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1HXH *HQHUDWLRQ GHU +LPPHOVVWDQGDUGHQ

8QH 1RXYHOOH *pQpUDWLRQ GH 6WDQGDUGV SRXU OD /XPLQDQFH GH OD 9RXWH

&pOHVWH

'U� 5LFKDUG .LWWOHU

,QVWLWXWH RI &RQVWUXFWLRQ DQG $UFKLWHFWXUH� 6ORYDN $FDGHP\ RI 6FLHQFHV�

6ORYDNLD

'U� 5LFKDUG 3HUH]

$WPRVSKHULF 6FLHQFHV 5HVHDUFK &HQWHU� 6WDWH 8QLYHUVLW\ RI 1HZ <RUN� 8�6�$�

'U� 6WDQ 'DUXOD

,QVWLWXWH RI &RQVWUXFWLRQ DQG $UFKLWHFWXUH� 6ORYDN $FDGHP\ RI 6FLHQFHV�

6ORYDNLD

6800$5<

6N\ OXPLQDQFH GLVWULEXWLRQV VHWV FRQWDLQLQJ PRUH WKDQ KXQGHUHG VHOHFWHG

FDVHV VFDQQHG LQ %HUNHOH\� &$� 7RN\R DQG 6\GQH\ ZHUH DQDO\VHG� WHVWHG DQG

FRPSDUHG� 1HZ DQDO\VLV PHWKRGV IRU GHULYLQJ WKH VFDWWHULQJ LQGLFDWUL[ DQG VN\

JUDGDWLRQ IXQFWLRQV ZHUH DSSOLHG� 7KH LQIOXHQFH RI VRODU DOWLWXGH� WXUELGLW\�

OXPLQDQFH DQG LOOXPLQDQFH SDUDPHWHUV DV ZHOO DV W\SLFDO PRVW IUHTXHQW

GD\OLJKW FRQGLWLRQV ZHUH VSHFLILHG DQG WKHLU IXQFWLRQDO UHODWLRQV PRGHOOHG� 2Q

VXFK EDVH D QHZ JHQHUDWLRQ RI VN\ VWDQGDUGV ZDV GHILQHG IRUPLQJ D PRGHO

VN\ VHW DSSOLFDEOH LQ YDULRXV DVSHFWV RI HQHUJ\ FRQVFLRXV ZLQGRZ GHVLJQ� IRU

GD\OLJKW FDOFXODWLRQ PHWKRGV DQG FRPSXWHU SURJUDPV DV ZHOO DV IRU YLVXDO

FRPIRUW DQG JODUH HYDOXDWLRQV�

6200$,5(

1RXV DYRQV DQDO\Vp� WHVWp HW FRPSDUp SOXV G�XQH FHQWDLQH GH PHVXUHV GH

OXPLQDQFH GH OD YRXWH FpOHVWH HQUHJLVWUpHV D %HUNHOH\� 7RN\R HW 6\GQH\� HW \

DYRQV DSSOLTXp GH QRXYHOOHV PHWKRGHV GH GpULYDWLRQ GH O�LQGLFDWULFH GH

GLIIXVLRQ HW GH OD IRQFWLRQ GH JUDGDWLRQ� &HV PpWKRGHV SUHQQHQW HQ FRPSWH
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O�LQIOXHQFH GH OD KDXWHXU GX VROHLO� GX WURXEOH DWPRVSKpULTXH� GH O�LOOXPLQDQFH

GLIIXVH HW GH OD OXPLQDQFH DX ]HQLWK� DLQVL TXH GH OD IUpTXHQFH G�RFFXUHQFH

GHV FRQGLWLRQV G�HQVROHLOOHPHQW� 6XU FHWWH EDVH� QRXV DYRQV SUpSDUp GH

QRXYHDX[ VWDQGDUGV GH OXPLQDQFH GH OD YRXWH FpOHVWH� GLUHFWHPHQW

DSSOLFDEOHV DX[ FDOFXOV G�pFODLUDJH QDWXUHO� D O�RSWLPL]DWLRQ GX FRPIRUW YLVXHO

HW GHV V\VWHPHV GH IHQHVWUDWLRQ�

=86$00(1)$6681*

(LQ 6DW] GHU /HXFKWGLFKWHYHUWHLOXQJ YRQ +LPPHO� GHU DQDO\VLHUW� WHVWLHUW XQG

YHUJOHLFKW ZXUGH� HQWKlOW PHKU DOV HLQ KXQGHUW )lOOH� GLH LQ %HUNHOH\� &$�

7RN\R XQG 6\GQH\ ÄVFDQQLHUW³ ZDUHQ� 1HXH 0HWKRGHQ GHU $QDO\VHQ I�U GLH

/HXFKWGLFKWHLQGLNDWUL[ XQG GLH *UDGDWLRQVIXQNWLRQHQ ZXUGHQ DSSOL]LHUW� 'HU

(LQIOX� VROFKHU 3DUDPHWHU ZLH 6RQQHQK|KH� 7U�EXQJ� /HXFKWGLFKWH XQG

%HOHXFKWXQJVVWlUNH EHL W\SLVFKHQ DP PHLVWHQ YRUNRPHQGHQ %HGLQJXQJHQ GHV

7DJHVOLFKWV ZDU VSH]LIL]LHUW XQG LKUH )XQNWLRQVEH]LHKXQJHQ ZDUHQ PRGHOOLHUW�

(LQH QHXH *HQHUDWLRQ GHU +LPPHOVVWDQGDUGHQ ZDU GHILQLHUW� GLH GDV 0RGHOO

GHV +LPPHOVVDW]HV ELOGHW� GDV I�U GHQ (QHUJLHHQWZXUI GHU )HQVWHU QDFK

YHUFKLHGHQHQ *HVLFKWVSXQNWHQ� GLH %HUHFKQXQJ GHV 7DJHVOLFKWV LQ GHQ

&RPSXWHUVSURJUDPPHQ XQG DXFK I�U GHQ 6HKNRPIRUW XQG GLH %HZHUWXQJ GHU

%OHQGXQJ YHUZHQGHW ZLUG�

:+< $5( 6.< 67$1'$5'6 1(&(66$5<

,Q EXLOGLQJ LQYHVWPHQW SURFHGXUHV DQG DUFKLWHFWXUDO GHVLJQ SUDFWLFH WKH

GD\OLJKW SUHGLFWLRQV DQG FDOFXODWLRQV DUH WKH EDVLF SUHUHTXLVLWHV WR

SUHGHWHUPLQH WKH GHVLJQ FRQVHTXHQFHV RU WR FUHDWH DQ DJUHHDEOH YLVXDO

HQYLURQPHQW LQ LQWHULRUV� 'XH WR WKLV DLP GXULQJ WKH ILUVW VWDJHV RI WKH GHVLJQ

SURFHVV D VHULHV RI GHFLVLRQV KDV WR EH PDGH RULHQWHG WRZDUGV WKH HYDOXDWLRQ

RI WKH EHVW DOWHUQDWLYH VROXWLRQ� ,I DOWHUQDWLYH GHVLJQV RU DOUHDG\ UHDOLVHG

VROXWLRQV �L�H� GD\OLJKW V\VWHPV� KDYH WR EH FRPSDUHG� HTXLYDOHQW H[WHULRU

FRQGLWLRQV KDYH WR EH DVVXPHG RU VWDQGDUGLVHG� (YHQ PRUH VWULFW LV WKLV

UHTXLUHPHQW LQ MXGLFDEOH FDVHV DQG IRU K\JLHQLF FKHFNV ZKHUH D SUHFLVH QRUP

DQG FRPSDUDELOLW\ LV HVVHQWLDO IRU WKH YHUGLFW DV EDVLF UXOHV DQG VWDQGDUGV DUH

H[SUHVVLQJ WKH SK\VLRORJLF DQG HUJRQRPLF QHHGV RI PDQ LQIOXHQFLQJ KLV KHDOWK

DQG YLVXDO SHUIRUPDQFH RQ D FHUWDLQ OHYHO RI FLYLOLVDWLRQ�
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&RPSDUDWLYH FRQGLWLRQV IRU GD\OLJKW SUHGLFWLRQV ZHUH HVWDEOLVKHG LQ YDULRXV

LQWHUQDWLRQDO RU QDWLRQDO VWDQGDUGV �H�J� ,62�&,( VWDQGDUGV� *HUPDQ ',1 RU

671�6ORYDN 7HFKQRORJ\ 1RUPV� DQG FRGHV RI SUDFWLFH E\ SURIHVVLRQDO

RUJDQLVDWLRQV �H�J� ,(61$ UHFRPPHQGDWLRQV LQ 8�6�$ RU &,%6( FRGHV LQ

8�.��� ,Q WKH FXUUHQW GD\OLJKW WKHRU\� FDOFXODWLRQ PHWKRGV� DQG JUDSKLFDO

GHVLJQ PHDQV�SURWUDFWRUV� WKH VN\ DV D ODUJH DUHD VRXUFH ZDV DOUHDG\

VWDQGDUGLVHG E\ LWV UHODWLYH OXPLQDQFH HLWKHU RI XQLIRUP XQLW\ YDOXH RYHU WKH

ZKROH VN\ KHPLVSKHUH RU E\ LWV JUDGDWLRQ ����� �]HQLWK�KRUL]RQ� H[SHFWHG

XQGHU DQ RYHUFDVW VN\� 6XFK VLPSOH VWDQGDUG VNLHV KDYH EHHQ XVHG IRU

ZLQGRZ�VN\OLJKW GHVLJQLQJ SXUSRVHV DQG FRPSDULVRQV ZRUOG�ZLGH DOWKRXJK

WKHVH GR QRW FRUUHVSRQG VRPHZKHUH ZLWK IUHTXHQW UHDO FRQGLWLRQV� 1RZDGD\V�

GXH WR QHZ UHTXLUHPHQWV WKHVH VWDQGDUGV DUH QRW VXIILFLHQW IRU WKH FRPSDULVRQ

RI YLVXDO HQYLURQPHQWV�FRPIRUW� JODUH RU HQHUJ\ SHUIRUPDQFH�WUDGH�RII DV D

FRQVWDQW VWHDG\ VWDWH GRHV QRW UHSUHVHQW WKH UHDOLW\ DQG DFWXDO GDLO\ RU

VHDVRQDO GD\OLJKW FKDQJHV� 7KH G\QDPLF YDULDWLRQV RI LQVRODWLRQ FRQGLWLRQV

GXH WR PRYLQJ VRODU SRVLWLRQ� FORXGLQHVV RU DWPRVSKHULF WXUELGLW\ WRJHWKHU ZLWK

FKDQJLQJ VN\ OXPLQDQFH SDWWHUQV YDU\ LQ GD\WLPH SHULRGV DV ZHOO DV LQ YDULRXV

FOLPDWHV� 7KH SUREOHP LV HYHQ PRUH FRPSOLFDWHG E\ WKH IDFW WKDW ZLQGRZV LQ

YHUWLFDO KRXVH IURQWV DQG VN\OLJKWV RQ URRIV DUH DUELWUDULO\ RULHQWHG� VORSHG DQG

REVWUXFWHG�VKDGHG� WKXV H[SRVHG WR VN\ DQG VXQ HIIHFWV GLUHFWLRQDOO\ DW

YDU\LQJ LQFOLQDWLRQ�VROLG DQJOHV UHVSHFWLYHO\�

+RZHYHU� DOWKRXJK H[WHULRU FRQGLWLRQV VHHP WR EH YDULHG LQ WKH VDPH SDWWHUQV

ZRUOG�ZLGH� LQ GLIIHUHQW FOLPDWH ]RQHV DQG GXH WR YDULRXV HYDOXDWLRQ SXUSRVHV

VHYHUDO VN\ VWDWHV KDYH WR EH FKRVHQ DQG UHFRPPHQGHG DV FULWLFDO� )RU WKH

GHWDLO DOORFDWLRQ RI D SDUWLFXODU VWDQGDUG WR D FHUWDLQ HYDOXDWLRQ DLP DUH

QHHGHG IXUWKHU ORFDO ORQJ�WHUP GDWD LQIRUPDWLRQ DV ZHOO DV IXUWKHU VWXGLHV RI

SXUSRVH�RULHQWDWHG FULWLFDO VLWXDWLRQV� $Q\KRZ� D SUHOLPLQDU\ VHW RI VWDQGDUG

VNLHV FRYHULQJ D ZLGH RFFXUUHQFH UDQJH ZRXOG PHDQ D FRQVLGHUDEOH VWHS

IRUZDUG LQ WKH WULDO RI PRGHOOLQJ XQVWHDG\ GD\OLJKW FRQGLWLRQV� $W WKH VDPH WLPH

ZLWK WKH VN\ VWDQGDUGLVDWLRQ LQ UHODWLYH OXPLQDQFH WHUPV KDV WR EH GHWHUPLQHG

DOVR WKH UHODWLYH GHILQLWLRQ RI VXQOLJKW �L�H� GLUHFW VRODU LOOXPLQDQFH XQGHU

YDULRXV WXUELGLW\ DQG FORXGLQHVV FRQGLWLRQV� ZLWK WKH SRVVLELOLW\ RI OLQNLQJ

UHODWLYH DQG DEVROXWH YDOXHV�

.HHSLQJ LQ PLQG WKLV YDVW ILHOG RI QHFHVVDU\ IXWXUH UHVHDUFK LPSRVHG E\

SUDFWLFDO QHHGV RI DQ HQHUJ\�HIILFLHQW DQG YLVXDOO\ IULHQGO\ EXLOGLQJ GHVLJQ� WKH

IROORZLQJ SDUWLFXODU SUREOHPV DUH WUHDWHG ZLWKLQ WKLV UHSRUW�

� ZLWK WKH DLP WR GHILQH WKH EDVLF PRGHOOLQJ FDSDELOLWLHV RI VLPXODWLQJ WKH

VFDWWHULQJ DQG JUDGDWLRQ LQIOXHQFHV LQ W\SLFDO VN\ VWDWHV� UHOLDEOH DQG FRPSOH[

VN\ VFDQ DQG FRPSOLPHQWDU\ GDWD ZHUH JDWKHUHG DQG DQDO\VHG�

� D ZRUOG�ZLGH FRPSDUDELOLW\ DQG PXWXDO SURSRUWLRQ RI VXQOLJKW DQG VN\OLJKW

XQGHU WKH VDPH WXUELGLW\ FRQGLWLRQV ZHUH WHVWHG�

� D WULDO WR GHWHFW EDVLF SDUDPHWHUV FKDUDFWHULVLQJ VN\ OXPLQDQFH SDWWHUQV DQG

VN\OLJKW LOOXPLQDQFH OHYHOV XQGHU YDULRXV VRODU SRVLWLRQ DQG UHODWLYH EHDP

SUHVHQFH ZDV PDGH�
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� WR ILQG RXW WKH VLJQLILFDQFH�LPSRUWDQFH RI GLIIHUHQW VN\ W\SHV� WKHLU UDQJH DQG

IUHTXHQF\ RI RFFXUUHQFH LQ UHODWLRQ WR LQVRODWLRQ FRQGLWLRQV� VHDVRQDO RU

ZHDWKHU FKDQJHV ZHUH DQDO\VHG DQG VRUWHG RXW WKH UHJXODUO\ UHFRUGHG PLQXWH

GDWD LQ D ORQJ SHULRG RI IRXU \HDUV�

� JHQHUDO DQG DEVWUDFWO\ PRGHOOHG VN\ VWDQGDUGV GHULYHG IURP LGHDO VFDQ

PHDVXUHG FDVHV ZHUH IRUPHG E\ WKH FRPELQDWLRQ RI FKDUDFWHULVWLF H[SRQHQWLDO

JUDGDWLRQ DQG LQGLFDWUL[ IXQFWLRQV�

� WKH EDVLF VHW RI VN\ VWDQGDUGV VKRXOG LQFRUSRUDWH WKH FXUUHQW DOUHDG\ XVHG

VWDQGDUGV DQG VKRXOG EH FDSDEOH WR UHSUHVHQW D FRQWLQXRV VSHFWUXP�UDQJH RI

VN\ SDWWHUQV OLQNLQJ WKH RYHUFDVW DQG FOHDU VNLHV�

7ZR UHVHDUFK SURMHFWV VSRQVRUHG E\ WKH (XURSHDQ 8QLRQ KDYH UHFHQWO\

VWXGLHG (XURSHDQ H[WHULRU GD\OLJKW FRQGLWLRQV� 2QH VXJJHVWHG WKH SRVVLELOLW\

WR SUHGLFW WKH DYDLODELOLW\ RI GD\OLJKW LQ UHODWLRQ WR DYHUDJH PRQWKO\ VXQVKLQH

GXUDWLRQ LQ WKH (XURSHDQ 'D\OLJKWLQJ $WODV �('$�� 7KH RWKHU� FXUUHQWO\ LQ

SURJUHVV 6$7(//,*+7 SURMHFW ZRXOG OLNH WR JLYH GD\OLJKW GDWD IRU DQ\

SDUWLFXODU VLWH LQ (XURSH RQ D ::: VHUYHU EDVHG RQ WKH SURFHVVLQJ RI

0HWHRVDW GDWD�

,Q FRQWUDVW DQG LQ FRPSOHPHQW WR WKHVH HIIRUVW DEVWUDFW DQG UHOHYDQW VN\

VWDQGDUGV ZLWK DGGLWLRQDO LQIRUPDWLRQ DQG RFFXUUHQFH IUHTXHQF\ GDWD� D ZRUOG�

ZLGH VLPXODWLRQ RI ORQJ�WHUP DYHUDJHV FDQ EH UHFRPPHQGHG� 7KHVH FDQ

HQDEOH FURVV�FKHFNV DQG FRPSDULVRQ VWXGLHV RI WKH OLIH�VSDQ HQHUJ\�HIILFLHQF\

RI EXLOGLQJV RU WKHLU YDULRXV GHVLJQ DOWHUQDWLYHV� 'XH WR WKH FXUUHQW FRPSXWHU

FDSDELOLWLHV WKH H[WUHPH VLPSOLILFDWLRQ RI VN\ OXPLQDQFH GLVWULEXWLRQ LV QRW DQ\

PRUH QHFHVVDU\ EHFDXVH LOOXPLQDQFH FDOFXODWLRQV FDQ EH XVH YHU\ SUHFLVH

VXPPDWLRQ RU LQWHJUDWLRQ SURFHGXUHV ZLWKLQ DQ\ VROLG DQJOH RI DUELWUDU\

DSHUWXUHV HYHQ WKRXJK PDWKHPDWLFDOO\ FRPSOH[ PRGHOOLQJ LV LQHYLWDEOH� 6R� WKH

PRVW FRPSOLFDWHG DQDO\VLV DQG FRPSXWHU SURJUDPV DV ZHOO DV UHVHDUFK

VROXWLRQV DQG WHVWV FDQ EH OHIW ÄEHKLQG WKH VFHQH³� WKH SUDFWLFDO UHVXOWV DQG

JXLGHOLQHV FDQ EH GLVVHPLQDWHG LQ TXLWH VLPSOH WHUPV�

6.< 67$1'$5',6$7,21 &21&(37

,Q WKH KLVWRU\ RI GD\OLJKW WKHRU\ WKH SULPH DLP WR VWDQGDUGLVH VN\ SDWWHUQV ZDV

HLWKHU WKH WKHRUHWLFDO QHHG IRU D VLPSOH OXPLQDQFH FKDUDFWHULVDWLRQ RI WKH VN\

DV D ODUJH DUHD VRXUFH IRU FDOFXODWLRQ PHWKRGV RU WKH SUDFWLFDO QHHG RI ZLQGRZ

GHVLJQ IROORZHG E\ LWV PHDVXUHPHQW FKHFN RI WKH GD\OLJKW OHYHO LQ UHDO

LQWHULRUV� 'XH WR WKH IRUPHU DLP WKH ROGHVW DQG VLPSOHVW VN\ VWDQGDUG ZDV D

VN\ RI XQLW\ OXPLQDQFH ZLWK D FRQVWDQW XQLIRUPLW\ RQ WKH ZKROH VN\ YDXOW �L�H�
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ZLWK D FRQVWDQW XQLW\ JUDGDWLRQ DQG LQGLFDWUL[ IXQFWLRQV�� ZKLOH WKH ODWWHU QHHG

LQIOXHQFHG E\ WKH IUHTXHQW PLQLPXP RYHUFDVW FRQGLWLRQV LQ (XURSH LQWURGXFHG

WKH JUDGDWLRQ ������ DV FULWLFDO�

7KXV GHILQLQJ D QHZ JHQHUDWLRQ RI VN\ VWDQGDUGV LW PXVW QRW EH IRUJRWWHQ WR

LQFRUSRUDWH LQWR WKH QHZ VHW DOVR WKH PRVW DEVWUDFW XQLW\ VN\ RQ ZKLFK WKH

ZKROH NQRZOHGJH RI WKHRUHWLFDO SKRWRPHWU\ LV VWLOO EDVHG� 6LQFH /DPEHUW�V

3KRWRPHWULD ZDV SXEOLVKHG LQ ���� [1] DOO SKRWRPHWULF FDOFXODWLRQ PHWKRGV

ZHUH GHULYHG IURP KLV SULQFLSOHV JLYHQ�

� LQ SDU���� L�H� ÄLQ DQ DUELWUDU\ FDVH WKH LOOXPLQDQFH LV GHSHQGHQW RQ� �� WKH

DQJOH RI LQFLGHQFH� �� WKH VROLG DQJOH RI WKH OLJKW VRXUFH� �� LWV OXPLQDQFH³�

� LQ SDU� ���� L�H� ÄDOO FDOFXODWLRQ PHWKRGV DUH EDVHG RQ WKH DVVXPSWLRQ WKDW

WKH VXUIDFH RI WKH OLJKW VRXUFH LV RI XQLIRUP �VDPH� OXPLQDQFH��� ,I WKLV LV QRW

WKH FDVH LW KDV WR EH VSHFLILHG KRZ WKH OXPLQDQFH LV FKDQJLQJ DQG WKH

LQIOXHQFH RI HYHU\ HOHPHQW KDV WR EH PXOWLSOLHG E\ LWV OXPLQDQFH DQG WKHQ

XVLQJ WKH LQWHJUDWLRQ WKURXJKRXW WKH ZKROH VXUIDFH RU LWV SDUW WKH UHVXOWLQJ

LOOXPLQDQFH LV FDOFXODWHG³�

2I FRXUVH� /DPEHUW FRXOG QRW KDYH JXHVVHG WKDW LW ZRXOG WDNH PRUH WKDQ ���

\HDUV XQWLO WKH &,( 2YHUFDVW 6N\ EHFDPH D VWDQGDUG [2] ZLWK D VLPSOH FRVLQH

JUDGDWLRQ DQG DQRWKHU WZHQW\ \HDUV WR VWDQGDUGLVH WKH &,( &OHDU 6N\ [3] ZLWK
WKH H[SRQHQWLDOO\ GHWHUPLQHG JUDGDWLRQ DQG LQGLFDWUL[ IXQFWLRQV� 2QO\ WKH

IXUWKHU GHYHORSPHQW RI VN\ VFDQQHUV� HVWDEOLVKPHQW RI ILUVW UHJXODU GD\OLJKW

PHDVXUHPHQW VWDWLRQV [4] DV ZHOO DV QHZ PHWKRGV RI DQDO\VLQJ WKH PHDVXUHG

GDWD DQG VN\ VFDQV [5,6] HQDEOHG UHFHQWO\ D PRUH GHWDLOHG VWXG\ RI GLIIHUHQW

VN\ W\SHV [7]. 7KH UHVXOWLQJ FRQFOXVLRQV DQG FXUUHQW GD\OLJKWLQJ GHVLJQ QHHGV

IRU VWDQGDUG VNLHV KDYH LQLWLDWHG WKH GHYHORSPHQW DQG GUDIW RI D QHZ

JHQHUDWLRQ RI VN\ VWDQGDUGV�

$OWKRXJK WKH XQLIRUP XQLW\ OXPLQDQFH RI WKH VN\ KHPLVSKHUH ZDV FRQVLGHUHG D

EDVLF SUHUHTXLVLWH DVVXPSWLRQ RI DOO GD\OLJKW FDOFXODWLRQV D ORQJ WLPH DJR QR

SURRI ZDV JLYHQ ZKHWKHU LW LV RQO\ DQ DEVWUDFW FRQVWDQW RU DOVR D UHDO H[LVWLQJ

FDVH� $IWHU DQDO\VLQJ WKH EULJKW RYHUFDVW VNLHV LW LV HYLGHQW WKDW WKHUH DUH

XQLTXH VLWXDWLRQV RI LGHDO XQLIRUP DQG DEVROXWH VFDWWHULQJ HVSHFLDOO\ LQ IRJ

�TXLWH RIWHQ LQ LQYHUVLRQ VLWHV DQG SHULRGV� ZKHQ WKH JUDGDWLRQ DQG LQGLFDWUL[

LQIOXHQFHV DUH UHGXFHG WR PLQLPXP DQG FDQ EH WDNHQ DV FRQVWDQW�

)XUWKHUPRUH WKLV XQLW\ VN\ VWDQGV IRU DQ LGHDO PHDQ VN\ OLQNLQJ WKH GHFUHDVLQJ

JUDGDWLRQ WHQGHQF\ RI RYHUFDVW DQG WKH LQFUHDVLQJ JUDGDWLRQ RI FOHDU VNLHV

UHVSHFWLYHO\�

7KH JUDGDWLRQ DQG LQGLFDWUL[ DQDO\VLV KDYH IXOO\ MXVWLILHG WKH FXUUHQW &,(

VWDQGDUGV IRU WKH RYHUFDVW DV ZHOO DV WKH FOHDU VNLHV DOWKRXJK WKHVH VHHP WR

EH UDWKHU H[WUHPHV RI KRPRJHQHRXV DWPRVSKHULF FRQGLWLRQV WKDQ DYHUDJHV�

)XUWKHUPRUH WKH ZKROH VSHFWUXP RI JUDGDWLRQ DQG LQGLFDWUL[ FKDQJHV IXOO\

MXVWLILHV DOVR WKHLU H[SRQHQWLDO PRGHOOLQJ QRZ ZKLFK PHDQV D FRQYHQLHQW

XQLILFDWLRQ DQG ORJLFDO UHJXODULW\ LQ VN\ ÄEHKDYLRXU³� 7KLV IDFW SUHVXPHV WKDW
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WKH FRVLQH H[SUHVVLRQ RI WKH &,( 2YHUFDVW 6WDQGDUG LV WR EH VXEVWLWXWHG E\ D

PRUH VXLWDEOH H[SRQHQWLDO H[SUHVVLRQ ZKLFK VKRXOG EH D EHVW ILW IRU WKH ������

JUDGDWLRQ� ,Q WKLV UHVSHFW WZR SRVVLEOH VXEVWLWXWHV ZHUH IRXQG DQG GRFXPHQWHG

[8,9]�
$OWKRXJK WKHUH DUH VRPH DUJXPHQWV DJDLQVW WKH &,( 2YHUFDVW 6N\ 6WDQGDUG

UHDVRQLQJ WKDW VXFK FRQGLWLRQV DUH LQIUHTXHQW RU HYHQ DEVHQW LQ WURSLFDO RU

DUFWLF FOLPDWH� LWV ZRUOG�ZLGH XVH IRU ZLQGRZ GHVLJQ DQG FRPSDULVRQDO VWXGLHV

RI GD\OLJKWLQJ

V\VWHPV LV

XQLYHUVDOO\ DFFHSWHG�

%XW LWV SULRULW\ VWHPV

IURP WKH IDFW WKDW

RYHUFDVW VNLHV DUH

WKH PRVW IUHTXHQW

SUHYDLOLQJO\ RFFXUULQJ

W\SHV LQ WHPSHUDWH

UHJLRQV DQG DOVR

HYHU\ZKHUH GXULQJ

UDLQ\ VHDVRQV ZKHQ

HYHQ PRUH H[WUHPH

JUDGDWLRQV FDQ

RFFXU� ,W KDV WR EH

QRWHG KHUH WKDW

JUDGDWLRQV DURXQG

����� ZHUH IRXQG

TXLWH W\SLFDO EXW GXH

WR WKH SUDFWLFDO QHHG

WR UHGXFH WKH GUDIW

VWDQGDUGV WR D TXLWH

UHDVRQDEOH QXPEHU

WKLV JUDGDWLRQ RI D

YHU\ GDUN RYHUFDVW

VN\ ZDV OHIW RXW�

+RZHYHU� LI LQ VRPH

UHJLRQV �PRQVRRQ RU

PDULWLPH ZHVW FRDVW

YHU\ UDLQ\ FOLPDWHV�

ZRXOG SURYH WKH GDUN

WKXQGHUVWRUP GHQVH

RYHUFDVW VN\ DV YHU\

LPSRUWDQW RU LQ VRPH

VHDVRQV IUHTXHQW�

VXFK DQ H[WUHPH

JUDGDWLRQ FRXOG EH
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)LJXUH � 5HSUHVHQWDWLRQ RI VL[ VWDQGDUG JUDGDWLRQV

E\ DSSO\LQJ VWDQGDUG SDUDPHWHUV D DQG E LQ WKH

JHQHUDO JUDGDWLRQ IRUPXOD
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WDNHQ DQ DGGLWLRQDO VWDQGDUG WRR�

8QGHU KRPRJHQHRXV FRQGLWLRQV VL[ PDLQ VWDQGDUG JUDGDWLRQV DQG

FRUUHVSRQGLQJ VSUHDGLQJ UHJLRQV FDQ EH FKRVHQ DV UHSUHVHQWHG LQ )LJ� � DQG

�� 7KHVH ZHUH QXPEHUHG E\ 5RPDQ QXPHUDOV , WR 9,� DQG FDQ EH GHWHUPLQHG

E\ DSSURSULDWH D DQG E SDUDPHWHUV LQ WKH JHQHUDO IRUPXOD IRU UHODWLYH

JUDGDWLRQV �

ϕ�=��ϕ(0°)  [��D H[S�E�FRV =�]����D H[S E� ���

ZKHUH � ϕ��°� DQG

ϕ�=� DUH JUDGDWLRQ

IXQFWLRQV IRU ]HQLWK

DQG WKH VN\ HOHPHQW

GHILQHG E\ LWV ]HQLWK

DQJOH = UHVSHFWLYHO\�

,W KDV WR EH QRWHG

WKDW WKH FXUUHQW &,(

VWDQGDUG JUDGDWLRQV

������� ���� ������

DUH LQFOXGHG LQ WKLV

GUDIW ZKLOH JUDGDWLRQ

����� IRU RYHUFDVW

VNLHV ZLWK VQRZ�

FRYHUHG JURXQG LV

IRUPLQJ D ERUGHU

EHWZHHQ WKH GDUN

DQG EULJKW RYHUFDVW

VNLHV [9]�
6XSHULPSRVLQJ WKH

SURSRVHG VL[ UHJLRQV

DQG VWDQGDUG FXUYHV

LQ )LJ� � VKRZV WKH

PRVW SUREDEOH DUHD

RI RFFXUUHQFH ZKLOH

ERWK VLGHV RI WKH

H[WHQW DOORZ IRU WKH

H[WUHPH VSUHDG ]RQH

ZKHUH YHU\ VHOGRP

H[WUDRUGLQDU\ FDVHV

ZRXOG WDNH SODFH�

1RWH WKDW GLDJUDPV

KDYH WKH KRUL]RQWDO
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DSSURSLDWH JUDGDWLRQ FXUYHV DSSO\
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XQLW\ OHYHO ZLWKRXW DQ\ JUDGDWLRQ ZKLFK FRPELQHG ZLWK WKH XQLW\ LQGLFDWUL[ FDQ

UHSUHVHQW D EDVLV� 7KH XQLW\ LQGLFDWUL[ IXQFWLRQ H[SUHVVHV WKH LGHDOO\ DEVROXWH

VFDWWHULQJ XQLIRUPLW\ RI WKH DWPRVSKHUH GLIIXVLQJ DQ LQFRPLQJ VRODU EHDP LQWR

DOO GLUHFWLRQV UHJXODUO\� L�H� DQ LGHDOO\ SHUIHFW /DPEHUWLDQ GLIIXVHU FUHDWHG E\

0LH�V VFDWWHULQJ LQ DQ LGHDO WXUELG PHGLD� 8QGHU DEVWUDFW FRQGLWLRQV WKH

FRUUHVSRQGLQJ ILFWLWLRXV OXPLQDQFH VROLG LV D VSKHUH DQG LWV VHFWLRQ FDOOHG WKH

LQGLFDWUL[ LV D FLUFOH RI XQLW\ UDGLXV LI H[SUHVVLQJ WKH UHODWLYH LQGLFDWUL[

QRUPDOLVHG WR OXPLQDQFH SHUSHQGLFXODU WR VXQ EHDPV� 7KLV LV WKH FDVH RI D

PXOWLOD\HU RYHUFDVW VN\ FRYHUHG XVXDOO\ E\ D FRPELQDWLRQ RI FORXG W\SHV

LQFOXGLQJ PDLQO\ 6WUDWXV FORXGLQHVV DQG�RU IRJ� ,W LV UHDO DQG TXLWH RIWHQ

RFFXUULQJ XQGHU ORZ SUHVVXUH VLWXDWLRQV LQ UDLQ\ RU KXPLG WHPSHUDWH FOLPDWHV�

7KH WKLQQHU LV WKH DLU PDVV RU OHVV FORXG\ DQG WXUELG WKH DWPRVSKHUH WKH OHVV

SURIRXQG LV WKH VLGHZD\V GLUHFWHG VFDWWHULQJ DQG PRUH H[WHQGHG DQG UHODWLYHO\

KLJKHU LV WKH VN\ OXPLQDQFH FORVH DURXQG WKH VXQ EHDP� 7KXV ZLWK WKH

GHFUHDVLQJ LV JUDGXDOO\ LQFUHDVLQJ WKH SURORQJDWLRQ RI WKH VFDWWHULQJ LQGLFDWL[
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LQ WKH IRUZDUG GLUHFWLRQ RI VXQOLJKW IORZ� 6R WKH GLVWRUWLRQ RI WKH OXPLQDQFH

VROLG IROORZV IURP WKH VSKHUH�EDOO VKDSH WR D SHDUOLNH IRUP ZLWK D VZHOOHG ÄWDLO³�

7KLV WUDQVIRUPDWLRQ RI WKH UHODWLYH VFDWWHULQJ LQGLFDWUL[ FDQ EH PRGHOOHG E\ DQ

H[SRQHQWLDO IRUPXOD

I�χ�  � � F[H[S(Gχ) � H[S�Gπ���] � H FRV�χ ���

ZKHUH I�χ� LV WKH LQGLFDWUL[ IXQFWLRQ IRU WKH VN\ HOHPHQW ZLWK WKH DQJXODU

GLVWDQFH χ IURP WKH VXQ�

7KH LQGLFDWUL[ IXQFWLRQ LV PRGHOOHG E\ DSSURSULDWH F� G DQG H SDUDPHWHUV�

1RWH WKDW WKH PRVW SURORQJHG DQG UHODWLYHO\ ZLGH DURXQG WKH VXQ LQGLFDWULFHV

SURGXFLQJ WKH EULJKWHVW VRODU FRURQD HIIHFW DUH DVVRFLDWHG ZLWK KLJKHU

WXUELGLWLHV 7Y EHWZHHQ � DQG � ZKLOH LQ YHU\ FOHDQ RU XQSROOXWHG VLWHV RU

SHULRGV D ORZHU DQG VKDUSO\ SHDNHG LQGLFDWULFHV KDYH WR EH H[SHFWHG [10]�,Q
FRQVHTXHQFH VRPH LQGLFDWULFHV KDYH WR RYHUODS LQ WKH XSSHU UHJLRQ LQ )LJ� �
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DQG VWDQGDUG LQGLFDWULFHV VKRZQ LQ )LJ� � KDYH WR EH FKRVHQ WR ILW ERWK FOHDQ

DQG FORXG\ FDVHV� 7KLV ZDV WKH UHDVRQ ZK\ GLIIHUHQW G SDUDPHWHUV ZHUH QRW

XVHG IRU FOHDU VNLHV ZLWK ORZ WXUELGLWLHV�7KH GUDIW RI WKH VWDQGDUG LQGLFDWULFHV

FRQWDLQV DJDLQ VL[ DUFKHW\SHV QXPEHUHG LQ $UDELF QXPHUDOV � WR � DQG WKHVH

FRYHU WKH XVXDO UDQJH RI KRPRJHQHRXV FDVHV IURP RYHUFDVW WKURXJK FORXG\ WR

YHU\ FOHDU�FOHDQ�

$ 1(: 6(7 2) 67$1'$5' 6.,(6

2Q WKH DVVXPSWLRQ RI WKH SUHYDLOLQJ KRPRJHQHRXV VNLHV DQG DIWHU D WKRURXJK

DQDO\VLV [7] D QHZ VHW RI VWDQGDUGV FDQ EH UHFRPPHQGHG LQFRUSRUDWLQJ DOO

SUHYLRXVO\ VWDQGDUGLVHG VNLHV DV ZHOO DV WKH IXQFWLRQDO IRUPXOD DOUHDG\

DGRSWHG E\ WKH &,( IRU FOHDU VNLHV [3]� L�H� WKH VWDQGDUG IRUPXOD GHILQLQJ WKH

UHODWLYH OXPLQDQFH GLVWULEXWLRQ RQ DQ\ VWDQGDUG VN\ LV�
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ZKHUH / DQG /] LV OXPLQDQFH LQ DQ DUELWUDU\ VN\ HOHPHQW DQG LQ ]HQLWK

UHVSHFWLYHO\�

ERWK ϕ DUH LQGLFDWUL[ IXQFWLRQV DIWHU HT� ��� ZLWK D DQG E SDUDPHWHUV IRU

DQ\ VWDQGDUG JLYHQ E\ YDOXHV LQ WKH 7DEOH RI 6WDQGDUG 6N\ /XPLQDQFH

'LVWULEXWLRQV � 66/' RU LQ )LJXUH ��

ERWK LQGLFDWUL[ IXQFWLRQV I DIWHU HT� ��� DUH GHILQHG E\ SDUDPHWHUV F� G

DQG H LQ WKH 66/' 7DEOH�

$FWXDO FRPELQDWLRQV RI VL[ VWDQGDUG JUDGDWLRQV DQG VL[ LQGLFDWULFHV FDQ IRUP

TXLWH PDQ\ VN\ VWDQGDUGV EXW RQO\ ILIWHHQ UHOHYDQW VNLHV ZHUH FKRVHQ WR EH

UHFRPPHQGHG LQ WKH QHZ VWDQGDUG VHW VXPPDULVHG LQ WKH 66/' 7DEOH�

7R WHVW WKH SODFHPHQW RI WKHVH FKRVHQ VWDQGDUGV LQ WKH ZKROH VSHFWUXP RI

KRPRJHQHRXV VNLHV �OLQNLQJ WKH GDUN RYHUFDVW ZLWK FOHDU RQ ERWK HQGV RI WKLV

VSHFWUXP� D UDWLR /]�'Y ZDV FKRVHQ� 2I FRXUVH XQGHU WKH DVVXPSWLRQ RI

KRPRJHQHLW\ WKLV /]�'Y UDWLR LV GHILQHG TXLWH H[DFWO\ ZKHQ WDNLQJ LQWR DFFRXQW

WKH DSSURSULDWH JUDGDWLRQ DQG LQGLFDWUL[ IXQFWLRQV LQ DFFRUGDQFH ZLWK WKH
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ZKHUH /] LV ]HQLWK OXPLQDQFH DQG 'Y VN\�GLIIXVH LOOXPLQDQFH�

I�=V� LV WKH LQGLFDWUL[ IXQFWLRQ GHILQHG IRU WKH VRODU ]HQLWK DQJOH =V�

α LV WKH D]LPXWK DQJOH IURP WKH VRODU PHULGLDQ�

,I WKH VXQKHLJKW LV XQGHU ��° WKH /]�'Y SDUDPHWHU DOO VWDQGDUGV DUH FRYHULQJ

YHU\ HYHQO\ WKH ZKROH RFFXUUHQFH ILHOG RI KRPRJHQHRXV VNLHV DV VKRZQ LQ

)LJ� �� 7KHUH PLJKW EH VRPH SUREOHPV ZLWK GLYHUVH XQKRPRJHQHRXV LUUHJXODU

FORXG\ DQG SDUWO\ FORXG\ VNLHV ZLWK GLVWLQFW FORXG HGJHV� 7KHVH VKRXOG EH

FODVVLILHG LQ DFFRUGDQFH ZLWK WKHLU /]�'Y DQG 'Y�(Y FKDUDFWHULVWLF FORVH WR WKH

VDPH IRU HDFK VWDQGDUG�

1RWH WKDW /] DQG�RU 'Y FDQ DOVR EH REWDLQHG GLUHFWO\ IURP EDVLF LUUDGLDQFH

GDWD DV VXJJHVWHG LQ [11]�
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&21&/86,216 $1' 7+( )8785( $33/,&$7,21 2) 1(: 6.<

67$1'$5'6

:KLOH WKH KLVWRULF RU FXUUHQW VN\ VWDQGDUGV UHSUHVHQW UDWKHU LGHDO DQG

ILFWLWLRXVO\ VLPSOLILHG VN\ GLVWULEXWLRQV QRZ DYDLODEOH VN\ VFDQ OXPLQDQFH GDWD

HQDEOH WR VWXG\ DQG UHSUHVHQW UHDO RU W\SLFDO VN\ SDWWHUQV LQ PRUH GHWDLOV�

$OWKRXJK WKHUH DUH RQO\ ILUVW VN\ IUHTXHQF\ GRFXPHQWDWLRQ DQG DQDO\VLV LQ

SURJUHVV XVLQJ UHJXODUO\ PHDVXUHG GDWD VHWV LQ GLIIHUHQW GD\OLJKW FOLPDWH

UHJLRQV WKH QHZ VN\ VHW SUHVXPHV WKH SRVVLELOLW\ RI VLPXODWLQJ UHJLRQDO RU ORFDO

VN\ W\SHV DQG DOVR WKHLU VHDVRQDO RU \HDUO\ FKDQJHV E\ D VXLWDEOH FRPELQDWLRQ

RI WKH UHFRPPHQGHG ILIWHHQ VWDQGDUGV� )XUWKHUPRUH WKH VHW LV DOVR PHDQW WR

FRYHU WKH VSHFWUXP RI LQWHUPHGLDWH DQG FORXG\ VNLHV DV D GUDIW RI VN\

OXPLQDQFH PRGHOV IRU WKH &,( 7& ���� ZKLFK ZDV VHW ÄWR GHWHUPLQH VN\

OXPLQDQFH GLVWULEXWLRQV FKDUDFWHULVWLF RI LQWHUPHGLDWH VNLHV EHWZHHQ WKH WZR

DOUHDG\ VWDQGDUGLVHG FOHDU VN\ DQG RYHUFDVW VN\ GLVWULEXWLRQV³ �DV FLWHG IURP

WKLV 7& WHUPV RI UHIHUHQFH��

$OWKRXJK WKH QHZ JHQHUDWLRQ RI VWDQGDUG VNLHV KDV WR SURYLGH VRPH IOH[LELOLW\

RI DSSOLFDWLRQ DW WKH VDPH WLPH D PRUH GHWDLOHG GHVFULSWLRQ RI FRQGLWLRQV DQG

SDUDPHWULVDWLRQ LV LQWURGXFHG WR VSHFLI\ PRUH H[DFWO\ UHOHYDQW FDVHV DQG

VWDQGDUGV�

6RPH UHFHQW UHVHDUFK UHVXOWV [12 − 15] LQGLFDWH D UHODWLYH ZLGHU YDULHW\ RI

TXDVL FOHDU� TXDVL FORXG\ DQG EULJKW RYHUFDVW VNLHV PDWFKLQJ ZLWK

KRPRJHQHRXV GLVWULEXWLRQV ZLWK VOLJKWO\ GLVWRUWHG EXW UHODWLYHO\ IOXHQW LQGLFDWUL[

DQG JUDGDWLRQ FKDUDFWHULVWLFV� 7KHVH IDFWV WRJHWKHU ZLWK WKH KLJK IUHTXHQF\ RI

/]�'Y UDWLRV ZLWKLQ WKH VSDQ VKRZQ LQ )LJ� � SURYLGH GHILQLWLYH KRSH WKDW WKH

UHFRPPHQGHG VN\ VHW ZLOO H[SUHVV WKH OXPLQDQFH GLVWULEXWLRQV RI WKH PRVW

IUHTXHQW DQG FKDUDFWHULVWLF VNLHV ZRUOG�ZLGH�

$&.12:/('*(0(17

7KH DXWKRUV DUH JUDWHIXO IRU WKH VXSSRUW RI WKH $PHULFDQ�6ORYDN JUDQW 86�6.

����� ZLWKRXW ZKLFK WKHVH UHVXOWV FRXOG QRW EH DFKLHYHG�
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5()(5(1&(6

[1] /DPEHUW� -�+�� 3KRWRPHWULD VLYH GH PHQVXUD HW JUDGLEXV OXPLQLV� FRORUXP

HW XPEUDH� $XJVEXUJ� ����� �*HUPDQ WUDQVODWLRQ E\ (� $QGLQJ�� .OHWW 3XEO��

/HLS]LJ �����

[�@ &RPPLVVLRQ ,QWHUQDWLRQDOH GH O�(FODLUDJH� 1DWXUDO 'D\OLJKW� 2IILFLDO

5HFRPPHQGDWLRQ� &RPSWH 5HQGX &,( �� 6HVVLRQ� �� SDUW ���� SS����� �����

>�@ &RPPLVVLRQ ,QWHUQDWLRQDOH GH O�(FODLUDJH� 6WDQGDUGLVDWLRQ RI OXPLQDQFH

GLVWULEXWLRQ RQ FOHDU VNLHV� &,( 3XEO� ��� 3DULV �����

[4] 'XPRUWLHU '�� $YRXDF� 3�� )RQWR\QRQW� 0�� :RUOG QHWZRUN RI GD\OLJKW

PHDVXULQJ VWDWLRQV� 5HSRUW ,($�6+&3���(��� 9RO��� �����

[5] .LWWOHU� 5�� 5HODWLYH VFDWWHULQJ LQGLFDWUL[� 'HULYDWLRQ IURP UHJXODU

UDGLDQFH�OXPLQDQFH VN\ VFDQV� /LJKW 5HV� DQG 7HFKQRO�� ��� SS���������

�����

>�@ .LWWOHU� 5�� 6RPH TXDOLWLHV RI VFDWWHULQJ IXQFWLRQV GHILQLQJ VN\ UDGLDQFH

GLVWULEXWLRQV� 6RODU (QHUJ\� ��� �� SS� �������� �����

[7] .LWWOHU� 5�� 3HUH]� 5� 'DUXOD 6�� $ VHW RI VWDQGDUG VNLHV FKDUDFWHULVLQJ

GD\OLJKW FRQGLWLRQV IRU FRPSXWHU DQG HQHUJ\ FRQVFLRXV GHVLJQ� 3ULYDWH 5HV�

5HSRUW 86�6. 3URMHFW �� ���� �����

[8] .LWWOHU� 5�� 9DONR� 3��5DGLDQFH GLVWULEXWLRQ RQ GHQVHO\ RYHUFDVW VNLHV�

&RPSDULVRQ ZLWK &,( OXPLQDQFH VWDQGDUG� 6RODU (QHUJ\� ��� SS� ��������

�����

[9] .LWWOHU� 5�� 3HUH]� 5�� 'DUXOD 6�� $Q DQDO\VLV DQG PRGHOOLQJ RI GHQVHO\

RYHUFDVW VN\ FRQGLWLRQV� 6YHWRWHFKQLND �LQ SULQW��

[10] .LWWOHU� 5�� 3HUH]� 5�� 'DUXOD 6�� &OHDU VN\ OXPLQDQFH SDWWHUQV� DQDO\VLV�

FRPSDULVRQ DQG PRGHOOLQJ� $UFKLWHFWXUDO 6FLHQFH 5HYLHZ �LQ SULQW�

[11] 3HUH]� 5�� ,QHLFKHQ� 3�� 6HDOV� 5�� 0LFKDOVN\� -�� 6WHZDUG� 5�� 0RGHOLQJ
GD\OLJKW DYDLODELOLW\ DQG LUUDGLDQFH FRPSRQHQWV IURP GLUHFW DQG JOREDO

LUUDGLDQFH� 6RODU (QHUJ\� ��� �� SS� �������� �����

[12] 3HUH]� 5�� 6HDOV� 5�� 0LFKDOVN\ -�� $OO�ZHDWKHU PRGHO IRU VN\ OXPLQDQFH

GLVWULEXWLRQ� 6RODU (QHUJ\� ��� �� SS��������� �����

[13] 3HUH]� 5�� 6HDOV� 5�� 0LFKDOVN\� -�� ,QHLFKHQ� 3�� *RHVWDWLVWLFDO SURSHUWLHV

DQG PRGHOOLQJ RI UDQGRP FORXG SDWWHUQV IRU UHDO VNLHV� 6RODU (QHUJ\� ��� �� SS�

����� �����

[14] /LWWOHIDLU� 3�� 7KH OXPLQDQFH GLVWULEXWLRQV RI FOHDU DQG TXDVL�FOHDU VNLHV�

3URF� 1DW� &,%6( &RQI�� �����

[15] -XOLDQ� :� *�� +D\PDQ� 6� 1�� 7KH UHOLDELOLW\ RI H[LVWLQJ &,( VN\ PRGHOV

EDVHG RQ PHDVXUHPHQW� 3URF� RI WKH ��UG 6HVVLRQ &,(� 9RO���������� SS�����

����
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$ VHW RI ILIWHHQ EDVLF W\SHV UHSUHVHQWLQJ 6WDQGDUG 6N\ /XPLQDQFH 'LVWULEXWLRQV � 66/'

66/'

&RGH
7\SH RI VN\

6WDQGDUG

JUDGDWLRQ

SDUDPHWHUV

6WDQGDUG

LQGLFDWUL[

SDUDPHWHUV

)UHTXHQW

UDQJH

'Y�(Y

8VXDO

UDQJH

∆

7Y

UDQJH

*UDGDWLRQ
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5DQJH�]HQLWK�

KRUL]RQ
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SURORQJDWLRQ
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