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,QWURGXFWLRQ

7KLV� VWXG\�XVHV�QHZ�PRGHOLQJ� WRROV� WR� DGGUHVV� WKH� VXVWDLQDELOLW\�RI� WHFKQLFDO

FKDQJH�LQ�D�NH\�DJURHFRORJLFDO�UHJLRQ�RI�:HVW�$IULFD���:H�OLQN�D�GHWDLOHG�ELRSK\VLFDO

PRGHO�RI�FURS�JURZWK�WR�D�G\QDPLF�PRGHO�RI�KRXVHKROG�EHKDYLRU�LQ�RUGHU�WR�VLPXODWH

IDUPHUV©�SURGXFWLRQ�GHFLVLRQV�DQG�WKHLU�VRLO�UHVRXUFH�FRQVHTXHQFHV�RYHU�WLPH�

7KH�UHVXOWV�RI�WKH�VLPXODWLRQ�LQGLFDWH�WKDW�QHZ�IDUPLQJ�PHWKRGV�LQ�WKH�6XGDQR�

*XLQHDQ�UHJLRQ�RI�6RXWKHUQ�0DOL��ZKHUH�UDSLG�LQWHQVLILFDWLRQ�KDV�GLVUXSWHG�WUDGLWLRQDO

DJUR�SDVWRUDO�V\VWHPV��DUH�IDU�PRUH�VXVWDLQDEOH�WKDQ�PDQ\�REVHUYHUV�KDYH�DUJXHG��DQG

WKDW�DGGLWLRQDO�SURGXFWLYLW\�JURZWK�FDQ�EH�VXVWDLQHG�ZLWK�VXSSRUWLYH�JRYHUQPHQW�SROLFLHV�

.H\�LQWHUYHQWLRQV�LQFOXGH�FRQWLQXHG�YDULHWDO�UHVHDUFK��PDLQWDLQLQJ�ORZ�PDUNHWLQJ�FRVWV�

DQG�LPSRVLQJ�SDVWXUH�WD[HV�WR�DFFRXQW�IRU�WKH�FRVW�RI�JUD]LQJ�LQ�FRPPRQ�DUHDV�

$JULFXOWXUDO�VXVWDLQDELOLW\�DQG�WHFKQLFDO�FKDQJH

$� ZLGHVSUHDG� FDOO� IRU� PRUH� VXVWDLQDEOH� UHVRXUFH� XVH� KDV� VKDNHQ� WKH� JOREDO

DJULFXOWXUDO�UHVHDUFK�DJHQGD��DQG�LV�RIWHQ�VHHQ�WR�EH�LQ�FRQIOLFW�ZLWK�WKH�DGRSWLRQ�RI�\LHOG�

LQFUHDVLQJ� LQQRYDWLRQV� �/HH� ������� � +RZHYHU�� OLPLWHG� HPSLULFDO� HYLGHQFH� DERXW� WKH

VXVWDLQDELOLW\�RI�QHZ�WHFKQLTXHV�LV�DYDLODEOH�EHFDXVH�WKHLU�ORQJ�UXQ�HIIHFWV�KDYH�QRW�\HW

EHHQ�REVHUYHG��/DO�������*5($1���������

0DQ\�FULWLFLVPV�RI�DJULFXOWXUDO�LQWHQVLILFDWLRQ�DULVH�IURP�SUHGLFWLRQV�RI�D�GHFOLQH

LQ�WKH�VWRFN�RI�D�VSHFLILF�UHVRXUFH��YDQ�GHU�3RO�������+RDJ�DQG�6NROG��������RU�LQ�D
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VSHFLILF�PHDVXUH�RI�SURGXFWLYLW\��/\QDP�DQG�+HUGW���������7KH�VXVWDLQDELOLW\�RI�LQFRPH

RU�ZHDOWK�PD\�EH�D�PRUH�UHOHYDQW�FULWHULRQ��6RORZ�������1RUJDDUG�������+RUZDWK�DQG

1RUJDDUG��������EXW�LV�PXFK�KDUGHU�WR�REVHUYH��SDUWLFXODUO\�ZKHUH�SURGXFWLRQ�WHFKQLTXHV

FDQ�FKDQJH�RYHU�WLPH�LQ�UHVSRQVH�WR�FKDQJLQJ�FLUFXPVWDQFHV���

1XPHURXV�UHVHDUFKHUV�KDYH�GRFXPHQWHG�DQ�HYROXWLRQDU\�VHTXHQFH�RI�DJULFXOWXUDO

WHFKQLTXHV��QRWDEO\�WKH�SLRQHHULQJ�VWXGLHV�RI�%RVHUXS���������5XWKHQEHUJ���������3LQJDOL�

%LJRW� DQG�%LQVZDQJHU� ������� DQG�0F,QWLUH��%RXU]DW� DQG�3LQJDOL� �������� �&OHDUO\�� D

VHTXHQFH�RI�WHFKQLTXHV�PD\�EH�VXVWDLQDEOH�HYHQ�LI�HDFK�FRPSRQHQW�LV�QRW�DQG�UHVHDUFK�FDQ

SOD\�D�NH\�UROH�LQ�SURYLGLQJ�D�VHTXHQFH�RI�WHFKQLFDO�LQWHUYHQWLRQV�IURP�ZKLFK�IDUPHUV�FDQ

GUDZ�ZKHQ�HFRQRPLF�FRQGLWLRQV�SHUPLW����2WKHU�JRYHUQPHQW�LQWHUYHQWLRQV�PD\�DOVR�EH

LPSRUWDQW� LQ� HQVXULQJ� V\VWHP� VXVWDLQDELOLW\�� LQFOXGLQJ� SROLFLHV� WKDW� LQIOXHQFH� UHODWLYH

SURGXFW�SULFHV�RU�WKH�XVH�RI�FRPPRQ�SURSHUW\�UHVRXUFHV��

9LHZLQJ�DJULFXOWXUDO�V\VWHPV�DV�DQ�HYROYLQJ�VHTXHQFH�RI�FKRLFHV�LV�ZLGHO\�VHHQ�WR

PDNH� QDWXUDO� UHVRXUFH� SUHVHUYDWLRQ� SDUWLFXODUO\� LPSRUWDQW�� EHFDXVH� IXWXUH� WHFKQLFDO

FKDQJHV�PD\�EH�GHSHQGHQW�XSRQ�VWRFN�OHYHOV��&ODUNH�������:DONHU�DQG�<RXQJ������

7D\ORU�DQG�<RXQJ�������&ROOLQV�DQG�+RWOH\�������&ODUN�DQG�)XUWDQ���������%XW�WKH

RSSRVLWH� FRQFOXVLRQ� LV� DOVR� SRVVLEOH�� LI� LQQRYDWLRQV� FDQ� SURYLGH� VXEVWLWXWHV� IRU� WKH

GHSOHWDEOH�UHVRXUFH�VXFK�DV�DVVLPLODEOH�VRLO�QLWURJHQ�DQG�LQRUJDQLF�IHUWLOL]HU�FRPSRXQGV�

&OHDUO\�� WKH� VXVWDLQDELOLW\� RI� DQ\� JLYHQ� V\VWHP� LV� DQ� HPSLULFDO� TXHVWLRQ��UHTXLULQJ� DQ

HPSLULFDO�PRGHO�WR�SHUPLW�WKH�VLPXODWLRQ�RI�SURGXFWLRQ�DQG�FRQVXPSWLRQ�RYHU�WLPH�

$Q�H[DPSOH�IURP�6RXWKHUQ�0DOL
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$UJXPHQWV� RYHU� VXVWDLQDELOLW\� DQG� SURGXFWLYLW\� KDYH� SDUWLFXODU� LPSRUWDQFH� LQ

$IULFD��ZKHUH�PRVW�SHRSOH�VWLOO�GHSHQG�RQ�DJULFXOWXUH�IRU�WKHLU�LQFRPH��DQG�ZKHUH�UDSLG

SRSXODWLRQ�JURZWK�LV�SXWWLQJ�H[WUHPH�VWUHVV�RQ�WKH�QDWXUDO�UHVRXUFH�EDVH���,QIOXHQWLDO

VWXGLHV�KDYH�DUJXHG�WKDW�UHVRXUFH�GHSOHWLRQ�FRXOG�OHDG�WR�VKDUS�GHFOLQHV�LQ�SURGXFWLYLW\�

SDUWLFXODUO\�LQ�WKH�DUHDV�RI�JUHDWHVW�DJULFXOWXUDO�LQWHQVLILFDWLRQ��VR�WKDW�D�WXUQ�DZD\�IURP

WKH�SXUVXLW�RI�KLJKHU�\LHOGV�LV�QHHGHG�VRRQ���6RXWKHUQ�0DOL�KDV�EHHQ�D�SDUWLFXODU�IRFXV�RI

WKLV�DUJXPHQW��ZLWK�LWV�H[FHSWLRQDOO\�UDSLG�JURZWK�LQ�SURGXFWLRQ�DQG�LQSXW�XVH����6HH�YDQ

GHU�3RO�������DOVR�%HUFNPRHV��-DJHU�DQG�.RQp�������&RXOLEDO\��1LDQJ�DQG�YDQ�GHU�3RO

������'XUHDX��7UDRUp�DQG�%DOOR�������DQG�3LHUL�������

7R� LQYHVWLJDWH� WKH�VXVWDLQDELOLW\�RI� WKH�DJUR�SDVWRUDO�V\VWHP� LQ�6RXWKHUQ�0DOL

XQGHU� YDULRXV� SRVVLEOH� IXWXUH� VFHQDULRV�� ZH� FRQVWUXFW� DQ� HPSLULFDO� PRGHO� RI� IDUPHU

GHFLVLRQ�PDNLQJ�WR�HVWLPDWH�KRZ�SURGXFWLRQ�LV�OLNHO\�WR�HYROYH�RYHU�WLPH���$�VFHQDULR�ZLWK

QR� QHZ� WHFKQRORJLHV� LV� FRQWUDVWHG�ZLWK�RQH� WKDW� LQFOXGHV� WKH�SRVVLELOLW\�RI� DGRSWLQJ

YDULRXV�QHZ�WHFKQLTXHV�� LQFOXGLQJ� LPSURYHG�FHUHDO�YDULHWLHV��JUHDWHU�XVH�RI� LQRUJDQLF

IHUWLOL]HU��DQG�PRUH�LQWHQVLYH�PDQDJHPHQW�RI�OLYHVWRFN�DQG�FURS�UHVLGXHV��QRWDEO\�WKH�XVH

RI�FRYHUHG�FRUUDOV��SDUFV�DPHOLRUpV��WR�FRQILQH�DQLPDOV�DQG�PL[�WKHLU�ZDVWHV�ZLWK�JUDLQ

VWDONV��SURGXFLQJ�ODUJHU�TXDQWLWLHV�RI�KLJKHU�TXDOLW\�RUJDQLF�IHUWLOL]HU�WKDQ�LV�SRVVLEOH�ZLWK

WUDGLWLRQDO�PHWKRGV�RI�JUD]LQJ�ILHOG�VWXEEOH�DQG�RSHQ�DFFHVV�EXVK�DUHDV����)RU�GHWDLOV�RI

WKH�SDUF�DPHOLRUp�V\VWHP��VHH�%RVPD��.DPDUD�DQG�6DQRJR���������

7KH� DGRSWLRQ� DQG� ORQJ�UXQ� LPSDFW� RI� WKHVH� WHFKQLTXHV� LV� H[DPLQHG� XQGHU

FRQWLQXDWLRQ�RI�FXUUHQW�HFRQRPLF�FRQGLWLRQV��DQG�WKHQ�LQ�D�YDULHW\�RI�DOWHUQDWLYH�PDUNHW

HQYLURQPHQWV���,Q�WKLV�SDSHU�ZH�IRFXV�RQ�WKH�UHVXOWV�ZKHQ�UHFHQW�SROLF\�UHIRUPV�FRQWLQXH
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WR�UHGXFH�IDUP�WR�PDUNHW�WUDQVDFWLRQV�FRVWV��DQG�DOVR�FRQVLGHU�WKH�UROH�RI�SDVWXUH�WD[HV

LQ�RIIVHWWLQJ�WKH�H[WHUQDOLWLHV�DVVRFLDWHG�ZLWK�JUD]LQJ�RQ�FRPPRQ�SURSHUW\���2WKHU�UHVXOWV�

DV�ZHOO�DV�PRUH�GHWDLO�RQ�WKH�GDWD�DQG�SURFHGXUHV�XVHG�LQ�GHYHORSLQJ�WKH�PRGHO��DUH

SURYLGHG�LQ�'DOWRQ�

7KH�HPSLULFDO�PRGHO

2XU�DQDO\VLV�H[WHQGV�WKH�IDUP�KRXVHKROG�PRGHOLQJ�WUDGLWLRQ�RI�6LQJK��6TXLUH�DQG

6WUDXVV� ������� WR� LQFOXGH� IDUPHUV©� LQWHUWHPSRUDO� LQYHVWPHQW� RU� UHVRXUFH�GHSOHWLRQ

GHFLVLRQV�� DQG� WR� XVH� D� ELRSK\VLFDO� VLPXODWLRQ�PRGHO� IRU� WKH� SXUSRVH� RI� OLQNLQJ� VRLO

SURGXFWLYLW\�WR�FXOWLYDWLRQ�KLVWRU\���7KH�REMHFWLYH�IXQFWLRQ�LV�

� DV� WKH� SURGXFHU� DLPV� WR� FKRRVH� FRQVXPSWLRQ� EXQGOHV� LQ� HDFK� WLPH� SHULRG� �F �� WKDW
W

PD[LPL]H�ZHOIDUH�>8�#�@��ZKLFK�LV�HDFK�\HDU©V�XWLOLW\�RI�FRQVXPSWLRQ�>X�F �@�VXPPHG�DQG
W

GLVFRXQWHG��E\�� ��RYHU�WLPH��SOXV�GLVFRXQWHG�WHUPLQDO�ZHDOWK��: ���DW�WKH�HQG�RI�WKH�WLPH
W 7

KRUL]RQ���,Q�WKH�VSHFLILF�VLPXODWLRQV�SUHVHQWHG�EHORZ��WKH�DQQXDO�XWLOLW\�IXQFWLRQ�LV�OLQHDU

DQG�WKH�WLPH�KRUL]RQ�LV����\HDUV����

&RQVXPSWLRQ�OHYHOV�DUH�FRQVWUDLQHG�E\�DQ�H[SHQGLWXUH�FRQVWUDLQW��ZKLFK�LV�HDFK

\HDU©V�QHW�SURILWV�IURP�FURS�VDOHV��PLQXV�VDYLQJV�DQG�LQYHVWPHQWV��QRWDEO\�LQ�OLYHVWRFN

RSHUDWLRQV��LQFOXGLQJ�WKH�FRQVWUXFWLRQ�DQG�FDSLWDO�FRVW�RI�FRUUDOV�DV�ZHOO�DV�DQLPDOV�DQG

HTXLSPHQW���SURGXFW�PDUNHWLQJ�FRVWV��LQFOXGLQJ�SDUWLFXODUO\�WKH�PDUNHWLQJ�PDUJLQ�EHWZHHQ
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EX\LQJ�DQG�VHOOLQJ�SULFHV�IRU�IRRGJUDLQV���DQG�WD[HV�SDLG���/LYHVWRFN�RSHUDWLRQV�LQFOXGH

VHYHUDO�LQWHJHU�YDULDEOHV��HTXLSPHQW�VHWV�DQG�WKH�FRUUDOV�WKHPVHOYHV���EXW�WKH�KHUG�VL]H�LV

PRGHOHG�DV�D�FRQWLQXRXV�QXPEHU�RI�WURSLFDO�OLYHVWRFN�XQLWV��7/8��RI�����NJ�OLYHZHLJKW�

RI� DGXOW� R[HQ�� GRQNH\V�� DQG� JRDWV�� � $OO� PDUNHW� SULFHV� DUH� H[RJHQRXVO\� GHWHUPLQHG�

DOWKRXJK�WKH�KRXVHKROG©V�VKDGRZ�YDOXH�RI�IRRG�JUDLQV�FDQ�VZLWFK�IURP�WKHLU�EX\LQJ�SULFHV

WR�VHOOLQJ�SULFHV��RU�UHPDLQ�LQ�EHWZHHQ�ZKHQ�WKH�KRXVHKROG�LV�VHOI�VXIILFLHQW�

&URS� SURGXFWLRQ� DFWLYLWLHV� LQFOXGH� D� WRWDO� RI� ���� SRVVLEOH� WHFKQLTXHV�� HDFK

HPEHGGHG� LQ� D� PXOWL�\HDU� URWDWLRQ�� DQG� VXEMHFW� WR� FRQVWUDLQWV� RQ� WKH� DYDLODELOLW\� RI

UHVRXUFHV��WKUHH�W\SHV�RI�ODQG��WKUHH�W\SHV�RI�ODERU��DQG�WZR�W\SHV�RI�DQLPDO�WUDFWLRQ�VHWV�

DFURVV�WHQ�WLPH�SHULRGV���DV�ZHOO�DV�WKH�SK\VLFDO�DWWULEXWHV�RI�WKH�VRLO���7R�FDSWXUH�VRLO

GHJUDGDWLRQ�HIIHFWV�LQ�WKH�FRQWH[W�RI�VWRFKDVWLF�UDLQIDOO��ZH�HVWLPDWH�D�ELRSK\VLFDO�IXQFWLRQ

IRU�ODQG�SURGXFWLYLW\��\LHOG��XQGHU�HDFK�FURS��\��DQG�WHFKQLTXH��]���

LQ�ZKLFK�DQQXDO�\LHOG�LV�EDVHG�RQ�WKH�QXPEHU�RI�\HDUV�WKDW�WHFKQLTXH�KDV�EHHQ�XVHG��WLPH��

DQG�WKDW�VHDVRQ©V�ZHDWKHU��UDLQIDOO���XVLQJ�D�ORJDULWKPLF�IRUP�WR�FDSWXUH�WKH�QRQOLQHDU

QDWXUH�RI�WKLV�UHODWLRQVKLS���7KH�IXQFWLRQ©V�SDUDPHWHUV��������DUH�HVWLPDWHG�IURP�WKH�UHVXOWV

RI�D�FURS�JURZWK�VLPXODWLRQ�PRGHO��WKURXJK�DQ�2/6�UHJUHVVLRQ�RI�WKH�ORJDULWKP�RI�FURS

\LHOG�XQGHU�HDFK�WHFKQLTXH��DJDLQVW�WRWDO�UDLQIDOO�LQ�WKDW�\HDU�DQG�WKH�QXPEHU�RI�SUHYLRXV

\HDUV� WKDW� WHFKQLTXH�KDG�EHHQ� LQ� FRQWLQXRXV�XVH�� �7KH� FURS�JURZWK�PRGHO�XVHG� LV� D

YHUVLRQ�RI�WKH�(QYLURQPHQWDO�3ROLF\�,QWHJUDWHG�&OLPDWH�PRGHO��VHH�(3,&��������FDOLEUDWHG

WR�ORFDO�FRQGLWLRQV�XVLQJ�WKH�UHVXOWV�RI�ORQJ�WHUP�WULDOV��VRLO�VXUYH\V��FOLPDWH�GDWD��DQG
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LQWHUYLHZV�ZLWK�UHVHDUFKHUV�DQG�IDUPHUV���'HWDLOV�RI�WKH�GDWD��SURFHGXUHV�DQG�UHVXOWV�DUH

GRFXPHQWHG�LQ�'DOWRQ�

7KH�XVH�RI�D�GHWDLOHG�FURS�JURZWK�PRGHO�VXFK�DV�(3,&�LV�NH\�WR�FDSWXULQJ�WKH

FRPSOH[�UHODWLRQVKLS�EHWZHHQ�FOLPDWH��VRLO��DQG�SODQW�SHUIRUPDQFH���)RU�H[DPSOH��(3,&

XVHV�GDLO\�WLPH�VWHSV�WR�VLPXODWH�WKH�IORZ�RI�PRLVWXUH�DQG�QXWULHQWV�WKURXJK�WKH�VRLO�DQG

WKH�SODQW��DQG�WKH�GDWD�XVHG�LQ�RXU�VLPXODWLRQV�LQFOXGH����\HDUV�RI�GD\�E\�GD\�UDLQIDOO�DQG

WHPSHUDWXUH�REVHUYDWLRQV���(DFK�\HDU©V�FOLPDWH�LV�D�UDQGRP�GUDZ�IURP�WKDW�XQLYHUVH�RI

SRVVLEOH�ZHDWKHU�VHTXHQFHV���

,Q� HVWLPDWLQJ�RXU�UHGXFHG�IRUP�\LHOG� IXQFWLRQ��HTXDWLRQ���DERYH��ZH�XVH� WKH

\HDU©V�WRWDO�DQQXDO�UDLQIDOO�DV�D�SUR[\�IRU�WKH�HQWLUH�VHTXHQFH�RI�GDLO\�VWUHVVHV�H[SHULHQFHG�

�VR�WKDW�WKH�DFWXDO�LQFLGHQFH�RI�PLG�VHDVRQ�GU\�VSHOOV�DQG�SHULRGV�RI�KLJK�WHPSHUDWXUH�RU

HYDSRUDWLRQ�KDV�D�PDMRU�LQIOXHQFH�RQ�\LHOGV�DQG�QXWULHQW�XSWDNH���(3,&�DOVR�FDSWXUHV�WKH

LQIOXHQFH� RI� FURS� FKDUDFWHULVWLFV� DQG� FXOWLYDWLRQ� WHFKQLTXHV� RQ� QXWULHQW� OHDFKLQJ� DQG

VXUIDFH�UXQRII��DQG�WKH�IHHGEDFN�RI�WKHVH�IDFWRUV�RQ�FURS�SHUIRUPDQFH�RYHU�WLPH��

7KH�XVH�RI�D�ELRSK\VLFDO�PRGHO�WR�HVWLPDWH�\LHOG�IXQFWLRQV�IRU�HDFK�WHFKQLTXH�QRW

RQO\�SURYLGHV�D�EHWWHU�HPSLULFDO�IRXQGDWLRQ�IRU�HVWLPDWLQJ�VRLO�GHJUDGDWLRQ�HIIHFWV��LW�DOVR

SURYLGHV�D�EHWWHU�IRXQGDWLRQ�IRU�H[�DQWH�HVWLPDWHV�RI�WKH�SD\RII�IURP�FRPSOH[�LQQRYDWLRQV

VXFK�DV� OLYHVWRFN�FRUUDOV���&RUUDOV�SURYLGH�D�ODUJHU�TXDQWLW\�RI�KLJKHU�TXDOLW\�RUJDQLF

IHUWLOL]HU��KHOSLQJ�EULQJ�QXWULHQWV�EDFN�WR�WKH�ILHOG�EXW�DOVR�LPSURYLQJ�VRLO�VWUXFWXUH�DQG

PRLVWXUH�UHWHQWLRQ�� �/LQNLQJ� WKHVH�HIIHFWV� WR� WKH� IXOO�KRXVHKROG�PRGHO� LGHQWLILHV� WKHLU

HFRQRPLF�YDOXH��LQ�WKH�FRQWH[W�RI�LQWHUWHPSRUDO�ZHOIDUH��ZLWK�WKH�RSWLPDO�WLPLQJ�DQG
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H[WHQW�RI�FRUUDO�XVH�OLQNHG�WR�VRLO�GHJUDGDWLRQ�DQG�IDUPHUV©�RWKHU�VDYLQJV�DQG�LQYHVWPHQW

GHFLVLRQV�

0RGHO�5HVXOWV

7KH�PRGHO�GHVFULEHG�DERYH�LV�UHODWLYHO\�ODUJH��ZULWWHQ�XVLQJ�WKH�*HQHUDO�$OJHEUDLF

0RGHOLQJ�6\VWHP��*$06���LW�ZDV�VROYHG�RQ�D�3HQWLXP�SHUVRQDO�FRPSXWHU�XVLQJ�WKH�;$

VROYHU�LQ�VOLJKWO\�RYHU�WZR�KRXUV��DQG�DGGLWLRQDO�FRPSXWLQJ�WLPH�ZDV�UHTXLUHG�WR�REWDLQ

\LHOG� SDUDPHWHUV� IRU� HDFK� WHFKQLTXH� LQ� HDFK� \HDU�ZLWK� WKH�(3,&�PRGHO�� �1XPHURXV

H[SHULPHQWV�ZHUH�VLPXODWHG��DV�GHWDLOHG�LQ�'DOWRQ���

)RU�WKLV�SDSHU�ZH�SUHVHQW�RQO\�WKH�EDVHOLQH�UHVXOWV�ZKLFK�DUH�FRPSDUDEOH�WR�VXUYH\

REVHUYDWLRQV�IRU�WKH�SXUSRVH�RI�PRGHO�YDOLGDWLRQ��7DEOH���DQG�7DEOH�����IROORZHG�E\�D

JUDSKLFDO�SUHVHQWDWLRQ�RI�WKH�LQWHQVLILFDWLRQ�SURFHVV�RYHU�WLPH�XQGHU�WKH�PRVW�OLNHO\�IXWXUH

VFHQDULR��)LJXUH�����



�

�7$%/(����2EVHUYHG�DQG�SUHGLFWHG�ODQG�XVH�DQG�RXWSXW�IRU���������DQG��������

������� �������

/DQG� 2XWSXW� /DQG 2XWSXW

$OORFDWLRQ��KD� �PW� $OORFDWLRQ��KD� �PW�

2EV� 3UHG� 2EV� 3UHG� 2EV� 3UHG� 2EV� 3UHG�

&RWWRQ ���� ���� ���� ���� ���� ���� ���� �����

6RUJKXP ���� ����� ���� ���� ���� ���� ���� ����

0LOOHW ���� ���� ���� ���� ���� ���� ���� ����

0DL]H ���� ���� ���� ���� ���� ���� ���� ����

*URXQGQXWV ���� ���� ���� ���� ���� ���� ���� �����

1RWH�� 7DEOH� VKRZV� UHVXOWV� IRU� KLJKO\� FDSLWDOL]HG� IDUPV�RQO\�� �5LFH�SURGXFWLRQ� LV� QRW

PRGHOHG�DQG�DFFRXQWV�IRU������RU������RI�D�KHFWDUH�LQ�WKH�REVHUYHG�GDWD�LQ������

���DQG�VOLJKWO\�OHVV�LQ�WKH�SUHFHGLQJ�\HDU���

6RXUFH��2EVHUYHG�YDOXHV� DUH� WKH� VXUYH\�DYHUDJH�GDWD� IURP�*LUDXG\�HW�DO��� SUHGLFWHG

YDOXHV�DUH�WKH�DXWKRUV©�PDWKHPDWLFDO�SURJUDPPLQJ�PRGHO�UHVXOWV�

'HVSLWH�WKH�VOLJKW�GLIIHUHQFHV�LQ�FURS�DOORFDWLRQ�VKRZQ�LQ�7DEOH����WRWDO�TXDQWLWLHV

RI�LQSXW�XVH�DUH�YHU\�FORVH�WR�REVHUYHG�TXDQWLWLHV�DV�VKRZQ�LQ�7DEOH����

7$%/(����2EVHUYHG�DQG�SUHGLFWHG�LQSXW�XVH�IRU���������DQG����������NJ�

������� �������

2EVHUYHG 3UHGLFWHG 2EVHUYHG 3UHGLFWHG

&RWWRQ�&RPSRXQG ��� ��� ��� ���

&HUHDO�&RPSRXQG �� �� �� ��

8UHD ��� ��� ��� ���

2UJDQLF�)HUWLOL]HU QRW�DYDLODEOH ����� QRW�DYDLODEOH �����

6RXUFH�� 6XUYH\� REVHUYDWLRQV� DUH� IURP�*LUDXG\� HW� DO��� SUHGLFWHG� YDOXHV� DUH� IURP� WKH

DXWKRUV©�PDWKHPDWLFDO�SURJUDPPLQJ�PRGHO�UHVXOWV�



�

&RQWLQXLQJ�WKH�EDVHOLQH�FDVH�RYHU�WKH�PRGHO©V�IXOO����\HDU�WLPH�KRUL]RQ��WKHUH�LV

D�VPDOO�GHJUHH�RI�QXWULHQW�PLQLQJ�WR�ZKLFK�WKH�KRXVHKROG©V�RSWLPDO�UHVSRQVH�LV�WR�VKLIW

FURS�DOORFDWLRQ� WRZDUGV� OHVV�QXWULHQW�GHPDQGLQJ�VPDOO�JUDLQV�DQG�DZD\�IURP�QXWULHQW

LQWHQVLYH�PDL]H���8QGHU�FRQWLQXHG�EDVHOLQH�FRQGLWLRQV�WKH�KRXVHKROG�UHPDLQV�VHOI�VXIILFLHQW

LQ�IRRG�JUDLQV��DV�WKH�PDUNHWLQJ�PDUJLQ�LV�WRR�ZLGH�IRU�HLWKHU�SXUFKDVHV�RU�VSHFLDOL]DWLRQ

WR�EH�DWWUDFWLYH���7KH�KRXVHKROG�PLQLPL]HV�LWV�PDUNHW�SDUWLFLSDWLRQ�RQ�WKH�LQSXWV�VLGH

EHFDXVH�LW�LV�QRW�SURILWDEOH�WR�LQFUHDVH�XVH�RI�LQRUJDQLF�IHUWLOL]HU�RU�LQYHVW�LQ�QHZ�OLYHVWRFN

FRUUDOV��DOWKRXJK�WKH�KRXVHKROG�GRHV�FRQWLQXH�WR�XVH�RYHU���PW�\U�RI�RUJDQLF�IHUWLOL]HU

FROOHFWHG�IURP�DQLPDOV©�WUDGLWLRQDO�QLJKWWLPH�VWDOOV�

&RQVLGHULQJ� SRVVLEOH� FKDQJHV� IURP� WKH� EDVHOLQH� VFHQDULR�� WKH� PRVW� SODXVLEOH

FRQGLWLRQV�XQGHU�ZKLFK�WKHUH�LV�DGRSWLRQ�RI�FRQILQHPHQW�FRUUDOV�ZLWKLQ�RXU����\HDU�WLPH

KRUL]RQ�LV�ZKHQ�D�SDVWXUH�WD[�LV�LPSRVHG��IRU�GHWDLOV�RI�WKLV�SROLF\�RSWLRQ��VHH�'DOWRQ�

������DQG�'DOWRQ�DQG�0DVWHUV����������7KH�SDVWXUH�WD[�DFFRXQWV�IRU�WKH�YDOXH�WR�IDUPHUV

RI�JUD]LQJ�LQ�FRPPRQ�SURSHUW\�EXVK�DUHDV���$�WD[�RI�RQO\�)&)$�������SHU�7/8�SHU�\HDU

�DERXW�86���SHU�GRQNH\��DQG�86���SHU�FRZ��LV�VXIILFLHQW�WR�LQGXFH�IDUPHUV�WR�FRQVWUXFW

DQG�PDLQWDLQ�FRUUDOV��WDNLQJ�DQLPDOV�RII�WKH�FRPPRQV�DQG�LQWHQVLI\LQJ�WKH�DJUR�SDVWRUDO

V\VWHP�

)RU�WKH�SXUSRVH�RI�WKLV�VWXG\��ZH�DUH�FRQFHUQHG�QRW�MXVW�ZLWK�FRUUDOV�DQG�RUJDQLF

IHUWLOL]HU��EXW�DOVR�ZLWK�RWKHU�LQWHQVLILFDWLRQ�WHFKQLTXHV��QRWDEO\�DGRSWLRQ�RI�LPSURYHG

VRUJKXP�YDULHWLHV�DQG�LQFUHDVHG�XVH�RI�LQRUJDQLF�IHUWLOL]HUV��DV�ZHOO�DV�D�VZLWFK�WR�PRUH

LQSXW�LQWHQVLYH�FURSV���,QWHQVLILFDWLRQ�XVLQJ�DOO�WKUHH�PHWKRGV�LV�REVHUYHG�XQGHU�D�VFHQDULR

WKDW�SURMHFWV�IRUZDUG�WKUHH�NH\�WUHQGV��SRSXODWLRQ�JURZWK��DW�����SHUFHQW�SHU�\HDU���KLJKHU



��

IRRG�JUDLQ�SULFHV��GXH�WR�JURZWK�LQ�GHPDQG���DQG�GHFOLQLQJ�SURGXFW�PDUNHWLQJ�PDUJLQV

�GXH�WR�FRQWLQXHG�SROLF\�UHIRUP�DQG�LQFUHDVHG�PDUNHW�DFWLYLW\��

8QGHU�WKLV�WUHQG�SURMHFWLRQ�VFHQDULR��WKH�LPSURYHG�VRUJKXP�YDULHW\�LV�DGRSWHG

LPPHGLDWHO\��UDLVLQJ�VRUJKXP�RXWSXW�E\����SHUFHQW�RYHU�WKH�EDVHOLQH��DQG�UDLVLQJ�WRWDO

KRXVHKROG�FRQVXPSWLRQ�E\����SHUFHQW���$W�WKH�VDPH�WLPH��WKH�KRXVHKROG�EHFRPHV�PRUH

PDUNHW� RULHQWHG�� VSHFLDOL]LQJ� LQ� VRUJKXP� DQG� DOVR�PDL]H� DQG� FXWWLQJ� EDFN� RQ� KRPH

SURGXFWLRQ�RI�PLOOHW�DQG�JURXQGQXWV��ZKLFK�DUH�SXUFKDVHG�LQVWHDG���2WKHU�NH\�IRUPV�RI

LQWHQVLILFDWLRQ�RFFXU�SURJUHVVLYHO\�LQ�D�VWHSZLVH�PDQQHU�

$V�VKRZQ�LQ�)LJXUH����SRSXODWLRQ�JURZWK�JUDGXDOO\�GULYHV�GRZQ�WKH�KRXVHKROG©V

PDUNHWHG�VXUSOXV�RI�IRRG�JUDLQV��XQWLO�LW�EHFRPHV�DWWUDFWLYH�WR�FKDQJH�DUHD�DOORFDWLRQV�RU

LQSXW�XVH�OHYHOV���7KH�ILUVW�HSLVRGH�RI�LQWHQVLILFDWLRQ�RFFXUV�LQ�WKH�WKLUG�\HDU��L�H��DURXQG

����������ZKHQ�PDL]H�DUHD�LV�H[SDQGHG�DQG�IHUWLOL]HU�XVH�ULVHV�E\����NJ�SHU�\HDU���$IWHU

ILYH� DGGLWLRQDO� \HDUV�RI�SRSXODWLRQ�JURZWK� �DQG� VRPH�QXWULHQW�PLQLQJ��� VRPH�DUHD� LV

VZLWFKHG�EDFN�WR�VRUJKXP�DQG�IHUWLOL]HU�XVH�LV�LQFUHDVHG�RI�����NJ�SHU�\HDU����%\�WKH�HQG

RI�WKH����\HDU�WLPH�KRUL]RQ��WKH�KRXVHKROG©V�IRRGJUDLQ�VXUSOXV�LV�RQO\�VOLJKWO\�ORZHU�WKDQ

DW�WKH�RXWVHW�GHVSLWH�LQFUHDVHG�RQ�IDUP�FRQVXPSWLRQ��ZLWK�VXFFHVVIXO�LQWHQVLILFDWLRQ�KDYLQJ

WDNHQ�SODFH�RQ�D�VXVWDLQDEOH�EDVLV�

&RQFOXVLRQV�DQG�LPSOLFDWLRQV

2XU�FHQWUDO�ILQGLQJ�LV�WKDW�VRLO�GHJUDGDWLRQ�DQG�XQVXVWDLQDELOLW\�DUH�QRW�DV�VHYHUH

DV�VRPH�REVHUYHUV�KDYH�FODLPHG��H�J��YDQ�GHU�3RO��������DQG�WKDW�IXUWKHU�LQWHQVLILFDWLRQ

FDQ�RFFXU�ZLWKRXW�LUUHYHUVLEOH�UHVRXUFH�GHSOHWLRQ���&XUUHQW�WHFKQLTXHV�FDXVH�OLWWOH�QXWULHQW



��

PLQLQJ�FKLHIO\�EHFDXVH�HQYLURQPHQWDO�VWUHVVHV�RQ�SODQW�JURZWK�OLPLW�QXWULHQW�XSWDNH��DQG

IXWXUH�LQWHQVLILFDWLRQ�LV�OLNHO\�WR�EH�VXVWDLQDEOH�LQ�WKH�VHQVH�WKDW�RQH�FKDQJH�ZLOO�HQWUDLQ

DQRWKHU��

2XU�UHVXOWV�LGHQWLI\�WKUHH�NH\�IDFWRUV�GULYLQJ�WKH�LQWHQVLILFDWLRQ�SURFHVV��SRSXODWLRQ

JURZWK��ZKLFK�DIIHFWV�PDLQO\�UHODWLYH�ODERU�FRVWV��IRRGJUDLQ�GHPDQG��ZKLFK�DIIHFWV�WKH

SULFH�RI�JUDLQV�UHODWLYH�WR�IHUWLOL]HU�DQG�QRQIRRG�SURGXFWV��DQG�PDUNHWLQJ�PDUJLQV��ZKLFK

SHUPLWV�VSHFLDOL]DWLRQ�IRU�PDUNHW�DQG�JUHDWHU�XVH�RI�SXUFKDVHG�LQSXWV���

*RYHUQPHQW�LQWHUYHQWLRQ�LV�PRVW�LPSRUWDQW�LQ�SURYLGLQJ�UHVHDUFK�DQG�H[WHQVLRQ

�VR�WKDW�QHZ�WHFKQLTXHV�DUH�DYDLODEOH�IRU�DGRSWLRQ�ZKHQ�WKH�WLPH�LV�ULJKW���LQ�VXSSRUWLQJ

PDUNHW�LQWHJUDWLRQ��VR�WKDW�VSHFLDOL]DWLRQ�FDQ�RFFXU���DQG�SRVVLEO\�DOVR�LPSRVLQJ�SDVWXUH

WD[HV��VR�WKDW�WKH�VRFLDO�FRVW�JUD]LQJ�FRPPRQ�ODQGV�LV�DFFRXQWHG�IRU��OHDGLQJ�WR�DGRSWLRQ

RI�FRQILQHPHQW�FRUUDOV�����,Q�WKH�FRQWH[W�RI�WKHVH�SURGXFWLYLW\�HQKDQFLQJ�SROLFLHV��PRGHO

SURMHFWLRQV�LQGLFDWH�WKDW�VXVWDLQDEOH�LQWHQVLILFDWLRQ�LV�SRVVLEOH�LQ�DQ�$IULFDQ�HQYLURQPHQW�
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&HUHDO�)HUWLOL]HU

8UHD

0DL]H�

6RUJKXP�

$UHD�([SDQVLRQ�(IIHFWV������)HUWLOL]HU�,QWHQVLILFDWLRQ

,PSOHPHQW�&RQVWUDLQW

��

),*85(�����)HUWLOL]HU�8VH�DQG�)RRG�6XUSOXVHV�:LWK�3URMHFWLRQ�RI�&XUUHQW�7UHQGV



��

5HIHUHQFHV�&LWHG

%HUFNPRHV��:��0��/���-DJHU��(��-���DQG�<��.RQp���¦/©,QWHQVLILFDWLRQ�$JULFROH�DX�0DOL�

VXG�§��$PVWHUGDP��.,7�������

%RVHUXS�� (�� �7KH� &RQGLWLRQV� RI� $JULFXOWXUDO� *URZWK�� WKH� &RQGLWLRQV� RI� (FRQRPLF

&KDQJH�XQGHU�3RSXODWLRQ�3UHVVXUH��&KLFDJR��$OGLQH�������

%RVPD��5���.DPDUD��$���DQG�%��6DQRJR���¦3DUFV�$PHOLRUpV��([SHULHQFH�GH�OD�5HFKHUFKH

6\VWqPH�HW�)DLVDELOLWp�DX�0DOL�VXG���6LNDVVR��(63*51�'RFXPHQW�������������

&ODUN��-��6��DQG�:��+��)XUWDQ����$Q�(FRQRPLF�0RGHO�RI�6RLO�&RQVHUYDWLRQ�'HSOHWLRQ��

-��RI�(QYLURQPHQWDO�(FRQRPLFV�DQG�0DQDJHPHQW���������������������

&ODUNH��+����7KH�6XSSO\�RI�1RQ�'HJUDGHG�$JULFXOWXUDO�/DQG����$XVWUDOLDQ�-RXUQDO�RI

$JULFXOWXUDO�(FRQRPLFV������������������

&ROOLQV��5��DQG�-��&��+RWO\����2SWLPDO�,QYHVWPHQW�WR�5HGXFH�WKH�'HFD\�5DWH�RI�DQ�,QFRPH

6WUHDP��WKH�&DVH�RI�6RLO�&RQVHUYDWLRQ����-RXUQDO�RI�(QYLURQPHQWDO�(FRQRPLFV

DQG�0DQDJHPHQW�������������������

&RXOLEDO\�� %�� 1LDQJ�� 0�� DQG� )�� 9DQ� 'HU� 3RO�� � �5HODWLRQV� HQWUH� OHV� 3UDWLTXHV

G
$PHOLRUDWLRQ�GHV�6ROV�HW�OHV�&RQGLWLRQV�6RFLR�(FRQRPLTXHV�GHV�([SORLWDWLRQV

$JULFROHV�DX�0DOL����'UDIW�YHUVLRQ���%DPDNR��&OXE�GX�6DKHO�2(&'��-XO\����������

'DOWRQ��7���6RLO�'HJUDGDWLRQ�DQG�7HFKQLFDO�&KDQJH�LQ�6RXWKHUQ�0DOL���8QSXEOLVKHG

3K�'��GLVVHUWDWLRQ��3XUGXH�8QLYHUVLW\�������

'DOWRQ��7��DQG�0DVWHUV��:��¦3DVWXUH�7D[HV�DQG�$JULFXOWXUDO�,QWHQVLILFDWLRQ�LQ�6RXWKHUQ

0DOL�§��3DSHU�SUHVHQWHG�DW�WKH�;;,,,�,QWHUQDWLRQDO�&RQIHUHQFH�RI�$JULFXOWXUDO

(FRQRPLVWV��6DFUDPHQWR��&$��$XJXVW�������������

'XUHDX��'���7UDRUH��%���DQG�'��%DOOR����(YROXWLRQ�GH�OD�)HUWLOLWp�'HV�6ROV�HQ�&XOWXUH

&RQWLQXH�'DQV� OD�=RQH�0DOL�VXG��6\VWqPH�GH�&XOWXUH� j�%DVH�GH�&RWRQQLHU��

1
7DUOD��0DOL��0LQLVWqUH�GH�'pYHORSSHPHQW�5XUDO�HW�,(5�������

(3,&���(SLF�8VHU©V�*XLGH���%ODFNODQGV��7H[DV��86'$�7$08�������

*LUDXG\��)��HW�DO�� � ¦5pVXOWDWV�GH�/©(QTXrWH�$JULFROH�3HUPDQHQWH�������§� �%DPDNR�

&0'7�������



��

*LUDXG\��)��HW�DO�� � ¦5pVXOWDWV�GH�/©(QTXrWH�$JULFROH�3HUPDQHQWH�������§� �%DPDNR�

&0'7�������

*5($1��¦7KH�5HSRUW�RI�WKH�7DVNIRUFH�RQ�5HVHDUFK�,QQRYDWLRQV�IRU�3URGXFWLYLW\�DQG

6XVWDLQDELOLW\�§��*DLQHVYLOOH��)/��2IILFH�RI�,QWHUQDWLRQDO�6WXGLHV�DQG�3URJUDPV�

8QLYHUVLW\�RI�)ORULGD�������

+RDJ��'��DQG�0��6NROG���¦7KH�5HODWLRQVKLS�EHWZHHQ�&RQVHUYDWLRQ�DQG�6XVWDLQDELOLW\�§

-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ���������������������

+RUZDUWK��5��%�� DQG�5��%��1RUJDDUG�� � �(QYLURQPHQWDO�9DOXDWLRQ� XQGHU� 6XVWDLQDEOH

'HYHORSPHQW����$PHULFDQ�(FRQRPLF�5HYLHZ��������������������

/DO��5��HG���6RLO�(URVLRQ�5HVHDUFK�0HWKRGV���'HOUD\�%HDFK��)O��6W��/XFLH�3UHVV�������

/HH�� /�� � ¦6XVWDLQDELOLW\� DQG� /DQG�8VH� '\QDPLFV�§� � -RXUQDO� RI� 6RLO� DQG� :DWHU

&RQVHUYDWLRQ�����������������

/\QDP�� -��DQG�(��+HUGW�� �¦6HQVH�DQG�6XVWDLQDELOLW\��6XVWDLQDELOLW\�DV�DQ�2EMHFWLYH� LQ

,QWHUQDWLRQDO�$JULFXOWXUDO�5HVHDUFK�§��$JULFXOWXUDO�(FRQRPLFV�������������������

0F,QWLUH��-���%RXU]DW��'��DQG�3��3LQJDOL�� �&URS�/LYHVWRFN�,QWHUDFWLRQ�LQ�6XE�6DKDUDQ

$IULFD���:DVKLQJWRQ�'�&���WKH�:RUOG�%DQN�������

1RUJDDUG��5��%�� ��6XVWDLQDELOLW\��7KUHH�0HWKRGRORJLFDO�6XJJHVWLRQV� IRU�$JULFXOWXUDO

(FRQRPLFV����&DQDGLDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV��������������������

3LHUL�� &�� �)HUWLOLWp�GHV�7HUUHV�GH�6DYDQHV��%LODQ�GH�7UHQWH�$QV�GH�5HFKHUFKH� HW� GH

'pYHORSSHPHQW�$JULFROHV�DX�6XG�GX�6DKDUD���3DULV��0LQLVWqUH�GH�OD�&RRSpUDWLRQ

HW�GX�'pYHORSSHPHQW�HW�&HQWUH�GH�&RRSpUDWLRQ�,QWHUQDWLRQDOH�

3LQJDOL��3���%LJRW��<���DQG�+��%LQVZDQJHU���$JULFXOWXUDO�0HFKDQL]DWLRQ�DQG�WKH�(YROXWLRQ

RI�)DUPLQJ�6\VWHPV�LQ�6XE�6DKDUDQ�$IULFD���%DOWLPRUH��-RKQV�+RSNLQV�8QLYHUVLW\

3UHVV�������

5XWKHQEHUJ��+���)DUPLQJ�6\VWHPV�LQ�WKH�7URSLFV���1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�

�����

6LQJK��,���/��6TXLUH�DQG�-��6WUDXVV���$JULFXOWXUDO�+RXVHKROG�0RGHOV���%DOWLPRUH��-RKQV

+RSNLQV�8QLYHUVLW\�3UHVV�

6RORZ��0��¦2Q�WKH�,QWHUJHQHUDWLRQDO�$OORFDWLRQ�RI�1DWXUDO�5HVRXUFHV�§��6FDQGLQDYLDQ

-RXUQDO�RI�(FRQRPLFV����������������



��

7D\ORU��'��%��DQG�'��<RXQJ����7KH�,QIOXHQFH�RI�7HFKQRORJLFDO�3URJUHVV�RQ�WKH�/RQJ�5XQ

)DUP�/HYHO�(FRQRPLFV�RI�6RLO�&RQVHUYDWLRQ����:HVWHUQ�-RXUQDO�RI�$JULFXOWXUDO

(FRQRPLFV������������������

9DQ�GHU�3RO�� �)�� ��6RLO�0LQLQJ��DQ�8QVHHQ�&RQWULEXWRU� WR�)DUP�,QFRPH� LQ�6RXWKHUQ

0DOL����$PVWHUGDP��5R\DO�7URSLFDO�,QVWLWXWH�������

:DONHU��'��-��DQG�'��/��<RXQJ����7KH�(IIHFW�RI�7HFKQLFDO�3URJUHVV�RQ�(URVLRQ�'DPDJH

DQG�(FRQRPLF�,QFHQWLYHV�IRU�6RLO�&RQVHUYDWLRQ����/DQG�(FRQ�������������������


