
3RUWDEOH�SHHU�UHYLHZ�

$QVZHU�WR�WKH�5HIHUHHV�IRU ³5ROH�RI�SURWHLQ�GHJUDGDWLRQ LQ�JURZWK

ODZV´��&DODEUHVH�HW DO�

7KLV�ZRUN�ZLOO�EH�RI�LQWHUHVW�WR�WKHRULVWV�LQ�PLFURELDO�V\VWHPV�ELRORJ\��,W�VKRZV�WKDW�WDNLQJ�SURWHLQ

GHJUDGDWLRQ�LQWR�DFFRXQW�LPSURYHV�WKHRUHWLFDO�SUHGLFWLRQV�RI�EDFWHULDO�JURZWK�ODZV�DW�ORZ�JURZWK

UDWHV��7KH�WKHRUHWLFDO�DVSHFWV�RI�WKLV�ZRUN�DUH�VROLG��6RPH�XQGHUO\LQJ�DVVXPSWLRQV�RI�WKH�PRGHO

DQG�NH\�SUHGLFWLRQV�UHPDLQ�WR�EH�YDOLGDWHG�H[SHULPHQWDOO\�

:H DUH JODG WKDW WKH UHIHUHHV FRQVLGHU RXU ZRUN WR EH YDOXDEOH� DQG WKDW WKH\ YLHZ WKH WKHRU\

WKDW�ZH�GHYHORSHG�DV�D�VROLG�FRQWULEXWLRQ�

7KH WZR UHYLHZHUV UDLVH WZR PDLQ SRLQWV FRQFHUQLQJ WKH GDWD IURP WKH OLWHUDWXUH WKDW ZH KDYH

UH�DQDO\VHG RU UH�XVHG� $OO WKHVH GDWD FRPH IURP SXEOLFDWLRQV E\ RWKHU UHVHDUFK JURXSV �HLWKHU

LQ�WKH�UHFHQW�SDVW�RU�������\HDUV�DJR��

:H DQVZHU HDFK RI WKH UHYLHZHUV¶ FULWLFLVPV EHORZ� 7R VXPPDULVH� WKH\ DUH EDVHG RQ WZR PDLQ

SRLQWV�

��� LQDFWLYH ULERVRPHV KDYH QHYHU EHHQ REVHUYHG KHQFH WHVWLQJ SUHGLFWLRQV DERXW WKHLU

DEXQGDQFH LV FXUUHQWO\ LPSRVVLEOH� DQG ��� SURWHLQ GHJUDGDWLRQ LV LPSRUWDQW LQ WKH OLPLW RI ]HUR

JURZWK EXW H[SHULPHQWDO GDWD LQ WKLV UHJLPH DUH H[WUHPHO\ VSDUVH DQG FKDOOHQJLQJ �RQO\

DYDLODEOH�IRU (��FROL��

5HJDUGLQJ SRLQW � � 5HYLHZHU � VHHPV WR PLVV WKDW ULERVRPHV FDQ EH LQDFWLYH WKURXJK VHYHUDO

ZHOO�DFFHSWHG PHFKDQLVPV �VHH H�J� 30,'� ���������� LQFOXGLQJ ELQGLQJ RI XQFKDUJHG W51$V

DQG EHLQJ XQERXQG �VHH H�J� 30,'� ���������� LQDFWLYH ULERVRPHV GR QRW UHTXLUH XQVSHFLILHG

DFWLYH�VHJUHJDWLRQ�PHFKDQLVPV��2XU�WKHRU\�LV�DJQRVWLF�RQ�WKH�RULJLQ�RI�LQDFWLYH�ULERVRPHV�

5HJDUGLQJ SRLQW �� :H SRLQW RXW WKDW WKH 'DL HW DO� GDWD DUH WKH KLJKHVW TXDOLW\ DYDLODEOH� DQG

IRUP�WKH�SLOODU�RI�VHYHUDO�SXEOLVKHG�VWXGLHV�

)LQDOO\� WKH UHYLHZHUV¶ SHUVSHFWLYH DSSHDUV WR EH FHQWHUHG RQ IDVW�JURZLQJ EDFWHULD LQ WKH

ODERUDWRU\� +RZHYHU� VORZ JURZWK LV UHOHYDQW IRU PRVW RI WKH OLIH F\FOH RI IDVW�JURZLQJ EDFWHULD LQ

WKH ZLOG� IRU VORZ�JURZLQJ EDFWHULD� ZKLFK DUH WKH PDMRULW\ RI DOO EDFWHULD� DQG IRU PRVW DUFKDHD

DQG HXNDU\RWHV� +HQFH� ZH EHOLHYH WKDW WKHUH LV D VWURQJ QHHG IRU TXDQWLWDWLYH SK\VLRORJ\

PRGHOV DEOH WR GHVFULEH WKLV UHJLPH� ,Q DGGLWLRQ� PDQ\ PLFURELDO VSHFLHV KDYH PD[LPXP JURZWK

UDWHV HTXLYDOHQW WR WKH VORZ JURZWK UHJLPH RI IDVWHU�JURZLQJ VSHFLHV �H�J� VHH .HPSHV HW DO�

����� DQG ������ DQG WKXV WKLV UHJLPH KDV UHOHYDQFH IRU D GLYHUVLW\ RI VSHFLHV WKDW JURZ PRUH

VORZO\ WKDQ (� FROL RU \HDVWV� ,W LV LPSRUWDQW WR QRWH WKDW WKHUH LV VLJQLILFDQW YDULDWLRQ LQ PD[LPXP

JURZWK�UDWH�DFURVV�EDFWHULDO�DQG�VLQJOH�FHOO�HXNDU\RWH�VSHFLHV�



5HYLHZHU�����3XEOLF�5HYLHZ��

%DFWHULD JURZWK ODZV DUH D YHU\ LQWHUHVWLQJ ILHOG RI UHVHDUFK ZLWK ORWV RI UHFHQW DFWLYLW\ LQ WU\LQJ WR

XQGHUVWDQG WKH ROGHU UHVXOWV LQFOXGLQJ WKDW WKH IUDFWLRQ RI D FHOO WKDW LV ULERVRPHV LQFUHDVHV

OLQHDUO\ ZLWK WKH FHOO JURZWK UDWH �UHJDUGOHVV RI WKH FDUERQ VRXUFH�� ,QWHUHVWLQJO\� WKH OLQH GRHVQ
W

FURVV WKH RULJLQ DW ]HUR JURZWK UDWH� EXW KDV D QRQ�]HUR RIIVHW� 7KLV SDSHU DLPV WR DGGUHVV ZK\

WKLV LV WKH FDVH DQG SURSRVHV LW DULVHV EHFDXVH RI WKH QHHG WR GHYRWH D SRRO RI ULERVRPHV WR

PDLQWDLQLQJ WKH SURWHRPH DQG FRPSHQVDWLQJ IRU SURWHLQ GHJUDGDWLRQ� ZKLFK EHFRPHV PRUH

LPSRUWDQW IRU PRUH VORZO\ JURZLQJ FHOOV� <HW� ZKLOH SODXVLEOH� WKH GDWD DUH TXLWH VSDUVH DQG LW LV

XQFOHDU�WR�PH�KRZ�D�EDFWHULDO�FHOO�ZRXOG�KDYH�D�GLVWLQFW�LQDFWLYH�SRRO�RI�ULERVRPHV�

$QVZHU� ,I ZH FRUUHFWO\ XQGHUVWDQG WKLV UHPDUN� 5HYLHZHU �� LV GLVFXVVLQJ WKH SRRO RI

³PDLQWHQDQFH ULERVRPHV´ WKDW ZH LQWURGXFH LQ WKLV ZRUN� +RZHYHU� ZH GR QRW UHTXLUH XQVSHFLILHG

DFWLYH VHJUHJDWLRQ PHFKDQLVPV IRU WKLV SRRO RI DFWLYHO\ WUDQVODWLQJ �QRW LQDFWLYH� ULERVRPHV�

ZKLFK VLPSO\ HPHUJHV IURP WKH EDODQFH RI WKH SURWHLQ SURGXFWLRQ�GHJUDGDWLRQ IOX[HV� :H DUH

VWDWLQJ WKDW D IUDFWLRQ RI SURWHLQ V\QWKHVLV LV QHHGHG WR UHSODFH GHJUDGHG SURWHLQV� DQG WKDW WKLV

LV SDUWLFXODUO\ WUXH DW VORZ JURZWK� 9LD WKH LQWURGXFWLRQ RI PDLQWHQDQFH ULERVRPHV� ZH DUH DEOH WR

TXDQWLI\�WKH�IUDFWLRQ�RI�WRWDO�SURWHLQ�SURGXFWLRQ�WKDW�LV�GHYRWHG�WR�WKLV�WDVN�

7KH PDLQ SURSRVDO LV WKDW WKH RIIVHW DULVHV EHFDXVH RI SURWHLQ GHJUDGDWLRQ� 7KH K\SRWKHVLV LV

WKDW WKH UDWH RI SURWHLQ GHJUDGDWLRQ EHFRPHV LQFUHDVLQJO\ LPSRUWDQW DW VORZHU JURZWK UDWHV VR

WKDW WR PDLQWDLQ WKH SURWHRPH D ODUJHU DQG ODUJHU IUDFWLRQ RI ULERVRPHV LV HQJDJHG LQ

PDLQWHQDQFH UDWKHU WKDQ JURZWK GXWLHV� ,QLWLDOO\� WKH GHJUDGDWLRQ UDWH LV FRQVLGHUHG IL[HG� EXW WKH

GDWD JDWKHUHG IURP WKH OLWHUDWXUH VHHPV WR LQGLFDWH WKDW GHJUDGDWLRQ UDWHV LQFUHDVH DW VORZHU

JURZWK �)LJ� ��� 7KLV LV SUHWW\ LQWHUHVWLQJ DV P\ LQWXLWLRQ ZRXOG KDYH WKRXJKW WKDW WKH VSHHG RI

SURWHLQ GHJUDGDWLRQ ZRXOG LQFUHDVH ZLWK WKH FHOO JURZWK UDWHV VLQFH WKH UDWHV RI PRVW SURFHVVHV

GR��+HUH��WKH\�UHSRUW�WKH�RSSRVLWH�DOWKRXJK�WKH�GDWD�RQ�\HDVW�DUH�SUHWW\�VSDUVH�

$QVZHU� :H VKRZ WKDW D SRRO RI WUDQVODWLQJ ULERVRPHV PXVW FRQWULEXWH WR WKH RIIVHW DQG�

LPSRUWDQWO\��WKDW�D�WKHRU\�WKDW�GRHV�QRW�LQFOXGH�WKLV�FRQWULEXWLRQ�LV�LQFRQVLVWHQW�DW�VORZ�JURZWK�

7KXV� RQ WKH RQH KDQG� D PRGHO ZLWK RQO\ SURWHLQ GHJUDGDWLRQ SURYLGHV SUHGLFWLRQV WKDW DUH QRW

LQ OLQH ZLWK WKH DYDLODEOH GDWD RQ SURWHLQ GHJUDGDWLRQ� 2Q WKH RWKHU KDQG� D PRGHO WKDW GRHV QRW

DFFRXQW IRU SURWHLQ GHJUDGDWLRQ LV DOVR LQFRQVLVWHQW ZLWK GDWD� :H WKXV FRQFOXGH WKDW ERWK

DVSHFWV DUH QHFHVVDU\ WR UDWLRQDOLVH JURZWK ODZV LQ DOO UHJLPHV� 2XU WKHRU\ GRHV QRW DLP DW

XQGHUVWDQGLQJ WKH XQGHUO\LQJ PHFKDQLVPV EHKLQG WKH RULJLQ RI DFWLYH DQG LQDFWLYH ULERVRPDO

SRROV��ZKRVH�H[LVWHQFH�LV�ZHOO�DFFHSWHG�LQ�WKH�OLWHUDWXUH�



,
P�OHIW�ZRQGHULQJ�DERXW�WKH�IROORZLQJ�PDMRU�SRLQWV�WKRXJK�

���:K\�GRQ
W�WKH�DXWKRUV�XVH�WKH�ILWWHG�GHJUDGDWLRQ�UDWHV�DV�D�IXQFWLRQ�RI�JURZWK�UDWH�IURP�)LJ��

IRU�WKHLU�DQDO\VLV"

$QVZHU� :H GLG XVH WKHVH GDWD V\VWHPDWLFDOO\� 7KH UHYLHZHU LV FRQIXVHG E\ WKH VWRU\OLQH� ZKLFK

VWDUWV ZLWK WKH IDOVLILFDWLRQ RI VLPSOHU PRGHOV� :H QRZ IL[HG WKLV SUREOHP LQ WKH QDUUDWLYH� DQG ZH

VWDUW E\ FODULI\LQJ WKH VFRSH RI WKH GHJUDGDWLRQ�RQO\ PRGHO DQG KRZ ZH XVH WKH GDWD LQ RXU

VXEVHTXHQW�DQDO\VLV�

:H ZLOO XVH WKLV VLPSOH PRGHO LQ RUGHU WR IDOVLI\ WKH VWDQGDUG YLHZ QHJOHFWLQJ GHJUDGDWLRQ DW

VORZ JURZWK� :H ZLOO WKHQ PRYH WR PRGHOV DOVR LQFOXGLQJ WKH HIIHFWV RI QRQ�WUDQVODWLQJ

��LQDFWLYH���ULERVRPHV�

7KH VHFRQG SDUW RI WKLV VWXG\ FRQWDLQV D GHWDLOHG DQDO\VLV RI WKH DYDLODEOH GDWD� $V ZH ZLOO VHH�

LQFOXGLQJ GHJUDGDWLRQ LV VWULFWO\ QHFHVVDU\ DW GRXEOLQJ WLPHV WKDW DUH DFFHVVLEOH H[SHULPHQWDOO\

LQ�ERWK�\HDVW�DQG�EDFWHULD��ZLWK�KLJK�TXDOLW\�GDWD�LQ�(�FROL��

�� , GRQ
W XQGHUVWDQG WKH QRWLRQ RI DQ LQDFWLYH SRRO RI ULERVRPHV �HT ���� :KDW HYLGHQFH LV WKHUH

IRU WKH GLVWLQFWLRQ RI WZR VHSDUDWH SRROV� , FRXOG JXHVV WKDW DOO WKH ULERVRPHV DUH LQIUHTXHQWO\

WUDQVODWLQJ SURWHLQ VR WKDW HDFK VSHQGV PRUH WLPH XQHQJDJHG DQG WKHUH DSSHDUV 
LQDFWLYH
� EXW LW

LVQ
W UHDOO\ D VHSDUDWH SRRO� 7KLV DVVXPSWLRQ VHHPV WR PH WKH OHDVW FRPSHOOLQJ� DQG PRUH GDWD

RU�GLVFXVVLRQ�QHHGV�WR�EH�EURXJKW�WR�EHDU�WR�MXVWLI\�LW�

$QVZHU� :H KDYH LQFOXGHG WKHVH H[SODQDWLRQV DQG UHIHUHQFH WR VWDQGDUG OLWHUDWXUH RQ WKH SRRO

RQ QRQ�WUDQVODWLQJ ULERVRPHV� (YHQ FODVVLF WKHRULHV GHVFULEH D UHGXFWLRQ RI WUDQVODWLQJ

ULERVRPHV DW VORZ JURZWK DV D GHFUHDVH RI WKH SHU�ULERVRPH WUDQVODWLRQ UDWH �30,'� ���������

ZKLFK LV D GLVWLQFW PHFKDQLVP IURP ZKDW LW LV FDQRQLFDOO\ FRQVLGHUHG WR EH DQ LQDFWLYH ULERVRPH

�H�J� KLEHUQDWHG ULERVRPHV� VHH IRU LQVWDQFH 30,'� ���������� ,Q (� FROL� 'DL HW DO PHDVXUH

HORQJDWLRQ UDWHV GLUHFWO\� KHQFH LW LV SRVVLEOH WR VHH LQ WKHVH GDWD KRZ WKH SHU�ULERVRPH

HORQJDWLRQ UDWH PXVW EH WKH UDWLR RI WKH SK\VLFDO HORQJDWLRQ UDWH WLPHV WKH IUDFWLRQ RI WUDQVODWLQJ

�DFWLYH� ULERVRPHV� 2XU WKHRU\ LV DJQRVWLF RQ WKH RULJLQ RI LQDFWLYH ULERVRPHV� ZKLFK LV QRW WKH

IRFXV RI RXU ZRUN� 6WLOO� DUJXLQJ RQ WKH QRQ�H[LVWHQFH RI WKH LQDFWLYH ULERVRPDO SRRO VHHPV WR EH

GLVVRQDQW WR ZHOO�DFFHSWHG IUDPHZRUNV� ZKLFK LV QRW WKH LQWHQW RI RXU ZRUN� ,QVWHDG� ZH

FRQWULEXWH�WR�WKH�RSHQ�GHEDWH�DERXW�LWV�GHILQLWLRQ�DQG�UHOHYDQFH�

5HYLHZHU�����5HFRPPHQGDWLRQV�IRU�WKH�DXWKRUV��

$V�D�PLQRU�SRLQW��,�WKLQN�WKH�ER[HV�DUH�FRQIXVLQJ��,W�ZRXOG�EH�FOHDUHU�LI�WKH�HTXDWLRQV�ZHUH

GHYHORSHG�LQ�WKH�PDLQ�WH[W�DV�QHHGHG�IRU�WKH�DUJXPHQWV��7KHUH�DUHQ
W�VR�PDQ\�RI�WKHP�VR�LW



ZRXOG�EH�HDV\�HQRXJK�WR�GR��$QG��VLQFH�WKH�GLVFXVVLRQ�DQG�GHVFULSWLRQ�RI�WKH�DUJXPHQW�LV�UHDOO\

PRVWO\�LQ�WKH�PDLQ�WH[W�DQ\ZD\��,�GRQ
W�WKLQN�WKH�ER[HV�VWDQG�DOO�WKDW�ZHOO�RQ�WKHLU�RZQ�

$QVZHU� $OWKRXJK LW LV WUXH WKDW WKHUH DUH QRW VR PDQ\ HTXDWLRQV LQ WKH PDQXVFULSW� ZH EHOLHYH

WKDW LQWHJUDWLQJ WKH ER[HV LQ WKH WH[W ZRXOG UDGLFDOO\ FKDQJH WKH RUJDQLVDWLRQ RI WKH WH[W� :H

ZRXOG UDWKHU NHHS WKRVH GHWDLOV LQ D VHSDUDWH HQYLURQPHQW IRU WKH LQWHUHVWHG UHDGHUV RQO\� DOVR

WR�IDFLOLWDWH�WKH�UHDGLQJ�IURP�D�OHVV�WHFKQLFDO�DXGLHQFH�

5HYLHZHU�����3XEOLF�5HYLHZ��

%DFWHULDO JURZWK ODZV KDYH HQDEOHG FRQVLGHUDEOH SURJUHVV LQ RXU TXDQWLWDWLYH XQGHUVWDQGLQJ RI

FHOO SK\VLRORJ\� 7KH PRVW LPSRUWDQW JURZWK ODZ GHVFULEHV WKH GHSHQGHQFH RI ULERVRPH

FRQFHQWUDWLRQ RQ JURZWK UDWH LQ H[SRQHQWLDO JURZWK� ZKLFK LV OLQHDU ZLWK D \�D[LV RIIVHW� ,Q WKLV

ZRUN� WKH DXWKRUV DGGUHVV WKH RULJLQ RI WKLV \�D[LV RIIVHW� ZKLFK LV DQ LPSRUWDQW FRQFHSWXDO

SUREOHP� 7KH\ VKRZ WKDW D WKHRUHWLFDO PRGHO WKDW WDNHV LQWR DFFRXQW ERWK SURWHLQ GHJUDGDWLRQ

DQG D IUDFWLRQ RI LQDFWLYH ULERVRPHV FDQ H[SODLQ WKH HPSLULFDOO\ REVHUYHG RIIVHW EHWWHU WKDQ WKH

FRQYHQWLRQDO�DSSURDFK��ZKLFK�QHJOHFWV�SURWHLQ�GHJUDGDWLRQ�

([SODLQLQJ WKH RULJLQ RI WKH \�D[LV RIIVHW LQ WKH ILUVW JURZWK ODZ ZRXOG EH DQ LPSRUWDQW DGYDQFH

ZLWK D PDMRU LPSDFW RQ WKH ILHOG� 7KH WKHRUHWLFDO DQDO\VLV LQ WKLV ZRUN LV FDUHIXOO\ SHUIRUPHG DQG

WKH UHVXOWV DUH FOHDUO\ SUHVHQWHG DQG HDVLO\ DFFHVVLEOH IRU D EURDGHU DXGLHQFH� +RZHYHU� WKH

H[SHULPHQWDO VXSSRUW IRU VRPH NH\ DVVXPSWLRQV RI WKH PRGHO QHHGV WR EH FODULILHG DQG WKHUH

PD\ EH D PDMRU FRQFHSWXDO SUREOHP ZLWK WKH LQWHUSUHWDWLRQ RI TXDQWLWLHV PHDVXUHG DW RU QHDU

JURZWK�UDWH�]HUR�

6SHFLILF�LVVXHV�

�� 7KH OLPLW RI ]HUR JURZWK UDWH� ZKLFK LV WKH IRFXV RI WKLV ZRUN� LV SUREOHPDWLF DV NH\ TXDQWLWLHV

HQWHULQJ WKH JURZWK ODZV DUH QRW FOHDUO\ GHILQHG LQ WKLV OLPLW� 7KH DXWKRUV SUHVHQW DQ H[WHQVLRQ RI

WKH PRGHO ILUVW VHW XS E\ 6FRWW HW DO� ������� 7KH RULJLQDO PRGHO ZDV GHVLJQHG IRU FHOOV LQ VWHDG\

VWDWH H[SRQHQWLDO JURZWK� $W ]HUR JURZWK UDWH� LW LV QRW FOHDU ZKDW WKH VWHDG\ VWDWH LV� ,Q

H[SRQHQWLDO JURZWK� WKLV VWHDG\ VWDWH LV UHDFKHG DIWHU VXIILFLHQWO\ PDQ\ JHQHUDWLRQV DW FRQVWDQW

JURZWK UDWH XQGHU FRQVWDQW FRQGLWLRQV� KRZHYHU� DW ]HUR JURZWK UDWH� NH\ TXDQWLWLHV WKDW DUH

PHDVXUHG ZLOO GHSHQG RQ KRZ ORQJ WKH FHOOV ZHUH NHSW DW ]HUR JURZWK EHIRUH WKH PHDVXUHPHQW

LV GRQH �WKH UHOD[DWLRQ WLPH VFDOH RI WKH V\VWHP EHFRPHV LQILQLWH LQ WKLV OLPLW�� 9HU\ ORZ JURZWK

UDWHV ZLWK GRXEOLQJ WLPHV DV ORQJ DV �� KRXUV DUH DOVR KDUG WR GHWHFW H[SHULPHQWDOO\ DQG ZRXOG

LQ SUDFWLFH EH WUHDWHG DV ]HUR JURZWK� ,W VKRXOG EH H[SODLQHG KRZ WKH PHDVXUHPHQWV DW ]HUR

JURZWK �IURP WKH OLWHUDWXUH� ZHUH SHUIRUPHG DQG KRZ ZH FDQ EH VXUH WKDW WKH\ DUH DV

UHSURGXFLEOH�DQG�FOHDUO\�GHILQHG�DV�WKRVH�DW�ILQLWH�JURZWK�UDWH�

$QVZHU� :H SRLQW RXW WKDW WKH 'DL HW DO� GDWD �30,'� ��������� DUH WKH KLJKHVW TXDOLW\

DYDLODEOH��DQG�IRUP�WKH�SLOODU�RI�VHYHUDO�SXEOLVKHG�VWXGLHV�



:H UHIHU WR WKH PHWKRGV RI WKDW VWXG\ IRU GHWDLOV� EXW DOO WKH VORZ JURZWK SRLQWV ZHUH REWDLQHG LQ

FRQWUROOHG VWHDG\ FRQGLWLRQV� DQG WKH DXWKRUV VKRZ WKDW WKH\ DUH LQ DJUHHPHQW ZLWK WKRVH

REWDLQHG IURP VSRUDGLF SUHYLRXV VWXGLHV GHWHUPLQHG E\ VHYHUDO GLIIHUHQW PHWKRGV� 7KH SRLQW DW

]HUR JURZWK FRUUHVSRQGV WR WKH VWDWLRQDU\ SKDVH UHDFKHG LQ EXON IURP WKH ��K LQWHUGLYLVLRQ WLPH

VWHDG\�JURZWK�

:H�KDYH�DGGHG�WKH�IROORZLQJ�SDUDJUDSK�LQ�WKH�0HWKRGV�DQG�0DWHULDOV�

$ PRUH GHWDLOHG DQDO\VLV RQ (�FROL ZDV SHUIRUPHG XVLQJ WKH 'DL HW DO� GDWD� 7KHVH GDWD

LQFOXGH KLJK�TXDOLW\ GLUHFW PHDVXUHPHQWV RI WUDQVODWLRQ HORQJDWLRQ UDWHV� JURZWK UDWHV�

DQG 51$�SURWHLQ UDWLRV � �� LQ D ZLGH VHW RI FRQGLWLRQV� LQFOXGLQJ VORZ JURZWK� IRUPLQJ�
A

WKH SLOODU RI VHYHUDO SXEOLVKHG VWXGLHV� ,Q WKLV VWXG\� DOO WKH VORZ JURZWK SRLQWV ZHUH

REWDLQHG LQ FRQWUROOHG VWHDG\ FRQGLWLRQV� DQG WKH DXWKRUV VKRZ WKDW WKH\ DUH LQ

DJUHHPHQW ZLWK WKRVH REWDLQHG IURP VSRUDGLF SUHYLRXV VWXGLHV XVLQJ VHYHUDO GLIIHUHQW

H[SHULPHQWDO PHWKRGV� ,Q WKLV GDWD VHW� WKH SRLQW DW ]HUR JURZWK FRUUHVSRQGV WR WKH

VWDWLRQDU\ SKDVH UHDFKHG LQ EXON DIWHU WKH VWHDG\�JURZWK FRQGLWLRQ ZLWK ��K GRXEOLQJ

WLPH�

�� 7KH DXWKRUV DVVXPH QRQVSHFLILF GHJUDGDWLRQ LQ WKHLU PRGHO� +HUH� LW ZRXOG EH XVHIXO WR FODULI\

WR ZKDW H[WHQW WKLV DVVXPSWLRQ KROGV� , WKRXJKW WKDW RQO\ D VPDOO PLQRULW\ RI SURWHLQV DUH

VSHFLILFDOO\ WDUJHWHG IRU GHJUDGDWLRQ LQ (� FROL� $ VKRUW VXPPDU\ RQ ZKDW LV FXUUHQWO\ NQRZQ

DERXW WKH FRPPRQ PROHFXODU PHFKDQLVPV RI SURWHLQ GHJUDGDWLRQ LQ (� FROL DQG 6� FHUHYLVLDH

ZRXOG�EH�KHOSIXO�

$QVZHU� :H KDYH DGGHG D SDUDJUDSK GHVFULELQJ ZKDW LV NQRZQ RQ GHJUDGDWLRQ LQ (� FROL� 7KHUH

LV DOVR D QRQVSHFLILF GHJUDGDWLRQ UDWH� )RU WKH PRGHO� ZKDW PDWWHUV LV WKDW WKHUH LV D PHDQ

RYHUDOO GHJUDGDWLRQ G\QDPLFV� ZKLFK LPSDFWV JURZWK EHFDXVH ULERVRPHV KDYH WR EH XVHG WR

UH�WUDQVODWH WKHVH SURWHLQV UDWKHU WKDQ WUDQVODWLQJ QHZ RQHV� :H KDYH VSHFLILHG WKLV SRLQW LQ WKH

UHYLVHG�WH[W�

$GGHG�SDUDJUDSK��,QWURGXFWLRQ��

,Q (� FROL� WKHUH DUH PDQ\ SURWHRO\WLF HQ]\PHV �0DXUL]L� ����� *RWWHVPDQ� ������$

PLQRULW\ RI SURWHLQV DUH VSHFLILFDOO\ WDUJHWHG IRU GHJUDGDWLRQ LQ RUGHU WR UHJXODWH

WKHLU OHYHOV �UHJXODWRU\ GHJUDGDWLRQ�� EXW WKHUH DOVR LV D EDVDO QRQ�VSHFLILF

GHJUDGDWLRQ�KRXVHNHHSLQJ GHJUDGDWLRQ�� ZKLFK LV LPSRUWDQW WR HOLPLQDWH GDPDJHG

RU DEQRUPDO SURWHLQV �0DXUL]L� ����� *RWWHVPDQ� ������ ,Q \HDVW� SURWHLQ GHJUDGDWLRQ

KDV LV EDVHG RQ PXOWLSOH V\VWHPV WKDW DUH FRQVHUYHG LQ HXNDU\RWHV XS WR PDPPDOV� VXFK

DV WKH SURWHDVRPH�XELTXLWLQ V\VWHP �+RFKVWUDVVHU� ����� DQG UHJXODWHG DXWRSKDJ\

�1DNDWRJDZD HW DO�� ������ 'XH WR WKLV FRPSOH[LW\� SURWHLQ WXUQRYHU LV VWLOO QRW ZHOO

XQGHUVWRRG� DQG UHPDLQV WKH VXEMHFW RI FXUUHQW GHEDWH �0DUWLQ�3HUH] DQG 9LOOHQ� ������

)RU RXU VFRSHV� ZKDW ZLOO PDWWHU LV WKDW WKHUH LV D PHDQ RYHUDOO SURWHLQ GHJUDGDWLRQ

G\QDPLFV� WKLV LPSDFWV JURZWK�DV ELRV\QWKHVLV ZLOO ILUVW FRXQWHUEDODQFH GHJUDGDWLRQ

UDWKHU�WKDQ�H[FOXVLYHO\�FRQWULEXWLQJ�WR�D�PDVV�QHW�SURGXFWLRQ



�� 'LIIHUHQW UDQJHV IRU SURWHLQ KDOI�OLYHV DUH PHQWLRQHG WKURXJKRXW WKH SDSHU� 7KH DXWKRUV

DFNQRZOHGJH WKDW GHJUDGDWLRQ WLPH VFDOHV EHWZHHQ �� DQG ��� KRXUV �DV PHQWLRQHG LQ

*ROGEHUJ DQG 'LFH� ����� 0DXUL]L� ����� DUH QHJOLJLEOH �OLQHV ������� /DWHU RQ D VLPSOH HVWLPDWH

�OLQHV ������ JLYHV GHJUDGDWLRQ WLPH VFDOHV RI ���� KRXUV� +RZHYHU� DORQJ ZLWK GDWD IURP 6FRWW

HW DO� ������ DQG 0HW]O�5D] HW DO� ������� WKH DXWKRUV XVH WKHLU RZQ PRGHO WR FDOFXODWH WKHVH

WLPH VFDOHV� PRUH VSHFLILFDOO\ XVLQJ WKH DVVXPSWLRQ WKDW WKH RIIVHW RI WKH ULERVRPDO PDVV

IUDFWLRQ LV FDXVHG E\ SURWHLQ GHJUDGDWLRQ� ,W QHHGV WR EH FODULILHG LI WKH GHJUDGDWLRQ WLPH VFDOHV

QHHGHG�WR�H[SODLQ�WKH�RIIVHW�DUH�FRQVLVWHQW�ZLWK�SODXVLEOH�YDOXHV�EDVHG�RQ�OLWHUDWXUH�NQRZOHGJH�

$QVZHU� :H KDYH UHYLVHG WKH FRKHUHQFH RI WKHVH VWDWHPHQWV� LQ RUGHU QRW WR FRQIXVH WKH

UHDGHUV� ,Q SDUWLFXODU� ZH PDGH FOHDU WKH GLIIHUHQFH RI RXU DSSURDFKHV �PRGHO ZLWK SURWHLQ

GHJUDGDWLRQ RQO\ DQG PRGHO ZLWK GHJUDGDWLRQ DQG LQDFWLYH ULERVRPHV� DQG WKHLU REMHFWLYHV VLQFH

WKH�EHJLQQLQJ��)RU�LQVWDQFH��ZH�QRZ�VD\�DW�WKH�EHJLQQLQJ�RI�WKH�5HVXOWV�VHFWLRQ�

:H VWDUW E\ IRUPXODWLQJ D VLPSOH WKHRU\ IRU WKH ILUVW JURZWK ODZ WKDW LQFOXGHV GHJUDGDWLRQ�

:H ZLOO XVH WKLV VLPSOH PRGHO LQ RUGHU WR IDOVLI\ WKH VWDQGDUG YLHZ QHJOHFWLQJ GHJUDGDWLRQ

DW VORZ JURZWK� :H ZLOO WKHQ PRYH WR PRGHOV DOVR LQFOXGLQJ WKH HIIHFWV RI QRQ�WUDQVODWLQJ

�´LQDFWLYH´� ULERVRPHV� 7KH VHFRQG SDUW RI WKLV VWXG\ FRQWDLQV D GHWDLOHG DQDO\VLV RI WKH

DYDLODEOH GDWD� $V ZH ZLOO VHH� LQFOXGLQJ GHJUDGDWLRQ LV VWULFWO\ QHFHVVDU\ DW

GRXEOLQJWLPHV WKDW DUH DFFHVVLEOH H[SHULPHQWDOO\ LQ ERWK \HDVW DQG EDFWHULD �ZLWK

KLJK�TXDOLW\�GDWD�LQ�(��FROL��

�� )LJXUH � VKRZV UHVXOWV IURP WKH ILQDO PRGHO ZKLFK LQFOXGHV SURWHLQ GHJUDGDWLRQ DQG WKH

GLVWLQFWLRQ EHWZHHQ DFWLYH DQG LQDFWLYH ULERVRPHV� ,Q SDQHO E� H[SHULPHQWDO GDWD IRU GHJUDGDWLRQ

UDWHV LV SUHVHQWHG DQG D ILW LV SHUIRUPHG� ZKLFK LV ODWHU XVHG WR FDOFXODWH WKH GDWD SRLQWV LQ SDQHO

F� 7KH ILW IRU WKH ULJKW SORW LQ SDQHO E LQFOXGHV RQO\ WKUHH GDWD SRLQWV DQG WKHUHIRUH VHHPV

DUELWUDU\� HVSHFLDOO\ LQ WKH UDQJH RI ��� WR ���� 7KLV LV XQIRUWXQDWH DV WKLV ILW LV XVHG IRU GDWD

SRLQWV WKDW JLYH WKH FUXFLDO FRPSDULVRQ EHWZHHQ H[SHULPHQWDO GDWD DQG WKH PRGHO SUHGLFWLRQV LQ

SDQHO�F�

$QVZHU� 7KH SXEOLVKHG UHVXOWV RQ \HDVW GHJUDGDWLRQ UDWHV DUH LQFRKHUHQW DFURVV VWXGLHV �VHH

)LJXUH ��VXSSOHPHQW �D�� ,W ZRXOG QRW PDNH VHQVH WR DWWHPSW D ILW DFURVV VWXGLHV DQG LQVWHDG ZH

XVHG GDWD IURP D VLQJOH VWXG\� :H FKRVH *DQFHGR HW DO� DV WKLV LV WKH RQO\ VWXG\ ZLWK WKUHH

PHDVXUHPHQW SRLQWV LQ D ZLGH UDQJH RI JURZWK UDWHV� :H FRXOG DOWHUQDWLYHO\ KDYH XVHG GDWD

IURP 3HUH] ������� ZKLFK DUH DFWXDOO\ OHVV FRQVHUYDWLYH� :H KDYH VSHFLILHG WKLV LQ WKH WH[W

�SDUDJUDSK�DIWHU�HT�����

:H QRWH WKDW WKH SXEOLVKHG UHVXOWV RQ 6� FHUHYLVLDH GHJUDGDWLRQ UDWHV DUH LQFRKHUHQW

DFURVV VWXGLHV�VHH DJDLQ )LJXUH 6����� +HQFH� LW ZRXOG QRW PDNH VHQVH WR DWWHPSW D ILW

DFURVV VWXGLHV�,QVWHDG� ZH XVHG GDWD IURP D VLQJOH VWXG\� :H FKRVH GDWD IURP �- 0

*DQFHGR� ������ WKLV LV WKH RQO\ VWXG\ ZLWK WKUHH PHDVXUHPHQW SRLQWV LQ D ZLGH UDQJH RI



JURZWK UDWHV �IURP GLIIHUHQW PHGLD�� :H REVHUYH WKDW FKRRVLQJ WR XVH GDWD IURP

�0DUWLQ�3HUH] DQG 9LOOHQ� ����� ZRXOG LQFUHDVH WKH SUHGLFWLRQ RI PDLQWHQDQFH

ULERVRPHV� 7KHUH LV KLJKHU FRKHUHQFH IRU (� FROL GDWD� +HUH� ZH KDYH FKRVHQ DJDLQ WR

XVH GDWD IURP D VLQJOH VWXG\ �3LQH� ������ ZKHUH WKH WUHQG LV FOHDUHVW DQG WKHUH DUH

PDQ\ FRQGLWLRQV� 2QFH DJDLQ RWKHU VWXGLHV UHSRUW KLJKHU GHJUDGDWLRQ UDWHV �VHH DJDLQ

)LJXUH 6����� KHQFH WKH SUHGLFWLRQ IRU WKH IUDFWLRQ RI PDLQWHQDQFH ZRXOG LQFUHDVH XVLQJ

YDOXHV IURP RWKHU VWXGLHV� 7KXV� ZH FDQ FRQFOXGH WKDW WKH HVWLPDWHV UHSRUWHG LQ )LJ� �

KDYH�WR�EH�UHJDUGHG�DV�FRQVHUYDWLYH�FRQVLGHULQJ�H[LVWLQJ�GDWD�

)LJXUH �F LV TXLWH LPSRUWDQW IRU WKLV ZRUN� DV LW FDSWXUHV QRW RQO\ WKH SHUIRUPDQFH RI WKH PRGHO LQ

FRPSDULVRQ WR WKH �HVWLPDWHG� GDWD EXW DOVR WKH GLIIHUHQFH EHWZHHQ WKH ROG PRGHO DQG WKH QHZ

PRGHO� 7KH DJUHHPHQW RI WKH ORZHU ERXQG IURP WKH PRGHO �ZKLFK FRUUHVSRQGV WR WKH FDVH

ZLWKRXW GHJUDGDWLRQ� DSSHDUV TXLWH JRRG� HVSHFLDOO\ FRQVLGHULQJ WKDW LW KDV RQH OHVV IUHH

SDUDPHWHU� +HUH� LW ZRXOG EH XVHIXO WR SHUIRUP D TXDQWLWDWLYH FRPSDULVRQ RI WKH DJUHHPHQW RI

WKH WZR PRGHOV ZLWK WKH H[SHULPHQWDO GDWD WR VXSSRUW WKH UHOHYDQFH RI WKH QHZ PRGHO�

$GGLWLRQDOO\��LQ�WKH�OHJHQG�ZKLWH�V\PEROV�DUH�PHQWLRQHG�WKDW�DUH�QRW�YLVLEOH�LQ�WKH�SORWV�

$QVZHU� :H KDYH PDGH PRUH H[SOLFLW WKH GLVFUHSDQF\ EHWZHHQ WKH PRGHOV LQ WKH WH[W WKDW� ZLWK

WKH DYDLODEOH GDWD� FDQ UHDFK XS WR ��� IRU ERWK 6� FHUHYLVLDH DQG (� FROL� 7KLV LQIRUPDWLRQ ZDV

DOUHDG\�SUHVHQW�LQ�WKH�WH[W��)LJ����EXW�LW�ZDV�SUREDEO\�GLVFXVVHG�WRR�ODWH�

,Q WKH SDUDJUDSK EHIRUH WKH 'LVFXVVLRQ VHFWLRQ� ZH LQ IDFW VWDWHG WKDW ³��� WKH IUDFWLRQ RI DFWLYH

ULERVRPHV GHYRWHG WR PDLQWHQDQFH IEP DV JLYHQ LQ (T� ���� DOVR FRUUHVSRQGV WR WKH UHODWLYH

GLIIHUHQFH��IE íID��IE�´

:H�KDYH�DGGHG�WKH�IROORZLQJ�SDUDJUDSK�

$V LW ZLOO EH GHWDLOHG LQ WKH QH[W VHFWLRQ� WKH UHODWLYH GLIIHUHQFH EHWZHHQ WKH PRGHO ZLWK

DQG ZLWKRXW SURWHLQ GHJUDGDWLRQ �ORZHU ERXQG� GHSHQGV RQ WKH JURZWK UDWH� ,W LV

QHJOLJLEOH �D IHZ SHUFHQW� DW IDVW JURZWK� EXW ZH H[SHFW LW WR EH ODUJHU DERXW ��� ZKHQ

��DQG�VWHHSO\�LQFUHDVHV�WR�UHDFK����� ZKHQ DSSURDFKHV�]HUR�¦� � �W_ X\pQ ¦

:H�UHPRYHG�WKH�UHIHUHQFH�WR�ZKLWH�V\PEROV��OHIW�IURP�D�SUHYLRXV�YHUVLRQ�RI�WKH�PDQXVFULSW�

�� )LJXUH � � 6XSSOHPHQW �� ZKLFK VKRZV WKH GHJUDGDWLRQ UDWH PHDVXUHG DW GLIIHUHQW JURZWK

UDWHV��LV�FUXFLDO�IRU�WKLV�ZRUN�DQG�VKRXOG�EH�D�PDLQ�ILJXUH�

$QVZHU� 7KHVH�GDWD�DUH�DOUHDG\�VKRZQ�LQ�)LJXUH��% RI�WKH�PDLQ�WH[W�

$ GLVFXVVLRQ RI WKH PHWKRGV XVHG WR PHDVXUH WKH GHJUDGDWLRQ UDWH DQG DQ HVWLPDWH RI

H[SHULPHQWDO HUURUV ZRXOG EH KHOSIXO� )XUWKHU� VHYHUDO UHIHUHQFHV IRU GDWD RQ GHJUDGDWLRQ UDWHV

DUH JLYHQ� +RZHYHU� LQ WKLV ILJXUH DQG WKURXJKRXW WKH SDSHU RQO\ RQH RI WKHVH GDWD VHWV �3LQH�



����� LV XVHG IRU WKH FDOFXODWLRQV� ,QFOXGLQJ GDWD RI DW OHDVW RQH RWKHU UHIHUHQFH ZRXOG KHOS WR

IXUWKHU FRUURERUDWH WKH PRGHO� LW VKRXOG DOVR EH FODULILHG LI WKH GLIIHUHQW GDWDVHWV RI GHJUDGDWLRQ

UDWHV�DUH�FRQVLVWHQW�ZLWK�HDFK�RWKHU�

$QVZHU� $OO�WKHVH�GHWDLOV�ZHUH�DOUHDG\�SURYLGHG�LQ 6,��:H�DGGHG�PRUH�H[SOLFLW�SRLQWHUV�IRU�WKH

LQWHUHVWHG�UHDGHU�

,W�LV�QRWDEOH�WKDW�DOO�UHIHUHQFHV�IRU�WKH�GHJUDGDWLRQ�UDWH�GDWD�DUH�������\HDUV�ROG��7KH�DXWKRUV

PHQWLRQ�WKH�PHWKRGV�XVHG�IRU�WKH�PHDVXUHPHQW�RI�WKHVH�GDWD�EXW�LW�VHHPV�QHFHVVDU\�WR�IXUWKHU

GLVFXVV�LI�WKHVH�PHWKRGV�DUH�VWLOO�VWDWH�RI�WKH�DUW�

$QVZHU� 7KLV SRLQW KROGV IRU (� FROL� $V ZH DOUHDG\ ZURWH LQ WKH 'LVFXVVLRQ� WKHUH LV DQ XUJHQF\

WR SURGXFH WKHVH GDWD �KRZHYHU� RXUV LV D WKHRUHWLFDO VWXG\�� ,W LV XQIRUWXQDWH KRZHYHU WKDW

PRGHUQ \HDVW 6,/$& GDWD VKRZ KLJKHU GLVFUHSDQFLHV� $V D PDWWHU RI IDFW� WKH IHZ 6,/$&

GDWDVHWV�ZH�IRXQG�VKRZ�ODUJHU�HVWLPDWHV�RI�SURWHLQ�GHJUDGDWLRQ�UDWHV�

�� ,Q )LJXUH � � 6XSSOHPHQW � H[SHULPHQWDO GDWD LV VKRZQ WR VXSSRUW WKH FRQVWDQW�UDWLR DQVDW]

WKDW LV XVHG LQ WKH SDSHU� 7KLV SORW VKRXOG EH FRUURERUDWHG E\ D TXDQWLWDWLYH DQDO\VLV WR VXSSRUW

WKH FRQVWDQW EHKDYLRU RI WKH UDWLR� )RU WKH 6� FHUHYLVLDH GDWD� LW VHHPV IURP WKH SORW WKDW WKH UDWLR

LV GHFUHDVLQJ ZLWK LQFUHDVLQJ JURZWK UDWH� DV WKH YDOXHV GHFUHDVH DOPRVW E\ D IDFWRU RI ILYH

�IURP a���� WR a������ )RU H[DPSOH� FDOFXODWLQJ WKH FRUUHODWLRQ FRHIILFLHQW DQG LWV VLJQLILFDQFH IRU

WKHVH�GDWD�ZRXOG�KHOS�WR�VXSSRUW�WKDW�WKH\�DUH�FRQVWDQW�

$QVZHU� ,Q�RUGHU�WR�FODULI\�WKLV�SRLQW��DIWHU�(T��� ZH�KDYH�DGGHG�WKH�IROORZLQJ�VHQWHQFHV�

7KH DJUHHPHQW LV UREXVW ZLWK JURZWK UDWH IRU (� FROL� ZKHUH SUHFLVH HVWLPDWHV RI

HORQJDWLRQ UDWHV DUH DYDLODEOH� ZKLOH IRU 6�FHUHYLVLDH WKH UDWLR GHFUHDVHV IRU IDVW¢p	��
A



JURZWK FRQGLWLRQV� EXW ZH ODFN H[SHULPHQWDO GDWD IRU WKH YDULDWLRQ RI DFURVV JURZWK�

FRQGLWLRQV�

5HYLHZHU�����5HFRPPHQGDWLRQV�IRU�WKH�DXWKRUV��

��)LJXUH��F��$UURZ�RI�LQFUHDVLQJ�JDPPD�VKRXOG�SRLQW�LQ�WKH�RSSRVLWH�GLUHFWLRQ�

$QVZHU�:H�WKDQN�WKH�UHYLHZHU�IRU�SRLQWLQJ�WKLV�RXW� ZH�KDYH�FRUUHFWHG�WKH�ILJXUH�QRZ�

��)LJXUH�����6XSSOHPHQW����(UURU�EDUV�IRU�GHJUDGDWLRQ�UDWHV�ZRXOG�EH�KHOSIXO�

$QVZHU�:H�KDYH�DGGHG�WKH�IROORZLQJ�VHQWHQFH�LQ�WKH 0HWKRGV�DQG�0DWHULDOV�VHFWLRQ�

2Q WKH PRVW UHFHQW GDWDVHWV +HOELJ HW DO� ������� &KULVWLDQR HW DO� ������� 0DUWLQ�3HUH]

DQG 9LOOpQ ������ ZH HVWLPDWHG WKH HUURU EDUV DV VWDQGDUG HUURUV RI WKH PHDQ� DQG WKH\

DUH�VPDOOHU�WKDQ�WKH�V\PEROV�XVHG�LQ�WKH�SORWV�



,Q (� FROL ZH FRXOG RQO\ H[WUDFW WKH HUURU EDU IRU WKH SRLQW REWDLQHG IURP 0RVWHOOHU HW

DO�������� VHH )LJ� 6���� :H UHSRUW WKH GDWD SRLQW  �����K DW  �����K IURP¢ ¦

/DUUDEHHHW DO� ������� ZKLFK LV WKH PHDQ GHJUDGDWLRQ UDWH HVWLPDWHG IURP WKH H[SHULPHQW

ZLWK WKH ODUJHVW QXPEHU RI SURWHLQV DQDO\VHG ����� DQG IROORZLQJ WKH PHWKRG H[SODLQHG LQ

WKDW SXEOLFDWLRQ� $OWHUQDWLYHO\� DQRWKHU H[SHULPHQW IURP WKH VDPH DUWLFOH ZRXOG SURYLGH D

ORZHU ERXQG �DV IDVW�GHJUDGHG SURWHLQV ZHUH UHPRYHG IURP WKH DQDO\VLV� RI WKH PHDQ ¢

 �����K IRU  �����K� +RZHYHU� EDVHG RQ RXU UH�DQDO\VLV RI WKH GDWD SUHVHQWHG LQ WKLV¦

SXEOLFDWLRQ� WKH HUURU EDU ZH ZRXOG HVWLPDWH IRU WKLV SRLQW LV DOPRVW WZRIROG WKH PHDQ

YDOXH�DQG�ZH�GHFLGHG�WR�QRW�UHSRUW�LW�

$OVR� UHJDUGLQJ WKH SRLQW IURP +HOELJ HW DO� ������ ZH QRZ UHSRUW WKH PHDQ YDOXH� FRQVLVWHQW ZLWK

WKH�WKHRU\��LQVWHDG�RI�WKH�PHGLDQ�

� $ERYH HT� ���� WKH DVVXPSWLRQ WKDW WKH 51$ SDUW RI ULERVRPHV GRHV QRW PDWWHU KHUH DQG MXVW

IROORZV�WKH�SURWHLQ�SDUW�VKRXOG�EH�H[SOLFLWO\�VWDWHG�

$QVZHU� :H DJUHH ZLWK WKH 5HYLHZHU WKDW U51$ DOVR SOD\V DQ LPSRUWDQW UROH �VHH H�J� 30,'�

�������� RU ���������� EXW WKLV VKRXOG EH WDNHQ LQWR DFFRXQW LQ D GLIIHUHQW HTXDWLRQ �DQG D

GLIIHUHQW PRGHO�� 7KLV IUDPHZRUN KDV EHHQ GHYHORSHG WR VWXG\ WKH UROH RI SURWHLQ GHJUDGDWLRQ�

DQG WKHUH DUH PDQ\ RWKHU DVSHFWV RWKHU WKDQ U51$ WKDW FDQQRW EH FRQVLGHUHG DQG DUH RXW RI WKH

VFRSH�RI�WKLV�ZRUN��H�J��W51$��*&1��LQLWLDWLRQ�RU�HORQJDWLRQ�IDFWRUV«��

� OLQH �������� 7KH QHHG IRU LQFOXGLQJ LQDFWLYH ULERVRPHV �RU VRPH RWKHU PRGLILFDWLRQ RI WKH

PRGHO� LV FOHDU WR EHJLQ ZLWK E�F WKH SURWHLQ GHJUDGDWLRQ UDWH QHHGHG ZLWKRXW LW LV ZD\ WRR KLJK

�OLQH������LW�ZRXOG�KHOS�WR�VWDWH�WKLV�HDUOLHU�LQ�WKH�WH[W�

$QVZHU� :H KDYH DGGHG WKH IROORZLQJ VHQWHQFH LQ WKH SDUDJUDSK DIWHU (T��� LQ RUGHU WR FODULI\

WKLV�SRLQW�

7KHVH YDOXHV ZRXOG FRUUHVSRQG WR WKH GHJUDGDWLRQ UDWHV DVVXPLQJ GHJUDGDWLRQ IXOO\

H[SODLQV WKH REVHUYHG RIIVHW� EXW WKH\ DUH QRW GLVWDQW WR WKH H[SHULPHQWDO YDOXHV �a

������ K�� 7KLV DUJXPHQW VXJJHVWV WKDW ��� RU PRUH RI WKH RIIVHW LV H[SODLQHG E\

GHJUDGDWLRQ��VHH�EHORZ�IRU�D�UHILQHG�HVWLPDWH��

� )LJXUH � � 6XSSOHPHQW � VKRZV WKH TXDOLWDWLYH DJUHHPHQW EHWZHHQ WKH PRGHO SUHGLFWLRQV ZLWK

GDWD IURP 'DL HW DO� ������ DQG PHDVXUHG GHJUDGDWLRQ UDWHV IURP 3LQH ������� $ TXDQWLWDWLYH

PHDVXUH�IRU�KRZ�ZHOO�WKHVH�GLVWULEXWLRQV�DJUHH�ZLWK�HDFK�RWKHU�ZRXOG�EH�XVHIXO�

$QVZHU� 7KLV ILJXUH LV LQWHQGHG WR VKRZ WKH TXDOLWDWLYH GHSHQGHQFH RI WKH SURWHLQ GHJUDGDWLRQ

UDWHV RQ JURZWK� WKDW FDQ EH REWDLQHG ZLWK WKH PRGHO DFFRXQWLQJ IRU SURWHLQ GHJUDGDWLRQ RQO\�

,QVWHDG� VKRZLQJ D TXDQWLWDWLYH FRPSDULVRQ EHWZHHQ H[SHULPHQWDO DQG HVWLPDWHG GDWD� DV

VXJJHVWHG E\ WKH 5HYLHZHU� FRXOG EH PLVOHDGLQJ DV ZH XVH WKH RXWFRPH RI WKH H[SHULPHQWV DV

DQ LQSXW IRU WKH IXOO PRGHO� ,QVWHDG� ZH KDYH EHWWHU H[SODLQHG LQ WKH WH[W WKH DLPV RI WKH WZR

PRGHOV��VHH�DOVR�WKH�DQVZHUV�WR�SUHYLRXV�SRLQWV��


