWLSOH SODQW JURZWK�SURPRWLQJ WUDLWV DVVRFLDWHG ZLWK VXJDUFDQH�

6WUDWHJLHV XVLQJ PHWDJHQRPH�DVVHPEOHG JHQRPH �0$*� KDYH SURYHQ KHOSIXO

LQ XQGHUVWDQGLQJ PLFURELDO SRSXODWLRQV DQG WKHLU IXQFWLRQDO SRWHQWLDO ZLWKLQ G\QDPLF

HFRV\VWHPV� 0RUHRYHU� WKLV PHWKRGRORJ\ HQDEOHV WKH GLVFRYHU\ RI QRYHO VSHFLHV

�6HWXEDO ������ 0DQ\ VWXGLHV KDYH JHQHUDWHG YDOXDEOH UHIHUHQFH JHQRPHV IRU WKH

GLIIHUHQW PLFURELRPHV XVLQJ 0$*V �,0*�0 'DWD &RQVRUWLXP HW DO� ����� $OPHLGD HW

DO� ����� ;LH HW DO� ����� 6X HW DO� ������ +RZHYHU� WKH TXDOLW\ RI WKHVH JHQRPHV FDQ

EH SUHFDULRXV� DQG WKH PRVW UHFHQW VWUDWHJ\ LQ PHWDJHQRPLFV WR RYHUFRPH WKLV

FRQVLVWV RI HPSOR\LQJ ORQJ UHDGV� WR HQVXUH JUHDWHU FRQWLJXLW\ RI 0$*V� WRJHWKHU

ZLWK VKRUW UHDGV� WR SROLVK DQG LPSURYH RYHUDOO SUHFLVLRQ �'ULVFROO HW DO� ����� &XVFy

HW DO� ����� 6LQJOHWRQ HW DO� ����� RU XVH KLJK DFFXUDF\ PHWKRGV� OLNH KLJKO\ DFFXUDWH

ORQJ�UHDG �+L)L VHTXHQFLQJ� �+DUR�0RUHQR HW DO� ������

7KH FXUUHQW VWXG\ DLPV WR H[SORUH WKH JHQRPHV RI WKH FRPPXQLW\¶V VSHFLHV�

LGHQWLI\LQJ JHQRPLF IHDWXUHV DQG OLQNHG WUDLWV UHODWHG WR VXFK SODQW�EHQHILFLDO

FDSDELOLWLHV� 7KLV OHDGV XV WR TXHVWLRQ ZKHWKHU XQGHUVWDQGLQJ JHQRPLF

FKDUDFWHUL]DWLRQ LQ WHUPV RI IXQFWLRQV FDQ UHYHDO WKDW PLFURELDO FRPPXQLWLHV

FROOHFWLYHO\ FRQWULEXWH WR D JUHDWHU GLYHUVLW\ RI IXQFWLRQV WKDW DUH EHQHILFLDO WR SODQWV�
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7R DFKLHYH WKLV� ZH XWLOL]HG KLJKO\ DFFXUDWH VLQJOH�PROHFXOH UHDO�WLPH VHTXHQFLQJ

WHFKQRORJ\ �6057� RQ PHWDJHQRPLF VDPSOHV IURP WKH WRS�UDWHG EDFWHULDO

FRPPXQLWLHV E\ 7HKHUDQ�6LHUUD HW DO�� ������� :H UHWULHYHG 0$*V DQG DFFHVVHG

WKHLU IXQFWLRQDO SRWHQWLDO WR LGHQWLI\ ELRORJLFDO PHFKDQLVPV UHODWHG WR WKH SODQW

JURZWK�SURPRWLQJ WUDLWV RI HDFK PHPEHU�

�� 0$7(5,$/ $1' 0(7+2'6

���� 6HOHFWHG EDFWHULDO FRPPXQLWLHV

7KH EDFWHULDO FRPPXQLWLHV ZH DUH IRFXVLQJ RQ ZHUH REWDLQHG IURP WKH

SK\WRPLFURELRPH RI PDWXUH VXJDUFDQH �6DFFKDUXP VS�� YDULHW\ &7&���� XQGHU

GLVWLQFW DJULFXOWXUDO PDQDJHPHQW� DV SUHYLRXVO\ GHVFULEHG E\ 7HKHUDQ�6LHUUD HW DO��

������� 7KH WRS � FRPPXQLWLHV ZHUH VHOHFWHG EDVHG RQ RYHUDOO SODQW JURZWK

SURPRWLRQ SHUIRUPDQFH� 7KH FRPPXQLWLHV &��� &��� DQG &�� ZHUH REWDLQHG IURP

WKH HSLSK\WLF VXUIDFH RI WKH VWDON� ZKLOH &�� DQG &�� DUH FRPSRVHG RI HQGRSK\WHV�

$OO RI WKHP IURP VXJDUFDQH SODQWV FXOWLYDWHG XQGHU FRQYHQWLRQDO PDQDJHPHQW

V\VWHPV� 7KH &�� FRPPXQLW\� RQ WKH RWKHU KDQG� ZDV REWDLQHG IURP WKH HQGRSK\WLF

QLFKH RI VXJDUFDQH OHDYHV XQGHU RUJDQLF PDQDJHPHQW� 7KHVH FRPPXQLWLHV ZHUH

VHOHFWHG EDVHG RQ IHDWXUHV UHODWHG WR EHQHILWV WR SODQWV� VXFK DV

��DPLQRF\FORSURSDQH���FDUER[\OLF DFLG �$&&� GHDPLQDVH DQG LQGROH���DFHWLF DFLG

�,$$� SURGXFWLRQ� VROXELOL]DWLRQ RI SKRVSKRUXV� DQG RWKHUV �7HKHUDQ�6LHUUD HW DO�

������ 7KH\ ZHUH DOVR HYDOXDWHG LQ SODQWD XVLQJ %UDFKLDULD UX]L]LHQVLV� EHVLGHV RWKHU

FKDUDFWHULVWLFV UHODWHG WR LQGLUHFW WUDLWV WKDW FRXOG SURYLGH EHQHILWV WR WKH

PLFURRUJDQLVPV¶ DGDSWDELOLW\ LQ WKH SODQW HQYLURQPHQW� ,Q DGGLWLRQ� WKH VDPH VWXG\

UHYHDOHG WKH FRPSRVLWLRQ RI WKHVH FRPPXQLWLHV E\ D PHWDEDUFRGLQJ DSSURDFK EDVHG

RQ WKH VHTXHQFLQJ RI WKH 9��9� K\SHUYDULDEOH UHJLRQ RI WKH ��6 U51$ JHQH�

���� '1$ H[WUDFWLRQ

7KH EDFWHULDO FRPPXQLWLHV ZHUH LQGLYLGXDOO\ FXOWXUHG LQ �� P/ RI %5; EURWK

�7HKHUDQ�6LHUUD HW DO� ����� IURP D �� �/ DOLTXRW RI WKH VWRFN� 7KH\ ZHUH LQFXEDWHG

IRU �� K DW �� �& XQGHU FRQVWDQW DJLWDWLRQ DW ��� USP� 6XEVHTXHQWO\� WKH FRPPXQLW\

FXOWXUHV ZHUH VXEPLWWHG WR FHQWULIXJDWLRQ RI ���� [ J IRU �� PLQ DW �� �&� 7KH

UHVXOWLQJ SHOOHWV ZHUH UHVXVSHQGHG LQ �; 3%6 EXIIHU� DQG WKH FHOO FRQFHQWUDWLRQ ZDV
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DGMXVWHG WR DSSUR[LPDWHO\ � [ ��� FHOOV� 7KH EDFWHULDO VXVSHQVLRQ ZDV WKHQ

FHQWULIXJHG� DQG WKH SHOOHWV XQGHUZHQW WKH '1$ H[WUDFWLRQ SURFHVV� '1$ H[WUDFWLRQV

ZHUH SHUIRUPHG XVLQJ WKH 0DJ$WWUDFW +0: '1$ .LW �4,$*(1� +LOGHQ� *HUPDQ\�

�&DW 1R��,'� ������ DFFRUGLQJ WR WKH PDQXIDFWXUHU
V LQVWUXFWLRQV� 7KHQ� WKH '1$ ZDV

TXDQWLILHG XVLQJ 1DQR'URS ����� VSHFWURSKRWRPHWHU DQG 4XELW� ��� IOXRURPHWHU

�7KHUPR )LVKHU 6FLHQWLILF��� 7KH FRQFHQWUDWLRQV ZHUH DGMXVWHG WR �� QJ��/�� WR

HQVXUH HTXDO VDPSOLQJ FRQGLWLRQV IRU VHTXHQFLQJ� 7KH '1$ VDPSOHV ZHUH WKHQ

SRROHG LQWR WZR JURXSV� 6&� �FRPSRVHG RI &��� &��� DQG &�� FRPPXQLWLHV� DQG

6&� �FRPSRVHG RI &��� &��� DQG &�� FRPPXQLWLHV�� 7KH '1$ SRROV ZHUH

TXDQWLILHG LQ WKH 4XELW� ��� IOXRURPHWHU DQG VXEVHTXHQWO\ VWRUHG DW ��� �&�

���� &RQVWUXFWLRQ RI D PHWDJHQRPLF OLEUDU\ DQG VHTXHQFLQJ RQ WKH 3DF%LR
6HTXHO ,, SODWIRUP

7KH FRPPXQLW\ '1$ SRROV ZHUH VXEMHFWHG WR WKH +L)L OLEUDU\ FRQVWUXFWLRQ

SURFHVV XVLQJ WKH 6057EHOO� ([SUHVV 7HPSODWH 3UHS .LW ��� �3DFLILF %LRVFLHQFHV��

DFFRUGLQJ WR WKH 3DFLILF %LRVFLHQFHV VWDQGDUG WHPSODWH SUHSDUDWLRQ SURWRFRO IRU

EXLOGLQJ OLEUDULHV JUHDWHU WKDQ �� NE� 7KH UHFRYHUHG IUDJPHQWV ZHUH VXEVHTXHQWO\

VHTXHQFHG RQ WKH 3DF%LR 6HTXHO ,, SODWIRUP� $OO OLEUDU\ SUHSDUDWLRQ VWHSV ZHUH

FDUULHG RXW E\ WKH *HRUJLD *HQRPLFV DQG %LRLQIRUPDWLFV &RUH �**%&� ODERUDWRU\ DW

WKH 8QLYHUVLW\ RI *HRUJLD �8*$�� 3DF%LR 6057 VHTXHQFLQJ LQYROYHV FLUFXODUL]HG

PROHFXOHV NQRZQ DV 6057EHOOV ZLWKLQ =HUR 0RGH :DYHJXLGHV �=0:V�� DQG WKH

UHDGV REWDLQHG IURP HDFK =0: DUH UHIHUUHG WR DV VXEUHDGV�

���� 4XDOLW\ ILOWHULQJ RI ORQJ UHDGV

7KH REWDLQHG UDZ UHDGV �VXEUHDGV� ZHUH GHPXOWLSOH[HG XVLQJ OLPD WRRO� �Y�

������ VHWWLQJ WKH IROORZLQJ SDUDPHWHUV ³�M � ��SHHN�JXHVV ��VDPH ��PLQ�VFRUH �

��GXPS�UHPRYHG ��VSOLW�EDP�QDPHG´� 6XEVHTXHQWO\� WKH VHWV RI VXEUHDGV� L�H� WKH

UHDGV IURP WKH VDPH 6057EHOO PROHFXOH� ZHUH VXEPLWWHG WR WKH &LUFXODU &RQVHQVXV

6HTXHQFLQJ �&&6� SURWRFRO� 7KH VHWV RI VXEUHDGV IRU HDFK OLEUDU\ �6&��6&�� ZHUH

SURFHVVHG XVLQJ WKH &&6 WRRO �Y� ������ WR JHQHUDWH RQH UHSUHVHQWDWLYH VHTXHQFH

� KWWSV���JLWKXE�FRP�3DFLILF%LRVFLHQFHV�EDUFRGLQJ
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�FRQVHQVXV UHDG� SHU =0:� 7KLV SURFHVV ZDV SHUIRUPHG LUUHVSHFWLYH RI WKH QXPEHU

RI SDVVHV ���PLQ�SDVVHV �� EXW FRQVLGHULQJ D PLQLPXP UHDG TXDOLW\ ���PLQ�UT ������

%RWK WRROV DUH FRPSRQHQWV RI WKH 6057� /LQN VRIWZDUH SDFNDJH�

���� 0HWDJHQRPH DVVHPEO\ DQG JHQRPH UHWULHYDO

7KH PHWDJHQRPLFV GDWD �&&6 UHDGV� ZHUH DVVHPEOHG XVLQJ PHWD)O\H �Y�

������ �.ROPRJRURY HW DO� ����� ZLWK SDUDPHWHUV VHW WR FRQVLGHU 3DF%LR +L)L GDWD

�³��SDFELR�KLIL´� DQG SURYLGLQJ DQ H[SHFWHG VXP RI DOO JHQRPH OHQJWKV DV ���

PHJDEDVHV �³��JHQRPH�VL]H ���P´�� 7KHUHDIWHU� WKH 0HWDJHQRPH�$VVHPEOHG

*HQRPHV �0$*V� ELQQLQJ ZDV SHUIRUPHG E\ PHWD:5$3 �Y� ������ �8ULWVNL\ HW DO�

������ XWLOL]LQJ WKH ELQQLQJ PRGXOH WKDW WDNHV DGYDQWDJH RI PXOWLSOH ELQQLQJ

DOJRULWKPV� 0D[%LQ� �:X HW DO� ����� ���PD[ELQ��� PHWD%$7� �.DQJ HW DO� �����

���PHWDEDW��� DQG &21&2&7 �$OQHEHUJ HW DO� ����� ���FRQFRFW�� $ UHILQHPHQW VWHS

ZDV SHUIRUPHG XVLQJ WKH ELQBUHILQHPHQW PRGXOH� FRQVLGHULQJ D WKUHVKROG IRU

FRPSOHWHQHVV ��F ��� L�H� FRPSOHWHQHVV ! �� �� DQG FRQWDPLQDWLRQ ��[ ��� L�H�

FRQWDPLQDWLRQ � �� ���

$GGLWLRQDOO\� WKH UHVXOWLQJ ELQV ZHUH DOVR UHILQHG E\ UHPRYLQJ FRQWLJV ZLWK

GLYHUJHQW JHQRPLF SURSHUWLHV XVLQJ 5HILQH0 �Y������ �3DUNV HW DO� ����� ZLWK GHIDXOW

VHWWLQJV� 6XEVHTXHQWO\� ZH VXEMHFWHG WKHVH ELQV WR HYDOXDWLRQ ZLWK 0$*3XULI\

�Y������ �1D\IDFK HW DO� ����� WR LGHQWLI\ FRQWDPLQDWLRQ LQ 0$*V� &RQWDPLQDWLRQ� LQ

WKLV FRQWH[W� UHIHUV WR WKH FRQWLJV RULJLQDWLQJ IURP D GLIIHUHQW VSHFLHV UHODWLYH WR WKH

GRPLQDQW RQH SUHVHQW LQ WKH 0$*�

7KH &&6 UHDGV ZHUH PDSSHG EDFN WR WKH UHILQHG 0$*V XVLQJ PLQLPDS� �Y�

�����U���� �/L ����� DOORZLQJ IRU XS WR ��� VHTXHQFH GLYHUJHQFH ��[ DVP���� 7KHVH

UHDGV PDSSHG ZLWKLQ HDFK 0$* ZHUH UHWULHYHG DQG HPSOR\HG LQ WKH FRPSOHWH

&LUFODWRU SLSHOLQH �+XQW HW DO� ����� WKURXJK WKH &DQX DVVHPEOHU �.RUHQ HW DO� �����

���DVVHPEOHU FDQX� LQ DQ DWWHPSW WR DFKLHYH FLUFXODUL]DWLRQ RI WKH 0$*V�

$W ODVW� WKH LQWHJULW\ DQG FRQWDPLQDWLRQ RI WKH 0$*V ZHUH HYDOXDWHG E\

FKHFN0 �Y������� �3DUNV HW DO� ����� XVLQJ WKH OLQHDJHBZI ZRUNIORZ WR DXWRPDWLFDOO\

VHOHFW DQ DSSURSULDWH VHW RI OLQHDJH�VSHFLILF PDUNHU JHQHV IRU WKH DVVHVVPHQW� :H

IROORZHG WKH FULWHULD RXWOLQHG LQ WKH 0LQLPXP ,QIRUPDWLRQ DERXW D
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0HWDJHQRPH�$VVHPEOHG *HQRPH �0,0$*� RI EDFWHULD DQG DUFKDHD �%RZHUV HW DO�

����� WR DVVLJQ DQ RYHUDOO TXDOLW\ VWDWXV IRU HDFK JHQRPH DVVHPEOHG�

���� 7D[RQRPLF DVVLJQPHQW DQG SK\ORJHQRPLF DQDO\VLV

7KH .UDNHQ WRRO �Y�������EHWD� �:RRG HW DO� ����� ZDV HPSOR\HG IRU

WD[RQRPLF DVVLJQPHQW� :H XWLOL]HG D FXVWRP GDWDEDVH FRPSULVLQJ WKH 1&%,

QRQ�UHGXQGDQW QXFOHRWLGH VHTXHQFHV� DV ZHOO DV WKH 5HI6HT �3UXLWW HW DO� �����

JHQRPH VHTXHQFHV IURP EDFWHULD� DUFKDHD� DQG YLUXVHV �2FWREHU������� 2QO\ WKH

ZKROH JHQRPHV ZLWK DVVHPEO\ OHYHOV RI ³FRPSOHWH JHQRPH´� ³FKURPRVRPH´� DQG

³VFDIIROG´ ZHUH XVHG WR EXLOG WKH .UDNHQ GDWDEDVH�

:H DOVR SHUIRUPHG WKH WD[RQRPLF DVVLJQPHQW XVLQJ WKH µFODVVLI\BZI¶ IXQFWLRQ

RI WKH *7'%�WN WRRO �Y����� �&KDXPHLO HW DO� ����� ZLWK GHIDXOW VHWWLQJV� 7KLV IXQFWLRQ

DVVLJQV WD[RQRP\ EDVHG RQ WKH *7'% UHIHUHQFH GDWDEDVH �5HOHDVH ���� �3DUNV HW

DO� ������ XVLQJ D FRPELQDWLRQ RI HYLGHQFH� LQFOXGLQJ SK\ORJHQHWLF SODFHPHQW�

UHODWLYH HYROXWLRQDU\ GLYHUJHQFH �5('� �3DUNV HW DO� ������ DQG DYHUDJH QXFOHRWLGH

LGHQWLW\ �$1,� YDOXHV XVLQJ WKH JHQRPHV ZLWKLQ WKH *7'% UHIHUHQFH WUHH�

7KH PROHFXODU SK\ORJHQHWLF WUHH ZDV LQIHUUHG XVLQJ WKH PD[LPXP OLNHOLKRRG

PHWKRG �0/�� 7KH WUHH ZDV EXLOW IURP WKH DOLJQPHQW RI ��� VLQJOH�FRS\ PDUNHU

JHQHV� ZKLFK ZHUH LGHQWLILHG ZLWK WKH %86&2 WRRO �Y������ �0DQQL HW DO� ����� XVLQJ

WKH EDFWHULDO GDWDVHW �EDFWHULDBRGE��������������� 2XU SK\ORJHQRPLF DQDO\VLV ZDV

FRQGXFWHG XVLQJ WKH %86&2B3K\ORJHQRPLFV�S\� VFULSW WR UHFRQVWUXFW VSHFLHV

SK\ORJHQLHV IURP ��� UHSUHVHQWDWLYH JHQRPHV �5(35��

���� *HQH SUHGLFWLRQ DQG IXQFWLRQDO DQQRWDWLRQ

7KH SUHGLFWLRQ RI SURWHLQ�FRGLQJ JHQHV� W51$V� DQG U51$V LQ WKH 0$*V ZDV

FDUULHG RXW XVLQJ 3URNND �Y������ D SURNDU\RWLF JHQRPH DQQRWDWLRQ SLSHOLQH

�6HHPDQQ ������

� KWWSV���JLWKXE�FRP�MDPLHPFJ�%86&2BSK\ORJHQRPLFV



��

7KH SUHGLFWHG DPLQR DFLG VHTXHQFHV ZHUH VXEMHFWHG WR IXQFWLRQDO DQQRWDWLRQ

ZLWK WKH (QULFK0� WRRO �Y������� 7KH µDQQRWDWH¶ PRGXOH ZDV XVHG WR DOLJQ SURWHLQV

XVLQJ 'LDPRQG �Y������� �%XFKILQN HW DO� ����� DJDLQVW WKH (QULFK0 Y�� GDWDEDVH�

ZKLFK LQFRUSRUDWHV D .2�DQQRWDWHG 8QL5HI��� GDWDEDVH� 7KH SDUDPHWHUV ZHUH

FRQILJXUHG WR VHW DOLJQPHQW WKUHVKROGV DW ��� IRU LGHQWLW\ ��LG ����� ��� IRU TXHU\

FRYHUDJH ���DOQBTXHU\ ����� DQG ��� IRU UHIHUHQFH FRYHUDJH ���DOQBUHIHUHQFH �����

$GGLWLRQDOO\� WKH µFODVVLI\¶ ZDV XVHG WR LGHQWLI\ WKH .(** 2UWKRORJ\ �.2� PRGXOHV

UHFRJQL]HG DV FRPSOHWH�

*HQH FOXVWHUV DVVRFLDWHG ZLWK WKH ELRV\QWKHVLV RI VHFRQGDU\ PHWDEROLWHV ZHUH

LGHQWLILHG XVLQJ DQWL60$6+ �Y���� �%OLQ HW DO� ����� FRQVLGHULQJ WKH EDFWHULDO GRPDLQ

���WD[RQ EDFWHULD�� :H DOVR VHW DGGLWLRQDO SDUDPHWHUV WR FRPSDUH LGHQWLILHG FOXVWHUV

DJDLQVW GDWDEDVHV RI NQRZQ SUHGLFWLRQV ���FE�JHQHUDO ��FE� NQRZQFOXVWHUV

��FE�VXEFOXVWHUV�� WR DFWLYDWH VLWH ILQGHU DQDO\VLV ��DVI�� WR UXQ 3IDP WR *HQH 2QWRORJ\

PDSSLQJ PRGXOH ���SIDP�JR�� DQG WR JHQHUDWH SK\ORJHQHWLF WUHHV RI LGHQWLILHG FOXVWHU

RUWKRORJRXV JURXSV ���VPFRJ�WUHHV��

���� *HQHV UHODWHG WR SODQW JURZWK�SURPRWLQJ WUDLWV

7KH DQQRWDWLRQ RI SURWHLQV UHODWHG WR 3ODQW *URZWK�3URPRWLQJ 7UDLWV �3*37V�

ZDV SHUIRUPHG XVLQJ WKH 3*37�3UHG ZHE WRRO IRU SODQW�DVVRFLDWHG EDFWHULD

3/D%$VH� �Y������ �3DW] HW DO� ������

)RU DQQRWDWLRQV RI 3*37V� ZH H[FOXVLYHO\ FRQVLGHUHG WKRVH LGHQWLILHG ZLWK

.2V SUHYLRXVO\ DQQRWDWHG E\ WKH HQULFK0 WRRO� 7KH 3*37 GHQVLW\ ZDV HVWLPDWHG E\

WKH UDWLR EHWZHHQ WKH QXPEHU RI 3*37V WR WKH WRWDO QXPEHU RI &RGLQJ 6HTXHQFHV

�&'6��

7KH HQULFKPHQW DQDO\VLV IRU HDFK JHQRPH ZDV SHUIRUPHG XVLQJ 3*37

SUHVHQFH�DEVHQFH GDWD XS WR OHYHO � LQ WKH 3*37 DQQRWDWLRQ KLHUDUFK\� 7KH 3*37

IUHTXHQFLHV LQ WKLV OHYHO ZHUH DVVHVVHG E\ FRPSDULQJ WKH WUDLWV DQQRWDWHG LQ WKH

0$*V �REVHUYHG 3*37V� WR WKH GLVWULEXWLRQ RI DOO 3*37V �H[SHFWHG 3*37V�� 7KH

HQULFKPHQW YDOXH ZDV DFKLHYHG E\ 3HDUVRQ
V &KL�VTXDUH WHVW LQ 5 �Y� ������� 7KH

� KWWS���SODEDVH�LQIRUPDWLN�XQL�WXHELQJHQ�GH�SE�SODEDVH�SKS

� KWWSV���JLWKXE�FRP�JHURQLPS�HQULFK0



��

SRVW�KRF DQDO\VLV EDVHG RQ WKH UHVLGXDOV RI WKH &KL�VTXDUHG WHVW ZDV FRPSXWHG

XVLQJ WKH 5 SDFNDJH ³FKLVT�SRVWKRF�WHVW´� 7KH S�YDOXHV ZHUH FRUUHFWHG XVLQJ

%HQMDPLQL±+RFKEHUJ )DOVH 'LVFRYHU\ 5DWH �)'5�� DQG D VLJQLILFDQFH WKUHVKROG RI

��� �T�YDOXH � ���� ZDV DSSOLHG WR LGHQWLI\ HQULFKHG IHDWXUHV�

7KH ULFKQHVV RI 3*37V ZDV DVVHVVHG XVLQJ WKH &KDR� LQGH[� LPSOHPHQWHG

WKURXJK WKH IRVVLO SDFNDJH �Y������� �9DYUHN ����� LQ WKH 5 HQYLURQPHQW�

���� 'DWD DYDLODELOLW\

7KH PHWDJHQRPLFV GDWD JHQHUDWHG IRU WKLV VWXG\ ZHUH GHSRVLWHG LQ WKH 1&%, �

6HTXHQFH 5HDG $UFKLYH �65$�� XQGHU %LR3URMHFW ,' 35-1$������� 7KH 0$*

VHTXHQFHV UHFRYHUHG LQ WKLV VWXG\ DUH DYDLODEOH LQ WKH *HQ%DQN GDWDEDVH DW WKH

1DWLRQDO &HQWHU IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ �1&%,� XQGHU WKH DFFHVVLRQ QXPEHUV�

-$<*,;��������� �0$*���� -$<*,<��������� �0$*���� -$<*,=���������

�0$*���� -$<*-$��������� �0$*���� -$<*-%��������� �0$*����

-$<*-&��������� �0$*���� -$<*-'��������� �0$*���� -$<*-(���������

�0$*���� -$<*-)��������� �0$*���� -$<*-*��������� �0$*����

-$<*-+��������� �0$*���� -$<*-,��������� �0$*���� -$<*--���������

�0$*���� -$<*-.��������� �0$*���� -$<*-/��������� �0$*����

-$<*-0��������� �0$*��� DQG -$<*-1��������� �0$*����

�� 5(68/76 $1' ',6&866,21

���� 0HWDJHQRPH�DVVHPEOHG JHQRPHV DQG WD[RQRP\ DVVLJQPHQW

7KH KLJK�WKURXJKSXW VHTXHQFLQJ RI WKH WZR FRPPXQLW\ SRROV E\ 3DF%LR

6HTXHO ,, SODWIRUP XVLQJ +L)L SURWRFRO UHVXOWHG LQ D WRWDO RI ���������� VXEUHDGV� RI

ZKLFK ���������� ZHUH REWDLQHG IRU WKH 6&�� DQG ���������� IRU WKH 6&� OLEUDU\�

ERWK H[KLELWHG DQ DYHUDJH UHDG VL]H RI DSSUR[LPDWHO\ �� NE �$SSHQGL[ $�� )URP

WKHVH VHTXHQFHV� D WRWDO RI ������� &&6 ����� ZHUH JHQHUDWHG ZLWK DQ DYHUDJH

SUHFLVLRQ RI DSSUR[LPDWHO\ ������ DQG DQ DYHUDJH OHQJWK RI ����� ES� 7KH



��

VHTXHQFLQJ GDWD SURFHVVLQJ HIIRUWV \LHOGHG D WRWDO RI �� 0$*V� $FFRUGLQJ WR WKH

FRPSOHWHQHVV DQG FRQWDPLQDWLRQ YDOXHV DVVHVVHG E\ &KHFN0 �7DEOH ��� DQG WKH

TXDOLW\ VWDQGDUGV HVWDEOLVKHG E\ WKH *HQRPLF 6WDQGDUGV &RQVRUWLXP �%RZHUV HW DO�

������ ILYH 0$*V ZHUH FLUFXODUL]HG DQG ZHUH GHVLJQDWHG DV ³ILQLVKHG´� ILYH 0$*V DV

³KLJK�TXDOLW\´� VL[ DV ³PHGLXP TXDOLW\´� DQG WKH UHPDLQLQJ RQH DV ³ORZ TXDOLW\´�
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7KH WD[RQRPLF DVVLJQPHQW UHVXOWV FRQWDLQ 0$*V GLVWULEXWHG DPRQJ WKUHH

EDFWHULDO SK\OD� 3VHXGRPRQDGRWD �Q  ���� %DFLOORWD �Q  ��� DQG %DFWHURLGRWD �Q  

��� 7KHVH SK\OD DUH PRVW SUHGRPLQDQWO\ UHODWHG WR SK\OORVSKHUH FRPPXQLWLHV RI

YDULRXV SODQWV �7ULYHGL HW DO� ������ 7KH SK\OXP 3VHXGRPRQDGRWD VWDQGV RXW DV WKH

PRVW UHSUHVHQWDWLYH� HQFRPSDVVLQJ QLQH JHQHUD� $FKURPREDFWHU� %XUNKROGHULD�

&LWUREDFWHU� (QWHUREDFWHU� 3DQWRHD 3VHXGR[DQWKRPRQDV� 5KL]RELXP� 6SKLQJRELXP

DQG 6WHQRWURSKRPRQDV� 7KH JHQHUD /DFWRFRFFXV DQG 3DHQLEDFLOOXV DUH

UHSUHVHQWDWLYHV RI WKH SK\OXP %DFLOORWD� DQG WKH JHQHUD &KU\VHREDFWHULXP DQG

6SKLQJREDFWHULXP EHORQJ WR WKH SK\OXP %DFWHURLGRWD �$SSHQGL[ %�� 0RUHRYHU� D

SK\ORJHQHWLF WUHH ZDV UHFRQVWUXFWHG IURP ��� EDFWHULDO %86&2 VLQJOH�FRS\ JHQHV WR

DVVHVV WKH SK\ORJHQHWLF UHODWHGQHVV RI WKH 0$*V DQG UHSUHVHQWDWLYH VSHFLHV

�)LJXUH ���

0RVW 0$*V ZHUH FODVVLILHG DW WKH VSHFLHV OHYHO ZLWK WKH *7'%�WN WRRO

�&KDXPHLO HW DO� ����� DQG H[KLELWHG DQ $1, DERYH ���� D WKUHVKROG WUDGLWLRQDOO\

HPSOR\HG IRU VSHFLHV GLVFULPLQDWLRQ �*RULV HW DO� ����� �$SSHQGL[ &�� +RZHYHU� WKH

0$* EHORQJLQJ WR WKH JHQXV &KU\VHREDFWHULXP �0$*��� VKRZHG WKH KLJKHVW

VLPLODULW\ ZLWK WKH JHQRPH RI D VSHFLHV QRW \HW FKDUDFWHUL]HG �$SSHQGL[ &�� 7KLV

JHQRPH KDG EHHQ SUHYLRXVO\ VHTXHQFHG DQG VKDUHG DQ $1, RI ������ ZLWK WKH

JHQRPH RI &KU\VHREDFWHULXP VS� 21BG� �*HQ%DQN ,'� *&)B�������������

$FFRUGLQJ WR WKH SK\ORJHQHWLF WUHH� WKH FORVHVW UHODWLYH LV WKH VSHFLHV

&KU\VHREDFWHULXP JOHXP �)LJXUH ��� )RU 0$*��� ZKLFK EHORQJV WR WKH JHQXV

3DHQLEDFLOOXV� QR WD[RQRPLF DVVLJQPHQW DW WKH VSHFLHV OHYHO ZDV SRVVLEOH� ,W

JURXSHG FORVHO\ ZLWK WKH VSHFLHV RI 3DHQLEDFLOOXV KXQDQHQVLV �*HQ%DQN ,'� *&)

������������� VXJJHVWLQJ WKH SRWHQWLDO GLVFRYHU\ RI D QHZ VSHFLHV �)LJXUH ���



��

)LJXUH �� 7KH PD[LPXP�OLNHOLKRRG SK\ORJHQHWLF WUHH FRQVWUXFWHG XVLQJ WKH
FRQFDWHQDWHG DOLJQPHQW RI ��� VLQJOH�FRS\ PDUNHU JHQHV IRXQG LQ XS WR ��� RI WKH
VSHFLHV RI WKH ��� UHSUHVHQWDWLYH JHQRPHV IURP WKH *HQ%DQN GDWDEDVH� DV ZHOO DV
WKH 0$*V EHORQJLQJ WR WKH SK\OD 3VHXGRPRQDGRWD� %DFWHURLGRWD� DQG %DFLOORWD�
&ODGHV FRQWDLQLQJ � RU PRUH UHSUHVHQWDWLYHV DUH FROODSVHG� 7KH FRORU VFDOH RI WKH
EUDQFKHV LQGLFDWHV ERRWVWUDS YDOXHV �EDVHG RQ ���� UHSOLFDWHV�� UDQJLQJ IURP WKH
ORZHVW VXSSRUW �UHG� WR WKH KLJKHVW VXSSRUW �EODFN��



��

���� )XQFWLRQDO 3URILOH

7KH IXQFWLRQDO GLYHUVLW\ RI WKH EDFWHULDO JHQRPHV ZDV DVVHVVHG EDVHG RQ WKH

.(** 2UWKRORJ �.2� JURXSV �7DEOH � DQG $SSHQGL[ '�� 7KH PHWDEROLF

UHFRQVWUXFWLRQ UHYHDOV D WRWDO RI ��� FRPSOHWH DQG ��� LQFRPSOHWH .(** PRGXOHV�

$ GHWDLOHG SUHVHQWDWLRQ RI WKH LQGLYLGXDO GHVFULSWLRQ RI SDWKZD\V�PRGXOHV E\

JHQRPHV FDQ EH IRXQG LQ 6XSSRUWLQJ ,QIRUPDWLRQ $SSHQGL[ (�
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$PRQJ WKH .(** SDWKZD\V� ZH LGHQWLILHG VRPH LPSRUWDQW PRGXOHV WKDW

DUH UHODWHG WR EHQHILFLDO WUDLWV IURP SODQW JURZWK�SURPRWLQJ EDFWHULD �3*3%V��

VXFK DV PHWDEROLVP RI QLWURJHQ �1�� VROXELOL]DWLRQ DQG XSWDNH RI SKRVSKDWH �3��

DQG VXOIXU �6� PHWDEROLVP� DV ZHOO DV PHFKDQLVPV LQYROYHG LQ DOOHYLDWLRQ RI

DELRWLF VWUHVVHV� DQWLR[LGDQWV� DQG ELRV\QWKHVLV RI VHFRQGDU\ PHWDEROLWHV

�WHUSHQRLGV� S\UUROQLWULQ� SRO\DPLQHV� �)LJXUH �$�� ,Q DGGLWLRQ� ZH LGHQWLILHG WKH

JHQH HQFRGLQJ $&& GHDPLQDVH �DFG6�� FRPPRQO\ UHFRJQL]HG DV LPSRUWDQW IRU

SODQW�EDFWHULD LQWHUDFWLRQ DV LW LV DVVRFLDWHG ZLWK WKH PRGXODWLRQ RI HWK\OHQH

OHYHOV LQ SODQWV� :H DOVR LGHQWLILHG VHYHUDO RWKHU JHQHV HQFRGLQJ HQ]\PHV

UHODWHG WR WKH ELRV\QWKHVLV RI SK\WRKRUPRQHV� VXFK DV DX[LQ �,$$�� F\WRNLQLQ

�&.�� DQG VDOLF\OLF DFLG �6$� �)LJXUH �%��



��

)LJXUH �� .H\ JHQRPLF IHDWXUHV REVHUYHG LQ 0$*V� ZKLFK DUH FRPPRQO\
DVVRFLDWHG ZLWK SODQW JURZWK�SURPRWLQJ EDFWHULD� 7KHVH IHDWXUHV ZHUH
UHSUHVHQWHG KHUH DV �$� .(** PRGXOHV RU �%� .(** RUWKRORJ\ �.2� LGHQWLILHUV�
ZKLFK DUH QRW LQFOXGHG LQ PRGXOHV�

5HJDUGLQJ WKH SRWHQWLDO RI ELRORJLFDO QLWURJHQ IL[DWLRQ� ZH KDYH QRW

LGHQWLILHG QLWURJHQDVHV� ZKLFK DUH HVVHQWLDO IRU WKLV SURFHVV� +RZHYHU� WKH

JHQRPHV RI 5KL]RELXP SXQVHQVH �0$*���� (� DVEXULDH �0$*�� DQG 0$*����

3� GLVSHUVD �0$*���� $� DQLPLFXV �0$*���� DQG &� ZHUNPDQLL �0$*��� FDQ EH

FRQVLGHUHG QLWUDWH�UHGXFLQJ EDFWHULD DFFRUGLQJ WR WKH DELOLW\ RI WKHVH JHQRPHV

WR WUDQVIRUP QLWUDWH �12��� LQWR DPPRQLXP �1+=3� E\ GLVVLPLODWRU\ QLWUDWH

UHGXFWLRQ �'15$� �)LJXUH �$��



��

7KH ��DPLQRF\FORSURSDQH���FDUER[\ODWH �$&&� GHDPLQDVH �DFG6�

.������� LV DQ HQ]\PH UHVSRQVLYH WR PRGXODWLQJ WKH OHYHO RI HWK\OHQH

SURGXFWLRQ� GHFUHDVLQJ HWK\OHQH OHYHOV LQ SODQWV� DQG PLWLJDWLQJ DGYHUVH HIIHFWV

RI KLJK DFFXPXODWLRQ RI WKLV KRUPRQH RQ SODQW JURZWK �$OL DQG .LP ������ 7KH

DFG6 ZDV LGHQWLILHG IRU WKH 0$*V 6SKLQJREDFWHULXP PXOWLYRUXP �0$*����

&KU\VHREDFWHULXP VS� �0$*���� DQG $FKURPREDFWHU DQLPLFXV �0$*��� �)LJXUH

�$ DQG $SSHQGL[ '�� 7KH SUHVHQFH RI WKLV HQ]\PH LQ WKRVH JHQHUD KDV EHHQ

PDLQO\ UHODWHG WR VDOLQH DQG K\GULF VWUHVV DOOHYLDWLRQ DQG SODQW JURZWK SURPRWLRQ

�7LWWDEXWU HW DO� ����� %KLVH HW DO� ����� $UD~MR HW DO� ����� 1DVFLPHQWR HW DO�

����D��

7KH JHQHV JFG �.������� JGK �.������� DQG JQO �.������ HQFRGH

HQ]\PHV LQYROYHG LQ LQRUJDQLF 3 VROXELOL]DWLRQ WKURXJK JOXFRQLF DFLG �*$�� WKH

SULPDU\ RUJDQLF FRPSRXQG DVVRFLDWHG ZLWK WKLV SURFHVV� 7KH JHQRPHV RI 6�

\DQRLNX\DH �0$*���� 5� SXVHQVH �0$*���� &KU\VHREDFWHULXP VS� �0$*����

DQG $� DQLPLFXV �0$*��� FDUU\ JHQHV HQFRGLQJ WKH HQ]\PHV UHVSRQVLEOH IRU

*$ SURGXFWLRQ� 0$*�� HQFRGHV WKH HQ]\PH ��NHWRJOXFRQDWH UHGXFWDVH �(&

��������� .����� DQG .������� ZKLFK FDQ FRQYHUW *$ LQWR ��.HWR�'�JOXFRQLF

DFLG� DQRWKHU RUJDQLF DFLG DVVRFLDWHG ZLWK WKH VROXELOL]DWLRQ RI LQRUJDQLF 3

�$SSHQGL[ '�� 0RUHRYHU� WKHVH 0$*V KDUERU JHQHV UHODWHG WR 3 XSWDNH �SKQ&

>.�����@� SKQ' >.�����@� DQG SKQ( >.�����@� DQG SKRVSKDWH WUDQVSRUW V\VWHP

�SVW$ >.�����@� SVW% >.�����@� SVW& >.�����@� DQG SVW6 >.�����@�� DORQJVLGH

UHJXODWRU\ JHQHV �SKRU5 >.�����@ DQG SKRU% >.�����@� �)LJXUH �$ DQG 7DEOH

$SSHQGL[ (�� 7KHVH ILQGLQJV VXJJHVW WKDW WKH 0$*V FDQ LQFUHDVH SKRVSKDWH

XSWDNH� HQKDQFH VRLO 3 WXUQRYHU� DQG SRWHQWLDOO\ LQFUHDVH LWV DYDLODELOLW\ WR SODQWV

�/LDQJ HW DO� ������

,QGROH���DFHWLF DFLG �,$$� SURGXFWLRQ ZDV LGHQWLILHG LQ VRPH 0$*V

�)LJXUH �$�� %DFWHULDO ,$$ V\QWKHVLV JHQHUDOO\ RFFXUV E\ WU\SWRSKDQ �WUS�

GHSHQGHQW SDWKZD\V� ZKLFK LQFOXGH WKUHH PDMRU RQHV� ,QGROH���S\UXYDWH �,3\$��

WU\SWDPLQH �7$0�� LQGROH���DFHWDPLGH �,$0� �/XGXHxD HW DO� ����� =KDQJ HW DO�

������ +RZHYHU� WKH WU\SWRSKDQ VLGH FKDLQ R[LGDVH �762� SDWKZD\ LV PRVW

FRPPRQO\ REVHUYHG LQ VWUDLQV RI 3VHXGRPRQDV IOXRUHVFHQV �/L HW DO� ������



��

7KH 0$*V H[KLELW SDWKZD\V UHODWHG WR WKH ELRV\QWKHVLV RI WU\SWRSKDQ

�7US� IURP FKRULVPDWH �0������ $SSHQGL[ (�� ([FHSW 3� GLVSHUVD �0$*��� DQG

%� JODGLROL �0$*��� ODFN JHQHV UHODWHG WR 7US V\QWKHVLV�

7KH ,3\$ SDWKZD\ LV FRQVLGHUHG WKH PRVW FRPPRQ SDWKZD\ LQ EDFWHULD

�=KDQJ HW DO� ������ ,Q WKLV VWXG\� WKLV SDWKZD\ ZDV LGHQWLILHG LQ (� DVEXULDH

UHODWHG JHQRPHV �0$*��� DQG 0$*���� VLQFH WKH\ HQFRGH WZR PDLQ HQ]\PHV

UHVSRQVLEOH IRU WKH FRQYHUVLRQ RI ,$$ LQWHUPHGLDWHV� ,QGROH���S\UXYDWH LV

FRQYHUWHG WR LQGROH���DFHWDOGHK\GH �,$$OG� E\ WKH NH\ HQ]\PH LQGROHS\UXYDWH

GHFDUER[\ODVH �.������ (& ��������� �6FK�W] HW DO� ����� +DUULV HW DO� ������

7KH UHVXOWLQJ FRPSRXQG IURP GHFDUER[\ODWLRQ LV R[LGL]HG E\ WKH DOGHK\GH

GHK\GURJHQDVH �.������ (& �������� LQWR ,QGROH���DFHWLF DFLG �,$$� �)LJXUH

�%�� D FRPSRXQG FRPPRQO\ IRXQG LQ (QWHUREDFWHU VSHFLHV �/X]LDWHOOL HW DO�

������

7KH SUHVHQFH RI DPLGDVH �.������ (&� �������� LQ WKH JHQRPHV RI 6�

EHQWRQLWLFD �0$*���� 5� SXVHQVH �0$*���� 3VHXGR[DQWKRPRQDV VS� �0$*����

6� SDYDQLL �0$*���� 3DHQLEDFLOOXV VS� �0$*���� /� ODFWLV �0$*����� $�

DQLPLFXV �0$*���� 6� PDOWRSKLOLD �0$*���� DQG %� JODGLROL �0$*���� VXJJHVWV

WKHLU FDSDELOLW\ WR V\QWKHVL]H ,$$ E\ WKH ,$0 SDWKZD\� XWLOL]LQJ WKH LQWHUPHGLDWH

LQGROH���DFHWDPLGH �)LJXUH �%�� 7KH 3VHXGR[DQWKRPRQDV VS� �0$*���

SUREDEO\ H[KLELWV ,$$ V\QWKHVLV WKURXJK WKH 7$0 SDWKZD\� ZKLFK LQWHUPHGLDWHV

WKH FRQYHUVLRQ RI WU\SWDPLQH �7$0� WR ,$$OG E\ PRQRDPLQH R[LGDVH �.������

(& ��������� 7KH ILQDO VWHS LV FDWDO\]HG E\ DOGHK\GH GHK\GURJHQDVH �.������

(& ���������

7KH HQ]\PDWLF DQG QRQ�HQ]\PDWLF DQWLR[LGDQW SURFHVVHV FRQVLVW RI

PHFKDQLVPV WKDW DWWHQXDWH DELRWLF VWUHVV IDFWRUV LQ SODQWV� PHGLDWHG E\ SODQW

JURZWK�SURPRWLQJ EDFWHULD �=DQGL DQG 6FKQXJ ������ 7KH ELRV\QWKHVLV SDWKZD\

RI SRO\DPLQHV� DV ZHOO DV WKH WUDQVSRUW V\VWHPV IRU VSHUPLGLQH DQG SXWUHVFLQH�

ZHUH LGHQWLILHG LQ (� DVEXULDH �0$*�� DQG 0$*��� DQG 5� SXVHQVH �0$*����

7KHVH FRPSRXQGV KDYH EHHQ UHSRUWHG WR EH LQYROYHG LQ FHOO JURZWK LQGXFLQJ

URRW JURZWK �:X HW DO� ����� =KRX HW DO� ������ DQG IUHTXHQWO\ DUH UHODWHG WR

SODQWV¶ UHVSRQVHV WR YDULRXV DELRWLF VWUHVVHV �%KLVH HW DO� ����� 6HOLP HW DO�

������ 2WKHU FRPSRXQGV UHODWHG WR DELRWLF VWUHVV�DOOHYLDWLQJ HIIHFWV LQ SODQWV�

DFWLQJ DV RVPRSURWHFWDQWV� LQFOXGH SUROLQH �.DUWLN HW DO� ������ JO\FLQH EHWDLQH



��

�$KPHG HW DO� ������ JOXWDWKLRQH �6DQWRV HW DO� ������ HFWRLQH �7DR HW DO� ������

HWF� 7KH HFWRLQH ELRV\QWKHWLF FOXVWHU ZDV LGHQWLILHG LQ WKH 6� \DQRLNX\DH

�0$*��� DQG $� DQLPLFXV �0$*��� �$SSHQGL[ )�� 6HYHUDO FOXVWHUV RI

VHFRQGDU\ PHWDEROLWHV NQRZQ WR HQKDQFH SODQW KHDOWK� VXFK DV VLGHURSKRUHV

�$]QDU DQG 'HOODJL ������ DQG QRQ�ULERVRPDO SHSWLGHV �153V� �2QJHQD DQG

-DFTXHV ����� ZHUH LGHQWLILHG LQ WKH JHQRPHV �$SSHQGL[ )�� 7KH 0$*V RI 6�

\DQRLNX\DH �0$*���� &KU\VHREDFWHULXP VS� �0$*���� DQG %� JODGLROL �0$*����

VWDQG RXW IRU KDYLQJ D KLJK QXPEHU RI ELRV\QWKHWLF JHQH FOXVWHUV �%*&V� �Q ! ��

�$SSHQGL[ )��

&KLWLQRO\WLF HQ]\PHV� LQFOXGLQJ FKLWLQDVH >(&���������@ DQG

HQGRJOXFDQDVH >(&��������@� ZHUH LGHQWLILHG LQ DOPRVW DOO 0$*V� H[FHSW IRU

&KU\VHREDFWHULXP VS� �0$*��� DQG 3DHQLEDFLOOXV VS� �0$*���� 7KHVH

HQ]\PHV DUH RIWHQ DVVRFLDWHG ZLWK DQWLIXQJDO DFWLYLW\ �3KLOLS HW DO� ����� 6KDUPD

HW DO� ������

���� )XQFWLRQDO 3*37 DQQRWDWLRQ

7KH JHQRPLF IHDWXUHV RI HDFK 0$* UHODWHG WR WKH EHQHILFLDO IXQFWLRQV LQ

SODQW JURZWK DUH EDVHG RQ 3*37 PDSSLQJ RI WKH DQQRWDWHG .2V �$SSHQGL[ *��

7KH KHDWPDS GLVSOD\V WKH DEXQGDQFH RI PDLQ 3*37V DW KLHUDUFKLFDO OHYHO � �Q  

��� �$SSHQGL[ +�� 7KH DEXQGDQFH SURILOH RI WUDLWV UHVXOWHG LQ 0$*V EHLQJ

FOXVWHUHG LQWR WZR JURXSV� 7KLV UHVXOW DOVR KLJKOLJKWV FDWHJRULHV ZKLFK KDYH

VLJQLILFDQW HQULFKPHQW �T�YDOXH � ���� LQ DW OHDVW RQH JHQRPH� 7KH 0$*V

DVVLJQHG DV (� DVEXULH �0$*�� DQG 0$*���� &� ZHUNPDQLL �0$*���� $�

DQLPLFXV �0$*���� DQG 5� SXQVHQVH �0$*��� DUH PHPEHUV RI FOXVWHU , DQG

ZHUH JURXSHG EDVHG RQ WKH KLJKHVW DEXQGDQFH DQG GLVWULEXWLRQ RI 3*37V LQ

OHYHO � KLHUDUFK\ �)LJXUH ��� 7KLV LV D FRQVHTXHQFH RI WKH KLJKHU GHQVLW\ RI

3*37V LQ WKHVH 0$*V ZKHQ FRPSDUHG WR WKH PHPEHUV RI FOXVWHU ,, �7DEOH ���

ZKRVH 3*37 DEXQGDQFHV DW WKH VDPH OHYHO ZHUH UHODWLYHO\ ORZHU �)LJXUH ���
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HQULFKPHQW RI WKH ,$$ PHWDEROLVP WUDLW �)LJXUH �� RU E\ WKH SUHVHQFH RI

RUWKRORJV DVVRFLDWHG ZLWK WKH ELRV\QWKHVLV RI WKLV PROHFXOH �)LJXUH �%�� :KLOH 3�

GLVSHUVD �0$*��� DQG %� JODGLROL �0$*��� GR QRW VKRZ HQULFKPHQW IRU WKLV WUDLW

GXH WR WKH DEVHQFH RI JHQHV UHODWHG WR WU\SWRSKDQ ELRV\QWKHVLV� WKH DELOLW\ WR

SURGXFH ,$$ IURP H[RJHQRXV WU\SWRSKDQ RU LQWHUPHGLDWH FRPSRXQGV PD\ VWLOO

EH SRVVLEOH� 7KLV LV VXSSRUWHG E\ WKH SUHVHQFH RI (&�������� LQ ERWK JHQRPHV�

DQG (&��������� (&��������� DQG (&��������� LQ %� JODGLROL �0$*���� ZKLFK DUH

UHODWHG WR WKH DFLG LQGROH DFHWLF SDWKZD\�

:KLOH 3� GLVSHUVD �0$*��� DQG %� JODGLROL �0$*��� GR QRW VKRZ

HQULFKPHQW IRU WKLV WUDLW GXH WR WKH DEVHQFH RI JHQHV UHODWHG WR WU\SWRSKDQ

ELRV\QWKHVLV� WKH DELOLW\ WR SURGXFH ,$$ IURP H[RJHQRXV WU\SWRSKDQ RU

LQWHUPHGLDWH FRPSRXQGV PD\ VWLOO EH SRVVLEOH� VXSSRUWHG E\ WKH SUHVHQFH RI

JHQHV HQFRGLQJ HQ]\PHV UHODWHG WR WKH DFLG LQGROH DFHWLF SDWKZD\� WKH (&

������� LQ ERWK JHQRPHV DQG (& �������� (& �������� (& �������� LQ %� JODGLROL

�0$*���� $GGLWLRQDOO\� WKH 0$*V DVVLJQHG ZLWK 6� PXOWLYRUXP �0$*��� DQG

&KU\VHREDFWHULXP VS� �0$*��� H[KLELW HQULFKPHQW IRU F\WRNLQLQ �&.�

PHWDEROLVP� LQIHUUHG E\ WKH LGHQWLILFDWLRQ RI JHQHV UHODWHG WR WKH ELRV\QWKHVLV RI

LVRSUHQRLGV �&���&��� �)LJXUH �� DQG WKH SUHVHQFH RI JHQHV VXFK DV PLD$�

PLD%� DQG PLD(� UHVSRQVLEOH IRU WKH SURGXFWLRQ RI ]HDWLQ �)LJXUH �$� ³0�����´

DQG $SSHQGL[ (�� ZKLFK LV GLUHFWO\ DVVRFLDWHG ZLWK WKH V\QWKHVLV RI &.V

�1DVFLPHQWR HW DO� ����E��

$PRQJ WKH 0$*V� RQO\ WKRVH DVVLJQHG WR 6WHQRWURSKRPRQDV VSS�

VKRZHG HQULFKPHQW IRU FRPSRQHQWV RI WKH W\SH ,, VHFUHWLRQ V\VWHP �7�66�

�)LJXUH ��� 7KLV UHYHDOV WKH DELOLW\ WR VHFUHWH GLIIHUHQW W\SHV RI SURWHLQV DQG

WUDQVSRUW VXEVWUDWHV DFURVV WKHLU FHOO PHPEUDQH� ZKLFK DUH FRPPRQO\ IRXQG LQ

PDQ\ JUDP�QHJDWLYH EDFWHULD �.RURWNRY HW DO� ������ $GGLWLRQDOO\� WKHVH

6WHQRWURSKRPRQDV VSS� JHQRPHV KDYH ILPEULDH DQG IODJHOODU DVVHPEO\

V\VWHPV� 7KHVH V\VWHPV� ZKLFK DOVR RFFXU LQ $� DQLPLFXV �0$*���� 5� SXVHQVH

�0$*���� DQG 3VHXGR[DQWKRPRQDV VS� �0$*��� �)LJXUH ��� HQKDQFHV

EDFWHULDO FHOO DGKHVLRQ WR WKH URRW VXUIDFH � D PHDQLQJIXO IHDWXUH IRU HQGRSK\WH

FRORQL]DWLRQ �$KODZDW HW DO� ������
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$QRWKHU IDFWRU WR EH FRQVLGHUHG LQ SODQW FRORQL]DWLRQ LV WKH XVDJH RI

SODQW�GHULYHG FRPSRXQGV �)LJXUH ��� 3URWHLQ IDPLOLHV UHODWHG WR VXJDU DQG DPLQR

DFLG WUDQVSRUW ZHUH IRXQG LQ PLFURRUJDQLVPV LGHQWLILHG DV UREXVW FRORQL]HUV

ZLWKLQ D V\QWKHWLF FRPPXQLW\ GHULYHG IURP WKH VXJDUFDQH PLFURELRPH �GH

6RX]D HW DO� ������ 7KH IDPLO\ RI $73�LQGHSHQGHQW WULSDUWLWH SHULSODVPLF

WUDQVSRUWHUV �75$3 WUDQVSRUWHUV� LV VSHFLDOL]HG LQ WKH DEVRUSWLRQ� H[FKDQJH� RU

HIIOX[ RI &��GLFDUER[\ODWHV �GFW$%'� �-DQDXVFK HW DO� ������ :H IRXQG JHQHV

UHODWHG WR WKH XSWDNH RI &��GLFDUER[\ODWHV� FLWUDWH �FLW$%&'()*7; DQG

WFW$%&'(�� PDODWH �PDH$1�� DQG IXPDUDWH �GFX%56� �$SSHQGL[ '�� 7KHVH

RUJDQLF DFLGV DUH FRPPRQO\ IRXQG LQ H[XGDWHV IURP VXJDUFDQH URRWV DQG VWHPV

�6LQJK DQG 0XNHUML ����� *ODVVRS HW DO� ������ 7KH 75$3 WUDQVSRUWHUV DUH

DEVHQW LQ WKH 0$*V UHODWHG WR 6� EHQWRQLWLFD �0$*���� 3VHXGR[DQWKRPRQDV

VS� �0$*���� 6� SDYDQLL �0$*�� DQG 0$*���� 6� PXOWLYRUXP �0$*����

&KU\VHREDFWHULXP VS� �0$*���� 3DHQLEDFLOOXV VS� �0$*���� /� ODFWLV �0$*����

DQG 6� PDOWRSKLOLD �0$*���� 7KH DEVHQFH RI 75$3 WUDQVSRUWHUV LQ VRPH

JHQRPHV PD\ LQGLFDWH D SRWHQWLDO OLPLWDWLRQ LQ WKHLU DELOLW\ WR HIILFLHQWO\ WUDQVSRUW

DQG XWLOL]H SODQW�GHULYHG &��GLFDUER[\ODWHV� 2Q WKH RWKHU KDQG� VHYHUDO

JHQRPHV VKRZHG HQULFKPHQW RI WKH ³SODQW DPLQR DFLG XWLOL]DWLRQ´ IHDWXUH� H[FHSW

IRU WKH 0$*V UHODWHG WR 6� SDYDQLL �0$*���� 3� GLVSHUVD �0$*����

3DHQLEDFLOOXV VS� �0$*���� DQG &� ZHUNPDQLL �0$*����

,Q JHQHUDO� WKH 0$*V H[KLELW GLIIHUHQW PHFKDQLVPV WKDW PD\ EH LQYROYHG

LQ WKH FRORQL]DWLRQ SURFHVV� VRPH RI ZKLFK ZHUH SUHYLRXVO\ UHODWHG WR UREXVW

FRORQL]DWLRQ �GH 6RX]D HW DO� ������ )XUWKHUPRUH� WKH EURDG HQULFKPHQW IRU WKH

VWUHVV FRQWURO FDWHJRU\ �)LJXUH �� VXJJHVWV WKDW PHFKDQLVPV UHODWHG WR 526

VFDYHQJLQJ� RVPRWLF� DQG VDOLQH VWUHVV QHXWUDOL]DWLRQ� PD\ EH LQYROYHG ZLWK WKH

UREXVW FRORQL]DWLRQ VW\OH RI VXJDUFDQH� 7KLV LV VXSSRUWHG E\ ILQGLQJV LQ VHYHUDO

VWXGLHV �$PQD HW DO� ����� *XR HW DO� ����� &KDQGUD HW DO� ������

,Q )LJXUH �� ZH GLVSOD\ WKH IXQFWLRQDO ULFKQHVV GLVWULEXWLRQ RI WKH 3*37V

IRU HDFK 0$*� EDVHG RQ WKH &KDR� PHWULF� 7KLV LQFOXGHV WKH WRWDO ULFKQHVV�

ZKLFK FRUUHVSRQGV WR WKH VXP RI DOO IXQFWLRQV DVVRFLDWHG ZLWK WKH 3*37V RI DOO

0$*V� 7KLV DQDO\VLV SURYLGHV DQ RYHUYLHZ RI WKH IXQFWLRQDO SRWHQWLDO DQG WKH

GLVWULEXWLRQ RI IXQFWLRQDO FDWHJRULHV IRXQG LQ WKH EDFWHULDO UHFRYHUHG JHQRPHV�
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)LJXUH �� )XQFWLRQDO GLYHUVLW\ RI 3*37V �3ODQW *URZWK�3URPRWLQJ 7UDLWV� RI HDFK
JHQRPH DQG WKH DJJUHJDWHG VXP RI DOO JHQRPHV �WRWDO�� ,Q WKH EDU FKDUW RQ WKH
OHIW� WKH &KDR� LQGH[ FRUUHVSRQGV WR WKH PHDVXUH RI IXQFWLRQDO ULFKQHVV�
KLJKOLJKWLQJ WKH YDULHW\ RI VSHFLILF IXQFWLRQV DQG WKHLU GLVWULEXWLRQ LQ GLIIHUHQW
JHQRPHV� 7KH VWDFNHG EDU FKDUW RQ WKH ULJKW UHSUHVHQWV WKH GLVWULEXWLRQ RI
IXQFWLRQV RI 3*37 DW KLHUDUFKLFDO OHYHO �� 7KH KLJKOLJKWHG 0$*V RQ WKH \�D[LV
LQGLFDWH WKDW WKH JHQRPHV DUH FRPSOHWHG�

,Q WKH FRQWH[W SUHVHQWHG� ZH LGHQWLILHG ILYH JHQRPHV �0$*V� ZLWK

IXQFWLRQDO ULFKQHVV LQGLFHV JUHDWHU WKDQ ����� �)LJXUH �� EDU JUDSK RQ WKH OHIW��

7KHVH LQFOXGH WKH VSHFLHV� 5KL]RELXP SXVHQVH �0$*���� (QWHUREDFWHU DVEXULH

�0$*�� DQG 0$*���� $FKURPREDFWHU DQLPLFXV �0$*���� DQG &LWUREDFWHU

ZHUNPDQLL �0$*���� ,W LV QRWHZRUWK\ WKDW LQ SUHYLRXV DQDO\VHV� WKLV JURXS RI

0$*V ZLWK KLJK IXQFWLRQDO ULFKQHVV ZDV DOUHDG\ REVHUYHG� +RZHYHU� KHUH ZH

VSHFLILFDOO\ KLJKOLJKW 0$*��� ZKLFK H[KLELWV PDQ\ 3*37 FDWHJRULHV� DV

GHSLFWHG LQ )LJXUH ��

6SHFLHV RI WKH JHQXV $FKURPREDFWHU DUH PDLQO\ DVVRFLDWHG ZLWK FOLQLFDO

VDPSOHV EXW KDYH DOVR EHHQ LVRODWHG IURP RWKHU HQYLURQPHQWV� LQFOXGLQJ VRLOV

�*RPLOD HW DO� ����� =KDQJ HW DO� ������ VHZDJH VOXGJH �3UDGHHS HW DO� ������

HIIOXHQW ZDWHU LQGXVWULDO SODQWV �6UHHMD 0ROH 6 6 HW DO� ������ $GGLWLRQDOO\� WKH\

FDQ EH IRXQG LQ SODQW DVVRFLDWLRQ �.XQFKDURHQ HW DO� ����� 0RKDPDGSRRU HW DO�

������ H[KLELWLQJ HQGRSK\WLF DQG SODQW JURZWK�SURPRWLQJ FKDUDFWHULVWLFV�

&RQVLGHULQJ WKH JHQXV
 LPSRUWDQFH DV DQ HPHUJLQJ RSSRUWXQLVWLF

SDWKRJHQ� ZH HYDOXDWHG WKH JHQRPH RI $FKURPREDFWHU DQLPLFXV �0$*���
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VHDUFKLQJ IRU YLUXOHQFH IDFWRUV XVLQJ WKH 3DWKRJHQ)LQGHU WRRO �&RVHQWLQR HW DO�

������ 7KLV WRRO LQGLFDWHG D ORZ SUREDELOLW\ ����� RI 0$*�� EHLQJ D KXPDQ

SDWKRJHQ� 2XU UHVXOWV VXJJHVW WKDW 0$*�� KDV VLJQLILFDQW SRWHQWLDO DV D SODQW

JURZWK SURPRWHU� H[KLELWLQJ PXOWLSOH IXQFWLRQV UHODWHG WR SODQW LQWHUDFWLRQV�

$PRQJ WKHP� ZH HPSKDVL]H LWV FDSDFLW\ IRU $&& GHDPLQDVH SURGXFWLRQ� DQG

V\QWKHVLV RI LQGROHDFHWLF DFLG WKURXJK WKH FRQYHUVLRQ RI LQGROH���DFHWDPLGH�

$GGLWLRQDOO\� 0$*�� FDQ DOVR SURGXFH GLIIHUHQW RUJDQLF DFLGV WKDW DFW LQ WKH

VROXELOL]DWLRQ RI SKRVSKDWH DQG SRWDVVLXP� 7KHVH WUDLWV OLNHO\ FRQWULEXWH WR WKH

SODQW JURZWK SURSHUWLHV SUHYLRXVO\ UHSRUWHG IRU WKLV JHQXV �-KD DQG .XPDU �����

5RPHUR�3HUGRPR HW DO� ������

�� &21&/86,216

7KH HIIRUWV XQGHUWDNHQ LQ WKLV ZRUN DOORZHG WKH UHFRYHU\ RI D VHULHV RI

JHQRPHV UHODWHG WR PLFURRUJDQLVPV ZLWK WKH SRWHQWLDO WR SURPRWH SODQW JURZWK�

)XUWKHUPRUH� DQ LQ�GHSWK LQYHVWLJDWLRQ RI WKHLU IXQFWLRQDO SURILOHV ZDV SRVVLEOH�

VKHGGLQJ OLJKW RQ WKH SURFHVVHV RI SODQW�PLFURRUJDQLVP V\PELRWLF LQWHUDFWLRQ�

7KH ILQGLQJV SURYLGH YDOXDEOH LQVLJKWV FRQFHUQLQJ WKH PDLQ WUDLWV RI EDFWHULD

DVVRFLDWHG ZLWK SODQWV� $GGLWLRQDOO\� WKH UHVXOWV GHPRQVWUDWH WKH LPSRUWDQFH RI

FRPSOHPHQWDULW\ EHWZHHQ LQGLYLGXDOV WKDW FRPSRVH PLFURELDO FRPPXQLWLHV�

KLJKOLJKWLQJ WKH UROH RI FRPSDWLELOLW\ LQ WKH UHPRGHOLQJ RU FRQVWUXFWLRQ RI

VLPSOLILHG RU V\QWKHWLF FRPPXQLWLHV� ,Q IXWXUH VWXGLHV� ZH SODQ WR WHVW WKHVH

RUJDQLVPV GLUHFWO\ RQ SODQWV WR YDOLGDWH WKH WUDLWV DQG SURFHVVHV HVWLPDWHG E\

WKH JHQHWLF IHDWXUHV�



��

�� 5()(5(1&(6

$KODZDW 23� <DGDY '� .DVK\DS 3/� .KLSSDO $� 6LQJK * ������ :KHDW
HQGRSK\WHV DQG WKHLU SRWHQWLDO UROH LQ PDQDJLQJ DELRWLF VWUHVV XQGHU FKDQJLQJ
FOLPDWH� -RXUQDO RI $SSOLHG 0LFURELRORJ\ ���� ����±�����
KWWSV���GRL�RUJ���������MDP������

$KPHG 6� +HR 7�<� 5R\ &KRXGKXU\ $� :DOLWDQJ ',� &KRL -� 6D 7 ������
$FFXPXODWLRQ RI FRPSDWLEOH VROXWHV LQ ULFH �2U\]D VDWLYD /�� FXOWLYDUV E\
LQRFXODWLRQ RI HQGRSK\WLF SODQW JURZWK SURPRWLQJ EDFWHULD WR DOOHYLDWH VDOW
VWUHVV� $SSOLHG %LRORJLFDO &KHPLVWU\ ��� ���
KWWSV���GRL�RUJ���������V����������������[

$OL 6� .LP :�& ������ 3ODQW *URZWK 3URPRWLRQ 8QGHU :DWHU� 'HFUHDVH RI
:DWHUORJJLQJ�,QGXFHG $&& DQG (WK\OHQH /HYHOV E\ $&&
'HDPLQDVH�3URGXFLQJ %DFWHULD� )URQWLHUV LQ 0LFURELRORJ\ �� �����
KWWSV���GRL�RUJ���������IPLFE�����������

$OPHLGD $� 1D\IDFK 6� %RODQG 0� 6WUR]]L )� %HUDFRFKHD 0� 6KL =-� 3ROODUG .6�
6DNKDURYD (� 3DUNV '+� +XJHQKROW] 3� 6HJDWD 1� .\USLGHV 1&� )LQQ 5'
������ $ XQLILHG FDWDORJ RI ������� UHIHUHQFH JHQRPHV IURP WKH KXPDQ JXW
PLFURELRPH� 1DWXUH %LRWHFKQRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������V����������������

$OQHEHUJ -� %MDUQDVRQ %6� GH %UXLMQ ,� 6FKLUPHU 0� 4XLFN -� ,MD] 8=� /DKWL /�
/RPDQ 1-� $QGHUVVRQ $)� 4XLQFH & ������ %LQQLQJ PHWDJHQRPLF FRQWLJV E\
FRYHUDJH DQG FRPSRVLWLRQ� 1DWXUH 0HWKRGV ��� ����±�����
KWWSV���GRL�RUJ���������QPHWK�����

$PQD� ;LD <� )DURRT 0$� -DYHG 07� .DPUDQ 0$� 0XNKWDU 7� $OL -� 7DEDVVXP
7� 5HKPDQ 6 XU� +XVVDLQ 0XQLV 0)� 6XOWDQ 7� &KDXGKDU\ +- ������
0XOWL�VWUHVV WROHUDQW 3*35 %DFLOOXV [LDPHQHQVLV 30�� DFWLYDWLQJ VXJDUFDQH
�6DFFKDUXP RIILFLQDUXP /�� UHG URW GLVHDVH UHVLVWDQFH� 3ODQW 3K\VLRORJ\ DQG
%LRFKHPLVWU\ ���� ���±���� KWWSV���GRL�RUJ���������M�SODSK\������������

$UD~MR 9/93'� /LUD -XQLRU 0$� 6RX]D -~QLRU 96'� 'H $UD~MR )LOKR -&� &XU\
)UDFHWWR )-� $QGUHRWH )'� 'H $UDXMR 3HUHLUD $3� 0HQGHV -~QLRU -3� 5rJR
%DUURV )0'� 0RQWHLUR )UDFHWWR ** ������ %DFWHULD IURP WURSLFDO VHPLDULG
WHPSRUDU\ SRQGV SURPRWH PDL]H JURZWK XQGHU K\GULF VWUHVV� 0LFURELRORJLFDO
5HVHDUFK ���� ������� KWWSV���GRL�RUJ���������M�PLFUHV������������

$UPDQKL -6/� GH 6RX]D 56&� %LD]RWWL %%� <DVVLWHSH -( GH &7� $UUXGD 3
������ 0RGXODWLQJ 'URXJKW 6WUHVV 5HVSRQVH RI 0DL]H E\ D 6\QWKHWLF %DFWHULDO
&RPPXQLW\� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

$]QDU $� 'HOODJL $ ������ 1HZ LQVLJKWV LQWR WKH UROH RI VLGHURSKRUHV DV WULJJHUV
RI SODQW LPPXQLW\� ZKDW FDQ ZH OHDUQ IURP DQLPDOV" -RXUQDO RI ([SHULPHQWDO
%RWDQ\ ��� ����±����� KWWSV���GRL�RUJ���������M[E�HUY���

%HUJ *� .|EHUO 0� 5\EDNRYD '� 0�OOHU +� *URVFK 5� 6PDOOD . ������ 3ODQW
PLFURELDO GLYHUVLW\ LV VXJJHVWHG DV WKH NH\ WR IXWXUH ELRFRQWURO DQG KHDOWK
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WUHQGV� )(06 0LFURELRORJ\ (FRORJ\ ���
KWWSV���GRL�RUJ���������IHPVHF�IL[���

%KLVH ..� %KDJZDW 3.� 'DQGJH 3% ������ 6\QHUJLVWLF HIIHFW RI
&KU\VHREDFWHULXP JOHXP VS� 68. ZLWK $&& GHDPLQDVH DFWLYLW\ LQ DOOHYLDWLRQ
RI VDOW VWUHVV DQG SODQW JURZWK SURPRWLRQ LQ 7ULWLFXP DHVWLYXP /� � %LRWHFK ��
���� KWWSV���GRL�RUJ���������V����������������

%OLQ .� 6KDZ 6� 6WHLQNH .� 9LOOHEUR 5� =LHPHUW 1� /HH 6<� 0HGHPD 0+� :HEHU
7 ������ DQWL60$6+ ���� XSGDWHV WR WKH VHFRQGDU\ PHWDEROLWH JHQRPH PLQLQJ
SLSHOLQH� 1XFOHLF $FLGV 5HVHDUFK ��� :��±:���
KWWSV���GRL�RUJ���������QDU�JN]���

%RZHUV 50� .\USLGHV 1&� 6WHSDQDXVNDV 5� +DUPRQ�6PLWK 0� 'RXG '� 5HGG\
7%.� 6FKXO] )� -DUHWW -� 5LYHUV $5� (ORH�)DGURVK ($ HW DO� ������ 0LQLPXP
LQIRUPDWLRQ DERXW D VLQJOH DPSOLILHG JHQRPH �0,6$*� DQG D
PHWDJHQRPH�DVVHPEOHG JHQRPH �0,0$*� RI EDFWHULD DQG DUFKDHD� 1DWXUH
%LRWHFKQRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������QEW�����

%XFKILQN %� ;LH &� +XVRQ '+ ������ )DVW DQG VHQVLWLYH SURWHLQ DOLJQPHQW
XVLQJ ',$021'� 1DWXUH 0HWKRGV ��� ��±���
KWWSV���GRL�RUJ���������QPHWK�����

&DL +� %DL <� *XR & ������ &RPSDUDWLYH JHQRPLFV RI ��� SODQW�DVVRFLDWHG
EDFWHULD UHYHDO SXWDWLYH PHFKDQLVPV XQGHUO\LQJ VSHFLILF LQWHUDFWLRQV EHWZHHQ
EDFWHULD DQG SODQW KRVWV� *HQHV 	 *HQRPLFV ��� ���±����
KWWSV���GRL�RUJ���������V����������������

GH &DUYDOKR /$/� 7HKHUDQ�6LHUUD /*� )XQQLFHOOL 0,*� GD 6LOYD 5&� &DPSDQDUL
0)=� GH 6RX]D 56&� $UUXGD 3� 6RDUHV 0$� 3LQKHLUR '* ������ )DUPLQJ
V\VWHPV LQIOXHQFH WKH FRPSRVLWLRQDO� VWUXFWXUDO� DQG IXQFWLRQDO FKDUDFWHULVWLFV
RI WKH VXJDUFDQH�DVVRFLDWHG PLFURELRPH� 0LFURELRORJLFDO 5HVHDUFK ����
������� KWWSV���GRL�RUJ���������M�PLFUHV������������

&KDQGUD $� &KDQGUD 3� 7ULSDWKL 3 ������ :KROH JHQRPH VHTXHQFH LQVLJKW RI
WZR SODQW JURZWK�SURPRWLQJ EDFWHULD �%� VXEWLOLV %6�� DQG %� PHJDWHULXP
%0��� LVRODWHG DQG FKDUDFWHUL]HG IURP VXJDUFDQH UKL]RVSKHUH GHSLFWLQJ EHWWHU
FURS \LHOG SRWHQWLDOLW\� 0LFURELRORJLFDO 5HVHDUFK ���� �������
KWWSV���GRL�RUJ���������M�PLFUHV������������

&KDXPHLO 3�$� 0XVVLJ $-� +XJHQKROW] 3� 3DUNV '+ ������ *7'%�7N� D WRRONLW
WR FODVVLI\ JHQRPHV ZLWK WKH *HQRPH 7D[RQRP\ 'DWDEDVH� +DQFRFN - �(G���
%LRLQIRUPDWLFV� EW]���� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EW]���

&RVHQWLQR 6� 9ROGE\ /DUVHQ 0� 0¡OOHU $DUHVWUXS )� /XQG 2 ������
3DWKRJHQ)LQGHU � 'LVWLQJXLVKLQJ )ULHQG IURP )RH 8VLQJ %DFWHULDO :KROH
*HQRPH 6HTXHQFH 'DWD� %DUERXU -' �(G��� 3/R6 21( �� H������
KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

&XVFy $� 3pUH] '� 9LxHV -� )jEUHJDV 1� )UDQFLQR 2 ������ /RQJ�UHDG
PHWDJHQRPLFV UHWULHYHV FRPSOHWH VLQJOH�FRQWLJ EDFWHULDO JHQRPHV IURP FDQLQH
IHFHV� %0& *HQRPLFV ��� ���� KWWSV���GRL�RUJ���������V�����������������

'DVWRJHHU .0*� 7XPSD )+� 6XOWDQD $� $NWHU 0$� &KDNUDERUW\ $ ������ 3ODQW
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PLFURELRPH±DQ DFFRXQW RI WKH IDFWRUV WKDW VKDSH FRPPXQLW\ FRPSRVLWLRQ DQG
GLYHUVLW\� &XUUHQW 3ODQW %LRORJ\ ��� �������
KWWSV���GRL�RUJ���������M�FSE������������

'ULVFROO &%� 2WWHQ 7*� %URZQ 10� 'UHKHU 7: ������ 7RZDUGV ORQJ�UHDG
PHWDJHQRPLFV� FRPSOHWH DVVHPEO\ RI WKUHH QRYHO JHQRPHV IURP EDFWHULD
GHSHQGHQW RQ D GLD]RWURSKLF F\DQREDFWHULXP LQ D IUHVKZDWHU ODNH FR�FXOWXUH�
6WDQGDUGV LQ *HQRPLF 6FLHQFHV ��� ��
KWWSV���GRL�RUJ���������V����������������

(PDPL 6� $OLNKDQL +$� 3RXUEDEDHL $$� (WHVDPL +� 0RWDVKDUH =DGHK %�
6DUPDGLDQ ) ������ ,PSURYHG JURZWK DQG QXWULHQW DFTXLVLWLRQ RI ZKHDW
JHQRW\SHV LQ SKRVSKRUXV GHILFLHQW VRLOV E\ SODQW JURZWK�SURPRWLQJ
UKL]RVSKHULF DQG HQGRSK\WLF EDFWHULD� 6RLO 6FLHQFH DQG 3ODQW 1XWULWLRQ ���
���±���� KWWSV���GRL�RUJ������������������������������

*ODVVRS '� 5RHVVQHU 8� %DFLF $� %RQQHWW *' ������ &KDQJHV LQ WKH
6XJDUFDQH 0HWDERORPH ZLWK 6WHP 'HYHORSPHQW� $UH 7KH\ 5HODWHG WR 6XFURVH
$FFXPXODWLRQ" 3ODQW DQG &HOO 3K\VLRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������SFS�SFP���

*RPLOD 0� 7YU]RYi /� 7HVKLP $� 6HGOiþHN ,� *RQ]iOH]�(VFDORQD 1� =GUiKDO =�
âHGR 2� *RQ]iOH] -)� %HQQDVDU $� 0RRUH (5%� /DOXFDW -� 0XULDOGR 6( ������
$FKURPREDFWHU PDUSODWHQVLV VS� QRY�� LVRODWHG IURP D
SHQWDFKORURSKHQRO�FRQWDPLQDWHG VRLO� ,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLF
DQG (YROXWLRQDU\ 0LFURELRORJ\ ��� ����±�����
KWWSV���GRL�RUJ���������LMV�����������

*RULV -� .RQVWDQWLQLGLV .7� .ODSSHQEDFK -$� &RHQ\H 7� 9DQGDPPH 3� 7LHGMH
-0 ������ '1$±'1$ K\EULGL]DWLRQ YDOXHV DQG WKHLU UHODWLRQVKLS WR
ZKROH�JHQRPH VHTXHQFH VLPLODULWLHV� ,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLF
DQG (YROXWLRQDU\ 0LFURELRORJ\ ��� ��±���
KWWSV���GRL�RUJ���������LMV����������

*UR�NRSI 7� 6R\HU 26 ������ 6\QWKHWLF PLFURELDO FRPPXQLWLHV� &XUUHQW
2SLQLRQ LQ 0LFURELRORJ\ ��� ��±���
KWWSV���GRL�RUJ���������M�PLE������������

*XR '�-� 6LQJK 5.� 6LQJK 3� /L '�3� 6KDUPD $� ;LQJ <�;� 6RQJ ;�3� <DQJ /�7�
/L <�5 ������ &RPSOHWH *HQRPH 6HTXHQFH RI (QWHUREDFWHU URJJHQNDPSLL
('�� D 1LWURJHQ )L[LQJ 3ODQW *URZWK 3URPRWLQJ (QGRSK\WLF %DFWHULXP :LWK
%LRFRQWURO DQG 6WUHVV 7ROHUDQFH 3URSHUWLHV� ,VRODWHG )URP 6XJDUFDQH 5RRW�
)URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

+DPRQWV .� 7ULYHGL 3� *DUJ $� -DQLW] &� *ULQ\HU -� +ROIRUG 3� %RWKD )&�
$QGHUVRQ ,&� 6LQJK %. ������ )LHOG VWXG\ UHYHDOV FRUH SODQW PLFURELRWD DQG
UHODWLYH LPSRUWDQFH RI WKHLU GULYHUV� (QYLURQPHQWDO 0LFURELRORJ\ ���
���±���� KWWSV���GRL�RUJ������������������������

+DUR�0RUHQR -0� /ySH]�3pUH] 0� 5RGULJXH]�9DOHUD ) ������ (QKDQFHG
5HFRYHU\ RI 0LFURELDO *HQHV DQG *HQRPHV )URP D 0DULQH :DWHU &ROXPQ
8VLQJ /RQJ�5HDG 0HWDJHQRPLFV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������



��

+DUULV '00� %HUUXp )� .HUU 5� 3DWWHQ &/ ������ 0HWDERORPLF DQDO\VLV RI
LQGROHS\UXYDWH GHFDUER[\ODVH SDWKZD\ GHULYDWLYHV LQ WKH UKL]REDFWHULXP
(QWHUREDFWHU FORDFDH� 5KL]RVSKHUH �� ��±����
KWWSV���GRL�RUJ���������M�UKLVSK������������

+DVVDQL 0$� 'XUiQ 3� +DFTXDUG 6 ������ 0LFURELDO LQWHUDFWLRQV ZLWKLQ WKH
SODQW KRORELRQW� 0LFURELRPH �� ��� KWWSV���GRL�RUJ���������V����������������

+XQJULD 0� 1RJXHLUD 0$� $UDXMR 56 ������ &R�LQRFXODWLRQ RI VR\EHDQV DQG
FRPPRQ EHDQV ZLWK UKL]RELD DQG D]RVSLULOOD� VWUDWHJLHV WR LPSURYH
VXVWDLQDELOLW\� %LRORJ\ DQG )HUWLOLW\ RI 6RLOV ��� ���±����
KWWSV���GRL�RUJ���������V����������������

+XQW 0� 6LOYD 1'� 2WWR 7'� 3DUNKLOO -� .HDQH -$� +DUULV 65 ������ &LUFODWRU�
DXWRPDWHG FLUFXODUL]DWLRQ RI JHQRPH DVVHPEOLHV XVLQJ ORQJ VHTXHQFLQJ UHDGV�
*HQRPH %LRORJ\ ��� ���� KWWSV���GRL�RUJ���������V����������������

,0*�0 'DWD &RQVRUWLXP� 1D\IDFK 6� 5RX[ 6� 6HVKDGUL 5� 8GZDU\ '�
9DUJKHVH 1� 6FKXO] )� :X '� 3DH]�(VSLQR '� &KHQ ,�0� +XQWHPDQQ 0�
3DODQLDSSDQ . HW DO� ������ $ JHQRPLF FDWDORJ RI (DUWK¶V PLFURELRPHV� 1DWXUH
%LRWHFKQRORJ\� KWWSV���GRL�RUJ���������V����������������

-DQDXVFK ,*� =LHQW] (� 7UDQ 4+� .U|JHU $� 8QGHQ * ������ &��GLFDUER[\ODWH
FDUULHUV DQG VHQVRUV LQ EDFWHULD� %LRFKLPLFD HW %LRSK\VLFD $FWD �%%$� �
%LRHQHUJHWLFV ����� ��±��� KWWSV���GRL�RUJ���������6�������������������;

-KD 3� .XPDU $ ������ &KDUDFWHUL]DWLRQ RI 1RYHO 3ODQW *URZWK 3URPRWLQJ
(QGRSK\WLF %DFWHULXP $FKURPREDFWHU [\ORVR[LGDQV IURP :KHDW 3ODQW�
0LFURELDO (FRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������V����������������

.DQJ '� -DFTXLRG 6� +HUVFKHQG -� :HL 6� 1HVPH -� 6¡UHQVHQ 6- ������
&RQVWUXFWLRQ RI 6LPSOLILHG 0LFURELDO &RQVRUWLD WR 'HJUDGH 5HFDOFLWUDQW
0DWHULDOV %DVHG RQ (QULFKPHQW DQG 'LOXWLRQ�WR�([WLQFWLRQ &XOWXUHV� )URQWLHUV
LQ 0LFURELRORJ\ ��� ����� KWWSV���GRL�RUJ���������IPLFE�����������

.DQJ ''� /L )� .LUWRQ (� 7KRPDV $� (JDQ 5� $Q +� :DQJ = ������ 0HWD%$7 ��
DQ DGDSWLYH ELQQLQJ DOJRULWKP IRU UREXVW DQG HIILFLHQW JHQRPH UHFRQVWUXFWLRQ
IURP PHWDJHQRPH DVVHPEOLHV� 3HHU- �� H�����
KWWSV���GRL�RUJ���������SHHUM�����

.DUWLN 93� -LQDO +1� $PDUHVDQ 1 ������ ,QRFXODWLRQ RI &XFXPEHU �&XFXPLV
VDWLYXV /�� 6HHGOLQJV ZLWK 6DOW�7ROHUDQW 3ODQW *URZWK 3URPRWLQJ %DFWHULD
,PSURYHV 1XWULHQW 8SWDNH� 3ODQW $WWULEXWHV DQG 3K\VLRORJLFDO 3URILOHV� -RXUQDO
RI 3ODQW *URZWK 5HJXODWLRQ ��� ����±�����
KWWSV���GRL�RUJ���������V����������������Z

.DXU 7� 'HYL 5� .XPDU 6� 6KHLNK ,� .RXU '� <DGDY $1 ������ 0LFURELDO
FRQVRUWLXP ZLWK QLWURJHQ IL[LQJ DQG PLQHUDO VROXELOL]LQJ DWWULEXWHV IRU JURZWK RI
EDUOH\ �+RUGHXP YXOJDUH /��� +HOL\RQ �� H������
KWWSV���GRL�RUJ���������M�KHOL\RQ������H�����

.ROPRJRURY 0� %LFNKDUW '0� %HKVD] %� *XUHYLFK $� 5D\NR 0� 6KLQ 6%� .XKQ

.� <XDQ -� 3ROHYLNRY (� 6PLWK 73/� 3HY]QHU 3$ ������ PHWD)O\H� VFDODEOH
ORQJ�UHDG PHWDJHQRPH DVVHPEO\ XVLQJ UHSHDW JUDSKV� 1DWXUH 0HWKRGV ���



��

����±����� KWWSV���GRL�RUJ���������V����������������[

.RUHQ 6� :DOHQ] %3� %HUOLQ .� 0LOOHU -5� %HUJPDQ 1+� 3KLOOLSS\ $0 ������
&DQX� VFDODEOH DQG DFFXUDWH ORQJ�UHDG DVVHPEO\ YLD DGDSWLYH N �PHU
ZHLJKWLQJ DQG UHSHDW VHSDUDWLRQ� *HQRPH 5HVHDUFK ��� ���±����
KWWSV���GRL�RUJ���������JU�����������

.RULU +� 0XQJDL 1:� 7KXLWD 0� +DPED <� 0DVVR & ������ &R�LQRFXODWLRQ
(IIHFW RI 5KL]RELD DQG 3ODQW *URZWK 3URPRWLQJ 5KL]REDFWHULD RQ &RPPRQ
%HDQ *URZWK LQ D /RZ 3KRVSKRUXV 6RLO� )URQWLHUV LQ 3ODQW 6FLHQFH ���
KWWSV���GRL�RUJ���������ISOV�����������

.RURWNRY .9� 6DQGNYLVW 0� +RO :*- ������ 7KH W\SH ,, VHFUHWLRQ V\VWHP�
ELRJHQHVLV� PROHFXODU DUFKLWHFWXUH DQG PHFKDQLVP� 1DWXUH 5HYLHZV
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������QUPLFUR����

.XPDU 6� 'LNVKD� 6LQGKX 66� .XPDU 5 ������ %LRIHUWLOL]HUV� $Q HFRIULHQGO\
WHFKQRORJ\ IRU QXWULHQW UHF\FOLQJ DQG HQYLURQPHQWDO VXVWDLQDELOLW\� &XUUHQW
5HVHDUFK LQ 0LFURELDO 6FLHQFHV �� �������
KWWSV���GRL�RUJ���������M�FUPLFU������������

.XQFKDURHQ 1� 0XUDPDWVX <� 6KLEDWD &� .DPDNXUD <� 1DNDJDZD <�
7DQDVXSDZDW 6 ������ $FKURPREDFWHU DORHYHUDH VS� QRY�� LVRODWHG IURP WKH
URRW RI $ORH YHUD �/�� %XUP�I� ,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLF DQG
(YROXWLRQDU\ 0LFURELRORJ\ ��� ��±��� KWWSV���GRL�RUJ���������LMVHP���������

/L + ������ 0LQLPDS�� SDLUZLVH DOLJQPHQW IRU QXFOHRWLGH VHTXHQFHV� %LURO ,
�(G��� %LRLQIRUPDWLFV ��� ����±�����
KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EW\���

/L 0� *XR 5� <X )� &KHQ ;� =KDR +� /L +� :X - ������ ,QGROH���$FHWLF $FLG
%LRV\QWKHVLV 3DWKZD\V LQ WKH 3ODQW�%HQHILFLDO %DFWHULXP $UWKUREDFWHU SDVFHQV
==��� ,QWHUQDWLRQDO -RXUQDO RI 0ROHFXODU 6FLHQFHV ��� ����
KWWSV���GRL�RUJ���������LMPV��������

/LDQJ -�/� /LX -� -LD 3� <DQJ 7� =HQJ 4� =KDQJ 6� /LDR %� 6KX :� /L - ������
1RYHO SKRVSKDWH�VROXELOL]LQJ EDFWHULD HQKDQFH VRLO SKRVSKRUXV F\FOLQJ
IROORZLQJ HFRORJLFDO UHVWRUDWLRQ RI ODQG GHJUDGHG E\ PLQLQJ� 7KH ,60(
-RXUQDO ��� ����±����� KWWSV���GRL�RUJ���������V����������������

/XGXHxD /0� $Q]XD\ 06� $QJHOLQL -*� 0F,QWRVK 0� %HFNHU $� 5XSS 2�
*RHVPDQQ $� %ORP -� )DEUD $� 7DXULDQ 7 ������ *HQRPH VHTXHQFH RI WKH
HQGRSK\WLF VWUDLQ (QWHUREDFWHU VS� -��� D SRWHQWLDO ELRIHUWLOL]HU IRU SHDQXW DQG
PDL]H� E ���� ���±���� KWWSV���GRL�RUJ���������M�\JHQR������������

/X]LDWHOOL )� )LFFD $*� %RQLQL 3� 0XOHR 5� *DWWL /� 0HQHJKLQL 0� 7URQDWL 0�
0HOLQL )� 5X]]L 0 ������ $ *HQHWLF DQG 0HWDERORPLF 3HUVSHFWLYH RQ WKH
3URGXFWLRQ RI ,QGROH���$FHWLF $FLG E\ 3DQWRHD DJJORPHUDQV DQG 8VH RI 7KHLU
0HWDEROLWHV DV %LRVWLPXODQWV LQ 3ODQW 1XUVHULHV� )URQWLHUV LQ 0LFURELRORJ\
��� ����� KWWSV���GRL�RUJ���������IPLFE�����������

0DQQL 0� %HUNHOH\ 05� 6HSSH\ 0� 6LPmR )$� =GREQRY (0 ������ %86&2
8SGDWH� 1RYHO DQG 6WUHDPOLQHG :RUNIORZV DORQJ ZLWK %URDGHU DQG 'HHSHU
3K\ORJHQHWLF &RYHUDJH IRU 6FRULQJ RI (XNDU\RWLF� 3URNDU\RWLF� DQG 9LUDO



��

*HQRPHV� .HOOH\ - �(G��� 0ROHFXODU %LRORJ\ DQG (YROXWLRQ ��� ����±�����
KWWSV���GRL�RUJ���������PROEHY�PVDE���

0DUNV %%� 0HJtDV 0� 2OOHUR )-� 1RJXHLUD 0$� $UDXMR 56� +XQJULD 0 ������
0DL]H JURZWK SURPRWLRQ E\ LQRFXODWLRQ ZLWK $]RVSLULOOXP EUDVLOHQVH DQG
PHWDEROLWHV RI 5KL]RELXP WURSLFL HQULFKHG RQ OLSR�FKLWRROLJRVDFFKDULGHV
�/&2V�� $0% ([SUHVV �� ��� KWWSV���GRL�RUJ���������V���������������]

0RKDPDGSRRU 0� $PLQL -� $VKHQJURSK 0� $]L]L $ ������ (YDOXDWLRQ RI
ELRFRQWURO SRWHQWLDO RI $FKURPREDFWHU [\ORVR[LGDQV VWUDLQ &7$���� DJDLQVW
FRPPRQ EHDQ URRW URW� 3K\VLRORJLFDO DQG 0ROHFXODU 3ODQW 3DWKRORJ\ ����
������� KWWSV���GRL�RUJ���������M�SPSS������������

1DVFLPHQWR );� *OLFN %5� 5RVVL 0- �����D� 0XOWLSOH SODQW KRUPRQH
FDWDEROLVP DFWLYLWLHV� DQ DGDSWDWLRQ WR D SODQWòDVVRFLDWHG OLIHVW\OH E\
$FKURPREDFWHU VSS� (QYLURQPHQWDO 0LFURELRORJ\ 5HSRUWV ��� ���±����
KWWSV���GRL�RUJ������������������������

1DVFLPHQWR );� 8UyQ 3� *OLFN %5� *LDFKLQL $� 5RVVL 0- �����E� *HQRPLF
$QDO\VLV RI WKH ��$PLQRF\FORSURSDQH���&DUER[\ODWH 'HDPLQDVH�3URGXFLQJ
3VHXGRPRQDV WKLYHUYDOHQVLV 6&� 5HYHDOV ,WV 0XOWLIDFHWHG 5ROHV LQ 6RLO DQG LQ
%HQHILFLDO ,QWHUDFWLRQV :LWK 3ODQWV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

1D\IDFK 6� 6KL =-� 6HVKDGUL 5� 3ROODUG .6� .\USLGHV 1& ������ 1HZ LQVLJKWV
IURP XQFXOWLYDWHG JHQRPHV RI WKH JOREDO KXPDQ JXW PLFURELRPH� 1DWXUH ����
���±���� KWWSV���GRL�RUJ���������V���������������[

2QJHQD 0� -DFTXHV 3 ������ %DFLOOXV OLSRSHSWLGHV� YHUVDWLOH ZHDSRQV IRU SODQW
GLVHDVH ELRFRQWURO� 7UHQGV LQ 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������M�WLP������������

3DUNV '+� ,PHOIRUW 0� 6NHQQHUWRQ &7� +XJHQKROW] 3� 7\VRQ *: ������
&KHFN0� DVVHVVLQJ WKH TXDOLW\ RI PLFURELDO JHQRPHV UHFRYHUHG IURP LVRODWHV�
VLQJOH FHOOV� DQG PHWDJHQRPHV� *HQRPH 5HVHDUFK ��� ����±�����
KWWSV���GRL�RUJ���������JU�����������

3DUNV '+� &KXYRFKLQD 0� 5LQNH &� 0XVVLJ $-� &KDXPHLO 3�$� +XJHQKROW] 3
������ *7'%� DQ RQJRLQJ FHQVXV RI EDFWHULDO DQG DUFKDHDO GLYHUVLW\ WKURXJK D
SK\ORJHQHWLFDOO\ FRQVLVWHQW� UDQN QRUPDOL]HG DQG FRPSOHWH JHQRPH�EDVHG
WD[RQRP\� 1XFOHLF $FLGV 5HVHDUFK ��� '���±'����
KWWSV���GRL�RUJ���������QDU�JNDE���

3DUNV '+� &KXYRFKLQD 0� :DLWH ':� 5LQNH &� 6NDUVKHZVNL $� &KDXPHLO 3�$�
+XJHQKROW] 3 ������ $ VWDQGDUGL]HG EDFWHULDO WD[RQRP\ EDVHG RQ JHQRPH
SK\ORJHQ\ VXEVWDQWLDOO\ UHYLVHV WKH WUHH RI OLIH� 1DWXUH %LRWHFKQRORJ\ ���
���±����� KWWSV���GRL�RUJ���������QEW�����

3DUNV '+� 5LQNH &� &KXYRFKLQD 0� &KDXPHLO 3�$� :RRGFURIW %-� (YDQV 31�
+XJHQKROW] 3� 7\VRQ *: ������ 5HFRYHU\ RI QHDUO\ �����
PHWDJHQRPH�DVVHPEOHG JHQRPHV VXEVWDQWLDOO\ H[SDQGV WKH WUHH RI OLIH�
1DWXUH 0LFURELRORJ\ �� ����±����� KWWSV���GRL�RUJ���������V����������������

3DUUD\ -$� 6KDPHHP 1� $EGò$OODK ()� 0LU 0< �(GV� ������ &RUH 0LFURELRPH�



��

,PSURYLQJ &URS 4XDOLW\ DQG 3URGXFWLYLW\� �VW HG� :LOH\�
KWWSV���GRL�RUJ����������������������

3DW] 6� *DXWDP $� %HFNHU 0� 5XSSHO 6� 5RGUtJXH]�3DOHQ]XHOD 3� +XVRQ 'K
������ 3/D%$VH� $ FRPSUHKHQVLYH ZHE UHVRXUFH IRU DQDO\]LQJ WKH SODQW
JURZWK�SURPRWLQJ SRWHQWLDO RI SODQW�DVVRFLDWHG EDFWHULD� %LRLQIRUPDWLFV�
SUHSULQW KWWSV���GRL�RUJ��������������������������

3KLOLS 19� .RWHVKZDUD $� .LUDQ *$� 5DMD 6� 6XEUDKPDQ\DP 90�
&KDQGUDVKHNDU +5 ������ 6WDWLVWLFDO 2SWLPL]DWLRQ IRU &RSURGXFWLRQ RI
&KLWLQDVH DQG %HWD �� ��(QGRJOXFDQDVH E\ &KLWLQRO\WLF 3DHQLEDFLOOXV HOJLL 3%�
+DYLQJ $QWLIXQJDO $FWLYLW\� $SSOLHG %LRFKHPLVWU\ DQG %LRWHFKQRORJ\ ����
���±���� KWWSV���GRL�RUJ���������V�����������������

3UDGHHS 6� 6DUDWK -RVK 0.� %LQRG 3� 6XGKD 'HYL 5� %DODFKDQGUDQ 6�
$QGHUVRQ 5&� %HQMDPLQ 6 ������ $FKURPREDFWHU GHQLWULILFDQV VWUDLQ 63�
HIILFLHQWO\ UHPHGLDWHV GL���HWK\OKH[\O�SKWKDODWH� (FRWR[LFRORJ\ DQG
(QYLURQPHQWDO 6DIHW\ ���� ���±����
KWWSV���GRL�RUJ���������M�HFRHQY������������

3UXLWW .'� 7DWXVRYD 7� 0DJORWW '5 ������ 1&%, 5HIHUHQFH 6HTXHQFH
�5HI6HT�� D FXUDWHG QRQ�UHGXQGDQW VHTXHQFH GDWDEDVH RI JHQRPHV�
WUDQVFULSWV DQG SURWHLQV� 1XFOHLF DFLGV UHVHDUFK ��� '���±'����

5RMDV�6ROtV '� =HWWHU�6DOPyQ (� &RQWUHUDV�3pUH] 0� 5RFKD�*UDQDGRV 0 GHO
&� 0DFtDV�5RGUtJXH] /� 6DQWR\R * ������ 3VHXGRPRQDV VWXW]HUL (�� DQG
6WHQRWURSKRPRQDV PDOWRSKLOLD &5�� HQGRSK\WHV SURGXFH DQWLIXQJDO YRODWLOH
RUJDQLF FRPSRXQGV DQG H[KLELW DGGLWLYH SODQW JURZWK�SURPRWLQJ HIIHFWV�
%LRFDWDO\VLV DQG $JULFXOWXUDO %LRWHFKQRORJ\ ��� ��±���
KWWSV���GRL�RUJ���������M�EFDE������������

5RPHUR�3HUGRPR )� 2FDPSR�*DOOHJR -� &DPHOR�5XVLQTXH 0� %RQLOD 5 ������
3ODQW JURZWK SURPRWLQJ UKL]REDFWHULD DQG WKHLU SRWHQWLDO DV ELRLQRFXODQWV RQ
3HQQLVHWXP FODQGHVWLQXP �3RDFHDH�� 5HYLVWD GH %LRORJtD 7URSLFDO ���
KWWSV���GRL�RUJ����������UEW�Y��L�������

6iQFKH]�&DxL]DUHV &� -RUUtQ %� 3RROH 36� 7NDF] $ ������ 8QGHUVWDQGLQJ WKH
KRORELRQW� WKH LQWHUGHSHQGHQFH RI SODQWV DQG WKHLU PLFURELRPH� &XUUHQW
2SLQLRQ LQ 0LFURELRORJ\ ��� ���±����
KWWSV���GRL�RUJ���������M�PLE������������

6DQWRV $ GH $� 6LOYHLUD -$* GD� %RQLIDFLR $� 5RGULJXHV $&� )LJXHLUHGR 0 GR
9% ������ $QWLR[LGDQW UHVSRQVH RI FRZSHD FR�LQRFXODWHG ZLWK SODQW
JURZWK�SURPRWLQJ EDFWHULD XQGHU VDOW VWUHVV� %UD]LOLDQ -RXUQDO RI
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������M�EMP������������

6DQWRV /)� 2OLYDUHV )/ ������ 3ODQW PLFURELRPH VWUXFWXUH DQG EHQHILWV IRU
VXVWDLQDEOH DJULFXOWXUH� &XUUHQW 3ODQW %LRORJ\ ��� �������
KWWSV���GRL�RUJ���������M�FSE������������

6DUNDU 6� :DUG .� .DPNH $� 5DQ 4� )HHKDQ %� 5LFKLH 7� 5HHVH 1� /HH 670
������ 3HUVSHFWLYH� 6LPSOH 6WDWH &RPPXQLWLHV WR 6WXG\ 0LFURELDO ,QWHUDFWLRQV�
([DPSOHV DQG )XWXUH 'LUHFWLRQV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������



��

6FK�W] $� *ROELN 5� 7LWWPDQQ .� 6YHUJXQ ',� .RFK 0+-� +�EQHU *� .|QLJ 6
������ 6WXGLHV RQ VWUXFWXUH�IXQFWLRQ UHODWLRQVKLSV RI LQGROHS\UXYDWH
GHFDUER[\ODVH IURP (QWHUREDFWHU FORDFDH� D NH\ HQ]\PH RI WKH LQGROH DFHWLF
DFLG SDWKZD\� 6WUXFWXUH�IXQFWLRQ VWXGLHV RI (� FORDFDH ,'3&� (XURSHDQ
-RXUQDO RI %LRFKHPLVWU\ ���� ����±�����
KWWSV���GRL�RUJ���������M����������������������[

6HHPDQQ 7 ������ 3URNND� UDSLG SURNDU\RWLF JHQRPH DQQRWDWLRQ�
%LRLQIRUPDWLFV ��� ����±����� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWX���

6HOLP 6� 0DGDQ\ 00<� 0RKDPHG 5H\DG $� ) $ORZDLHVK %� +DJDJ\ 1�
$O�6DQHD 00� $OVKDUDUL 66� $EG(OJDZDG + ������ 6DFFKDURPRQRVSRUD
DFWLQREDFWHULXP DOOHYLDWHV SK\WRWR[LF KD]DUGV RI WXQJVWHQ QDQRSDUWLFOHV RQ
OHJXPHV¶ JURZWK DQG RVPRWLF VWDWXV� -RXUQDO RI (QYLURQPHQWDO &KHPLFDO
(QJLQHHULQJ �� ������� KWWSV���GRL�RUJ���������M�MHFH������������

6HWXEDO -& ������ 0HWDJHQRPH�DVVHPEOHG JHQRPHV� FRQFHSWV� DQDORJLHV�
DQG FKDOOHQJHV� %LRSK\VLFDO 5HYLHZV ��� ���±����
KWWSV���GRL�RUJ���������V����������������\

6KDUPD &.� 9LVKQRL 9.� 'XEH\ 5&� 0DKHVKZDUL '. ������ $ WZLQ
UKL]RVSKHULF EDFWHULDO FRQVRUWLXP LQGXFHV V\VWHPLF UHVLVWDQFH WR D
SK\WRSDWKRJHQ 0DFURSKRPLQD SKDVHROLQD LQ PXQJ EHDQ� 5KL]RVSKHUH ��
��±��� KWWSV���GRL�RUJ���������M�UKLVSK������������

6KDUPD 6� .XPDU 6� .KDMXULD $� 2KUL 3� .DXU 5� .DXU 5 ������ %LRFRQWURO
SRWHQWLDO RI FKLWLQDVHV SURGXFHG E\ QHZO\ LVRODWHG &KLWLQRSKDJD VS� 6����
:RUOG -RXUQDO RI 0LFURELRORJ\ DQG %LRWHFKQRORJ\ ��� ���
KWWSV���GRL�RUJ���������V�����������������

6LQJK *� 0XNHUML .* ������ 5RRW ([XGDWHV DV 'HWHUPLQDQW RI 5KL]RVSKHULF
0LFURELDO %LRGLYHUVLW\� ,Q� 0XNHUML .*� 0DQRKDUDFKDU\ &� 6LQJK - �(GV��
0LFURELDO $FWLYLW\ LQ WKH 5KL]RVKHUH� 6SULQJHU�9HUODJ� %HUOLQ�+HLGHOEHUJ�
��±��� KWWSV���GRL�RUJ����������������������B�

6LQJK 3� 6LQJK 5.� /L +�%� *XR '�-� 6KDUPD $� /DNVKPDQDQ 3� 0DOYL\D 0.�
6RQJ ;�3� 6RODQNL 0.� 9HUPD ..� <DQJ /�7� /L <�5 ������ 'LD]RWURSKLF
%DFWHULD 3DQWRHD GLVSHUVD DQG (QWHUREDFWHU DVEXULDH 3URPRWH 6XJDUFDQH
*URZWK E\ ,QGXFLQJ 1LWURJHQ 8SWDNH DQG 'HIHQVH�5HODWHG *HQH ([SUHVVLRQ�
)URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

6LQJOHWRQ &0� 3HWULJOLHUL )� .ULVWHQVHQ -0� .LUNHJDDUG 5+� 0LFKDHOVHQ 7<�
$QGHUVHQ 0+� .RQGURWDLWH =� .DUVW 60� 'XHKROP 06� 1LHOVHQ 3+� $OEHUWVHQ
0 ������ &RQQHFWLQJ VWUXFWXUH WR IXQFWLRQ ZLWK WKH UHFRYHU\ RI RYHU ����
KLJK�TXDOLW\ PHWDJHQRPH�DVVHPEOHG JHQRPHV IURP DFWLYDWHG VOXGJH XVLQJ
ORQJ�UHDG VHTXHQFLQJ� 1DWXUH &RPPXQLFDWLRQV ��� �����
KWWSV���GRL�RUJ���������V�����������������

GH 6RX]D 56&� $UPDQKL -6/� 'DPDVFHQR 1 GH %� ,PSHULDO -� $UUXGD 3 ������
*HQRPH 6HTXHQFHV RI D 3ODQW %HQHILFLDO 6\QWKHWLF %DFWHULDO &RPPXQLW\
5HYHDO *HQHWLF )HDWXUHV IRU 6XFFHVVIXO 3ODQW &RORQL]DWLRQ� )URQWLHUV LQ
0LFURELRORJ\ ��� ����� KWWSV���GRL�RUJ���������IPLFE�����������



��

GH 6RX]D 56&� 2NXUD 9.� $UPDQKL -6/� -RUUtQ %� /R]DQR 1� GD 6LOYD 0-�
*RQ]iOH]�*XHUUHUR 0� GH $UD~MR /0� 9HU]D 1&� %DJKHUL +&� ,PSHULDO -�
$UUXGD 3 ������ 8QORFNLQJ WKH EDFWHULDO DQG IXQJDO FRPPXQLWLHV DVVHPEODJHV
RI VXJDUFDQH PLFURELRPH� 6FLHQWLILF 5HSRUWV �� ������
KWWSV���GRL�RUJ���������VUHS�����

6UHHMD 0ROH 6 6� '� 6� 9LMD\DQ� 0� $QDQG� 0� $MRQD� 7� -DULQ ������
%LRGHJUDGDWLRQ RI 3�QLWUR SKHQRO XVLQJ D QRYHO EDFWHULXP $FKURPREDFWHU
GHQLWULIDFLDQV LVRODWHG IURP LQGXVWULDO HIIOXHQW ZDWHU� :DWHU 6FLHQFH DQG
7HFKQRORJ\� $ -RXUQDO RI WKH ,QWHUQDWLRQDO $VVRFLDWLRQ RQ :DWHU 3ROOXWLRQ
5HVHDUFK ��� ����±����� KWWSV���GRL�RUJ���������ZVW���������

6X 3� :LFDNVRQR :$� /L &� 0LFKO .� %HUJ *� :DQJ '� ;LDR <� +XDQJ 5� .DQJ
+� =KDQJ '� &HUQDYD 7� /LX < ������ 5HFRYHU\ RI PHWDJHQRPH�DVVHPEOHG
JHQRPHV IURP WKH SK\OORVSKHUH RI ��� ULFH JHQRW\SHV� 6FLHQWLILF 'DWD �� ����
KWWSV���GRL�RUJ���������V�����������������

7DR 3� /L +� <X <� *X -� /LX < ������ (FWRLQH DQG ��K\GUR[\HFWRLQH
DFFXPXODWLRQ LQ WKH KDORSKLOH 9LUJLEDFLOOXV KDORGHQLWULILFDQV 3'%�)� LQ
UHVSRQVH WR VDOW VWUHVV� $SSOLHG 0LFURELRORJ\ DQG %LRWHFKQRORJ\ ����
����±����� KWWSV���GRL�RUJ���������V���������������[

7HKHUDQ�6LHUUD /*� )XQQLFHOOL 0,*� GH &DUYDOKR /$/� )HUUR 0,7� 6RDUHV 0$�
3LQKHLUR '* ������ %DFWHULDO FRPPXQLWLHV DVVRFLDWHG ZLWK VXJDUFDQH XQGHU
GLIIHUHQW DJULFXOWXUDO PDQDJHPHQW H[KLELW D GLYHUVLW\ RI SODQW JURZWK�SURPRWLQJ
WUDLWV DQG HYLGHQFH RI V\QHUJLVWLF HIIHFW� 0LFURELRORJLFDO 5HVHDUFK ����
������� KWWSV���GRL�RUJ���������M�PLFUHV������������

7LWWDEXWU 3� 3LURP\RX 3� /RQJWRQJODQJ $� 1RLVD�1JLDP 5� %RRQNHUG 1�
7HDXPURRQJ 1 ������ $OOHYLDWLRQ RI WKH HIIHFW RI HQYLURQPHQWDO VWUHVVHV XVLQJ
FR�LQRFXODWLRQ RI PXQJEHDQ E\ %UDG\UKL]RELXP DQG UKL]REDFWHULD FRQWDLQLQJ
VWUHVV�LQGXFHG $&& GHDPLQDVH HQ]\PH� 6RLO 6FLHQFH DQG 3ODQW 1XWULWLRQ
��� ���±���� KWWSV���GRL�RUJ�����������������������������

7RVL 0� 0LWWHU (.� *DLHUR -� 'XQILHOG . ������ ,W WDNHV WKUHH WR WDQJR� WKH
LPSRUWDQFH RI PLFUREHV� KRVW SODQW� DQG VRLO PDQDJHPHQW WR HOXFLGDWH
PDQLSXODWLRQ VWUDWHJLHV IRU WKH SODQW PLFURELRPH� &DQDGLDQ -RXUQDO RI
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������FMP����������

7ULYHGL 3� /HDFK -(� 7ULQJH 6*� 6D 7� 6LQJK %. ������ 3ODQW±PLFURELRPH
LQWHUDFWLRQV� IURP FRPPXQLW\ DVVHPEO\ WR SODQW KHDOWK� 1DWXUH 5HYLHZV
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������V����������������

8ULWVNL\ *9� 'L5XJJLHUR -� 7D\ORU - ������ 0HWD:5$3²D IOH[LEOH SLSHOLQH IRU
JHQRPH�UHVROYHG PHWDJHQRPLF GDWD DQDO\VLV� 0LFURELRPH �� ����
KWWSV���GRL�RUJ���������V����������������

9DYUHN 0- ������ IRVVLO� SDODHRHFRORJLFDO DQG SDODHRJHRJUDSKLFDO DQDO\VLV
WRROV� 3DODHRQWRORJLD (OHFWURQLFD ��� �7�

:DQJ 0� (\UH $:� 7KRQ 05� 2K <� 'HDQ 5$ ������ '\QDPLF &KDQJHV LQ WKH
0LFURELRPH RI 5LFH 'XULQJ 6KRRW DQG 5RRW *URZWK 'HULYHG )URP 6HHGV�
)URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������



��

:RRG '(� /X -� /DQJPHDG % ������ ,PSURYHG PHWDJHQRPLF DQDO\VLV ZLWK
.UDNHQ �� *HQRPH %LRORJ\ ��� ����
KWWSV���GRL�RUJ���������V����������������

:X 4�6� +H ;�+� =RX <�1� /LX &�<� ;LDR -� /L < ������ $UEXVFXODU P\FRUUKL]DV
DOWHU URRW V\VWHP DUFKLWHFWXUH RI &LWUXV WDQJHULQH WKURXJK UHJXODWLQJ
PHWDEROLVP RI HQGRJHQRXV SRO\DPLQHV� 3ODQW *URZWK 5HJXODWLRQ ��� ��±���
KWWSV���GRL�RUJ���������V����������������

:X <�:� 6LPPRQV %$� 6LQJHU 6: ������ 0D[%LQ ���� DQ DXWRPDWHG ELQQLQJ
DOJRULWKP WR UHFRYHU JHQRPHV IURP PXOWLSOH PHWDJHQRPLF GDWDVHWV�
%LRLQIRUPDWLFV ��� ���±���� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWY���

;LH )� -LQ :� 6L +� <XDQ <� 7DR <� /LX -� :DQJ ;� <DQJ &� /L 4� <DQ ;� /LQ /�
-LDQJ 4� =KDQJ /� *XR &� *UHHQLQJ &� +HOOHU 5� *XDQ //� 3RSH 3%� 7DQ =�
=KX :� :DQJ 0� 4LX 4� /L =� 0DR 6 ������ $Q LQWHJUDWHG JHQH FDWDORJ DQG
RYHU ������ PHWDJHQRPH�DVVHPEOHG JHQRPHV IURP WKH JDVWURLQWHVWLQDO
PLFURELRPH RI UXPLQDQWV� 0LFURELRPH �� ����
KWWSV���GRL�RUJ���������V����������������[

=DQGL 3� 6FKQXJ ( ������ 5HDFWLYH 2[\JHQ 6SHFLHV� $QWLR[LGDQW 5HVSRQVHV
DQG ,PSOLFDWLRQV IURP D 0LFURELDO 0RGXODWLRQ 3HUVSHFWLYH� %LRORJ\ ��� ����
KWWSV���GRL�RUJ���������ELRORJ\��������

=KDQJ %� ;X :� 0D <� *DR ;� 0LQJ +� -LD - ������ (IIHFWV RI ELRDXJPHQWDWLRQ
E\ LVRODWHG $FKURPREDFWHU [\ORVR[LGDQV %3� RQ 3$+V GHJUDGDWLRQ DQG
PLFURELDO FRPPXQLW\ LQ FRQWDPLQDWHG VRLO� -RXUQDO RI (QYLURQPHQWDO
0DQDJHPHQW ���� ������� KWWSV���GRL�RUJ���������M�MHQYPDQ������������

=KDQJ 3� -LQ 7� .XPDU 6DKX 6� ;X -� 6KL 4� /LX +� :DQJ < ������ 7KH
'LVWULEXWLRQ RI 7U\SWRSKDQ�'HSHQGHQW ,QGROH���$FHWLF $FLG 6\QWKHVLV
3DWKZD\V LQ %DFWHULD 8QUDYHOHG E\ /DUJH�6FDOH *HQRPLF $QDO\VLV� 0ROHFXOHV
��� ����� KWWSV���GRL�RUJ���������PROHFXOHV��������

=KRX &� 0D =� =KX /� ;LDR ;� ;LH <� =KX -� :DQJ - ������ 5KL]REDFWHULDO
6WUDLQ %DFLOOXV PHJDWHULXP %2)&�� ,QGXFHV &HOOXODU 3RO\DPLQH &KDQJHV WKDW
,PSURYH 3ODQW *URZWK DQG 'URXJKW 5HVLVWDQFH� ,QWHUQDWLRQDO -RXUQDO RI
0ROHFXODU 6FLHQFHV ��� ���� KWWSV���GRL�RUJ���������LMPV��������



��
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7KH DSSHQGLFHV IRU WKLV FKDSWHU DUH DYDLODEOH RQ =HQRGR� DQ RSHQ�DFFHVV
JHQHUDO�SXUSRVH UHSRVLWRU\ PDLQWDLQHG E\ 2SHQ$,5( DQG &(51� 7KLV UHSRVLWRU\
DOORZV WKH GHSRVLW RI UHVHDUFK DUWLFOHV� GDWDVHWV� UHVHDUFK VRIWZDUH� UHSRUWV� DQG DQ\
RWKHU GLJLWDO DUWLIDFWV UHODWHG WR UHVHDUFK�

$FFHVV WR WKH DSSHQGLFHV IRU WKLV FKDSWHU FDQ EH IRXQG DW WKH IROORZLQJ SHUPDQHQW
OLQN� KWWSV���GRL�RUJ���������]HQRGR���������

$SSHQGL[ $� 6XPPDU\ RI FRXQWV RI VXEUHDGV DQG FLUFXODU FRQVHQVXV VHTXHQFLQJ
�&&6� VHTXHQFHV REWDLQHG IRU 3DF%LR VHTXHQFLQJ RI 6057 OLEUDULHV� �(06B��[OV[�

$SSHQGL[ %� 7D[RQRP\ DVVLJQPHQW RI 0$*V DW WKH KLJKHU WD[RQRPLF UDQN REWDLQHG
IURP *7'%�WN DQG .UDNHQ WRROV� �(06B��[OV[�

$SSHQGL[ &� 5HSRUW RI WKH FODVVLILFDWLRQ ZRUNIORZ XVLQJ *7'%�WN� �(06B��[OV[�

$SSHQGL[ '� 0DWUL[ RI WKH .(** 2UWKRORJ\ �.2V� IUHTXHQFLHV DQQRWDWHG E\ WKH
(QULFK0 WRRO� �(06B��[OV[�

$SSHQGL[ (� 5HFRQVWUXFWLRQ DQG FRPSOHWHQHVV RI .(** PRGXOHV DQQRWDWHG E\
(QULFK0� 7KH DVWHULVNV �
� LQ WKH KHDGHU UHSUHVHQW DGGLWLRQDO YDOXHV REWDLQHG E\ WKH
VFULSW µFODVV.(**0RGXOHV�SO¶ �KWWSV���JLWKXE�FRP�GJSLQKHLUR�ELRLQIRXWLOLWLHV� WR
HVWLPDWH 3*37V LQ .(** PRGXOHV� �(06B��[OV[�

$SSHQGL[ )� 7KH VHFRQGDU\ PHWDEROLWH ELRV\QWKHVLV JHQH FOXVWHUV �%*&V� LGHQWLILHG
ZLWK $QWL60$6+� �(06B��[OV[�

$SSHQGL[ *� 7KH UDZ FRXQW RI SODQW JURZWK�SURPRWLQJ WUDLWV �3*37V� DQQRWDWLRQV�
DFFRUGLQJ WR .(** 2UWKRORJ\ �.2� SUHGLFWLRQV IRU 0$*V� �(06B��[OV[�

$SSHQGL[ +� 7KH UDZ FRXQW RI SODQW JURZWK�SURPRWLQJ WUDLWV �3*37V� WKDW FRPSULVHV
WKH �� FODVVHV �OHYHO � KLHUDUFK\� LGHQWLILHG DV HQULFKHG DFFRUGLQJ WR WKH UHVXOWV RI
3HDUVRQ
V &KL�VTXDUH WHVW DGMXVWHG E\ )DOVH 'LVFRYHU\ 5DWH �T�YDOXH � �����
�(06B��[OV[�
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&+$37(5 � ± &ODVVLILFDWLRQ RI JHQRPLF IHDWXUHV RI SODQW�DVVRFLDWHG EDFWHULD

XVLQJ PDFKLQH OHDUQLQJ

$%675$&7 � 3ODQWV KDUERU D GLYHUVH DUUD\ RI PLFURRUJDQLVPV ZLWKLQ YDULRXV QLFKHV�
ZLWK EDFWHULD SOD\LQJ D FUXFLDO UROH LQ SODQW DVVRFLDWLRQV E\ DGDSWLQJ VSHFLILF WUDLWV WR
WKULYH LQ WKHLU KRVWV� 7R JDWKHU LQVLJKWV LQWR WKH JHQRPLF IHDWXUHV DVVRFLDWHG ZLWK WKLV
OLIHVW\OH DGDSWDWLRQ� ZH FRQGXFWHG DQ HYDOXDWLRQ RI ���� EDFWHULDO JHQRPH
VHTXHQFHV DFURVV �� JHQHUD REWDLQHG IURP WKH *HQ%DQN GDWDEDVH� $PRQJ WKHVH�
��� JHQRPHV ZHUH LGHQWLILHG DV SODQW�DVVRFLDWHG� ZLWK ��� VSHFLILFDOO\ DVVRFLDWHG
ZLWK URRWV� ����� LVRODWHG IURP QRQ�SODQW VRXUFHV �LQFOXGLQJ KXPDQV� QRQ�KXPDQ
DQLPDOV� DLU� VHGLPHQWV� DQG DTXDWLF HQYLURQPHQWV�� DQG ��� GHULYHG IURP VRLO
VDPSOHV� $QDO\VLV RI WKH SODQW�DVVRFLDWHG JHQRPHV UHYHDOHG D KLJKHU HQULFKPHQW RI
RUWKRORJRXV JHQH JURXSV �RUWKRJURXSV�� (PSOR\LQJ PDFKLQH OHDUQLQJ �0/� PHWKRGV
WR SUHGLFW SODQW�DVVRFLDWHG JHQRPHV� WKH 5DQGRP )RUHVW �5)� DSSURDFK
RXWSHUIRUPHG /RJLVWLF 5HJUHVVLRQ �/5� PRGHOV� GHPRQVWUDWLQJ D VHQVLWLYLW\ YDOXH !
��� DQG VSHFLILFLW\ ! ���� )HDWXUH VHOHFWLRQ KLJKOLJKWHG WKDW DSSUR[LPDWHO\ ��� RI WKH
HQULFKHG RUWKRJURXSV VKDUHG DPRQJ JHQHUD ZHUH FUXFLDO IRU SODQW�DVVRFLDWHG
JHQRPHV� 7KHVH IHDWXUHV UHSUHVHQW VLJQLILFDQW IXQFWLRQDO FDWHJRULHV ZLWK VSHFLILF
JHQHV UHODWHG WR SODQW JHQRPHV�

.H\ZRUGV� &RPSDUDWLYH JHQRPLFV� 5DQGRP IRUHVW� (QGRSK\WLF OLIHVW\OH� +RVW
DGDSWDWLRQ� 3ODQW�DVVRFLDWHG HQYLURQPHQWV



��

�� ,1752'8&7,21

$ VXEVWDQWLDO QXPEHU RI PLFURRUJDQLVPV� ZLWK EDFWHULD EHLQJ WKH PRVW

GRPLQDQW JURXS� DUH FORVHO\ DVVRFLDWHG ZLWK SODQWV DQG PDQ\ RI WKHP KDYH EHHQ

UHODWLYHO\ ZHOO VWXGLHG �7ULYHGL HW DO� ������ 7KH FORVH FRH[LVWHQFH ZLWK SODQWV

UHTXLUHV VSHFLILF DGDSWLYH PHFKDQLVPV WKDW DOORZ PLFURRUJDQLVPV WR RYHUFRPH SODQW

GHIHQVHV DQG LQKDELW SODQW WLVVXHV �+DVVDQL HW DO� ������ ,QWHUDFWLRQV RI

SODQW�DGDSWHG PLFURRUJDQLVPV FDQ YDU\� KDYLQJ SRVLWLYH �PXWXDOLVWLF�� QHXWUDO

�QHXWUDOLVP�� RU GHOHWHULRXV �SUHGDWLRQ� LPSDFWV RQ SODQW ILWQHVV �7KUDOO HW DO� �����

+DVVDQL HW DO� ������

6HYHUDO VWXGLHV RI LQWHUDFWLRQV EHWZHHQ SDWKRJHQLF EDFWHULD DQG SODQWV KDYH

FODULILHG WKH UHVSRQVHV RI WKH SODQW
V LQQDWH LPPXQH V\VWHP� LQFOXGLQJ WKH

PHFKDQLVPV RI SDWKRJHQ UHFRJQLWLRQ� DV ZHOO DV WKH PHFKDQLVPV WKDW SDWKRJHQV

XVH WR VXEYHUW WKH KRVW
V LPPXQH V\VWHP� 2Q WKH RWKHU KDQG� WKH JHQHWLF DQG

PROHFXODU PHFKDQLVPV XQGHUO\LQJ V\PELRWLF LQWHUDFWLRQV VXFK DV

/HJXPH�5KL]RELXP LQWHUDFWLRQV ZHUH DOVR HOXFLGDWHG� )XUWKHUPRUH� QXPHURXV

VWXGLHV KDYH EHHQ FRQGXFWHG WR LVRODWH EHQHILFLDO EDFWHULD �3*3%�3*35� DQG

LQYHVWLJDWH WKH PHFKDQLVPV LQYROYHG LQ SURPRWLQJ SODQW JURZWK RU PLWLJDWLQJ DGYHUVH

FRQGLWLRQV�

2WKHU VWXGLHV KDYH HPSOR\HG FRPSDUDWLYH JHQRPLFV WR H[SORUH WUDLWV W\SLFDO RI

OLIHVW\OHV ERWK DVVRFLDWHG DQG QRQ�DVVRFLDWHG ZLWK SODQWV LQ YDULRXV EDFWHULDO JURXSV�

,Q D VWXG\ FRQGXFWHG E\ =KDQJ HW DO� ������� D FRPSDUDWLYH DQDO\VLV ZDV FDUULHG RXW

EHWZHHQ SODQW�DVVRFLDWHG DQG QRQ�SODQW�DVVRFLDWHG %DFLOOXV DP\OROLTXHIDFLHQV DQG

%DFLOOXV VXEWLOLV VSHFLHV� 7KLV DQDO\VLV OHG WR WKH LGHQWLILFDWLRQ RI JHQHV UHODWHG WR WKH

XVH RI SODQW�GHULYHG SRO\VDFFKDULGHV DQG WKH V\QWKHVLV RI DQWLELRWLFV� ZKLFK ZHUH

IRXQG WR EH PRUH DEXQGDQW LQ WKH JHQRPH SRRO RI SODQW�DVVRFLDWHG VWUDLQV� ,Q WKH

VWXG\ RI 3RQFKHHZLQ HW DO� ������� WKH\ DGRSWHG D FODVVLILHU RI WKH SODQW�DVVRFLDWHG

OLIHVW\OH RI 3VHXGRPRQDV VWUDLQV XVLQJ JHQRPH SURSHUWLHV DQG UHYHDOHG ��

GLVFULPLQDWLQJ IHDWXUHV� $OVR� /HY\ HW DO� ������ FRPSDUHG WKRXVDQGV RI EDFWHULDO

JHQRPHV DQG LGHQWLILHG RUWKRORJRXV JURXSV DQG SURWHLQ GRPDLQ SURILOHV� ZKLFK DUH

FKDUDFWHULVWLF RI SODQW DGDSWDWLRQ�

,Q WKLV ZRUN� RXU JRDO ZDV WR LGHQWLI\ IXQFWLRQDO JHQRPLF IHDWXUHV IURP FHUWDLQ

EDFWHULDO JHQHUD WKDW KDYH QRW EHHQ FRQVLGHUHG LQ SUHYLRXV VWXGLHV DQG ZKLFK DUH
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SRRUO\ FKDUDFWHUL]HG LQ SODQW DVVRFLDWLRQ� :H DLPHG WR LQYHVWLJDWH PHFKDQLVPV

UHODWHG WR DGDSWDWLRQV IRU FRORQL]LQJ SODQW HQYLURQPHQWV� 7R DFKLHYH WKLV� ZH

HPSOR\HG PDFKLQH OHDUQLQJ DQG IHDWXUH VHOHFWLRQ DSSURDFKHV�

�� 0$7(5,$/ $1' 0(7+2'6

���� *HQRPLF GDWD FRPSLODWLRQ DQG PHWDGDWD

:H KDYH SUHYLRXVO\ DVVHPEOHG DQG LQVSHFWHG WKH JHQRPHV RI SODQW

JURZWK�SURPRWLQJ EDFWHULD EHORQJLQJ WR WKH JHQHUD $FKURPREDFWHU� %XUNKROGHULD�

&KU\VHREDFWHULXP� &LWUREDFWHU� (QWHUREDFWHU� /DFWRFRFFXV� 3DHQLEDFLOOXV� 3DQWRHD�

3VHXGR[DQWKRPRQDV� 5KL]RELXP� 6SKLQJREDFWHULXP� 6SKLQJRELXP�

6WHQRWURSKRPRQDV �8QSXEOLVKHG� ZLWKLQ EDFWHULDO FRPPXQLWLHV DVVRFLDWHG ZLWK

VXJDUFDQH �7HKHUDQ�6LHUUD HW DO� ������

7R LPSURYH FRPSUHKHQVLRQ RI WKH UHODWLRQVKLS RI WKHVH EDFWHULD ZLWK

SODQW�DVVRFLDWHG HQYLURQPHQWV� ZH UHWULHYHG WKH VHTXHQFHV RI EDFWHULDO JHQRPHV

ZLWKLQ WKHVH JHQHUD ZLWK WKH VWDWXV RI ³FRPSOHWH JHQRPH´ RU ³FKURPRVRPH´ DYDLODEOH

LQ WKH 1&%, *HQRPH GDWDEDVH� XQWLO 'HFHPEHU �����

7KH JHQRPHV ZHUH FODVVLILHG DFFRUGLQJ WR WKH LVRODWLRQ VLWHV� GLVWLQJXLVKLQJ

EHWZHHQ SODQW�DVVRFLDWHG �3$� � ZKLFK LQFOXGHV DQ\ SODQW QLFKH� LQFOXGLQJ URRWV � RU

URRW�DVVRFLDWHG �5$� � ZKLFK JHQRPHV GHULYHG VROHO\ IURP HQGRSK\WLF RU HSLSK\WLF

FRPSDUWPHQWV RI URRWV �UKL]RSODQH�� DQG QRQ�SODQW�DVVRFLDWHG �13$� RU

VRLO�DVVRFLDWHG �6$� WKURXJK D PDQXDO FXUDWLRQ SURFHVV� 7KLV SURFHVV LQFOXGHG

VFDQQLQJ RI PHWDGDWD LQ WKH IROORZLQJ FDWDORJV� 1&%, %LR6DPSOH �%DUUHWW HW DO�

������ ,QWHJUDWHG 0LFURELDO *HQRPHV �,0*� �0DUNRZLW] HW DO� ������ /HLEQL]�,QVWLWXW �

'HXWVFKH 6DPPOXQJ YRQ 0LNURRUJDQLVPHQ XQG =HOONXOWXUHQ �'60=��� $PHULFDQ

7\SH &XOWXUH &ROOHFWLRQ �$7&&� �%HQWRQ HW DO� ������ &]HFK &ROOHFWLRQ RI

0LFURRUJDQLVPV �&&0���� *OREDO &DWDORJXH RI 0LFURRUJDQLVPV �*&0� �:X HW DO�

������ -DSDQ &ROOHFWLRQ RI 0LFURRUJDQLVPV �-&0���� :RUOG 'DWD &HQWUH IRU

0LFURRUJDQLVPV �:'&0� �:X HW DO� ������ DQG WKH UHODWHG VFLHQWLILF OLWHUDWXUH�

�� KWWSV���MFP�EUF�ULNHQ�MS

�� KWWSV���FFP�VFL�PXQL�F]

� KWWSV���ZZZ�GVP]�GH

�KWWS���ZZZ�QFEL�QOP�QLK�JRY�JHQRPH
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7KH EDFWHULDO JHQRPH IDVWDV �Q ������ ZHUH GRZQORDGHG IURP WKH *HQ%DQN

GDWDEDVH DW WKH 1DWLRQDO &HQWHU IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ �1&%,�� DQG WKH

VHTXHQFHV ZHUH WKHQ VXEMHFWHG WR JHQH SUHGLFWLRQ XVLQJ 3URNND �6HHPDQQ ������

���� &RQVWUXFWLRQ RI WKH SK\ORJHQHWLF WUHH

7KH SK\ORJHQRPLF DQDO\VLV ZDV SHUIRUPHG IURP WKH DOLJQPHQW RI ���

VLQJOH�FRS\ PDUNHU JHQHV� ZKLFK ZHUH LGHQWLILHG ZLWK WKH %86&2 WRRO �Y������

�0DQQL HW DO� ������ XVLQJ WKH EDFWHULDO GDWDVHW �EDFWHULDBRGE��� ����� ������� 7KH

SK\ORJHQHWLF WUHH ZDV LQIHUUHG E\ WKH PD[LPXP OLNHOLKRRG PHWKRG �0/� IURP WKH

%86&2 RXWSXW E\ XVLQJ WKH %86&2B3K\ORJHQRPLFV�S\�� VFULSW WR UHFRQVWUXFW WKH

VSHFLHV SK\ORJHQ\ IURP ���� EDFWHULDO JHQRPHV�

���� ,QIHUHQFH RI RUWKRORJRXV JHQH JURXSV

7R LQIHU VLPLODULWLHV EHWZHHQ SURWHLQ VHTXHQFHV ZH XVHG DQ DOO�JDLQVW�DOO

SDLUZLVH %/$67S DOLJQPHQWV DPRQJ WKH JHQRPHV ZLWKLQ HDFK WD[RQRPLF JURXS

�JHQXV OHYHO�� 7KH %/$67S DOLJQPHQWV ZHUH SHUIRUPHG XVLQJ WKH DOJRULWKP

LPSOHPHQWHG LQ ',$021' �Y ������ �%XFKILQN HW DO� ����� ZLWK WKH IROORZLQJ RSWLRQV�

��XOWUD�VHQVLWLYH ��TXHU\�FRYHU �� ��VXEMHFW�FRYHU �� ��WRS � ��HYDOXH ������

6XEVHTXHQWO\� WKH 2UWKRILQGHU ������� WRRO �(PPV DQG .HOO\ ����� ZDV HPSOR\HG

ZLWK GHIDXOW SDUDPHWHUV WR LQIHU WKH RUWKRORJRXV JHQH JURXSV �RUWKRJURXSV�� ,Q WKH

VHFRQG VWHS� ZH UHWULHYHG D UHSUHVHQWDWLYH VHTXHQFH �WKH ORQJHVW VHTXHQFH� RI HDFK

RUWKRJURXS IURP HDFK WD[RQRPLF JURXS DQG SHUIRUPHG D QHZ RUWKRORJ\ LQIHUHQFH

XVLQJ WKH VDPH DSSURDFK� WKLV WLPH� DPRQJ WKH WD[RQRPLF JURXSV�

���� )XQFWLRQDO DQQRWDWLRQ RI WKH UHSUHVHQWDWLYH RUWKRJURXSV

7KH UHSUHVHQWDWLYH RUWKRJURXSV¶ VHTXHQFHV ZHUH DQQRWDWHG XVLQJ

HJJ12*�PDSSHU �Y������ �+XHUWD�&HSDV HW DO� ����� FRQILJXUHG WR XVH

',$021'�EDVHG %/$67S VHDUFKHV DJDLQVW WKH (JJ12* GDWDEDVH �Y����

�� KWWSV���JLWKXE�FRP�MDPLHPFJ�%86&2BSK\ORJHQRPLFV
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�+XHUWD�&HSDV HW DO� ����� DQG DOVR WKH IROORZLQJ SDUDPHWHUV� ��WDUJHWBRUWKRORJV

RQH�RQH� ��VHQVPRGH XOWUD�VHQVLWLYH� ��SLGHQW ��� ��TXHU\BFRYHU ��� ��HYDOXH

�������� ��WD[BVFRSH EDFWHULD� ��WD[BVFRSHBPRGH LQQHUBQDUURZHVW ��JRBHYLGHQFH

DOO�

���� (QULFKPHQW DQDO\VLV RI RUWKRJURXSV DFFRUGLQJ WR OLIHVW\OH

7KH LGHQWLILFDWLRQ RI SODQW�DVVRFLDWHG �3$�� QRQ�SODQW�DVVRFLDWHG �13$��

URRW�DVVRFLDWHG �5$�� DQG VRLO�DVVRFLDWHG �6$� JHQHV ZDV FDUULHG RXW EDVHG RQ WKH

H[LVWHQFH RI VLJQLILFDQWO\ HQULFKHG SURWHLQ FOXVWHUV �RUWKRJURXSV� LQ WKH JHQH SURWHLQV

VHW IURP WKHVH GHILQHG JURXSV RI EDFWHULDV �3$� 13$� 5$ RU 6$�� 7KH HQULFKPHQW

DQDO\VHV ZHUH EDVHG RQ WKUHH DSSURDFKHV� WKH K\SHUJHRPHWULF WHVW �+\SHUJ��

3K\OR*/0 �,YHV DQG *DUODQG ������ DQG 6FRDU\ �%U\QLOGVUXG HW DO� ������ VLPLODU WR

WKRVH DGRSWHG E\ /HY\ HW DO� ������� )RU WKH K\SHUJHRPHWULF WHVW� WZR YHUVLRQV

�K\SHUJELQ� K\SHUJFQ� ZHUH XVHG� )RU ERWK JHQH FRS\�QXPEHU DQG JHQH

SUHVHQFH�DEVHQFH GDWD� WKH 3�YDOXHV ZHUH FRUUHFWHG E\ %HQMDPLQL±+RFKEHUJ )DOVH

'LVFRYHU\ 5DWH �)'5� ZLWK D WKUHVKROG RI 3×�×����� ,Q WKH 3K\OR*/0 DSSURDFK� WKH

FRS\ QXPEHU �SK\ORJOPFQ� RU SUHVHQFH�DEVHQFH GDWD �SK\ORJOPELQ� RI HDFK JHQH

ZDV XVHG DV WKH RQO\ LQGHSHQGHQW YDULDEOH� 7KH SRVLWLYH HVWLPDWHV LQ WKH 3K\OR*/0

DQG 3 � ���� LQGLFDWH HQULFKPHQW IRU 3$�5$� ZKLOH QHJDWLYH HVWLPDWHV DQG 3 � ����

H[KLELW HQULFKPHQW IRU 13$�6$� 7KH 6FRDU\ XVHV H[FOXVLYHO\ WKH JHQH

SUHVHQFH�DEVHQFH GDWDVHW� 7KH RUWKRJURXS ZDV FRQVLGHUHG VLJQLILFDQW RQO\ LI ��� LW

KDG D T�YDOXH �DQ )'5�DGMXVWHG 3�YDOXH� OHVV WKDQ ���� IRU )LVKHU¶V H[DFW WHVW� ���

WKH µZRUVW¶ 3�YDOXH IURP WKH SDLUZLVH FRPSDULVRQ DOJRULWKP ZDV×�×����� DQG ��� WKH

HPSLULFDO �SHUPXWDWLRQ�EDVHG WHVW� 3�YDOXH ZDV×�×����� 2GGV UDWLRV JUHDWHU RU HTXDO

WKDQ � LQGLFDWHG 3$ RU 5$ DQG OHVV WKDQ � LQGLFDWHG 13$ RU 6$ HQULFKHG JHQHV�

���� &ODVVLILFDWLRQ RI SODQW�DVVRFLDWHG �3$� JHQRPHV DQG IHDWXUHV �JHQHV�

VHOHFWLRQ

7R SUHGLFW WKH OLIHVW\OH RI SODQW�DVVRFLDWHG EDFWHULD� ZH HPSOR\HG WZR PDFKLQH

OHDUQLQJ DSSURDFKHV XVLQJ WKH FRQWHQW RI EDFWHULDO JHQRPHV DV LQSXW� L�H� WKH JHQH

IHDWXUH WDEOHV� FRQVLGHULQJ WKH FRS\�QXPEHU DQG WKH SUHVHQFH�DEVHQFH GDWDVHWV�

2QH DSSURDFK LV WR XVH ORJLVWLF UHJUHVVLRQ� D WUDGLWLRQDO VWDWLVWLFDO WHFKQLTXH� DQG WKH
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RWKHU LV WR XVH D UDQGRP IRUHVW FODVVLILHU� D VXSHUYLVHG PDFKLQH OHDUQLQJ DOJRULWKP�

7KH HYDOXDWLRQ ZDV SHUIRUPHG XVLQJ DV LQSXW WKH JHQRPH GDWDVHWV RUJDQL]HG E\

JHQXV� 7KH GDWDVHWV ZHUH SDUWLWLRQHG LQWR ��� IRU WUDLQLQJ �PRGHO EXLOGLQJ VWHS� DQG

WKH UHPDLQLQJ ����� IRU WHVWLQJ �YDOLGDWLRQ VWHS��

7KH DQDO\VHV ZHUH SHUIRUPHG LQ WKH VWDWLVWLFDO SURJUDP 5 YHUVLRQ ����� �5

&RUH 7HDP ������ WKH ORJLVWLF UHJUHVVLRQ �/5� ZDV SHUIRUPHG XVLQJ JOPQHW SDFNDJH

�)ULHGPDQ HW DO� ����� ]HURLQJ ULGJH�UHJUHVVLRQ SHQDOW\ SDUDPHWHU �.  ��� DQG WKH

UDQGRP IRUHVW �5)� ZDV SHUIRUPHG XVLQJ UDQGRP)RUHVW SDFNDJH EDVHG RQ %UHLPDQ

������ DOJRULWKP ZLWK DQ LQFUHDVH LQ WKH SDUDPHWHU UHODWHG WR WKH QXPEHU RI WUHHV

�QWUHH  ����� �/LDZ DQG :LHQHU ������ 7KH SHUIRUPDQFH ZDV HYDOXDWHG XVLQJ WKH

IROORZLQJ PHWULFV� DFFXUDF\� HUURU UDWH� SUHFLVLRQ� VHQVLWLYLW\� )�VFRUH� DQG 5HFHLYHU

2SHUDWLQJ &KDUDFWHULVWLF �52&� FXUYHV�

7KH YDULDEOH LPSRUWDQFH �YDU,PS� IURP HDFK FODVVLILFDWLRQ DQDO\VLV XVLQJ WKH

WZR DSSURDFKHV ZLWK DOO GDWDVHWV ZDV FRPSXWHG XVLQJ WKH IXQFWLRQ ³YDU,PS´ RI WKH

FDUHW SDFNDJH LQ 5 �.XKQ ������ 7KH YDU,PS LV D PHDVXUH RI WKH LPSRUWDQFH RI

YDULDEOHV �JHQHV�RUWKRORJRXV� LQ D PDFKLQH OHDUQLQJ PRGHO� ,W LQGLFDWHV KRZ PXFK

HDFK YDULDEOH FRQWULEXWHV WR WKH PRGHO
V DELOLW\ WR PDNH DFFXUDWH SUHGLFWLRQV� 7KLV

PHDVXUH LV XVHIXO IRU VHOHFWLQJ WKH PRVW UHOHYDQW IHDWXUHV IRU D JLYHQ PRGHO�

���� (QULFKPHQW RI IXQFWLRQDO FDWHJRULHV RI &OXVWHUV RI 2UWKRORJRXV *URXSV

�&2*�

7KH RUWKRJURXSV VKDUHG DPRQJ JHQRPH JURXSV ZHUH VXEMHFWHG WR HQULFKPHQW

DQDO\VLV XVLQJ )LVKHU
V H[DFW WHVW LQ 5 WR LGHQWLI\ DQ\ VLJQLILFDQW DVVRFLDWLRQV� :H

HYDOXDWHG WKH IXQFWLRQDO FDWHJRULHV HQULFKHG LQ WKH FRPSDULVRQ EHWZHHQ

SODQW�DVVRFLDWHG �3$� DQG QRQ�SODQW�DVVRFLDWHG �13$�� DV ZHOO DV EHWZHHQ

URRW�DVVRFLDWHG �5$� DQG VRLO�DVVRFLDWHG JHQRPHV�
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�� 5(68/76

���� %DFWHULDO JHQRPH JURXSV DQG SK\ORJHQRPLF DQDO\VLV

$ WRWDO RI ����� VHTXHQFHV RI EDFWHULDO JHQRPHV ZHUH UHWULHYHG IURP WKH

*HQEDQN GDWDEDVH �$SSHQGL[ $�� $PRQJ WKHVH� ��� ZHUH DQQRWDWHG DV

SODQW�DVVRFLDWHG �3$�� ��� DV URRW�DVVRFLDWHG �5$�� $GGLWLRQDOO\� WKHUH ZHUH �����

QRQ�SODQW�DVVRFLDWHG EDFWHULDO JHQRPHV �13$� VRXUFHG IURP YDULRXV HQYLURQPHQWV�

VXFK DV KXPDQV� QRQ�KXPDQ DQLPDOV� DLU� VHGLPHQWV� DQG DTXDWLF HQYLURQPHQWV� DQG

��� JHQRPHV GHULYHG IURP VRLO�DVVRFLDWHG �6$� �$SSHQGL[ %�� 7KH SK\ORJHQRPLF

DQDO\VLV UHYHDOV WKH GLVWULEXWLRQ RI WD[RQRPLF JURXSV� $OFDOLJHQDFHDH

�$FKURPREDFWHU�� %XUNKROGHULDFHD �%XUNKROGHULD�� (QWHUREDFWHULDFHDH �&LWUREDFWHU

DQG (QWHUREDFWHU�� (UZLQLDFHDH �3DQWRHD�� ;DQWKRPRQDGDFHDH

�3VHXGR[DQWKRPRQDV� 6WHQRWURSKRPRQDV�� 5KL]RELDFHDH �5KL]RELXP�� DQG

6SKLQJRPRQDGDFHDH �6SKLQJRELXP�� DOO EHORQJLQJ WR WKH SK\OXP 3VHXGRPRQDGRWD

LQ DGGLWLRQ WR 6WUHSWRFRFFDFHDH �/DFWRFRFFXV� DQG 3DHQLEDFLOODFHDH �3DHQLEDFLOOXV�

UHSUHVHQWDWLYHV RI WKH SK\OXP %DFLOORWD� DQG :HHNVHOODFHDH �&KU\VHREDFWHULXP� DQG

6SKLQJREDFWHULDFHDH �6SKLQJREDFWHULXP�� UHSUHVHQWDWLYHV RI WKH SK\OXP

%DFWHURLGRWD �)LJXUH �� $SSHQGL[ %��
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7DEOH �� 1XPEHUV RI WKH LGHQWLILHG RUWKRJURXSV �2*V� LQWR HDFK JHQXV�VSHFLILF
GDWDVHW� DQG DOVR� WKH HQULFKHG JHQHV IRU HDFK JHQXV DFFRUGLQJ WR WKH FRQVLGHUHG
HQYLURQPHQWV�

*HQXV 2*V
(QULFKHG 2*V

13$ 13$�6$ 3$ 3$�5$ 5$ 6$

$FKURPREDFWHU ������ � � � � � �

%XUNKROGHULD ������� ����� ����� ����� ����� ��� ���

&KU\VHREDFWHULXP ������ � � � � � �

&LWUREDFWHU ������ � � � � � �

(QWHUREDFWHU ������ ��� � ��� � � �

/DFWRFRFFXV ������ �� � �� � � �

3DHQLEDFLOOXV ������ �� � ��� � � �

3DQWRHD ������ � � � � � �

3VHXGR[DQWKRPRQDV ������ � � � � � �

5KL]RELXP ������ ����� � ����� ��� �� �

6SKLQJREDFWHULXP ������ � � � � � �

6SKLQJRELXP ������ � � � � � �

6WHQRWURSKRPRQDV ������ � � �� � � �

7KH HQULFKPHQW DQDO\VLV GHWHFWHG IHZ RUWKRJURXSV VLJQLILFDQWO\ HQULFKHG LQ

WKH IROORZLQJ JHQXV�VSHFLILF GDWDVHW� $FKURPREDFWHU �Q ��� &KU\VHREDFWHULXP �Q ���

&LWUREDFWHU �Q ��� 3DQWRHD �Q ��� 3VHXGR[DQWKRPRQDV �Q ��� 6SKLQJRELXP ���� ZLWK

H[FHSWLRQ RI &LWUREDFWHU DQG 3DQWRHD� WKH RWKHUV GLG QRW SURFHHG LQ WKH VXEVHTXHQW

DQDO\]HV �7DEOH ��� $OO WKHVH GDWDVHWV QHHGHG PRUH UHSUHVHQWDWLYHV IRU DQ

DSSURSULDWH HQULFKPHQW DQDO\VLV� 0D\EH LQ WKH IXWXUH� ZH ZLOO KDYH PRUH XVHIXO GDWD

IRU WKHP�

:H LGHQWLILHG D WRWDO RI ������� RUWKRJURXSV VKDUHG DPRQJ WKH JHQRPHV� ,Q

RXU UHVXOWV� ZH REVHUYHG WKDW WKH YDVW PDMRULW\ RI WKHVH RUWKRJURXSV ZHUH H[FOXVLYH

WR D VSHFLILF JHQXV ������ ���������� ZKLOH RQO\ ����� �������� ZHUH VKDUHG

DPRQJ PRUH WKDQ WZR JHQHUD JURXSV� 0DQ\ RI WKHVH ZHUH VKDUHG EHWZHHQ WKH

%XUNKROGHULD DQG 5KL]RELXP JHQHUD�
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$SSUR[LPDWHO\ ��� ��������� RI WKH WRWDO RUWKRJURXSV KDG D PDWFK LQ DW OHDVW

RQH RI WKH GDWDEDVHV LQWHJUDWHG LQWR HJJ12*� LQFOXGLQJ &2*V ���������� (&V

��������� .(** ���������� *2V ��������� &$=\ �������� DQG 3)$0V ����������

+RZHYHU� D VXEVWDQWLDO QXPEHU RI RUWKRORJV UHPDLQ XQLGHQWLILHG�

���� 3HUIRUPDQFH HYDOXDWLRQ RI WKH PDFKLQH OHDUQLQJ DSSURDFKHV

2YHUDOO� WKH UDQGRP IRUHVW DSSURDFK RXWSHUIRUPHG WKH ORJLVWLF UHJUHVVLRQ

PRGHOV LQ SUHGLFWLQJ SODQW�DVVRFLDWHG JHQRPHV� ZLWK D VHQVLWLYLW\ YDOXH JUHDWHU WKDQ

��� DQG VSHFLILFLW\ JUHDWHU WKDQ ���� $Q H[FHSWLRQ ZDV REVHUYHG IRU WKH

SUHVHQFH�DEVHQFH GDWDVHW RI 6WHQRWURSKRPRQDV �3$ YV� 13$�� ZKLFK VKRZHG D

VHQVLWLYLW\ RI ����� �$SSHQGL[ '�� 7KH DQDO\VLV UHVXOWV RI WKH JHQH FRXQW GDWDVHWV RI

WKH JURXS 6SKLQJREDFWHULXP H[KLELWHG D VHQVLWLYLW\ RI ����� �3$ YV� 13$�� ZKHUHDV

IRU 3DQWRHD �3$ YV� 13$� DQG 5KL]RELXP �5$ YV� 6$� YDOXHV RI VSHFLILFLW\ ZHUH WKH

VPDOOHVW ����� DQG ������ UHVSHFWLYHO\ �$SSHQGL[ '�� 7R YLVXDOL]H WKHVH UHVXOWV� ZH

SURYLGH 52& FXUYHV DQG WKHLU FRUUHVSRQGLQJ $UHD XQGHU WKH 52& &XUYH �$8&�

YDOXHV IRU WKH WZR HPSOR\HG DSSURDFKHV �)LJXUH ���
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���� )XQFWLRQDO FDWHJRULHV UHJDUGLQJ SODQW�DVVRFLDWHG EDFWHULD JHQH FRQWHQW

7KH PRVW LPSRUWDQW IHDWXUHV �RUWKRJURXSV� IRU HDFK JHQXV�VSHFLILF JURXS�

FRQVLGHULQJ HDFK GDWDVHW W\SH �SUHVHQFH�DEVHQFH RU JHQH FRXQW QXPEHU�� ZHUH

REWDLQHG IURP UDQGRP IRUHVW PRGHOV� 7KHVH IHDWXUHV ZHUH WKHQ VHOHFWHG DQG

DVVRFLDWHG ZLWK WKH RUWKRJURXSV VKDUHG DPRQJ WKH JHQXV GDWDVHWV� 7KLV FRPELQHG

LQIRUPDWLRQ ZDV FRQVLGHUHG WR VHDUFK IRU WKH PRVW LPSRUWDQW JHQHV UHODWHG WR SODQW

DVVRFLDWLRQ OLIHVW\OH LQGHSHQGHQWO\ RI WKH JHQXV� ,Q WRWDO� ������ RUWKRJURXSV VKRZHG

JUHDW LPSRUWDQFH LQ DW OHDVW RQH RI WKH FRQGLWLRQV� RI ZKLFK ��� GLG QRW KDYH

LPSRUWDQFH� ZKLOH SODQW�DVVRFLDWHG JHQRPHV DFFXPXODWHG DSSUR[LPDWHO\ ���� DQG

QRQ�SODQW�DVVRFLDWHG JHQRPHV KDG ����

7R LGHQWLI\ ZKLFK IXQFWLRQV PD\ EH PRUH SURPLQHQW LQ SODQW�DVVRFLDWHG

JHQRPHV� ZH SHUIRUPHG DQ HQULFKPHQW RI WKH IXQFWLRQ SURILOH EDVHG RQ &OXVWHUV RI

2UWKRORJRXV *URXS �&2*� DQG FRQVLGHUHG RQO\ IHDWXUHV ZLWK YDU,PS ! � DQG ZKLFK

GLG QRW SUHVHQW LQFRQVLVWHQW DQQRWDWLRQ� WKLV PHDQV WKDW WKH RUWKRJURXSV ZHUH

GHULYHG RQO\ IURP SODQW�DVVRFLDWHG JHQRPHV RU ZHUH VSHFLILF IURP

QRQ�SODQW�DVVRFLDWHG JHQRPHV� :H KDG ����� RUWKRJURXSV UHODWHG WR

SODQW�DVVRFLDWHG �3$ RU 5$� DQG ��� WR QRQ�SODQW�DVVRFLDWHG �13$ RU 6$��

7KH )LJXUH � DQG )LJXUH � GLVSOD\ WKH GLIIHUHQFHV LQ WKH DEXQGDQFH RI

RUWKRJURXSV DVVLJQHG WR &2* DFFRUGLQJ WR OLIHVW\OH� $ WRWDO RI � FDWHJRULHV ZHUH

VLJQLILFDQWO\ DEXQGDQW IRU SODQW�DVVRFLDWHG JHQRPHV �3 � ������ ³$PLQR DFLG

WUDQVSRUW DQG PHWDEROLVP´ �(�� ³/LSLG WUDQVSRUW DQG PHWDEROLVP´ �,�� ³6HFRQGDU\

PHWDEROLWHV ELRV\QWKHVLV� WUDQVSRUW DQG FDWDEROLVP´ �4�� ³7UDQVFULSWLRQ´ �.�� DQG

³6LJQDO WUDQVGXFWLRQ PHFKDQLVPV´ �7�� :KHUHDV WKH QRQ�SODQW�DVVRFLDWHG JHQRPHV

SUHVHQW HQULFKPHQW IRU WKH IROORZLQJ &2* FDWHJRULHV� ³1XFOHRWLGH WUDQVSRUW DQG

PHWDEROLVP´ �)�� ³5HSOLFDWLRQ� UHFRPELQDWLRQ DQG UHSDLU´ �/�� ³&HOO PRWLOLW\´ �1��

³)XQFWLRQ XQNQRZQ´ �6� DQG ³,QWUDFHOOXODU WUDIILFNLQJ� VHFUHWLRQ� DQG YHVLFXODU

WUDQVSRUW´ �)LJXUH ��D DQG ��E�� ,Q WKH FRPSDULVRQ RI &2* IXQFWLRQDO FDWHJRU\

DEXQGDQFH EHWZHHQ URRW�DVVRFLDWHG DQG VRLO�DVVRFLDWHG JHQRPHV� RQO\ ³5HSOLFDWLRQ�

UHFRPELQDWLRQ DQG UHSDLU´ �/� FDWHJRU\ VKRZHG VLJQLILFDQW HQULFKPHQW FRQVLGHULQJ

WKH JHQH FRS\ QXPEHU GDWDVHW IRU VRLO EDFWHULDO JHQRPHV �)LJXUH ��D��



��

)LJXUH �� 'LIIHUHQWLDO DEXQGDQFH RI RUWKRJURXSV VKDUHG DPRQJ WKH JHQHUD �YDU,PS !
��� DVVLJQHG &2*V IXQFWLRQDO FDWHJRULHV LQ SODQW�DVVRFLDWHG DQG
QRQ�SODQW�DVVRFLDWHG�

)LJXUH �� 'LIIHUHQWLDO DEXQGDQFH RI RUWKRJURXSV VKDUHG DPRQJ WKH JHQHUD �YDU,PS !
��� DVVLJQHG &2*V IXQFWLRQDO FDWHJRULHV LQ URRW�DVVRFLDWHG DQG VRLO�DVVRFLDWHG
JHQRPHV�



��
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7KLV VWXG\ DLPHG WR LGHQWLI\ JHQRPLF IHDWXUHV� VSHFLILFDOO\ JHQHV RUJDQL]HG LQ

RUWKRJURXSV� WKDW DUH DVVRFLDWHG ZLWK SODQW�UHODWHG HQYLURQPHQWV� :H DGRSWHG

PDFKLQH OHDUQLQJ DSSURDFKHV� K\SRWKHVL]LQJ WKDW WKHVH IHDWXUHV ZRXOG UHFXU DFURVV

WKH JHQRPHV RI YDULRXV WD[RQRPLF JURXSV RI EDFWHULD NQRZQ WR LQKDELW VXFK

HQYLURQPHQWV� 2XU DSSURDFK VHHNV WR GLVWLQJXLVK EHWZHHQ WKH JHQRPLF

FKDUDFWHULVWLFV RI EDFWHULD DVVRFLDWHG ZLWK SODQWV DQG WKRVH QRW GLUHFWO\ UHODWHG WR

SODQW HQYLURQPHQWV� UHIOHFWLQJ WKH XQLTXH DGDSWDWLRQV RI SODQW�DVVRFLDWHG EDFWHULDO

JURXSV�

2XU UHVXOWV LQGLFDWHG WKDW WKHUH ZDV HLWKHU QR GHWHFWLRQ RU PLQLPDO GHWHFWLRQ RI

RUWKRJURXS HQULFKPHQW UHODWHG WR EDFWHULDO JHQHUD $FKURPREDFWHU�

&KU\VHREDFWHULXP� &LWUREDFWHU� 3DQWRHD� 3VHXGR[DQWKRPRQDV� DQG 6SKLQJRELXP�

+RZHYHU� WKHVH PHPEHUV KDYH EHHQ UHSRUWHG IRU WKHLU SRWHQWLDO LQ DJULFXOWXUH

DV SODQW JURZWK�SURPRWLQJ DQG�RU ELRORJLFDO FRQWURO DJHQWV �$EGHO�5DKPDQ HW DO�

����� %KLVH HW DO� ����� 6LQJK HW DO� ����� $MPDO HW DO� ����� +XGD HW DO� ������ 2Q

WKH RWKHU KDQG� D ODUJH QXPEHU RI VKDUHG RUWKRJURXSV EHWZHHQ %XUNKROGHULD DQG

5KL]RELXP JHQHUD FDQ LQGLFDWH IXQFWLRQ VLPLODULWLHV DQG DUH RIWHQ DVVRFLDWHG ZLWK

EHQHILFLDO SODQW DVVRFLDWLRQ �'tD]�9DOOH HW DO� ����� &XL HW DO� ����� +HR HW DO� ������

&HUWDLQO\� WKH VWULQJHQW FULWHULD WR FRQVLGHU YDOLG DOLJQPHQWV� LQIOXHQFHG WKH

REWHQWLRQ RI VKDUHG RUWKRJURXSV EHWZHHQ JHQHUD� JHQHUDWLQJ D ODUJH QXPEHU RI

XQLTXH RUWKRJURXSV� 7KH LQWHQWLRQ ZDV WR HQVXUH WKDW PRUH FRQFLVH RUWKRORJRXV

JURXSV ZHUH REWDLQHG� (QULFKPHQW DQDO\VLV DSSURDFKHV KDYH EHHQ FRPPRQO\ XVHG

WR LGHQWLI\ WUHQGV RI RYHU�UHSUHVHQWHG IHDWXUHV LQ ODUJH�VFDOH ELRORJLFDO GDWDVHWV �&DL

HW DO� ����� /HY\ HW DO� ����� GH 6RX]D HW DO� ������ FRQWULEXWLQJ WR RXU XQGHUVWDQGLQJ

RI ELRORJLFDO SDWWHUQV�

0DFKLQH OHDUQLQJ KDV EHHQ FRPPRQO\ XVHG WR SUHGLFW HQYLURQPHQWDO RU KRVW

SKHQRW\SHV� FODVVLI\ PLFURELDO IHDWXUHV� VWXG\ LQWHUDFWLRQV EHWZHHQ PLFURELRPH

FRPSRQHQWV� DQG PRQLWRU FKDQJHV LQ PLFURELRPH FRPSRVLWLRQ �+HUQiQGH] 0HGLQD

HW DO� ������ 7KLV KDV LPSURYHG WKH HIILFLHQF\ RI GLVFRYHULQJ LPSRUWDQW IXQFWLRQDO

IHDWXUHV RI PLFURRUJDQLVPV DVVRFLDWHG ZLWK SODQWV� LQFOXGLQJ SUHGLFWLQJ

SODQW�DVVRFLDWHG EDFWHULDO OLIHVW\OHV DQG LQWHUDFWLRQ IDFWRUV �0DUWtQH]�*DUFtD HW DO�
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����� %LJJV HW DO� ����� WH 0ROGHU HW DO� ����� 3RQFKHHZLQ HW DO� ������ ,Q RXU VWXG\�

ZH XVHG ORJLVWLF UHJUHVVLRQ DQG UDQGRP IRUHVW WHFKQLTXHV� DQG ERWK SURYHG WR EH

YHU\ XVHIXO LQ LGHQWLI\LQJ GLVFULPLQDQW IHDWXUHV HYHQ ZLWK D YHU\ VPDOO DPRXQW RI GDWD

�UHSUHVHQWDWLYH JHQRPHV IRU HDFK FODVV� L�H� OLIHVW\OH�� 7KH UDQGRP IRUHVW SHUIRUPHG

VOLJKWO\ EHWWHU EDVHG RQ $8& YDOXHV LQ WKH DQDO\VHV RI RXU VPDOO GDWDVHWV� 7DNLQJ DOO

RI WKLV LQWR FRQVLGHUDWLRQ� ZH DFNQRZOHGJH WKDW WKHUH LV VWLOO WKH SRVVLELOLW\ WR REWDLQ

HYHQ PRUH LQIRUPDWLRQ RQ WKLV WRSLF XVLQJ RXU DSSURDFK E\ DGMXVWLQJ SDUDPHWHUV DQG

WKUHVKROGV� VXFK DV WKH DOLJQPHQW VWULQJHQF\ IRU RUJDQL]LQJ RUWKRJURXSV� $QRWKHU

DVSHFW RI H[WUHPH UHOHYDQFH WR WKH VXFFHVV RI WKH DSSURDFK LV REWDLQLQJ D JUHDWHU

TXDQWLW\ RI UHSUHVHQWDWLYH JHQRPHV�

2YHUDOO� RXU UHVXOWV XVLQJ WKHVH DSSURDFKHV SURYLGH YDOXDEOH LQVLJKWV LQWR

IXQFWLRQDO FDWHJRULHV DVVRFLDWHG ZLWK WKH DELOLW\ WR FRORQL]H HQYLURQPHQWV DVVRFLDWHG

ZLWK SODQWV� SDUWLFXODUO\ IRFXVLQJ RQ SODQW�DVVRFLDWHG �3$� DQG URRW�DVVRFLDWHG �5$�

HQULFKHG FDWHJRULHV� 7KHVH ILQGLQJV VKHG OLJKW RQ WKH PROHFXODU PHFKDQLVPV

XQGHUO\LQJ WKH LQWHUDFWLRQV EHWZHHQ PLFURRUJDQLVPV DQG SODQWV� KLJKOLJKWLQJ WKHLU

VLJQLILFDQFH IRU SODQW KHDOWK DQG JURZWK�

)RU WKH IXQFWLRQDO FDWHJRU\ WHUPHG ³$PLQR DFLGV WUDQVSRUW DQG PHWDEROLVP´

�(� VRPH VWXGLHV UHSRUWHG DV RI VWURQJ LPSRUWDQFH LQ SODQW�PLFUREH LQWHUDFWLRQV �&DL

HW DO� ����� &KHQJ HW DO� ����� )DELDQ HW DO� ������ 'H 6RX]D HW DO� ������ UHSRUWHG

WKDW DPLQR DFLG WUDQVSRUWHUV DUH UHODWHG WR SODQW±PLFUREH LQWHUDFWLRQ DQG PLJKW EH

OLQNHG WR WKH UREXVW FRORQL]DWLRQ OLIHVW\OH�

$QRWKHU FDWHJRU\ RYHUUHSUHVHQWHG LV WKH ³6HFRQGDU\ PHWDEROLWHV

ELRV\QWKHVLV� WUDQVSRUW DQG FDWDEROLVP´ �4�� ZKLFK LQFOXGHV ELRV\QWKHVLV RI

QRQ�ULERVRPDO SHSWLGHV �135�� VLGHURSKRUHV� DQG VLJQDOLQJ PROHFXOHV

�DXWRLQGXFHUV� LQYROYHG LQ NH\ VWHSV RI WKH TXRUXP�VHQVLQJ SURFHVV �$SSHQGL[ (��

%DFWHULDO VHFRQGDU\ PHWDEROLWHV VHUYH DV D VLJQLILFDQW UHVHUYRLU RI DQWLPLFURELDOV DQG

RWKHU ELRDFWLYH FRPSRXQGV �&KHYUHWWH HW DO� ������ 7KHVH FRPSRXQGV SOD\ FUXFLDO

UROHV LQ PLFURELDO LQWHUDFWLRQV E\ PHGLDWLQJ UKL]RVSKHUH FRPSHWLWLRQ �$QGULü HW DO�

����� %KDW HW DO� ����� DQG UHVSRQGLQJ WR HQYLURQPHQWDO FKDQJHV �.LP HW DO� ������

7KH SURGXFWLRQ RI WKHVH PHWDEROLWHV LV RIWHQ UHJXODWHG� LQ SDUW� WKURXJK SURFHVVHV

VXFK DV TXRUXP VHQVLQJ� HPSKDVL]LQJ WKHLU UROH LQ EDFWHULDO FRPPXQLFDWLRQ DQG

DGDSWDWLRQ�
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,Q WKH FDWHJRU\ 
/LSLG WUDQVSRUW DQG PHWDEROLVP
 �,�� ZKLFK HQFRPSDVVHV

SURFHVVHV UHODWHG WR WKH EUHDNGRZQ RI IDWW\ DFLGV� OLSLG V\QWKHVLV� DQG WUDQVSRUW� ZH

LGHQWLILHG JHQHV DVVRFLDWHG ZLWK WKH ELRV\QWKHVLV RI SK\WRHQH� DQ LVRSUHQRLG WKDW

VHUYHV DV D SUHFXUVRU IRU YDULRXV FDURWHQRLGV� $GGLWLRQDOO\� ZH IRXQG JHQHV HQFRGLQJ

IDWW\ DFLG GHVDWXUDVH HQ]\PHV� ZKLFK SOD\ D FUXFLDO UROH LQ WKH V\QWKHVLV RI

XQVDWXUDWHG IDWW\ DFLGV� /LSLGHV SOD\ VHYHUDO UROHV LQ SODQW�PLFUREH DVVRFLDWLRQ� VRPH

RI WKHLU NH\ IXQFWLRQV LQFOXGH VWUHVV WROHUDQFH �5RMDV�6ROLV HW DO� ������ LQGXFLQJ

V\VWHPLF UHVLVWDQFH� XQVDWXUDWHG IDWW\ DFLGV SURGXFHG E\ 3*3% FDQ WULJJHU V\VWHPLF

UHVLVWDQFH LQ SODQWV �0DFDEXKD\ HW DO� ������ ELRILOP IRUPDWLRQ� OLSLGV DUH

FRPSRQHQWV LQ D ELRILOP PDWUL[� DQG JHQHUDOO\ DFW DV ELRVXUIDFWDQW SURYLGLQJ

GLVSHUVDO DQG ELRDYDLODELOLW\ RI K\GURSKRELF VXEVWDQFHV� DQG EDFWHULDO DWWDFKPHQW�

SRRUO\ H[SORUHG LQ SODQW�PLFUREH DVVRFLDWLRQ �%RJLQR HW DO� ������

7KH &2*V EHORQJLQJ WR ³6LJQDO WUDQVGXFWLRQ PHFKDQLVPV´ �7� DUH SULPDULO\

DVVRFLDWHG ZLWK VHQVRU SURWHLQV WKDW SDUWLFLSDWH LQ YDULRXV FHOOXODU SURFHVVHV�

LQFOXGLQJ FKHPRWD[LV SURWHLQV�

7KH ³7UDQVFULSWLRQ �.�´ FDWHJRU\ FDQ EH UHODWHG WR WKH UHJXODWLRQ RI TXRUXP

VHQVLQJ DQG PRWLOLW\� $GGLWLRQDOO\� WKLV FDWHJRU\ LQFOXGHV SURWHLQV ZLWK GRPDLQV IRU

ELQGLQJ WR D YDULHW\ RI OLJDQGV� VXFK DV D 6ROXWH�ELQGLQJ SURWHLQ �6%3� SUHGLFWHG WR

ELQG VSHFLILFDOO\ RQO\ WR DPLQR DFLGV �6%3BEDFB�� �2UWHJD HW DO� ������ �7KH /\V5� D

WUDQVFULSWLRQDO UHJXODWRU �75� IRXQG ZLWKLQ WKLV FDWHJRU\� UHSUHVHQWV WKH PRVW

DEXQGDQW W\SH RI 75 LQ SURNDU\RWHV� ,W PHGLDWHV D FHOO
V UHVSRQVH WR FKDQJHV LQ LWV

HQYLURQPHQW E\ UHJXODWLQJ D GLYHUVH VHW RI JHQHV� LQFOXGLQJ WKRVH LQYROYHG LQ

YLUXOHQFH� PHWDEROLVP� TXRUXP VHQVLQJ� DQG PRWLOLW\ �0DGGRFNV DQG 2\VWRQ ������

�� &21&/86,21

,Q RXU ZRUN� XVLQJ WKH DYDLODEOH GDWDVHWV� ZH REVHUYHG WKDW UDQGRP IRUHVW

�5)� VOLJKWO\ RXWSHUIRUPHG ORJLVWLF UHJUHVVLRQ� SDUWLFXODUO\ LQ WHUPV RI $UHD 8QGHU WKH

52& &XUYH� +RZHYHU� IXUWKHU HIIRUWV DUH QHHGHG� VXFK DV WKH DOJRULWKP SDUDPHWHUV

WXQLQJ� DQG WKUHVKROGV UHYLHZLQJ� WR LPSURYH WKH DFFXUDF\ RI RXU FODVVLILHUV¶ PRGHOV�

,Q DGGLWLRQ� ZH DOVR QHHG PRUH UHSUHVHQWDWLYH JHQRPHV WR LQFUHDVH WKH QXPEHU RI

LQVWDQFHV LQ JHQXV�VSHFLILF GDWDVHWV DQG WR DYRLG WKH 
FXUVH RI GLPHQVLRQDOLW\�
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HQDEOLQJ XV WR H[WUDFW PRUH LQIRUPDWLYH IHDWXUHV� (YHQ VR� RYHUDOO� WKLV VWXG\

SURYLGHV D VLJQLILFDQW VHW RI IXQFWLRQDO FDWHJRULHV UHODWHG WR SODQW�DVVRFLDWHG EDFWHULDO

JHQRPHV� VKHGGLQJ OLJKW RQ JHQRPLF IHDWXUHV WKDW UHYHDO EDFWHULDO DGDSWDWLRQV WR

LQKDELW SODQWV� 7KHVH FDWHJRULHV LQFOXGH ³$PLQR $FLG 7UDQVSRUW DQG 0HWDEROLVP �(�´�

³/LSLG 7UDQVSRUW DQG 0HWDEROLVP �,�´� ³6HFRQGDU\ 0HWDEROLWHV %LRV\QWKHVLV�

7UDQVSRUW DQG &DWDEROLVP �4�´� ³7UDQVFULSWLRQ �.�´� DQG ³6LJQDO 7UDQVGXFWLRQ

0HFKDQLVPV �7�´� $ IRFXVHG HIIRUW RQ WKH VSHFLILF FKDUDFWHUL]DWLRQ RI WKH UHVXOWV IRU

HDFK JHQXV LV FUXFLDO WR IXUWKHU H[WHQG RXU NQRZOHGJH DERXW WKH VSHFLILF VWUDWHJLHV

DQG PHFKDQLVPV XVHG IRU HDFK JHQXV WR LQWHUDFW ZLWK SODQW KRVWV�
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$EGHO�5DKPDQ +0� 6DOHP $$� 0RXVWDID 00$� (O�*DUK\ +$6 ������ $ QRYLFH
$FKURPREDFWHU VS� (0&&���� VWUDLQ DFWV DV D SODQW�JURZWK�SURPRWLQJ DJHQW� $FWD
3K\VLRORJLDH 3ODQWDUXP ��� ��� KWWSV���GRL�RUJ���������V����������������

$MPDO $:� <DVPLQ +� +DVVDQ 01� .KDQ 1� -DQ %/� 0XPWD] 6 ������ +HDY\
0HWDO±5HVLVWDQW 3ODQW *URZWK±3URPRWLQJ &LWUREDFWHU ZHUNPDQLL 6WUDLQ ::1� DQG
(QWHUREDFWHU FORDFDH 6WUDLQ -:0� (QKDQFH :KHDW �7ULWLFXP DHVWLYXP /�� *URZWK
E\ 0RGXODWLQJ 3K\VLRORJLFDO $WWULEXWHV DQG 6RPH .H\ $QWLR[LGDQWV 8QGHU
0XOWL�0HWDO 6WUHVV� )URQWLHUV LQ 0LFURELRORJ\ ��� �������
KWWSV���GRL�RUJ���������IPLFE������������

$QGULü 6� 5LJROHW $� $UJ�HOOHV $ULDV $� 6WHHOV 6� +RII *� %DOOHX[ *� 2QJHQD /�
+|IWH 0� 0H\HU 7� 2QJHQD 0 ������ 3ODQW�DVVRFLDWHG %DFLOOXV PRELOL]HV LWV
VHFRQGDU\ PHWDEROLWHV XSRQ SHUFHSWLRQ RI WKH VLGHURSKRUH S\RFKHOLQ SURGXFHG E\ D
3VHXGRPRQDV FRPSHWLWRU� 7KH ,60( -RXUQDO�
KWWSV���GRL�RUJ���������V�����������������

%DUUHWW 7� &ODUN .� *HYRUJ\DQ 5� *RUHOHQNRY 9� *ULERY (� .DUVFK�0L]UDFKL ,�
.LPHOPDQ 0� 3UXLWW .'� 5HVHQFKXN 6� 7DWXVRYD 7� <DVFKHQNR (� 2VWHOO - ������
%LR3URMHFW DQG %LR6DPSOH GDWDEDVHV DW 1&%,� IDFLOLWDWLQJ FDSWXUH DQG RUJDQL]DWLRQ
RI PHWDGDWD� 1XFOHLF $FLGV 5HVHDUFK ��� '��±'���
KWWSV���GRL�RUJ���������QDU�JNU����

%HQWRQ %� .LQJ 6� *UHHQILHOG 65� 3XWKXYHHWLO 1� 5HHVH $/� 'XQFDQ -� 0DUORZ 5�
7DEURQ &� 3LHUROD $(� <DUPRVK -U '$� RWKHUV ������ 7KH $7&& *HQRPH 3RUWDO�
PLFURELDO JHQRPH UHIHUHQFH VWDQGDUGV ZLWK GDWD SURYHQDQFH� 0LFURELRORJ\
5HVRXUFH $QQRXQFHPHQWV ��� H���������

%KDW %$� 7DULT /� 1LVVDU 6� ,VODP 67� ,VODP 68� 0DQJUDO =� ,O\DV 1� 6D\\HG 5=�
0XWKXVDP\ *� .LP :� 'DU 78+ ������ 7KH UROH RI SODQWòDVVRFLDWHG UKL]REDFWHULD
LQ SODQW JURZWK� ELRFRQWURO DQG DELRWLF VWUHVV PDQDJHPHQW� -RXUQDO RI $SSOLHG
0LFURELRORJ\ ���� ����±����� KWWSV���GRL�RUJ���������MDP������

%KLVH ..� %KDJZDW 3.� 'DQGJH 3% ������ 6\QHUJLVWLF HIIHFW RI &KU\VHREDFWHULXP
JOHXP VS� 68. ZLWK $&& GHDPLQDVH DFWLYLW\ LQ DOOHYLDWLRQ RI VDOW VWUHVV DQG SODQW
JURZWK SURPRWLRQ LQ 7ULWLFXP DHVWLYXP /� � %LRWHFK �� ����
KWWSV���GRL�RUJ���������V����������������

%LJJV 0%� &UDLJ .� *DFKDQJR (� ,QJKDP '� 7ZL]H\LPDQD 0 ������ *HQRPLFV� DQG
0DFKLQH /HDUQLQJ�$FFHOHUDWHG 'LVFRYHU\ RI %LRFRQWURO %DFWHULD� 3K\WRELRPHV
-RXUQDO �� ���±���� KWWSV���GRL�RUJ���������3%,20(6������������5

%RJLQR 3� 2OLYD 0� 6RUURFKH )� *LRUGDQR : ������ 7KH 5ROH RI %DFWHULDO %LRILOPV
DQG 6XUIDFH &RPSRQHQWV LQ 3ODQW�%DFWHULDO $VVRFLDWLRQV� ,QWHUQDWLRQDO -RXUQDO RI
0ROHFXODU 6FLHQFHV ��� �����±������ KWWSV���GRL�RUJ���������LMPV���������

%UHLPDQ / ������ 5DQGRP )RUHVWV� 0DFKLQH /HDUQLQJ ��� �±���
KWWSV���GRL�RUJ���������$��������������
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%U\QLOGVUXG 2� %RKOLQ -� 6FKHIIHU /� (OGKROP 9 ������ 5DSLG VFRULQJ RI JHQHV LQ
PLFURELDO SDQ�JHQRPH�ZLGH DVVRFLDWLRQ VWXGLHV ZLWK 6FRDU\� *HQRPH %LRORJ\ ���
���� KWWSV���GRL�RUJ���������V����������������

%XFKILQN %� ;LH &� +XVRQ '+ ������ )DVW DQG VHQVLWLYH SURWHLQ DOLJQPHQW XVLQJ
',$021'� 1DWXUH 0HWKRGV ��� ��±��� KWWSV���GRL�RUJ���������QPHWK�����

&DL +� %DL <� *XR & ������ &RPSDUDWLYH JHQRPLFV RI ��� SODQW�DVVRFLDWHG EDFWHULD
UHYHDO SXWDWLYH PHFKDQLVPV XQGHUO\LQJ VSHFLILF LQWHUDFWLRQV EHWZHHQ EDFWHULD DQG
SODQW KRVWV� *HQHV 	 *HQRPLFV ��� ���±����
KWWSV���GRL�RUJ���������V����������������

&KHQJ <7� =KDQJ /� +H 6< ������ 3ODQW�0LFUREH ,QWHUDFWLRQV )DFLQJ
(QYLURQPHQWDO &KDOOHQJH� &HOO +RVW 	 0LFUREH ��� ���±����
KWWSV���GRL�RUJ���������M�FKRP������������

&KHYUHWWH 0*� 7KRPDV &6� +XUOH\ $� 5RVDULR�0HOpQGH] 1� 6DQNDUDQ .� 7X <� +DOO
$� 0DJHVK 6� +DQGHOVPDQ - ������ 0LFURELRPH FRPSRVLWLRQ PRGXODWHV VHFRQGDU\
PHWDEROLVP LQ D PXOWLVSHFLHV EDFWHULDO FRPPXQLW\� 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\ RI 6FLHQFHV ���� H�����������
KWWSV���GRL�RUJ���������SQDV�����������

&XL *� <LQ .� /LQ 1� /LDQJ 0� +XDQJ &� &KDQJ &� ;L 3� 'HQJ < ������ %XUNKROGHULD
JODGLROL &*%��� $ 1RYHO 6WUDLQ %LRFRQWUROOLQJ WKH 6XJDUFDQH 6PXW 'LVHDVH�
0LFURRUJDQLVPV �� ����� KWWSV���GRL�RUJ���������PLFURRUJDQLVPV�������

'tD]�9DOOH $� /ySH]�&DOOHMD $&� $OYDUH]�9HQHJDV 5 ������ (QKDQFHPHQW RI
3DWKRJHQ 5HVLVWDQFH LQ &RPPRQ %HDQ 3ODQWV E\ ,QRFXODWLRQ :LWK 5KL]RELXP HWOL�
)URQWLHUV LQ 3ODQW 6FLHQFH ��� ����� KWWSV���GRL�RUJ���������ISOV�����������

(PPV '0� .HOO\ 6 ������ 2UWKR)LQGHU� SK\ORJHQHWLF RUWKRORJ\ LQIHUHQFH IRU
FRPSDUDWLYH JHQRPLFV� *HQRPH ELRORJ\ ��� �±���

)DELDQ %.� )RVWHU &� $VKHU $-� (OERXUQH /'+� &DLQ $.� +DVVDQ .$� 7HWX 6*�
3DXOVHQ ,7 ������ (OXFLGDWLQJ (VVHQWLDO *HQHV LQ 3ODQW�$VVRFLDWHG 3VHXGRPRQDV
SURWHJHQV 3I�� 8VLQJ 7UDQVSRVRQ ,QVHUWLRQ 6HTXHQFLQJ� *DOSHULQ 0< �(G���
-RXUQDO RI %DFWHULRORJ\ ���� KWWSV���GRL�RUJ���������-%���������

)ULHGPDQ -� +DVWLH 7� 7LEVKLUDQL 5� 1DUDVLPKDQ %� 7D\ .� 6LPRQ 1� 4LDQ - ������
3DFNDJH µJOPQHW�¶ &5$1 5 5HSRVLWDU\�

+DVVDQL 0$� 'XUiQ 3� +DFTXDUG 6 ������ 0LFURELDO LQWHUDFWLRQV ZLWKLQ WKH SODQW
KRORELRQW� 0LFURELRPH �� ��� KWWSV���GRL�RUJ���������V����������������

+DVVDQL 0$� g]NXUW (� 6H\EROG +� 'DJDQ 7� 6WXNHQEURFN (+ ������ ,QWHUDFWLRQV
DQG &RDGDSWDWLRQ LQ 3ODQW 0HWDRUJDQLVPV� $QQXDO 5HYLHZ RI 3K\WRSDWKRORJ\ ���
���±���� KWWSV���GRL�RUJ���������DQQXUHY�SK\WR��������������

+HR $<� .RR <0� &KRL +: ������ %LRORJLFDO &RQWURO $FWLYLW\ RI 3ODQW *URZWK
3URPRWLQJ 5KL]REDFWHULD %XUNKROGHULD FRQWDPLQDQV $<��� DJDLQVW 7RPDWR
)XVDULXP :LOW DQG %DFWHULDO 6SHFN 'LVHDVHV� %LRORJ\ ��� ����
KWWSV���GRL�RUJ���������ELRORJ\��������

+HUQiQGH] 0HGLQD 5� .XWX]RYD 6� 1LHOVHQ .1� -RKDQVHQ -� +DQVHQ /+� 1LHOVHQ



��

0� 5DVPXVVHQ 6 ������ 0DFKLQH OHDUQLQJ DQG GHHS OHDUQLQJ DSSOLFDWLRQV LQ
PLFURELRPH UHVHDUFK� ,60( &RPPXQLFDWLRQV �� ���
KWWSV���GRL�RUJ���������V�����������������

+XGD 1 XO� 7DQYLU 5� %DGDU -� $OL ,� 5HKPDQ < ������ $UVHQLF�5HVLVWDQW 3ODQW
*URZWK 3URPRWLQJ 3VHXGR[DQWKRPRQDV PH[LFDQD 6��� DQG 6WHQRWURSKRPRQDV
PDOWRSKLOLD 6��� ,VRODWHG IURP $JULFXOWXUH 6RLO &RQWDPLQDWHG E\ ,QGXVWULDO (IIOXHQW�
6XVWDLQDELOLW\ ��� ������ KWWSV���GRL�RUJ���������VX���������

+XHUWD�&HSDV -� )RUVOXQG .� &RHOKR /3� 6]NODUF]\N '� -HQVHQ /-� YRQ 0HULQJ &�
%RUN 3 ������ )DVW *HQRPH�:LGH )XQFWLRQDO $QQRWDWLRQ WKURXJK 2UWKRORJ\
$VVLJQPHQW E\ HJJ12*�0DSSHU� 0ROHFXODU %LRORJ\ DQG (YROXWLRQ ���
����±����� KWWSV���GRL�RUJ���������PROEHY�PV[���

+XHUWD�&HSDV -� 6]NODUF]\N '� +HOOHU '� +HUQiQGH]�3OD]D $� )RUVOXQG 6.� &RRN +�
0HQGH '5� /HWXQLF ,� 5DWWHL 7� -HQVHQ /-� YRQ�0HULQJ &� %RUN 3 ������ HJJ12*
���� D KLHUDUFKLFDO� IXQFWLRQDOO\ DQG SK\ORJHQHWLFDOO\ DQQRWDWHG RUWKRORJ\ UHVRXUFH
EDVHG RQ ���� RUJDQLVPV DQG ���� YLUXVHV� 1XFOHLF $FLGV 5HVHDUFK ���
'���±'���� KWWSV���GRL�RUJ���������QDU�JN\����

,YHV $5� *DUODQG 7 ������ 3K\ORJHQHWLF /RJLVWLF 5HJUHVVLRQ IRU %LQDU\ 'HSHQGHQW
9DULDEOHV� 6\VWHPDWLF %LRORJ\ ��� �±��� KWWSV���GRL�RUJ���������V\VELR�V\S���

.LP <&� /HYHDX -� 0F6SDGGHQ *DUGHQHU %%� 3LHUVRQ ($� 3LHUVRQ /6� 5\X &�0
������ 7KH 0XOWLIDFWRULDO %DVLV IRU 3ODQW +HDOWK 3URPRWLRQ E\ 3ODQW�$VVRFLDWHG
%DFWHULD� $SSOLHG DQG (QYLURQPHQWDO 0LFURELRORJ\ ��� ����±�����
KWWSV���GRL�RUJ���������$(0���������

.XKQ 0 ������ %XLOGLQJ SUHGLFWLYH PRGHOV LQ 5 XVLQJ WKH FDUHW SDFNDJH� -RXUQDO RI
VWDWLVWLFDO VRIWZDUH ��� �±���

/HY\ $� 6DODV *RQ]DOH] ,� 0LWWHOYLHIKDXV 0� &OLQJHQSHHO 6� +HUUHUD 3DUHGHV 6�
0LDR -� :DQJ .� 'HYHVFRYL *� 6WLOOPDQ .� 0RQWHLUR ) HW DO� ������ *HQRPLF
IHDWXUHV RI EDFWHULDO DGDSWDWLRQ WR SODQWV� 1DWXUH *HQHWLFV ��� ���±����
KWWSV���GRL�RUJ���������V����������������

/LDZ $� :LHQHU 0 ������ &ODVVLILFDWLRQ DQG 5HJUHVVLRQ E\ UDQGRP)RUHVW� 5 1HZV
�� ��±���

0DFDEXKD\ $� $UVRYD %� :DONHU 5� -RKQVRQ $� :DWW 0� 5RHVVQHU 8 ������
0RGXODWRUV RU IDFLOLWDWRUV" 5ROHV RI OLSLGV LQ SODQW URRW±PLFUREH LQWHUDFWLRQV� 7UHQGV
LQ 3ODQW 6FLHQFH ��� ���±���� KWWSV���GRL�RUJ���������M�WSODQWV������������

0DGGRFNV 6(� 2\VWRQ 3&) ������ 6WUXFWXUH DQG IXQFWLRQ RI WKH /\V5�W\SH
WUDQVFULSWLRQDO UHJXODWRU �/775� IDPLO\ SURWHLQV� 0LFURELRORJ\ ���� ����±�����
KWWSV���GRL�RUJ���������PLF����������������

0DQQL 0� %HUNHOH\ 05� 6HSSH\ 0� 6LPmR )$� =GREQRY (0 ������ %86&2
8SGDWH� 1RYHO DQG 6WUHDPOLQHG :RUNIORZV DORQJ ZLWK %URDGHU DQG 'HHSHU
3K\ORJHQHWLF &RYHUDJH IRU 6FRULQJ RI (XNDU\RWLF� 3URNDU\RWLF� DQG 9LUDO *HQRPHV�
.HOOH\ - �(G��� 0ROHFXODU %LRORJ\ DQG (YROXWLRQ ��� ����±�����
KWWSV���GRL�RUJ���������PROEHY�PVDE���



���

0DUNRZLW] 90� &KHQ ,�0$� 3DODQLDSSDQ .� &KX .� 6]HWR (� *UHFKNLQ <� 5DWQHU $�
-DFRE %� +XDQJ -� :LOOLDPV 3� +XQWHPDQQ 0� $QGHUVRQ ,� 0DYURPDWLV .� ,YDQRYD
11� .\USLGHV 1& ������ ,0*� WKH LQWHJUDWHG PLFURELDO JHQRPHV GDWDEDVH DQG
FRPSDUDWLYH DQDO\VLV V\VWHP� 1XFOHLF $FLGV 5HVHDUFK ��� '���±'����
KWWSV���GRL�RUJ���������QDU�JNU����

0DUWtQH]�*DUFtD 30� /ySH]�6RODQLOOD (� 5DPRV &� 5RGUtJXH]�3DOHQ]XHOD 3 ������
3UHGLFWLRQ RI EDFWHULDO DVVRFLDWLRQV ZLWK SODQWV XVLQJ D VXSHUYLVHG PDFKLQH�OHDUQLQJ
DSSURDFK� 3UHGLFWLRQ RI EDFWHULDO DVVRFLDWLRQV ZLWK SODQWV� (QYLURQPHQWDO
0LFURELRORJ\ ��� ����±����� KWWSV���GRL�RUJ������������������������

WH 0ROGHU '� 3RQFKHHZLQ :� 6FKDDS 3-� .RHKRUVW -- ������ 0DFKLQH OHDUQLQJ
DSSURDFKHV WR SUHGLFW WKH 3ODQW�DVVRFLDWHG SKHQRW\SH RI ;DQWKRPRQDV VWUDLQV�
%0& *HQRPLFV ��� ���� KWWSV���GRL�RUJ���������V�����������������

2UWHJD È� 0DWLOOD 0$� .UHOO 7 ������ 7KH 5HSHUWRLUH RI 6ROXWH�%LQGLQJ 3URWHLQV RI
0RGHO %DFWHULD 5HYHDOV /DUJH 'LIIHUHQFHV LQ 1XPEHU� 7\SH� DQG /LJDQG 5DQJH�
*DR % �(G��� 0LFURELRORJ\ 6SHFWUXP ��� H���������
KWWSV���GRL�RUJ���������VSHFWUXP���������

3RQFKHHZLQ :� YDQ 'LHSHQLQJHQ $'� YDQ GHU /HH 7$-� 6XDUH]�'LH] 0� 6FKDDS 3-
������ &ODVVLILFDWLRQ RI WKH SODQW�DVVRFLDWHG OLIHVW\OH RI 3VHXGRPRQDV VWUDLQV XVLQJ
JHQRPH SURSHUWLHV DQG PDFKLQH OHDUQLQJ� 6FLHQWLILF 5HSRUWV ��� ������
KWWSV���GRL�RUJ���������V�����������������

5 &RUH 7HDP ������ 5� $ /DQJXDJH DQG (QYLURQPHQW IRU 6WDWLVWLFDO &RPSXWLQJ� 5
)RXQGDWLRQ IRU 6WDWLVWLFDO &RPSXWLQJ� 9LHQQD� $XVWULD� $YDLODEOH IURP�
KWWSV���ZZZ�5�SURMHFW�RUJ��

5RMDV�6ROLV '� 9HQFHV�*X]PiQ 0$� 6RKOHQNDPS &� 6DQWR\R * ������ %DFLOOXV
WR\RQHQVLV &23(�� 0RGLILHV /LSLG DQG )DWW\ $FLG &RPSRVLWLRQ� ([KLELWV $QWLIXQJDO
$FWLYLW\� DQG 6WLPXODWHV *URZWK RI 7RPDWR 3ODQWV 8QGHU 6DOLQH &RQGLWLRQV� &XUUHQW
0LFURELRORJ\ ��� ����±����� KWWSV���GRL�RUJ���������V�����������������

6HHPDQQ 7 ������ 3URNND� UDSLG SURNDU\RWLF JHQRPH DQQRWDWLRQ� %LRLQIRUPDWLFV
��� ����±����� KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWX���

6LQJK 3� 6LQJK 5.� /L +�%� *XR '�-� 6KDUPD $� /DNVKPDQDQ 3� 0DOYL\D 0.� 6RQJ
;�3� 6RODQNL 0.� 9HUPD ..� <DQJ /�7� /L <�5 ������ 'LD]RWURSKLF %DFWHULD 3DQWRHD
GLVSHUVD DQG (QWHUREDFWHU DVEXULDH 3URPRWH 6XJDUFDQH *URZWK E\ ,QGXFLQJ
1LWURJHQ 8SWDNH DQG 'HIHQVH�5HODWHG *HQH ([SUHVVLRQ� )URQWLHUV LQ
0LFURELRORJ\ ��� ������� KWWSV���GRL�RUJ���������IPLFE������������

GH 6RX]D 56&� $UPDQKL -6/� 'DPDVFHQR 1 GH %� ,PSHULDO -� $UUXGD 3 ������
*HQRPH 6HTXHQFHV RI D 3ODQW %HQHILFLDO 6\QWKHWLF %DFWHULDO &RPPXQLW\ 5HYHDO
*HQHWLF )HDWXUHV IRU 6XFFHVVIXO 3ODQW &RORQL]DWLRQ� )URQWLHUV LQ 0LFURELRORJ\ ���
����� KWWSV���GRL�RUJ���������IPLFE�����������

7HKHUDQ�6LHUUD /*� )XQQLFHOOL 0,*� GH &DUYDOKR /$/� )HUUR 0,7� 6RDUHV 0$�
3LQKHLUR '* ������ %DFWHULDO FRPPXQLWLHV DVVRFLDWHG ZLWK VXJDUFDQH XQGHU
GLIIHUHQW DJULFXOWXUDO PDQDJHPHQW H[KLELW D GLYHUVLW\ RI SODQW JURZWK�SURPRWLQJ WUDLWV
DQG HYLGHQFH RI V\QHUJLVWLF HIIHFW� 0LFURELRORJLFDO 5HVHDUFK ���� �������
KWWSV���GRL�RUJ���������M�PLFUHV������������



���

7KUDOO 3+� +RFKEHUJ 0(� %XUGRQ --� %HYHU -' ������ &RHYROXWLRQ RI V\PELRWLF
PXWXDOLVWV DQG SDUDVLWHV LQ D FRPPXQLW\ FRQWH[W� 7UHQGV LQ (FRORJ\ 	 (YROXWLRQ
��� ���±���� KWWSV���GRL�RUJ���������M�WUHH������������

7ULYHGL 3� /HDFK -(� 7ULQJH 6*� 6D 7� 6LQJK %. ������ 3ODQW±PLFURELRPH
LQWHUDFWLRQV� IURP FRPPXQLW\ DVVHPEO\ WR SODQW KHDOWK� 1DWXUH 5HYLHZV
0LFURELRORJ\ ��� ���±���� KWWSV���GRL�RUJ���������V����������������

:X /� 6XQ 4� 'HVPHWK 3� 6XJDZDUD +� ;X =� 0F&OXVNH\ .� 6PLWK '� $OH[DQGHU 9�
/LPD 1� 2KNXPD 0� 5REHUW 9� =KRX <� /L -� )DQ *� ,QJVULVZDQJ 6� 2]HUVND\D 6�
0D - ������ :RUOG GDWD FHQWUH IRU PLFURRUJDQLVPV� DQ LQIRUPDWLRQ LQIUDVWUXFWXUH WR
H[SORUH DQG XWLOL]H SUHVHUYHG PLFURELDO VWUDLQV ZRUOGZLGH� 1XFOHLF $FLGV 5HVHDUFK
��� '���±'���� KWWSV���GRL�RUJ���������QDU�JNZ���

:X /� 0F&OXVNH\ .� 'HVPHWK 3� /LX 6� +LGHDNL 6� <LQ <� 0RUL\D 2� ,WRK 7� .LP &<�
/HH -�6� HW DO� ������ 7KH JOREDO FDWDORJXH RI PLFURRUJDQLVPV ��. W\SH VWUDLQ
VHTXHQFLQJ SURMHFW� FORVLQJ WKH JHQRPLF JDSV IRU WKH YDOLGO\ SXEOLVKHG SURNDU\RWLF
DQG IXQJL VSHFLHV� *LJD6FLHQFH �� KWWSV���GRL�RUJ���������JLJDVFLHQFH�JL\���

=KDQJ 1� <DQJ '� .HQGDOO -5$� %RUULVV 5� 'UX]KLQLQD ,6� .XELFHN &3� 6KHQ 4�
=KDQJ 5 ������ &RPSDUDWLYH *HQRPLF $QDO\VLV RI %DFLOOXV DP\OROLTXHIDFLHQV DQG
%DFLOOXV VXEWLOLV 5HYHDOV (YROXWLRQDO 7UDLWV IRU $GDSWDWLRQ WR 3ODQW�$VVRFLDWHG
+DELWDWV� )URQWLHUV LQ 0LFURELRORJ\ �� KWWSV���GRL�RUJ���������IPLFE�����������



���
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7KH DSSHQGLFHV IRU WKLV FKDSWHU DUH DYDLODEOH RQ =HQRGR� DQ RSHQ�DFFHVV

JHQHUDO�SXUSRVH UHSRVLWRU\ PDLQWDLQHG E\ 2SHQ$,5( DQG &(51� 7KLV UHSRVLWRU\

DOORZV WKH GHSRVLW RI UHVHDUFK DUWLFOHV� GDWDVHWV� UHVHDUFK VRIWZDUH� UHSRUWV� DQG DQ\

RWKHU GLJLWDO DUWLIDFWV UHODWHG WR UHVHDUFK�

$FFHVV WR WKH DSSHQGLFHV IRU WKLV FKDSWHU FDQ EH IRXQG DW WKH IROORZLQJ SHUPDQHQW

OLQN� KWWSV���GRL�RUJ���������]HQRGR���������

$SSHQGL[ $� /LVW RI DOO EDFWHULDO JHQRPHV XVHG LQ RUWKRORJRXV JHQHV FOXVWHULQJ LQ

WKH IHDWXUH H[WUDFWLRQ VWHS DQG LQ WKH IXUWKHU VWHSV WR EXLOG DQG WHVW FODVVLILHUV¶

PRGHOV� 7KH OLVW LQFOXGHV WKH LVRODWLRQ VRXUFH LQIRUPDWLRQ DQG WKH UHODWHG FDWHJRU\ IRU

WKH JHQRPH FODVVLILFDWLRQ DQG IHDWXUHV VHOHFWLRQ SXUSRVHV�

$SSHQGL[ % � 'LVWULEXWLRQ RI JHQRPHV E\ SK\OXP� IDPLO\� DQG JHQXV DPRQJ WKH

FDWHJRULHV GHILQHG DFFRUGLQJ WR EDFWHULD OLIHVW\OH DVVRFLDWLRQ�

$SSHQGL[ &� (QULFKHG RUWKRJURXSV E\ JHQXV DFFRUGLQJ WR HDFK HQULFKPHQW WHVW

�0DWHULDO DQG 0HWKRGV�� 9DOXHV IRU HDFK WHVW DUH �<� �HQULFKHG�� �1� �QRW HQULFKHG��

RU �8QWHVWHG� �FOXVWHUV ZHUH XQWHVWHG ZKHQ WKHUH ZDV LQVXIILFLHQW SK\ORJHQHWLF

VLJQDO� WKH\ ZHUH WRR VPDOO RU ZHUH IRXQG LQ DOO JHQRPHV��

$SSHQGL[ '� &ODVVLILFDWLRQ SHUIRUPDQFH RI UDQGRP IRUHVW DQG ORJLVWLF UHJUHVVLRQ

WHFKQLTXHV DSSOLHG WR JHQXV�VSHFLILF GDWDVHWV RI JHQRPLF IHDWXUHV �RUWKRJURXSV�

XVLQJ ERWK PDWULFHV IURP JHQH FRXQW QXPEHU DQG SUHVHQFH�DEVHQFH YDOXHV�

6HQVLWLYLW\ LV D PHDVXUH RI KRZ ZHOO D WHVW LGHQWLILHV WUXH SRVLWLYHV� 6SHFLILFLW\� LV D

PHDVXUH RI KRZ ZHOO D WHVW RU PRGHO DYRLGV IDOVH SRVLWLYHV� 3RVLWLYH 3UHGLFWLYH 9DOXH

�3RV� 3UHG� 9DOXH�� 7KH SUREDELOLW\ WKDW D SRVLWLYH SUHGLFWLRQ LV FRUUHFW� 1HJDWLYH

3UHGLFWLYH 9DOXH �1HJ� 3UHG� 9DOXH�� 7KH SUREDELOLW\ WKDW D QHJDWLYH SUHGLFWLRQ LV

FRUUHFW� 3UHFLVLRQ� 7KH DFFXUDF\ RI SRVLWLYH SUHGLFWLRQV� 5HFDOO �6HQVLWLYLW\�� 7KH

DELOLW\ WR ILQG DOO UHOHYDQW FDVHV� )� 6FRUH� $ FRPELQHG PHDVXUH RI SUHFLVLRQ DQG

UHFDOO� 3UHYDOHQFH� 7KH SURSRUWLRQ RI SRVLWLYH FDVHV LQ WKH WRWDO� 'HWHFWLRQ 5DWH� 7KH

SURSRUWLRQ RI WUXH SRVLWLYH FDVHV LGHQWLILHG� 'HWHFWLRQ 3UHYDOHQFH� 7KH SURSRUWLRQ RI

SRVLWLYH SUHGLFWLRQV� %DODQFHG $FFXUDF\� $Q DYHUDJH RI VHQVLWLYLW\ DQG VSHFLILFLW\�



���

$UHD 8QGHU WKH &XUYH �$8&�� 7KH RYHUDOO SHUIRUPDQFH RI WKH PRGHO LQ GLVWLQJXLVKLQJ

EHWZHHQ SRVLWLYH DQG QHJDWLYH FDVHV�

$SSHQGL[ (� 2UWKRJURXSV DVVLJQHG ZLWK SUHGLFWHG &2*V DV DQ LPSRUWDQW IHDWXUH IRU

FODVVLI\LQJ SODQW�DVVRFLDWHG JHQRPHV� &2* FDWHJRULHV� $ � 51$ SURFHVVLQJ DQG

PRGLILFDWLRQ� % � &KURPDWLQ VWUXFWXUH DQG G\QDPLFV� & � (QHUJ\ SURGXFWLRQ DQG

FRQYHUVLRQ� ' � &HOO F\FOH FRQWURO� FHOO GLYLVLRQ� FKURPRVRPH SDUWLWLRQLQJ� ( � $PLQR

DFLG WUDQVSRUW DQG PHWDEROLVP� ) � 1XFOHRWLGH WUDQVSRUW DQG PHWDEROLVP� * �

&DUERK\GUDWH WUDQVSRUW DQG PHWDEROLVP� + � &RHQ]\PH WUDQVSRUW DQG PHWDEROLVP� , �

/LSLG WUDQVSRUW DQG PHWDEROLVP� - � 7UDQVODWLRQ� ULERVRPDO VWUXFWXUH DQG ELRJHQHVLV�

. � 7UDQVFULSWLRQ� / � 5HSOLFDWLRQ� UHFRPELQDWLRQ DQG UHSDLU� 0 � &HOO

ZDOO�PHPEUDQH�HQYHORSH ELRJHQHVLV� 1 � &HOO PRWLOLW\� 2 � 3RVWWUDQVODWLRQDO

PRGLILFDWLRQ� SURWHLQ WXUQRYHU� FKDSHURQHV� 3 � ,QRUJDQLF LRQ WUDQVSRUW DQG

PHWDEROLVP� 4 � 6HFRQGDU\ PHWDEROLWHV ELRV\QWKHVLV� WUDQVSRUW DQG FDWDEROLVP� 5 �

*HQHUDO IXQFWLRQ SUHGLFWLRQ RQO\� 6 � )XQFWLRQ XQNQRZQ� 7 � 6LJQDO WUDQVGXFWLRQ

PHFKDQLVPV� 8 � ,QWUDFHOOXODU WUDIILFNLQJ� VHFUHWLRQ� DQG YHVLFXODU WUDQVSRUW� 9 �

'HIHQVH PHFKDQLVPV� : � ([WUDFHOOXODU VWUXFWXUHV� ; � 0RELORPH� SURSKDJHV�

WUDQVSRVRQV� < � 1XFOHDU VWUXFWXUH� = � &\WRVNHOHWRQ�
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