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)XQJL DUH WKH PDLQ GHFRPSRVHUV RI OLJQRFHOOXORVH LQ WHPSHUDWH IRUHVWV DQG DUH FODVVL

ILHG DV HLWKHU KLWH RU EUR Q URW EDVHG RQ WKH DELOLW WR GHJUDGH OLJQLQ DORQJ LWK

FHOOXORVH DQG KHPLFHOOXORVH ,Q WKLV RUN WKH GHFRPSRVLWLRQ RI 1RW RI JXV SXPLOLR

RRG E GLIIHUHQW RRG LQKDELWLQJ IXQJDO VSHFLHV DV LQYHVWLJDWHG WKURXJK L LWUR

DVVD V 6DS RRG DQG KHDUW RRG EORFNV HUH LQGLYLGXDOO H SRVHG WR IXQJDO VSH

FLHV WKH GU PDVV ORVV DV GHWHUPLQHG DIWHU DQG GD V RI H SRVXUH FRP

SDUDWLYHO DQDO LQJ WKH IXQJDO DELOLW WR FRORQL H DQG GHJUDGH WKLV OLJQRFHOOXORVLF

VXEVWUDWH FRUUHVSRQGLQJ WR ERWK SDUWV RI WKH RRG 7UDQVYHUVH VHFWLRQV RI WKH EORFNV

HUH PDGH DQG VHSDUDWHO VWDLQHG LWK W R W SHV RI G HV &RQJR UHG DQG SKORURJOX

FLQRO WKDW DUH VSHFLILFDOO DVVRFLDWHG LWK FHOOXORVH DQG OLJQLQ UHVSHFWLYHO 0RVW RI

WKH VSHFLHV VKR HG D GLIIHUHQW SHUIRUPDQFH LQ VDS RRG DQG KHDUW RRG 5 L RF HWH

EUX H XU WLSRUXV OEL XV DQG 3 HURF HWH HOXWL SURGXFHG WKH JUHDWHVW PDVV

ORVVHV LQ WKH VDS RRG 7KH ODVW W R DQG HWLSRUXV SRUWH WRVXV SURGXFHG WKH KLJKHVW

GU PDVV ORVVHV LQ KHDUW RRG KLOH 5 EUX H DV DPRQJ WKH RUVW GHFRPSRV

HUV RI WKLV VXEVWUDWH :KLWH URWV JHQHUDOO VKR HG D KLJKHU DELOLW WR GHJUDGH WKH
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VDS RRG DQG EUR Q URWWHUV WKH KHDUW RRG 7KH IXQJDO VSHFLHV SURGXFLQJ JUHDWHU

GU PDVV ORVVHV LQ KHDUW RRG WKDQ LQ VDS RRG JUR RQ KHDUW RRG RI OLYLQJ WUHHV

PRQJ KLWH URW IXQJL W R PRGHV RI DFWLRQ HUH LGHQWLILHG D ORFDOL HG GHJUDGD

WLRQ LWK RQHV RI DGYDQFHG GHFD LQ D OHVV GHWHULRUDWHG PDWUL DQG E KRPRJHQHRXV

GHJUDGDWLRQ LWK XQLIRUP GHFD 2XU UHVXOWV VKR HG WKDW PDQ VSHFLHV KDYH GLI

IHUHQW SHUIRUPDQFHV LQ GLIIHUHQW VXEVWUDWHV UHLQIRUFLQJ WKH LPSRUWDQFH RI DQDO LQJ

VDS RRG DQG KHDUW RRG GHFRPSRVLWLRQ VHSDUDWHO VRPHWKLQJ QRW XVXDOO GRQH LQ

WKLV NLQG RI VWXGLHV

.H RUG UR URW OLJKW D G IO RUHVFH W PLFURVFRS PDVV ORVV KLWH URW

5 6 1

/RV KRQJRV VRQ ORV SULQFLSDOHV GHVFRPSRQHGRUHV OLJQRFHOXOROtWLFRV GH ORV ERVTXHV

WHPSODGRV VH FODVLILFDQ HQ SXGULGRUHV EODQFRV R FDVWDxRV VHJ Q SXHGDQ R QR

GHJUDGDU OD OLJQLQD MXQWR FRQ OD FHOXORVD OD KHPLFHOXORVD (Q HVWH WUDEDMR OD GHV

FRPSRVLFLyQ GH OD PDGHUD GH 1RW RI JXV SXPLOLR SRU SDUWH GH GLIHUHQWHV HVSHFLHV

I QJLFDV IXH LQYHVWLJDGD PHGLDQWH HQVD RV L LWUR %ORTXHV GH DOEXUD GH GXUDPHQ

IXHURQ LQGLYLGXDOPHQWH H SXHVWRV D HVSHFLHV I QJLFDV OD SpUGLGD GH SHVR VHFR IXH

GHWHUPLQDGD D ORV GtDV DQDOL DQGR FRPSDUDWLYDPHQWH OD KDELOLGDG GH

ORV KRQJRV SDUD FRORQL DU GHJUDGDU HVWH VXVWUDWR OLJQRFHOXOyVLFR FRUUHVSRQGLHQWH

D DPERV UHJLRQHV GHO OHxR 6H UHDOL DURQ FRUWHV WUDQVYHUVDOHV GH ORV EORTXHV VH

WLxHURQ VHSDUDGDPHQWH FRQ GRV WLSRV GH FRORUDQWHV URMR &RQJR IOXRURJOXFLQRO

TXH VH DVRFLDQ HVSHFtILFDPHQWH D FHOXORVD OLJQLQD UHVSHFWLYDPHQWH /D PD RUtD GH

ODV HVSHFLHV PRVWUDURQ XQ GLVWLQWR GHVHPSHxR HQ DOEXUD HQ GXUDPHQ 5 L RF HWH

EUX H XU WLSRUXV OEL XV 3 HURF HWH HOXWL SURGXMHURQ ODV PD RUHV SpUGL

GDV GH SHVR VHFR HQ DOEXUD /RV GRV OWLPRV HWLSRUXV SRUWH WRVXV SURGXMHURQ ODV

PD RUHV SpUGLGDV GH SHVR VHFR HQ GXUDPHQ PLHQWUDV TXH 5 EUX H HVWXYR GHQWUR

GH ORV SHRUHV GHVFRPSRQHGRUHV GH HVWH VXVWUDWR (Q JHQHUDO ORV SXGULGRUHV EODQFRV

PRVWUDURQ XQD PD RU KDELOLGDG SDUD GHJUDGDU OD DOEXUD PLHQWUDV TXH ORV SXGULGRUHV

PDUURQHV IXHURQ PHMRUHV HQ GXUDPHQ 7RGDV ODV HVSHFLHV TXH SURGXMHURQ PD RUHV

SpUGLGDV GH SHVR VHFR HQ GXUDPHQ FUHFHQ HQ HO GXUDPHQ GH iUEROHV YLYRV HQWUR

GH ORV SXGULGRUHV EODQFRV GRV SDWURQHV GH DFFLyQ IXHURQ LGHQWLILFDGRV D ORFDOL D

GR FRQ RQDV FRQ GHJUDGDFLyQ DYDQ DGD GHQWUR GH XQD PDWUL PHQRV GHWHULRUDGD

E KRPRJpQHR FRQ XQD GHJUDGDFLyQ XQLIRUPH 1XHVWURV UHVXOWDGRV PXHVWUDQ TXH

PXFKDV HVSHFLHV WLHQHQ GLIHUHQWH GHVHPSHxR HQ GLVWLQWRV VXVWUDWRV UHIRU DQGR OD

LPSRUWDQFLD GH DQDOL DU VHSDUDGDPHQWH OD GHVFRPSRVLFLyQ GH DOEXUD GXUDPHQ DOJR

TXH QR VH KDFH XVXDOPHQWH HQ HVWH WLSR GH WUDEDMRV

3DODEUD FODYH 0LFURVFRStD ySWLFD GH IO RUHVFH FLD SpUGLGD GH SHVR VHFR S GULGRUHV

EOD FRV S GULGRUHV PDUUR HV
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:RRG LV FRORQL HG DQG GHJUDGHG E D LGH YDULHW RI ELRORJLFDO DJHQWV EHLQJ WKH %D

VLGLRP FHWHV WKH PDLQ GHFRPSRVHUV LQ IRUHVWV 5D QHU %RGG D 7KHVH RRG

GHFD IXQJL KDYH W SLFDOO EHHQ FODVVLILHG DV HLWKHU KLWH URW RU EUR Q URW KHWKHU

RU QRW WKH FDQ GHJUDGH OLJQLQ DORQJ LWK FHOOXORVH DQG KHPLFHOOXORVH 0RVW RI WKHP

DUH KLWH URW EUR Q URW IXQJL FRQVWLWXWH RQO RI WKH GHVFULEHG RRG GHFD IXQJDO

VSHFLHV 7KH ILUVW RQHV DUH SUHGRPLQDQWO DVVRFLDWHG LWK KDUG RRGV KLOH WKH ODWWHU

RQHV DUH LWK VRIW RRGV 5D QHU %RGG E %ODQFKHWWH

:KLWH URW LV VXEGLYLGHG LQWR VLPXOWDQHRXV URW KHUH DOO WKH FHOO DOO FRPSR

QHQWV DUH GHJUDGHG DW WKH VDPH WLPH DQG VHOHFWLYH GHOLJQLILFDWLRQ KHUH OLJQLQ LV

GHJUDGHG HDUOLHU WKDQ KRORFHOOXORVH 7KLV NLQG RI GHFD FDQ FDXVH KLJK PDVV ORVVHV

LQ FRPSDULVRQ LWK EUR Q URW GHFD 6FK DU H 5HJDUGLQJ WKLV ODVW RQH LW LV

NQR Q WKDW EUR Q URW IXQJL FDXVH D UDSLG ORVV LQ RRG VWUHQJWK DW D PLQLPDO PDVV

ORVV 7KHVH VSHFLHV EUHDN GR Q FHOOXORVH DQG KHPLFHOOXORVHV DOVR WKH FDQ FDXVH

DQ H WHQVLYH PRGLILFDWLRQ RI OLJQLQ YLD GHPHWKR ODWLRQ UHHQ LJKOH

OWKRXJK WKH FDQQRW FDXVH GHOLJQLILFDWLRQ EUR Q URW IXQJL KDYH D HOO GHYHORSHG

PHFKDQLVP IRU RYHUFRPLQJ WKH OLJQLQ EDUULHU HYLGHQFH VXJJHVWV WKDW WKHLU GHFD

V VWHP LQYROYHV D W R SKDVH DWWDFN LQ KLFK WKH RRG FHOO DOO LV LQLWLDOO RSHQHG

XS E D UDSLG HIIHFWLYH R LGDWLYH OR PROHFXODU HLJKW V VWHP KLFK WKHQ SURYLGHV

FRQGLWLRQV IRU DQ HQ PDWLF V VWHP LQYROYLQJ K GURO WLF DQG RU R LGDWLYH HQ PH

V VWHPV DQLHO /R PROHFXODU HLJKW FRPSRXQGV SOD LPSRUWDQW UROHV LQ

DOO VWDJHV RI RRG GHFD DFWLQJ DV GLIIXVLEOH R LGDWLYH DJHQWV DQG HOHFWURQ VKXWWOHV

IRU HQ PDWLF V VWHPV 7KHVH IXQJDO PHWDEROLWHV DUH LPSRUWDQW GXULQJ WKH HDUO

VWDJHV RI GHFD EHFDXVH IXQJDO HQ PHV DUH WRR ODUJH WR SHQHWUDWH WKH LQWDFW RRG

FHOO DOO -DQXV HW O

DUG RRG OHP LV FRPSRVHG RI D YDULHW RI FHOO W SHV VSHFLDOL HG LQ GLIIHU

HQW IXQFWLRQV 9HVVHOV WKH PRVW FKDUDFWHULVWLF FHOO W SH DQLHO KDYH DWHU

FRQGXFWLQJ IXQFWLRQV DQG ILEHUV RU ILEHU WUDFKHLGV VXSSO PHFKDQLFDO VWUHQJWK DQG

VXSSRUW OHP UD V DQG D LDO SDUHQFK PD KDYH SDUHQFK PDWRXV FHOOV IRU VWRUDJH DQG

QXWULHQW DQG DWHU WUDQVSRUW EHW HHQ OHP DQG SKORHP 6FK DU H OWKRXJK

DOO RRG FHOOV DUH FRPSRVHG RI GLIIHUHQW UDWLRV RI FHOOXORVH OLJQLQ DQG KHPLFHOOXORVHV

GLIIHUHQFHV FDQ H LVW LQ RRG FKHPLVWU LWKLQ GLIIHUHQW FHOO W SHV DQG HYHQ DFURVV

RRG FHOO DOOV DQG EHW HHQ WKH FRPSRXQG PLGGOH ODPHOOD VHSDUDWLQJ RRG FHOOV

6DND HW O

7KH RRG FHOO DOO LV RUJDQL HG LQ OD HUV RI GLIIHUHQW WKLFNQHVVHV DQG GLIIHU

HQW UDWLRV RI FHOOXORVH KHPLFHOOXORVH DQG WKH PDWUL PDWHULDO OLJQLQ )LUVW D WKLQ

SULPDU DOO LV IRUPHG WR KLFK D PXFK WKLFNHU VHFRQGDU DOO FRQVLVWLQJ RI WKUHH

OD HUV 6 6 DQG 6 LV WKHQ DGGHG &RPSOHWLRQ RI VHFRQGDU DOO IRUPDWLRQ DQG

WKH OLJQLILFDWLRQ RI FHOO DOOV LQ ILEHUV DQG YHVVHOV LV IROOR HG E WKH GHDWK RI WKH

FHOOV 3DUHQFK PD FHOOV KR HYHU GLIIHU IURP WKH RWKHU FHOOV LQ WKDW WKH DUH OLYLQJ DV

ORQJ DV WKH DUH SDUW RI WKH VDS RRG DUDGD & Wp :DOOV RI DGMDFHQW FHOOV

DUH ERQGHG WRJHWKHU E WKH PLGGOH ODPHOOD :DUGURS DUDGD 7KH KLJKHVW

OLJQLQ FRQWHQW LV DO D V IRXQG LQ WKH PLGGOH ODPHOOD KLOH WKH 6 OD HU FRQWDLQV WKH

JUHDWHVW WRWDO YROXPH RI OLJQLQ FHOOXORVH DQG KHPLFHOOXORVHV 7KHVH GLIIHUHQFHV LQ
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WKH PLFUR GLVWULEXWLRQ RI WKH GLIIHUHQW FKHPLFDO FRPSRQHQWV DW WKH RRG FHOO DOO

OHYHO FDQ DIIHFW IXQJDO GHFD EHFDXVH WKH FKHPLVWU RI RRG FHOO DOOV KDV D PDMRU

LQIOXHQFH RQ KR UDSLG FHOO DOOV DUH GHJUDGHG E GLIIHUHQW IXQJL DQLHO ,Q

SDUWLFXODU RRGHQ SODQW FHOO DOOV KDYH GHYHORSHG D YHU UREXVW VWUXFWXUDO IUDPH

RUN KHUH FHOOXORVH PLFURILEULOV DUH HPEHGGHG LQ D OLJQLQ PDWUL %RHU HW O

7KLV OLJQLQ DQG KHPLFHOOXORVH SRO PHUV DOVR SUHVHQW LQ WKH FHOO DOO IXQFWLRQ DV D

UHFDOFLWUDQW DGKHVLYH IRU FHOOXORVH -DQXV HW O 0RUHRYHU OLJQLQ SUHYHQWV DF

FHVV RI OR PROHFXODU HLJKW GLIIXVLEOH DJHQWV KLFK DUH UHTXLUHG IRU GHFRPSRVLWLRQ

RI FHOOXORVH DQG KHPLFHOOXORVHV 6FK DU H HQFH RRG GHJUDGLQJ IXQJL KDYH

WR RYHUFRPH WKLV EDUULHU DQG DOWKRXJK GLIIHUHQW VSHFLHV DUH DEOH WR GHFRPSRVH WKHVH

SRO VDFFKDULGHV RQO D JURXS RI IXQJL FDQ FRPSOHWHO GHJUDGH OLJQLQ %ODQFKHWWH

DVKWEDQ HW O

1RW RI JXV SXPLOLR OHQJD LV WKH PDLQ QDWLYH IRUHVW UHVRXUFH LQ 3DWDJRQLD U

JHQWLQD DQG LWV RRG LQKDELWLQJ IXQJL KDYH EHHQ WKRURXJKO GHVFULEHG & LHORQJ

5DMFKHQEHUJ 5DMFKHQEHUJ UHVOHELQ 5DMFKHQEHUJ )LYH

VSHFLHV DFFRXQW IRU RI WKH OLYLQJ WUHH URWV 1RW RS HOOL XV L RS W JR LFXV

PHQRFKDHWDFHDH XU WLSRUXV OEL XV 0HUXOLDFHDH 3RVWL SHOOLFXORV DFU REROD

FHDH HWLSRUXV SRUWH WRVXV /DHWLSRUDFHDH DQG 6HUSXO LP WLRL HV 6HUSXODFHDH

7KH ILUVW W R DUH KLWH URW KLOH WKH ODVW WUHH DUH EUR Q URW IXQJL & LHORQJ

5DMFKHQEHUJ 5DMFKHQEHUJ %HVLGHV LQ IDOOHQ RRG GHEULV RYHU D KXQ

GUHG IXQJDO VSHFLHV KDYH EHHQ UHFRUGHG UHVOHELQ 5DMFKHQEHUJ KLFK

FDQ JUR LQ GLIIHUHQW RRG WLVVXHV DQG SOD VSHFLILF UROHV LQ WKH GHFRPSRVLWLRQ

SURFHVV 3 HURF HWH HOXWL 3KDQHURFKDHWDFHDH OR R U XORL HV 6FKL RSRUD

FHDH DQG 6WHUHXP LUVXWXP 6WHUDFHDH DUH DPRQJ WKH PRVW DEXQGDQW VSHFLHV LQ IDOOHQ

RRG 2WKHU IXQJL VXFK DV PH RF HWH XVWU OLV PHQRFKDHWDFHDH 6WHUHR LVFXV

WUL L OH 6WHUHDFHDH DQG HSWRVSRURP FHV OXWHRILEULOORVXV WKHOLDFHDH KDYH SDUWLFXODU

FKDUDFWHULVWLFV UHJDUGLQJ WKH VWDJH RI GHFD KHUH WKH GHYHORS 7KH ILUVW W R DUH

SLRQHHUV KLOH WKH ODVW RQH LV UHODWHG WR DGYDQFHG GHFD VWDJHV DQG DOVR WR VWDQGLQJ

WUHHV UHVOHELQ 5DMFKHQEHUJ %HVLGHV RWKHU VSHFLHV JUR H FOXVLYHO LQ

RRG RI SDUWLFXODU GLDPHWHUV XVWU OLV LQ VPDOO EUDQFKHV FP GLDPHWHU DQG

OXWHRILEULOORVXV LQ ORJV FP GLDPHWHU UHVOHELQ 5DMFKHQEHUJ 5 L

RF HWH EUX H 3KDQHURFKDHWDFHDH EHORQJV WR WKH VDPH FODGH WKDW 3 HURF HWH

D JHQXV WKDW FRXQWV LWK HOO NQR Q RRG GHFD LQJ VSHFLHV XVHG LQ ELRWHFKQRORJ

UHVOHELQ HW O

7KH REMHFWLYH RI WKLV VWXG DV WR GHWHUPLQH WKH DELOLW RI RRG LQKDELWLQJ

IXQJDO VSHFLHV PRVW RI WKHP HQGHPLF IURP WKH 3DWDJRQLDQ 1 SXPLOLR IRUHVWV WR GH

FRPSRVH RRG EORFNV RI 1 SXPLOLR XQGHU D SXUH FXOWXUH FRQGLWLRQ DQG WR DQDO H

WKH VWUXFWXUDO DQG RU FKHPLFDO FKDQJHV LQ RRG WLVVXHV DQG LQ WKH FRPSRVLWLRQ RI

WKH DOO FHOOV SURGXFHG E HDFK IXQJXV XVLQJ KLVWRFKHPLFDO WHFKQLTXHV
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)XQJDO VWUDLQV FRUUHVSRQGLQJ WR HOHYHQ RRG LQKDELWLQJ VSHFLHV HUH REWDLQHG IURP

WKH FXOWXUH FROOHFWLRQ RI &,() 3 XU WLSRUXV OEL XV &,() 3FF PH RF HWH

XVWU OLV &,() 3FF HWLSRUXV SRUWH WRVXV &,() 3FF HSWRVSRURP FHV OXWHR

ILEULOORVXV &,() 3FF 1RW RS HOOL XV L RS W JR LFXV &,() 3FF 3 HUR

F HWH HOXWL &,() 3FF 3RVWL SHOOLFXORV &,() 3FF 5 L RF HWH EUX H

&,() 3FF 6WHUHR LVFXV WUL L OH &,() 3FF 6WHUHXP LUVXWXP &,() 3FF

OR R U XORL HV &,() 3FF OO VWUDLQV KDG EHHQ REWDLQHG IURP IXQJL JUR

LQJ RQ 1 SXPLOLR RRG DQG DUH UHSUHVHQWDWLYH RI WKH VSHFLHV WR KLFK WKH EHORQJ

7KH VWUDLQV HUH FXOWXUHG DW & RQ 3HWUL GLVKHV LWK 0( PHGLXP PDOW H WUDFW

DJDU

,Q�YLWUR RRG GHFRPSR LWLR D D

7R GHWHUPLQH KHWKHU GLIIHUHQW IXQJDO VSHFLHV FDXVH GLIIHUHQW RRG PDVV ORVV DQG

KHWKHU WKH VDPH VSHFLHV KDV D GLIIHUHQW SHUIRUPDQFH LQ VDS RRG DQG KHDUW RRG

DQ L LWUR RRG GHFRPSRVLWLRQ DVVD LWK GLIIHUHQW VSHFLHV DV FRQGXFWHG XQGHU

SXUH FXOWXUH FRQGLWLRQV 6DS RRG DQG KHDUW RRG EORFNV HUH FXW IURP 1 SXPLOLR

VRXQG WUHHV FP DQG RYHQ GULHG DW & XQWLO FRQVWDQW HLJKW 7KHQ

EORFNV HUH VDWXUDWHG LWK GLVWLOOHG DWHU IRU K DQG VWHULOL HG IRU K IROOR LQJ

5REOHV HW O LWK PRGLILFDWLRQV GD ROG FXOWXUH RI HDFK VWUDLQ DV XVHG

DV LQRFXOXP DQG LW DV WUDQVIHUUHG E SXQFKLQJ RXW D PP VXUIDFH DJDU SOXJ WR D

3HWUL GLVK PP LQ GLDPHWHU ILOOHG LWK VWHULOH 0( PHGLXP 3HWUL GLVKHV HUH

LQFXEDWHG XQWLO DW OHDVW FRORQL DWLRQ RI WKH VXUIDFH PHGLXP E WKH P FHOLXP

DV UHDFKHG 7KHQ D VWHULOL HG EORFN RI VDS RRG RU KHDUW RRG DV SODFHG RQ WKH

FHQWHU RI WKH P FHOLD PDW ,Q DOO FDVHV WKH VLGH RI WKH EORFN O LQJ RQ WKH P FHOLXP

DV WKH FURVV VHFWLRQ )LYH UHSOLFDWHV IRU HDFK VSHFLHV LQ HDFK VXEVWUDWH VDS RRG

DQG KHDUW RRG HUH GRQH EORFNV LQ XQ LQRFXODWHG 3HWUL GLVKHV VHUYHG DV FRQWUROV

:RRG EORFNV HUH LQFXEDWHG DW & DQG UHODWLYH KXPLGLW 0DVV ORVV DV XVHG

DV DQ HVWLPDWRU RI WKH GHFD DELOLW RI HDFK VSHFLHV 7R GHWHUPLQH PDVV ORVV RYHU WLPH

WKUHH KDUYHVWLQJ WLPHV HUH HVWDEOLVKHG DQG GD V 7KH EORFNV HUH

UHWULHYHG FOHDQHG RYHQ GULHG DW & XQWLO FRQVWDQW HLJKW DQG HLJKHG 0DVV ORVV

DV GHWHUPLQHG DV D SHUFHQWDJH RI WKH RULJLQDO PDVV

7R HYDOXDWH DQG FRPSDUH WKH GHFD DELOLW RI WKH GLIIHUHQW IXQJDO VSHFLHV RQ WKH

GHFRPSRVLWLRQ RI WKH RRG EORFNV D OLQHDU PL HG PRGHO DV SHUIRUPHG XVLQJ WKH

PHDQ YDOXH RI WKH SHUFHQWDJH RI PDVV ORVV RI WKH RRG LQ WKH WKUHH KDUYHVWLQJ WLPHV

DQDO HG 7KHVH PHDQ YDOXHV HUH IXUWKHU FRPSDUHG XVLQJ )LVKHU V OHDVW VLJQLILFDQW

GLIIHUHQFH /6 DW S OHYHO 7KH IDFWRUV HUH WUHDWPHQW LWK HOHYHQ OHYHOV

FRUUHVSRQGLQJ WR WKH GLIIHUHQW IXQJDO VSHFLHV WLPH LWK WKUHH OHYHOV DQG

GD V DQG VXEVWUDWH LWK W R OHYHOV VDS RRG DQG KHDUW RRG WKH IDFWRUV HUH

WUHDWHG DV IL HG HIIHFWV 1RUPDOLW DVVXPSWLRQ DV HYDOXDWHG WKURXJK 6KDSLUR :LONV

WHVWV DQG KRPRVFHGDVWLFLW DVVXPSWLRQ WKURXJK UHVLGXDOV ,I KHWHURVFHGDVWLFLW DV
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GHWHFWHG D VHFRQG WHVW PRGHOLQJ DV FDUULHG RXW %RWK PRGHOV HUH FRPSDUHG DQG

LI S WKH RQH LWK WKH OR HU NDLNH ,& YDOXH DV VHOHFWHG 7R GHWHUPLQH

KHWKHU D VSHFLHV KDV D SUHIHUHQFH IRU VDS RRG RU KHDUW RRG EORFNV D VHFRQG OLQHDU

PL HG PRGHO DV SHUIRUPHG XVLQJ WKH VDPH UHVSRQVH YDULDEOH PHDQ YDOXH RI WKH

SHUFHQWDJH RI PDVV ORVV ,Q WKLV FDVH WKH IDFWRU DV VXEVWUDWH LWK W R OHYHOV

VDS RRG DQG KHDUW RRG DQG LW DV WUHDWHG DV IL HG HIIHFW 6LJQLILFDQW LQWHUDFWLRQV

HUH REVHUYHG EHW HHQ WKH IDFWRUV WUHDWPHQW VXEVWUDWH DQG WLPH KHQFH WKH

HUH DQDO HG VHSDUDWHO OO PRGHOLQJ DQG VWDWLVWLFDO DQDO VHV HUH SHUIRUPHG LQ

,QIR6WDW VRIW DUH L 5LHQ R HW O ,QIR6WDW LPSOHPHQWV DQ LQWHUIDFH RI WKH

5 SODWIRUP 5 &RUH 7HDP IRU HVWLPDWLRQ RI OLQHDU PL HG PRGHOV WKURXJK WKH

IXQFWLRQV JOV DQG OPH IURP 1RQOLQHDU 0L HG (IIHFWV 0RGHOV OLEUDU 3LQKHLUR

%DWHV L 5LHQ R HW O 7R FUHDWH WKH DUW RUNV ,QIRVWDW VRIW DUH DQG

&RUHO 5 : ; HUH XVHG

L WRFKHPL WU

7R DQDO H GLIIHUHQFHV EHW HHQ XQ DWWDFNHG RRG DQG RQH DWWDFNHG E HDFK VSHFLHV

VWXGLHG PLFURVFRSLF VOLGHV RI WKH GULHG EORFNV uP WKLFN LQ WUDQVYHUVH VHFWLRQ

HUH SHUIRUPHG XVLQJ /HLFD Q PLFURWRPH DQG WUHDWHG LWK W R GLIIHUHQW VWDLQ

LQJ PHWKRGV SKORURJOXFLQRO IRU VWDLQLQJ OLJQLQ 0DXFK 0DQL 6OXVDUHQNR

DQG FRQJR UHG IRU VWDLQLQJ KRORFHOOXORVH DFFRUGLQJ WR 0LWUD /RTXp LWK

WKH IROOR LQJ PRGLILFDWLRQV WUDQVYHUVH VHFWLRQV HUH SODFHG RQ D VOLGH FRYHUHG LWK

VHYHUDO GURSV RI FRQJR UHG DQG NHSW RYHUQLJKW DW & 7KHQ VHFWLRQV HUH

ULQVHG LWK GLVWLOOHG DWHU XQWLO WKH DVKLQJ VROXWLRQ DV FOHDU DQG REVHUYHG LWKLQ

PLQ XQGHU 89 OLJKW H FLWDWLRQ XVLQJ D ILOWHU LWK D EDQGSDVV RI QP

2WKHU VWDLQV HUH WULHG WROXLGLQH EOXH IOXRUHVFHQW EULJKWHQHU VDIUDQLQ IDVW JUHHQ

EHIRUH FKRRVLQJ WKH RQHV VKR Q KHUH 2EVHUYDWLRQV HUH PDGH LQ D OLJKW PLFURVFRSH

/HLFD 0 LWK HSLIOXRUHVFHQFH DQG SKRWRPLFURJUDSKV HUH REWDLQHG E &DQRQ

(26 5HEHO 7 L GLJLWDO FDPHUD 7KH LPDJHV HUH SURFHVVHG RQ ,PDJH-

5 6 76 1 6 66 21

,Q�YLWUR RRG GHFRPSR LWLR D D

IWHU GD V PHDQ PDVV ORVV FDXVHG E WKH GLIIHUHQW IXQJDO VSHFLHV UDQJHG IURP

WR LQ VDS RRG EORFNV DQG IURP WR LQ KHDUW RRG EORFNV 6LJQLILFDQW

GLIIHUHQFHV LQ RRG PDVV ORVV EHW HHQ IXQJDO VSHFLHV DQG DOVR GLIIHUHQFHV LQ WKH

DELOLW WR GHFRPSRVH VDS RRG DQG KHDUW RRG HUH IRXQG )LJ )LJ

%DVHG RQ PDVV ORVVHV VKR Q LQ )LJ WKUHH JURXSV RI VSHFLHV FRXOG EH GHOLP

LWHG WKRVH WKDW SURGXFHG WKH JUHDWHVW PDVV ORVVHV WKRVH WKDW SURGXFHG LQWHU

PHGLDWH DQG DQG WKRVH WKDW SURGXFHG WKH OR HVW 7KH JUHDWHVW

PDVV ORVVHV LQ VDS RRG HUH FDXVHG E 5 EUX H OEL XV DQG 3 HOXWL

XU WLRSRUXV OEL XV LV RQH RI WKH KLWH URW IXQJL WKDW FRORQL H DQG GHFRPSRVH WKH

VWDQG OLYLQJ WUHH FDXVLQJ WRJHWKHU LWK ILYH RWKHU VSHFLHV XS WR RI 1 SXPLOLR
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OLYLQJ URWV & LHORQJ 5DMFKHQEHUJ DQG 3 HOXWL DQG 5 EUX H DUH

W R SK ORJHQHWLFDOO UHODWHG VSHFLHV WKDW JUR RQ IDOOHQ GHDG RRG UHVOHELQ HW O

7KH VHFRQG JURXS RI IXQJL IRUPHG E XVWU OLV DQG 6 WUL L OH FRUUHVSRQGV

WR VDSURWURSKLF VSHFLHV WKDW PRVWO JUR RQ IDOOHQ RRG DOWKRXJK XVWU OLV FDQ

DOVR EH IRXQG LQ GHDG EUDQFKHV RI VWDQGLQJ WUHHV UHVOHELQ 5DMFKHQEHUJ

OO WKH RWKHU VSHFLHV FDXVHG VDS RRG PHDQ PDVV ORVVHV RI RQO XS WR RU OHVV )LJ

6LPLODUO LQ KHDUW RRG WKH JUHDWHVW PDVV ORVVHV HUH FDXVHG E OEL XV DQG E

3 HOXWL EXW WR D OHVVHU H WHQW WKDQ WKRVH WKH FDXVHG LQ VDS RRG )LJ )LJV

) 7KH VHFRQG JURXS DV FRPSRVHG DJDLQ E XVWU OLV EXW DOVR E SRUWH

WRVXV 3 SHOOLFXORV 1 L RS W JR LFXV KLFK HUH LQ WKH OR HVW PDVV ORVV JURXS LQ

VDS RRG GLVWLQFWLRQ EHW HHQ VSHFLHV UHJDUGLQJ WKHLU SHUIRUPDQFH LQ WKH GLIIHUHQW

VXEVWUDWHV LV HYLGHQFHG KHUH VLQFH FRQWUDU WR PRVW RI WKH RWKHU VSHFLHV WKHVH WKUHH

VSHFLHV VKR HG KLJKHU PDVV ORVVHV LQ KHDUW RRG WKDQ LQ VDS RRG )LJ )LJV &

( KLFK HUH VLJQLILFDQW LQ WKH FDVH RI SRUWH WRVXV DQG 1 L RS W JR L

FXV 7KHVH WUHH VSHFLHV FRQVWLWXWH WRJHWKHU LWK OEL XV WKH PDLQ VSHFLHV FDXVLQJ

KHDUW URW RI VWDQGLQJ 1 SXPLOLR WUHHV & LHORQJ 5DMFKHQEHUJ 5 L RF HWH

EUX H WKH VSHFLHV KLFK FDXVHG WKH JUHDWHVW PDVV ORVV LQ VDS RRG DV LQ WKH

JURXS RI VSHFLHV WKDW FDXVHG WKH OR HU PDVV ORVVHV LQ KHDUW RRG KLFK UHLQIRUFHV

WKH GLIIHUHQFHV LQ VSHFLHV SHUIRUPDQFH DFFRUGLQJ WR WKH VXEVWUDWH QDWXUH

,Q WKH WUHH WKH VDS RRG LV WKH SDUW RI WKH RRG LQ KLFK VRPH OHP FHOOV DUH

VWLOO DOLYH KHQFH LV SK VLRORJLFDOO DFWLYH FRQWUDU WR WKH KHDUW RRG KLFK LV WKH

SK VLRORJLFDOO GHDG SDUW RI WKH OHP DUDGD &RWH 7KLV FDQ EH WKH UHDVRQ

K RQO D IH VSHFLHV RI IXQJL FDQ GHYHORS LQ WKH VDS RRG RI D OLYLQJ WUHH EXW RQFH

WKH WUHH LV GHDG WKLV VXEVWUDWH LV DFFHVVLEOH DQG RIIHUV PRUH QXWULHQWV WKDQ KHDUW RRG

KLFK LV DOVR PRUH UHFDOFLWUDQW GXH WR WKH KLJKHU FRQFHQWUDWLRQ RI H WUDFWLYHV 2XU L

LWUR DVVD V VKR HG WKDW VL W IRXU SHUFHQW RI WKH WHVWHG VSHFLHV VKR HG GLIIHUHQWLDO

L 0HD PDVV ORVV RI VDS RRG D G KHDUW RRG EORFNV FD VHG E GLIIHUH W RRG L KDE
LWL J I JDO VSHFLHV DIWHU GD V RI L F EDWLR 0HGLD 6( DUH VKR  LIIHUH W OHWWHUV
L GLFDWH VLJ LILFD W GLIIHUH FHV S

L 3pUGLGD GH PDVD SURPHGLR GH ORV EORT HV GH DOE UD G UDPH FD VDGD SRU GLIHUH WHV
HVSHFLHV GH KR JRV GH OD PDGHUD GHVS pV GH GtDV GH L F EDFLy 6H P HVWUD ODV PHGLDV ((
 /HWUDV GLIHUH WHV L GLFD GLIHUH FLDV VLJ LILFDWL DV S
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L SDUW RI 0HD PDVV ORVV RI VDS RRG JUD D G KHDUW RRG EODFN EORFNV FD VHG E GLI
IHUH W RRG L KDELWL J I JDO VSHFLHV DIWHU D G GD V RI L F EDWLR X LSR XV

L XV PH R H H XV LV H LSR XV SR H RVXV HS RVSR RP HV X HR L L RVXV (
R RS H L XV L RS R L XV ) H R H H H X L * RV L SH L X RV + 5 L R H H
X H , H HR LV XV L L H - H HXP L VX XP . R R X RL HV 0HGLD 6( DUH VKR

6LJ LILFD W GLIIHUH FHV DUH L GLFDWHG LWK S  

L SDUWH GH 3pUGLGD GH PDVD SURPHGLR GH EORT HV GH DOE UD JULV G UDPH HJUR FD VD
GD SRU GLIHUH WHV HVSHFLHV GH KR JRV GH OD PDGHUD GHVS pV GH GtDV GH L F EDFLy

X LSR XV L XV PH R H H XV LV H LSR XV SR H RVXV HS RVSR RP HV
X HR L L RVXV ( R RS H L XV L RS R L XV ) H R H H H X L * RV L SH L X
RV + 5 L R H H X H , H HR LV XV L L H - H HXP L VX XP . R R X RL HV 6H
P HVWUD ODV PHGLDV (( /DV GLIHUH FLDV VLJ LILFDWL DV VH L GLFD FR S  
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DELOLW WR GHFRPSRVH WKHVH GLIIHUHQW SDUWV RI WKH WUHH )LJ 0RVW RI WKHP FDXVHG

KLJKHU PDVV ORVVHV LQ VDS RRG WKDQ LQ KHDUW RRG EORFNV H FHSW IRU SRUWH WRVXV

OXWHRILEULOORVXV 3 SHOOLFXORV WKH EUR Q URW IXQJL LQFOXGHG LQ WKH VWXG DQG

1 L RS W JR LFXV WKH PDLQ KLWH KHDUW URW VSHFLHV RI 1 SXPLOLR 5DMFKHQEHUJ

KLFK VKR HG WKH RSSRVLWH SDWWHUQ )LJV ) 6DS RRG LV D WLVVXH

LWK PDQ GHIHQVH FRPSRXQGV LQ WKH OLYLQJ WUHH EXW RQFH WKLV WLVVXH LV GHDG LW LV

DQ HDVLHU PDWHULDO WR GHFRPSRVH EHFDXVH WKH UHODWLYH DPRXQW DQG QDWXUH DURPDWLF

LW RI LWV OLJQLQ LV OHVVHU WKDQ WKDW LQ KHDUW RRG %RGG OVR KHDUW RRG KDV

PRUH H WUDFWLYHV WKDQ VDS RRG DQG LW KDV EHHQ VKR Q WKDW WKHVH FRPSRXQGV GR QRW

IDYRU L LWUR GHFRPSRVLWLRQ RI RRG EORFNV RI RWKHU SODQW VSHFLHV 0RKDUHE HW O

SUREDEO EHFDXVH WKH PLJKW EH IXQJLWR LF FRPSRXQGV KLFK DUH GHSRVLWHG

LQ WKH KHDUW RRG DQG SUHYHQW GHFD 6FK DU H 7KHVH FRXOG H SODLQ K PRVW

VSHFLHV FDXVHG D KLJKHU PDVV ORVV LQ VDS RRG WKDQ LQ KHDUW RRG

L SDUW RI

L SDUWH GH
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5HJDUGLQJ WKRVH VSHFLHV KLFK FDXVHG D KLJKHU PDVV ORVV LQ KHDUW RRG WKDQ

LQ VDS RRG DOO RI WKHP DUH VSHFLHV WKDW JUR LQ WKH KHDUW RRG RI OLYLQJ WUHHV 5D

MFKHQEHUJ D IHDWXUH WKDW PLJKW EH DVVRFLDWHG LWK WKHLU EHWWHU SHUIRUPDQFH LQ

WKLV SDUW RI WKH WUHH HWLSRUXV SRUWH WRVXV WXUQHG RXW WR EH RQH RI WKH EHVW KHDUW RRG

GHFRPSRVHUV DQG RQH RI WKH RUVW VDS RRG GHFRPSRVHUV 0RUHRYHU DV PHQWLRQHG

DERYH 1 L RS W J LFXV DQG OXWHRILEULOORVXV DORQJ LWK 3 SHOOLFXORV DQG O

EL XV DUH WKH PDLQ KHDUW RRG URWV RI VWDQGLQJ 1 SXPLOLR WUHHV KLFK FRXOG LQGLFDWH

WKDW WKH KDYH D VHOHFWLYH DGYDQWDJH RU VRPH W SH RI VSHFLDOL DWLRQ IRU WKLV SDUW RI WKH

WUHH %HVLGHV DOWKRXJK OXWHRILEULOORVXV SURGXFHG OR PDVV ORVVHV LQ ERWK VXEVWUDWHV

WKH EHWWHU SHUIRUPDQFH LQ KHDUW RRG DJUHHV LWK LWV DOPRVW H FOXVLYH SUHVHQFH LQ

PXFK GHFD HG KHDUW RRG RI VWDQGLQJ RU IDOOHQ WUHHV 5DMFKHQEHUJ UHVOHELQ

5DMFKHQEHUJ

2YHU WLPH D GLIIHUHQW SHUIRUPDQFH DPRQJ VSHFLHV DV IRXQG 6RPH IXQJL FDXVHG

PDVV ORVV XQWLO WKH HQG RI WKH DVVD 3 HOXWL LQ ERWK VXEVWUDWHV )LJ ) DQG

OEL XV DQG5 EUX H LQ VDS RRG )LJV 0HDQ KLOH PRVW RI WKH WHVWHG VSH

FLHV FDXVHG D KLJKHU PDVV ORVV GXULQJ WKH ILUVW GD V DQG WKLV DV PRUH HYLGHQW LQ

KHDUW RRG WKDQ LQ VDS RRG )LJ ,Q DFFRUGDQFH LWK RXU UHVXOWV 6RQJ HW O

IRXQG WKDW L LWUR PDVV ORVV LV KLJKHU LQ WKH ILUVW ILYH HHNV WKDQ LQ WKH ODVW ILYH

LVWRFKHPLVWU UHYHDOHG VRPH DVSHFWV RI WKH LQWHUDFWLRQV EHW HHQ RRG VWUXF

WXUH DQG IXQJDO DFWLYLW 0LFURVFRSLF H DPLQDWLRQV RI RRG VDPSOHV REWDLQHG IURP

EORFNV WKDW HUH LQFXEDWHG IRU GD V LWK WKH GLIIHUHQW IXQJDO VSHFLHV VKR HG WKDW

WKH D LQ KLFK GHFRPSRVLWLRQ WRRN SODFH YDULHG DPRQJ GLIIHUHQW IXQJDO VSHFLHV

KLFK LV FRQVLVWHQW LWK WKH GLIIHUHQW W SHV RI GHFD )RU KLVWRFKHPLFDO DQDO VLV H

RQO FRQVLGHUHG WKH ILUVW W R JURXSV RI VSHFLHV WKRVH WKDW FDXVHG WKH JUHDWHVW PDVV

ORVVHV OEL XV 5 EUX H DQG 3 HOXWL DQG WKRVH WKDW FDXVHG LQWHUPHGLDWH

PDVV ORVVHV 6 WUL L OH XVWU OLV DQG SRUWH WRVXV 7KH DSSHDUDQFH RI WUDQVYHUVH

VHFWLRQV RI XQLQRFXODWHG FRQWURO EORFNV LV SUHVHQWHG LQ )LJ

7KH WKUHH VSHFLHV WKDW FDXVHG WKH JUHDWHVW PDVV ORVVHV LQ VDS RRG HUH DOO KLWH

URW IXQJL EXW WKHLU PRGHV RI DFWLRQ HUH GLIIHUHQW ,Q WKH EORFNV LQRFXODWHG LWK

OEL XV RU 5 EUX H DUHDV LWK GLIIHUHQW GHJUHHV RI GHOLJQLILFDWLRQ HUH REVHUYHG

WKLV VHHPV WR EH D ORFDOL HG SURFHVV LWK RQHV RI DGYDQFHG GHFD FORVH WR D OHVV GHWH

ULRUDWHG RQH RU LQ D OHVV GHFD HG PDWUL DV LW FDQ EH REVHUYHG LQ )LJV & KHUH

ILEHUV LWK D YHU DGYDQFHG GHFD KLWH DUUR V DUH QH W WR ILEHUV LWK OLWWOH GHFD

EOXH DUUR V 7KH ORVV RI OLJQLQ DV HYLGHQFHG E WKH OHVVHU IOXRUHVFHQFH KLFK

FRUUHVSRQGV WR WKH DXWRIOXRUHVFHQFH RI OLJQLQ LQ 89 OLJKW LWK UHVSHFW WR WKH FRQWURO

/LJQLQ VHHPV WR KDYH EHHQ ILUVWO UHPRYHG IURP WKH VHFRQGDU DOO OD HUV 6 DQG 6

QHDU WKH OXPHQ DQG WKHQ WKURXJKRXW WKH 6 WR DUG WKH 6 DQG WKH PLGGOH ODPHOOD

LWK WKH FRQVHTXHQW FHOO DOO WKLQQLQJ DQG ERUHKROHV )LJV EODFN DUUR V &

KLWH DUUR V DQG ILQDOO DOOV HUH EURNHQ )LJ KLWH DUUR V 7KH PLGGOH

ODPHOOD DQG FHOO FRUQHUV HUH WKH OHDVW GHJUDGHG DUHDV )LJV & 2Q WKH FRQWUDU

LQ WKH EORFNV LQRFXODWHG LWK 3 HOXWL D JHQHUDOL HG GHOLJQLILFDWLRQ HYLGHQFHG

E WKH GLPLQXWLRQ RI DXWRIOXRUHVFHQFH RI ILEHU FHOO DOOV LQFOXGLQJ WKH PLGGOH OD

PHOOD DV REVHUYHG 6RPH IOXRUHVFHQFH DV RQO IRXQG LQ WKH FRUQHUV KLFK FDQ EH

DWWULEXWHG WR WKHLU SURQRXQFHG OLJQLILFDWLRQ )HUJXV RULQJ QR ERUHKROHV

QRU WKLQQHU DOOV LQ VSHFLILF RQHV HUH IRXQG )LJ ( ,Q VRPH ILEHUV D OD HU
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DV GHWHFWHG ,W VHHPV WKDW LQ EORFNV LQRFXODWHG LWK 3 HOXWL WKH GHOLJQLILFDWLRQ

DIIHFWV WKH ILEHU FHOO DOO KRPRJHQHRXVO ,Q KHDUW RRG EORFNV HYHQ WKRXJK PDVV

ORVVHV FDXVHG E WKHVH VSHFLHV HUH OR HU WKDQ LQ VDS RRG WKH SDWWHUQ DV VLPLODU

HOLJQLILFDWLRQ LQ EORFNV LQRFXODWHG LWK OEL XV DQG 5 EUX H DV HYLGHQFHG

E WKH ORVV RI IOXRUHVFHQFH DOWKRXJK WKH PDUNHG WKLQQLQJ REVHUYHG LQ WKH ILEHU FHOO

DOOV LQ VDS RRG DV QRW GHWHFWHG LQ WKLV FDVH )LJV % 3 HURF HWH HOXWL

DOVR FDXVHG DQ KRPRJHQRXV GHOLJQLILFDWLRQ LQ KHDUW RRG EXW WKH PLGGOH ODPHOODH

VWLOO IOXRUHFHG LQWHQVHO VKR LQJ OHVV OLJQLQ ORVV WKDQ LQ VDS RRG )LJ )

L 0LFURVFRSLF WUD V HUVH VHFWLR V RI L RF ODWHG FR WURO EORFNV D G 6DS RRG D G KHDUW
RRG UHVSHFWL HO WUHDWHG LWK R JR UHG VWDL R HU LJKW D G SKRWRJUDSKHG GHU 89 OLJKW
L WH VH KLWH IO RUHVFH FH LV REVHU HG L ERWK VOLFHV L GLFDWL J WKH SUHVH FH RI D DOWHUHG PDWUL
RI OLJ L PDVNL J KRORFHOO ORVH 9HVVHO DOOV VKR UHG FRORU L GLFDWL J WKDW FHOO ORVH LV H SRVHG L
WKHVH FHOOV KLFK EL GV R JR UHG G H D G 6DS RRG D G KHDUW RRG UHVSHFWL HO WUHDWHG
LWK SKORURJO FL RO RWK VOLFHV VKR D L WH VH SL N FRORU L GLFDWL J WKH OLJ L GHSRVLWLR L FHOO
DOOV

L RUWHV WUD V HUVDOHV PLFURVFySLFRV GH EORT HV FR WURO VL L RF ODU OE UD G UDPH
UHVSHFWL DPH WH WUDWDGRV FR FRORUD WH URMR R JR G UD WH D RFKH IRWRJUDILDGRV EDMR O
OWUD LROHWD 6H REVHU D D L WH VD IO RUHVFH FLD EOD FD H DPERV FRUWHV T H L GLFD OD SUHVH FLD GH
D PDWUL L DOWHUDGD GH OLJ L D T H H PDVFDUD OD KRORFHO ORVD /DV SDUHGHV GH ORV DVRV P HVWUD
FRORU URMR T H L GLFD T H OD FHO ORVD HVWi H S HVWD H HVWDV FpO ODV T H VH H DO FRORUD WH

URMR R JR OE UD G UDPH UHVSHFWL DPH WH WUDWDGRV FR IORURJO FL RO PERV FRUWHV
P HVWUD FRORU URVD L WH VR T H L GLFD HO GHSyVLWR GH OLJ L D H ODV SDUHGHV FHO ODUHV
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L 0LFURVFRSLF WUD V HUVH VHFWLR V RI EORFNV WUHDWHG LWK R JR UHG VWDL D G SKRWRJUDSKHG
GHU 89 OLJKW D G L RF ODWHG LWK X LSR XV L XV 5 L R H H X H D G

H R H H H X L ( ) 6DS RRG R HV LWK JUHDW GHOLJ LILFDWLR VKR WKH UHG FRORU
RI ILEHU DOOV D G WKH ORVV RI KLWH IO RUHVFH FH WKL HG ILEHU DOOV EODFN DUUR V D G P FK
GHJUDGHG EURNH DOOV KLWH DUUR V 6RPH ILEHUV VKR OHVV GHJUDGDWLR H LGH FHG E WKH EO H
FRORU RI ILEHU DOOV D G WKH KLWH IO RUHVFH FH RI WKH PLGGOH ODPHOOD EO H DUUR V +HDUW RRG
WKH OR HU IO RUHVFH FH WKD WKH FR WURO VKR V GHOLJ LILFDWLR E W WR D OHVVHU H WH W WKD VDS RRG
ILEHU DOOV DUH RW WKL HG D G PLGGOH ODPHOOD VKR V KLWH IO RUHVFH FH EO H DUUR V HVVHO DOOV
VKR UHG FRORU D G WKL L J KLWH DUUR V 6DS RRG ILEHU FHOO DOOV L D HU GHFD HG KLWH
DUUR V LWK L WHUPHGLDWH GHFD HOOR DUUR V D G LWK OLWWOH GHFD EO H DUUR V :KLWH DUUR V
SRL W R W DUHDV RI WKH ILEHUV DOO WKDW KD H EHH DOPRVW WRWDOO GHJUDGHG D G R O PLGGOH ODPHOOD
UHPDL V +HDUW RRG ILEHU DOOV DUH RW WKL HG E W WKH GHFUHDVH RI KLWH IO RUHVFH FH D G
VWU FW UH VKR V GHOLJ LILFDWLR WR D OHVVHU H WH W WKD VDS RRG ( 6DS RRG +RPRJH HR V ORVV RI
OLJ L H LGH FHG E WKH UHG FRORU WKH ORVV RI KLWH IO RUHVFH FH D G WKH WKL HG ILEHU DOOV KLWH
DUUR V ) +HDUW RRG KRPRJH HR V GHOLJ LILFDWLR RI ILEHU DOOV GDUN UHG FRORU E W RW L WKH
PLGGOH ODPHOOD KLFK VWLOO KDV D KLWH IO RUHVFH FH

L RUWHV WUD V HUVDOHV PLFURVFySLFRV GH EORT HV WUDWDGRV FR FRORUD WH URMR R JR IRWRJUDILD
GRV EDMR O OWUD LROHWD H L RF ODGRV FR X LSR XV L XV 5 L R H H X H

H R H H H X L ( ) OE UD ODV R DV FR JUD GHOLJ LILFDFLy P HVWUD FRORUDFLy URMD
GH ODV SDUHGHV GH ODV ILEUDV SpUGLGD GH OD IO RUHVFH FLD EOD FD SDUHGHV DGHOJD DGDV GH ODV ILEUDV
IOHFKDV HJUDV SDUHGHV URWDV P GHJUDGDGDV IOHFKDV EOD FDV OJ DV ILEUDV P HVWUD PH RV ä
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7KH VHFRQG JURXS RI VSHFLHV LQ WHUPV RI PDVV ORVV FRPSULVHG WKUHH IXQJL

W R RI WKHP GHVFULEHG DV KLWH URW 6 WUL L OH DQG XVWU OLV DQG RQH DV EUR Q

URW SRUWH WRVXV 7KH SHUIRUPDQFH RI HDFK VSHFLHV LQ VDS RRG DQG LQ KHDUW RRG

DV GLIIHUHQW 6 WUL L OH FDXVHG D VLJQLILFDQWO KLJKHU PDVV ORVV RI VDS RRG EORFNV

WKDQ RI KHDUW RRG EORFNV WKH RSSRVLWH DV IRXQG IRU SRUWH WRVXV 0HDQ KLOH

PDVV ORVVHV RI VDS RRG DQG KHDUW RRG EORFNV LQRFXODWHG LWK XVWU OLV GLG QRW

GLIIHU VLJQLILFDQWO 7KH W R KLWH URW VSHFLHV VKR HG DQ XQHYHQ GHFD SDWWHUQ DV

REVHUYHG LQ OEL XV DQG 5 EUX H LWK VRPH DUHDV PRUH GHJUDGHG WKDQ RWKHUV

)LJV KLWH DQG EOXH DUUR V UHVSHFWLYHO 6DS RRG EORFNV LQRFXODWHG LWK

6 WUL L OH VKR HG KHQ VWDLQHG LWK WKH FRQJR UHG G H VRPH ORVV RI WKH VWUXFWXUH

RI YHVVHOV DQG ILEHUV HYLGHQFHG E WKH DOWHUDWLRQ RI WKHLU VKDSH )LJ KLWH DQG

HOOR DUUR V 7KH GHFUHDVH LQ ILEHU FHOO DOOV IOXRUHVFHQFH DQG WKH UHG VWDLQ LQ

VRPH DUHDV HYLGHQFHG WKH ORVV RI OLJQLQ HOLJQLILFDWLRQ RI ILEHUV VHHPV WR VWDUW LQ

WKH LQQHU OD HU )LJ HOOR DUUR PRVWO DIIHFWLQJ 6 7KH PLGGOH ODPHOOD DQG

FHOO FRUQHUV VWLOO VKR HG IOXRUHVFHQFH LQGLFDWLQJ WKH SUHVHQFH RI OLJQLQ HDUW RRG

EORFNV UHYHDOHG IH HU GHJUDGDWLRQ VLJQV WKDQ VDS RRG EORFNV HYLGHQFHG E WKHLU

JUHDWHU IOXRUHVFHQFH WKH OHVVHU UHG FRORU DQG WKH PDLQWHQDQFH RI WKH VWUXFWXUH RI

ERWK ILEHU DQG YHVVHO DOOV )LJ % DOWKRXJK DOO WKLQQLQJ DV REVHUYHG LQ VRPH

RI WKHVH FHOOV KLWH DQG HOOR DUUR V UHVSHFWLYHO ,Q WKH FDVH RI EORFNV LQRFXODWHG

LWK XVWU OLV ERWK VDS RRG DQG KHDUW RRG VKR HG D VLPLODU OHYHO RI GHJUDGD

WLRQ DQG WKH VDPH SDWWHUQ KHQ VWDLQHG LWK FRQJR UHG WKH HDUO RRG DV PRUH

DWWDFNHG WKDQ WKH ODWH RRG )LJV & WKLV DV DOVR REVHUYHG LQ PRVW RI WKH

RWKHU VSHFLHV )LEHU DOOV RI WKH HDUO RRG VKR HG OLJQLQ ORVV UHYHDOHG E WKHLU

ORVV RI IOXRUHVFHQFH DQG UHG FRORU DQG YHVVHOV DQG SDUHQFK PDWRXV UD V VKR HG

VWUXFWXUH ORVV HYLGHQFHG E WKH FHOO VKDSH DOWHUDWLRQ )LJV & KLWH DUUR V

2Q WKH FRQWUDU WKH ILEHUV RI WKH ODWH RRG H KLELWHG OHVV GHOLJQLILFDWLRQ HYLGHQFHG

E WKH OLJKW EOXH FRORU DQG XQFKDQJHG WKLFNQHVV DQG VWUXFWXUH RI WKHLU DOOV EOXH

DUUR V %ORFNV LQRFXODWHG LWK SRUWH WRVXV VKR HG D JUHDWHU KLWH IOXRUHVFHQFH

LQ KHDUW RRG WKDQ LQ VDS RRG KLFK FRXOG EH UHODWHG WR D SURSRUWLRQDOO KLJKHU

FRQWHQW RI OLJQLQ LQ WKH ILUVW RQH OVR WKH UHG FRORU DV PRUH LQWHQVH LQ VDS RRG

WKDQ LQ KHDUW RRG UD V DQG YHVVHOV PRUHRYHU WKH UHG WLQWV HUH PRUH LQWHQVH DOO

DORQJ WKH VOLFH LQ VDS RRG WKDQ LQ KHDUW RRG )LJV ( ) KLFK FRXOG EH DVVXPHG

DV D KLJKHU FRQWHQW RI FHOOXORVH

GHJUDGDFLy H LGH FLDGD SRU HO FRORU D O GH ODV SDUHGHV GH OD ILEUD OD IO RUHVFH FLD EOD FD GH OD
ODPL LOOD PHGLD IOHFKD D O UDPH OD PH RU IO RUHVFH FLD H FRPSDUDFLy FR HO FR WURO
P HVWUD GHOLJ LILFDFLy SHUR H PH RU PHGLGD T H OD DOE UD ODV SDUHGHV GH ODV ILEUDV R HVWi
DGHOJD DGDV OD ODPL LOOD PHGLD P HVWUD IO RUHVFH FLD EOD FD IOHFKDV D OHV ODV SDUHGHV GH ORV
DVRV P HVWUD FRORUDFLy URMD DGHOJD DPLH WR IOHFKDV EOD FDV OE UD iUHDV GHO WHMLGR P
GHJUDGDGDV IOHFKDV EOD FDV FR GHJUDGDFLy L WHUPHGLD IOHFKDV DPDULOODV SRFR GHJUDGDGDV
IOHFKDV D OHV /DV IOHFKDV EOD FDV VHxDOD iUHDV GH OD SDUHG GH ODV ILEUDV T H VH KD GHJUDGDGR
FDVL SRU FRPSOHWR GR GH VyOR T HGD OD ODPL LOOD PHGLD UDPH ODV SDUHGHV GH ODV ILEUDV R
HVWi DGHOJD DGDV SHUR OD GLVPL FLy GH OD IO RUHVFH FLD EOD FD OD HVWU FW UD H LGH FLD GHOLJ
LILFDFLy D T H H PH RU PHGLGD T H H OD DOE UD ( OE UD 3pUGLGD KRPRJp HD GH OLJ L D
H LGH FLDGD SRU HO FRORU URMR OD SpUGLGD GH IO RUHVFH FLD EOD FD HO DGHOJD DPLH WR GH ODV SDUHGHV
GH ODV ILEUDV IOHFKDV EOD FDV ) UDPH GHOLJ LILFDFLy KRPRJp HD GH ODV SDUHGHV GH OD ILEUD
FRORU URMR RVF UR SHUR R GH OD ODPL LOOD PHGLD T H D SUHVH WD D IO RUHVFH FLD EOD FD

ä
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L 0LFURVFRSLF WUD V HUVH VHFWLR V RI EORFNV WUHDWHG LWK R JR UHG VWDL D G SKRWRJUDSKHG
GHU 89 IO RUHVFH FH D G L RF ODWHG LWK H HR LV XV L L H PH R H H XV LV
D G H LSR XV SR H RVXV ( ) 6DS RRG H H GHOLJ LILFDWLR LWK KLJKHU OH HOV KLWH

DUUR V L WHUPHGLDWH HOOR DUUR V D G OR HU OH HOV EO H DUUR V RI GHJUDGDWLR RI WKH ILEHU
DOOV UHG R H FORVH WR WKH O PH L GLFDWHV WKDW GHOLJ LILFDWLR VWDUWV L WKH L HU 6 D G 6 OD
HUV HOOR DUUR V +HDUW RRG KLWH IO RUHVFH FH VWLOO UHPDL V L WKH PLGGOH ODPHOOD D G ILEHU
DOOV VKR EO H FRORU KR H HU HVVHOV HOOR DUUR V D G VRPH ILEHUV KLWH DUUR V VKR WKH
EHJL L J RI GHFRPSRVLWLR UHG FRORU D G WKL L J 6DS RRG D G +HDUW RRG R UHPDUN
DEOH GLIIHUH FHV DUH REVHU HG EHW HH VDS RRG D G KHDUW RRG GHJUDGDWLR LV H H LWK PRUH
KLWH DUUR V D G IH HU EO H DUUR V GHFD HG DUHDV ( 6DS RRG D G ) +HDUW RRG 6DS RRG V

ILEHU DOOV VKR D GDUNHU EO H FRORU D KRPRJH HR V UHGGLVK WL W D G OHVV KLWH IO RUHVFH FH WKD
KHDUW RRG LW FR OG EH UHODWHG WR D SURSRUWLR DOO JUHDWHU FR WH W RI FHOO ORVH L VDS RRG WKD L
KHDUW RRG G H WR WKH JUHDWHU UHPR DO RI FHOO ORVH L WKH KHDUW RRG

L RUWHV WUD V HUVDOHV PLFURVFySLFRV GH EORT HV WUDWDGRV FR FRORUD WH URMR R JR IRWRJUD
ILDGRV EDMR IO RUHVFH FLD 89 H L RF ODGRV FR H HR LV XV L L H PH R H H XV LV

H LSR XV SR H RVXV ( ) OE UD GHOLJ LILFDFLy KHWHURJp HD FR SDUHGHV GH ILEUDV
FR DOWD IOHFKDV EOD FDV L WHUPHGLD IOHFKDV DPDULOODV EDMD IOHFKDV D OHV GHJUDGDFLy 8 D
R D URMD FHUFD GHO O PH L GLFD T H OD GHOLJ LILFDFLy FRPLH D H ODV FDSDV L WHU DV 6 6 IOH
FKDV DPDULOODV UDPH D SHUVLVWH IO RUHVFH FLD EOD FD H OD ODPL LOOD PHGLD ODV SDUHGHV
GH ODV ILEUDV P HVWUD FRORU D O VL HPEDUJR ORV DVRV IOHFKDV DPDULOODV DOJ DV ILEUDV IOHFKDV
EOD FDV P HVWUD HO L LFLR GH OD GHVFRPSRVLFLy FRORUDFLy URMD DGHOJD DPLH WR OE UD
UDPH R VH REVHU D GLIHUH FLDV GHVWDFDEOHV H WUH DOE UD G UDPH OD GHJUDGDFLy HV KHWHUR

Jp HD FR iUHDV PiV PH RV GHJUDGDGDV IOHFKDV EOD FDV D OHV UHVSHFWL DPH WH ( OE UD ) ä



L R 6 SOHPH WR 2FW EUH

7KH SKORURJOXFLQRO VWDLQLQJ VKR HG WR EH OHVV LQIRUPDWLYH WKDQ WKDW XVLQJ FRQJR

UHG 7KH VWDLQLQJ RI WKH ILEHUV XVLQJ SKORURJOXFLQRO DV KHWHURJHQHRXV DORQJ WKH

DQQXDO JUR WK ULQJV DQG LWKLQ HDFK ULQJ ERWK LQ LQRFXODWHG DQG LQ FRQWURO EORFNV

)LJ )LJ :LWKLQ HDFK ULQJ D PRUH LQWHQVH VWDLQLQJ DV REVHUYHG LQ WKH ODWH

RRG WKDQ LQ WKH HDUO RRG KLFK LV FRQVLVWHQW LWK WKH JUHDWHU OLJQLILFDWLRQ RI

WKH ODWH RRG )LJV % KLWH DUUR V ,QRFXODWHG EORFNV VKR HG OHVV VWDLQLQJ

LQ SKORURJOXFLQRO WKDQ FRQWURO EORFNV )LJ )LJ KLFK LV FRQVLVWHQW LWK D

GHOLJQLILFDWLRQ SURFHVV EXW WKLV DV DOVR REVHUYHG WR D OHVVHU H WHQW LQ WKH FDVH RI

EUR Q URW IXQJL OWKRXJK WKLV VWDLQLQJ YDULDWLRQ DV REVHUYHG DORQJ WKH VOLFH WKH

FRORU LQWHQVLW DV FRQJUXHQW LWK WKH YDOXHV RI PDVV ORVV :KLWH URW VSHFLHV LWK

WKH EHVW SHUIRUPDQFH LQ VDS RRG VKR HG OHVV VWDLQ LQWHQVLW LQ VDS RRG WKDQ LQ

KHDUW RRG )LJV ) )LJV % 2Q WKH RWKHU KDQG WKH GLPLQLVKHG VWDLQLQJ

LQ SKORURJOXFLQRO REVHUYHG LQ EORFNV LQRFXODWHG LWK EUR Q URW VSHFLHV DV LQ WKH

FDVH RI SRUWH WRVXV )LJV ( ) FRXOG EH UHODWHG WR D FKHPLFDO DOWHUDWLRQ RI WKH

OLJQLQ VWUXFWXUH LQGXFHG E WKH IXQJXV 3UHYLRXV VWXGLHV WKDW H DPLQHG EUR Q URW

LQ RRG EORFNV UHSRUWHG WKDW PRVW K SKDH JUH RQ WKH VXUIDFH RI 6 OD HU V UHOD

WLYHO ODUJH HFWRHQ PHV RI EUR Q URW IXQJL PXVW ILUVW GLIIXVH YHU GHHSO LQWR WKH

FHOO DOO WKURXJK WKH 6 OD HU WR GHJUDGH WKH FHOOXORVH ULFK 6 OD HU SUREDEO RWKHU

FRPSRXQGV VXFK DV K GURJHQ SHUR LGH DQG LURQ LRQV EUHDFK LQVLGH WKH FHOO DOO DQG

RYHUFRPH WKH OLJQRFHOOXORVH PDWUL E R LGDWLYH GHSRO PHUL DWLRQ WKXV IDFLOLWDWLQJ

WKH HFWRHQ PHV GLIIXVLRQ 6FK DU H

&RQJR UHG VWDLQLQJ HVSHFLDOO KHQ REVHUYHG LQ 89 DV XVHIXO WR GHWHFW OLJQLQ

ORVV EHFDXVH GHOLJQLILHG RQHV HUH UHYHDOHG ,Q WKHVH VOLFHV OLJQLQ DXWRIOXRUHVFHQFH

FRH LVWHG LWK WKH UHG FRORU RI WKH VWDLQ WKH EDODQFH EHW HHQ WKHVH W R FRPSRQHQWV

DOOR HG WKH REVHUYDWLRQ RI GLIIHUHQW GHFD GHJUHHV 0RUHRYHU LGHQWLILFDWLRQ RI PRUH

GHJUDGHG RQHV FRXOG EH GRQH %HVLGHV DOWKRXJK SKORURJOXFLQRO VWDLQ DOOR HG OLJQLQ

GHWHFWLRQ LWV TXDQWLILFDWLRQ DV PRUH GLIILFXOW

UDPH /DV SDUHGHV GH ODV ILEUDV GH OD DOE UD P HVWUD FRORU D O PiV RVF UR WL WH URML R
KRPRJp HR PH RV IO RUHVFH FLD EOD FD T H ODV GHO G UDPH OR T H SRGUtD HVWDU UHODFLR DGR
FR FR WH LGR SURSRUFLR DOPH WH PD RU GH FHO ORVD H OD DOE UD T H H HO G UDPH GHELGR D
OD PD RU UHPRFLy GH FHO ORVD H HO G UDPH

ä
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L 0LFURVFRSLF WUD V HUVH VHFWLR V RI EORFNV WUHDWHG LWK SKORURJO FL RO VWDL D G L RF ODWHG
LWK X LSR XV L XV 5 L R H H X H D G H R H H H X L ( ) OO
EORFNV VKR HG D OLJKWHU SL N VWDL L J WKD FR WURO EORFNV )LJ L GLFDWL J GHOLJ LILFDWLR
7KH JUHDWHVW OLJ L FR WH WV HUH L WKH PLGGOH ODPHOOD EODFN DUUR V D G ODWH RRG
KLWH DUUR V JUHDWHU GHOLJ LILFDWLR DV REVHU HG L VDS RRG WKD L KHDUW RRG EORFNV
L RF ODWHG LWK 5 X H E W RW L EORFNV L RF ODWHG LWK L XV D G H X L

L RUWHV WUD V HUVDOHV PLFURVFySLFRV GH EORT HV WUDWDGRV FR WL FLy GH IORURJO FL RO H L RF
ODGRV FR X LSR XV L XV 5 L R H H X H H R H H H X L ( )
7RGRV ORV EORT HV PRVWUDUR D WL FLy URVD PiV FODUD T H ORV EORT HV GH FR WURO )LJ OR
T H L GLFD GHOLJ LILFDFLy /RV PD RUHV FR WH LGRV GH OLJ L D VH H FR WUDUR H OD ODPL LOOD PHGLD

IOHFKDV HJUDV H HO OHxR WDUGtR IOHFKDV EOD FDV 6H REVHU y D PD RU GHOLJ LILFDFLy
H ORV EORT HV GH DOE UD T H H ORV GH G UDPH L RF ODGRV FR 5 X H SHUR R H
EORT HV L RF ODGRV FR L XV 9H X L
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21 6 216

)XQJDO DELOLW WR GHFD RRG LV JHQHUDOO VWXGLHG LWKRXW GLVWLQJXLVKLQJ EHW HHQ

VDS RRG DQG KHDUW RRG 2XU RUN RQH RI WKH IH WKDW DQDO HV WKH DELOLW RI GLI

IHUHQW IXQJL WR GHFD ERWK UHJLRQV RI WKH RRG VKR HG WKDW RYHU RI WKH VSHFLHV

VWXGLHG KDG VLJQLILFDQWO GLIIHUHQW SHUIRUPDQFH LQ VDS RRG DQG KHDUW RRG V IDU

DV H NQR WKH DELOLW WR GHFD VDS RRG DQG KHDUW RRG RI 1RW RI JXV SXPLOLR E

L 0LFURVFRSLF WUD V HUVH VHFWLR V RI EORFNV WUHDWHG LWK SKORURJO FL RO VWDL D G L RF ODWHG
LWK H HR LV XV L L H PH R H H XV LV D G H LSR XV SR H RVXV ( )
OO EORFNV VKR HG D OLJKWHU SL N VWDL L J WKD FR WURO EORFNV )LJV D G D OLJKWHU VWDL L J L
VDS RRG WKD L KHDUW RRG 7KH JUHDWHVW OLJ L FR WH WV HUH L WKH PLGGOH ODPHOOD

L RUWHV WUD V HUVDOHV PLFURVFySLFRV GH EORT HV WUDWDGRV FR WL FLy GH IORURJO FL RO H L RF
ODGRV FR H HR LV XV L L H PH R H H XV LV H LSR XV SR H RVXV ( )
7RGRV ORV EORT HV PRVWUDUR D FRORUDFLy URVD PiV FODUD T H ORV EORT HV GH FR WURO )LJV

D FRORUDFLy PiV FODUD H OD DOE UD T H H HO G UDPH /RV PD RUHV FR WH LGRV GH OLJ L D VH
H FR WUDUR H OD ODPL LOOD PHGLD
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WKH VSHFLHV VWXGLHG LQ WKLV RUN LV FRPSDUHG IRU WKH ILUVW WLPH 0RVW RI WKH KLWH

URW IXQJL WHVWHG VKR HG D SUHIHUHQFH IRU VDS RRG DQG DOO EUR Q URW IXQJL IRU KHDUW

RRG

PRQJ KLWH URW IXQJL W R PRGHV RI DFWLRQ HUH REVHUYHG D JHQHUDOL HG GH

FD SDWWHUQ W SLFDO IRU 3 HOXWL DQG D ORFDOL HG SDWWHUQ DV WKH RQH VKR Q IRU

OEL XV 5 EUX H 6 WUL L OH DQG XVWU OLV

.12 176

7KLV RUN DV VXSSRUWHG E JHQFLD 1DFLRQDO GH 3URPRFLyQ &LHQWtIFD 7pFQLFD

13& 7 )21& 7 3,&7

2 5 3

%ODQFKHWWH 5 HJUDGDWLRQ RI WKH OLJQRFHOOXORVH FRPSOH LQ RRG

L -RXU O RI RW 6

%RHU : )ROPDQ / % 6XPPHUEHOO 5 & %RGG / /LYLQJ LQ D IXQJDO

RUOG LPSDFW RI IXQJL RQ VRLO EDFWHULDO QLFKH GHYHORSPHQW 060LFURELRORJ

5H LHZV

%RGG / )XQJDO FRPPXQLW HFRORJ DQG RRG GHFRPSRVLWLRQ SURFHVVHV

LQ DQJLRVSHUPV IURP VWDQGLQJ WUHH WR FRPSOHWH GHFD RI FRDUVH RRG GHEULV

FRORJLF O XOOHWL V

& LHORQJ 3 5DMFKHQEHUJ 0 :RRG URWWLQJ RQ 1RW RI JXV SXPLOLR LQ 3D

WDJRQLD UJHQWLQD XURSH -RXU O RI RUHVW 3 W RORJ

DVKWEDQ 0 6FKUDIW 6 HG 7 4LQ : )XQJDO ELRGHJUDGDWLRQ

DQG HQ PDWLF PRGLILFDWLRQ RI OLJQLQ , WHU WLR O MRXU O RI ELRF HPLVWU

PROHFXO U ELRORJ

DQLHO )XQJDO GHJUDGDWLRQ RI RRG FHOO DOOV ,Q <6 .LP 5 )XQDGD

DQG 3 6LQJK (GV 6HFR U OHP ELRORJ 2ULJL V IX FWLR V SSOLF WLR V

SS FDGHPLF 3UHVV

L 5LHQ R - &DVDQRYHV ) %DO DULQL 0 RQ iOH / 7DEODGD 0 5REOH

GR & : ,QIR6WDW &HQWUR GH WUDQVIHUHQFLD ,QIR6WDW )& 8QLYHUVLGDG

1DFLRQDO GH &yUGRED UJHQWLQD

)HUJXV % - RULQJ , 7KH GLVWULEXWLRQ RI OLJQLQ LQ ELUFK RRG

GHWHUPLQHG E XOWUDYLROHW PLFURVFRS RO IRUVF X J

UHHQ ,,, ) LJKOH 7 / 0HFKDQLVP RI EUR Q URW GHFD SDUDGLJP RU

SDUDGR , WHU WLR O LR HWHULRU WLR LR HJU WLR

UHVOHELQ )ORUD &ULSWRJiPLFD GH 7LHUUD GHO )XHJR )XQJL %DVLGLRP FRWD

SK OORSKRUDOHV &RQLRSKRUDFHDH &RUWLFLDFHDH RPSKDFHDH PHQRFKDHWD

FHDH /DFKQRFODGLDFHDH 6WHUHDFHDH 7KHOHSKRUDFHDH 7XODVQHOODOHV 7XODVQHO

ODFHDH %XHQRV LUHV UJHQWLQD ;, SiJV

UHVOHELQ 5DMFKHQEHUJ 0 LYHUVLW RI &RUWLFLDFHDH VH VX O WR LQ 3DWD

JRQLD 6RXWKHUQ UJHQWLQD 1HZ H O -RXU O RI RW
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UHVOHELQ 1DNDVRQH . 5DMFKHQEHUJ 0 5 L RF HWH D QH JHQXV RI

SKDQHURFKDHWRLG IXQJL 0 FRORJL

DUDGD & Wp : 6WUXFWXUH RI RRG LRV W HVLV ELR HJU WLR

RI ZRR FRPSR H WV

-DQXV 3D OLN 6XOHM - ° LGHUVND %XUHN 8 -DURV :LONRóD ND 3DV F

xVNL /LJQLQ GHJUDGDWLRQ PLFURRUJDQLVPV HQ PHV LQYROYHG JH

QRPHV DQDO VLV DQG HYROXWLRQ 06 PLFURELRORJ UH LHZV

0DXFK 0DQL % 6OXVDUHQNR - 3URGXFWLRQ RI VDOLF OLF DFLG SUHFXUVRUV LV

D PDMRU IXQFWLRQ RI SKHQ ODODQLQH DPPRQLD O DVH LQ WKH UHVLVWDQFH RI U EL RSVLV

WR 3HUR RVSRU S U VLWLF 7 H 3O W HOO

0LWUD 3 3 /RTXp LVWRFKHPLFDO VWDLQLQJ RI U EL RSVLV W OL VHFRQG

DU FHOO DOO HOHPHQWV -RXU O RI 9LVX OL H SHULPH WV H

0RKDUHE 6LUPDK 3 HVKDUQDLV / XPDUoD 6 3pWULVVDQV 0 pUDUGLQ

3 (IIHFW RI H WUDFWLYHV RQ FRQIHUUHG DQG QDWXUDO GXUDELOLW RI XSUHVVXV

OXVLW LF KHDUW RRG OV RI IRUHVW VFLH FH

3LQKHLUR - & %DWHV 0 0L HG HIIHFWV PRGHOV LQ 6 DQG 6 3/86

6SULQJHU

5 &RUH 7HDP 5 D ODQJXDJH DQG HQYLURQPHQW IRU VWDWLVWLFDO FRPSXWLQJ 5 )RXQGD

WLRQ IRU 6WDWLVWLFDO &RPSXWLQJ 9LHQQD XVWULD

5DMFKHQEHUJ 0 /RV KRQJRV SXGULGRUHV GH 1RW RI JXV SXPLOLR OHQJD LGHQ

WLILFDFLyQ GH ORV FXOWLYRV SXURV RVTXH

5DMFKHQEHUJ 0 /RV SROtSRURV %DVLGLRP FHWHV GH ORV %RVTXHV QGLQR

3DWDJyQLFRV GH UJHQWLQD - &UDPHU %HUOLQ DQG 6WXWWJDUW

5D QHU 0 %RGG / D )XQJDO FRPPXQLWLHV LQ WKH GHFD RI RRG

,Q . & 0DUVKDOO (G FHV L PLFUREL O HFRORJ SS 6SULQJHU

5D QHU 0 %RGG / E )XQJDO GHFRPSRVLWLRQ RI RRG LWV ELRORJ

DQG HFRORJ -RKQ :LOH DQG 6RQV /WG

5REOHV & &DUPDUiQ & /ySH 6 6FUHHQLQJ RI ORSKDJRXV IXQJL DVVR

FLDWHG LWK 3O W XV FHULIROL LQ XUEDQ ODQGVFDSHV %LRGLYHUVLW DQG SRWHQWLDO

ELRGHWHULRUDWLRQ VF SH 8UE 3O L J

6DND 6 :KLWLQJ 3 )XND D D . RULQJ , &RPSDUDWLYH VWXG

LHV RQ OLJQLQ GLVWULEXWLRQ E 89 PLFURVFRS DQG EURPLQDWLRQ FRPELQHG LWK

( ; :RR 6FLH FH 7HF RORJ

6FK DU H ) : :RRG GHFD XQGHU WKH PLFURVFRSH X J O LRORJ 5H LHZV

6RQJ ) 7LDQ ; )DQ ; H ; HFRPSRVLQJ DELOLW RI ILODPHQWRXV

IXQJL RQ OLWWHU LV LQYROYHG LQ D VXEWURSLFDO PL HG IRUHVW 0 FRORJL

:DUGURS % DUDGD 7KH IRUPDWLRQ DQG VWUXFWXUH RI WKH FHOO DOO LQ

ILEHUV DQG WUDFKHLGV -RXU O RI SHULPH W O RW


