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7KLV� SDSHU� LQWURGXFHV� D� VLPSOH� G\QDPLF� LQSXW�RXWSXW� PRGHO�� LQ� ZKLFK� VRPH� RI� WKH� PRVW

LPSRUWDQW� SURSHUWLHV� RI� HQGRJHQRXV� JURZWK� WKHRU\� DUH� LQFOXGHG�� LQQRYDWLRQ�� NQRZOHGJH

VSLOORYHUV��YDU\LQJ�UHWXUQV�WR�VFDOH�DQG�IXOO�HPSOR\PHQW��7KH�ZLVK�WR�NHHS�WKH�K\EULG�PRGHO�DV

WUDFWDEOH� DV� SRVVLEOH� �GHVSLWH� WKH� LQGXVWU\� GHWDLO��� KDV� FDXVHG� VRPH� VXEVWDQWLDO� VLPSOLILFDWLRQV�

FRQWUDU\�WR�PRVW�QHZ�JURZWK�PRGHOV��WKH�PRGHO�ODFNV�DQ�H[SOLFLW�PLFURHFRQRPLF�IRXQGDWLRQ�DQG

DVVXPHV� SURGXFWLRQ� IXQFWLRQV� ZLWK� IL[HG� FRHIILFLHQWV� LQ� WKH� VKRUW� UXQ�� $IWHU� WKH� FRQVWLWXHQW

HTXDWLRQV�DUH�SUHVHQWHG��WKH�ORQJ�UXQ�EHKDYLRU�RI�WKH�PRGHO�LV�VWXGLHG�E\�D�QXPEHU�RI�FRPSXWHU

VLPXODWLRQV� IRU� D� K\SRWKHWLFDO� HFRQRP\�� 7KH� SDSHU� FRQFOXGHV� ZLWK� VRPH� LOOXVWUDWLRQV� RI� WKH

SRWHQWLDO�SUDFWLFDO�SRZHU�RI�IXWXUH�LQWHULQGXVWU\�HQGRJHQRXV�JURZWK�PRGHOV�LQ�LQWHJUDWLQJ�LVVXHV

OLNH�WHFKQRORJ\��LQYHVWPHQW��WUDGH�DQG�HGXFDWLRQ�

$FNQRZOHGJPHQWV��7KLV�SDSHU�EXLOGV�WR�VRPH�H[WHQW�RQ�&KDSWHUV���DQG���RI�P\�3K�'��WKHVLV

�/RV���������ZULWWHQ�DQG�GHIHQGHG�DW�WKH�8QLYHUVLW\�RI�7ZHQWH��,�ZRXOG� OLNH�WR�WKDQN�P\�WKHVLV

DGYLVRUV�$OEHUW�6WHHQJH�DQG�%DUW�9HUVSDJHQ�IRU�WKHLU�PDQ\�XVHIXO�VXJJHVWLRQV��6LQFH�WKH\�GLG�QRW

UHDG�WKLV�SDSHU�\HW��WKH�XVXDO�GLVFODLPHU�DSSOLHV�HYHQ�PRUH�WKDQ�LQ�RWKHU�RFFDVLRQV��(DUOLHU�MRLQW

ZRUN�ZLWK�%DUW�9HUVSDJHQ� �/RV�	�9HUVSDJHQ�� ������ DSSHDUHG� WR�EH� D� VRXUFH�RI�KXJH�SRVLWLYH

H[WHUQDOLWLHV�RI�DOO�VRUWV��EXW�LQ�SDUWLFXODU�ZLWK�UHJDUG�WR�SURJUDPPLQJ��7KH�SDSHU�DOVR�EHQHILWHG

IURP�GLVFXVVLRQV�RQ�D�GLIIHUHQW�EXW�UHODWHG�SDSHU�SUHVHQWHG�DW�D�VHPLQDU�DW�0(5,7��0DDVWULFKW

8QLYHUVLW\�
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�� 2EMHFWLYH�DQG�6HWXS

6LQFH� WKH�PLG�HLJKWLHV�� LQSXW�RXWSXW� �,2�� DQDO\VLV�KDV�QR� ORQJHU�EHHQ� FRQWDLQHG� LQ� WKH� FRUH�RI

PDLQVWUHDP�HFRQRPLFV��/HDGLQJ�MRXUQDOV�OLNH�(FRQRPHWULFD��WKH�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV�DQG

WKH�4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�GLG�QRW�FRQWLQXH�WR�SXEOLVK�,2�SDSHUV�DQG�IHZ�WRS�HFRQRPLVWV

QRZDGD\V�VHHP�WR�VKRZ�LQWHUHVW�LQ�GHYHORSPHQWV�LQ�WKH�ILHOG�RI�,2�DQDO\VLV���7KLV�LV�D�VDG�VWDWH�RI

DIIDLUV�� VLQFH� ,2� VWLOO� FRXOG� SOD\� WKH� LPSRUWDQW� UROH� PHQWLRQHG� E\� LWV� IRXQGLQJ� IDWKHU�:DVVLO\

/HRQWLHI�LQ�KLV�IRUHZRUG�WR�WKH�YHU\�ILUVW�LVVXH�RI�WKH�MRXUQDO�(FRQRPLF�6\VWHPV�5HVHDUFK�

´,QSXW�RXWSXW� DQDO\VLV� LV� D� JHQHUDO� PHWKRGRORJLFDO� DSSURDFK� GHVLJQHG� WR� UHGXFH� WKH� VWHDGLO\

ZLGHQLQJ�JDS�EHWZHHQ� IDFWXDO�REVHUYDWLRQ�DQG�GHGXFWLYH� WKHRUHWLFDO� UHDVRQLQJ� WKDW� WKUHDWHQV� WR

FRPSURPLVH�WKH�LQWHJULW\�RI�HFRQRPLFV�DV�DQ�HPSLULFDO�VFLHQFH�µ��/HRQWLHI��������S���

:K\�GLG�,2�GULIW�DZD\�IURP�PDLQVWUHDP�HFRQRPLFV� �RU� WKH�RWKHU�ZD\�URXQG�"� ,Q�P\�RSLQLRQ�

IRXU�PDMRU�FDXVHV�FDQ�EH�LGHQWLILHG��)LUVW��IURP�WKH�PLG�VHYHQWLHV�RQZDUGV��IDLWK�LQ�WKH�DELOLW\�RI

PDUNHW� PHFKDQLVPV� WR� \LHOG� ¶VRFLDOO\� RSWLPDO·� VROXWLRQV� EHJDQ� WR� LQFUHDVH�� &RQVHTXHQWO\�

DWWHQWLRQ�VKLIWHG�DZD\�IURP�JRYHUQPHQW�SODQQLQJ� IRU�ZKLFK� ,2� LV� VHHQ�DV�D�XVHIXO� LQVWUXPHQW�

6HFRQG��WKH�EHOLHI�JUHZ�VWURQJHU�WKDW�PDFURHFRQRPLF�WKHRU\�VKRXOG�EH�URRWHG�LQ�PLFURHFRQRPLF

IRXQGDWLRQV�� 6LQFH� ,2� FRQVLGHUV� LQGXVWULHV� FRQVLVWLQJ� RI� PDQ\� ILUPV� DV� WKH� VPDOOHVW� XQLW� RI

DQDO\VLV�DQG�WKH�DFFRPSDQ\LQJ�GDWD�PDWHULDO�LV�DOVR�SXEOLVKHG�DW�WKH�LQGXVWU\�OHYHO��,2�GLG�QRW�ILW

LQWR� WKLV�GHYHORSPHQW��7KLUG�� WKH�YDVW�PDMRULW\�RI� ,2� WKHRULHV� VWDUW� IURP� WKH� �3RVW�.H\QHVLDQ�

QRWLRQ�WKDW�RXWSXW�DQG�HPSOR\PHQW�DUH�PDLQO\�GHPDQG�FRQVWUDLQHG��ZKHUHDV�PDLQVWUHDP�WKHRU\

WDNHV�WKH�RSSRVLWH�SHUVSHFWLYH�WKDW�WKHVH�YDULDEOHV�DUH�SUHGRPLQDQWO\�GHWHUPLQHG�E\�VXSSO\�VLGH

IDFWRUV�� )RXUWK�� DQG� PRVW� LPSRUWDQW�� PDLQVWUHDP� HFRQRPLFV� JRW� LQFUHDVLQJO\� LQYROYHG� ZLWK

H[SODQDWLRQV� RI� ORQJ�UXQ� JURZWK� LQ� ZKLFK� D� PDMRU� UROH� LV� SOD\HG� E\� WHFKQRORJLFDO� FKDQJH�� LQ

SDUWLFXODU�DIWHU�WKH�HPHUJHQFH�RI�WKH�VR�FDOOHG�HQGRJHQRXV�JURZWK�WKHRU\��$W�WKH�VDPH�WLPH��,2

LV� VWLOO� JHQHUDOO\� MXGJHG� WR� GHDO� ZLWK� VLWXDWLRQV� LQ� ZKLFK� SURGXFWLRQ� WHFKQRORJLHV� DUH� IUR]HQ�

+HQFH��PDQ\� KRW� WRSLFV� LQ�PDLQVWUHDP� HFRQRPLFV� OLNH� FKDQJLQJ� WUDGH� SDWWHUQV�� FKDQJLQJ� VNLOO

FRPSRVLWLRQV�RI�ZRUNIRUFHV�DQG�FKDQJLQJ�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�SURGXFWLRQ�FRXOG�QRW

EH�VWXGLHG�E\�,2�PHWKRGV�

2I� FRXUVH�� WKH� DERYH�PHQWLRQHG� FDXVHV� DQG� FRQVHTXHQFHV� DUH� VRPHZKDW� RYHUVWDWHG�� )RU

LQVWDQFH��WKHUH�KDYH�EHHQ�VRPH�DWWHPSWV�WR�JLYH�,2�DQDO\VLV�D�PLFUR�HFRQRPLF�IRXQGDWLRQ��VHH�

H�J��7HQ�5DD�	�0RKQHQ��������DQG�5RVH�	�&DVOHU��������DQG�VRPH�ZRUN�LV�JRLQJ�RQ�WR�UHSODFH

*KRVK·V� ������� XOWLPDWHO\� XQVXFFHVVIXO� VXSSO\�VLGH� ,2� TXDQWLW\� PRGHO� E\� PRUH� FRQVLVWHQW

PHWKRGV�WR�DQDO\]H�HIIHFWV�RI�VXSSO\�UHVWULFWLRQV��IRU�LQVWDQFH�FRQFHUQLQJ�DJULFXOWXUDO�SURGXFWLRQ

                                                          
� 7KLV� VWDWHPHQW� UHODWHV� PRVW� VWURQJO\� WR� ¶WUDGLWLRQDO·� ,2� DQDO\VLV�� &RQWULEXWLRQV� RQ� &*(�PRGHOLQJ� DQG

LQWHULQGXVWU\�WHFKQRORJ\�IORZV�VRPHWLPHV�IHDWXUH�LQ�WRS�MRXUQDOV�ZLWK�DQ�HPSLULFDO�IODYRU�



2

�VHH� H�J�� 3DSDGDV� 	� 'DKO�� �������� 'HVSLWH� WKHVH� H[DPSOHV� RI� SURJUHVV� LQ� WKH� GLUHFWLRQ� RI

PDLQVWUHDP�HFRQRPLFV��LW�LV�FOHDU�WKDW�LW�ZRXOG�WDNH�,2�HFRQRPLVWV�PXFK�HIIRUW�WR�UHJDLQ�UHVSHFW

RI� WKH� PDMRULW\� RI� PDLQVWUHDP� HFRQRPLVWV��� 0RVW� LPSRUWDQWO\�� WKH\� ZRXOG� KDYH� WR� PRQLWRU

GHYHORSPHQWV� LQ� PDLQVWUHDP� HFRQRPLFV� TXLWH� FORVHO\�� LQ� RUGHU� WR� QRWH� DQ\� RSSRUWXQLW\� IRU

UHGXFLQJ�WKH�JDS�PHQWLRQHG�E\�/HRQWLHI�LQ�KLV�DERYH�FLWHG�UHPDUN��7KLV�FRQWULEXWLRQ�VKRXOG�EH

VHHQ�DV�D�ILUVW�UHVXOW�RI�H[SORUDWLRQV�RI�ZKDW�,�WKLQN�WR�EH�VXFK�DQ�RSSRUWXQLW\�

,Q� WKLV� SDSHU�� ,� ZLOO� WU\� WR� LQGLFDWH� KRZ� WKH� WKHRU\� RI� HQGRJHQRXV� JURZWK� LQ� PDLQVWUHDP

HFRQRPLFV�FRXOG�EH�HQULFKHG�E\�,2�DQDO\VLV��6LQFH�WKH�SXEOLFDWLRQ�RI�3DXO�5RPHU·V��������DUWLFOH

LQ�WKH�-RXUQDO�RI�3ROLWLFDO�(FRQRP\�� ORQJ�UXQ�JURZWK�DQG�LWV�SRWHQWLDO�GHWHUPLQDQWV�KDYH�EHFRPH�D

SDUDPRXQW� WRSLF� LQ� PDLQVWUHDP� HFRQRPLFV�� +LV� LGHDV� KDYH� EHHQ� FKDOOHQJHG�� UHILQHG�� DQG

H[WHQGHG� LQ� QXPHURXV� FRQWULEXWLRQV� WR� WKH� OLWHUDWXUH�� ,Q� PRVW� RI� WKHVH� VR�FDOOHG� HQGRJHQRXV

JURZWK�PRGHOV��5HVHDUFK�	�'HYHORSPHQW��5	'��DQG�LWV�DFFRPSDQ\LQJ�SRVLWLYH�H[WHUQDOLWLHV�DUH

WKH� GULYLQJ� IRUFH� RI� ORQJ�UXQ� SURGXFWLYLW\� DQG� RXWSXW� JURZWK��� 7KH� H[WHUQDOLWLHV� LPSO\� WKDW

JRYHUQPHQWV� FRXOG�SURPRWH� WKH� ORQJ�UXQ�ZHOIDUH� RI� LWV� FLWL]HQV� E\� SXUVXLQJ� DFWLYH� WHFKQRORJ\

SROLFLHV� LQVWHDG�RI� ODLVVH]�IDLUH���7KLV�RXWFRPH�QDWXUDOO\� DWWUDFWHG�D� ORW�RI�DWWHQWLRQ� IURP�SROLF\

PDNHUV��'HVSLWH�LWV�LPSDFW��WKH�SUDFWLFDO�XVHIXOQHVV�RI�HQGRJHQRXV�JURZWK�WKHRU\�KDV�EHHQ�YHU\

OLPLWHG� XQWLO� QRZ�� VLQFH� LW� PDLQWDLQHG� WKH� QHRFODVVLFDO� DVVXPSWLRQ� RI� HFRQRPLHV� FRQVLVWLQJ� RI

SHUIHFWO\�LGHQWLFDO��UHSUHVHQWDWLYH�DJHQWV��,Q�VRPH�FRQWULEXWLRQV��GLVWLQFWLRQV�ZHUH�PDGH�EHWZHHQ

SURGXFHUV�RI�FDSLWDO�JRRGV��LQWHUPHGLDWHV�DQG�FRQVXPSWLRQ�JRRGV��EXW�SUDFWLFDOO\�PRUH�UHOHYDQW

GLIIHUHQFHV�EHWZHHQ��IRU�H[DPSOH��EXLOGLQJV��FRPSXWHUV��DQG�WUDQVSRUW�HTXLSPHQW�KDYH�QRW�EHHQ

LQWURGXFHG�VR�IDU�

,2�DQDO\VLV�H[SOLFLWO\�IRFXVHV�RQ�GLIIHUHQFHV�EHWZHHQ�FRPPRGLWLHV�WKHPVHOYHV��DV�ZHOO�DV�RQ

WKH� GLIIHUHQFHV� ZLWK� UHVSHFW� WR� WKH� LQSXWV� UHTXLUHG� IRU� WKHLU� SURGXFWLRQ�� ,Q� WKLV� VWUDQG� RI

HFRQRPLFV��WKRXJK��LVVXHV�RI�ORQJ�UXQ�HFRQRPLF�JURZWK�DQG�VWUXFWXUDO�FKDQJH�KDYH�RQO\�VFDUFHO\

EHHQ�VWXGLHG�LQ�D�G\QDPLF�IUDPHZRUN��$IWHU�WKH�FRQVWUXFWLRQ�DQG�DSSOLFDWLRQ�RI�WKH�ZHOO�NQRZQ

¶/HRQWLHI�'XFKLQ�6]\OG·�PRGHO��'XFKLQ�	�6]\OG��������DQG�/HRQWLHI�	�'XFKLQ��������LQ�WKH�PLG�

HLJKWLHV��WKH�IRFXV�RI�WKH�PDMRULW\�RI�HPSLULFDO�LQSXW�RXWSXW�VWXGLHV�VHHPV�WR�EH�RQ�SUHGLFWLRQ�RI

                                                          
� 2RVWHUKDYHQ��������FRQYLQFLQJO\�VKRZHG�WKH� IODZV�RI� WKH� VXSSO\�GULYHQ�PRGHO��'LHW]HQEDFKHU� ������� UHFHQWO\

GHPRQVWUDWHG�WKDW�WKLV�PRGHO�VKRXOG�QRW�EH�FRQVLGHUHG�DV�D�TXDQWLW\�PRGHO��EXW�DV�D�SULFH�PRGHO�
� ,W�VKRXOG�EH�TXHVWLRQHG�ZKHWKHU�LW�LV�ZRUWKZKLOH�WR�SXUVXH�DFFHSWDQFH�E\�PDLQVWUHDP�HFRQRPLVWV�LI�WKLV�ZRXOG

UHTXLUH�,2�UHVHDUFKHUV�WR�FKDQJH�WKHLU�DWWLWXGHV�WRZDUGV�WKH�QDWXUH�RI�HFRQRPLF�SKHQRPHQD��,�VXSSRVH�WKDW�PRVW

,2� UHVHDUFKHUV� ZRXOG� OLNH� WR� EH� DFFHSWHG� PRUH� ZLGHO\�� DV� ORQJ� DV� WKH� ¶FRUH·� RI� WKHLU� PHWKRGV� FDQ� EH� OHIW

XQFKDQJHG��2I�FRXUVH��WKLV�UDLVHV�WKH�TXHVWLRQ�ZKDW�EHORQJV�WR�WKH�FRUH�RI�,2�DQDO\VLV�DQG�ZKDW�GRHV�QRW�
� 7KH� ODEHOV� ¶HQGRJHQRXV�JURZWK�WKHRU\·�� ¶QHZ�JURZWK�WKHRU\·�� ¶5	'�GULYHQ�JURZWK� WKHRU\·� DQG� ¶6FKXPSHWHULDQ

JURZWK�WKHRU\·�DUH�RIWHQ�XVHG�LQWHUFKDQJHDEO\�LQ�WKH�OLWHUDWXUH��(DFK�RI�WKHVH�DOWHUQDWLYHV�KDV�LWV�GUDZEDFNV��)RU

FRQYHQLHQFH��,�ZLOO�VWLFN�DV�PXFK�DV�SRVVLEOH�WR�WKH�ODEHO�¶HQGRJHQRXV�JURZWK�WKHRU\·�
� 1RWH� WKDW� WKLV�FRQFOXVLRQ�FRXOG� LQGXFH�D� VPDOO� VKLIW� IURP� OLEHUDO� IUHH�PDUNHW�SROLFLHV� WR�D�YHU\�JHQWOH� IRUP�RI

¶SODQQLQJ·��ZKLFK�ZRXOG�EH�D�PRYH�RSSRVLWH�WR�WKH�RQH�PHQWLRQHG�DV�RQH�RI�WKH�FDXVHV�RI�ZDQLQJ�LQWHUHVW�LQ�,2

HFRQRPLFV�
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VKRUW�UXQ�GHYHORSPHQWV�DQG�H[�SRVW�DFFRXQWLQJ�IRU�JURZWK� LQ�D�FRPSDUDWLYH�VWDWLFV� IUDPHZRUN

�H�J��VWUXFWXUDO�GHFRPSRVLWLRQ�DQDO\VHV��

$V� D� ILUVW� VWHS� WRZDUGV� D�SRWHQWLDOO\� IUXLWIXO� EULGJH� EHWZHHQ�HQGRJHQRXV� JURZWK� WKHRU\� DQG

,2�DQDO\VLV�� ,�ZLOO� LQWURGXFH� D� YHU\� VLPSOH� G\QDPLF� LQSXW�RXWSXW�PRGHO� LQ�ZKLFK� VRPH� RI� WKH

PRVW� LPSRUWDQW�SURSHUWLHV�RI�HQGRJHQRXV�JURZWK�WKHRULHV�DUH� LQFOXGHG�� LQQRYDWLRQ��NQRZOHGJH

VSLOORYHUV��YDU\LQJ�UHWXUQV�WR�VFDOH�DQG�VXSSO\�VLGH�GHWHUPLQDWLRQ�RI�SURGXFWLRQ�OHYHOV��)URP�WKH

,2�SHUVSHFWLYH�� WKH� ODWWHU�IHDWXUH�FOHDUO\� LV�D�GHYLDWLRQ�IURP�VWDQGDUG�SUDFWLFH�� ,Q�H[FKDQJH�� WKH

PRGHO�ODFNV�DQ�H[SOLFLW�PLFURHFRQRPLF�IRXQGDWLRQ�DQG�DVVXPHV�SURGXFWLRQ�IXQFWLRQV�ZLWK�IL[HG

FRHIILFLHQWV� LQ� WKH� VKRUW�UXQ� �QR� LQVWDQWDQHRXV� VXEVWLWXWLRQ� GXH� WR� FKDQJHV� LQ� UHODWLYH� SULFHV�

ZKLFK�LV�FRQWUDU\�WR�PRVW�HQGRJHQRXV�JURZWK�PRGHOV�

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� 6HFWLRQ� �� LV� GHYRWHG� WR� D� EULHI� UHYLHZ� RI� WKH� SDUWV� RI

HQGRJHQRXV� JURZWK� WKHRU\� ZKLFK� DUH� UHOHYDQW� WR� WKH� PRGHO�� ,Q� 6HFWLRQ� ��� ,� ZLOO� SUHVHQW� DQG

GLVFXVV� WKH� HTXDWLRQV� ZKLFK� WRJHWKHU� PDNH� XS� WKH� PRGHO�� 7KH� ORQJ�UXQ� EHKDYLRU� RI� WKH

DQDO\WLFDOO\�FRPSOH[�PRGHO�ZLOO�EH�VWXGLHG�LQ�6HFWLRQ���E\�D�QXPEHU�RI�FRPSXWHU�VLPXODWLRQV�IRU

D�K\SRWKHWLFDO�HFRQRP\��,Q�WKH�SUHVHQWDWLRQ�,�ZLOO�SXW�HPSKDVLV�RQ�WKH�LGHQWLILFDWLRQ�RI��LQGXVWU\�

VSHFLILF�� ¶RSWLPDO� 5	'� LQYHVWPHQW� OHYHOV·�� EHFDXVH� LW� LV� WKH� DVSHFW� RI� WKH� HQGRJHQRXV� JURZWK

WKHRU\�ZKLFK�LV�PRVW� LPSRUWDQW�IRU�SROLF\�PDNHUV��6RPH�LOOXVWUDWLRQV�RI� WKH�SRWHQWLDO�SRZHU�RI

IXWXUH�LQSXW�RXWSXW�HQGRJHQRXV�JURZWK�PRGHOV�LQ�LQWHJUDWLQJ�LVVXHV�OLNH�WHFKQRORJ\��LQYHVWPHQW�

WUDGH�DQG�HGXFDWLRQ�DUH�JLYHQ�LQ�WKH�FRQFOXGLQJ�6HFWLRQ���

�� $�%ULHI�2YHUYLHZ�RI�(QGRJHQRXV�*URZWK�7KHRU\

,Q�WKLV�VHFWLRQ��,�ZLOO�VXUYH\�VRPH�RI�WKH�PDLQ�UHVXOWV�ZKLFK�KDYH�HPHUJHG�IURP�WKH�HQGRJHQRXV

JURZWK�WKHRU\��,W� LV�QRW�P\� LQWHQWLRQ� WR�SURYLGH�D�FRPSOHWH�UHYLHZ��VLQFH�D�QXPEHU�RI�VXUYH\V

ZHUH�SXEOLVKHG�DOUHDG\��VHH�H�J��9HUVSDJHQ��������$JKLRQ�	�+RZLWW��������DQG�/RV��������&K����

,Q� SDUWLFXODU�� ,� ZLOO� QRW� HQJDJH� LQ� GHWDLOHG� GLVFXVVLRQV� RI� WKH�PLFURHFRQRPLF� DVSHFWV�� EHFDXVH

WKHVH�GR�QRW�SOD\�D� VXEVWDQWLDO� UROH� LQ� WKH� UHPDLQGHU�RI� WKH�SDSHU�� ,QVWHDG� ,�ZLOO� IRFXV�RQ� WZR

LVVXHV�FKDUDFWHULVWLF�RI�HQGRJHQRXV�JURZWK�PRGHOV�ZKLFK� DUH� LPSRUWDQW� IURP�DQ� LQGXVWU\�OHYHO

SHUVSHFWLYH��WHFKQRORJLFDO�VSLOORYHUV�DQG�VFDOH�HIIHFWV�

)LUVW� RI� DOO�� ,� VKRXOG�PDNH� FOHDU� ZKLFK� WKHRULHV� ,� ZRXOG� OLNH� WR� FRYHU� LQ� WKLV� GLVFXVVLRQ� RI

HQGRJHQRXV�JURZWK�WKHRU\��)RU�WKH�SUHVHQW�SXUSRVH��D�WKHRU\�RU�PRGHO�VKRXOG�IXOILO�WZR�FULWHULD

WR�EH�LQFOXGHG��LW�VKRXOG�EH�¶6FKXPSHWHULDQ·�DQG�LW�KDV�WR�DVVXPH�WKDW�ILUPV�UDWLRQDOO\�RSWLPL]H

WKHLU� SURILWV�� 7KH� ILUVW� FULWHULRQ� LPSOLHV� WKDW� JURZWK� RI� RXWSXW� DQG� SURGXFWLYLW\� PXVW� EH

´JHQHUDWHG� WKURXJK� WKH� LQWURGXFWLRQ� RI� QHZ� JRRGV� RU� SURFHVVHV�� DV� RSSRVHG� WR� SK\VLFDO� RU

KXPDQ� FDSLWDO� DFFXPXODWLRQµ� �'LQRSRXORV� 	� 7KRPSVRQ�� ������ S�� ������ ,W� WKXV� H[FOXGHV� WKH

WUDGLWLRQDO�QHRFODVVLFDO�PRGHO�LQ�ZKLFK�ORQJ�UXQ�SURGXFWLYLW\�JURZWK�HTXDOV�WKH�H[RJHQRXV�UDWH�RI

WHFKQRORJLFDO� SURJUHVV�� DV�ZHOO� DV� 3RVW�.H\QHVLDQ� JURZWK� WKHRULHV� LQ�ZKLFK� WKH� UDWH� RI� H[SRUW
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JURZWK� GHWHUPLQHV� WKH� UDWH� RI� RXWSXW� JURZWK��� )XUWKHU�� LW� SUHYHQWV� PH� IURP� GLVFXVVLQJ� WKH

PRGHOV�LQ�ZKLFK�WKH�ORQJ�UXQ�JURZWK�UDWH�LV�HQGRJHQL]HG�E\�OHWWLQJ�LW�GHSHQG�RQ�LQYHVWPHQW�LQ

KXPDQ�FDSLWDO��HGXFDWLRQ���7KH�VHFRQG�FULWHULRQ�LPSOLHV�WKDW�,�ZLOO�QRW�GHDO�ZLWK�FRQWULEXWLRQV�WR

WKH�VR�FDOOHG�HYROXWLRQDU\�JURZWK�WKHRU\��$XWKRUV�LQ�WKLV�WUDGLWLRQ�DOVR�VHH�SXUSRVHIXO�VHDUFK�IRU

LQQRYDWLRQV��5	'��DV�WKH�GULYLQJ�IRUFH�RI�JURZWK��EXW� WKH\�DUJXH� WKDW� WKH� LQWULQVLF�XQFHUWDLQW\

ZLWK�UHVSHFW�WR�WKH�UHYHQXHV�RI�5	'�SUHYHQWV�ILUPV�IURP�PD[LPL]LQJ�WKHLU�SURILWV��,QVWHDG��WKH\

DUH�PRGHOHG� WR� IROORZ� URXWLQHV�ZKLFK� FDQ�EH� DGRSWHG� LQ� WKH� FRXUVH� RI� WLPH�� ,� GR�QRW� LQFOXGH

HYROXWLRQDU\�WKHRULHV�LQ�WKLV�VKRUW�VXUYH\�VLPSO\�EHFDXVH�WKH\�GR�QRW�EHORQJ�WR�WKH�PDLQVWUHDP�,

PHQWLRQHG�LQ�WKH�LQWURGXFWLRQ��,W�VKRXOG�EH�ERUQ�LQ�PLQG��WKRXJK��WKDW�WKH�UHGXFHG�IRUP�PRGHO

ZKLFK�,�ZLOO�SUHVHQW�LQ�WKH�QH[W�VHFWLRQ�FDQ�EH�EURXJKW�LQ�DFFRUGDQFH�ZLWK�ERWK�PRGHOV�DVVXPLQJ

UDWLRQDO�RSWLPL]DWLRQ�DQG�PRGHOV�DVVXPLQJ�URXWLQH�EDVHG�EHKDYLRU�

��D 7HFKQRORJ\�VSLOORYHUV

7KH� IXQGDPHQWDO� DGYDQWDJH� RI� HQGRJHQRXV� JURZWK� WKHRULHV� RYHU� WKH� WUDGLWLRQDO� H[RJHQRXV

QHRFODVVLFDO�JURZWK�WKHRU\�LV�WKDW�LW�SURYLGHV�H[SODQDWLRQV�RI�ZK\�SURGXFWLYLW\� OHYHOV�KDYH�ULVHQ

RYHU� WLPH� DQG� ZK\� PDQ\� ILUPV� GHYRWH� VXEVWDQWLDO� SDUWV� RI� WKHLU� UHVRXUFHV� WR� WKH� VHDUFK� IRU

LQQRYDWLRQV��7KH�QRWLRQ�WKDW�WHFKQRORJ\�FDXVHV�SRVLWLYH�H[WHUQDOLWLHV��VSLOORYHUV��KDV�EHHQ�FUXFLDO

WR�WKH�FRQVWUXFWLRQ�RI�DOO�6FKXPSHWHULDQ�HQGRJHQRXV�JURZWK�WKHRULHV�

,Q�WKH�IDPRXV�SDSHU�OHDGLQJ�WR�WKH�ILUVW�ZDYH�RI�HQGRJHQRXV�JURZWK�WKHRULHV��5RPHU��������

5	'�YDULDEOHV�HQWHUHG�WKH�SURGXFWLRQ�IXQFWLRQ�RI�ILUPV�DV�WZR�DGGLWLRQDO�LQSXWV��QH[W�WR� ODERU

DQG�FDSLWDO��)LUVW��WKH�SURGXFWLYLW\�RI�WKH�ULYDO�LQSXWV�ODERU�DQG�FDSLWDO�FRXOG�EH�LQFUHDVHG�E\�5	'

SDLG� IRU� E\� WKH� ILUP� LWVHOI�� 6HFRQG�� WKH� SXEOLF� JRRG� FKDUDFWHULVWLFV� RI� NQRZOHGJH� JHQHUDWHG� LQ

5	'�DFWLYLWLHV�HQDEOH�ILUPV�WR�EHQHILW�IURP�NQRZOHGJH�SURGXFHG�HOVHZKHUH��WRR��,Q�WKH�HPSLULFDO

OLWHUDWXUH��WKLV�YDULDEOH�LV�VRPHWLPHV�FDOOHG�´WKH�SRWHQWLDO�VSLOORYHU�SRROµ��-DIIH��������S��������$

IXQGDPHQWDO� SUREOHP� FRQQHFWHG� WR� WKLV� FODVV� RI� PRGHOV� LV� WKHLU� LQWHUQDO� LQFRQVLVWHQF\� ZLWK

UHVSHFW� WR� LQFHQWLYHV� WR� LQYHVW� LQ� 5	'�� $V� WHFKQRORJ\� LV� DVVXPHG� WR� EH� FRPSOHWHO\� SXEOLF

LPPHGLDWHO\��QR�ILUP�ZRXOG�HQJDJH�LQ�5	'��EHFDXVH�WKHUH�DUH�QR�RSSRUWXQLWLHV�WR�PDNH�D�SURILW

RQ�LWV�UHVXOWV�

,Q� ODWHU�QHZ�JURZWK�PRGHOV�� WKH� WUDGLWLRQDO� DVVXPSWLRQ�RI�SHUIHFW� FRPSHWLWLRQ�ZDV� UHOD[HG

�VHH� H�J�� *URVVPDQ� 	� +HOSPDQ�� ������ ������ 5RPHU�� ������ DQG� $JKLRQ� 	� +RZLWW�� ������

,QWHJUDWLQJ� LQVLJKWV� IURP� WKH� ILHOG� RI� LQGXVWULDO� RUJDQL]DWLRQ� ZLWK� WKH� HQGRJHQRXV� JURZWK

IUDPHZRUN��WKHVH�PRGHOV�DVVXPHG�WKDW�WHFKQRORJ\�LV�QRW�FRPSOHWHO\�SXEOLF�LPPHGLDWHO\�DQG�WKDW

PDUNHWV�LQ�ZKLFK�ILUPV�VHOO�WKHLU�SURGXFWV�DUH�FKDUDFWHUL]HG�E\�PRQRSROLVWLF�FRPSHWLWLRQ��*LYHQ

WKLV�PDUNHW�VWUXFWXUH��ILUPV�KDYH�VRPH�IUHHGRP�WR�VHW�WKHLU�RZQ�SULFHV��GXH�WR�WKH�IDFW�WKDW�WKH\

KDYH�VRPH�PRQRSRO\�SRZHU�LQ�WKH�VHJPHQW�RI�WKH�PDUNHW�LQ�ZKLFK�WKH\�VHOO�WKHLU�¶YHUVLRQ·�RI�WKH

SURGXFW��%\� VHWWLQJ� WKHLU�SULFHV�DSSURSULDWHO\�� ILUPV�ZLOO� LQ�SULQFLSOH�EH�DEOH� WR�HDUQ� HQRXJK� WR
                                                          
� ,Q�D�YHU\�UHFHQW�SDSHU��.XU]�	�6DOYDGRUL��������DUJXH�ZK\�WKH�VWDQGDUG�G\QDPLF�LQSXW�RXWSXW�PRGHO�VKRXOG�DOVR

EHORQJ� WR� WKH� EURDG� FODVV� RI� HQGRJHQRXV� JURZWK� PRGHOV�� &OHDUO\�� WKLV� PRGHO� GRHV� QRW� EHORQJ� WR� WKH

6FKXPSHWHULDQ�PRGHOV��EHFDXVH�RXWSXW�JURZWK�LV�VROHO\�FDXVHG�E\�FDSLWDO�DFFXPXODWLRQ�
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FRPSHQVDWH�IRU�WKHLU�5	'�H[SHQGLWXUHV��,Q�WKHVH�VHFRQG�ZDYH�QHZ�JURZWK�WKHRULHV��DW�OHDVW�WZR

VHFWRUV�DUH�GLVWLQJXLVKHG���7KH�5	'�VHFWRU� W\SLFDOO\�SURGXFHV� WZR�JRRGV��GHVLJQV� �¶EOXHSULQWV·�

IRU� QHZ� JRRGV�� DQG� JHQHUDO� NQRZOHGJH�� 7KH� EOXHSULQWV� FDQ� EH� XVHG� LQ� HLWKHU� WKH� LQWHUPHGLDWH

JRRGV�VHFWRU�RU�WKH�FRQVXPSWLRQ�JRRGV�VHFWRU��GHSHQGLQJ�RQ�WKH�SDUWLFXODU�PRGHO��$V�EOXHSULQWV

SURYLGH�¶UHFLSHV·�IRU�QHZ�SURGXFWV��SRVLWLYH�SURILWV�FDQ�EH�VHFXUHG�IRU�DW�OHDVW�D�VKRUW�SHULRG�E\

REWDLQLQJ�D�SDWHQW�RU�H[SORLWLQJ�D�WLPH�OHDG��6R�VSHFLILF�EOXHSULQWV�DUH�WKH�GULYLQJ�IRUFH�WR�HQJDJH

LQ�5	'�SURMHFWV��ZKLFK�\LHOG�JHQHUDO�NQRZOHGJH�DV�D�YHU\�LPSRUWDQW�E\SURGXFW��&RQWUDU\�WR�WKH

EOXHSULQWV��WKLV�JHQHUDO�NQRZOHGJH�LV�DVVXPHG�WR�EH�D�SXEOLF�JRRG��WKH�HQWLUH�UHVHDUFK�VHFWRU�FDQ

XVH� LW� WRR��7KH�HIIHFWV�RI�WKHVH�NQRZOHGJH�VSLOORYHUV�RQ�WKH�SURGXFWLYLW\�RI�UHVHDUFK�KDYH�EHHQ

PRGHOHG�LQ�VHYHUDO�ZD\V��$OPRVW�DOO�UHFHQW�HQGRJHQRXV�PRGHOV�DUH�FRQVWUXFWHG�DURXQG�HLWKHU�RQH

RI�WZR�EURDG�FODVVHV�RI�VSLOORYHU�PHFKDQLVPV��¶LQFUHDVLQJ�YDULHW\·�DQG�¶TXDOLW\�ODGGHUV·�

,Q� *URVVPDQ� 	� +HOSPDQ� ������� DQG� 5RPHU� ������� WKH� RXWSXW� RI� WKH� UHVHDUFK� VHFWRU

�PHDVXUHG� LQ� EOXHSULQWV�� GHSHQGV� RQ� LWV� ODERU� LQSXWV� DQG� WKH� DYDLODELOLW\� RI� VSLOOHG� JHQHUDO

NQRZOHGJH�� 7KH� EOXHSULQWV� IRU� QHZ� LQWHUPHGLDWH� JRRGV� GR� QRW� FRQVWLWXWH� TXDOLW\� LQFUHDVHV�

,QVWHDG��LW�LV�DVVXPHG�WKDW�WKH�H[SDQGLQJ�YDULHW\�RI�LQWHUPHGLDWH�LQSXWV�HQKDQFHV�SURGXFWLYLW\�LQ

WKH�FRQVXPHU�JRRGV�VHFWRU��EHFDXVH�PRUH�VSHFLDOL]HG�LQSXWV�FDQ�EH�XVHG��7KH�SRVLWLYH�NQRZOHGJH

VSLOORYHUV�LQ�WKH�¶LQFUHDVLQJ�YDULHW\·�PRGHOV�FDXVH�WKH�HTXLOLEULXP�5	'�H[SHQGLWXUHV�WR�EH�ORZHU

WKDQ�GHVLUDEOH�IURP�D�VRFLDO�SRLQW�RI�YLHZ��ILUPV�EDVH�WKHLU�5	'�GHFLVLRQV�RQ�WKH�SULYDWH�UHWXUQV

WR�UHVHDUFK�ZKLFK�DUH�ORZHU�WKDQ�WKH�VRFLDO�UHWXUQV�

$JKLRQ� 	� +RZLWW� ������� DVVXPH� WKDW� HDFK� QHZ� EOXHSULQW� IRU� HDFK� RI� D� QXPEHU� RI

LQWHUPHGLDWH� JRRGV� ORZHUV� WKH� SURGXFWLRQ� FRVWV� RI� WKH� XQLTXH� FRQVXPSWLRQ� JRRG��.QRZOHGJH

VSLOORYHUV�DUH�HPERGLHG�LQ�WKH�SUHYLRXV�EOXHSULQW��SRVVLEO\�LQYHQWHG�E\�VRPH�RWKHU�ILUP��ZKHQ�DQ

LQQRYDWLRQ� RFFXUV� WKH� HQWLUH� UHVHDUFK� VHFWRU� LV� DVVXPHG� WR� KDYH� REWDLQHG� WKH� XQGHUO\LQJ

NQRZOHGJH��&RQVHTXHQWO\��DOO�RWKHU� ILUPV�FDQ�XVH� WKHLU�5	'� LQSXWV� WR�GHVLJQ�QHZ� LQQRYDWLRQV

WKDW� UHGXFH� SURGXFWLRQ� FRVWV� IXUWKHU�� *URVVPDQ� 	� +HOSPDQ� ������� H[SORLW� D� VLPLODU� LGHD�

DOWKRXJK�WKH\�GR�QRW�GLVWLQJXLVK�DQ� LQWHUPHGLDWH�JRRGV�SURGXFLQJ� VHFWRU�� ,Q� WKHLU�PRGHO�� HDFK

LQQRYDWLRQ� LPSOLHV� D� VWHS� XS� WKH� ¶TXDOLW\� ODGGHU·� RI� RQH� RI� YDULRXV� LPSHUIHFWO\� VXEVWLWXWDEOH

FRQVXPHU�JRRGV��$Q\�5	'�SURMHFW�LV�DVVXPHG�WR�XVH�WKH�JHQHUDO�NQRZOHGJH�DVVRFLDWHG�ZLWK�WKH

FRQVXPHU� JRRG� ZLWK� WKH� KLJKHVW� TXDOLW\� VR� IDU�� 7KH� OHQJWK� RI� WKH� WLPH� SHULRG� EHWZHHQ� WZR

VXFFHVVLYH�LQQRYDWLRQV��GXULQJ�ZKLFK�LQQRYDWLRQ�UHQWV�FDQ�EH�HDUQHG�� LV�D�VWRFKDVWLF�YDULDEOH� LQ

ERWK�PRGHOV��VLQFH�LQQRYDWLRQV�DUH�DVVXPHG�WR�DUULYH�DFFRUGLQJ�WR�D�3RLVVRQ�SURFHVV��7KH�PHDQ

QXPEHU�RI�LQQRYDWLRQV�SHU�WLPH�SHULRG�LV�DVVXPHG�WR�EH�GHWHUPLQHG�E\�WKH�DPRXQW�RI�ODERU��RU

                                                          
� ,Q�PDQ\� FRQWULEXWLRQV� WR� WKH� ,2�OLWHUDWXUH�� WKH�ZRUGV� ¶VHFWRU·� DQG� ¶LQGXVWU\·� DUH�PRUH� RU� OHVV� V\QRQ\PV�� 7KH

GLIIHUHQFH�EHWZHHQ�WKH�QRWLRQV�RI�¶VHFWRUV·�DQG�¶LQGXVWULHV·�LQ�WKLV�SDSHU�VKRXOG�WKHUHIRUH�EH�QRWHG��,�XVH�WKH�WHUP

¶VHFWRU·�IRU�WKRVH�SDUWV�RI�WKH�HFRQRP\�WKDW�SURGXFH�RXWSXWV�WKDW�VHUYH�D�FRPPRQ�JRDO�WKURXJKRXW�WKH�HFRQRP\�

OLNH�EOXHSULQWV� DQG�NQRZOHGJH� �WKH�5	'�VHFWRU�� RU� FRQVXPSWLRQ� JRRGV� �WKH� FRQVXPSWLRQ� JRRGV� VHFWRU��� 7KH

WHUP�¶LQGXVWU\·�UHIHUV�WR�WKRVH�SDUWV�RI�WKH�HFRQRP\�WKDW�KDYH�FHUWDLQ�VLPLODU�LQWULQVLF�FKDUDFWHULVWLFV��RU�GHVLJQV

IRU�VXFK�RXWSXWV���OLNH�FKHPLFDO�SURGXFWV�RU�EXVLQHVV�VHUYLFHV��*LYHQ�WKHVH�¶GHILQLWLRQV·��SDUWV�RI�VHYHUDO�VHFWRUV

FRXOG�ZHOO�EH�SUHVHQW�ZLWKLQ�RQH�LQGXVWU\��DQG�WKH�RWKHU�ZD\�URXQG�
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KXPDQ�FDSLWDO��HPSOR\HG�LQ�WKH�5	'�SURFHVV��$OWKRXJK�WKH�¶TXDOLW\�ODGGHU·�PRGHOV�DOVR�FRQWDLQ

SRVLWLYH�NQRZOHGJH� VSLOORYHUV�� WKH\�GR�QRW�\LHOG�FRQFOXVLRQV� LGHQWLFDO� WR� WKH� ¶LQFUHDVLQJ�YDULHW\·

PRGHOV�� GXH� WR� WKH� H[LVWHQFH� RI� D� FRXQWHUYDLOLQJ� IRUFH��:KHQ� D� ILUP� WKLQNV� RI� LQYHVWLQJ� LQ� DQ

5	'�SURMHFW��LW�ZLOO�¶FDOFXODWH·�ZKHWKHU�LWV�H[SHFWHG�UHYHQXHV�ZLOO�H[FHHG�LWV�FRVWV��ZLWKRXW�WDNLQJ

LQWR�DFFRXQW�WKDW�WKH�VWUHDP�RI�UHYHQXHV�RI�WKH�FXUUHQW�EHVW�EOXHSULQW�LV�LPPHGLDWHO\�FHDVHG��6R

5	'�SURMHFWV�FDXVH�D�QHJDWLYH�H[WHUQDOLW\�WRR��DQG�LW�GHSHQGV�RQ�WKH�UHODWLYH�PDJQLWXGHV�RI�WKLV

QHJDWLYH� ¶FUHDWLYH� GHVWUXFWLRQ·� HIIHFW� DQG� WKH� SRVLWLYH� NQRZOHGJH� VSLOORYHU� HIIHFW� ZKHWKHU� WKH

VRFLDO�UHWXUQV�DUH�VPDOOHU�RU�ODUJHU�WKDQ�WKH�SULYDWH�UHWXUQV�

)URP�WKLV�GLVFXVVLRQ�RI�WKH�VHFRQG�ZDYH�RI�6FKXPSHWHULDQ�QHZ�JURZWK�WKHRU\��WKUHH�LVVXHV

DULVH�ZKLFK�ZLOO�EH� LPSRUWDQW�IURP�WKH�SHUVSHFWLYH�RI�WKH�,2�JURZWK�PRGHO�WR�EH�SUHVHQWHG� LQ

WKH� QH[W� VHFWLRQ�� )LUVW�� NQRZOHGJH� VSLOORYHUV� FDQ� EH� PRGHOHG� LQ� WZR� ZD\V�� ,Q� WKH� ILUVW

VSHFLILFDWLRQ��DOO�5	'�SURFHVVHV�EHFRPH�PRUH�SURGXFWLYH�ZKHQ�WKH�VWRFN�RI�JHQHUDO�NQRZOHGJH

�ZKLFK� LV� D� E\SURGXFW� RI� WKH� VHDUFK� IRU� SURILWDEOH� LQQRYDWLRQV�� LQFUHDVHV�� $OWHUQDWLYHO\�� WKH

NQRZOHGJH� FRQWDLQHG� LQ� D� FKHDSHU� SURGXFWLRQ� SURFHVV� RU� D� TXDOLWDWLYHO\� VXSHULRU� FRQVXPSWLRQ

SURGXFW�LV�LPPHGLDWHO\�DFFHVVHG�E\�RWKHU�ILUPV��ZKR�VWDUW�WKHLU�FRQWLQXHG�VHDUFK�IRU�LQQRYDWLRQV

DW�WKH�QHZO\�HVWDEOLVKHG�OHYHO�RI�WHFKQRORJ\��6HFRQG��LQQRYDWRUV�FDQ�HDUQ�VXSHUQRUPDO�SURILWV�IRU

D�OLPLWHG�WLPH�VSDQ��GXH�WR�OHJDO�SURWHFWLRQ��SDWHQWV��RU�WKH�DELOLW\�WR�EXLOG�D�WLPH�OHDG��7KLUG��LW�LV

PRUH� RU� OHVV� DFFHSWHG� WR� PRGHO� WKH� RFFXUUHQFH� RI� LQQRYDWLRQV� DV� D� 3RLVVRQ� SURFHVV�� WKH

SDUDPHWHU�RI�ZKLFK�LV�GHWHUPLQHG�E\�5	'�HIIRUWV�

��E 6FDOH�HIIHFWV

(YHU� VLQFH� WKH� LQWURGXFWLRQ�RI� WKH�QHZ�JURZWK�PRGHOV�� WKH� LVVXH�RI� VFDOH� HIIHFWV� KDV� DWWUDFWHG

PXFK�DWWHQWLRQ��'XH�WR�WKH�DERYH�PHQWLRQHG�SRVLWLYH�H[WHUQDOLWLHV�RI�5	'��UHWXUQV�WR�VFDOH�DUH

QR� ORQJHU� FRQVWDQW� �OLNH� LQ� WKH� 6RORZ�PRGHO��� EXW� LQFUHDVLQJ�� 7KLV� LV� H[DFWO\� WKH� UHDVRQ� ZK\

RXWSXW�JURZWK�FDQ�EH� VXVWDLQHG� LQ�QHZ�JURZWK�PRGHOV�� HYHQ�ZKHQ�SRSXODWLRQ�GRHV�QRW� JURZ�

7KH� HYLGHQFH� SUHVHQWHG� E\� -RQHV� �����D�� ����E�� DJDLQVW� WKH� LPSOLFDWLRQV� RI� VFDOH� HIIHFWV� KDV

HYRNHG� D� QHZ� ZDYH� RI� 6FKXPSHWHULDQ� JURZWK� WKHRULHV�� WKH� SURSHUWLHV� RI� ZKLFK� KDYH� VRPH

LPSRUWDQW�FRQVHTXHQFHV�IRU�P\�,2�JURZWK�PRGHO�

7R� FODULI\� WKH� GLVFXVVLRQ�� ,� ERUURZ� KHDYLO\� IURP� WKH� UHYLHZ� DUWLFOH� E\� 'LQRSRXORV� 	

7KRPSVRQ���������7KH\�SUHVHQW�D�VLPSOH�WZR�VHFWRU�PRGHO�ZKLFK�FDQ�EH�FRQFHLYHG�DV�D�UHGXFHG

IRUP�RI�WKH�PRGHOV�GLVFXVVHG�HDUOLHU��/DERU�LV�DVVXPHG�WR�EH�WKH�RQO\�ULYDO�SURGXFWLRQ�IDFWRU��
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� 1RWH�WKDW�P\�XVH�RI�V\PEROV�LV�GLIIHUHQW�IURP�'LQRSRXORV�	�7KRPSVRQ·V���������7KH�PHDQLQJV�RI�WKH�V\PEROV

LQWURGXFHG�KHUH�FRUUHVSRQG�DV�FORVHO\�DV�SRVVLEOH�WR�LGHQWLFDO�V\PEROV�LQ�WKH�LQWHULQGXVWU\�PRGHO�
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7KH�ILUVW�HTXDWLRQ�VWDWHV�WKDW�RXWSXW�;�RI�WKH�RI�WKH�FRPPRGLW\�SURGXFLQJ�VHFWRU�GHSHQGV�RQ�WKH

SUHYDLOLQJ�ODERU�SURGXFWLYLW\�LQ�SURGXFWLRQ�Λ�DQG�WKH�DPRXQW�RI�ODERU�GHYRWHG�WR�WKLV�VHFWRU�/3�

(TXDWLRQ�����LPSOLHV�WKDW�WKH�SURSRUWLRQDO�FKDQJH�RI�ODERU�SURGXFWLYLW\�LV�D�OLQHDU�IXQFWLRQ�RI�WKH

DPRXQW�RI�ODERU�DOORFDWHG�WR�5	'��/5��7KH�SDUDPHWHU�γ�LV�D�PHDVXUH�RI�ODERU�SURGXFWLYLW\�LQ�WKH
5	'�VHFWRU��7KH�IDFW�WKDW�WKLV�SDUDPHWHU�LV�GHSHQGHQW�QHLWKHU�RQ�WLPH�QRU�RQ�SUHYLRXVO\�DWWDLQHG

SURGXFWLYLW\� LPSURYHPHQWV� UHIOHFWV� WKH� HIIHFWV� RI� NQRZOHGJH� VSLOORYHUV�� 7KH� IXOO� HPSOR\PHQW

FRQGLWLRQ�� ZKLFK� WKH� QHZ� JURZWK� OLWHUDWXUH� DVVXPHV� WR� EH� IXOILOOHG� DXWRPDWLFDOO\�� HQVXUHV� WKDW

ODERU�VXSSO\�/�HTXDOV�WKH�VXP�RI�/3�DQG�/5��1RZ��NHHSLQJ�LQ�PLQG�WKDW�VWHDG\�VWDWHV�LQ�WKLV�RQH�

IDFWRU�PRGHO�PXVW�EH�FKDUDFWHUL]HG�E\�D�FRQVWDQW�SURSRUWLRQ�/5�/��WKH�VWHDG\�VWDWH�JURZWK�UDWH

RI�RXWSXW�SHU�FDSLWD�[�FDQ�EH�VKRZQ�WR�HTXDO
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$W�OHDVW�WKUHH�LPSRUWDQW�K\SRWKHVHV�FRQFHUQLQJ�VFDOH�HIIHFWV�LQ�WKH�VLPSOH�PRGHO�FDQ�EH�H[WUDFWHG

IURP�HTXDWLRQV�����DQG������)LUVW��WKH�RXWSXW�RI�DQ�HFRQRP\�ZLOO�JURZ�WZLFH�DV�IDVW�DV�RXWSXW�RI

DQRWKHU�HFRQRP\�ZLWK�DQ�LGHQWLFDO�SURGXFWLYLW\�RI�5	'�DQG�DQ�HTXDO�IUDFWLRQ�RI�WKH�ZRUNIRUFH

HPSOR\HG� LQ� WKH�5	'� VHFWRU�� LI� LWV� ZRUNIRUFH� LV� WZLFH� DV� ODUJH�� 6HFRQG�� LI� DQ� HFRQRP\� KDV� D

FRQVWDQW� SRSXODWLRQ� DQG� LWV� SURGXFWLYLW\� LQ� 5	'� DFWLYLWLHV� UHPDLQV� VWDEOH�� LWV� VWHDG\� VWDWH

SURGXFWLYLW\�JURZWK�UDWH�ZLOO�UHPDLQ�HTXDO�RQO\�LI�WKH�IUDFWLRQ�RI�WKH�ODERU�IRUFH�DOORFDWHG�WR�5	'

UHPDLQV�VWDEOH��7KLUG�� LI�5	'�SURGXFWLYLW\�UHPDLQV�VWDEOH�DQG�WKH�SURSRUWLRQ�RI� ODERU� LQ�5	'

UHPDLQV�HTXDO��SRSXODWLRQ�JURZWK�\LHOGV�DFFHOHUDWLQJ�SURGXFWLYLW\�JURZWK�

7KH� ILUVW� K\SRWKHVLV� FDQ�EH� WHVWHG�E\� FRQIURQWLQJ� LW� WR� FURVV�FRXQWU\� GDWD�� 7KH�PRVW�FLWHG

VWXG\�ZKLFK� UHSRUWV� UHVXOWV�RI� D� UHODWHG� WHVW� LV�%DFNXV� HW� DO�� ��������ZKR�GR�QRW� ILQG� D� UHODWLRQ

EHWZHHQ�SHU�FDSLWD�*'3�JURZWK�DQG�WKH�ORJDULWKP�RI�LQLWLDO�*'3�IRU�DJJUHJDWH�HFRQRPLHV��EXW�D

VLJQLILFDQW� SRVLWLYH� OLQN� LI� RQO\� PDQXIDFWXULQJ� RXWSXW� JURZWK� UDWHV� DQG� LQLWLDO� OHYHOV� DUH

FRQVLGHUHG���7KH�VHFRQG�DQG�WKLUG�K\SRWKHVHV�DUH�RI�D�WLPH�VHULHV�QDWXUH��-RQHV������D��SUHVHQWV

HYLGHQFH� WKDW� WKH� VHFRQG� K\SRWKHVLV� LV� XQWHQDEOH�� DW� OHDVW� ZKHQ� WHVWHG� RQ� GDWD� IRU� WKH� SHULRG

����������� LQ� IRXU� PDMRU� LQGXVWULDOL]HG� FRXQWULHV� SURGXFWLYLW\� JURZWK� GLG� QRW� FKDQJH

GUDPDWLFDOO\��ZKLOH�WKH�QXPEHUV�RI�VFLHQWLVWV�DQG�HQJLQHHUV�HPSOR\HG�LQ�5	'�GHSDUWPHQWV�URVH

FRQVLGHUDEO\��,Q�IDFW��WKLV�LV�DOVR�HYLGHQFH�DJDLQVW�WKH�WKLUG�K\SRWKHVLV��VLQFH�SRSXODWLRQ�URVH�DV

ZHOO���EXW�LQYHVWLJDWLRQV�RQ�H[WUHPHO\�ORQJ�WLPH�VHULHV�E\�.UHPHU��������\LHOG�UHVXOWV�IDYRUDEOH�WR

WKLV�K\SRWKHVLV��$OO�LQ�DOO��WKH�HPSLULFDO�HYLGHQFH�UHJDUGLQJ�VFDOH�HIIHFWV�LV�XQFOHDU��HVSHFLDOO\�VLQFH

                                                          
� ,W� VKRXOG� EH� QRWHG�� KRZHYHU�� WKDW� %DFNXV� HW� DO�� ������� RIIHUV� RQO\� FLUFXPVWDQWLDO� HYLGHQFH� UHJDUGLQJ� WKH� ILUVW

K\SRWKHVLV�� VLQFH� WKH� FHWHULV� SDULEXV� FRQGLWLRQV� �H�J�� HTXDO� UDWLRV� RI�5	'� ODERU� WRW� WRWDO� ODERU�� DUH� FHUWDLQO\� QRW

IXOILOOHG� LQ� WKHLU� VDPSOH�RI� ��� FRXQWULHV��)XUWKHU��*'3� LV� QRW� DQ� LGHDO�PHDVXUH�RI� VFDOH� IRU� WHVWLQJ� WKH� VLPSOH

PRGHO��EHFDXVH�FURVV�FRXQWU\�*'3�GLIIHUHQFHV�FRXOG�DOVR�EH�FDXVHG�E\�GLIIHUHQW�FDSLWDO�ODERU�UDWLRV�
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DOO� NLQGV� RI� PHDVXUHPHQW� SUREOHPV� HPHUJH�� VKRUW�UXQ� DQG� ORQJ�UXQ� HIIHFWV� FDQQRW� EH

GLVHQWDQJOHG� RU� LQWHUQDWLRQDO� HIIHFWV� RI� WHFKQRORJ\� FUHDWLRQ� FDQQRW� EH� WDNHQ� LQWR� DFFRXQW�

1HYHUWKHOHVV��PDQ\�DXWKRUV�IHHO�YHU\�DZNZDUG�DERXW�WKH�VFDOH�HIIHFW�UHVXOWV�RI�PRGHOV�ZKLFK�DUH

VLPLODU� WR� WKH�PRGHO� RI� HTXDWLRQV� ���� DQG� ���� DQG� KDYH� FRQVWUXFWHG� DOWHUQDWLYH� 6FKXPSHWHULDQ

JURZWK�PRGHOV�LQ�ZKLFK�VFDOH�HIIHFWV�DUH�HLWKHU�DEVHQW�RU�SOD\�D�OHVV�SURPLQHQW�UROH��2QH�RI�WKHP

ZLOO�RIIHU�WKH�EDVLV�IRU�WKH�PRVW�LPSRUWDQW�HTXDWLRQ�LQ�WKH�,2�JURZWK�PRGHO�WR�EH�GHYHORSHG�LQ

WKH�QH[W�VHFWLRQ�

,Q�IDFW��WKH�WKHRULHV�ZKLFK�WU\�WR�UHPRYH�VFDOH�HIIHFWV�FDQ�EH�UHSUHVHQWHG�E\�D�PRGLILHG�IRUP

RI�HTXDWLRQ�����
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1RZ��WKH�SURGXFWLYLW\�RI� ODERU�HPSOR\HG� LQ�5	'��LQ� WHUPV�RI�SURGXFWLYLW\�JDLQV�� LV�QR� ORQJHU

FRQVWDQW�� 7KH� HTXDWLRQ� VKRZV� WKDW� DEVHQFH� RI� VFDOH� HIIHFWV� LV� HQVXUHG� LI� DQG� RQO\� LI� WKLV

SURGXFWLYLW\� @>
�

Wγγ �GHFOLQHV�LQ�WKH�VWHDG\�VWDWH�DW�D�UDWH�H[DFWO\�HTXDO�WR�WKH�VWHDG\�VWDWH�JURZWK

UDWH�RI�ODERU�VXSSO\�/��$V�-RQHV��������HPSKDVL]HV��HTXDWLRQ�����RIIHUV�WKH�RSSRUWXQLW\�WR�FODVVLI\

WKHRULHV�RI�5	'�GULYHQ�JURZWK�LQWR�WKUHH�JURXSV��)LUVW��LI�γ>W@�LV�FRQVWDQW�RU�JURZV�VORZHU�WKDQ�/
�OLNH� LQ� WKH� PRGHO� GLVFXVVHG� DERYH��� WKH� WKHRU\� LV� DQ� ¶HQGRJHQRXV� JURZWK� WKHRU\� ZLWK� VFDOH

HIIHFWV·��6HFRQG��LI�γ>W@�JURZV�IDVWHU�WKDQ�/��WKH�PRGHO�FRXOG�EH�FDOOHG�D�¶VHPL�HQGRJHQRXV�JURZWK
WKHRU\·�� )LQDOO\�� LI� γ>W@� JURZV� H[DFWO\� DV� IDVW� DV�/�� WKH� WKHRU\� FRXOG� EH� FDOOHG� DQ� ¶HQGRJHQRXV
JURZWK�PRGHO�ZLWKRXW�VFDOH�HIIHFWV·��,W�VKRXOG�EH�PHQWLRQHG��KRZHYHU�� WKDW�WKHVH�JURXS�QDPHV

DUH�VXEMHFW�WR�GHEDWH���

7KH� ILUVW� VHPL�HQGRJHQRXV� PRGHO� ZDV� IRUPXODWHG� E\� -RQHV� �����E��� IROORZHG� E\� .RUWXP

������� DQG� 6HJHUVWURP� �������� 7KHLU� PRGHOV� DUH� EDVHG� RQ� WKH� QRWLRQ� WKDW� RSSRUWXQLWLHV� IRU

LQQRYDWLRQ� GLPLQLVK� �WKH� ¶SRRO� RI� SURGXFWLYLW\�HQKDQFLQJ� LQQRYDWLRQV·� JHWV� ILVKHG� RXW��� ZKLFK

LPSOLHV� WKDW� PRUH� UHVRXUFHV� KDYH� WR� EH� DOORFDWHG� WR� 5	'� DFWLYLWLHV� LQ� RUGHU� WR� PDLQWDLQ� D

FRQVWDQW� SURGXFWLYLW\� JURZWK� UDWH�� 7KHVH� PRGHOV� ERLO� GRZQ� WR� HTXLYDOHQWV� RI� WKH� IROORZLQJ

SURGXFWLYLW\�JURZWK�HTXDWLRQ�
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LQ�ZKLFK���ϕ� LV� D�PHDVXUH�RI� WKH� VSHHG�DW�ZKLFK�5	'�EHFRPHV� OHVV�SURGXFWLYH�DV� WHFKQRORJ\
DGYDQFHV��,Q�WKH�VWHDG\�VWDWH��SURGXFWLYLW\�JURZV�DFFRUGLQJ�WR

                                                          
�� 'LQRSRXORV� 	� 7KRPSVRQ� �������� IRU� H[DPSOH�� SUHIHU� WR� GHQRWH� PRGHOV� EHORQJLQJ� WR� WKH� VHFRQG� JURXS� E\

¶H[RJHQRXV� JURZWK�PRGHOV·��0RUHRYHU�� -RQHV� ������� DUJXHV� WKDW� WKH� SKUDVH� ¶ZLWKRXW� VFDOH� HIIHFWV·� LV�PLVWDNHQ

ZLWK�UHVSHFW�WR�WKH�WKLUG�JURXS�RI�PRGHOV�
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ZLWK�ν� LQGLFDWLQJ� ERWK� WKH� SRSXODWLRQ� JURZWK� UDWH� DQG� WKH� JURZWK� UDWH� RI� ODERU� HPSOR\HG� LQ
5	'�� 7KH� VWHDG\� VWDWH� SURGXFWLYLW\� JURZWK� UDWH� LV� WKXV� SURSRUWLRQDO� WR� WKH� SRSXODWLRQ� JURZWK

UDWH����1HYHUWKHOHVV�� WKH�SURGXFWLYLW\�DQG�RXWSXW� OHYHOV�ZKLFK�FRUUHVSRQG�WR�WKH�JURZWK�SDWK�DUH

SRVLWLYHO\�UHODWHG�WR�XSZDUG�FKDQJHV�LQ�WKH�IUDFWLRQ�RI�ODERU�GHYRWHG�WR�5	'�

&RQWULEXWRUV�WR�WKH�HQGRJHQRXV�JURZWK�WKHRULHV�ZLWKRXW�VFDOH�HIIHFWV��IRU�H[DPSOH��3HUHWWR

	� 6PXOGHUV�� ������ <RXQJ�� ������ DQG�+RZLWW�� ������ IRXQG�PHFKDQLVPV� ZKLFK� FRXOG� VDYH� WKH

FRQFOXVLRQ�RI�5	'�GHSHQGHQW�ORQJ�UXQ�JURZWK�UDWHV�ZLWKRXW�UXQQLQJ�LQWR�VFDOH�HIIHFW�SUREOHPV�

7KH� FHQWUDO� LGHD� LV� WKDW�5	'� LV� EHFRPLQJ� OHVV� SURGXFWLYH� LQ� DQ� DJJUHJDWH� VHQVH�� EHFDXVH� LW� LV

DVVXPHG�WR�JHQHUDWH�YDULHW\�VSHFLILF�NQRZOHGJH�DQG�TXDOLW\�LQFUHDVHV��DV�ZHOO�DV�DQ�HYHU�LQFUHDVLQJ

QXPEHU� RI� YDULHWLHV�� 6R�� LQ� FRPSDULVRQ� WR� LQFUHDVLQJ� YDULHW\�PRGHOV� LQ� WKH� ¶VHFRQG�ZDYH·� �H�J�

5RPHU�� ������� WKHUH� DUH� LQFUHDVLQJO\� OHVV� XVHIXO� NQRZOHGJH� VSLOORYHUV� EHWZHHQ� ILUPV� SURGXFLQJ

GLIIHUHQW� YDULHWLHV�� +HQFH�� HDFK� 5	'�ZRUNHU� SURGXFHV� OHVV� DQG� OHVV� UHOHYDQW� �IURP� D� VRFLHWDO

SHUVSHFWLYH�� NQRZOHGJH� DV� WKH� HFRQRP\� JURZV�� DOWKRXJK� KLV� SURGXFWLYLW\� ZLWK� UHVSHFW� WR� KLV

¶RZQ·� YDULHW\� GRHV� QRW� FKDQJH�� $VVXPLQJ� VWDQGDUG� SURILW� PD[LPL]DWLRQ� DVVXPSWLRQV� XQGHU

PRQRSROLVWLF� FRPSHWLWLRQ� LW� FDQ� EH� VKRZQ� WKDW� LQ� WKH� VWHDG\� VWDWH� ILUPV� DOORFDWH� WKHLU� 5	'

ZRUNHUV� LQ�VXFK�D�ZD\� WKDW� WKH�QXPEHU�RI�YDULHWLHV� LQFUHDVHV�DW� WKH� VDPH�SDFH�DV�SRSXODWLRQ���

'LQRSRXORV�DQG�7KRPSVRQ��������S�������VKRZ�WKDW��DW�OHDVW�VRPH��¶HQGRJHQRXV�JURZWK�PRGHOV

ZLWKRXW�VFDOH�HIIHFWV·�ERLO�GRZQ�WR�WKH�SURGXFWLYLW\�JURZWK�HTXDWLRQ�

@>
@>

� W/
W/5

κγ=
Λ
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� ���

ZKHUH�κ� LV� WKH� FRQVWDQW� UDWLR� EHWZHHQ� SRSXODWLRQ� DQG� WKH� QXPEHU� RI� YDULHWLHV�� +HQFH�� ODERU
SURGXFWLYLW\� JURZWK� FDQ� EH� ZULWWHQ� DV� D� OLQHDU� IXQFWLRQ� RI� WKH� SURSRUWLRQ� RI� WKH� ZRUNIRUFH

GHYRWHG�WR�5	'��DJJUHJDWH�SURGXFWLYLW\�NHHSV�JURZLQJ�DW�D�VWHDG\�SDFH�ZKHQ�D�FRQVWDQW�IUDFWLRQ

RI� DQ� H[SDQGLQJ� SRSXODWLRQ� LV� GHYRWHG� WR� 5	'�� &RQVHTXHQWO\�� JRYHUQPHQWDO� SROLFLHV� ZKLFK

DWWHPSW�WR�LQFUHDVH�WKLV�IUDFWLRQ�ZLOO�EH�VXFFHVVIXO�LQ�SURPRWLQJ�ORQJ�UXQ�JURZWK��FRQWUDU\�WR�WKH

SUHGLFWLRQ�RI�WKH�¶VHPL�HQGRJHQRXV·�PRGHOV��)XUWKHU��VFDOH�HIIHFWV�GR�QRW�DSSO\�WR�JURZWK�UDWHV�

EXW� DUH� RQO\� UHIOHFWHG� LQ� WKH� UHVXOW� WKDW� ODUJHU� HFRQRPLHV� SURGXFH� PRUH� YDULHWLHV� WKDQ� VPDOO

FRXQWULHV�DV�ORQJ�DV�WKH\�DUH�WHFKQRORJLFDOO\�LQGHSHQGHQW�
                                                          
�� 1RWH�WKDW�HQGRJHQRXV�JURZWK�PRGHOV�ZLWK�VFDOH�HIIHFWV�DVVXPH�ϕ ���7KLV�LPSOLHV�WKDW�WKHVH�PRGHOV�GR�QRW�KDYH

D�VWHDG\�VWDWH�JURZWK�UDWH�LI�SRSXODWLRQ�JURZV��PRUH�DQG�PRUH�SHRSOH�FDQ�EH�DOORFDWHG�WR�5	'�DFWLYLWLHV�ZLWKRXW

GLPLQLVKLQJ�UHWXUQV�
�� 7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�UHWXUQV�WR�GHYHORSLQJ�D�QHZ�YDULHW\�GHSHQG�RQ�WKH�H[WHQW�RI�WKH�PDUNHW��ZKLFK�LV

SDUWO\�GHWHUPLQHG�E\�SRSXODWLRQ�VL]H�
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)URP�WKLV�QHFHVVDULO\�VXSHUILFLDO�RYHUYLHZ�RI�WKH�VFDOH�HIIHFWV�LVVXH�LQ�WKH�HQGRJHQRXV�JURZWK

WKHRU\��WKH�PDLQ�FRQFOXVLRQ�VKRXOG�EH�WKDW�WKH�RXWFRPHV�RI�WKHVH�PRGHOV�DUH�H[WUHPHO\�VHQVLWLYH

WR�WKH�VSHFLILFDWLRQ�RI�WKH�HTXDWLRQ�OLQNLQJ�RXWSXW�DQG�SURGXFWLYLW\�JURZWK�WR�RQH�RU�PRUH�5	'

YDULDEOHV��2I� FRXUVH�� WKLV�ZLOO� DOVR� DSSO\�ZLWK� UHJDUG� WR�P\� ,2�JURZWK�PRGHO�� ,Q�P\�SHUVRQDO

YLHZ�� WKH� UHFHQW� ¶HQGRJHQRXV�JURZWK�PRGHOV�ZLWKRXW� VFDOH� HIIHFWV·� GR� D� JRRG� MRE� LQ� WKH� VHQVH

WKDW�WKH\�H[SOLFLWO\�FRQVLGHU�WKH�JURZWK�LQKLELWLQJ�HIIHFWV�RI�WKH�LQFUHDVLQJ�FRPSOH[LW\�FDXVHG�E\

ODERU�IRUFH�JURZWK��,W�VKRXOG�EH�UHDOL]HG�WKDW�DQ�LPSRUWDQW�SDUW�RI�WKH�UHVXOWV�KLQJH�RQ�P\�FKRLFH

IRU� D� VSHFLILFDWLRQ�ZKLFK�PDNH� WKH�PRGHO� EHORQJ� WR� WKH� FODVV� RI� ¶HQGRJHQRXV� JURZWK�PRGHOV

ZLWKRXW�VFDOH�HIIHFWV·��7KH�QH[W�VHFWLRQ·V�GLVFXVVLRQ�RI�WKH�PRGHO�HTXDWLRQ�ZLOO�PDNH�FOHDU�KRZ�,

H[DFWO\� LQFRUSRUDWHG� WKH� DERYH�GLVFXVVHG� WHFKQRORJ\� VSLOORYHUV� DQG� VFDOH� HIIHFWV� LVVXHV� LQ� DQ

LQWHULQGXVWU\�FRQWH[W�

�� 7KH�0RGHO

7KH�,2�JURZWK�PRGHO�ZKLFK�,�SURSRVH� LV�D�YHU\�VLPSOH�H[DPSOH�RI�D� ¶VHTXHQWLDO·�RU� ¶WZR�VWDJH

G\QDPLF·� �'HUYLV� HW� DO��� ������PRGHO�� $W� WKH� EHJLQQLQJ� RI� HDFK� SHULRG�� WKH� LQGXVWULHV� KDYH� WR

GHFLGH�RQ�D�QXPEHU�RI�LVVXHV��JLYHQ�D�VHW�RI�YDULDEOHV�ZKLFK�DUH�DVVXPHG�WR�EH�EH\RQG�WKHLU�UDQJH

RI�LQIOXHQFH�DW�WKDW�VWDJH��)RU�H[DPSOH��LQGXVWULHV�GHFLGH�RQ�WKHLU�FXUUHQW�SHULRG�5	'�LQSXWV�RQ

WKH� EDVLV� RI� WKHLU� SUHYLRXV� VDOHV� OHYHOV�� SUHYLRXV� UHODWLYH� SULFHV� DQG� WKH� SUHYDLOLQJ� SURGXFWLRQ

IXQFWLRQV� LQ� WKHLU� 5	'� VHFWRU�� 7KH� FRPSOHWH� VHW� RI� WKHVH� VKRUW�UXQ� HTXDWLRQV� \LHOGV� FXUUHQW

RXWSXW��5	'��HPSOR\PHQW�DQG�FRQVXPSWLRQ� OHYHOV�� ,Q�IDFW��RXWSXW�GHWHUPLQDWLRQ� MXVW� LQYROYHV

WKH�VROXWLRQ�RI�D�NLQG�RI�VWDWLF�LQSXW�RXWSXW�PRGHO�LQ�HDFK�SHULRG��7KH�G\QDPLFV�DUH�LQWURGXFHG

LQ�WKH�VHFRQG�VWDJH��LQ�ZKLFK�WKH�FRQVHTXHQFHV�RI�WKH�FXUUHQW�GHFLVLRQV�RQ�WKH�YDOXHV�ZKLFK�DUH

DVVXPHG� WR� EH� H[RJHQRXV� DW� WKH� EHJLQQLQJ� RI� WKH� QH[W� SHULRG�V�� DUH� PRGHOHG�� )RU� H[DPSOH�

FXUUHQW� GHFLVLRQV� ZLWK� UHVSHFW� WR� 5	'� H[SHQGLWXUHV� VKDSH� IXWXUH� SURGXFWLRQ� IXQFWLRQV�

&RQVHTXHQWO\��QHZ�YDOXHV�RI�WKH�YDULDEOHV�ZKLFK�DUH�H[RJHQRXV�WR�WKH�VKRUW�UXQ�GHFLVLRQ�SURFHVV

FDQ�EH�IHG�WR�WKH�V\VWHP�DQG�ORQJ�UXQ�HIIHFWV�RI�SDUDPHWHU�FKDQJHV�FDQ�EH�VWXGLHG���

7KH� PRGHO� GHDOV� ZLWK� D� FORVHG� HFRQRP\�� LQ� ZKLFK� Q� LQGXVWULHV� HDFK� SURGXFLQJ� D� VLQJOH�

KRPRJHQHRXV� FRPPRGLW\� DUH� VSHFLILHG�� (DFK� LQGXVWU\� FRQVLVWV� RI� WZR� VHFWRUV�� OLNH� LQ� WKH

HQGRJHQRXV� JURZWK�PRGHOV�� ,Q� WKH� SURGXFWLRQ� VHFWRU�� WKH� UHODWLRQ� EHWZHHQ� RXWSXW� DQG� LQSXWV

�ODERU�DQG�Q� LQWHUPHGLDWH� LQSXWV�� LV�JLYHQ�E\�DQ� LQGXVWU\�VSHFLILF�/HRQWLHI�SURGXFWLRQ� IXQFWLRQ�

                                                          
�� 1RWH� WKDW� WKLV� W\SH� RI�PRGHO� LV� QRW� G\QDPLF� LQ� WKH� VHQVH� WKDW� LQGXVWULHV� DUH� DVVXPHG� WR� VROYH� VRPH� NLQG� RI

G\QDPLF�RSWLPL]DWLRQ�SURFHVV��DV� LV�WKH�FDVH� LQ�VRPH�UHFHQW�:DOUDVLDQ�FRPSXWDEOH�JHQHUDO�HTXLOLEULXP�PRGHOV�

,QVWHDG��WKH�G\QDPLFV�DUH�RI�D�W\SH�VLPLODU�WR�WKH�G\QDPLFV�RI�WKH�¶/HRQWLHI�'XFKLQ�6]\OG·�,2�PRGHO��'XFKLQ�	

6]\OG��������/HRQWLHI�	�'XFKLQ���������ZKHUH�FXUUHQW�GHFLVLRQV�RQ� LQYHVWPHQW� LQ�FDSLWDO� JRRGV�GHWHUPLQH� WKH

FDSDFLW\�OHYHOV�LQ�IXWXUH�SHULRGV�
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WKH�SDUDPHWHUV�RI�ZKLFK�LQGLFDWH�WKH�UHTXLUHPHQWV�SHU�XQLW�RI�JURVV�RXWSXW����,Q�WKH�5	'�VHFWRU�

LQSXWV�DUH�XVHG�LQ�IL[HG�LQGXVWU\�VSHFLILF�SURSRUWLRQV�DV�ZHOO��7KH�RXWSXW�RI�WKLV�VHFWRU�FRQVLVWV

RI�EOXHSULQWV�IRU�QHZ�SURGXFWLRQ�SURFHVVHV��7KHVH�EOXHSULQWV�DUH�UHSUHVHQWHG�E\�LQGXVWU\�VSHFLILF

/HRQWLHI�SURGXFWLRQ�IXQFWLRQV�ZLWK� ORZHU� LQSXW�FRHIILFLHQWV� WKDQ� WKH�RQH�FXUUHQWO\� LQ�XVH��7KH

DOORFDWLRQ� RI� LQSXWV� WR� WKH� 5	'� SURFHVV� WKXV� HQODUJHV� IXWXUH� RXWSXW� OHYHOV� DW� WKH� FRVW� RI

GHFUHDVLQJ�WKH�FXUUHQW�FDSDFLW\�WR�SURGXFH�FRPPRGLWLHV�IRU�FRQVXPSWLRQ�SXUSRVHV�

%HORZ�,�ZLOO� LQWURGXFH� WKH�HTXDWLRQV�PDNLQJ�XS�WKH�PRGHO��)RU�EUHYLW\�� WKH\�DUH�ZULWWHQ� LQ

PDWUL[� QRWDWLRQ�ZKHQHYHU� FRQYHQLHQW�� %ROG� FDSLWDOV� UHIHU� WR�PDWULFHV�� EROG� ORZHUFDVH� V\PEROV

UHSUHVHQW�FROXPQ�YHFWRUV�DQG�LWDOLF�V\PEROV�UHODWH�WR�VFDODUV��'LDJRQDO�PDWULFHV�DUH�GHQRWHG�E\�D

KDW�DQG�SULPHV� LQGLFDWH�WUDQVSRVHG�PDWULFHV�RU�YHFWRUV��)XUWKHU��VXSHULQGLFHV�3�DQG�5�UHODWH� WR

LQSXWV� IRU� SURGXFWLRQ� DQG� 5	'�� UHVSHFWLYHO\�� ZKHUHDV� VXELQGLFHV� F� DQG� V� LQGLFDWH� FRHIILFLHQW

PDWULFHV�DQG�IORZ�PDWULFHV��7LOGHV�DUH�XVHG�WR�LQGLFDWH�YDULDEOHV�LQ�PRQH\�WHUPV��DQG�EDUV�GHQRWH

�ZHLJKWHG��VXPV�RU��ZHLJKWHG��DYHUDJHV�

��D 5	'�GULYHQ�WHFKQRORJLFDO�SURJUHVV

6LQFH�RQH�RI�WKH�PDLQ�GLIIHUHQFHV�EHWZHHQ�UHFHQW�G\QDPLF�LQSXW�RXWSXW�PRGHOV��'XFKLQ�	�6]\OG�

������/HRQWLHI�	�'XFKLQ��������.DOPEDFK�	�.XU]�������DQG�(GOHU�	�5LEDNRYD��������DQG�WKH

SUHVHQW� PRGHO� LV� WKH� H[SOLFLW� HQGRJHQRXV� QDWXUH� RI� WHFKQRORJLFDO� SURJUHVV�� ,� ZLOO� VWDUW� WKH

H[SRVLWLRQ� RI� WKH� HTXDWLRQV� ZLWK� WKRVH� GHVFULELQJ� WKH� OLQN� EHWZHHQ� 5	'� DQG� SURGXFWLYLW\

JURZWK��7KH�VSHFLILFDWLRQ�RI�WKLV�HTXDWLRQ�LV� LQVSLUHG�E\�WKH�DJJUHJDWH�PRGHOV�EHORQJLQJ�WR� WKH

¶HQGRJHQRXV� JURZWK� ZLWKRXW� VFDOH� HIIHFWV·� FDWHJRU\�� 7KURXJKRXW� WKH� SDSHU�� ,� ZLOO� GHQRWH� WKH

�Q[���YHFWRU�RI� ODERU�TXDQWLWLHV� �UHTXLUHG� IRU�SURGXFWLRQ�SXUSRVHV��SHU�XQLW�RI� JURVV� RXWSXW� DV

HIIHFWLYH� LQ�WKH�SHULRG�VWDUWLQJ�DW� W�DQG�HQGLQJ�DW� W���E\� @�> +W3

F
O �� ,WV�HOHPHQWV�DUH�DVVXPHG�WR

FKDQJH�DFFRUGLQJ�WR�WKH�GLIIHUHQFH�HTXDWLRQ

@>
@>�

�
@�> WO

W,QQ
WO 3

M

MM

3

M 









⋅σ+

=+ ���

ZLWK� ,QQ� GHQRWLQJ� WKH� LQGXVWU\�VSHFLILF� QXPEHU� RI� SURFHVV� LQQRYDWLRQV� RFFXUULQJ� DW� W� DQG� σ
LQGLFDWLQJ�WKH�IL[HG�SURSRUWLRQDO�LQFUHDVH�LQ�ODERU�SURGXFWLYLW\�LPSOLHG�E\�HDFK�LQQRYDWLRQ��WKHLU

¶VL]H·������)ROORZLQJ�$JKLRQ�	�+RZLWW���������LQQRYDWLRQV�DUULYH�DW�VWRFKDVWLF�LQWHUYDOV�

@�>�3RLVVRQa@> WW,QQ MM λ � ���

                                                          
�� ,Q� D�PRGHO� DLPHG� DW� SURYLGLQJ� D� WRRO� IRU� SROLF\� HYDOXDWLRQ�� FDSLWDO� JRRGV� LQSXWV�PLJKW� QRW� EH� H[FOXGHG�� 7KH

LQFOXVLRQ� RI� WKHVH� JRRGV�� KRZHYHU�� ZRXOG� \LHOG� VKRUW�UXQ� DGMXVWPHQW� SURFHVVHV� ZKLFK� ZRXOG� FRPSOLFDWH� WKH

PRGHO�WR�DQ�XQZDUUDQWHG�H[WHQW��,�ZLOO�FRPH�EDFN�WR�WKLV�LVVXH�LQ�WKH�FRQFOXGLQJ�VHFWLRQ�
�� /DERU�SURGXFWLYLW\��LQ�WHUPV�RI�UHDO�YDOXH�DGGHG�SHU�XQLW�RI�ODERU��LV�LQYHUVHO\�UHODWHG�WR�WKH�ODERU�UHTXLUHPHQWV

SHU�XQLW�RI�RXWSXW��7KLV�UHODWLRQVKLS�ZLOO�EH�GLVFXVVHG�EHORZ�
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LQ�ZKLFK�λM�LV�DQ�LQGXVWU\�VSHFLILF�YDULDEOH�WKH�YDOXH�RI�ZKLFK�LV�JLYHQ�E\
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∑
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7KLV�H[SUHVVLRQ�VHHPV�PRUH�FRPSOLFDWHG�WKDQ�LW�LV��EXW�LW�UHTXLUHV�D�QXPEHU�RI�FRPPHQWV�

)LUVW�� VHWWLQJ� DVLGH� WKH� IDFWRU� LQ� SDUHQWKHVHV�� WKH� HTXDWLRQ� DOPRVW� UHVHPEOHV� D� PXOWL�LQSXW

YHUVLRQ�RI�HTXDWLRQ������ 5

V
O �GHQRWHV�WKH� ODERU� LQSXWV�� 5

V
] LQGLFDWHV�WKH� LQSXWV�RI�PDWHULDOV� LQ�WKH

5	'�SURFHVV�DQG�[�UHIOHFWV�WKH�WRWDO�LQSXWV��DJJUHJDWHG�RYHU�WKH�SURGXFWLRQ�DQG�WKH�5	'�VHFWRU

�DOO� PHDVXUHG� LQ� FRQVWDQW� SULFHV��� 7KH� RQO\� GLIIHUHQFH� LV� LQ� WKH� H[SRQHQW�α� ��<α<���� ,I� WKLV
SDUDPHWHU� ZRXOG� HTXDO� �� �DV� LQ� HTXDWLRQ� ������ WKLV� ZRXOG� \LHOG� VHULRXV� SUREOHPV� LQ� WKH

VSHFLILFDWLRQ� RI� LQWHULQGXVWU\� GLIIHUHQFHV� LQ� LQQRYDWLRQ� DUULYDO� UDWHV�� 7KH� HPSLULFDO� HYLGHQFH

VKRZV�WKDW�WKH�UDWLR�RI�5	'�LQWHQVLWLHV�LQ�WKH�¶DYHUDJH·�ORZ�WHFK�LQGXVWU\�DQG�WKH�¶DYHUDJH·�KLJK�

WHFK� LQGXVWU\� LV�RIWHQ� URXJKO\�������ZKHUHDV� WKH� FRUUHVSRQGLQJ� ODERU�SURGXFWLYLW\� JURZWK� UDWHV

UDWLR� LV� RIWHQ� LQ� WKH� RUGHU� RI� ������� 7KLV�ZRXOG� LPSO\� WKDW� γ� IRU� ORZ�WHFK� LQGXVWULHV� VKRXOG� EH
DERXW� IRXU� WLPHV� DV� KLJK� DV� IRU� KLJK�WHFK� LQGXVWULHV�� 7KH� REYLRXV� GUDZEDFN� RI� WKDW� VROXWLRQ

ZRXOG�EH�WKDW�WKH�ORZ�WHFK�LQGXVWU\�ZRXOG�SURGXFH�IRXU�WLPHV�DV�PXFK�LQQRYDWLRQV�DV�WKH�KLJK�

WHFK� LQGXVWU\� LI� LW�ZRXOG� VSHQG� WKH� VDPH� IUDFWLRQ� RI� LWV� LQSXWV� RQ�5	'�� 7KH� VSHFLILFDWLRQ� RI

HTXDWLRQ�������KRZHYHU��UHIOHFWV�GLPLQLVKLQJ�UHWXUQV�WR�5	'�LQWHQVLW\��$�JLYHQ�DUULYDO�UDWH�λ�FDQ
EH� DWWDLQHG� IRU� D� JLYHQ� 5	'� LQWHQVLW\� E\� DQ� LQILQLWH� QXPEHU� RI� �α�γ��SDLUV�� )RU� SDLUV� ZLWK
UHODWLYHO\� ORZ� γ�YDOXHV�� GLPLQLVKLQJ� UHWXUQV� SUHYHQW� WKH� LQGXVWU\� WR� JDLQ� PXFK� PRUH� IURP
DOORFDWLQJ�PRUH�RI�LWV�LQSXWV�WR�5	'�

6HFRQG��LW�VKRXOG�EH�QRWHG�WKDW�WKH�VSHFLILFDWLRQ�RI�HTXDWLRQ������LPSOLFLWO\�VXSSRVHV�WKDW�DOO

ILUPV� ZLWKLQ� DQ� LQGXVWU\� KDYH� LPPHGLDWH� DFFHVV� WR� WKH� SURFHVV� WHFKQRORJ\� UHODWHG� WR� WKH

LQQRYDWLRQ� DQG� FDQ�GLUHFW� WKHLU�5	'� WRZDUGV� IXUWKHU� LPSURYHPHQWV�� OLNH� LQ� WKH� TXDOLW\� ODGGHU

PRGHOV�GLVFXVVHG�HDUOLHU��7KLV�NLQG�RI�VSLOORYHUV�GRHV�QRW�RFFXU�EHWZHHQ�LQGXVWULHV��KRZHYHU�

,QWHULQGXVWU\�NQRZOHGJH�VSLOORYHUV�DUH�PRGHOHG�LQ�D�ZD\�ZKLFK�LV�LQ�OLQH�ZLWK�WKH�LQFUHDVLQJ

YDULHW\�PRGHOV�� D� JLYHQ� 5	'� H[SHQGLWXUH� LV� DVVXPHG� WR� EH�PRUH� SURGXFWLYH� LI� QHZ� LGHDV� DUH

EURXJKW�IRUZDUG�E\�5	'�XQGHUWDNHQ�LQ�RWKHU�LQGXVWULHV��VHH�WKH�VHFRQG�IDFWRU�RI�WKH�ULJKW�KDQG�

VLGH�RI�HTXDWLRQ��������,W�VKRXOG�EH�ERUQH�LQ�PLQG��KRZHYHU��WKDW�NQRZOHGJH�JHQHUDWHG�E\�RWKHU

LQGXVWULHV� LV�YHU\�KHWHURJHQHRXV�ZLWK� UHVSHFW� WR� LWV� UHOHYDQFH� IRU�D�JLYHQ� LQGXVWU\·V�RZQ�5	'�

*ULOLFKHV� ������� S�� ������ LQ� KLV� VHPLQDO� FRQWULEXWLRQ� WR� WKH� OLWHUDWXUH� RQ� WHFKQRORJ\� VSLOORYHU

PHDVXUHPHQW��PHQWLRQV�WKDW�´WKH�SKRWRJUDSKLF�HTXLSPHQW�LQGXVWU\�DQG�WKH�VFLHQWLILF�LQVWUXPHQWV

LQGXVWU\�������PD\�EH��LQ�D�VHQVH��ZRUNLQJ�RQ�VLPLODU�WKLQJV�DQG�KHQFH�EHQHILWLQJ�PXFK�IURP�HDFK
                                                          
�� 6HH�H�J��/RV� �������&K���� IRU�HPSLULFDO� FRPSDULVRQV�RI�KLJK�WHFK��PHG�WHFK�DQG� ORZ�WHFK� LQGXVWULHV� LQ�2(&'

FRXQWULHV�



13

RWKHU·V� UHVHDUFKµ��1RERG\�� WKRXJK�� ZRXOG� DUJXH� WKDW� VXFK� DQ� DUJXPHQW�ZRXOG� KDYH� HPSLULFDO

FRQWHQW�IRU�WKH�SKRWRJUDSKLF�HTXLSPHQW�LQGXVWU\�DQG��IRU�H[DPSOH��WKH�OHDWKHU�SURGXFWV�LQGXVWU\�

7R�FDSWXUH�VXFK�GLIIHUHQFHV�LQ�UHOHYDQFH��,�LQFOXGHG�WKH�QRQQHJDWLYH�SDUDPHWHUV�η���

7R� DYRLG� V\VWHPDWLF� HFRQRP\�ZLGH� VFDOH� HIIHFWV� RQ� JURZWK� UDWHV� GXH� WR� LQWHULQGXVWU\

NQRZOHGJH�VSLOORYHUV��,�DOVR�H[SUHVV�WKH�VSLOORYHU�IDFWRU�DV�D�UDWLR�RI�5	'�LQSXWV�WR�WRWDO�LQSXWV��,

GHFLGHG�WR�LQFOXGH�QRW�RQO\�WKH�VL]H�RI�WKH�¶VHQGLQJ·�LQGXVWU\�EXW�DOVR�WKH�VL]H�RI�WKH�¶UHFHLYLQJ·

LQGXVWU\� LQ� WKH� GHQRPLQDWRU�� WR� UHIOHFW� WKH� QRWLRQ� WKDW� WKH� VSUHDG� RI� QHZ� NQRZOHGJH�PD\� EH

OLPLWHG� WR� D� GLPLQLVKLQJ� IUDFWLRQ�RI� WKH� ILUPV� LQ� ERWK� LQGXVWULHV�ZKHQ� WKH\� JURZ� LQ� VL]H��$V� D

FRQVHTXHQFH�RI�WKLV�SDUWLFXODU�VSHFLILFDWLRQ��VSLOORYHU�HIIHFWV�IRU�WKH�HFRQRP\�DV�D�ZKROH�SDUWO\

GHSHQG�RQ�FKDQJHV�LQ�WKH�LQGXVWU\�VWUXFWXUH�LQ�WHUPV�RI�RXWSXW�FRPSRVLWLRQ�

)RU�VLPSOLFLW\�,�DVVXPH�WKDW� WHFKQRORJLFDO�SURJUHVV� LV�SXUHO\� ODERU�VDYLQJ��7KLV� LPSOLHV� WKDW

WKH�UHTXLUHPHQWV��LQ�TXDQWLWLHV��RI�LQWHUPHGLDWH�LQSXWV�SHU�XQLW�RI�JURVV�RXWSXW��DOVR�LQ�TXDQWLWLHV�

UHPDLQ�FRQVWDQW�RYHU�WLPH����7KLV�DVVXPSWLRQ�FRXOG�HDVLO\�EH�UHSODFHG�E\�VRPH�RWKHU�DVVXPSWLRQ

IRU�HPSLULFDO�UHDVRQV��EXW�LV�LQ�OLQH�ZLWK�WKH�ZHOO�NQRZQ�PDFURHFRQRPLF�VW\OL]HG�IDFWV�RI�VWHDGLO\

LQFUHDVLQJ�FDSLWDO�ODERU�UDWLRV�DQG�YLUWXDOO\�FRQVWDQW�FDSLWDO�RXWSXW�UDWLRV���

(TXDWLRQV����������GLVWLQJXLVK�WKH�PRGHO�IURP�H[LVWLQJ�G\QDPLF�LQSXW�RXWSXW�PRGHOV�� LQ�WKH

VHQVH�WKDW�WHFKQRORJLFDO�FKDQJH� LV�H[SOLFLWO\�PRGHOHG�DV� WKH�UHVXOW�RI� WKH�VHDUFK�IRU� LQQRYDWLRQ�

7KHVH�HTXDWLRQV�GR�QRW�LQGLFDWH��KRZHYHU��KRZ�LQGXVWULHV�GHFLGH�EHWZHHQ�DOORFDWLQJ�UHVRXUFHV�WR

WKH�SURGXFWLRQ�VHFWRU�DQG�WKH�5	'�VHFWRU��7KLV� LV� WKH�PDLQ� WRSLF�RI�ZKDW� IROORZV� LQ� WKH�QH[W

VXEVHFWLRQV��LQ�ZKLFK�,�WU\�WR�UHODWH�WKH�HTXDWLRQV�DV�PXFK�DV�SRVVLEOH�WR�WKH�HQGRJHQRXV�JURZWK

PRGHOV�GLVFXVVHG�LQ�WKH�SUHYLRXV�VHFWLRQ�

��E 5	'�LQYHVWPHQW

,Q�WKH�HQGRJHQRXV�JURZWK�OLWHUDWXUH��ILUPV�DUH�DVVXPHG�WR�EDVH�WKH�VL]H�RI�WKHLU�5	'�EXGJHWV�RQ

D�PD[LPL]DWLRQ� RI� WKHLU� SURILW� VWUHDP�� 5RXJKO\� VSHDNLQJ�� WKLV� LPSOLHV� WKDW� D� KLJKHU� FKDQFH� RI

GLVFRYHULQJ� D� SURILW�LQFUHDVLQJ� LQQRYDWLRQ� JLYHQ� VRPH� 5	'� HIIRUW� �L�H�� PRUH� IDYRUDEOH

                                                          
�� 7KH�PHDVXUHPHQW�RI�WKH�SDUDPHWHUV�η�KDV�JLYHQ�ULVH�WR�D�ZKROH� OLWHUDWXUH��ZKLFK�,�ZLOO�QRW�UHYLHZ�KHUH��,Q�P\

RSLQLRQ��WKH�PRVW�RULJLQDO�FRQWULEXWLRQV�DUH�7HUOHFN\M���������*ULOLFKHV���������6FKHUHU���������-DIIH���������:ROII

	�1DGLUL��������DQG�9HUVSDJHQ���������6HH�H�J��9DQ�0HLMO��������&K�����RU�/RV��������&K�����IRU�VXUYH\V��7KHVH

VWXGLHV�HVWLPDWH�HFRQRPHWULFDOO\�FRQYHQLHQW�VSHFLILFDWLRQV�LQ�ZKLFK�NQRZOHGJH�IURP�¶RZQ·�5	'�DQG�NQRZOHGJH

REWDLQHG�WKURXJK�VSLOORYHUV�DUH�VXEVWLWXWHV��,Q�HTXDWLRQ�������WKHVH�DUH�WUHDWHG�DV�FRPSOHPHQWV��ZKLFK�LV�PRUH�LQ

OLQH�ZLWK�HQGRJHQRXV�JURZWK�WKHRU\�DQG�WKH�HPSLULFDO�UHVXOWV�UHSRUWHG�LQ�&RKHQ�	�/HYLQWKDO��������
�� 7KLV�DOVR�LPSOLHV�WKDW�YDOXH�DGGHG�SHU�XQLW�RI�JURVV�RXWSXW��ERWK�LQ�FRQVWDQW�SULFHV��UHPDLQV�FRQVWDQW�RYHU�WLPH

DQG�WKDW�SHUFHQWDJH�FKDQJHV�LQ�WKH�ODERU�UHTXLUHPHQWV�SHU�XQLW�RI�RXWSXW�DUH�HTXDO�WR�SHUFHQWDJH�FKDQJHV�LQ�UHDO

YDOXH�DGGHG�SHU�XQLW�RI�ODERU�
�� $OWHUQDWLYH� DVVXPSWLRQV� FRQFHUQLQJ� LQSXW� FRHIILFLHQW� FKDQJH� FDQ� EH� IRXQG� LQ� WKH� PRGHOV� SUHVHQWHG� E\� /RV

��������/RV�	�9HUVSDJHQ��������DQG�9HUVSDJHQ���������7KH�HPSLULFDO�VWXGLHV�E\�/HRQWLHI�	�'XFKLQ��������DQG

.DOPEDFK�	�.XU]��������H[SOLFLWO\�DLP�WR�SUHGLFW�FKDQJHV�RI�SDUWLFXODU�LQSXW�FRHIILFLHQWV�DQG�WKHLU�HIIHFWV�RQ�WKH

HFRQRP\��6HH�H�J��6DZ\HU��������IRU�D�VWXG\�ZKLFK�VSHFLILFDOO\�DLPV�DW�LQYHVWLJDWLQJ�ZKHWKHU�LQWHUPHGLDWH�LQSXWV

UHTXLUHPHQWV�FKDQJH�V\VWHPDWLFDOO\�RYHU�WLPH�RU�QRW�
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WHFKQRORJLFDO�RSSRUWXQLWLHV��ZLOO� OHDG� WR�PRUH� UHVRXUFHV�EHLQJ�GHYRWHG� WR�5	'�DFWLYLWLHV��7KLV

UHODWLRQVKLS� LV� HPSLULFDOO\� VXSSRUWHG� LQGHHG�� EXW� LW� LV�ZHOO�UHFRJQL]HG� LQ� WKH�PRUH� LQVWLWXWLRQDO

OLWHUDWXUH� RQ� LQGXVWULDO� LQQRYDWLRQ� �H�J�� )UHHPDQ�� ������ WKDW� 5	'� PDQDJHUV� KDYH� WR� UHO\� RQ

UHODWLYHO\� VLPSOH� UXOHV� RI� WKXPE�� VLQFH� HYHQ� WKH� SUREDELOLWLHV� RI� LQQRYDWLRQDO� VXFFHVV� DQG� WKH

PDJQLWXGH�RI�LWV�SRVVLEO\�DVVRFLDWHG�UHYHQXHV�DUH�KLJKO\�XQFHUWDLQ��,Q�WKH�PRGHO�,�ZLOO�XVH�D�YHU\

VLPSOH� UXOH� RI� WKXPE��ZKLFK� VD\V� WKDW� HDFK� LQGXVWU\� LQYHVWV� D� IL[HG� IUDFWLRQ�θM� RI� LWV� VDOHV� �LQ

FXUUHQW�SULFHV��RI�WKH�SUHYLRXV�SHULRG�LQ�5	'�DFWLYLWLHV�

@>@>××@�>a WWW [3L 5 =+ ����

6LQFH� ,� DVVXPH� WKDW� 5	'� DFWLYLWLHV� DUH� FKDUDFWHUL]HG� E\� LQGXVWU\�VSHFLILF� /HRQWLHI� SURGXFWLRQ

IXQFWLRQV��ZKLFK�FKDQJH�RYHU�WLPH��GXH�WR�LQQRYDWLRQV�FDXVHG�E\�5	'�LWVHOI���UHODWLYH�SULFHV�RI

WKH�LQSXWV�LQ�WKHVH�SURFHVVHV�PXVW�EH�WDNHQ�LQWR�DFFRXQW�WR�GHWHUPLQH�KRZ�PXFK�RI�WKH�YDULRXV

LQSXWV�DUH�ERXJKW��,�DVVXPH�WKDW�WKH�LQGXVWULHV�EDVH�WKHLU�GHFLVLRQV�RQ�WKH�SULFHV�DQG�WKH�/HRQWLHI

SURGXFWLRQ� IXQFWLRQV� �ZLWK� SDUDPHWHUV� 5

F
= � UHSUHVHQWLQJ� WKH� SK\VLFDO� DPRXQWV� RI� PDWHULDOV

UHTXLUHG� SHU� XQLW� RI� ODERU��ZKLFK� FKDQJH� RYHU� WLPH� LQYHUVHO\� WR� WKH� UDWH� RI� ODERU� SURGXFWLYLW\

JURZWK�LQ�WKH�SURGXFWLRQ�VHFWRU�RI�WKH�FRUUHVSRQGLQJ�LQGXVWU\��ZKLFK�SUHYDLOHG�LQ�WKH�SUHFHGLQJ

SHULRG��VR�WKDW�WKH�RSWLPDO�DOORFDWLRQ�RI�UHVHDUFK�IXQGV� 5La FDQ�EH�VSHFLILHG���

( ) @�>a@>×@�>
�

+⋅=+
−

WWW 555

V
LSO � ����

LQ�ZKLFK�WKH�GLDJRQDOL]HG�YHFWRU�LQ�WKH�ILUVW�ULJKW�KDQG�VLGH�IDFWRU�FDQ�EH�FRQVLGHUHG�DV�D�YHFWRU

RI�¶5	'�FRVWV�SHU�XQLW�RI�ODERU�HPSOR\HG�LQ�WKH�5	'�SURFHVVHV·�

( )′′+⋅= @>@>@>@> WWWZW 5

F

5 =SHS

1RZ��WKH�SK\VLFDO�DPRXQWV�RI�PDWHULDOV�IRU�5	'�SXUSRVHV�DUH�JLYHQ�E\

@�>×@>@�> +⋅=+ WWW 5

V

5

F

5

V
/== ����

��F :DJHV��SULFHV�DQG�SURILWV

,Q� WKH� ,2� OLWHUDWXUH�� SULFHV� DUH� RIWHQ� FRPSOHWHO\� GHWHUPLQHG� E\� VXSSO\�VLGH� IDFWRUV�� ,Q�PRGHOV

ZLWKRXW�FDSLWDO�JRRGV��SULFHV�DUH�DVVXPHG� WR�EH�D� IXQFWLRQ�RI� WKH�QRPLQDO�ZDJH� UDWH� �ZKLFK� LV

                                                          
�� ,Q�PRVW�&*(�PRGHOV��SULFHV�DQG�TXDQWLWLHV�DUH�GHWHUPLQHG�VLPXOWDQHRXVO\��,Q�WKH�SUHVHQW�PRGHO��LQGXVWULHV�DUH

DVVXPHG� WR�EH�H[WUHPHO\�EDFNZDUG�ORRNLQJ��PRVW�TXDQWLWLHV� DUH�DVVXPHG� WR� EH� VHW� WDNLQJ�RQO\�SUHYLRXV�SULFHV

LQWR�DFFRXQW��ZKLOH�SULFHV� DUH� VHW� DFFRUGLQJ� WR�SUHYLRXV� WHFKQRORJLFDO� VWDQGDUGV��$�PRGHO�ZLWK�PRUH� IRUZDUG�

ORRNLQJ�H[SHFWDWLRQV�VKRXOG�EH�UHJDUGHG�DV�PRUH�UHDOLVWLF��EXW�ZRXOG�LQWURGXFH�DOO�NLQGV�RI�FRPSOH[LWLHV��ZKLFK

ZRXOG�SUREDEO\�QRW�DGG�WR�WKH�XQGHUVWDQGLQJ�RI�WKH�JURZWK�SURFHVV�LQ�DQ�LQWHULQGXVWU\�FRQWH[W�
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DVVXPHG� WR� EH� HTXDO� DFURVV� LQGXVWULHV�� DQG� WKH� VHW� RI� LQSXW� FRHIILFLHQWV�� ,� DOVR� DGRSW� WKLV

SURFHGXUH��EXW�KDYH� WR�PDNH� DQ� DGGLWLRQDO� DVVXPSWLRQ�ZLWK� UHJDUG� WR� WKH�ZD\� LQ�ZKLFK�5	'

LQYHVWPHQW�LV�ILQDQFHG��$V�GLVFXVVHG�LQ�6HFWLRQ����PRGHUQ�HQGRJHQRXV�JURZWK�WKHRULHV�DVVXPH

WKDW�LQQRYDWLRQ�HQDEOHV�ILUPV�WR�HDUQ�EDFN�WKHLU�5	'�FRVWV�E\�LPSRVLQJ�D�SRVLWLYH�PDUN�XS�RYHU

WKHLU�SURGXFWLRQ�FRVWV�� ,Q� WKH�SULFH�HTXDWLRQ�� ,� UHSUHVHQW� WKLV�PLFUR�HFRQRPLF�PHFKDQLVP� LQ� D

URXJK�ZD\��E\�VLPSO\�DVVXPLQJ�WKDW�LQGXVWULHV�LQFOXGH�WKHLU�5	'�FRVWV�LQ�WKHLU�SURGXFWLRQ�FRVWV�

7KLV�LPSOLHV�WKDW�RXWSXW�SULFHV�DUH�KLJKHU�WKDQ�ZRXOG�KDYH�EHHQ�WKH�FDVH� LI�QR�5	'�FRVWV�KDG

EHHQ� LQFXUUHG���� ,QWURGXFLQJ�$� DV� WKH�PDWUL[� RI� LQSXW� FRHIILFLHQWV�� FRPPRGLW\� SULFHV� DUH� WKHQ

JLYHQ�E\

( )( ) �

@>×@�>@>@>×@�>@>@>@�>
−−− +−−+′+′=+′ WWWWWWWZW �5

V

�5

V

3

F
;=$(;OOS � ����

LQ�ZKLFK�LW�LV�LPSOLFLWO\�VXSSRVHG�WKDW�LQGXVWULHV�DUH�DOVR�EDFNZDUG�ORRNLQJ�ZLWK�UHVSHFW�WR�WKHLU

H[SHFWDWLRQV� WKDW� WKHLU�VDOHV� OHYHOV�ZLOO� UHPDLQ�XQFKDQJHG�� ,�ZLOO� DVVXPH� WKDW� WKH�QRPLQDO�ZDJH

UDWH� LV� VWDEOH� DQG� WUHDW� LW� DV� D� QXPpUDLUH�� 6LQFH� SULFHV� IDOO� RYHU� WLPH� �GXH� WR� GHFUHDVLQJ� ODERU

UHTXLUHPHQWV� LQ�SURGXFWLRQ�SHU�XQLW�RI�RXWSXW��� WKH� UHDO�ZDJH� UDWH� LQFUHDVHV�DW� D�SDFH�ZKLFK� LV

DERXW�VLPLODU�WR�WKH�DJJUHJDWH�ODERU�SURGXFWLYLW\�JURZWK�UDWH��*HQHUDOO\�VPDOO�GHYLDWLRQV�IURP�WKLV

UDWH�DUH�GXH� WR�GLIIHUHQFHV� LQ� ODERU�UHTXLUHPHQWV�EHWZHHQ�WKH�SURGXFWLRQ�DQG�WKH�5	'�VHFWRU�

DQG�FKDQJHV�LQ�WKH�FRPSRVLWLRQ�RI�WKH�FRQVXPSWLRQ�EXQGOH��WR�ZKLFK�,�WXUQ�QRZ�

��G &RQVXPSWLRQ�DQG�RXWSXW

,Q�PRVW�,2�PRGHOV��RXWSXW�OHYHOV�DUH�REWDLQHG�DV�WKH�SURGXFW�RI�WKH�/HRQWLHI�LQYHUVH��FDOFXODWHG

IURP�WKH� LQWHUPHGLDWH� LQSXW�UHTXLUHPHQWV�SHU�XQLW�RI�RXWSXW�� DQG� WKH�YHFWRU�RI� ILQDO�GHPDQGV�

)RU� WKH� FORVHG� HFRQRP\� ,� FRQVLGHU�� ILQDO� GHPDQG� LV� WKH� VXP� RI� PDWHULDOV� GHPDQG� IRU� 5	'

SXUSRVHV� DQG� FRQVXPSWLRQ� GHPDQG� E\� KRXVHKROGV��0DWHULDOV� GHPDQG� IRU� 5	'� SXUSRVHV� KDV

EHHQ�GHDOW�ZLWK�LQ�VXEVHFWLRQ���D��QRZ�,�ZLOO�WXUQ�WR�FRQVXPSWLRQ�GHPDQG�

&RQWUDU\� WR� VWDQGDUG� ,2� PRGHOV�� ,� ZLOO� QRW� OHW� HPSOR\PHQW� EH� GHSHQGHQW� RQ� WRWDO� ILQDO

GHPDQG��EXW� WKH�RWKHU�ZD\� URXQG�� ,Q�RUGHU� WR� VWD\�DV�FORVH�DV�SRVVLEOH� WR�HQGRJHQRXV�JURZWK

WKHRU\��,�ZLOO�DVVXPH�WKDW�RXWSXW�OHYHOV�DUH�GHWHUPLQHG�E\�VXSSO\�FRQGLWLRQV��,Q�WKH�PRGHO��RXWSXW

OHYHOV� DUH� ERXQG� E\� D� VLQJOH� FRQGLWLRQ�� WKH� PD[LPXP� DJJUHJDWH� ODERU� VXSSO\� LV� FRPSOHWHO\

HPSOR\HG��3DUW�RI�WKH� ODERU�VXSSO\� LV�DOUHDG\�RFFXSLHG�E\�WKH�GHPDQGV�IRU�5	'�PDWHULDOV�DQG

WKHLU�FRQVHTXHQW�LQGLUHFW�HIIHFWV�RQ�RXWSXW��0\�VXSSO\�VLGH�SHUVSHFWLYH�LQ�WKLV�SDSHU�LPSOLHV�WKDW

,�DVVXPH�WKDW�WKH�UHPDLQLQJ�ODERU�VXSSO\�LV�XVHG�WR�SURGXFH�FRQVXPSWLRQ�GHPDQG�DQG�LWV�LQGLUHFW

UHTXLUHPHQWV�� 6R�� JLYHQ� ODERU� VXSSO\� FRQGLWLRQV� DW� WKH� EHJLQQLQJ� RI� D� SHULRG� DQG� WKH� LQSXW

UHTXLUHPHQWV� SHU� XQLW� RI� RXWSXW�� ¶WKH� HFRQRP\·� FDQ� FKRRVH� IRU� D� SDUWLFXODU� FRPELQDWLRQ� RI

LQYHVWPHQW� LQ� 5	'� DQG� FXUUHQW� FRQVXPSWLRQ�� 7KLV� LPSRUWDQW� WUDGH�RII� DOVR� FKDUDFWHUL]HV� WKH

HQGRJHQRXV�JURZWK�WKHRULHV�GLVFXVVHG�LQ�6HFWLRQ����EXW�LV�QRZ�H[WHQGHG�WR�WKH�LQGXVWU\�OHYHO�

                                                          
�� 6HH�'LHW]HQEDFKHU�	�/RV��������IRU�DQ�HPSLULFDO�DFFRXQW�RI�WKH�SULFH�HIIHFWV�RI�5	'�H[SHQGLWXUHV�
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$�PDMRU�SUREOHP�FRQQHFWHG�WR�WKLV�DSSURDFK�LV�WKH�FRPSRVLWLRQ�RI�WKH�FRQVXPSWLRQ�YHFWRU�

0DQ\�GLIIHUHQW�FRQVXPSWLRQ�YHFWRUV�IXOILOO�WKH�IXOO�HPSOR\PHQW�FRQGLWLRQ��,Q�SULQFLSOH�RQH�FRXOG

DGRSW� D� OLQHDU� SURJUDPPLQJ� DSSURDFK� �VHH� H�J��'HUYLV� HW� DO��� ������ &K�� ���� LQ� ZKLFK� DJJUHJDWH

FRQVXPSWLRQ�LV�FRPSRVHG�LQ�VXFK�D�ZD\�WKDW�WKH�YDOXH�RI�WRWDO�FRQVXPSWLRQ��PHDVXUHG�HLWKHU�LQ

FRQVWDQW�SULFHV�RU�LQ�FXUUHQW�SULFHV��LV�PD[LPL]HG��,�GR�QRW�FKRRVH�WKLV�VROXWLRQ��KRZHYHU��PDLQO\

EHFDXVH� WKLV� DSSURDFK� LV� OLNHO\� WR� \LHOG� VWURQJO\� GLVFRQWLQXRXV� FRQVXPSWLRQ� FRPSRVLWLRQV� LQ

SHULRGV�LQ�ZKLFK�PDQ\�LQQRYDWLRQV�WDNH�SODFH�LQ�D�IHZ�LQGXVWULHV��,QVWHDG��,�IROORZ�DQ�DSSURDFK

UHFHQWO\�SXW�IRUZDUG�E\�9HUVSDJHQ��������DQG�H[WHQGHG�LQ�/RV�	�9HUVSDJHQ���������ZKLFK�VWDUWV

IURP� WKH� DVVXPSWLRQ� WKDW� WKH� FRPSRVLWLRQ� RI� FRQVXPSWLRQ� LV� JLYHQ� DW� WKH� EHJLQQLQJ� RI� HDFK

SHULRG�� )RU� H[DPSOH�� RQH� FDQ� DVVXPH� WKDW� WKH� VKDUHV� RI� WKH� Q� FRPPRGLWLHV� GHSHQG� RQ� WKH

FRQVXPSWLRQ�OHYHO�LQ�WKH�SUHYLRXV�SHULRG��ZKLFK�DOORZV�IRU�PRGHOLQJ�FRPPRGLW\�VSHFLILF�(QJHO

FXUYHV��*LYHQ�WKDW�WKH�FRPSRVLWLRQ�RI�WKH�FRQVXPSWLRQ�EXQGOH�LV�NQRZQ��LWV�VL]H�LV�REWDLQHG�DV

WKH�PD[LPXP�DWWDLQDEOH�JLYHQ�WKH�IXOO�HPSOR\PHQW�FRQGLWLRQ��7KLV�LV�WKH�FDVH�LI�WKH�VROXWLRQ�IRU

WKH�FRQVXPSWLRQ�OHYHO�F>W����@�DV�JLYHQ�E\�WKH�HTXDWLRQ

( ) @�>@�>@>@>@�>@�> �PD[ ++−′=+−+ − WFWWWWOWO *

V
E$(O 3

F
����

7KH�OHIW�KDQG�VLGH�GHQRWHV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�ODERU�VXSSO\�� PD[O ��DQG�WKH�SDUW

RI� WKLV� ODERU� VXSSO\�ZKLFK� LV� ¶DEVRUEHG·� E\� WKH� SURGXFWLRQ� RI� WKH�PDWHULDOV� IRU� 5	'� DQG� WKH

LQWHUPHGLDWH�LQSXWV�UHTXLUHG�IRU�WKLV�SURGXFWLRQ�DQG�WKH�ODERU�LWVHOI�HPSOR\HG�LQ�5	'��7KDW�LV�

( ) @�>@�>@�>@>@�> � +′+++−′≡+ − WWWWWO *
V

5

V

5

V

3

F
OHH=$(O ���� )RU� WKH� PD[LPXP� ODERU� VXSSO\�� D

VLPSOH�H[SRQHQWLDO�JURZWK�SDWWHUQ�LV�PRGHOHG�

( ) @>�@�> PD[PD[ WOWO ν+=+ ����

7KH�HYROXWLRQ�RI�FRQVXPSWLRQ�VKDUHV�E��HTXDWLRQ�������LV�JRYHUQHG�E\�FRPPRGLW\�VSHFLILF�(QJHO

FXUYHV��ZKLFK�ZHUH�LQWURGXFHG�LQ�JURZWK�WKHRU\�E\�3DVLQHWWL���������7R�PRGHO�WKHVH��,�ERUURZ�DQ

HOHJDQW�VSHFLILFDWLRQ�IURP�9HUVSDJHQ���������ZKLFK�HQVXUHV�WKDW�FRQVXPSWLRQ�VKDUHV�DOZD\V�DGG

XS�WR�RQH�

( ) ( )[ ] ( )@�>@>×@>×@>@>×@>@�> −−⋅′−−−+=+ WFWFWWWWW E7%%EE%EE  ����

,Q� WKLV� VSHFLILFDWLRQ� E UHSUHVHQWV� WKH� FRQVXPSWLRQ� VKDUHV� ZKLFK� SUHYDLO� DW� DQ� LQILQLWH

FRQVXPSWLRQ� OHYHO��7KH�HOHPHQWV�τ�RI�PDWUL[�7� LQGLFDWH�KRZ�TXLFN�FXUUHQW�FRQVXPSWLRQ� OHYHOV
DGDSW� WR� E �� ,I� 7� LV� FKRVHQ� WR� KDYH� ]HURHV� RQ� WKH� PDLQ� GLDJRQDO� DQG� VXIILFLHQWO\� VPDOO

                                                          
�� ,Q� WKHRU\�� WKH� OHIW� KDQG� VLGH�RI� HTXDWLRQ� �����PLJKW�EHFRPH�QHJDWLYH�� ,I� UHDVRQDEOH� YDOXHV� DUH� FKRVHQ� IRU� WKH

5	'�WR�RXWSXW�UDWLRV�θ�DQG�WKH�LQSXW�FRHIILFLHQWV�LQ�$��WKLV�SUREOHP��\LHOGLQJ�QHJDWLYH�FRQVXPSWLRQ�OHYHOV��ZLOO
QRW�RFFXU�
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QRQQHJDWLYH� YDOXHV� HOVHZKHUH�� QHJDWLYH� VKDUHV� ZLOO� QRW� RFFXU� DQG� DFWXDO� VKDUHV� ZLOO� FRQYHUJH

PRQRWRQLFDOO\�WR�WKHLU�DV\PSWRWLF�YDOXHV�LI�F�JURZV��QR�RYHUVKRRWLQJ��

*LYHQ� WKH� VROXWLRQ� IRU� F>W��@� LQ� HTXDWLRQ� ������ WKH� YHFWRU� RI� RXWSXW� OHYHOV�[� LV� GHWHUPLQHG

XVLQJ�WKH�VWDQGDUG�VWDWLF�RSHQ�/HRQWLHI�PRGHO�

( ) ( )H=E$([ 3

V
@�>@�>@�>@>@�> � ++++−=+ − WWFWWW � ����

7RJHWKHU�� WKH� HTXDWLRQV� ��������� FRQVWLWXWH� WKH� ,2� PRGHO� RI� 5	'�GULYHQ� JURZWK�� 'XH� WR� LWV

LQGXVWU\�GHWDLO�DQG�LWV�VWRFKDVWLF�QDWXUH�LW�VHHPV�LPSRVVLEOH�WR�VWXG\�WKH�ORQJ�UXQ�EHKDYLRU�RI�WKH

PRGHO�E\�DQDO\WLFDO�PHDQV��,QVWHDG��WKH�QH[W�VHFWLRQ�LV�GHYRWHG�WR�D�VHW�RI�VLPXODWLRQ�H[SHULPHQWV

IRU�D�K\SRWKHWLFDO�HFRQRP\�

�� 6LPXODWLRQ�5HVXOWV

+DYLQJ� VSHFLILHG�D�PRGHO� DQG� WXUQLQJ� WR� VLPXODWLRQ� H[SHULPHQWV� WR� DQDO\]H� LWV� SURSHUWLHV�� LW� LV

RIWHQ�WHPSWLQJ�WR�UHSRUW�RQ�DV�PDQ\�H[SHULPHQWV�DV�SRVVLEOH��,Q�WKLV�VHFWLRQ��,�KDYH�FKRVHQ�WR

KLJKOLJKW� MXVW� D� IHZ� H[SHULPHQWV�� ZKLFK� HLWKHU� JLYH� EDVLF� LQVLJKWV� LQWR� WKH� LQWHUDFWLRQ� RI� WKH

HTXDWLRQV�PDNLQJ�XS�WKH�PRGHO�RU�SURYLGH�LQGLFDWLRQV�RI�WKH�SRWHQWLDO�SROLF\�UHODWHG�YDOXH�DGGHG

RI�,2�HQGRJHQRXV�JURZWK�PRGHOV�UHODWLYH�WR�DJJUHJDWH�HQGRJHQRXV�PRGHOV�

:LWK�UHJDUG�WR�WKH�VSHFLILFDWLRQ�RI�WKH�LQLWLDO�YDULDEOH�FRQILJXUDWLRQ�DQG�WKH�FDOLEUDWLRQ�RI�WKH

SDUDPHWHUV�� ,� FRXOG� KDYH� FKRVHQ� WR� OHW� WKH� HFRQRP\� UHVHPEOH� DQ� DFWXDO� HFRQRP\� DV� ZHOO� DV

SRVVLEOH�� ,�GLG�QRW�GR� WKLV��EHFDXVH� LW�ZRXOG�KDYH� LQYROYHG�D� YHU\� ULFK�EXW� LQWUDFWDEOH� LQGXVWU\

VWUXFWXUH�� ZKHUHDV� ,� ZRXOG� KDYH� KDG� WR� DGDSW� WKH� HPSLULFDO� GDWD� WR� DQ� XQZDUUDQWHG� H[WHQW� LQ

RUGHU�WR�JHW�ULG�RI�LQWHUQDWLRQDO�WUDGH�IORZV�DQG�FDSLWDO�JRRGV�VWRFNV�DQG�IORZV��,QVWHDG��,�SUHVHQW

VLPXODWLRQ� UHVXOWV� IRU� D� FRPSOHWHO\� K\SRWKHWLFDO� HFRQRP\�� ZKLFK� FRQVLVWV� RI� RQO\� ILYH

KRPRJHQHRXV�LQGXVWULHV��7KH�LQLWLDO�YDOXHV�RI� WKH�YDULDEOHV�DQG�WKH�SDUDPHWHUV�FDQ�EH�IRXQG�LQ

WKH�$SSHQGL[��,W�VKRXOG�EH�QRWHG�WKDW�WKH�LQLWLDO�YDOXHV�DQG�WKH�SDUDPHWHUV�DUH�FKRVHQ�VXFK�WKDW

WKH�HFRQRP\�LV�DOPRVW�LQ�HTXLOLEULXP��6HQVLWLYLW\�DQDO\VLV� LQ�WKLV�VHFWLRQ��WKRXJK��ZLOO�VKRZ�WKDW

WKH�ORQJ�UXQ�EHKDYLRU�RI�WKH�PRGHO�LV�QRW�DIIHFWHG�TXDOLWDWLYHO\�E\�QRQ�HTXLOLEULXP�LQLWLDO�YDOXHV�

DV�ORQJ�DV�WKHVH�DUH�LQ�D�UDWKHU�ODUJH�UDQJH�DURXQG�HTXLOLEULXP�

��D $�W\SLFDO�VLPXODWLRQ�UXQ

$�TXLFN�JODQFH�DW�WKH�$SSHQGL[�VKRZV�WKDW�WKH�ILYH�VSHFLILHG�LQGXVWULHV�DUH�LQLWLDOO\�HTXDOO\�ODUJH

LQ�WHUPV�RI�JURVV�RXWSXW� OHYHOV��7KH� LQLWLDO� ODERU�SURGXFWLYLW\� OHYHOV�GR�QRW�GHYLDWH�PXFK� �DSDUW

IURP�WKH�VPDOO�SULFH�HIIHFWV�RI�5	'�PDWHULDOV�FRVWV��UHDO�YDOXH�DGGHG�OHYHOV� LQLWLDOO\�HTXDO� ODERU

LQSXWV��� EXW� WKH� LQGXVWULHV� PDLQO\� GLIIHU� ZLWK� UHVSHFW� WR� WKH� DYHUDJH� LQQRYDWLRQ� DUULYDO� UDWHV�

,QGXVWU\� �� UHSUHVHQWV� D� KLJK�WHFK� LQGXVWU\�� VLQFH� LW� DWWDLQV� D�PHDQ� SURGXFWLYLW\� JURZWK� UDWH� RI

PRUH� WKDQ� ����ZKLFK� LV� SDUWO\� GXH� WR� LWV� KLJK� 5	'� LQWHQVLW\� ������� )XUWKHU�� LWV� 5	'� \LHOGV
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UHODWLYHO\� LPSRUWDQW� NQRZOHGJH� VSLOORYHUV� WR� WKH�RWKHU� LQGXVWULHV��:LWKRXW� VSLOORYHU� HIIHFWV� �WKH

PDJQLWXGH� RI� ZKLFK� GHSHQGV� RQ� WKH� LQGXVWU\� VWUXFWXUH��� LQGXVWU\� �·V� SURGXFWLYLW\� JURZWK� UDWH

ZRXOG� DYHUDJH� VOLJKWO\�PRUH� WKDQ� ����ZKLOH� VSHQGLQJ� ���RI� LWV� SUHYLRXV� VDOHV� RQ�5	'��7KLV

LQGXVWU\� FDQ� EH� FRQVLGHUHG� D� PHGLXP�WHFK� LQGXVWU\�� LQ� WHUPV� RI� WKH� RIWHQ�XVHG� 2(&'

FODVVLILFDWLRQ�� 7KH� RWKHU� WKUHH� LQGXVWULHV� KDYH� 5	'� LQWHQVLWLHV� RI� RQO\� ������ DQG� GLIIHU� ZLWK

UHVSHFW�WR�WKHLU�RSSRUWXQLWLHV�WR�EHQHILW�IURP�VSLOORYHUV��6HWWLQJ�DVLGH�WKHVH�VSLOORYHU�HIIHFWV��WKHLU

ODERU�SURGXFWLYLW\�ILJXUHV�JURZ�DW��������LQGXVWU\��������������DQG����������UHVSHFWLYHO\�

)LJXUH��

)LJXUH� �� VKRZV� KRZ�5	'� GULYHQ� SURGXFWLYLW\� JURZWK� WUDQVODWHV� LQWR� FRQVXPSWLRQ� JURZWK�� ,W

IOXFWXDWHV�WR�VRPH�H[WHQW��GXH�WR�WKH�VSHFLILHG�UDQGRP�FKDUDFWHU�RI�WKH�LQQRYDWLRQ�SURFHVVHV��7KH

¶DPSOLWXGH·�RI� WKH� IOXFWXDWLRQV� LV��RI�FRXUVH��DIIHFWHG�E\� WKH�H[RJHQRXV�VL]H�RI� WKH� LQQRYDWLRQV�

&OHDUO\�� WKH�PRGHO� \LHOGV� ORQJ� UXQ� FRQVXPSWLRQ� JURZWK�� DOWKRXJK� LWV� DYHUDJH� UDWH� VHHPV� WR� EH

VORZLQJ� GRZQ� RYHU� WLPH�� 7KLV� FRXOG� EDVLFDOO\� EH� GXH� WR� WZR� XQGHUO\LQJ� VRXUFHV�� SURGXFWLYLW\

JURZWK� VORZGRZQ� DW� WKH� LQGXVWU\� OHYHO� DQG�RU� D� JURZWK�KDPSHULQJ� HPSOR\PHQW� VKLIW� WRZDUGV

LQGXVWULHV�ZLWK�ORZHU�SURGXFWLYLW\�OHYHOV��)LJXUHV���DQG���VKRZ�WKDW�WKH�VHFRQG�H[SODQDWLRQ�LV�WKH

ULJKW�RQH���� ,Q�)LJXUH� �� �ZLWK� D� ORJDULWKPLF�YHUWLFDO� D[LV��� WKH�DOPRVW� VWUDLJKW� OLQHV� LQGLFDWH� WKDW

LQGXVWU\�OHYHO�ODERU�SURGXFWLYLW\�JURZWK�UDWHV�GR�QRW�VORZ�GRZQ�

)LJXUH��

                                                          
�� ,QVSHFWLRQ�RI�D�GLDJUDP�VLPLODU�WR�)LJXUH���IRU�DQ�H[WHQGHG�SHULRG��QRW�GRFXPHQWHG�KHUH��DOVR�VKRZV� WKDW� WKH

DJJUHJDWH�ODERU�SURGXFWLYLW\�JURZWK�UDWH�DV\PSWRWLFDOO\�VHWWOHV�DW�D�FRQVWDQW�YDOXH�
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)LJXUH� �� VKRZV� WKDW� DQ� LQFUHDVLQJ� SDUW� RI� WKH� ODERU� IRUFH� JHWV� DFWLYH� LQ� WKH� ORZ�SURGXFWLYLW\

JURZWK�LQGXVWULHV������DQG����$V�VXFK��WKH�PRGHO�UHVXOWV�DUH�RSSRVLWH�WR�EXW�UHFRQFLODEOH�ZLWK�WKH

¶DJULFXOWXUDO� UHVHUYH� DUP\� RI� ODERU·�H[SODQDWLRQ� RI� JURZWK� SURSRVHG� E\� VRPH� GHYHORSPHQW

HFRQRPLVWV� �/HZLV�� ������� 7KLV� WKHRU\� DVFULEHV� ODUJH� SDUWV� RI� KLJK� SURGXFWLYLW\� JURZWK� UDWHV

H[SHULHQFHG� E\� IRUPHU� XQGHUGHYHORSHG� FRXQWULHV� WR� VKLIWV� IURP� ODERU� IURP� ORZ�SURGXFWLYLW\

DJULFXOWXUH�WR�KLJK�SURGXFWLYLW\�PDQXIDFWXULQJ�

7KH� UHVXOW� WKDW� ODERU� LQSXWV� LQ� WKH� KLJK�WHFK� DQG� PHGLXP�WHFK� LQGXVWULHV� �� DQG� �� DOPRVW

YDQLVK�LV�FOHDUO\�QRW�LQ�OLQH�ZLWK�REVHUYHG�IDFWV��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�PRGHO�UHJDUGV�DOO

SURGXFWLYLW\�LQFUHDVHV�DV�SURFHVV�LQQRYDWLRQV��ZKHUHDV�¶UHDO·�KLJK�WHFK� LQGXVWULHV� �H�J�� ¶FRPSXWHU

PDQXIDFWXULQJ·�DQG�¶LQVWUXPHQWV�PDQXIDFWXULQJ·��DUH�FKDUDFWHUL]HG�E\�SURGXFW�LQQRYDWLRQV�ZKLFK

ORZHU� ODERU� UHTXLUHPHQWV� LQ� GRZQVWUHDP� LQGXVWULHV�� 7KH� LQFRUSRUDWLRQ� RI� SURGXFW� LQQRYDWLRQV

VKRXOG�WKHUHIRUH�EH�RQH�RI�WKH�ILUVW�PRGHO�LPSURYHPHQWV�WR�EH�VRXJKW�IRU�

)LJXUH��

)LJXUH� �� FRQVLGHUV� WKH� FRPSRVLWLRQ� RI� JURVV� RXWSXW�� 7KH� GLIIHUHQFHV� EHWZHHQ� WKH� LQLWLDO

FRQVXPSWLRQ� VKDUHV� DQG� WKH� ¶VKDUHV� DW� LQILQLWH� FRQVXPSWLRQ·� OHDG� WR� DQ� DGMXVWPHQW� SURFHVV� RI

DERXW����SHULRGV��'XULQJ�WKLV�SHULRG��WKH�FRQVXPSWLRQ�VKDUHV�RI�LQGXVWULHV���DQG���GHFUHDVH�WR

WKH�EHQHILW�RI�WKH�WKUHH�UHPDLQLQJ�LQGXVWULHV��)RU�LQGXVWU\����KRZHYHU��WKH�RXWSXW�VKDUH�DSSHDUV

WR�UHPDLQ�VWDEOH�RYHU�WLPH��7KLV�LV�PDLQO\�GXH�WKH�IDFW�WKDW�WKH�ODUJH�PDMRULW\�RI�5	'�PDWHULDOV�LV

DVVXPHG�WR�EH�GHOLYHUHG�E\�LQGXVWU\����D�PHFKDQLVP�ZKLFK�LV�QRW�HIIHFWLYH�IRU�LQGXVWU\����7KLV�LV

D� ILUVW� UHVXOW� ZKLFK� LQGLFDWHV� WKDW� LQWHULQGXVWU\� OLQNDJHV� PD\� EH� YHU\� LPSRUWDQW� IRU� ORQJ�UXQ

JURZWK�DQG�VWUXFWXUDO�FKDQJH�

)LJXUH��
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��E 6RPH�VHQVLWLYLW\�DQDO\VLV

7KH�VLPXODWLRQ�UHVXOWV�SUHVHQWHG�VR�IDU�VNHWFK�RQO\�D�IDU�IURP�FRPSOHWH�SLFWXUH��LQ�WKH�VHQVH�WKDW

WKH\�GR�QRW�JLYH�DQ\�FOXHV�WR�ZKLFK�YDULDEOHV�RU�SDUDPHWHUV�FDXVH�WKH�REVHUYHG�SRVLWLYH�ORQJ�UXQ

JURZWK� UDWHV�� ,W�PLJKW� HYHQ� EH� WKH� FDVH� WKDW� WKHVH� DUH� QRW� UHODWHG� WR� WKH� FKRLFH� IRU� SDUWLFXODU

5	'�LQWHQVLWLHV�� )XUWKHU�� LW� UHPDLQV� WR� EH� VHHQ� ZKHWKHU� VLPLODU� UHVXOWV� DUH� IRXQG� LI� GLIIHUHQW

UHDOL]DWLRQV� RI� WKH� VWRFKDVWLF� SURFHVV� DUH� FRQVLGHUHG�� %HIRUH� ,� WXUQ� WR� D� GLVFXVVLRQ� RI� VRPH

LQGXVWU\�VSHFLILF�VLPXODWLRQ�H[SHULPHQWV��,�ZLOO�GHDO�ZLWK�VRPH�UHVXOWV�ZKLFK�DUH�REWDLQHG�ZKHQ

5	'� GHFLVLRQV� DQG�RU� WKHLU� FRQVHTXHQFHV� DUH� DVVXPHG� WR� YDU\� LQ� WKH� HQWLUH� HFRQRP\� WR� WKH

VDPH�H[WHQW��,Q�WKH�SUHVHQWDWLRQ��,�IRFXV�RQ�WZR�YDULDEOHV�ZKLFK�DUH�JHQHUDOO\�VHHQ�DV�LPSRUWDQW

PHDVXUHV� RI� ¶ZHOIDUH� LQ� WKH� ORQJ� UXQ·�� WKH� QHW� SUHVHQW� YDOXH� �139�� RI� FRQVXPSWLRQ� DQG� WKH

DYHUDJH�UHDO�*'3�JURZWK�UDWH��7KH�IRUPHU�ZDV�FDOFXODWHG�DFFRUGLQJ�WR� ( ) @>� WFWδ−Σ ��ZLWK�δ�WKH
UDWH�RI�WLPH�SUHIHUHQFH��GLVFRXQW�UDWH���IRU�D�����SHULRG�LQWHUYDO��,�UDQ����VLPXODWLRQV�IRU�HDFK�RI

ILYH�VFHQDULRV��7KHVH�VFHQDULRV�GR�QRW�GLIIHU�ZLWK�UHVSHFW�WR�WKH�LQLWLDO�YDULDEOH�FRQILJXUDWLRQ��WKH

FKDQJHV�DUH�GXH�WR�FKDQJHV�LQ�WKH�VHW�RI�SDUDPHWHU�YDOXHV��7KH�VXPPDU\�UHVXOWV��IRU�δ ������DUH
LQ�7DEOH���

7DEOH����(FRQRP\ZLGH�HIIHFWV�RI�HFRQRP\ZLGH�FKDQJHV�
0HDQ�139 VWG�GHY� 0HDQ�DQQXDO VWG�GHY�
FRQVXPSWLRQ *'3�JURZWK

%HQFKPDUN�FRQILJXUDWLRQ ������� ����� ������ �������

3HUPDQHQW�5	'�LQFUHDVH ������� ������ ������ �������

7HPSRUDU\�5	'�LQFUHDVH ������� ����� ������ �������

1R�6SLOORYHUV ������� ����� ������ �������

1R�5	'�LQYHVWPHQW ������� ���� ������ �������
139��QHW�SUHVHQW�YDOXH�

7KH� ILUVW� URZ� �¶EHQFKPDUN� FRQILJXUDWLRQ·�� LV� REWDLQHG� IRU� WKH� SDUDPHWHU� YDOXHV� JLYHQ� LQ� WKH

DSSHQGL[��$FWXDOO\��WKH�ILUVW�RI�WKH�WZHQW\�UXQV�IRU�WKLV�VFHQDULR�ZDV�WKH�RQH�IRU�ZKLFK�GLDJUDPV

ZHUH�SUHVHQWHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��7KH�YDULDWLRQ�LQ�*'3�JURZWK�UDWHV�DV�HYLGHQFHG�E\

WKH� VWDQGDUG� GHYLDWLRQ� LQ� WKH� ULJKWPRVW� FROXPQ� DSSHDUV� WR� EH� UHODWLYHO\� VPDOO�� 7KH� VHFRQG

VFHQDULR��¶SHUPDQHQW�5	'�LQFUHDVH·��VXSSRVHV�WKDW�HDFK�RI�WKH�ILYH�LQGXVWULHV�LQFUHDVHV�LWV�5	'

LQWHQVLW\� �θ��E\�����IRU�WKH�HQWLUH� WLPH�VSDQ�RI�����SHULRGV��$SSDUHQWO\�� WKH� LQLWLDO� VDFULILFH�RI
FRQVXPSWLRQ�WR�UHOHDVH�ODERU�IRU�DGGLWLRQDO�5	'�DQG�WKH�SURGXFWLRQ�RI�WKH�UHTXLUHG�PDWHULDOV�LQ

RUGHU�WR�DWWDLQ�D�KLJKHU�JURZWK�UDWH��DSSUR[LPDWHO\�������SHU�\HDU��LV�ZRUWKZKLOH��VLQFH�WKH�139

RI�FRQVXPSWLRQ� LV�KLJKHU� WKDQ� LQ� WKH�EHQFKPDUN��7KH�PRVW� LPSRUWDQW� FRQFOXVLRQ��KRZHYHU�� LV

WKDW�WKH�PRGHO�LV�D�WUXH�HQGRJHQRXV�JURZWK�PRGHO��VLQFH�D�SHUPDQHQW�FKDQJH�LQ�WKH�IUDFWLRQ�RI

UHVRXUFHV�GHYRWHG�WR�5	'�DIIHFWV�WKH�ORQJ�UXQ�JURZWK�UDWH�
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7KH�WKLUG�VFHQDULR��¶WHPSRUDU\�5	'�LQFUHDVH·��LV�GHILQHG�WR�VHH�ZKHWKHU�WHPSRUDU\�FKDQJHV

LQ�5	'� LQWHQVLWLHV�KDYH�SHUPDQHQW�HIIHFWV�RU�QRW��7KLV� VFHQDULR� LV� LGHQWLFDO� WR� WKH�EHQFKPDUN

H[FHSW�IRU�WKH�ILUVW�ILYH�SHULRGV��LQ�ZKLFK�5	'�HIIRUWV�DUH�GRXEOHG�E\�HYHU\�LQGXVWU\��)URP�WKH

UHSRUWHG� PHDQ� DQQXDO� JURZWK� UDWH� �IRU� WKLV� VFHQDULR� FDOFXODWHG� H[FOXGLQJ� WKH� ILUVW� ILYH

REVHUYDWLRQV�� FDQ� EH� FRQFOXGHG� WKDW� D� WHPSRUDU\� FKDQJH� KDV� QR� SHUPDQHQW� HIIHFW� RQ� JURZWK�

6LPXOWDQHRXVO\��D�SHUPDQHQW� OHYHO� HIIHFW� LV�SUHVHQW�� OLNH� LQ� WKH� -RQHV� �����E��PRGHO��7KLV� OHYHO

HIIHFW��JURZWK�WR�D�KLJKHU�FRQVXPSWLRQ�OHYHO�GXULQJ�WKH�VKRFN�DQG�HTXDO�JURZWK�UDWHV�DIWHUZDUGV�

\LHOGV�D�139�RI�FRQVXPSWLRQ�KLJKHU�WKDQ�LQ�WKH�EHQFKPDUN�FDVH���

6FHQDULR�IRXU��¶QR�VSLOORYHUV·��DVVXPHV�WKDW� WKH� LQGXVWULHV� LQYHVW�DV�PXFK� LQ�5	'�DV� LQ� WKH

EHQFKPDUN� FDVH� DQG� H[SHULHQFH� WKH� VDPH� SURGXFWLYLW\� HIIHFWV� RI� WKHLU� RZQ� 5	'�� EXW� FDQQRW

EHQHILW� IURP� NQRZOHGJH� VSLOORYHUV� IURP� RWKHU� LQGXVWULHV� �DOO� ηV� DUH� VHW� WR� ]HUR��� 7KLV� KDV� D
VLJQLILFDQW� QHJDWLYH� HIIHFW� RQ� WKH� ORQJ�UXQ� JURZWK� UDWH�� )XUWKHU�� WKH� 139� RI� FRQVXPSWLRQ� LV

FRQVLGHUDEO\� ORZHU��7KLV� GRHV� QRW� FRPH� DV� D� VXUSULVH� DV� VSLOORYHU�LQGXFHG�SURGXFWLYLW\� JURZWK

FRPHV�GRHV�QRW�UHTXLUH�DQ\�VDFULILFH�RI�FXUUHQW�FRQVXPSWLRQ�

7KH�ILQDO�VFHQDULR��¶QR�5	'·��VLPSO\�DVVXPHV�WKDW�QR�5	'�LV�XQGHUWDNHQ�DW�DOO��7KH�UHVXOWV

DUH�FOHDU��WKH�HFRQRP\�LV�FDXJKW�LQ�D�VWDWLRQDU\�VLWXDWLRQ�ZLWKRXW�JURZWK��7KH�YHU\�ORZ�139�RI

IXWXUH�FRQVXPSWLRQ�LV�JHQHUDWHG�E\�D�VWDEOH�VHULHV�RI�FRQVXPSWLRQ�OHYHOV���

��F 2SWLPDO�5	'�LQWHQVLWLHV

2QH� RI� WKH� PRVW� LPSRUWDQW� LVVXHV� HPHUJLQJ� IURP� HQGRJHQRXV� JURZWK� WKHRU\� LV� WKDW� 5	'

LQYHVWPHQW�PD\� EH� WRR� ORZ�� GXH� WR� WKH� IDFW� WKDW� SURILW�PD[LPL]LQJ� ILUPV� GR� QRW� WDNH� SRVLWLYH

HIIHFWV� RI� VSLOORYHUV� LQWR� DFFRXQW� �VHH� 6HFWLRQ� ���� ,Q� WKH� SUHVHQW� PRGHO�� LQGXVWULHV� DUH� QRW

PD[LPL]LQJ�WKHLU�SURILWV��EXW�GHWHUPLQH�WKHLU�5	'�H[SHQGLWXUHV�DFFRUGLQJ�WR�D�YHU\�VLPSOH�UXOH

RI�WKXPE��7KLV�DVVXPSWLRQ�FUHDWHV�WKH�SRVVLELOLW\�WKDW�WRR�PXFK�UHVRXUFHV�DUH�GHYRWHG�WR�5	'�

LUUHVSHFWLYH�RI�DQ\�FUHDWLYH�GHVWUXFWLRQ�SURFHVVHV�DW�WKH�PLFUR�HFRQRPLF�OHYHO��,Q�WKH�IUDPHZRUN

RI� WKH� ,2� JURZWK� PRGHO�� RYHULQYHVWPHQW� LV� FDXVHG� E\� WRR� ODUJH� D� VDFULILFH� RI� FXUUHQW

FRQVXPSWLRQ�� ,Q� WKLV� VHFWLRQ�� ,�ZDQW� WR� VWUHVV� WKH� LPSRUWDQFH�RI�ERWK�GLIIHUHQFHV� DQG� OLQNDJHV

EHWZHHQ�LQGXVWULHV�IRU�WKH�LVVXH�RI�RSWLPDO�LQYHVWPHQW�LQ�5	'��$ORQJ�WKH�ZD\��WKH�LQIOXHQFH�RI

FKDQFH�RQ�WKH�RXWFRPHV�RI�SRVVLEOH��SROLF\�LQGXFHG�RU�QRW��ZLOO�EH�SRLQWHG�DW�

,Q� )LJXUH� ��� D� ODUJH� QXPEHU� RI� VLPXODWLRQV� DUH� VXPPDUL]HG�� 7KH� EHQFKPDUN� SDUDPHWHU

FRQILJXUDWLRQ�ZDV�PDLQWDLQHG��H[FHSW�IRU�WKH�5	'�LQWHQVLW\�RI�WKH�KLJK�WHFK�LQGXVWU\����)RU�HDFK

RI� WKH� ��� YDOXHV� UDQJLQJ� IURP� θ
�

 ���� WR� θ
�

 ����� WZHQW\� VLPXODWLRQ� UXQV� ZHUH� GRQH� IRU� ���

SHULRGV��7KH�UHVXOWLQJ�QHW�SUHVHQW�YDOXHV�RI�FRQVXPSWLRQ�ZHUH�FRPSXWHG�DQG�DYHUDJHG�RYHU�WKH

WZHQW\� UXQV� IRU� WHQ� GLVFRXQW� UDWHV�� UDQJLQJ� IURP� δ ����� WR� δ ������ $OO� DYHUDJH� 193V� ZHUH

                                                          
�� 2I�FRXUVH��WKLV�ZHOIDUH�LPSURYHPHQW�LV�VWURQJO\�GHSHQGHQW�RQ�WKH�VXSSRVHG�GLVFRXQW�UDWH��7KLV�LVVXH�ZLOO�EH�GHDOW

ZLWK�EHORZ�
�� 7KH� YHU\� VPDOO� DYHUDJH� JURZWK� UDWHV� DQG� WKH� SRVLWLYH� VWDQGDUG� GHYLDWLRQV� DSSHDU� WR� KDYH� EHHQ� FDXVHG� E\

LQQRYDWLRQV�LQ�WKH�YHU\�ILUVW�SHULRG��GXH�WR�DQ�HUURU�LQ�WKH�LQLWLDOL]DWLRQ�YDOXHV��7KLV�ZLOO�EH�FRUUHFWHG�LQ�WKH�QH[W

YHUVLRQ�
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GLYLGHG�E\� WKH�PD[LPXP�193� IRXQG� IRU� WKH� FRUUHVSRQGLQJ�GLVFRXQW� UDWH�� WR� VHH�ZKLFK�5	'

LQWHQVLW\�LV�RSWLPDO�

)LJXUH��
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7KH�PD[LPXP�193V�DUH�PDUNHG�E\�¶WRS·��WR�LQGLFDWH�WKDW�WKH�GLDJUDP�LV�D�SURMHFWLRQ�RI�D�WKUHH�

GLPHQVLRQDO� JUDSK� RQ� D� WZR�GLPHQVLRQDO� SODQH�� $� ILUVW� FRQFOXVLRQ� LV� WKDW� WKH� RSWLPDO� 5	'

LQWHQVLW\�LV�VHQVLWLYH�WR�WKH�GLVFRXQW�UDWH�LQGHHG��)RU�ORZ�GLVFRXQW�UDWHV��WKH�RSWLPDO�θ
�

� LV�DERXW

������ IRU� KLJK� GLVFRXQW� UDWHV� LW� LV� UHGXFHG� WR� DERXW� ������ 7KLV� LQGLFDWHV� WKDW� WKH� K\SRWKHWLFDO

HFRQRP\�FRQVLGHUHG�FRXOG� LPSURYH�RQ� WKH�EHQFKPDUN�FRQILJXUDWLRQ�E\�NHHSLQJ�DOO�SDUDPHWHUV

FRQVWDQW�DQG�LQFUHDVLQJ�LQGXVWU\��·V�5	'�LQWHQVLW\�IURP������WR�D�VOLJKWO\�KLJKHU�YDOXH��7KH�ORVV

RI�VWLFNLQJ�WR�WKH�FXUUHQW�LQWHQVLW\�ZRXOG�QRW�EH�VR�ODUJH��WKRXJK��VHHLQJ�WKDW�WKH�JUDGLHQWV�WR�WKH

WRS� �IURP� EHORZ� DQG� DERYH�� DUH� QRW� H[WUHPHO\� VWHHS�� HYHQ� DW� ORZ� GLVFRXQW� UDWHV�� WKH� 139

FRUUHVSRQGLQJ�WR�θ
�

 ����H[FHHGV�����RI�WKH�PD[LPXP�DWWDLQDEOH�OHYHO�

7R� LQGLFDWH� WKH� HIIHFWV� RI� GLIIHUHQFHV� EHWZHHQ� LQGXVWULHV�� ,� SUHVHQW� D� VLPLODU� GLDJUDP� IRU

PHGLXP�WHFK�LQGXVWU\���LQ�)LJXUH����,W�VKRXOG�EH�QRWHG�WKDW�WKH����VLPXODWLRQ�YDOXHV�IRU�LQGXVWU\

�·V�5	'�LQWHQVLW\�YDU\�RYHU�D�PXFK�VPDOOHU�UDQJH�������������WKDQ�IRU�LQGXVWU\���LQ�)LJXUH��������

������,Q�D�UHODWLYH�VHQVH��KRZHYHU��WKH�UDQJH�LQ�)LJXUH���LV�ODUJHU��θ
�

�LV�DOORZHG�WR�JHW�����WLPHV�DV

ODUJH� DV� LQ� WKH� EHQFKPDUN� FRPSDUHG� WR� ���� IRU� θ
�

�� 7KH� SDWWHUQ� RI� RSWLPDO� 5	'� LQWHQVLWLHV

GLPLQLVKLQJ�ZLWK� WKH�GLVFRXQW� UDWH� LV�FRQILUPHG��7KH�JUDGLHQWV� WR� WKH�RSWLPDO�YDOXHV��KRZHYHU�

DUH�PXFK�IODWWHU�WKDQ�IRU�LQGXVWU\����)RU�ODUJH�UDQJHV�RI�θ
�

��WKHUH�LV�QRW�HYHQ�PRQRWRQLFLW\��7KLV

PD\� VHHP� VWUDQJH� DW� ILUVW� VLJKW�� EXW� LW� LV� D� UHIOHFWLRQ� RI� WKH� SRWHQWLDO� HIIHFWV� RI� FKDQFH� RQ� WKH

HYHQWXDO�VXFFHVV�RI�FKDQJHV� LQ� LVVXHV�UHODWHG�WR�VWRFKDVWLF�5	'�SURFHVVHV��UXQV� IRU�WKH�YDULRXV

θ
�

V� ZHUH� IHG� ZLWK� GLIIHUHQW� UDQGRP� VHHGV�� &RQVHTXHQWO\�� UHODWLYHO\� PDQ\� UXQV� ZLWK� ¶HDUO\·
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FRQVXPSWLRQ�HQKDQFLQJ� LQQRYDWLRQV� LQ� D� VHULHV�RI� WZHQW\� UXQV� FRXOG� \LHOG� D�KLJKHU� GLVFRXQWHG

YDOXH� RI� FRQVXPSWLRQ� WKDQ� IRU� DQRWKHU� VHULHV� ZLWK� D� θ
� �

FORVHU� WR� WKH� RSWLPXP�� 7KH� PRVW

LPSRUWDQW� FRQFOXVLRQ� WR� EH� GUDZQ� IURP� )LJXUH� ��� KRZHYHU�� LV� WKDW� WKH� ORVV� RI� FKRRVLQJ� �RU

LQGXFLQJ�E\�SROLF\�PHDVXUHV��D�VXERSWLPDO�5	'�LQWHQVLW\�LV�PXFK�VPDOOHU�IRU�LQGXVWU\���WKDQ�IRU

LQGXVWU\� ���7KLV� LV� GXH� WR� WKH� IDFW� WKDW� LQFUHDVLQJ�θ
�

� E\� D� JLYHQ�SHUFHQWDJH� LQYROYHV�PXFK� OHVV

RSSRUWXQLW\�FRVWV�WKDQ�LQFUHDVLQJ�θ
�

�E\�WKH�VDPH�SHUFHQWDJH��7KH�LQWURGXFWLRQ�RI�PRUH�LQGXVWU\�

VSHFLILF�LQSXWV�WKDQ�KRPRJHQHRXV�ODERU�ZRXOG�SUREDEO\�GLPLQLVK�WKLV�GLIIHUHQFH��:KDW�UHPDLQV�

WKRXJK�� LV�WKH�UHVXOW�WKDW� LQGXVWU\�VSHFLILF�WHFKQRORJLFDO�RSSRUWXQLWLHV� �UHIOHFWHG� LQ�WKH� LQGXVWU\�

VSHFLILF�SDUDPHWHUV�α�DQG�γ��\LHOG�VXEVWDQWLDOO\�GLIIHUHQW�RSWLPDO�5	'�LQWHQVLWLHV�
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1

7KH� ,2� JURZWK� PRGHO� DOVR� SURYLGHV� RSSRUWXQLWLHV� WR� VHH� KRZ� VHQVLWLYH� WKH� RSWLPDO� 5	'

LQWHQVLWLHV� DUH� WR� WKH�SURGXFWLYLW\�HQKDQFLQJ�HIIHFWV�RI�NQRZOHGJH� VSLOORYHUV� IURP�RQH�RU�PRUH

VSHFLILF� LQGXVWULHV�� ,W� FRXOG� EH� H[SHFWHG� WKDW� VWURQJHU� SRVLWLYH� HIIHFWV� VKRXOG� OHDG� WR� KLJKHU

RSWLPDO�LQWHQVLWLHV�IRU�WKH�LQGXVWU\�ZKLFK�JHQHUDWHV�WKH�VSLOORYHUV��VLQFH�WKH�UHVW�RI�WKH�HFRQRP\

ZRXOG�EHQHILW�PRUH�IURP�D�JLYHQ�VDFULILFH�RI�FXUUHQW�FRQVXPSWLRQ��7KH�HIIHFWV�IRU�WKH�RSWLPDO

LQWHQVLWLHV�RI�VSLOORYHU�UHFHLYLQJ�LQGXVWULHV�LV�OHVV�FOHDU��7R�LQYHVWLJDWH�WKHVH�LVVXHV��,�PXOWLSOLHG�WKH

SURGXFWLYLW\�HIIHFWV�RI�WKH�VSLOORYHUV�JHQHUDWHG�E\�KLJK�WHFK�LQGXVWU\����η
�M

��M ������E\�WKH�YDOXHV

������������������������DQG���DQG�DJDLQ� UDQ� WZHQW\� VLPXODWLRQV� IRU�YDU\LQJ�5	'� LQWHQVLWLHV��7KH

139V�RI�IXWXUH�FRQVXPSWLRQ�UHODWLYH�WR�WKHLU�PD[LPXP�YDOXH��δ ������DUH�SORWWHG�LQ�)LJXUHV��
�IRU�WKH�VSLOORYHU�JHQHUDWLQJ�LQGXVWU\����DQG����IRU�WKH�VSLOORYHU�UHFHLYLQJ�LQGXVWU\����
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)LJXUH��

)LJXUH���VKRZV� WKDW� WKH�VLPXODWLRQ�UHVXOWV�FRQILUP�WKH�H[SHFWDWLRQV�ZLWK� UHJDUG� WR� WKH�RSWLPDO

5	'� LQWHQVLW\� IRU� WKH� VSLOORYHU�JHQHUDWLQJ� LQGXVWU\�� DW� YHU\� ORZ� SURGXFWLYLW\� HIIHFWV� �DW� OHDVW

FRPSDUHG� WR� WKH� EHQFKPDUN��θ
�

� VKRXOG� WDNH� RQ� D� YDOXH� RI� VOLJKWO\� EHORZ� �����ZKLOH� YHU\� KLJK

SURGXFWLYLW\� HIIHFWV� RI� VSLOORYHUV� ZRXOG� ZDUUDQW� D� θ
�

� RI� DERXW� ������ )XUWKHU�� WKH� UHVXOWV� IRU

LQWHUPHGLDWH�YDOXHV�RI� WKH�ηV� LQGLFDWH� WKDW� WKLV� UHODWLRQVKLS� LV�RI� D�PRQRWRQLF�QDWXUH��)LJXUH� �
GRHV�QRW�\LHOG�VXFK�D�FOHDU�LQVLJKW�IRU�D�VSLOORYHU�UHFHLYLQJ�LQGXVWU\��7KH�RSWLPDO�5	'�LQWHQVLW\
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VHHPV�WR�LQFUHDVH�ZLWK�WKH�VSLOORYHU�HIIHFW��EXW�IRU�ODUJHU�YDOXHV�WKLV�REVHUYDWLRQ�GRHV�QRW�KROG�

7KH�RSWLPDO�YDOXH�MXPSV�XS�DQG�GRZQ��RQ�D�VXUIDFH�ZKLFK�LV�YHU\�IODW�OLNH�LQ�WKH�RWKHU�UHVXOWV�IRU

LQGXVWU\� ��� ZKLFK� ,� SUHVHQWHG� HDUOLHU� �)LJXUH� ���� 6RPH� LQGLFDWLRQ� IRU� D� V\VWHPDWLF� UHODWLRQVKLS

PLJKW� SHUKDSV� EH� GHULYHG� IURP� WKH� EHKDYLRU� RI� WKH� UHODWLYH� ORVV� LQFXUUHG� ZKHQ� IDU� WRR� IHZ

UHVRXUFHV�DUH�GHYRWHG� WR�5	'�E\� LQGXVWU\���� ,W� VHHPV� WKDW� WKH� UHODWLYH� ORVV� VORZO\�GHFUHDVHV� LI

VSLOORYHU� HIIHFWV�EHFRPH� ODUJH�� LI� WKH�GRZQZDUG�VORSLQJ� ¶LVRORVV·� OLQHV� LQ� WKH� ORZHVW�SDUW� RI� WKH

GLDJUDP�DUH�FRQVLGHUHG��7KLV�SRVVLEO\�SRLQWV�WRZDUGV�D�VLWXDWLRQ�LQ�ZKLFK�PHGLXP�WHFK�LQGXVWU\��

FRXOG� EHVW� OLPLW� LWV� 5	'� DFWLYLWLHV� WR� D� UHODWLYHO\� PRGHVW� OHYHO� DQG� UHO\� RQ� WKH� SRVLWLYH

SURGXFWLYLW\�HIIHFWV�RI�NQRZOHGJH�VSLOORYHUV�IURP�KLJK�WHFK�LQGXVWU\���� LI�WKHVH�H[FHHG�D�FHUWDLQ

WKUHVKROG�OHYHO�

)LJXUH��

7KH�ODVW� LVVXH�,�ZRXOG�OLNH�WR�GLVFXVV�LV�WKH�HIIHFW�RI�FRQVXPSWLRQ�EXQGOH�G\QDPLFV�RQ�RSWLPDO

5	'� LQWHQVLWLHV� DQG� ORQJ�UXQ� JURZWK� UDWHV�� $� VKLIW� WRZDUGV� FRQVXPSWLRQ� RI� WKH� KLJK�WHFK

FRPPRGLW\�LV�OLNHO\�WR�\LHOG�KLJKHU�UHDO�*'3�JURZWK��VLQFH�D�ODUJHU�VKDUH�RI�ODERU�ZLOO�EH�DFWLYH�LQ

DFWLYLWLHV�ZLWK�KLJK�SURGXFWLYLW\� JURZWK��$Q� LQWHUHVWLQJ� TXHVWLRQ� LV�ZKHWKHU� VXFK� D� VKLIW�ZRXOG

DOVR�DIIHFW�WKH�RSWLPDO�5	'�LQWHQVLW\�RI�WKLV�LQGXVWU\��$FFRUGLQJ�WR�HTXDWLRQ�������LQFUHDVLQJ�WKH

VFDOH� RI� WKH� VSLOORYHU�SURGXFLQJ� LQGXVWU\� UHODWLYH� WR� WKH� RWKHU� LQGXVWULHV� ZRXOG� HQKDQFH� WKH

SURGXFWLYLW\� HIIHFW� RI� WKHVH� VSLOORYHUV�� &RQVHTXHQWO\�� RQH� FRXOG� H[SHFW� WKDW� WKH� RSWLPDO� 5	'

LQWHQVLW\� RI� WKH� PDLQ� VSLOORYHU�SURGXFHU� ZRXOG� LQFUHDVH� ZLWK� LWV� VL]H�� NHHSLQJ� WKH� UHVXOWV� IRU

YDULRXV�VSLOORYHU�HIIHFWV��)LJXUH����LQ�PLQG�

7KH� UHVXOWV� DUH� LQ� )LJXUHV� �� DQG� ���� 7KH� KRUL]RQWDO� D[HV� RI� ERWK� ILJXUHV� UHSUHVHQW� WKH

FRQVXPSWLRQ�VKDUH�RI�WKH�KLJK�WHFK�LQGXVWU\���DW�LQILQLWH�FRQVXPSWLRQ�OHYHOV��E
�
���7R�VDWLVI\�WKH

0.1 0.2 0.3 0.4 0.5 0.6 0.7
0

0.05

0.1

0.15

0.2

0.25

asymptotic consumption share industry 2

th
et

a-
2

Optimal R&D intensities (industry 2), various consumption compositions

<0.9

top

top
top

top top

0.9

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

0.99



26

DGGLQJ�XS�FRQVWUDLQW�RI�FRQVXPSWLRQ�VKDUHV��,�DVVXPH�WKDW�DQ�LQFUHDVH�RI�LQGXVWU\��·V�DV\PSWRWLF

VKDUH�OHDGV�WR�D�GHFUHDVH�RI�WKH�RWKHU�IRXU�VKDUHV�LQ�SURSRUWLRQ�WR�WKHLU�EHQFKPDUN�YDOXHV��7KH

UHVXOWV�LQ�)LJXUH���DUH�FOHDU��7KH�RSWLPDO�5	'�LQWHQVLW\��DV�IRXQG�IRU�D�GLVFRXQW�UDWH�RI�������LV

KDUGO\�DIIHFWHG�E\�WKH�FRQVXPSWLRQ�VKDUHV��,I�WKHUH�LV�DQ\�HIIHFW��LW�LV�D�QHJDWLYH�HIIHFW��ZKLFK�LV

FRQWUDU\�WR�P\�DERYH�IRUPXODWHG�H[SHFWDWLRQ��0RUH�LQ�OLQH�ZLWK�WKLV�H[SHFWDWLRQ�LV�WKH�UHVXOW�WKDW

WKH�ORVV�LQFXUUHG�E\�LQYHVWLQJ�WR�OLWWOH�LQ�5	'�VHHPV�WR�LQFUHDVH�ZLWK�WKH�FRQVXPSWLRQ�VKDUH�RI

LQGXVWU\���

)LJXUH���

$OWKRXJK� WKH� RSWLPDO� 5	'� LQWHQVLW\� GRHV� QRW� DSSHDU� WR� EH� YHU\� VHQVLWLYH� LQ� WKH� VLPXODWLRQ

UHVXOWV�� )LJXUH� ��� VKRZV� WKDW� WKH� ORQJ�UXQ� JURZWK� UDWH� RI� UHDO� *'3� FDQ� EH� DIIHFWHG� WR� D

VXEVWDQWLDO� H[WHQW�� )RU� KLJK� FRQVXPSWLRQ� VKDUHV� RI� WKH� KLJK�SURGXFWLYLW\� JURZWK� LQGXVWU\�

UHODWLYHO\� ORZ�5	'�LQWHQVLWLHV�VXIILFH�WR�DWWDLQ�D�JLYHQ�JURZWK�UDWH��2I�FRXUVH� WKLV� UHVXOW� LV�QRW

VXUSULVLQJ�� EXW� LW� FDQ� KDYH� LPSRUWDQW� SROLF\� LPSOLFDWLRQV�� LQ� SDUWLFXODU� ZKHQ� DQ� HFRQRP\� LV

FRQVLGHUHG� ZKLFK� FRPSHWHV� IRU� PDUNHW� VKDUH� ZLWK� RWKHU� FRXQWULHV�� ,Q� WKDW� FDVH�� H[WUD� H[SRUW

GHPDQG�IRU�KLJK�WHFK�FRPPRGLWLHV�ZRXOG�EH�HTXLYDOHQW�WR�D�KLJKHU�FRQVXPSWLRQ�VKDUH�RI�WKHVH

SURGXFWV��,Q�WKH�FRQFOXGLQJ�VHFWLRQ��,�ZLOO�GHDO�ZLWK�VRPH�SRVVLEO\�ZRUWKZKLOH�H[WHQVLRQV�RI�WKH

PRGHO��RQH�RI�ZKLFK�LV�WR�LQFRUSRUDWH�LQWHUQDWLRQDO�WUDGH�
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�� &RQFOXVLRQV

7KLV�SDSHU�VWDUWHG�RII�ZLWK�/HRQWLHI·V��������VWDWHPHQW�WKDW�WKH�PDLQ�WDVN�RI�,2�DQDO\VWV�VKRXOG

EH�WR�SURYLGH�WRROV�ZKLFK�FRXOG�UHGXFH�WKH�ZLGHQLQJ�JDS�EHWZHHQ�DEVWUDFW�HFRQRPLF�WKHRU\�DQG

IDFWXDO�REVHUYDWLRQ�� ,Q� WKH�SUHYLRXV� VHFWLRQV� ,�SUHVHQWHG�D�G\QDPLF� ,2�PRGHO�ZKLFK�SUHVHUYHV

VRPH� RI� WKH� FKDUDFWHULVWLF� HOHPHQWV� RI� D� UHODWLYHO\� UHFHQW� DVSHFW� RI� PDLQVWUHDP� WKHRU\

�HQGRJHQRXV�JURZWK� WKHRU\��DQG� VKRZHG� WKDW� LW� \LHOGV� LQWXLWLYHO\�SODXVLEOH� UHVXOWV� LQ� VLPXODWLRQ

H[SHULPHQWV��7KH�PDLQ�PHVVDJH� RI� WKH�PRGHO� LV� WKDW� GLIIHUHQFHV� EHWZHHQ� LQGXVWULHV� DV�ZHOO� DV

WKHLU� HFRQRPLF� DQG� WHFKQRORJLFDO� OLQNDJHV� PDWWHU� IRU� 5	'�GULYHQ� ORQJ� UXQ� JURZWK� UDWHV�� $V

VXFK��RQH�FRXOG�VD\�WKDW�HQGRJHQRXV�JURZWK�WKHRU\�JDLQV�IURP�DQ�H[SOLFLW�,2�DSSURDFK��,W�PXVW

EH�DGPLWWHG��KRZHYHU��WKDW�WKH�PRGHO� LWVHOI�KDV�OLWWOH�WR�VD\�WR�SROLF\PDNHUV�ZKR�DUH�IDFHG�ZLWK

GHFLVLRQ� SUREOHPV� ZLWK� UHJDUG� WR� HQKDQFLQJ� WKH� LQQRYDWLYHQHVV� RI� SDUWLFXODU� LQGXVWULHV� RU

VXSSRUWLQJ� WKUHDWHQHG� LQGXVWULHV� ZLWK� D� VXEVWDQWLDO� FRQWULEXWLRQ� WR� QDWLRQDO� �RU� UHJLRQDO�

HFRQRPLHV�LQ�WHUPV�RI�RXWSXW�RU�HPSOR\PHQW��7KH�PRGHO�LV�VLPSO\�WR�VLPSOLILHG��DQG�UHVXOWV�IRU

K\SRWKHWLFDO�HFRQRPLHV�GR�QRW�WHOO�XV�WRR�PXFK�LQ�UHODWLRQ�WR�UHDO�HFRQRPLHV��,Q�WKLV�FRQFOXGLQJ

VHFWLRQ��,�ZLOO�WKHUHIRUH�SRLQW�RXW�VRPH�RSSRUWXQLWLHV�IRU�IXUWKHU�UHVHDUFK��RI�ZKLFK�,�WKLQN�WKDW

VXFFHVVIXO�FRPSOHWLRQ�FRXOG�LQFUHDVH�WKH�SUDFWLFDO�UHOHYDQFH�RI�ERWK�HQGRJHQRXV�JURZWK�WKHRU\

DQG�,2�DQDO\VLV���

)LUVW�� WKH�PRGHO� FRQWDLQV� RQO\� WZR� W\SHV� RI� LQSXWV�� ODERU� DQG� LQWHUPHGLDWH� LQSXWV�� 7KLV� LV

FOHDUO\� DW� RGGV� ZLWK� UHDOLW\�� LQ� ZKLFK� PDQ\� W\SHV� RI� GXUDEOH� FDSLWDO� LQSXWV� DUH� XVHG� LQ� ERWK

SURGXFWLRQ� SURFHVVHV� DQG� 5	'� DFWLYLWLHV�� 6RPH� SUHOLPLQDU\� H[SHULPHQWV� �ZKLFK� DUH� QRW

GRFXPHQWHG�LQ�WKLV�SDSHU��LQGLFDWHG�WKDW�LQFOXVLRQ�RI�FDSLWDO�JRRGV�DQG�DVVRFLDWHG�SURILWV�VKRXOG

EH� SRVVLEOH� LQ� WKH� IUDPHZRUN� RI� WKLV� PRGHO�� 2QH� FRXOG�� IRU� H[DPSOH�� WKLQN� RI� D� WZR�VWDJH

LQYHVWPHQW�GHFLVLRQ�SURFHVV� LQ�ZKLFK�DQ� LQGXVWU\�VSHFLILF� IUDFWLRQ�RI�SURILWV� IURP�WKH�SUHYLRXV

SHULRG� LV� UHWDLQHG� IRU� WRWDO� LQYHVWPHQW����*LYHQ� WKH� LQYHVWPHQW� EXGJHW� UHVXOWLQJ� IURP� WKLV� ILUVW

VWDJH�� LQGXVWULHV� VSHQG�D� IL[HG� IUDFWLRQ�RI� WKLV�EXGJHW�RQ�5	'��7KLV�GHFLVLRQ� LPSOLHV� D� FKRLFH

EHWZHHQ�HQODUJLQJ�IXWXUH�SURGXFWLYH�FDSDFLW\�DQG�ORZHULQJ�IXWXUH�ODERU�UHTXLUHPHQWV��1H[W�WR�WKH

VLQJOH�FRQVWUDLQW�RQ�FRQVXPSWLRQ�LQ�WKH�SUHVHQW�PRGHO��WKH�ODERU�FRQVWUDLQW���DW�OHDVW�Q�DGGLWLRQDO

FDSDFLW\�FRQVWUDLQWV�VKRXOG�EH�LQFOXGHG��$�PHFKDQLVP�LQ�ZKLFK�WKH�Q�SURILW�UDWHV�DUH�VHQVLWLYH�WR

WKH� XWLOL]DWLRQ� UDWHV� RI� WKH� Q� FDSLWDO� VWRFNV� DQG� WKH� DJJUHJDWH� XQHPSOR\PHQW� UDWH� VKRXOG� EH

H[SHFWHG�WR�HQVXUH�D�W\SH�RI�JURZWK�F\FOH��7KH�SUHOLPLQDU\�H[SHULPHQWV��KRZHYHU��VXIIHUHG�IURP

¶IDWDO·�VKRUW�WHUP�LQVWDELOLWLHV�ZKLFK�RFFXU�ZKHQ�WKH�PRGHO�VZLWFKHV�IURP�D�¶FDSDFLW\�RI�LQGXVWU\�L�

FRQVWUDLQHG·� PD[LPXP� FRQVXPSWLRQ� OHYHO� WR� D� ¶FDSDFLW\� RI� LQGXVWU\� M�FRQVWUDLQHG·� PD[LPXP

FRQVXPSWLRQ�OHYHO�

                                                          
�� 7KH�DEVHQFH�RI�SURGXFW�LQQRYDWLRQV�ZDV�PHQWLRQHG�HDUOLHU�DQG�ZLOO�QRW�EH�GLVFXVVHG�IXUWKHU�KHUH�
�� $OWHUQDWLYHO\�RQH�FRXOG�DUJXH�WKDW�KRXVHKROGV�VDYH�D�IL[HG�IUDFWLRQ�RI�QRQ�ZDJH�LQFRPH�DQG�DOORFDWH�WKHVH�IXQGV

WR� WKH� LQGXVWULHV� LQ� SURSRUWLRQ� WR� WKHLU� VKDUH� LQ� DJJUHJDWH� SURILWV�� 6HH�'HUYLV� HW� DO�� ������� S�� ����� IRU� D�PRUH

GHWDLOHG�GLVFXVVLRQ�
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0RGHOLQJ� FDSLWDO� VWRFNV� GRHV� QRW� RQO\� UHQGHU� WKH�PRGHO�PRUH� UHDOLVWLF�� LW� LV� DOVR� D� ZD\� WR

LQFRUSRUDWH� LQGXVWU\�VSHFLILF� FRQVWUDLQWV� RQ� SURGXFWLRQ� DQG� FRQVXPSWLRQ�� $� SRWHQWLDOO\

ZRUWKZKLOH�DOWHUQDWLYH�ZLWK�D�PRUH�RU�OHVV�VLPLODU�QDWXUH�ZRXOG�EH�WR�LQWURGXFH�YDULRXV�W\SHV�RI

ODERU��ZKLFK�DUH� UHTXLUHG� LQ�GLIIHUHQW� LQGXVWU\�VSHFLILF�SURSRUWLRQV�� ,I� RQH�ZRXOG�� IRU� LQVWDQFH�

PDNH� WKH�DVVXPSWLRQ� WKDW� DOO�5	'�DFWLYLWLHV� DQG�KLJK�WHFK�SURGXFWLRQ� UHTXLUH� UHODWLYHO\� VFDUFH

KLJKO\�VNLOOHG�HQJLQHHUV��5	'�GHFLVLRQV�E\�PHGLXP�WHFK�LQGXVWULHV�DUH�OLNHO\�WR�KDYH�PXFK�PRUH

LPSDFW�WKDQ�LQ�WKH�VLPXODWLRQV�,�SUHVHQWHG�LQ�WKLV�SDSHU��7KH�LQFOXVLRQ�RI�VHYHUDO�VNLOO�FDWHJRULHV

ZRXOG� DOVR� DOORZ� IRU� ,2�DSSURDFKHV� WR� WKH� FODVV� RI� QRQ�6FKXPSHWHULDQ� HQGRJHQRXV� JURZWK

PRGHOV� ZKHUH� HFRQRPLHV� JURZ� DV� D� FRQVHTXHQFH� RI� LQYHVWPHQW� LQ� KXPDQ� FDSLWDO�� 7KH� PRVW

VWUDLJKWIRUZDUG� ZD\� WR� WDNH� KXPDQ� FDSLWDO� IRUPDWLRQ� LQWR� DFFRXQW� VHHPV� WR� EH� WR� VSHFLI\� DQ

HGXFDWLRQ�LQGXVWU\��ZKLFK�FDQ�EH�ILQDQFHG�E\�WD[HV�OHYLHG�RQ�SURGXFWLRQ�RU�FRQVXPSWLRQ�

$�ILQDO�ZRUG�RQ�H[WHQVLRQV�RI�WKH�PRGHO�WR�PDNH�LW�PRUH�VXLWDEOH�IRU�SROLF\PDNLQJ�FRQFHUQV

WKH�PRGHOLQJ�RI�LQWHUQDWLRQDO�WUDGH��,Q�SDUWLFXODU�IRU�PRVW�(XURSHDQ�DQG�$VLDQ�FRXQWULHV��HIIHFWV

RI� QHZO\� FUHDWHG� WHFKQRORJ\� RQ� H[SRUW� SHUIRUPDQFH� VKRXOG� EH� LQFOXGHG�� VLQFH� WKHLU� RSHQQHVV

FDXVHV�D�VWURQJ�UHODWLRQ�EHWZHHQ�H[SRUWV�DQG�JURZWK��,QFRUSRUDWLRQ�RI�WHFKQRORJ\�H[SRUWV� OLQNV

LV�OLNHO\�WR�RYHUWXUQ�WKH�VLPXODWLRQ�UHVXOW�WKDW�WKH�RSWLPDO�5	'�LQWHQVLWLHV�DUH�TXLWH�LQVHQVLWLYH�WR

WKH�VKDUHV�RI�LQGXVWULHV�LQ�WRWDO�SURGXFWLRQ��VLQFH�ORVV�RI�ZRUOG�PDUNHW�VKDUH�LQ�KLJK�YDOXH�DGGHG

LQGXVWULHV� FRXOG� UHVXOW�� ,Q� P\� YLHZ�� D� QDWXUDO� ZD\� WR� SURFHHG� LQ� WKLV� GLUHFWLRQ� ZRXOG� EH� WR

LQWHJUDWH� WKH�5	'�GULYHQ�PRGHO� LQ� WKLV�SDSHU�ZLWK� D�PRGLILHG� YHUVLRQ� RI� WKH� WZR�FRXQWU\� ,2

JURZWK�PRGHO�UHFHQWO\�SURSRVHG�E\�/RV�	�9HUVSDJHQ���������,Q�WKH�ODWWHU�PRGHO��PDUNHW�VKDUHV

DUH�GHSHQGHQW�RQ�GLIIHUHQWLDOV�LQ�WHFKQRORJ\��ZKLFK�DUH�ZLGHQHG�E\��H[RJHQRXV��LQQRYDWLRQ�LQ�WKH

OHDGLQJ�FRXQWU\�DQG� UHGXFHG�GXH� WR� LQWUD�LQGXVWU\� NQRZOHGJH� VSLOORYHUV� WR� WKH� ODJJLQJ� FRXQWU\�

)XUWKHU�� WKH� IHHGEDFN� HIIHFWV�RI� WHFKQRORJ\� RQ� HQGRJHQRXV� VSHFLDOL]DWLRQ� SDWWHUQV�� EDODQFH�RI�

SD\PHQWV� �GLV�HTXLOLEULD� DQG� H[FKDQJH� UDWH� PRYHPHQWV� FDQ� EH� VWXGLHG�� (QGRJHQL]LQJ� WKH

FDSDELOLWLHV�WR�LQQRYDWH�DQG�WR�DEVRUE�NQRZOHGJH�VSLOORYHUV�E\�GHYRWLQJ�SDUW�RI�WKH�UHVRXUFHV�WR

5	'�PD\�SURYH�D�XVHIXO�LPSURYHPHQW�

,� VDYHG� D�EULHI� GLVFXVVLRQ�RI� WKH�KLJKHVW�KXUGOH�ZLWK� UHJDUG� WR�SUDFWLFDO� LPSOHPHQWDWLRQ�RI

WKHVH�PRGHOV� WR� WKH� HQG��:LGHO\� SXEOLVKHG� LQSXW�RXWSXW� WDEOHV�� GDWD� RQ� LQWHUQDWLRQDO� WUDGH� E\

LQGXVWU\� DQG� GDWD� RQ� 5	'� H[SHQGLWXUHV� E\� LQGXVWU\� PD\� ZHOO� EH� VXIILFLHQW� WR� SUHSDUH� LQLWLDO

YDULDEOH� FRQILJXUDWLRQV� WKDW� UHVHPEOH� DFWXDO� HFRQRPLHV� UHDVRQDEO\� ZHOO���� 1HYHUWKHOHVV�� WKH

UHOLDELOLW\�RI�VLPXODWLRQ�UHVXOWV�ZLOO�EH�TXHVWLRQDEOH�DV�ORQJ�DV�WKH�SDUDPHWHUV�OLQNLQJ�SURGXFWLYLW\

JURZWK� WR�5	'�HIIRUWV� DUH� QRW� IL[HG� DW� VHQVLEOH� YDOXHV��7KH� SUREOHP� LV� WKDW� HPSLULFDO� VWXGLHV

FRPH�XS�ZLWK�UDWHV�RI�UHWXUQ�WR�¶RZQ·�5	'�DQG�5	'�VSLOORYHUV�ZKLFK�YDU\�DFURVV�VXFK�D�ZLGH

UDQJH� WKDW� LW� LV� LPSRVVLEOH� WR� WHOO� ZKDW� YDOXHV� DUH� VHQVLEOH� DQG� ZKLFK� DUH� QRW���� 7KHUHIRUH�

FRQWLQXHG� UHVHDUFK� HIIRUWV� DQG� VWURQJ� LQWHUDFWLRQV� EHWZHHQ� JURZWK� WKHRULVWV�� LQSXW�RXWSXW

                                                          
�� 6HH�H�J��WKH�2(&'�,2��67$1��%7'�DQG�$1%(5'�GDWDEDVHV�ZKLFK�GLVWLQJXLVK�EHWZHHQ�DERXW����LQGXVWULHV�IRU

D�QXPEHU�RI�ZHOO�GHYHORSHG�FRXQWULHV�
�� 6XUYH\V�RI�HVWLPDWLRQ�UHVXOWV�FDQ�EH�IRXQG�LQ�1DGLUL��������DQG�0RKQHQ��������
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UHVHDUFKHUV�DQG�DSSOLHG�HFRQRPHWULFLDQV�VHHP� LQGLVSHQVDEOH� WR� WXUQ� WKH� WKHRUHWLFDO�DGYDQFHV� LQ

JURZWK�WKHRU\�LQWR�D�XVHIXO�WRRO�IRU�SROLF\PDNHUV�

5HIHUHQFHV

$JKLRQ��3K��DQG�3��+RZLWW���������´$�0RGHO�RI�*URZWK�WKURXJK�&UHDWLYH�'HVWUXFWLRQµ��(FRQRPHWULFD��YRO�
����SS����������

$JKLRQ��3K��DQG�3��+RZLWW���������(QGRJHQRXV�*URZWK�7KHRU\��&DPEULGJH�0$��0,7�3UHVV�
%DFNXV�� '�.�� 3�-�� .HKRH� DQG� 7�-�� .HKRH� �������� ´,Q� 6HDUFK� RI� 6FDOH� (IIHFWV� LQ� 7UDGH� DQG� *URZWKµ�

-RXUQDO�RI�(FRQRPLF�7KHRU\��YRO������SS����������
&DUWHU��$�3�� �������� ´&KDQJH� DV�(FRQRPLF�$FWLYLW\µ�� LQ�� $�� 6LPRQRYLWV� DQG�$�(�� 6WHHQJH� �HGV���� 3ULFHV�

*URZWK�DQG�&\FOHV��/RQGRQ��0DFPLOODQ�
&RKHQ��:�0��DQG�'�$��/HYLQWKDO���������´,QQRYDWLRQ�DQG�/HDUQLQJ��7KH�7ZR�)DFHV�RI�5	'µ��(FRQRPLF

-RXUQDO��YRO������SS����������
'HUYLV��.���-��GH�0HOR�DQG�6��5RELQVRQ���������*HQHUDO�(TXLOLEULXP�0RGHOV�IRU�'HYHORSPHQW�3ROLF\��&DPEULGJH
8.��&DPEULGJH�8QLYHUVLW\�3UHVV�

'LHW]HQEDFKHU��(�� �������� ´,Q�9LQGLFDWLRQ�RI� WKH�*KRVK�0RGHO��$�5HLQWHUSUHWDWLRQ� DV� D� 3ULFH�0RGHOµ�
-RXUQDO�RI�5HJLRQDO�6FLHQFH��YRO������SS����������

'LHW]HQEDFKHU��(��DQG�%��/RV���������´5	'�0XOWLSOLHUVµ��3DSHU�WR�EH�SUHVHQWHG�DW�WKH���WK�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�,QSXW�2XWSXW�7HFKQLTXHV��$XJXVW��������0DFHUDWD��,WDO\�

'LQRSRXORV�� (�� DQG� 3�� 7KRPSVRQ� �������� ´6FDOH� (IIHFWV� LQ� 6FKXPSHWHULDQ� 0RGHOV� RI� (FRQRPLF
*URZWKµ��-RXUQDO�RI�(YROXWLRQDU\�(FRQRPLFV��YRO�����SS����������

'XFKLQ�� )�� DQG�'�%�� 6]\OG� �������� ´$�'\QDPLF� ,QSXW�2XWSXW�0RGHO� ZLWK� $VVXUHG� 3RVLWLYH� 2XWSXWµ�
0HWURHFRQRPLFD��YRO������SS����������

(GOHU�� '�� DQG� 7�� 5LEDNRYD� �������� ´7KH� /HRQWLHI�'XFKLQ�6]\OG� '\QDPLF� ,QSXW�2XWSXW� 0RGHO� ZLWK
5HGXFWLRQ�RI�,GOH�&DSDFLW\�DQG�0RGLILHG�'HFLVLRQ�)XQFWLRQµ��6WUXFWXUDO�&KDQJH�DQG�(FRQRPLF�'\QDPLFV�
YRO�����SS����������

)UHHPDQ��&����������7KH�(FRQRPLFV�RI�,QGXVWULDO�,QQRYDWLRQ��&DPEULGJH�0$��0,7�3UHVV�
*KRVK��$����������´,QSXW�2XWSXW�$SSURDFK�LQ�DQ�$OORFDWLRQ�6\VWHPµ��(FRQRPLFD��YRO������SS��������
*ULOLFKHV��=����������´,VVXHV�LQ�$VVHVVLQJ�WKH�&RQWULEXWLRQ�RI�5HVHDUFK�DQG�'HYHORSPHQW�WR�3URGXFWLYLW\
*URZWKµ��%HOO�-RXUQDO�RI�(FRQRPLFV��YRO������SS���������

*URVVPDQ��*�0�� DQG�(��+HOSPDQ� �������� ´&RPSDUDWLYH�$GYDQWDJH� DQG� /RQJ�5XQ�*URZWKµ��$PHULFDQ
(FRQRPLF�5HYLHZ��YRO������SS����������

*URVVPDQ��*�0��DQG�(��+HOSPDQ���������´4XDOLW\�/DGGHUV�LQ�WKH�7KHRU\�RI�*URZWKµ��5HYLHZ�RI�(FRQRPLF
6WXGLHV��YRO������SS��������

+RZLWW��3����������´6WHDG\�(QGRJHQRXV�*URZWK�ZLWK�3RSXODWLRQ�DQG�5	'�,QSXWV�*URZLQJµ��-RXUQDO�RI
3ROLWLFDO�(FRQRP\��YRO�������SS����������

-DIIH��$�%�� �������� ´7HFKQRORJLFDO�2SSRUWXQLW\� DQG� 6SLOORYHUV� RI�5	'��(YLGHQFH� IURP�)LUPV·� 3DWHQWV�
3URILWV��DQG�0DUNHW�9DOXHµ��$PHULFDQ�(FRQRPLF�5HYLHZ��YRO������SS�����������

-RQHV��&�,�������D���´7LPH�6HULHV�7HVWV�RI�(QGRJHQRXV�*URZWK�0RGHOVµ��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��YRO�
�����SS����������

-RQHV��&�,�������E���´5	'�%DVHG�0RGHOV�RI�(FRQRPLF�*URZWKµ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\��YRO�������SS�
��������

-RQHV�� &�,�� �������� ´*URZWK�� :LWK� RU� :LWKRXW� 6FDOH� (IIHFWV"µ�� $PHULFDQ� (FRQRPLF� 5HYLHZ� �3DSHUV� DQG
3URFHHGLQJV���YRO������SS����������
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.DOPEDFK�� 3�� DQG�+�'��.XU]� �������� ´0LFUR�(OHFWURQLFV� DQG� (PSOR\PHQW�� $�'\QDPLF� ,QSXW�2XWSXW
6WXG\�RI�WKH�:HVW�*HUPDQ�(FRQRP\µ��6WUXFWXUDO�&KDQJH�DQG�(FRQRPLF�'\QDPLFV��YRO�����SS����������

.RUWXP��6�� �������� ´5HVHDUFK��3DWHQWLQJ�� DQG�7HFKQRORJLFDO�&KDQJHµ��(FRQRPHWULFD��YRO������SS�������
�����

.UHPHU��0����������´3RSXODWLRQ�*URZWK�DQG�7HFKQRORJLFDO�&KDQJH��2QH�0LOOLRQ�%�&�WR�����µ��4XDUWHUO\
-RXUQDO�RI�(FRQRPLFV��YRO�������SS����������

.XU]�� +�'�� DQG�1�� 6DOYDGRUL� �������� ´7KH� '\QDPLF� /HRQWLHI� 0RGHO� DQG� WKH� 7KHRU\� RI� (QGRJHQRXV
*URZWKµ��(FRQRPLF�6\VWHPV�5HVHDUFK��YRO������IRUWKFRPLQJ�

/HRQWLHI��:����������´)RUHZRUGµ��(FRQRPLFV�6\VWHPV�5HVHDUFK��YRO�����SS������
/HRQWLHI�� :�� DQG� )�� 'XFKLQ� �������� 7KH� )XWXUH� ,PSDFW� RI� $XWRPDWLRQ� RQ� :RUNHUV�� 1HZ� <RUN�� 2[IRUG
8QLYHUVLW\�3UHVV�

/HZLV��:�$�� �������� ´(FRQRPLF� 'HYHORSPHQW� ZLWK� 8QOLPLWHG� 6XSSOLHV� RI� /DERUµ��0DQFKHVWHU� 6FKRRO� RI
(FRQRPLFV�DQG�6RFLDO�6WXGLHV��YRO������SS����������

/RV��%����������7KH�,PSDFW�RI�5HVHDUFK�DQG�'HYHORSPHQW�RQ�(FRQRPLF�*URZWK�DQG�6WUXFWXUDO�&KDQJH��3K�'��WKHVLV�
8QLYHUVLW\�RI�7ZHQWH��(QVFKHGH��7KH�1HWKHUODQGV�

/RV��%��DQG�%��9HUVSDJHQ���������´7HFKQRORJ\�6SLOORYHUV�LQ�DQ�,QWHULQGXVWU\�*URZWK�0RGHO�ZLWK�1RUWK�
6RXWK�7UDGHµ��:RUNLQJ� 3DSHU��8QLYHUVLW\� RI�*URQLQJHQ�(LQGKRYHQ�8QLYHUVLW\� RI� 7HFKQRORJ\�� 7KH
1HWKHUODQGV�

0RKQHQ��3����������´7KH�(FRQRPHWULF�$SSURDFK�WR�5	'�([WHUQDOLWLHVµ��:RUNLQJ�3DSHU�������8QLYHUVLWp
GH�4XpEHF�j�0RQWUHDO��0RQWUHDO�

1DGLUL� �������� ´,QQRYDWLRQV� DQG� 7HFKQRORJLFDO� 6SLOORYHUVµ�� 1%(5� :RUNLQJ� 3DSHU� ������ 1%(5�
&DPEULGJH�0$�

2RVWHUKDYHQ��-����������´2Q�WKH�3ODXVLELOLW\�RI�WKH�6XSSO\�'ULYHQ�,QSXW�2XWSXW�0RGHOµ��-RXUQDO�RI�5HJLRQDO
6FLHQFH��YRO������SS����������

3DSDGDV�� &�7�� DQG� '�&�� 'DKO� �������� ´6XSSO\�'ULYHQ� ,QSXW�2XWSXW� 0XOWLSOLHUVµ�� -RXUQDO� RI� $JULFXOWXUDO
(FRQRPLFV��YRO������SS����������

3DVLQHWWL��/�/����������6WUXFWXUDO�&KDQJH�DQG�(FRQRPLF�*URZWK��&DPEULGJH�8.��&DPEULGJH�8QLYHUVLW\�3UHVV�
3HUHWWR��3��DQG�6��6PXOGHUV���������´6SHFLDOL]DWLRQ��.QRZOHGJH�'LOXWLRQ��DQG�6FDOH�(IIHFWV�LQ�DQ�,2�%DVHG
*URZWK�0RGHOµ��&HQW(5�'LVFXVVLRQ�3DSHU�������7LOEXUJ�8QLYHUVLW\��7KH�1HWKHUODQGV�

5RPHU��3�0����������´,QFUHDVLQJ�5HWXUQV�DQG�/RQJ�5XQ�*URZWKµ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\��YRO������SS�
����������

5RPHU��3�0�� �������� ´(QGRJHQRXV�7HFKQRORJLFDO�&KDQJHµ��-RXUQDO� RI�3ROLWLFDO�(FRQRP\�� YRO�� ���� SS�� 6���
6����

5RVH�� $�=�� DQG� 6�'�� &DVOHU� �������� ´,QSXW�2XWSXW� 6WUXFWXUDO� 'HFRPSRVLWLRQ� $QDO\VLV�� $� &ULWLFDO
$SSUDLVDOµ��(FRQRPLF�6\VWHPV�5HVHDUFK��YRO�����SS��������

6DZ\HU��-�$����������´)RUHFDVWLQJ�ZLWK�,QSXW�2XWSXW�0DWULFHV��$UH�WKH�&RHIILFLHQWV�6WDWLRQDU\"µ��(FRQRPLF
6\VWHPV�5HVHDUFK��YRO�����SS����������

6FKHUHU�� )�0�� �������� ´,QWHU�,QGXVWU\� 7HFKQRORJ\� )ORZV� DQG� 3URGXFWLYLW\� 0HDVXUHPHQWµ�� 5HYLHZ� RI
(FRQRPLFV�DQG�6WDWLVWLFV��YRO������SS����������

6HJHUVWURP��3����������´(QGRJHQRXV�*URZWK�ZLWKRXW�6FDOH�(IIHFWVµ��$PHULFDQ�(FRQRPLF�5HYLHZ��YRO������SS�
����������

6LOYHUEHUJ��*�� DQG�%��9HUVSDJHQ� �������� ´$Q�(YROXWLRQDU\�0RGHO�RI�/RQJ�7HUP�&\FOLFDO�9DULDWLRQV� RI
&DWFKLQJ�8S�DQG�)DOOLQJ�%HKLQGµ��-RXUQDO�RI�(YROXWLRQDU\�(FRQRPLFV��YRO�����SS����������

6RORZ��5�0����������´$�&RQWULEXWLRQ�WR�WKH�7KHRU\�RI�(FRQRPLF�*URZWKµ��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�
YRO������SS��������
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7HQ� 5DD�� 7�� � DQG� 3��0RKQHQ� �������� ´1HRFODVVLFDO� ,QSXW�2XWSXW� $QDO\VLVµ��5HJLRQDO� 6FLHQFH� DQG� 8UEDQ
(FRQRPLFV��YRO������SS����������

7HUOHFN\M�� 1�(� �������� (IIHFWV� RI� 5	'� RQ� WKH� 3URGXFWLYLW\� *URZWK� RI� ,QGXVWULHV�� $Q� ([SORUDWRU\� 6WXG\�
:DVKLQJWRQ�'&��1DWLRQDO�3ODQQLQJ�$VVRFLDWLRQ�

7KRPSVRQ��3����������´5DWLRQDOLW\��5XOHV�RI�7KXPE��DQG�5	'µ��6WUXFWXUDO�&KDQJH�DQG�(FRQRPLF�'\QDPLFV�
YRO������SS����������

9DQ� 0HLMO�� +�� �������� (QGRJHQRXV� 7HFKQRORJLFDO� &KDQJH�� 7KH� &DVH� RI� ,QIRUPDWLRQ� 7HFKQRORJ\�� 3K�'�� 7KHVLV�
8QLYHUVLW\�RI�/LPEXUJ��0DDVWULFKW��7KH�1HWKHUODQGV�

9HUVSDJHQ��%�� �������� ´(QGRJHQRXV� ,QQRYDWLRQ� LQ�1HR�&ODVVLFDO�*URZWK�0RGHOV��$�6XUYH\µ�� -RXUQDO� RI
0DFURHFRQRPLFV��YRO������SS����������

9HUVSDJHQ��%����������8QHYHQ�*URZWK�EHWZHHQ�,QWHUGHSHQGHQW�(FRQRPLHV��$OGHUVKRW�8.��$YHEXU\�
9HUVSDJHQ��%����������´0HDVXULQJ�,QWHUVHFWRUDO�7HFKQRORJ\�6SLOORYHUV��(VWLPDWHV�IURP�WKH�(XURSHDQ�DQG
8�6��3DWHQW�2IILFH�'DWDEDVHVµ��(FRQRPLF�6\VWHPV�5HVHDUFK��YRO�����SS��������

9HUVSDJHQ�� %�� �������� ´(YROXWLRQDU\� 0DFURHFRQRPLFV�� :KDW� 6FKXPSHWHU�LDQV�� &DQ� /HDUQ� IURP
.DOGRU�LDQV�µ��PLPHR��(&,6��(LQGKRYHQ�8QYHUVLW\�RI�7HFKQRORJ\�

:ROII�� (�1�� DQG� 0�,�� 1DGLUL� �������� ´6SLOORYHU� (IIHFWV�� /LQNDJH� 6WUXFWXUH� DQG� 5HVHDUFK� DQG
'HYHORSPHQWµ��6WUXFWXUDO�&KDQJH�DQG�(FRQRPLF�'\QDPLFV��YRO�����SS����������

<RXQJ��$����������´*URZWK�ZLWKRXW�6FDOH�(IIHFWVµ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\��YRO�������SS��������
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$SSHQGL[

7KLV�DSSHQGL[�FRQWDLQV�WKH�SDUDPHWHU�YDOXHV�ZKLFK�ZHUH�XVHG� LQ�WKH�EHQFKPDUN�UXQ�IRU�ZKLFK

VLPXODWLRQ�UHVXOWV�ZHUH�SUHVHQWHG�LQ�6HFWLRQ���D��)XUWKHU��WKH�LQLWLDO�YDULDEOH�FRQILJXUDWLRQ�ZKLFK

ZDV�XVHG�WKURXJKRXW�WKH�HQWLUH�VLPXODWLRQ�DQDO\VLV�LV�GRFXPHQWHG��0DWULFHV�DUH�SUHVHQWHG�LQ�WKH

XVXDO�ZD\��URZV�GHQRWH�GHOLYHULQJ�LQGXVWULHV��FROXPQV�XVLQJ�LQGXVWULHV�

D��3DUDPHWHU�YDOXHV�LQ�EHQFKPDUN�FRQILJXUDWLRQ

���� �δ�^FRQVXPSWLRQ�GLVFRXQW�UDWH`

������������� ν�^ODERU�VXSSO\�JURZWK�UDWH`

���������������� σ�^LQQRYDWLRQ�VL]H`

���������������� Z�^QRPLQDO�ZDJH�UDWH`

��������������� γ�^
SURGXFWLYLW\�HIIHFWV�RI�RZQ�5	'
`
����
����
����
����

������������ α�^
GLPLQLVKLQJ�UHWXUQV�WR�5	'�SDUDPHWHU
`
���
���
���
���

���� ����� ���� ���� ������������η�^
UHWXUQV�WR�NQRZOHGJH�VSLOORYHUV
`
����� ���� ����� ������ ���
���� ����� ���� ����� ����
���� ����� ����� ����� ���
���� ����� ����� ����� ���

��������� θ�^5	'�WR�VDOHV�UDWLRV`
�����
�����
�����
�����

������������� E�^¶DV\PSWRWLF�FRQVXPSWLRQ�VKDUHV·`
�����
�����
�����
�����

����� ����� ����� ����� ������� τ�^FRQVXPSWLRQ�VKDUH�DGMXVWPHQW`
����� ����� ����� ����� �����
����� ����� ����� ����� �����
����� ����� ����� ����� �����
����� ����� ����� ����� �����
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E��,QLWLDO�YDOXHV�IRU�DOO�UHSRUWHG�VLPXODWLRQ�UXQV

���������� OPD[� ^PD[LPXP�ODERU�VXSSO\`
�������� F ^FRQVXPSWLRQ�OHYHO`

������� OF3 ^ODERU�UHTXLUHPHQWV��IRU�SURGXFWLRQ��SHU�XQLW�RI�RXWSXW`
�����
�����
�����
�����

����� ����� ����� ����� ������� $ ^LQWHUPHGLDWH�LQSXW�UHTXLUHPHQWV��IRU�SURGXFWLRQ��SHU�XQLW�RI�RXWSXW`
����� ����� ����� ����� ����
����� ����� ����� ����� ����
����� ����� ����� ����� ����
����� ����� ����� ����� ����

������ ������ ������ ������ ����� =F
5 ^PDWHULDOV�UHTXLUHPHQWV��IRU�5	'��SHU�XQLW�RI�ODERU�LQ�5	'`

������ ������ ������ ������ �����
������ ������ ������ ������ �����
������ ������ ������ ������ �����
������ ������ ������ ������ �����

����� ���� ���� ���� ��� =V
5 ^PDWHULDOV�XVHG�LQ�5	'�DFWLYLWLHV`

���� ����� ���� ���� ���
����� ���� ���� ���� ���
����� ���� ���� ���� ���
����� ���� ���� ���� ���

��������������������� S ^SULFHV`
���
���
���
���

��������������������� OV5 ^ODERU�HPSOR\HG�LQ�5	'`
����
����
���
���

��������������������� [ ^RXWSXW�OHYHOV`
������
������
������
������

��������������������� E ^FRQVXPSWLRQ�VKDUHV`
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