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HVWDEOLVKHG� E\� WKH� 8QLWHG� 1DWLRQV�8QLYHUVLW\� DV� LWV� ILUVW� UHVHDUFK� DQG� WUDLQLQJ
FHQWUH�DQG�VWDUWHG�ZRUN�LQ�+HOVLQNL��)LQODQG�LQ�������7KH�SXUSRVH�RI�WKH�,QVWLWXWH
LV� WR� XQGHUWDNH� DSSOLHG� UHVHDUFK� DQG� SROLF\� DQDO\VLV� RQ� VWUXFWXUDO� FKDQJHV
DIIHFWLQJ� WKH�GHYHORSLQJ�DQG� WUDQVLWLRQDO�HFRQRPLHV�� WR�SURYLGH�D� IRUXP� IRU� WKH
DGYRFDF\� RI� SROLFLHV� OHDGLQJ� WR� UREXVW�� HTXLWDEOH� DQG� HQYLURQPHQWDOO\
VXVWDLQDEOH� JURZWK�� DQG� WR� SURPRWH� FDSDFLW\� VWUHQJWKHQLQJ� DQG� WUDLQLQJ� LQ� WKH
ILHOG� RI� HFRQRPLF� DQG� VRFLDO� SROLF\� PDNLQJ�� ,WV� ZRUN� LV� FDUULHG� RXW� E\� VWDII
UHVHDUFKHUV� DQG� YLVLWLQJ� VFKRODUV� LQ� +HOVLQNL� DQG� WKURXJK� QHWZRUNV� RI
FROODERUDWLQJ�VFKRODUV�DQG�LQVWLWXWLRQV�DURXQG�WKH�ZRUOG�
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LPSO\�HQGRUVHPHQW�E\�WKH�,QVWLWXWH�RU�WKH�8QLWHG�1DWLRQV�8QLYHUVLW\�RI�DQ\�RI�WKH�YLHZV
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6WDUWLQJ� IURP� WKH� FHOHEUDWHG� QHRFODVVLFDO� �6RORZ�� PRGHO� RI� HFRQRPLF
JURZWK��WKLV�SDSHU�GLVFXVVHV�QHZ�LGHDV�LQ�JURZWK�WKHRU\�IRFXVVLQJ�RQ�KRZ
WR�PDNH�VXVWDLQHG�JURZWK� IHDVLEOH�� ,W� ILUVW� UHYLHZV�PRGHOV� WKDW�EURDGHQHG
WKH�QRWLRQ�RI�FDSLWDO�WR�LQFOXGH�KXPDQ�FDSLWDO�DQG�WKH�VWDWH�RI�WHFKQRORJ\�
7KHVH� H[WHQVLRQV� RI� WKH� QHRFODVVLFDO� WKHRU\� DUH� QRW� YHU\� VDWLVI\LQJ� DW� D
GHVFULSWLYH� OHYHO� EHFDXVH� SURGXFWLYLW\� JURZWK� LV� DVVRFLDWHG� ZLWK� HLWKHU
KXPDQ�RU�SK\VLFDO�FDSLWDO�DFFXPXODWLRQ�LQ�D�ZD\�WKDW�GRHV�QRW�LQWHUDFW�ZLWK
WKH�LQYHQWLRQ�RI�QHZ�WHFKQRORJLHV�

7KH� SDSHU� QH[W� VXUYH\V� PRGHOV� ZKLFK� PDNH� WHFKQRORJLFDO� SURJUHVV
HQGRJHQRXV� E\� DOORZLQJ� ILUPV� WR� XQGHUWDNH� LQYHVWPHQW� DLPHG� HLWKHU� DW
SURGXFLQJ�QHZ�JRRGV�RU�DW�GHYHORSLQJ�QHZ�SURGXFWLRQ�PHWKRGV��(FRQRPLF
JURZWK� LV� VKRZQ� WR� GHSHQG� SRVLWLYHO\� RQ� WKH� VL]H� RI� WKH� PDUNHW�� 7KLV
LPSOLFDWLRQ�LV�HPSLULFDOO\�FRXQWHUIDFWXDO�VLQFH�WKHUH�LV�QR�UHODWLRQ�EHWZHHQ
SRSXODWLRQ� VL]H� DQG� UDWHV� RI� JURZWK� LQ� FURVV�FRXQWU\� GDWD�� 7KHVH�PRGHOV
DUH�� KRZHYHU�� UHOHYDQW� IRU� RQO\� D� KDQGIXO� RI� DGYDQFHG� HFRQRPLHV� WKDW
XQGHUWDNH�VLJQLILFDQW�5	'�LQYHVWPHQWV�DQG�WKDW��FRQVHTXHQWO\��DUH�RQ�WKH
IURQWLHU�RI� WHFKQRORJLFDO�GHYHORSPHQW��6LQFH� WKHVH�HFRQRPLHV�H[SRUW� WKHLU
SURGXFWV��WKH�UHOHYDQW�VL]H�RI�WKH�PDUNHW�LV�WKH�ZKROH�ZRUOG�

)RU�PRVW� HFRQRPLHV� DURXQG� WKH�ZRUOG� WKH� LVVXH� LV� QRW�ZKHWKHU� WR� GHYRWH
UHVRXUFHV� WR� LQQRYDWLRQ�EXW�ZKHWKHU� WR�DGRSW� WHFKQRORJLHV� WKDW� KDYH�EHHQ
GHYHORSHG� E\� RWKHUV�� 7KH� UHYLHZ� RI� WKH� PRGHOV� RI� WHFKQRORJ\� DGRSWLRQ
VKRZV� WKDW� GHFUHDVHV� LQ� WKH� SULFH� RI� QHZ� FDSLWDO� JRRGV� WHQG� WR� LQFUHDVH
HFRQRPLF� JURZWK�� %XW� LI� LW� WDNHV� WLPH� DQG� UHVRXUFHV� WR� RSHUDWH� D� QHZ
WHFKQRORJ\�� D� PDMRU� WHFKQRORJLFDO� UHYROXWLRQ�� VXFK� DV� WKH� LQIRUPDWLRQ
WHFKQRORJ\� UHYROXWLRQ�� PD\� EH� DVVRFLDWHG� ZLWK� D� SURORQJHG� GHFOLQH� LQ
SURGXFWLYLW\�

7KH�SDSHU�FRQFOXGHV�E\�SUHGLFWLQJ� WKDW�QHZHU�ZRUN�RQ�JURZWK�ZLOO�PRYH
IURP� WKH� VWXG\� RI� WKH� IURQWLHU� FRXQWULHV� WR� WKRVH� WKDW� DUH� EHKLQG� WKH
WHFKQRORJLFDO�FXUYH�DQG�FDQ�DGYDQFH�VLPSO\�E\�DGRSWLQJ� WKH�WHFKQRORJLHV
FUHDWHG� E\� RWKHUV�� $W� DQ� HPSLULFDO� OHYHO� WKLV� VXJJHVWV� WKDW� WKHUH� ZLOO� EH
JDLQV�IURP�GH�HPSKDVL]LQJ�WKH�VWXG\�RI�DJJUHJDWH�PDFUR�GDWD�WR�IRFXV�RQ
VWXG\LQJ�WKH�LPSDFW�RI�WHFKQRORJ\�DW�WKH�LQGXVWU\�OHYHO�
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'XULQJ�WKH� ODVW� ILIWHHQ�\HDUV� WKH�VWXG\�RI� WKH� IRUFHV� WKDW�VKDSH� WKH� UDWH�RI
HFRQRPLF� JURZWK� EHFDPH� RQH� RI� WKH� PRVW� DFWLYH� DUHDV� RI� UHVHDUFK� LQ
HFRQRPLFV��� 2Q� WKH� WKHRUHWLFDO� IURQW� UHVHDUFKHUV� SURGXFHG� D� YDULHW\� RI
PRGHOV� LQ� ZKLFK� VXVWDLQHG� JURZWK� FDQ� WDNH� SODFH� LQ� WKH� DEVHQFH� RI
H[RJHQRXV� JURZWK� LQ� SURGXFWLYLW\�� 2Q� WKH� HPSLULFDO� IURQW� WKHUH� ZDV� DQ
LQWHQVH� VHDUFK� IRU�YDULDEOHV� WKDW� FRUUHODWH� ZLWK� JURZWK� SHUIRUPDQFH� LQ
YDULDQWV�RI�WKH�6XPPHUV�DQG�+HVWRQ��������GDWD�VHW��

:K\�GLG�VR�PDQ\�PDFURHFRQRPLVWV�VXGGHQO\�GLYHUW� WKHLU�HIIRUWV� IURP�WKH
VWXG\� RI� EXVLQHVV� F\FOHV� WR� WKH� TXHVW� IRU� D� EHWWHU� XQGHUVWDQGLQJ� RI� WKH
JURZWK�SURFHVV"�/XFDV��������SURYLGHG�D�UDWLRQDOH�IRU�WKLV�UHDOORFDWLRQ�RI
UHVHDUFK�HIIRUW��+H�FRQIURQWHG�DQ�DJHQW�ZLWK�SUHIHUHQFHV� WKDW�DUH�VWDQGDUG
LQ�PDFUR�PRGHOV�ZLWK�WKH�TXHVWLRQ�RI�KRZ�PXFK�FRQVXPSWLRQ�KH�ZRXOG�EH
ZLOOLQJ� WR� JLYH� XS� WR� HOLPLQDWH� WKH� IOXFWXDWLRQV� LQ� KLV� FRQVXPSWLRQ
DVVRFLDWHG�ZLWK� EXVLQHVV� F\FOHV�� 7KH� DQVZHU�ZDV²YHU\� OLWWOH�� VXJJHVWLQJ
WKDW�WKH�ZHOIDUH�FRVW�RI�EXVLQHVV�IOXFWXDWLRQV�LV�YHU\�VPDOO���,Q�FRQWUDVW�WKLV
K\SRWKHWLFDO�DJHQW�ZRXOG�EH�ZLOOLQJ�WR�IRUHJR�D�VLJQLILFDQW�IUDFWLRQ�RI�KLV
FRQVXPSWLRQ�WR�OLYH�LQ�DQ�HFRQRP\�ZKLFK�H[SDQGV�DW�D�IDVWHU�UDWH��/XFDV
V
ZHOIDUH� FDOFXODWLRQ� VXJJHVWHG� WKDW� WKHUH� LV�PXFK�PRUH� WR� EH� JDLQHG� IURP
XQGHUVWDQGLQJ�WKH�GHWHUPLQDQWV�RI�WKH�JURZWK�SURFHVV�WKDQ�IURP�ILQH�WXQLQJ
RXU� XQGHUVWDQGLQJ� RI� ZKDW� GULYHV� HFRQRPLF� IOXFWXDWLRQV�� %XW� LW� DOVR
UHPLQGV� XV� WKDW� LQFUHDVLQJ� WKH� JURZWK� UDWH� RI� WKH� HFRQRP\� GRHV� QRW
QHFHVVDULO\� LQFUHDVH� ZHOIDUH²KLJKHU� JURZWK� UDWHV� FDQ� RIWHQ� EH� DFKLHYHG

������������������������������������������
��)RXU�UHFHQW�WH[WERRNV�SURYLGH�DQ�H[FHOOHQW�FRPSUHKHQVLYH�YLHZ�RI�WKLV�ODUJH�OLWHUDWXUH�
%DUUR� DQG� 6DOD�L�0DUWLQ� ������� VXUYH\� WKH� OLWHUDWXUH� WDNLQJ� WKH� QHRFODVVLFDO� JURZWK
PRGHO�DV�WKHLU�SRLQW�RI�GHSDUWXUH��$JKLRQ�DQG�+RZLWW��������HPSKDVL]H�PRGHOV�LQ�WKH
6FKXPSHWHULDQ� WUDGLWLRQ�ZKHUH�FUHDWLYH�GHVWUXFWLRQ�SOD\V�DQ� LPSRUWDQW� UROH��*URVVPDQ
DQG�+HOSPDQ� �����E�� H[SORUH� WKH� LPSOLFDWLRQV� RI� PRGHOV� ZLWK� HQGRJHQRXV� WHFKQLFDO
SURJUHVV� IRU� WUDGH� LVVXHV�� -RQHV� ������� LV� D� JRRG� QRQ�WHFKQLFDO� LQWURGXFWLRQ� WR� WKH
OLWHUDWXUH�

��6HH�%DUUR��������IRU�D�VXPPDU\�RI�WKHVH�HPSLULFDO�ILQGLQJV�

��/XFDV
V��������FDOFXODWLRQ�KDV�EHHQ�FULWLFL]HG�IRU�EHLQJ�DSSURSULDWH�RQO\�LQ�D�ZRUOG�RI
FRPSOHWH�PDUNHWV��7KH�FRVWV�RI�EXVLQHVV�F\FOHV�FRXOG�SRWHQWLDOO\�EH�KLJKHU�LI�WKHUH�DUH
LGLRV\QFUDWLF� VKRFNV� WKDW� WKH� DJHQWV� FDQQRW� LQVXUH� DJDLQVW�� 5HFHQW�ZRUN� VXJJHVWV� WKDW
/XFDV
V�FDOFXODWLRQ�LV�OLNHO\�WR�KROG�XS�DV�ZHOO�LQ�LQFRPSOHWH�PDUNHWV�HQYLURQPHQWV��,Q
IDFW�*RPHV��*UHHQZRRG�DQG�5HEHOR� ������� ILQG� WKDW� WKH�FRVWV�RI�EXVLQHVV�F\FOHV� LQ�D
YHUVLRQ� RI� WKH� QHRFODVVLFDO� PRGHO� ZLWK� LQFRPSOHWH� PDUNHWV� DQG� XQHPSOR\PHQW
DVVRFLDWHG�ZLWK�VHDUFK�LV�DFWXDOO\�QHJDWLYH�
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RQO\�DW�WKH�FRVW�RI�ORZHU�FRQVXPSWLRQ�LQ�WKH�SUHVHQW�DQG�VR�D�WUDGH�RII�KDV
WR�EH�PDGH�

7KLV� SDSHU� SURYLGHV� DQ� LQIRUPDO� GLVFXVVLRQ� RI� JURZWK� PRGHOV� DQG� WKHLU
HYROXWLRQ�� 6HFWLRQ� �� UHYLHZV� WKH� QHRFODVVLFDO� JURZWK� PRGHO�� 6HFWLRQ� �
GLVFXVVHV� PRGHOV� WKDW� EURDGHQHG� WKH� QRWLRQ� RI� FDSLWDO� WR� LQFOXGH� KXPDQ
FDSLWDO� DQG� WKH� VWDWH� RI� WHFKQRORJ\�� 6HFWLRQ� �� GLVFXVVHV� PRGHOV� RI
HQGRJHQRXV�WHFKQRORJLFDO�SURJUHVV��6HFWLRQ���FRQFOXGHV�

�����7+(�1(2&/$66,&$/�*52:7+�02'(/

7R�VHW�WKH�VWDJH�IRU�GLVFXVVLQJ�UHFHQW�WKHRUHWLFDO�GHYHORSPHQWV�LW�LV�XVHIXO
WR�VWDUW�ZLWK�6RORZ
V��������FHOHEUDWHG�QHRFODVVLFDO�JURZWK�PRGHO��/DWHU�ZH
ZLOO� GLVFXVV�QHZ� LGHDV� LQ� JURZWK� WKHRU\� LQ� D� FRQWH[W� WKDW� NHHSV� DV�PDQ\
DWWULEXWHV�RI� WKH�6RORZ�PRGHO� DV�SRVVLEOH�� ,Q� WKLV�PRGHO� WKHUH� LV� D� VLQJOH
JRRG�ZKRVH�SURGXFWLRQ��<W��LQYROYHV�WKH�XVH�RI�ODERXU��1��DQG�FDSLWDO��.W�
DFFRUGLQJ� WR� D� SURGXFWLRQ� IXQFWLRQ� WKDW� H[KLELWV� FRQVWDQW� UHWXUQV� WR� VFDOH
DQG�VRPH�DGGLWLRQDO�UHJXODULW\�FRQGLWLRQV��)RU�H[SRVLWLRQ�SXUSRVHV�ZH�ZLOO
XVH� WKH� IDPLOLDU� &REE�'RXJODV� SURGXFWLRQ� IXQFWLRQ� DQG� DVVXPH� WKDW� WKH
VXSSO\�RI�ODERXU�LV�FRQVWDQW�

��� ( ) �� aa
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7KH�YDULDEOH�;W�GHQRWHV�WHFKQLFDO�SURJUHVV�ZKLFK�LV�DVVXPHG�WR�H[SDQG�DW�D
FRQVWDQW��H[RJHQRXV�UDWH�

�� WW ;; g=+

2XWSXW�FDQ�EH�FRQVXPHG��&W��RU�LQYHVWHG��,W��

�WWW ,&< +=

&DSLWDO�HYROYHV�DFFRUGLQJ�WR�

( ) WWW .,. d-+=+ �� �
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7R� FRPSOHWH� WKH� PRGHO� ZH� PXVW� VSHFLI\� KRZ� DJHQWV� FKRRVH� EHWZHHQ
LQYHVWPHQW�DQG�FRQVXPSWLRQ��,W�LV�QDWXUDO�WR�PRGHO�WKLV�FKRLFH�DV�LQYROYLQJ
WKH� PD[LPL]DWLRQ� RI� D� XWLOLW\� IXQFWLRQ� GHILQHG� RYHU� WKH� SDWK� IRU
FRQVXPSWLRQ��+RZHYHU��VLQFH�ZH�ZLOO�IRFXV�WKURXJKRXW�WKLV�SDSHU�RQ�KRZ
WR�PDNH� VXVWDLQHG� JURZWK� IHDVLEOH�� LW� ZLOO� EH� VXIILFLHQW� WR� DVVXPH�� DV� LQ
6RORZ���������WKDW�D�FRQVWDQW�IUDFWLRQ�RI�RXWSXW�LV�GHYRWHG�WR�LQYHVWPHQW��

�WW V<, =

7KHVH� HTXDWLRQV� FDQ� EH� FRPELQHG� WR� GHVFULEH� KRZ� WKH� VWRFN� RI� FDSLWDO
HYROYHV�RYHU�WLPH�

�������
� WWWW .1;V$.. daa -+= -

+

,I�ZH�GHILQH� WWW ;.N �= ZH�FDQ�UH�ZULWH�WKLV�H[SUHVVLRQ�DV�
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7KLV�HTXDWLRQ�UHDGLO\�LPSOLHV�WKDW�WKH�PRGHO�KDV�D�VWHDG\�VWDWH�LQ�ZKLFK�N�LV
FRQVWDQW��,Q�WKLV�VWHDG\�VWDWH�WKH�OHYHO�RI�FDSLWDO�.�JURZV�DW�D�FRQVWDQW�UDWH
g��7KLV� WUHQG� LQ� WKH�FDSLWDO� VWRFN� LV� LQKHULWHG�E\�RXWSXW�� FRQVXPSWLRQ� DQG
LQYHVWPHQW��$OO�WKHVH�YDULDEOHV�JURZ�DW�UDWH�g�LQ�WKH�VWHDG\�VWDWH��

6XSSRVH�ZH�ZDQW�WR�XVH�WKH�VWHDG\�VWDWH�RI�WKH�QHRFODVVLFDO�JURZWK�PRGHO
WR�XQGHUVWDQG�ZK\�WKH�SRVW�ZDU�DYHUDJH�JURZWK�UDWH�RI�*'3�KDV�EHHQ�PXFK
KLJKHU�LQ�-DSDQ�WKDQ�LQ�WKH�86��,Q�WKH�VWHDG\�VWDWH�RXWSXW�JURZV�DW�UDWH�g�VR
WKH�RQO\�ZD\� WR� H[SODLQ� -DSDQ
V� KLJKHU�JURZWK� UDWH� LV� WR� DVVXPH� WKDW� g� LV
KLJKHU�LQ�-DSDQ�WKDQ�LQ�WKH�86��7KLV�LV�QRW�D�VDWLVIDFWRU\�H[SODQDWLRQ�VLQFH�g
LV�H[RJHQRXV�WR�WKH�PRGHO�

������������������������������������������
��6DWR��������DQG�6DWR��������VKRZHG�WKDW�WKH�WUDQVLWLRQ�G\QDPLFV�RI�WKH�6RORZ�PRGHO
DUH�YHU\�VHQVLWLYH� WR� WKH� IRUP�RI� WKLV� LQYHVWPHQW� IXQFWLRQ��7KLV�H[SRVHG� WKH�ZHDNQHVV
DVVRFLDWHG�ZLWK�WKH�FKRLFH�RI�LQYHVWPHQW�UXOHV�QRW�JURXQGHG�RQ�RSWLPL]DWLRQ�

��7KLV� VWHDG\� VWDWH� SURYLGHV� D� JRRG� GHVFULSWLRQ� RI� WKH� HYROXWLRQ� RI� WKH� DJJUHJDWH�86
HFRQRP\�GXULQJ�WKH�ODVW�RQH�KXQGUHG�\HDUV��:KLOH�WKLV�SHULRG�IHDWXUHV�VPRRWK�JURZWK�DW
WKH�DJJUHJDWH�OHYHO�LW�DOVR�GLVSOD\�FRQVLGHUDEOH�VWUXFWXUDO�FKDQJH��ZKLFK�LQFOXGHV�D�ODUJH
UHDOORFDWLRQ�RI� HPSOR\PHQW� IURP�DJULFXOWXUH� WR� VHUYLFHV��.RQJVDPXW��5HEHOR� DQG�;LH
�������GLVFXVV�KRZ�WKH�QHRFODVVLFDO�JURZWK�PRGHO�FDQ�EH�H[WHQGHG�WR�HQFRPSDVV�WKHVH
UHDOORFDWLRQ�G\QDPLFV�
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$Q� DOWHUQDWLYH� UDWLRQDOL]DWLRQ� IRU� WKH� IDVWHU� -DSDQHVH� JURZWK� UDWH� FRPHV
IURP�WKH�PRGHO
V�WUDQVLWLRQ�G\QDPLFV��(TXDWLRQ�����LPSOLHV�WKDW�WKH�FDSLWDO
VWRFN�JURZV�IDVWHU�ZKHQ�N�LV�EHORZ�WKH�VWHDG\�VWDWH��$QG�PRUH�UDSLG�JURZWK
LQ�N�UHDGLO\�WUDQVODWHV�LQWR�IDVWHU�RXWSXW�JURZWK��7KLV�PHDQV�WKDW�LQ�WKH�H\HV
RI� WKH� PRGHO� JURZWK� FRXOG� EH� KLJKHU� LQ� -DSDQ� WKDQ� LQ� WKH� 86� EHFDXVH
-DSDQ
V�FDSLWDO�VWRFN�LV�EHORZ�LWV�VWHDG\�VWDWH�SDWK��ZKLOH�WKH�86�LV�DOUHDG\
LQ�WKH�VWHDG\�VWDWH��7KLV�H[SODQDWLRQ�VHHPV�VHQVLEOH�DQG�LV�DFFHSWDEOH�LI�ZH
GLVUHJDUG�LWV�LPSOLFDWLRQV�IRU�WKH�EHKDYLRXU�RI�WKH�UHDO�LQWHUHVW�UDWH��7KH�UHDO
LQWHUHVW� UDWH� �U�� LV� WKH� UHWXUQ� WR� DQ� DGGLWLRQDO� XQLW� RI� FDSLWDO� QHW� RI
GHSUHFLDWLRQ�

��� ���� da aa --= - 1$NU WW

$V�DQ�HFRQRP\�FRQYHUJHV� WR� WKH�VWHDG\� VWDWH� WKH� LQWHUHVW� UDWH� IDOOV�� ,I�ZH
DVVXPH�WKDW�WKH�SURGXFWLRQ�IXQFWLRQ�LV�WKH�VDPH�LQ�-DSDQ�DQG�LQ�WKH�86�VR
WKDW� WKH� RQO\� GLIIHUHQFH� EHWZHHQ� WKH� WZR� FRXQWULHV� LV� WKH� ORZHU� OHYHO� RI
FDSLWDO� LQ� -DSDQ� ZH� FDQ� TXLFNO\� FRPSDUH� WKH� UHDO� LQWHUHVW� UDWH� LQ� ERWK
FRXQWULHV��7KH�OHYHO�RI�*'3�LQ�-DSDQ�LQ������ZDV���WLPHV�VPDOOHU�WKDW�WKH
86��8VLQJ�WKH�SURGXFWLRQ�IXQFWLRQ�����DQG�DVVXPLQJ��WR�VLPSOLI\��WKDW�1�LV
WKH�VDPH�LQ�ERWK�FRXQWULHV�ZH�FDQ�FRPSXWH�WKH�UHODWLRQ�EHWZHHQ�WKH�YDOXH
RI�WKH�FDSLWDO�VWRFN�LQ�WKH�WZR�FRXQWULHV�
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8VLQJ�����DQG�����LW�LV�HDV\�WR�GHULYH�WKH�IROORZLQJ�UHODWLRQ�EHWZHHQ�WKH�UHDO
LQWHUHVW�UDWHV�LQ�WKH�WZR�FRXQWULHV�
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6XSSRVH�WKDW�ZH�PHDVXUH�WKH�UHDO�LQWHUHVW�UDWH�LQ�WKH�86�E\�WKH�DYHUDJH�UHDO
UDWH�RI�UHWXUQ�LQ�WKH�VWRFN�PDUNHW��ZKLFK�LV�URXJKO\�������6LHJHO��������DQG
XVH�FRQYHQWLRQDO�YDOXHV�IRU�WKH�ODERXU�VKDUH��a� ������DQG�WKH�GHSUHFLDWLRQ
UDWH��d� �������(TXDWLRQ�����WKHQ�LPSOLHV�WKDW�WKH�UHDO�LQWHUHVW�UDWH�LQ�-DSDQ
LQ� WKH� ����
V� VKRXOG� KDYH� EHHQ� ������ ZKLFK� LV� D� WRWDOO\� LPSODXVLEOH
QXPEHU��7KLV�SUREOHP�ZLWK�WKH�EHKDYLRXU�RI�WKH�UHDO�LQWHUHVW�UDWH�DORQJ�WKH
WUDQVLWLRQ�WR�WKH�VWHDG\�VWDWH�H[WHQGV�WR�WKH�PRVW�FRPPRQO\�XVHG�YHUVLRQV
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RI� WKH� QHRFODVVLFDO� JURZWK� PRGHO� �VHH� &KULVWLDQR� ������� DQG� .LQJ� DQG
5HEHOR����������,Q�RUGHU�IRU�WUDQVLWLRQ�G\QDPLFV�WR�EH�LPSRUWDQW�WKH�FDSLWDO
VWRFN�KDV�WR�EH�IDU�DZD\�IURP�WKH�VWHDG\�VWDWH�EXW��ZKHQ�WKLV�LV�WKH�FDVH��WKH
UHDO� LQWHUHVW� UDWH� EHFRPHV�PXFK� KLJKHU� WKDQ� WKH� VWHDG\� VWDWH� UHDO� LQWHUHVW
UDWH�

2QH� PD\� DUJXH� WKDW� WKH� UHDO� LQWHUHVW� UDWH� FRPSDULVRQ� ZH� MXVW� GHVFULEHG
PDNHV� QR� VHQVH� EHFDXVH� LW� DVVXPHV� WKDW� -DSDQ� LQ� ����� KDG� WKH� VDPH
SURGXFWLRQ�WHFKQRORJ\�DV�WKH�86��+RZHYHU��WKLV�VXJJHVWV�WKDW�WR�XQGHUVWDQG
JURZWK� LW� LV� LPSRUWDQW� WR� WKLQN� DERXW� KRZ� WHFKQRORJ\� LV� GHYHORSHG� DQG
DGRSWHG�E\�GLIIHUHQW�FRXQWULHV�

7KHUH� DUH� WZR� URXWHV� WKDW� KDYH� EHHQ� IROORZHG� WR� LPSURYH� XSRQ� WKH
QHRFODVVLFDO�JURZWK�PRGHO��7KH�ILUVW�LV�WR�WKLQN�RI�.�DV�UHSUHVHQWLQJ�PRUH
WKDQ�SK\VLFDO�FDSLWDO��,I�.�UHSUHVHQWV�D�EURDGHU�QRWLRQ�RI�FDSLWDO��WKH�YDOXH
RI�a�FDQ�EH�PXFK�ORZHU�WKDQ������7KLV�DOORZV�WUDQVLWLRQ�G\QDPLFV�WR�SOD\�D
UROH�ZLWKRXW�JHQHUDWLQJ�FRXQWHUIDFWXDO�LPSOLFDWLRQV�IRU�WKH�EHKDYLRXU�RI�WKH
UHDO� LQWHUHVW� UDWH�� 7KH� VHFRQG� URXWH� WKDW� KDV� EHHQ� DGRSWHG� LV� WR� PDNH
WHFKQLFDO�SURJUHVV��WKH�P\VWHULRXV�;�YDULDEOH��HQGRJHQRXV��:H�QRZ�GLVFXVV
LQ�WXUQ�WKHVH�WZR�DSSURDFKHV�

�����5('(),1,1*�&$3,7$/

��� ([WHUQDOLWLHV

7KH�ILUVW�SDSHU�LQ�WKH�UHFHQW�ZDYH�RI�ZRUN�RQ�HFRQRPLF�JURZWK�ZDV�5RPHU
�������� ,Q� WKLV� SDSHU� 5RPHU� DUJXHG� WKDW� RQH� FRXOG� UHLQWHUSUHW� .� DV
UHSUHVHQWLQJ� D� FRPELQDWLRQ� RI� SK\VLFDO� FDSLWDO� DQG� RI� WKH� RXWFRPH� RI
LQYHVWPHQW� LQ� 5	'�� 7KXV� .� ZRXOG� LQFOXGH� QRW� RQO\� EXLOGLQJV� DQG
PDFKLQHV� EXW� DOVR� EOXHSULQWV� DQG� LGHDV� IRU� KRZ� WR� SURGXFH� QHZ� JRRGV�
6RPH�RI�WKHVH�IRUPV�RI�FDSLWDO�JHQHUDWH�H[WHUQDOLWLHV²D�ILUP�FDQ�OHDUQ�KRZ
WR�EXLOG�D�QHZ�SURGXFW�RU�LPSURYH�LWV�SURGXFWLRQ�SURFHVV�E\�REVHUYLQJ�WKH
DFWLYLWLHV� RI� RWKHU� ILUPV�� 7KHVH� H[WHUQDOLWLHV� PXVW� EH� RQH� RI� WKH� IRUFHV
XQGHUO\LQJ� FHUWDLQ� LQGXVWU\� DJJORPHUDWHV� VXFK� DV� 6LOLFRQ� 9DOOH\�� VR� QRW
VXUSULVLQJO\� WKH\� SOD\� DQ� LPSRUWDQW� UROH� LQ� UHFHQW� UHVHDUFK� RQ� HFRQRPLF
JHRJUDSK\� �.UXJPDQ� ��������� 5RPHU� ������� SURSRVHG� WKH� IROORZLQJ
GHVFULSWLRQ�RI�WKH�SURGXFWLRQ�SURFHVV�IRU�DQ�LQGLYLGXDO�ILUP�
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WWW 1$.< .-= � �



�

+HUH�.� UHSUHVHQWV�WKH�DJJUHJDWH�VWRFN�RI�FDSLWDO��6LQFH�ILUPV�DUH�VPDOO� LQ
WKLV�HFRQRP\�WKH\�WDNH�WKH�DJJUHJDWH�FDSLWDO�VWRFN�DV�JLYHQ��(YHQ�WKRXJK�LQ
WKH� DJJUHJDWH� WKHUH� DUH� LQFUHDVLQJ� UHWXUQV� WR� FDSLWDO�� HDFK� LQGLYLGXDO� ILUP
IDFHV� FRQVWDQW� UHWXUQV� DQG� KHQFH� WKLV� IRUPXODWLRQ� LV� FRPSDWLEOH� ZLWK� D
FRPSHWLWLYH�HTXLOLEULXP��1RWH�WKDW�WKH�SURGXFWLRQ�IXQFWLRQ�GRHV�QRW�IHDWXUH
H[RJHQRXV�WHFKQLFDO�SURJUHVV��VR�ZK\�LV�JURZWK�IHDVLEOH"�6XVWDLQHG�JURZWK
LV�IHDVLEOH�ZKHQ�a���b�����WKDW�LV��ZKHQ�WKH�H[WHUQDOLW\�LV�VWURQJ�HQRXJK�WR
FRPSHQVDWH�WKH�SUHVHQFH�RI�GHFUHDVLQJ�UHWXUQV�WR�FDSLWDO�DW�WKH�ILUP�OHYHO�
7R� VHH� WKLV�DVVXPH� WKDW� WKHUH�DUH�Q� LGHQWLFDO� ILUPV��7KH� DJJUHJDWH� FDSLWDO
VWRFN�LV�JLYHQ�E\��.W �Q.W��,I�WKH�HFRQRP\�VDYHV�D�FRQVWDQW�IUDFWLRQ�RI�WKH
RXWSXW�V��DV�LQ�WKH�RULJLQDO�6RORZ�PRGHO��WKH�JURZWK�UDWH�RI�WKH�FDSLWD�VWRFN
LV�

��� dbaba -=- +-+ Q1V$.
.
.

W
W

W

:KHQ���±�a���b�!���D�FRQVWDQW�VDYLQJV�UDWH�ZRXOG�\LHOG�DQ�DFFHOHUDWLQJ�UDWH
RI�JURZWK��7KLV�WHQGHQF\�IRU�WKH�UDWH�RI�JURZWK�WR�LQFUHDVH�KDV�WR�EH�YHU\
VPDOO��DQG�KHQFH�KDUG�WR�GHWHFW��WR�EH�FRQVLVWHQW�ZLWK�WKH�KLVWRULFDO�GDWD�WKDW
ZH� KDYH� DYDLODEOH�� )RU� WKLV� UHDVRQ�PDQ\� UHVHDUFKHUV� KDYH� IRFXVHG� LQ� WKH
NQLIH�HGJH� FDVH� LQ�ZKLFK� �� ±�a� ��b�  � ��� 7KLV� SDUDPHWHU� FRQILJXUDWLRQ� LV
FRPSDWLEOH�ZLWK�D�VWHDG\�VWDWH�EHFDXVH�ZKHQ�WKH�VDYLQJV�UDWH�LV�FRQVWDQW�WKH
JURZWK�UDWH�RI�FDSLWDO�DQG�RXWSXW�DUH�DOVR�FRQVWDQW�

(DUO\� HPSLULFDO� HYLGHQFH� IRU� 86� PDQXIDFWXULQJ� �&DEDOOHUR� DQG� /\RQV
��������VHHPHG�WR�VXSSRUW�WKH�W\SH�RI�H[WHUQDO�HIIHFW�HPERGLHG�LQ������EXW
PRUH� UHFHQW� ZRUN� ZKLFK� XVHV� EHWWHU� PHDVXUHV� RI� FDSLWDO� VHUYLFHV� LQ
HVWLPDWLQJ� SURGXFWLRQ� IXQFWLRQV� �%XUQVLGH� �������� ILQGV� QR� HYLGHQFH� RI
WKHVH�H[WHUQDOLWLHV��3HUKDSV�WKLV�LV�QRW�VXUSULVLQJ�VLQFH�WKH�FDSLWDO�VWRFN�XVHG
LQ�WKHVH�HPSLULFDO�VWXGLHV�PHDVXUHV�SK\VLFDO�FDSLWDO�DQG�WKXV�H[FOXGHV�WKH
5	'�FRPSRQHQWV�ZLWK�ZKLFK�5RPHU�DVVRFLDWHG�H[WHUQDO�HIIHFWV�

7KLV�ILUVW�DWWHPSW�DW�GLVSHQVLQJ�ZLWK�H[RJHQRXV� WHFKQLFDO�SURJUHVV�LV�YHU\
UHGXFHG� IRUP� LQ� QDWXUH²WKH� FDSLWDO� VWRFN� LV� D� PRQJUHO� YDULDEOH� ZKLFK
FRPSULVHV�PDQ\� W\SHV� RI� DFWLYLWLHV�� DQG� H[WHUQDOLWLHV� KDYH� WR� EH� ODUJH� WR
PDNH�VXVWDLQHG�JURZWK�IHDVLEOH�
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��� +XPDQ�FDSLWDO

/XFDV� �������SURSRVHG� D�GLIIHUHQW� UHGHILQLWLRQ�RI� FDSLWDO� WKDW� DOVR� DOORZV
JURZWK� WR� SURFHHG� ZLWKRXW� H[RJHQRXV� WHFKQLFDO� SURJUHVV�� $� VLPSOLILHG�
RQH�VHFWRU�YHUVLRQ�RI�/XFDV
V� �������PRGHO��GLVFXVVHG� LQ�(DVWHUO\� �������
FDQ�EH�ZULWWHQ�DV�IROORZV��
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+HUH�+W�UHSUHVHQWV�WKH�OHYHO�RI�KXPDQ�FDSLWDO�RI�WKH�UHSUHVHQWDWLYH�DJHQW�LQ
WKH�HFRQRP\��6XSSRVH�WKDW�KXPDQ�FDSLWDO�FDQ�EH�DFFXPXODWHG�LQ�WKH�VDPH
PDQQHU�DV�SK\VLFDO�FDSLWDO�E\�IRUHJRLQJ�RQH�XQLW�RI�RXWSXW�
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6LQFH�WKH�FRVW�RI�DFFXPXODWLQJ�RQH�XQLW�RI�KXPDQ�FDSLWDO�LV�WKH�VDPH�DV�WKDW
RI�DFFXPXODWLQJ�RQH�XQLW�RI�SK\VLFDO�FDSLWDO��DQ�HIILFLHQW�DFFXPXODWLRQ�SODQ
GLFWDWHV�WKDW�LQ�WKH�VWHDG\�VWDWH�WKH�PDUJLQDO�SURGXFWV�RI�.�DQG�+�PXVW�EH
LGHQWLFDO�
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7KLV�LPSOLHV�WKDW�WKH�UDWLR�RI�SK\VLFDO�WR�KXPDQ�FDSLWDO�LV��.W�+W� ������a��a�
8VLQJ�WKLV�IDFW�WKH�SURGXFWLRQ�IXQFWLRQ�FDQ�EH�UH�ZULWWHQ�DV�

WW $.< =

ZKHUH� WKH� QHZ� FRQVWDQW� ���
�
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� PRGHO� EHFDPH

ZLGHO\�XVHG��SDUWO\�EHFDXVH�LW�LV�D�VLPSOH�GHYLFH�WR�WUDQVIRUP�ZKDW�DUH�OHYHO

������������������������������������������
�� /XFDV
V� ������� PRGHO� KDV� D� WZR� VHFWRU� VWUXFWXUH� ZLWK� WKH� ILUVW� VHFWRU� SURGXFLQJ
SK\VLFDO�FDSLWDO�DQG�WKH�VHFRQG�KXPDQ�FDSLWDO��6HH�0XOOLJDQ�DQG�6DOD�L�0DUWLQ��������
&DEDOOH� DQG� 6DQWRV� ������� DQG� %RQG��:DQJ�� DQG�<LS� ������� IRU� D� GLVFXVVLRQ� RI� WKH
WUDQVLWLRQ�G\QDPLFV�RI�WKLV�PRGHO�
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HIIHFWV� LQ� WKH� QHRFODVVLFDO� JURZWK�PRGHO� LQWR� JURZWK� HIIHFWV�� 7R� VHH� WKLV
VXSSRVH�� DV� LQ� WKH� 6RORZ�PRGHO�� WKDW� D� FRQVWDQW� IUDFWLRQ� RI� RXWSXW�� V�� LV
GHYRWHG�WR�WRWDO�LQYHVWPHQW��,W��7R�NHHS�WKH�.�+�UDWLR�FRQVWDQW�WKH�HFRQRP\
QHHGV�WR�GHYRWH�D�IUDFWLRQ����±�a��RI�WRWDO�LQYHVWPHQW�WR�WKH�DFFXPXODWLRQ�RI
SK\VLFDO� FDSLWDO�� 7KLV� PHDQV� WKDW� WKH� VWHDG\� VWDWH� JURZWK� UDWH� RI� RXWSXW�
ZKLFK�FRLQFLGHV�ZLWK�WKH�JURZWK�UDWH�RI�SK\VLFDO�FDSLWDO�LV�JLYHQ�E\�
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:KLOH�LQ�WKH�6RORZ�PRGHO�D�FKDQJH�LQ�V�SURGXFHV�OHYHO�HIIHFWV�LQ�WKH�VWHDG\
VWDWH��KHUH�LW�JHQHUDWHV�JURZWK�HIIHFWV��(FRQRPLF�SROLFLHV�FDQ�DIIHFW�WKH�UDWH
RI�JURZWK�HLWKHU�E\�DIIHFWLQJ�WKH�VDYLQJV�UDWH��V��RU�E\�DIIHFWLQJ�WKH�YDOXH�RI
$�WKDW�LV�UHOHYDQW�IRU�WKH�DFFXPXODWLRQ�RI�FDSLWDO�E\�SULYDWH�DJHQWV��VD\�E\
LQWURGXFLQJ� LQFRPH� WD[HV�� -RQHV� DQG�0DQXHOOL� ������� DQG�5HEHOR� ������
ZRUNHG�RQ�XQFRYHULQJ�WKH�VHW�RI�DVVXPSWLRQV�WKDW�JHQHUDWH�PRGHOV�RI�WKLV
$.� YDULHW\�� ZKHUH� XQFHDVLQJ� JURZWK� FDQ� WDNH� SODFH� ZLWKRXW� H[RJHQRXV
LQFUHDVHV� LQ� SURGXFWLYLW\� RU� 5RPHU� ������� W\SH� H[WHUQDOLWLHV�� -RQHV� DQG
0DQXHOOL��������VWUHVVHG�WKDW�VXVWDLQHG�JURZWK�LV�FRPSDWLEOH�ZLWK�D�UROH�IRU
QRQ�UHSURGXFLEOH�IDFWRUV�SURYLGHG�WKH�LPSRUWDQFH�RI�WKHVH�IDFWRUV�VKULQN�DV
WKH� HFRQRP\� JURZV�� 5HEHOR� ������� VWXGLHG� PXOWL�VHFWRU� PRGHOV� DQG
VWUHVVHG�WKDW�WKH�DVVXPSWLRQ�WKDW�WKHUH�LV�D�VHW�RI�FDSLWDO�JRRGV�WKDW�FDQ�EH
SURGXFHG� ZLWKRXW� QRQ�UHSURGXFLEOH� IDFWRUV� �VXFK� DV� ODQG��� WRJHWKHU� ZLWK
VRPH�UHJXODULW\�FRQGLWLRQV��OHDGV�WR�PRGHOV�RI�WKH�$.�IRUP��7KLV�HPSKDVLV
RQ�IDFWRUV�WKDW�FDQ�EH�DFFXPXODWHG�FRQWUDVWV�ZLWK�D�WUDGLWLRQDO�YLHZ�RI�WKH
JURZWK� SURFHVV� WKDW� DVVLJQV� DQ� LPSRUWDQW� UROH� WR� QDWXUDO� UHVRXUFHV�� %XW
UHFHQW� HPSLULFDO� HYLGHQFH� E\� 6DFKV� DQG�:DUQHU� ������� VXJJHVWV� WKDW�� LI
DQ\WKLQJ�� KLJK� VWRFNV� RI� QDWXUDO� UHVRXUFHV� VHHP� WR� FRUUHODWH� ZLWK� ORZHU
UDWHV�RI�HFRQRPLF�H[SDQVLRQ�

7KHUH�DUH�WZR�SUREOHPV�ZLWK�WKLV�FODVV�RI�PRGHOV�WKDW�UHGHILQHV�WKH�FRQFHSW
RI�FDSLWDO��7KH�ILUVW�SUREOHP�LV�D�GHVFULSWLYH�RQH��LQ�WKH�PRGHO�JURZWK�WDNHV
SODFH�EHFDXVH�ZRUNHUV�EHFRPH�PRUH� DQG�PRUH�SURGXFWLYH�RYHU� WLPH� LQ� D
ZD\� WKDW� GRHV� QRW� LQWHUDFW� ZLWK� WKH� LQYHQWLRQ� RI� QHZ� WHFKQRORJLHV�� 7KH
VHFRQG�SUREOHP�LV�HPSLULFDO��0RGHOV�RI� WKH�$.�YDULHW\� LPSO\� WKDW�FHUWDLQ
SROLFLHV� VKRXOG� KDYH� ODUJH� HIIHFWV� RQ� WKH� UDWH� RI� HFRQRPLF� JURZWK�� ,Q
SDUWLFXODU�� LQFRPH� WD[HV� VKRXOG� EH� LPSRUWDQW� JURZWK� GHWHUPLQDQWV�� WKHVH
WD[HV� UHGXFH� WKH� $� WKDW� LV� UHOHYDQW� IRU� FDSLWDO� DFFXPXODWLRQ� DQG�� LQ� DQ
RSWLPL]LQJ�PRGHO��JHQHUDOO\�LPSO\�D�SHUPDQHQW�JURZWK�VORZ�GRZQ��7KHVH
JURZWK�HIIHFWV�DUH�KRZHYHU�GLIILFXOW�WR�GHWHFW�LQ�FURVV�VHFWLRQ�GDWD��(DVWHUO\
DQG� 5HEHOR� ��������� 7KH� 86� H[SHULHQFH� DOVR� FDVWV� VRPH� GRXEWV� RQ� WKH



�

SUHVHQFH�RI�JURZWK�HIIHFWV�RI�WD[DWLRQ��LQFRPH�WD[HV�VXIIHUHG�D�VLJQLILFDQW�
SHUPDQHQW�LQFUHDVH�LQ�WKH�HQG�RI�WKH�6HFRQG�:RUOG�:DU��EXW� LW� LV�KDUG� WR
GHWHFW� DQ\� FRUUHVSRQGLQJ� VORZGRZQ� RI� WKH� JURZWK� SURFHVV� �6WRNH\� DQG
5HEHOR����������-RQHV��������VHDUFKHV�PRUH�EURDGO\�IRU�JURZWK�HIIHFWV�RI
GLIIHUHQW� SROLFLHV� DQG� IDLOV� WR� ILQG� WKHP�� (DVWHUO\� HW� DO�� ������� VWUHVV� D
VLPLODU� UHVXOW²SROLFLHV� DUH� IDLUO\� SHUVLVWHQW� DFURVV� GHFDGHV� EXW� JURZWK� LV
QRW��'HVSLWH�SUREOHPV�DVVRFLDWHG�ZLWK�PHDVXUHPHQW�HUURU�DQG�VKRUW�VDPSOHV
WKLV�HYLGHQFH�DV�D�ZKROH�FDVWV�VHULRXV�GRXEWV�RQ�WKH�JURZWK�HIIHFWV� WKDW�D
VLPSOH�$.�PRGHO�WHQGV�WR�JHQHUDWH��

3DUWO\�LQ�UHDFWLRQ�WR�WKHVH�SUREOHPV��VRPH�RI�WKH�JURZWK�OLWHUDWXUH�DGRSWHG
PRGHOV� WKDW� DUH� LQ�EHWZHHQ� WKH�RULJLQDO�6RORZ�PRGHO� DQG� WKH�$.�PRGHO�
%DUUR� DQG� 6DOD�L�0DUWLQ� �������� 0DQNLZ�� 5RPHU� DQG� :HLO� ������� DQG�
PRUH� UHFHQWO\�� &KDUL�� .HKRH� DQG� 0F*UDWWDQ� ������� KDYH� SURSRVHG
SURGXFWLRQ�IXQFWLRQV�RI�WKH�IRUP�
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ZKHUH�.� UHSUHVHQWV� D� EURDGHU� QRWLRQ� RI� FDSLWDO� WKDW� HQFRPSDVVHV� KXPDQ
FDSLWDO�� DQG�1� VWDQGV� IRU� UDZ� ODERXU��8QGHU� WKLV� LQWHUSUHWDWLRQ� LW�PD\� EH
UHDVRQDEOH�WR�FKRRVH�D�ORZ�YDOXH�IRU�a��SHUKDSV�LQ�WKH�����WR�����UDQJH��7KLV
PHDQV� WKDW� WKH� FDSLWDO� VKDUH� LV� KLJK� HQRXJK� WR� DYRLG� WKH� LPSODXVLEOH
LPSOLFDWLRQV� IRU� UHDO� LQWHUHVW� UDWH� EHKDYLRXU� GLVFXVVHG� LQ� 6HFWLRQ� ��� ,I
UHWXUQV� WR� FDSLWDO� DUH� FORVH� WR� RQH� ZH� ZLOO� QRW� REVHUYH� VXEVWDQWLDO
PRYHPHQWV� LQ� UHDO� LQWHUHVW� UDWHV� DORQJ� D� WUDQVLWLRQ� SDWK�� $OVR� WKH� PRGHO
QRZ�DOORZV�IRU�SURWUDFWHG�WUDQVLWLRQDO�JURZWK�HIIHFWV��$W�WKH�VDPH�WLPH��WKH
SUHVHQFH�RI�GHFUHDVLQJ�UHWXUQV�WR�FDSLWDO�PHDQV�WKDW�WKHUH�DUH�QR�SHUPDQHQW
JURZWK�HIIHFWV�

$Q� LQIOXHQWLDO� HPSLULFDO� VWXG\� WKDW� UHYLYHG� WKH� XVH� RI� WKH� QHRFODVVLFDO
PRGHO� WR�XQGHUVWDQG�WKH�JURZWK�SURFHVV�ZDV�$OZ\Q�<RXQJ
V� �����������
PHDVXUHPHQW�RI�SURGXFWLYLW\�JURZWK�LQ�WKH�IDVWHVW�JURZLQJ�FRXQWULHV�LQ�WKH
ZRUOG�� WKH� VR�FDOOHG� $VLDQ� WLJHUV²6LQJDSRUH�� 7DLZDQ�� +RQJ� .RQJ� DQG
6RXWK�.RUHD��<RXQJ�ZHQW� EDFN� WR� D�SURGXFWLRQ� IXQFWLRQ� VXFK� DV� ���� DQG
DVNHG�WKH�TXHVWLRQ²KRZ�LPSRUWDQW�LV�SURGXFWLYLW\�JURZWK�;W�LQ�DFFRXQWLQJ
IRU�WKH�JURZWK�RI�WKH�$VLDQ�WLJHUV"�+H�IRXQG�WKDW�SURGXFWLYLW\�JURZWK�ZDV

������������������������������������������
�� 0HDVXUHV� RI� ILQDQFLDO� LQWHUPHGLDWLRQ� VHHP� WR� EH� RQH� RI� WKH� IHZ� SROLF\�UHODWHG
YDULDEOHV� WKDW� DUH� FRUUHODWHG� LQ� D� UREXVW�PDQQHU�ZLWK� WKH� JURZWK� SURFHVV� �/HYLQH� DQG
5HQHOW��������DQG�.LQJ�DQG�/HYLQH���������
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QRW� YHU\� LPSRUWDQW� DQG� WKDW� PRVW� RXWSXW� JURZWK� LQ� WKHVH� FRXQWULHV
UHSUHVHQWHG�PDVVLYH�LQFUHDVHV�LQ�IDFWRUV�RI�SURGXFWLRQ��ODERXU�DQG�FDSLWDO��
)URP�D�SROLF\� VWDQGSRLQW�<RXQJ
V� ILQGLQJV�JUHDWO\� UHGXFHG� FRQILGHQFH� LQ
WKH� LGHD� WKDW� WKH�$VLDQ� WLJHUV� KDG� JURZQ� IDVW� EHFDXVH� WKH\� KDG� IROORZHG
VKUHZG� LQGXVWULDO� SROLFLHV� WKDW� KDG� WDUJHWHG� LQGXVWULHV�ZKHUH� SURGXFWLYLW\
JURZWK�ZDV�KLJK�

�����$�7+(25<�2)�;

:H� MXVW� UHYLHZHG� GLIIHUHQW� ZD\V� RI� UHGHILQLQJ� WKH� UROH� RI� FDSLWDO� LQ� WKH
FRQYHQWLRQDO�QHRFODVVLFDO�PRGHO��%XW�QRQH�RI�WKHVH�UH�GHILQLWLRQV�SURYLGHG
XV�ZLWK�D�WKHRU\�RI�WHFKQRORJLFDO�SURJUHVV��7KHVH�PRGHOV�GR�QRW�DOORZ�XV�WR
WKLQN�RI�ILUPV�DV�XQGHUWDNLQJ�LQYHVWPHQWV�DLPHG�DW�SURGXFLQJ�QHZ�SURGXFWV
DQG� SURGXFWLRQ� PHWKRGV�� $W� ILUVW� VLJKW� LW� VHHPV� WULYLDO� WR� PDNH
WHFKQRORJLFDO� SURJUHVV�� ;W�� LQ� ���� HTXDWLRQ� HQGRJHQRXV�� :K\� GRQ
W� ZH
VLPSO\�DGG�D�SURGXFWLRQ� IXQFWLRQ� IRU�;W�� WKDW� LV�� DVVXPH� WKDW� SURGXFWLYLW\
FDQ� EH� LQFUHDVHG� E\� GHYRWLQJ� UHVRXUFHV� WR� WKLV� HQGHDYRXU"� 7KH� SUREOHP
ZLWK� WKLV� DSSURDFK�� WULHG� IRU� LQVWDQFH� LQ�8]DZD� �������� LV� WKDW� ZKHQ� WKH
SURGXFWLRQ�IXQFWLRQ�WDNHV�D�FRQVWDQW�UHWXUQV�WR�VFDOH�IRUP�DV�LQ�����LW�LV�QRW
SRVVLEOH� WR� UHZDUG� WKH� IDFWRU�;� LQ� D� FRPSHWLWLYH� HTXLOLEULXP��7R� VHH� WKLV
FRQVLGHU� D� ILUP� WKDW� SURGXFHV� RXWSXW� E\� KLULQJ� ODERXU� DQG� FDSLWDO� LQ
FRPSHWLWLYH� VSRW� PDUNHWV�� 2SWLPDO� KLULQJ� GHFLVLRQV� IRU� WKLV� ILUP� DUH
GLFWDWHG�E\�WKH�IDPLOLDU�HTXDWLRQV�
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ZKHUH�5�GHQRWHV� WKH� UHDO� UHQWDO�SULFH�RI�FDSLWDO�DQG�Z� WKH� UHDO�ZDJH� UDWH�
1RWH�WKDW�EHFDXVH�WKH�SURGXFWLRQ�IXQFWLRQ�LV�KRPRJHQHRXV�RI�GHJUHH�RQH�

<5.1Z =+

ZKLFK� PHDQV� WKDW� DIWHU� SD\LQJ� IRU� ODERXU� DQG� FDSLWDO� WKHUH� LV� QRWKLQJ
OHIWRYHU� WR� UHZDUG� IDFWRU� ;�� :H� KDYH� DOUHDG\� VHHQ� RQH� VROXWLRQ� WR� WKLV
SUREOHP� SURSRVHG� E\� /XFDV� ������� ZKLFK� LV� WR� UH�LQWHUSUHW� ;� DV� KXPDQ
FDSLWDO�

������������������������������������������
��6HH�+VLHK��������IRU�D�UHFHQW�UHDVVHVVPHQW�RI�<RXQJ
V��������������ILQGLQJV�
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0DQ\�W\SHV�RI�LQQRYDWLRQ�LQYROYH�VXEVWDQWLDO�HIIRUW�LQ�WKH�GHYHORSPHQW�RI
EOXHSULQWV� WKDW�� RQFH� SURGXFHG�� FDQ� EH� FRVWOHVVO\� XVHG� WR� JXLGH� WKH
PDQXIDFWXULQJ�SURFHVV�IRU�QHZ�JRRGV��)LUPV�ZLOO�QRW�EH�ZLOOLQJ�WR�SD\�IRU
WKHVH�IL[HG�FRVWV�DVVRFLDWHG�ZLWK�SURGXFW�GHYHORSPHQW�LI�WKH�SURGXFWLRQ�RI
WKH�QHZ�JRRG�ZLOO�WDNH�SODFH�LQ�D�FRPSHWLWLYH�HQYLURQPHQW�ZKHUH�HFRQRPLF
SURILWV�ZLOO�EH�]HUR��7R�GHDO�ZLWK� WKLV�SUREOHP�5RPHU� �������SURSRVHG� D
WKHRU\� RI� HQGRJHQRXV� WHFKQLFDO� SURJUHVV� WKDW� XVHV� WKH� 'L[LW� DQG� 6WLJOLW]
������� PRGHO� RI� PRQRSROLVWLF� FRPSHWLWLRQ�� )LUPV� SD\� D� IL[HG� FRVW� WR
SURGXFH�D�QHZ�JRRG�EXW� WKHQ� UHFHLYH�D�SHUPDQHQW�PRQRSRO\� LQ� WKH�JRRG
WKDW� WKH\� FUHDWH��7R� VLPSOLI\� WKH� H[SRVLWLRQ�ZH�ZLOO� FRQWLQXH� WR� VWXG\� DQ
HFRQRP\� WKDW� GHYRWHV� D� IL[HG� IUDFWLRQ� RI� UHVRXUFHV� WR� LQYHVWPHQW�� ZKLFK
WDNHV�WKH�IRUP�RI� WKH�GLVFRYHU\�DQG� LQWURGXFWLRQ�RI�QHZ�JRRGV��2XWSXW� LV
SURGXFHG� E\� FRPELQLQJ� ODERXU�ZLWK� QW� GLIIHUHQWLDWHG� LQWHUPHGLDWH� JRRGV�
ZKLFK�ZH�UHSUHVHQW�E\�[�W��L��
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1RWH� WKDW� WKLV� SURGXFWLRQ� IXQFWLRQ� H[KLELWV� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ
ODERXU�DQG�LQ�WKH�LQWHUPHGLDWH�JRRGV�[�L���2XWSXW�SURGXFHUV�PD[LPL]H�
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ZKHUH� SW�L�� UHSUHVHQWV� WKH� SULFH� RI� LQWHUPHGLDWH� JRRG� L� DQG�Z� LV� WKH� UHDO
ZDJH��DOO�PHDVXUHG�LQ�XQLWV�RI�RXWSXW��7KH�RSWLPDO�VROXWLRQ�WR�WKLV�SUREOHP
LV�JLYHQ�E\�

��� �������� LS1L$[ WW =- - aaa

���� ��� �
�

� Z1GLL[$ WQ
W =ß

à

Þ
Ï
Ð

Î --× aaa

7KH�ILUVW�RI�WKHVH�HTXDWLRQV�GHVFULEHV�WKH�GHPDQG�IRU�LQWHUPHGLDWH�JRRG� L�
6XSSRVH� WKDW�\RX�KDYH�EHHQ�JUDQWHG�PRQRSRO\�ULJKWV�RYHU� WKH�SURGXFWLRQ
RI� WKLV� JRRG�� :KDW� LV� WKH� OHYHO� RI� VXSSO\� WKDW� PD[LPL]HV� \RXU� SURILWV"
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$VVXPLQJ� WKDW� HDFK� XQLW� RI� [�L�� FRVWV� f� XQLWV� RI� RXWSXW� WR� SURGXFH�� WKH
PRQRSROLVW
V�SUREOHP�LV�

��������������PD[ � L[1L$[L[L[LS WWW faf aa --=- -

7KLV�SUREOHP�KDV�D�IDPLOLDU�VROXWLRQ��LW�LV�RSWLPDO�WR�FKDUJH�D�PDUN�XS�RYHU
PDUJLQDO�FRVW��f�
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1RWH� WKDW� VLQFH� ZH� DVVXPH� WKDW� WKH� PDUJLQDO� FRVW� LV� WKH� VDPH� IRU� DOO
SURGXFHUV�� WKHLU� SULFHV� ZLOO� DOO� EH� LGHQWLFDO�� 7KXV� LQ� HTXLOLEULXP� DOO
SURGXFHUV�VXSSO\�WKH�VDPH�TXDQWLW\�ZKLFK�FDQ�EH�GHULYHG�E\�VXEVWLWXWLQJ�S
LQWR�WKH�GHPDQG�IXQFWLRQ�����
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:LWK�WKLV�UHVXOW�LQ�KDQG�ZH�FDQ�QRZ�JR�EDFN�WR�RXU�SURGXFWLRQ�IXQFWLRQ����
DQG�FRPSXWH�WKH�RXWSXW�WKDW�UHVXOWV�IURP�XVLQJ�[�XQLWV�RI�HDFK�LQWHUPHGLDWH
JRRG�� 7KLV� UHGXFHG� IRUP� SURGXFWLRQ� IXQFWLRQ� LV� OLQHDU� LQ� WKH� QXPEHU� RI
SURGXFWV�DYDLODEOH�LQ�WKH�HFRQRP\�
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:H�ZLOO�DOVR�DVVXPH��DV� LQ�5LYHUD�%DWL]�DQG�5RPHU� ������� WKDW� WR� LQYHQW
QHZ� JRRGV� WKH� HFRQRP\� PXVW� LQYHVW� y� XQLWV� RI� RXWSXW� LQWR� WKH� 5	'
SURFHVV��$�SRWHQWLDO�HQWUDQW�PXVW�ZHLJKW�WKH�FRVW�RI�SURGXFLQJ�WKH�EOXHSULQW
IRU�D�QHZ�JRRG�DJDLQVW�WKH�PRQRSRO\�SURILWV�WKDW�UHVXOW�IURP�WKH�DELOLW\�WR
FKDUJH� D� SULFH� DERYH� PDUJLQDO� FRVW� WKURXJKRXW� WKH� �LQILQLWH�� OLIH� RI� WKH
SURGXFW�� ,I�ZH� DVVXPH� WKDW� WKHUH� LV� IUHH� HQWU\� LQWR� WKH�SURGXFWLRQ�RI�QHZ
LQWHUPHGLDWH� JRRGV�� LW� IROORZV� WKDW� WKH�PRQRSRO\� SURILWV�PXVW� EH� H[DFWO\
RXWZHLJKHG�E\� WKH�FRVW�RI� LQYHQWLQJ�D�QHZ�JRRG��6LQFH� LQ� WKLV�VXUYH\�ZH
DUH�PRVWO\�LQWHUHVWHG�LQ�WKH�TXHVWLRQ�RI�KRZ�WR�JHQHUDWH�VXVWDLQDEOH�JURZWK�
OHW�XV�VLGHVWHS�WKH�SUREOHP�RI�5	'�LQYHVWPHQW�IDFHG�E\�QHZ�HQWUDQWV�LQWR
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WKH� LQWHUPHGLDWH� JRRGV� LQGXVWU\�� ,QVWHDG�� OHW� XV� IRFXV� RQ� WKH� VLPSOHU
TXHVWLRQ�RI�ZKDW�LV�WKH�JURZWK�UDWH�RI�WKH�HFRQRP\�LI�D�IUDFWLRQ�V�RI�RXWSXW
LV�GHYRWHG�WR�WKH�LQYHQWLRQ�DQG�SURGXFWLRQ�RI�LQWHUPHGLDWH�JRRGV�
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7KH� VHFRQG� HTXDWLRQ� DERYH� KDV� WZR� WHUPV�� 7KH� ILUVW� ��QW���±�QW�y�
UHSUHVHQWV�WKH�FRVW�RI�LQYHQWLQJ�QHZ�JRRGV��ZKLOH�WKH�VHFRQG��f�[QW��LV�WKH
FRVW�RI�SURGXFLQJ�WKH�JRRGV� WKDW�DOUHDG\�H[LVW�� ,W� LV�QRZ�HDV\� WR�FRPSXWH
WKH�JURZWK�UDWH�RI�RXWSXW�LQ�WKLV�HFRQRP\��ZKLFK�FRLQFLGHV�ZLWK�WKH�UDWH�RI
JURZWK�RI�QW�
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$V�LQ�SUHYLRXV�PRGHOV�DQ�LQFUHDVH�LQ�WKH�VDYLQJV�UDWH��V��LQFUHDVHV�WKH�UDWH
RI� JURZWK�� %XW� WKHUH� LV� QRZ� D� QHZ� HIIHFW²WKH� UDWH� RI� JURZWK� RI� WKH
HFRQRP\� LQFUHDVHV�ZLWK�1�� WKH� QXPEHU� RI�ZRUNHUV� LQ� WKH� HFRQRP\��7KLV
UHVXOWV� VWHPV� IURP� WKH� DVVXPSWLRQ� WKDW� WKHUH� LV� D� IL[HG� FRVW�y� DVVRFLDWHG
ZLWK�LQYHQWLQJ�D�QHZ�JRRG�WKDW�LV�XQUHODWHG�WKH�QXPEHU�RI�XQLWV�RI�WKH�JRRG
WKDW� ZLOO� EH� PDQXIDFWXUHG�� 7KLV� UHDVRQDEOH� DVVXPSWLRQ� LPSOLHV� WKDW� WKH
QXPEHU�RI�JRRGV�LQYHQWHG�ZLOO�GHSHQG�RI�WKH�VL]H�RI�WKH�PDUNHW²LQ�D�VPDOO
HFRQRP\� LW� ZLOO� QRW� FRPSHQVDWH� WR� SD\� WKH� IL[HG� FRVW� WR� GHYHORS� PDQ\
JRRGV��7KH�VL]H�RI�WKH�PDUNHW�LQ�WKLV�HFRQRP\�LV�UHODWHG�WR�WKH�QXPEHU�RI
ZRUNHUV��DQG�KHQFH�WKH�LPSOLFDWLRQ� WKDW�� IRU�D�JLYHQ�VDYLQJV�UDWH��D� ODUJHU
HFRQRP\�ZLOO�JURZ�IDVWHU��7KLV�LPSOLFDWLRQ�LV�HPSLULFDOO\�FRXQWHUIDFWXDO²
WKHUH� LV�QR� UHODWLRQ�EHWZHHQ�SRSXODWLRQ�VL]H�DQG� UDWHV�RI�JURZWK� LQ�FURVV�
FRXQWU\�GDWD��%XW��DV�ZH�GLVFXVV�IXUWKHU�EHORZ��WKLV�PRGHO�RI�LQQRYDWLRQ�LV
RQO\� UHOHYDQW� IRU� D� KDQGIXO� RI� DGYDQFHG� HFRQRPLHV� WKDW� XQGHUWDNH
VLJQLILFDQW� LQYHVWPHQWV� LQ� 5	'��$QG� VLQFH� WKHVH� HFRQRPLHV� H[SRUW� WKHLU
SURGXFWV�LW�LV�XQFOHDU�WKDW�WKHLU�SRSXODWLRQ�LV�WKH�FRUUHFW�PHDVXUH�RI�WKH�VL]H
RI�WKH�PDUNHW��7KH�ZRUOG�SRSXODWLRQ�PD\�EH� WKH�UHOHYDQW�1� LQ� WKH�JURZWK
UDWH�IRUPXOD��1RW�VXUSULVLQJO\�� WKLV�PRGHO�KDV�LPSRUWDQW�FRQVHTXHQFHV�IRU
WKLQNLQJ� DERXW� WUDGH� LVVXHV� WKDW� KDYH� EHHQ� WKRURXJKO\� H[SORUHG� E\
*URVVPDQ�DQG�+HOSPDQ������E��

$W�D�GHVFULSWLYH� OHYHO� WKLV� WKHRU\� LV�PXFK�PRUH� VDWLVI\LQJ� WKDQ�PRGHOV� LQ
ZKLFK�LQQRYDWLRQ�HIIRUWV�DUH�DJJORPHUDWHG�ZLWK�SK\VLFDO�RU�KXPDQ�FDSLWDO
DFFXPXODWLRQ�� %XW� DW� D� PRUH� DEVWUDFW� OHYHO� WKLV� PRGHO� XVHV� WKH� VDPH
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WHFKQLFDO� WULFNV� IRU� JHQHUDWLQJ� VXVWDLQHG� JURZWK� DQG� KDV� VLPLODU
LPSOLFDWLRQV� IRU� LVVXHV� VXFK� DV� WKH� HIIHFWV� RI� WD[DWLRQ� RQ� JURZWK� DV� GR
WKHRULHV�WKDW�UHLQWHUSUHW�WKH�UROH�RI�WKH�FDSLWDO�VWRFN��+HUH�VXVWDLQHG�JURZWK
DULVHV� EHFDXVH� SURGXFLQJ� QHZ� SURGXFWV� GRHV� QRW� LQYROYH� IDFWRUV� RI
SURGXFWLRQ� WKDW� FDQQRW� EH� DFFXPXODWHG�� VR� LQQRYDWLRQ� QHYHU� UHDFKHV� D
ERWWOHQHFN�WKDW�ZRXOG�VORZ�GRZQ�WKH�UDWH�RI�H[SDQVLRQ��,Q�5RPHU
V�������
RULJLQDO� IRUPXODWLRQ� RI� WKH� PRGHO� QHZ� JRRGV� ZHUH� LQYHQWHG� E\� XVLQJ
VNLOOHG�ODERXU�ZKRVH�VWRFN�ZDV�DVVXPHG�WR�EH�FRQVWDQW��7R�DOORZ�XQFHDVLQJ
JURZWK� WR� VWLOO� WDNH� SODFH� 5RPHU� LQWURGXFHG� DQ� H[WHUQDOLW\²KH� DVVXPHG
WKDW�WKH�FRVW�RI�LQYHQWLQJ�QHZ�SURGXFWV�GHFOLQHV�ZLWK�WKH�VWRFN�RI�H[LVWLQJ
SURGXFWV��QW���7R�VHH�WKLV�LQ�RXU�VLPSOH�IRUPXODWLRQ�VXSSRVH�WKDW�WKHUH�DUH�+
XQLWV�RI�VNLOOHG�ODERXU�WKDW�FDQ�EH�GHYRWHG�WR�LQYHQWLQJ�QHZ�JRRGV�

�� '+QQ WW =-+

:LWK� WKLV�5	'�SURGXFWLRQ� IXQFWLRQ� LW� LV� LPSRVVLEOH� IRU�QW� WR� H[SDQG� DW� D
FRQVWDQW� UDWH²JURZWK� ZLOO� HYHQWXDOO\� FRPH� WR� D� KDOW�� 6XSSRVH� QRZ� ZH
PRGLI\�WKLV�LQQRYDWLRQ�IXQFWLRQ�WR�WDNH�WKH�IRUP�
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+HUH�WKHUH�LV�DQ�H[WHUQDOLW\²WKH�ODUJHU�WKH�VWRFN�RI�H[LVWLQJ�SURGXFWV�QW�WKH
HDVLHU� LW� LV� WR� SURGXFH� QHZ� SURGXFWV�� 7KLV� H[WHUQDOLW\� UH�LQWURGXFHV� WKH
SRVVLELOLW\�IRU�XQFHDVLQJ�JURZWK�

��� 4XDOLW\�ODGGHUV

,Q�WKH�PRGHO�WKDW�ZH�MXVW�VNHWFKHG�WKH�HFRQRP\�EHFRPHV�PRUH�SURGXFWLYH
DV� QHZ� JRRGV� DUH� LQWURGXFHG�� ,Q� DFWXDO� HFRQRPLHV� ROG� JRRGV� VWRS� EHLQJ
SURGXFHG� DQG� DUH� UHSODFHG� E\� QHZ� RQHV�� &DQGOHV� KDYH� EHHQ� UHSODFHG� E\
HOHFWULF�ODPSV�DQG�YDFXXP�WXEHV�E\�WUDQVLVWRUV��$JKLRQ�DQG�+RZLWW�������
DQG�*URVVPDQ�DQG�+HOSPDQ� �����D��GHYHORSHG�D�PRGHO�ZKLFK� HPERGLHV
WKLV� OLIH� F\FOH� DVSHFW� RI� LQQRYDWLRQ���� ,Q� WKHVH� PRGHOV� SRWHQWLDO� HQWUDQWV
PXVW�ZHLJKW�WKH�FRVW�RI�LPSURYLQJ�DQ�H[LVWLQJ�JRRG�DJDLQVW�WKH�EHQHILWV�RI
PRQRSRO\� SRZHU� DVVRFLDWHG� ZLWK� VXFFHVVIXO� LQQRYDWLRQ�� 2QO\� WKLV
PRQRSRO\� SRZHU� LV� QRZ� WHPSRUDU\�� (DFK� QHZ� SURGXFHU� JHWV� LWV� ILIWHHQ
������������������������������������������
��:HLW]PDQ��������KDV�SURGXFHG�DQ�LQWHUHVWLQJ�DQDO\VLV�RI�WKH�UROH�RI�LGHDV�LQ�WKH�VXVWDLQDELOLW\
RI�WKH�JURZWK�SURFHVV��+H�DVVXPHV�WKDW�QHZ�LGHDV�DUH�SURGXFHG�E\�FRPELQLQJ�ROG�LGHDV�DQG�XVHV
FRPELQDWRU\�FDOFXOXV�WR�VWXG\�WKH�OLPLWV�RQ�WKH�FUHDWLRQ�RI�QHZ�LGHDV�DQG�RQ�WKH�JURZWK�SURFHVV�
���7KH�TXDOLW\�ODGGHUV�DQG�WKH�H[SDQGLQJ�YDULHW\�PRGHOV�DUH�QRW�LQFRPSDWLEOH²RQH�FDQ�ZULWH
PRGHOV� LQ� ZKLFK� WKH� QXPEHU� RI� JRRGV� H[SDQGV�� DW� WKH� VDPH� WLPH� WKDW� H[LVWLQJ� JRRGV� DUH
LPSURYH��6HH��IRU�LQVWDQFH�&DEDOOHUR�DQG�-DIIH��������
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PLQXWHV�RI�IDPH�EHIRUH�VHHLQJ�LWV�SURGXFW�UHSODFHG�E\�D�EHWWHU�RQH��7KHVH
LQWHUDFWLRQV� EHWZHHQ� SURGXFHUV� RI� GLIIHUHQW� YLQWDJHV� RI� WKH� VDPH� JRRG
VXEVWDQWLDOO\� FRPSOLFDWH� WKH� PRGHO�� %XW� WKH� HVVHQWLDO� IHDWXUHV� WKDW� GULYH
VXVWDLQHG�JURZWK�FDQ�EH�VWXGLHG��DV�EHIRUH��E\�IRFXVLQJ�RQ�DQ�HFRQRP\�LQ
ZKLFK�LQYHVWPHQW�LV�D�FRQVWDQW�IUDFWLRQ�RI�RXWSXW��DQG�LQ�ZKLFK�ROG�JRRGV
VWRS�EHLQJ�SURGXFHG�DV�QHZ�RQHV�DUH�LQWURGXFHG�

&RQVLGHU�QRZ�WKH�IROORZLQJ�SURGXFWLRQ�IXQFWLRQ�
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+HUH� WKH� QXPEHU� RI� LQWHUPHGLDWH�JRRGV� LV� FRQVWDQW�� EXW� UHVRXUFHV� FDQ� EH
GHYRWHG� WR� LPSURYLQJ� WKH� TXDOLW\� RI� H[LVWLQJ� JRRGV�� 4XDOLW\� LV� GHQRWHG
E\�lW�L���7KH�GHPDQG�IRU�JRRG�L�LV�JLYHQ�E\�
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$VVXPLQJ� WKDW� WKH� FRVW� RI� SURGXFWLRQ� RI� LQWHUPHGLDWH� JRRGV� UHPDLQV
FRQVWDQW� DW� f�� WKH� RSWLPDO� PRQRSRO\� SULFLQJ� SROLF\� FRQWLQXHV� WR� EH� WKH
VDPH�
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,I�ZH�DVVXPH�WKDW� WKH�TXDOLW\�RI�DOO� WKH�JRRGV�PRYHV� LQ� WDQGHP�lW�L�� �lW�
ZH�FDQ�ZULWH�WKH�UHGXFHG�IRUP�SURGXFWLRQ�IXQFWLRQ�DV�

�
���

�

�����
��

aa
a

f
a

l
-

ß
ß

à

Þ

Ï
Ï

Ð

Î -
=

=

$%

1%< WW

6XSSRVH�QRZ�WKDW�WKH�TXDOLW\�RI�QHZ�JRRGV�FDQ�EH�LPSURYHG�DFFRUGLQJ�WR�
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ZKHUH� U
W, � GHQRWHV� WKH� UHVRXUFHV� GHYRWHG� WR�5	'��1RWLFH� WKDW� WKHUH� LV� DQ

H[WHUQDO�HIIHFW� HPEHGGHG� LQ� WKLV� HTXDWLRQ²LW� LV� HDVLHU� WR�DFKLHYH�D�JLYHQ
OHYHO�RI�SURGXFW�TXDOLW\��l��LQ�DQ�HFRQRP\�ZKHUH�TXDOLW\�LV�DOUHDG\�KLJK��,I
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WKH�HFRQRP\�VDYHV�D�FRQVWDQW�IUDFWLRQ�RI�RXWSXW��ZLWK�WKHVH�UHVRXUFHV�EHLQJ
XVHG�WR�LQYHQW�DQG�SURGXFH�QHZ�JRRGV��ZH�KDYH�
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7KLV�DOORZV�XV�WR�FRPSXWH�WKH�JURZWK�UDWH�RI�WKH�HFRQRP\��ZKLFK�WXUQV�RXW
WR�FRLQFLGH�ZLWK�WKDW�RI�WKH�H[SDQGLQJ�YDULHW\�PRGHO�
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7KLV� IRUPXOD� IHDWXUHV� WKH� VDPH� VFDOH� HIIHFW� RI� SRSXODWLRQ� RQ� WKH� UDWH� RI
JURZWK� WKDW� ZH� HQFRXQWHUHG� LQ� WKH� YDULHW\� H[WHQVLRQ� PRGHOV�� $FHPRJOX
�������KDV�DUJXHG�WKDW�WKLV�VFDOH�HIIHFW�FDQ�KHOS�XV�XQGHUVWDQG�WKH�HYROXWLRQ
RI� WKH� VNLOO� SUHPLXP� LQ� WKH�86��+H� XVHV� D� YHUVLRQ� RI� WKH� TXDOLW\� ODGGHUV
PRGHO� WR� VWXG\� KRZ� WHFKQRORJLFDO� SURJUHVV� FDQ� UHVSRQG� WR� FKDQJHV� LQ
IDFWRUV� RI� SURGXFWLRQ�� ,Q� KLV� PRGHO� WKHUH� DUH� ERWK� VNLOOHG� DQG� XQVNLOOHG
ZRUNHUV��DQG�LQYHVWPHQW�LQ�5	'�FDQ�EH�GLUHFWHG� WR�SURGXFLQJ�JRRGV� WKDW
DUH� XVHG� E\� HLWKHU� JURXS�� 7KH� IL[HG� FRVW� QDWXUH� RI� LQYHVWPHQW� LQ� 5	'�
UHSUHVHQWHG�E\�RXU�SDUDPHWHU�y�PHDQV�WKDW�DQ�LQFUHDVH�LQ�WKH�VL]H�RI�RQH�RI
WKH� JURXSV� FDQ� OHDG� WR� DQ� LQFUHDVH� RI� 5	'� HIIRUW� DLPHG� DW� GHYHORSLQJ
LQWHUPHGLDWH� JRRGV� WKDW� DUH� FRPSOHPHQWDU\� WR� WKLV� W\SH� RI� ODERXU�
$FHPRJOX� �������XVHV� WKH�PRGHO� WR�H[SODLQ�ZK\� WKH�ZDJH� UDWH�RI�VNLOOHG
ZRUNHUV�GLG�QRW�IDOO�GHVSLWH�WKH�ODUJH�LQFUHDVH�LQ�UDWLR�RI�VNLOOHG�WR�XQVNLOOHG
ZRUNHUV� LQ� WKH�86�� GXULQJ� WKH� ODVW� WKUHH� GHFDGHV��+LV�PRGHO� LPSOLHV� WKDW
LQFUHDVHV�LQ� WKH�QXPEHU�RI�VNLOOHG�ZRUNHUV� OHDG� WR� WKH� LQYHQWLRQ�RI�JRRGV
WKDW�DUH�FRPSOHPHQWDU\�WR�WKHLU�SURGXFWLRQ�DFWLYLWLHV��7KLV�FRXQWHUDFWV�WKH
QDWXUDO� WHQGHQF\� IRU� WKH�ZDJH�RI�VNLOOHG�ZRUNHUV� WR� IDOO� DV� D� UHVXOW�RI� WKH
LQFUHDVH�LQ�WKHLU�VXSSO\�

��� 7HFKQRORJ\�DGRSWLRQ

7KH� WZR� PRGHOV� RI� HQGRJHQRXV� WHFKQLFDO� SURJUHVV� MXVW� UHYLHZHG� DUH
UHOHYDQW� IRU� HFRQRPLHV�RQ� WKH� IURQWLHU�RI� WHFKQRORJLFDO� GHYHORSPHQW��%XW
IRU�PRVW� HFRQRPLHV� DURXQG� WKH�ZRUOG� WKH� LVVXH� LV� QRW�ZKHWKHU� WR� GHYRWH
UHVRXUFHV� WR� LQQRYDWLRQ�EXW�ZKHWKHU� WR�DGRSW� WHFKQRORJLHV� WKDW�KDYH�EHHQ
GHYHORSHG�E\�RWKHUV��7R�FRQVWUXFW�D�VLPSOH�PRGHO�RI�WHFKQRORJ\�DGRSWLRQ
DORQJ� WKH� OLQHV� RI� (DVWHUO\� HW� DO�� ������� FRQVLGHU� D� FRXQWU\� ZLWK� D
SURGXFWLRQ�IXQFWLRQ�RI�WKH�VDPH�IRUP�XVHG�LQ�WKH�H[SDQGLQJ�YDULHW\�PRGHO�
$VVXPH�WKDW�DOO�WKH�LQWHUPHGLDWH�LQSXWV�DUH�LPSRUWHG�DQG�WKDW��WR�VLPSOLI\�
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WKH\� VKDUH� D� FRPPRQ� SULFH� S�� 7KH� RSWLPDO� XVH� RI� LQWHUPHGLDWH� LQSXWV� LV
FKDUDFWHUL]HG�E\�WKH�IROORZLQJ�SUREOHP�
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6LQFH�DOO�LQWHUPHGLDWH�JRRGV�KDYH�WKH�VDPH�SULFH�LW�LV�RSWLPDO�WR�XVH�WKHP
LQ�H[DFWO\� WKH�VDPH�TXDQWLW\��[��ZKLFK�FDQ�EH�GHULYHG� IROORZLQJ�WKH�VDPH
VWHSV�XVHG�EHIRUH�
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:H�FDQ�QRZ�ZULWH�RXWSXW�QHW�RI�WKH�FRVW�RI�SXUFKDVLQJ�LQWHUPHGLDWH�LQSXWV
DV�
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6XSSRVH� WKDW� WKH� VSHFWUXP� RI� LQWHUPHGLDWH� JRRGV� WKDW� KDYH� DOUHDG\� EHHQ
LQYHQWHG� LV� [ ]�³ �L �� :KDW� SUHYHQWV� WKH� FRXQWU\� WR� XVH� DOO� WKHVH� JRRGV"
$VVXPH� WKDW� WR� LQWURGXFH� D� QHZ� JRRG� LQWR� WKH� SURGXFWLRQ� SURFHVV� LW� LV
QHFHVVDU\�WR�WHDFK�WKH�ZRUNHUV�KRZ�WR�XVH�LW��,W�FRVWV�y�XQLWV�RI�RXWSXW�WR
WHDFK�HDFK�ZRUNHU�KRZ�WR�XVH�D�QHZ�JRRG�
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ZKHUH�,W�LV�WKH�LQYHVWPHQW�GHYRWHG�WR�WKH�DGRSWLRQ�RI�QHZ�WHFKQRORJLHV��,I
WKH� HFRQRP\� VDYHV� D� FRQVWDQW� IUDFWLRQ� RI� RXWSXW� QHW� RI� WKH� FRVW� RI
LQWHUPHGLDWH�LQSXWV�WKH�JURZWK�UDWH�LV�JLYHQ�E\�
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1RWH�WKDW�WKH�VFDOH�HIIHFWV�WKDW�ZH�REWDLQHG�EHIRUH�DUH�QR�ORQJHU�SUHVHQW�DV
D�UHVXOW�RI�WKH�DVVXPSWLRQ� WKDW� WHFKQRORJ\�DGRSWLRQ�FRVWV�DUH�SURSRUWLRQDO
WR�WKH�QXPEHU�RI�ZRUNHUV��$OVR�QRWH�WKDW�WKH�SULFH�RI�WKHVH�JRRGV��ZKLFK�LV
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H[RJHQRXV� WR� WKH� HFRQRP\�� LV� D� GHWHUPLQDQW� RI� WKH� UDWH� RI� JURZWK�� )RU� D
JLYHQ� OHYHO� RI� V� DQ� LQFUHDVH� LQ� S� VORZV� GRZQ� WKH� UDWH� RI� JURZWK�� 7KLV
DFFRUGV� ZLWK� WKH� ILQGLQJV� RI� 'H/RQJ� DQG� 6XPPHUV� ������� DQG� -RQHV
������� WKDW� VXJJHVW� D� VWURQJ� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� SULFH� RI
FDSLWDO�DQG�WKH�UDWH�RI�JURZWK�

7R� GHULYH� HTXDWLRQ� ����� ZH� DVVXPHG� WKDW� ZRUNHUV� OHDUQ� LQVWDQWDQHRXVO\
KRZ�WR�XVH�WKH�WHFKQRORJ\��%XW�LQ�SUDFWLFH�WKHUH�DUH�LPSRUWDQW�OHDUQLQJ�E\�
GRLQJ� G\QDPLFV� LQ� DGRSWLQJ� QHZ� WHFKQRORJLHV�� 7KLV� OHDUQLQJ�E\�GRLQJ
SURFHVV�KDV�EHHQ�HPSKDVL]HG�E\�/XFDV���������6WRNH\��������DQG�<RXQJ
������� LQ� KXPDQ�FDSLWDO� EDVHG� PRGHOV�� 7KHVH� VDPH� G\QDPLFV� SOD\� DQ
LPSRUWDQW�UROH�LQ�3DUHQWH���������,Q�KLV�PRGHO�LW�WDNHV�WLPH�WR�OHDUQ�KRZ�WR
RSHUDWH�D�QHZ�WHFKQRORJ\��,I�ILUPV�QHYHU�XSJUDGHG�WKHLU�FDSLWDO�WKH\�ZRXOG
HYHQWXDOO\� OHDUQ� KRZ� WR� SHUIHFWO\� RSHUDWH� WKHLU� WHFKQRORJ\�� :KHQ� WKH\
GHFLGHG� WR� DGRSW� D� QHZ� SURGXFWLRQ� SURFHVV� WKH\� ORVH� WKLV� WHFKQRORJ\�
VSHFLILF�H[SHUWLVH�DQG�KDYH�WR�VWDUW�RQFH�DJDLQ�DW�WKH�ERWWRP�RI�WKH�OHDUQLQJ
FXUYH�

*UHHQZRRG� DQG� <RUXNRJOX� ������� FRQVWUXFW� D� PRGHO� LQ� ZKLFK� D� PDMRU
WHFKQRORJLFDO�UHYROXWLRQ�FDQ�OHDG�WR�D�SURORQJHG�GHFOLQH�LQ�SURGXFWLYLW\�IRU
WKH�UHDVRQV�HPSKDVL]HG�E\�3DUHQWH���������,Q�WKHLU�PRGHO�LW�WDNHV�WLPH�DQG
UHVRXUFHV� WR� DGRSW� QHZ� WHFKQRORJLHV� DQG� OHDUQ� KRZ� WR� XVH� WKHP�� 7KXV
SURGXFWLYLW\�RIWHQ�IDOOV�LQ�WKH�LQLWLDO�VWDJHV�RI�DGRSWLRQ��7KLV�PHDQV�WKDW�WKH
DGRSWLRQ� RI� QHZ� LQIRUPDWLRQ� WHFKQRORJLHV� LQ� WKH� ����
V� FRXOG� EH
UHVSRQVLEOH� IRU� WKH� SURGXFWLYLW\� VORZGRZQ�� 7KHUH� LV� VRPH� KLVWRULFDO
HYLGHQFH�WKDW�EDFNV�XS�WKLV�LGHD��WKHUH�ZHUH�SURGXFWLYLW\�VORZGRZQV�LQ���WK
FHQWXU\� (QJODQG� ZLWK� WKH� LQWURGXFWLRQ� RI� WKH� VWHDP� HQJLQH� DQG� LQ� ��WK
FHQWXU\�$PHULFD�ZLWK� WKH� LQWURGXFWLRQ� RI� HOHFWULFLW\��$OVR�� DIWHU� �����ZH
ZLWQHVVHG� WZR�HIIHFWV�XVXDOO\�DVVRFLDWHG�ZLWK� WHFKQRORJLFDO� UHYROXWLRQV��D
GURS�LQ�WKH�SULFH�RI�QHZ�FDSLWDO�HTXLSPHQW�DQG�DQ�LQFUHDVH�LQ�WKH�ZDJH�RI
VNLOOHG� ZRUNHUV�� ZKLFK� DUH� WKH� RQHV� LQYROYHG� LQ� LPSOHPHQWLQJ� WKH� QHZ
WHFKQRORJLHV�

�����&21&/86,21

7KH�ODVW�GHFDGH�SURGXFHG�LPSUHVVLYH�DGYDQFHV�LQ�JURZWK�WKHRU\�WKDW�KDYH
GHHSHQHG�RXU�XQGHUVWDQGLQJ�RI�WKH�IRUFHV�WKDW�VKDSH�WHFKQRORJLFDO�SURJUHVV�
,W� LV� OLNHO\� WKDW� QHZHU�ZRUN� RQ� JURZWK�ZLOO� PRYH� IURP� WKH� VWXG\� RI� WKH
IURQWLHU�FRXQWULHV�WR�WKRVH�WKDW�DUH�EHKLQG�WKH�WHFKQRORJLFDO�FXUYH�DQG�FDQ
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DGYDQFH� VLPSO\� E\� DGRSWLQJ� WKH� WHFKQRORJLHV� FUHDWHG� E\� RWKHUV�� $W� DQ
HPSLULFDO�OHYHO�WKLV�VXJJHVWV�WKDW� WKHUH�ZLOO�EH�JDLQV�IURP�GH�HPSKDVL]LQJ
WKH� VWXG\� RI� DJJUHJDWH� PDFUR� GDWD� WR� IRFXV� RQ� VWXG\LQJ� WKH� LPSDFW� RI
WHFKQRORJ\� DW� WKH� LQGXVWU\� OHYHO��7KLV� RSHQV� XS� WKH� SURVSHFW� RI� D� IUXLWIXO
LQWHUFKDQJH� EHWZHHQ� UHVHDUFK� RQ� JURZWK� DQG� ZRUN� RQ� LQGXVWULDO
RUJDQL]DWLRQ�ZKLFK�ZLOO��KRSHIXOO\��SUHYHQW�D�JURZWK�WKHRU\�VORZGRZQ�

5()(5(1&(6

$FHPRJOX��'DURQ���������
:K\�GR�1HZ�7HFKQRORJLHV�&RPSOHPHQW�6NLOOV"
'LUHFWHG� 7HFKQLFDO� &KDQJH� DQG�:DJH� ,QHTXDOLW\
�� :RUNLQJ� 3DSHU�
&DPEULGJH��0$��0,7�

$JKLRQ��3KLOLSSH�DQG�3HWHU�+RZLWW� �������� 
$�0RGHO�RI�*URZWK�7KURXJK
&UHDWLYH�'HVWUXFWLRQ
��(FRQRPHWULFD������������

$JKLRQ�� 3KLOLSSH� DQG� 3HWHU� +RZLWW� �������� (QGRJHQRXV� *URZWK� 7KHRU\�
&DPEULGJH��0$��0,7�3UHVV�

%DUUR��5REHUW���������'HWHUPLQDQWV�RI�(FRQRPLF�*URZWK��$�&URVV�&RXQWU\
(PSLULFDO�6WXG\��&DPEULGJH��0$��0,7�3UHVV�

%DUUR��5REHUW�DQG�;DYLHU�6DOD�L�0DUWLQ� �������� 
&RQYHUJHQFH
��-RXUQDO�RI
3ROLWLFDO�(FRQRP\�������������

%DUUR�� 5REHUW� DQG� ;DYLHU� 6DOD�L�0DUWLQ� ��������(FRQRPLF� *URZWK�� 1HZ
<RUN��0F*UDZ�+LOO�

%RQG�� (ULF�� 3LQJ�:DQJ� DQG� &KRQJ� <LS� �������� 
$� *HQHUDO� 7ZR�6HFWRU
0RGHO� RI� (QGRJHQRXV�*URZWK�ZLWK� 3K\VLFDO� DQG�+XPDQ�&DSLWDOV�
%DODQFHG�*URZWK�DQG�7UDQVLWLRQDO�'\QDPLFV
��-RXUQDO�RI�(FRQRPLF
7KHRU\������������

%XUQVLGH��&UDLJ���������
3URGXFWLRQ�)XQFWLRQ�5HJUHVVLRQV��5HWXUQV�WR�6FDOH
DQG�([WHUQDOLWLHV
��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV������������

&DEDOOH�� -RUGL� DQG�0DQXHO� 6DQWRV� �������� 
2Q� (QGRJHQRXV� *URZWK� ZLWK
3K\VLFDO� DQG� +XPDQ� &DSLWDO
�� -RXUQDO� RI� 3ROLWLFDO� (FRQRP\� ����
��������

&DEDOOHUR� 5LFDUGR� DQG� $GDP� -DIIH� �������� 
+RZ� +LJK� $UH� WKH� *LDQW
V
6KRXOGHUV��$Q�(PSLULFDO�$VVHVVPHQW� RI�.QRZOHGJH� 6SLOORYHUV� DQG
&UHDWLYH� 'HVWUXFWLRQ� LQ� D� 0RGHO� RI� (FRQRPLF� *URZWK
�� 1%(5
0DFURHFRQRPLFV�$QQXDO��&DPEULGJH�0$��0,7�3UHVV�
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&DEDOOHUR�� 5LFDUGR� DQG� 5LFKDUG� /\RQV� �������� 
([WHUQDO� (IIHFWV� DQG
3URF\FOLFDO�3URGXFWLYLW\�LQ�WKH�86
��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV
�����������

&KDUL��9��9���3DWULFN�.HKRH�DQG�(OOHQ�0F*UDWWDQ��������� 
7KH�3RYHUW\�RI
1DWLRQV�� $� 4XDQWLWDWLYH� ([SORUDWLRQ
�� :RUNLQJ� 3DSHU�� )HGHUDO
5HVHUYH�%DQN�RI�0LQQHDSROLV�

&KULVWLDQR�� /DZUHQFH� �������� 
8QGHUVWDQGLQJ� -DSDQ
V� 6DYLQJV� 5DWH�� 7KH
5HFRQVWUXFWLRQ� +\SRWKHVLV
�� )HGHUDO� 5HVHUYH� %DQN� RI� 0LQQHDSROLV
4XDUWHUO\�5HYLHZ�����������

'H/RQJ��%UDGIRUG�DQG�/DZUHQFH�6XPPHUV���������
(TXLSPHQW�,QYHVWPHQW
DQG�(FRQRPLF�*URZWK
��4XDUWHUO\� -RXUQDO� RI�(FRQRPLFV� ����� ����
����

'L[LW��$YLQDVK�DQG�-RVHSK�6WLJOLW]� �������� 
0RQRSROLVWLF�&RPSHWLWLRQ�DQG
2SWLPXP�3URGXFW� 'LYHUVLW\
��$PHULFDQ� (FRQRPLF� 5HYLHZ� ���� ����
����

(DVWHUO\�� :LOOLDP� �������� 
+RZ� 0XFK� GR� 'LVWRUWLRQV� $IIHFW� *URZWK"

-RXUQDO�RI�0RQHWDU\�(FRQRPLFV�������������

(DVWHUO\��:LOOLDP�DQG�6HUJLR�5HEHOR��������� 
)LVFDO�3ROLF\�DQG�(FRQRPLF
*URZWK�� $Q� (PSLULFDO� ,QYHVWLJDWLRQ
�� -RXUQDO� RI� 0RQHWDU\
(FRQRPLFV������������

(DVWHUO\��:LOOLDP��0LFKDHO�.UHPHU��/DQW�3ULFKHWW�DQG�/DZUHQFH�6XPPHUV
��������
*RRG�3ROLF\�RU�*RRG�/XFN"�&RXQWU\�*URZWK�3HUIRUPDQFHV
DQG�7HPSRUDU\�6KRFNV
��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV������������

(DVWHUO\��:LOOLDP��5REHUW�.LQJ��5RVV�/HYLQH�� DQG� 6HUJLR�5HEHOR� �������

3ROLF\��7HFKQRORJ\�$GRSWLRQ�DQG�*URZWK
��,Q�(FRQRPLF�*URZWK�DQG
WKH� 6WUXFWXUH� RI� /RQJ� 7HUP�'HYHORSPHQW�� HGLWHG� E\� 5�� 6RORZ� DQG
/��3DVLQHWWL��/RQGRQ��0DF0LOODQ�

*RPHV��-RDR��-HUHP\�*UHHQZRRG�DQG�6HUJLR�5HEHOR� �������� 
(TXLOLEULXP
8QHPSOR\PHQW
�� 1DWLRQDO� %XUHDX� RI� (FRQRPLF� 5HVHDUFK� :RUNLQJ
3DSHU�1R�������

*UHHQZRRG�� -HUHP\� DQG� 0HKPHW� <RUXNRJOX� �������� 
����
�� &DUQHJLH�
5RFKHVWHU�&RQIHUHQFH�6HULHV�RQ�3XEOLF�3ROLF\�����������

*URVVPDQ�� *HQH� DQG� (OKDQDQ� +HOSPDQ� �����D��� 
4XDOLW\� /DGGHUV� LQ� WKH
7KHRU\�RI�*URZWK
��5HYLHZ�RI�(FRQRPLF�6WXGLHV�����������

*URVVPDQ��*HQH�DQG�(OKDQDQ�+HOSPDQ������E���,QQRYDWLRQ�DQG�*URZWK�LQ
WKH�*OREDO�(FRQRP\��&DPEULGJH��0$��0,7�3UHVV�
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+VLHK��&KDQJ�7DL���������
:KDW�([SODLQV�WKH�,QGXVWULDO�5HYROXWLRQ�LQ�(DVW
$VLD"�(YLGHQFH�IURP�)DFWRU�0DUNHWV
��:RUNLQJ�3DSHU��8QLYHUVLW\�RI
&DOLIRUQLD�DW�%HUNHOH\�

-RQHV�� &KDUOHV� �������� 
(FRQRPLF� *URZWK� DQG� WKH� 5HODWLYH� 3ULFH� RI
&DSLWDO
��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV������������

-RQHV��&KDUOHV���������
7LPH�6HULHV�7HVWV�RI�(QGRJHQRXV�*URZWK�0RGHOV
�
4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��������������

-RQHV�� &KDUOHV� �������� ,QWURGXFWLRQ� WR� (FRQRPLF� *URZWK�� 1HZ� <RUN�
1RUWRQ�	�&R�

-RQHV�� /DUU\� DQG� 5RGROIR� 0DQXHOOL� �������� 
$� &RQYH[� 0RGHO� RI
(TXLOLEULXP� *URZWK�� 7KHRU\� DQG� 3ROLF\� ,PSOLFDWLRQV
�� -RXUQDO� RI
3ROLWLFDO�(FRQRP\�������������

.LQJ��5REHUW� DQG�5RVV�/HYLQH� �������� 
)LQDQFH� DQG�*URZWK�� 6FKXPSHWHU
0LJKW�%H�5LJKW
��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�������������

.LQJ�� 5REHUW� DQG� 6HUJLR� 5HEHOR� �������� 
7UDQVLWLRQDO� '\QDPLFV� DQG
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