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1/������0%��(LQGKRYHQ��7KH�1HWKHUODQGV��H�PDLO��EDUW�YHUVSDJHQ#PHULW�XQLPDDV�QO

)LUVW�GUDIW��SUHSDUHG�IRU�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�,QSXW�2XWSXW�7HFKQLTXHV�

������$XJXVW�������0DFHUDWD��,WDO\�

$%675$&7��7KH�UHFHQW�DYDLODELOLW\�RI� ODUJH� LQWHUQDWLRQDO�GDWD�VHWV�ZKLFK�UHODWH� WR�SURGXFWLYLW\
LVVXHV�KDV�HYRNHG�D�KXJH�HPSLULFDO�OLWHUDWXUH��7KH�WUDGLWLRQDO�K\SRWKHVHV�RI�FRQYHUJLQJ�RXWSXW�SHU
FDSLWD� DQG� SURGXFWLYLW\� OHYHOV� KDYH� EHHQ� WHVWHG� H[WHQVLYHO\�� E\� DGRSWLRQ� RI� DOO� VRUWV� RI� WHVW
SURFHGXUHV�� 5RXJKO\� VSHDNLQJ�� WZR� FDWHJRULHV� RI� WKHRULHV� DUH� DW� WKH� KHDUW� RI� WKHVH� HPSLULFDO
VWXGLHV��)LUVW��PRVW�VWXGLHV�DUH�EDVHG�RQ�PDLQVWUHDP�VXSSO\�VLGH�WKHRULHV��LQ�ZKLFK�WKH�G\QDPLFV
RI� UHODWLYH� FDSLWDO� LQWHQVLWLHV� DQG�RU� UHODWLYH� ¶WRWDO� IDFWRU� SURGXFWLYLW\·� OHYHOV� GHWHUPLQH� UHODWLYH
RXWSXW� SHU� FDSLWD� OHYHOV�� VLQFH� XQHPSOR\PHQW� DQG� LGOH� FDSLWDO� DUH� DVVXPHG� WR� EH� VKRUW�UXQ
SKHQRPHQD��6HFRQG��3RVW�.H\QHVLDQ�VWXGLHV�PRVWO\� WDNH�DQRWKHU�H[WUHPH�SHUVSHFWLYH�� LQ�ZKLFK
WKH�ORQJ�UXQ�UHTXLUHPHQW�RI�EDODQFH�RI�SD\PHQWV�HTXLOLEULXP�FRQVWUDLQV�WKH�RXWSXW�JURZWK�UDWH�
$ELOLWLHV� WR�H[SRUW�DQG� WKH�JURZWK�RI� WKH�ZRUOG�PDUNHW� WRJHWKHU�ZLWK� WKH�SURSHQVLW\� WR� LPSRUW
OLPLW� RXWSXW� JURZWK�� HYHQ� LI� WKH� DYDLODEOH� UHVRXUFHV� �RU� WKHLU� SURGXFWLYLW\� OHYHOV�� JURZ
VLJQLILFDQWO\�

,Q�WKLV�SDSHU��ZH�WDNH�DQ�LQWHUPHGLDWH�SRVLWLRQ��,Q�RXU�WZR�FRXQWU\�PRGHO��ZH�DVVXPH�WKDW�WKH
EDODQFH�RI�SD\PHQWV� FRQVWUDLQW� LV� HIIHFWLYH�� EXW� DOVR� DVVXPH� WKDW� D� FRXQWU\·V� DELOLW\� WR� H[SRUW
GHSHQGV�RQ�WKH�WHFKQRORJLFDO�VWDQGDUGV�LW�KDV�DWWDLQHG�UHODWLYH�WR�WKH�FRPSHWLWRU�FRXQWU\��7KHVH
VWDQGDUGV�DUH�VSHFLILHG�DV�IXQFWLRQV�RI�WKH�DELOLW\�WR�LQQRYDWH�DQG�WKH�DYDLODELOLW\�RI�D�EDFNORJ�RI
NQRZOHGJH� �WHFKQRORJLFDO� FDWFK�XS��� &RQWUDU\� WR� PRVW� FRQWULEXWLRQV� WR� JURZWK� WKHRU\�� ZH
H[SOLFLWO\�PRGHO�GLIIHUHQFHV�DQG�OLQNDJHV�EHWZHHQ�VHFWRUV��7KH�GLIIHUHQFHV�UHODWH�WR�LQSXW�PL[HV�
RSSRUWXQLWLHV�WR�LQQRYDWH��GHJUHHV�RI�WUDGDELOLW\��HWF��7KH�OLQNDJHV�WDNH�WKH�IRUP�RI�D�IXOO�EORZQ
LQWHUQDWLRQDO�LQSXW�RXWSXW�PRGHO�

:H�XVH� WKLV�PRGHO� WR� LQYHVWLJDWH� WKH�SRWHQWLDO� LPSRUWDQFH�RI� D� WKLUG�GHWHUPLQDQW�RI�RXWSXW
JURZWK�� LQWHUQDWLRQDO� GLIIHUHQFHV�ZLWK� UHVSHFW� WR� FRQVXPSWLRQ� G\QDPLFV�� ,W� LV�ZHOO�NQRZQ� WKDW
FRQVXPSWLRQ�HODVWLFLWLHV�ZLWK�UHVSHFW� WR� LQFRPH��(QJHO�FXUYHV��YDU\�ZLGHO\�DFURVV�FRPPRGLWLHV�
6LQFH� SURGXFWLYLW\�� LPSRUW� UHTXLUHPHQWV� DQG� GHJUHH� RI� WUDGDELOLW\� DOVR� GLIIHU� EHWZHHQ
FRPPRGLWLHV�� LQFRPH�LQGXFHG� FRQVXPSWLRQ� VKLIWV� IURP� QHFHVVDU\� JRRGV� WR� OX[XU\� JRRGV� PD\
KDYH� LPSRUWDQW� LPSOLFDWLRQV� IRU� LVVXHV� OLNH� FRQYHUJHQFH� DQG� LQWHUQDWLRQDO� VSHFLDOL]DWLRQ�� 6XFK
LPSOLFDWLRQV�DUH�VWXGLHG�E\�PHDQV�RI�VLPXODWLRQ�DQDO\VHV�


� 7KLV� SDSHU� RULJLQDWHV� IURP� WKH� 7(*� UHVHDUFK� SURMHFW� MRLQWO\� FDUULHG� RXW� E\� UHVHDUFKHUV� DW� WKH� XQLYHUVLWLHV� RI
(LQGKRYHQ��*URQLQJHQ�DQG�0DDVWULFKW��VHH�KWWS���ZZZ�WP�WXH�QO�HFLV�WHJ����7KH�'XWFK�2UJDQL]DWLRQ�IRU�6FLHQWLILF
5HVHDUFK�LV�JUDWHIXOO\�DFNQRZOHGJHG�IRU�ILQDQFLDO�VXSSRUW�



1

6KLIWLQJ�&RQVXPSWLRQ�3DWWHUQV�
$�1HJOHFWHG�'HWHUPLQDQW�RI�*URZWK�3HUIRUPDQFH"

�� ,QWURGXFWLRQ

3URGXFWLRQ� RI� FRPPRGLWLHV� UHTXLUHV� UHVRXUFHV�� ,Q� PRVW� PDLQVWUHDP� WKHRULHV�� WKH� DYDLODEOH

DPRXQW�RI�UHVRXUFHV�DQG�WKHLU�SURGXFWLYLW\�OHYHOV�GHWHUPLQH�WKH�RXWSXW�YROXPH�RI�DQ�HFRQRP\�

,Q�WUDGLWLRQDO�WKHRULHV�IROORZLQJ�WKH�FODVVLF�FRQWULEXWLRQ�E\�6RORZ���������WKH�UHVRXUFHV�ZKLFK�JRW

PRVW�RI�WKH�DWWHQWLRQ�ZHUH�ODERU�DQG�SK\VLFDO�FDSLWDO��$IWHU�WKH�HPHUJHQFH�RI�HQGRJHQRXV�JURZWK

WKHRU\��H�J��5RPHU��������DQG�/XFDV���������WKH�UHVHDUFK�IRFXV�RI�PDLQVWUHDP�JURZWK�HFRQRPLVWV

VKLIWHG�WRZDUGV�OHVV�WDQJLEOH�IDFWRUV�RI�SURGXFWLRQ�OLNH�NQRZOHGJH�VWRFNV�DQG�KXPDQ�FDSLWDO��7KH

GHJUHHV�RI�DYDLODELOLW\�RI�WKHVH�¶PRGHUQ·�UHVRXUFHV�DOVR�DSSHDUHG�WR�EH�LPSRUWDQW�GHWHUPLQDQWV�RI

WKH� RXWSXW� SHUIRUPDQFH� RI� FRXQWULHV� LQ� HPSLULFDO� VWXGLHV�� :KDWHYHU� WKH� H[DFW� W\SH� RI� WKH

UHVRXUFHV� VSHFLILHG�� PDLQVWUHDP� JURZWK� PRGHOV� FRQVLGHU� WHFKQRORJLFDO� SURJUHVV� DV� WKH� PDLQ

GHWHUPLQDQW� RI� ORQJ�UXQ� JURZWK�� LQQRYDWLRQV� FRQWLQXRXVO\� H[WHQG� WKH� RXWSXW� OHYHOV� DWWDLQDEOH

ZLWK�JLYHQ�DPRXQWV�RI�LQSXWV�

:KHUHDV�PDLQVWUHDP� JURZWK� HFRQRPLVWV� JHQHUDOO\� DVVXPH� WKDW� VXSSO\� FRQGLWLRQV� GHWHUPLQH

RXWSXW� OHYHOV� �WKXV� LPSOLFLWO\� DVVXPLQJ� WKDW� GHPDQG� LV� DOZD\V� VXIILFLHQW� WR� DFFRPPRGDWH� IXOO�

HPSOR\PHQW�� IXOO�FDSDFLW\� RXWSXW� OHYHOV��� 3RVW�.H\QHVLDQ� JURZWK� WKHRULVWV� RIWHQ� VWDUW� WKHLU

DQDO\VHV�IURP�WKH�RSSRVLWH�YLHZSRLQW��,Q�WKHLU�YLHZ��HIIHFWLYH�GHPDQG�E\�GRPHVWLF�DQG�IRUHLJQ

FRQVXPHUV��LQYHVWRUV�DQG�JRYHUQPHQWV�LV�WKH�YDULDEOH�ZKLFK�GHWHUPLQHV�RXWSXW�OHYHOV��,Q�SDUW�RI

WKHVH�WKHRULHV��D�FRXQWU\·V�DELOLW\�WR�H[SRUW�SOD\V�D�FUXFLDO�UROH�LQ�SDUWLFXODU��7KLUOZDOO��������DQG

7KLUOZDOO� 	� 0F&RPELH� �������� IRU� H[DPSOH�� SRVH� WKDW� EDODQFH�RI�SD\PHQWV� HTXLOLEULXP� SHJV

RXWSXW�JURZWK�UDWHV� LQ� WKH� ORQJ� UXQ�� VLQFH� LPSRUWHG� UHVRXUFHV� DUH�QRW� LQILQLWHO\� DYDLODEOH� LI� WKH

YDOXH�RI�H[SRUWV�LV�JLYHQ���/RQJ�UXQ�JURZWK�LV�GXH�WR�WKH�FRQWLQXRXV�LQFUHDVH�LQ�WKH�VL]H�RI�WKH

ZRUOG� PDUNHW�� DV� ORQJ� DV� PDUNHW� VKDUHV� DUH� VWDEOH�� PRUH� IXQGV� EHFRPH� DYDLODEOH� WR� ILQDQFH

LPSRUWV�UHTXLUHG�IRU�SURGXFWLRQ�

,Q�WKLV�SDSHU��ZH�ZLOO�SUHVHQW�DQDO\VHV�XVLQJ�D�WZR�FRXQWU\�PRGHO�LQ�ZKLFK�WKH�RXWSXW�OHYHOV�RI

HDFK�RI�WKH�FRXQWULHV�DUH�UHVWULFWHG�E\�WKH�EDODQFH�RI�SD\PHQWV�FRQVWUDLQW��WKH�DYDLODEOH�IXQGV�WR

SD\�IRU�LPSRUWV���$V�VXFK��RXU�PRGHO�KDV�D�3RVW�.H\QHVLDQ�QDWXUH��7KH�VL]H�RI�WKH�ZRUOG�PDUNHW�

KRZHYHU�� LV� PDLQO\� GHWHUPLQHG� E\� VXSSO\�VLGH� FRQGLWLRQV�� 7HFKQRORJLFDO� SURJUHVV� SURYLGHV

RSSRUWXQLWLHV�WR�SURGXFH�LQFUHDVLQJ�DPRXQWV�RI�RXWSXW�ZLWK�D�JLYHQ�DPRXQW�RI�UHVRXUFHV��6LQFH

ZH�DVVXPH� WKDW�PDUNHW� VKDUHV� DUH�GHSHQGHQW�RQ� UHODWLYH� LQQRYDWLYHQHVV�� WKH� WZR� FRXQWULHV� FDQ

H[SHULHQFH�GLIIHUHQW�ORQJ�UXQ�JURZWK�UDWHV�

                                                          
� )URP�WKH�SHUVSHFWLYH�WKDW�H[SRUWV�GHWHUPLQH�WKH�PD[LPXP�DPRXQW�RI�LPSRUWV�DYDLODEOH��RQH�FRXOG�FRQFOXGH�WKDW�PDLQVWUHDP

WKHRULHV� DQG� 7KLUOZDOO·V� 3RVW�.H\QHVLDQ� WKHRU\� DUH� VLPLODU� LQ� WKH� VHQVH� WKDW� DYDLODELOLW\� RI� UHVRXUFHV� DQG� SURGXFWLRQ
WHFKQRORJ\�WRJHWKHU�GHWHUPLQH�RXWSXW�YROXPHV�
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7KH� PRGHO� KDV� DQRWKHU� IHDWXUH� ZKLFK� DOORZV� LQWHUHVWLQJ� DQDO\VHV�� 8QOLNH� PRVW� PRGHOV� RI

JURZWK��RXU�PRGHO�GRHV�QRW�FRQVLGHU�HFRQRPLHV�DV�DJJUHJDWHV�SURGXFLQJ�D�VLQJOH�RXWSXW��EXW�DV

V\VWHPV� RI� LQWHUGHSHQGHQW� VHFWRUV��� (DFK� VHFWRU� SURGXFHV� LWV� RXWSXW� DFFRUGLQJ� WR� LWV� RZQ

WHFKQRORJ\�� 7KH� SULQFLSDO� YDOXH� DGGHG� RI� WKLV� DSSURDFK� RYHU� PRUH� XVXDO� PRGHOV� LV� LQ� WKH

RSSRUWXQLWLHV� WR� HQULFK� DQDO\VHV� RI� JURZWK� DQG� FRQYHUJHQFH� ZLWK� HIIHFWV� RI�� IRU� LQVWDQFH�

FRPSDUDWLYH�DGYDQWDJH�LQ�VWDJQDQW�LQGXVWULHV��LPSURYHG�FDSDELOLWLHV�IRU�WHFKQRORJLFDO�FDWFK�XS�LQ

VSHFLILF�VHFWRUV��RU�FKDQJHV�LQ�WKH�WUDGDELOLW\�RI�VSHFLILF�FRPPRGLWLHV��6RPH�RI�WKHVH�LVVXHV�ZHUH

DOUHDG\�WDNHQ�XS�LQ�/RV�	�9HUVSDJHQ���������LQ�ZKLFK�D�PRUH�RU�OHVV�VLPLODU�PRGHO�ZDV�XVHG��,Q

WKLV�SDSHU�ZH�ZDQW�WR�IRFXV�RQ�WKH�UHODWLRQV�EHWZHHQ�WZR�SKHQRPHQD�WKH�DQDO\VHV�RI�ZKLFK�KDYH

VWURQJO\�EHQHILWHG�IURP�:LOOLDP�-��%DXPRO·V�HIIRUWV�

%DXPRO�������� LQWURGXFHG�ZKDW�KDV�EHFRPH�NQRZQ�DV� ¶%DXPRO·V�GLVHDVH·�� WKH� WHQGHQF\� WKDW

DJJUHJDWH�SURGXFWLYLW\�JURZWK�VORZV�GRZQ�LI�PRUH�DQG�PRUH�UHVRXUFHV�VKLIW�WRZDUGV�VHFWRUV�ZLWK

ORZ� SURGXFWLYLW\� JURZWK�� 7KLV� WHQGHQF\� ZRXOG� EH� VWUHQJWKHQHG� LI� WKH� VKDUH� RI� FRQVXPSWLRQ

H[SHQGLWXUHV�GHYRWHG�WR�FRPPRGLWLHV�SURGXFHG�E\�WKHVH�VWDJQDQW�LQGXVWULHV�ZRXOG�LQFUHDVH�ZLWK

JURZLQJ�LQFRPHV��(PSLULFDO�UHVHDUFK�JHQHUDOO\�VKRZV�WKDW�WKLV�HIIHFW�LV�SUHYDOHQW�LQGHHG��GXH�WR

WKH� LQFUHDVHG� GHPDQG� IRU� VHUYLFHV��� %DXPRO·V� GLVHDVH� FRXOG� ZHOO� KDYH� LPSDFWV� RQ� DJJUHJDWH

SDWWHUQV� RI� FRQYHUJHQFH� DQG� GLYHUJHQFH�� WKH� WRSLF� FHQWUDO� WR� %DXPRO� �������� &HWHULV� SDULEXV�

FRQYHUJHQFH�VKRXOG�EH�IRVWHUHG�E\�%DXPRO·V�GLVHDVH��VLQFH�KLJK�SURGXFWLYLW\�FRXQWULHV�IDFH� OHVV

IDYRUDEOH�DOORFDWLRQV�RI�UHVRXUFHV�WKDQ�FRXQWULHV�ZLWK�ORZHU�VHFWRUDO�SURGXFWLYLW\�OHYHOV��,W�VKRXOG

EH� ERUQH� LQ� PLQG�� KRZHYHU�� WKDW� LQ� RXU� PRGHO� QRW� RQO\� ODERU� SURGXFWLYLW\� JURZWK� PD\� EH

LPSRUWDQW�� EXW� DOVR� SURGXFWLYLW\� JURZWK�RI� LPSRUWV��%RWK� VWHDG\� UHGXFWLRQV� RI� VHFWRUDO� LPSRUW

UHTXLUHPHQWV� SHU� XQLW� RI� RXWSXW� DQG� FRQVXPSWLRQ� VKLIWV� WRZDUGV� OHVV� LPSRUWV�LQWHQVLYH� JRRGV

PLJKW�VRIWHQ�WKH�EDODQFH�RI�SD\PHQWV�FRQVWUDLQW��ZKLFK�ZRXOG�\LHOG�HIIHFWV�RQ�FRQYHUJHQFH�UDWHV

ZKLFK�DUH�KDUGO\�SUHGLFWDEOH�ZLWKRXW�HPSLULFDO�HYLGHQFH�RQ�WUHQGV�LQ�FRQVXPSWLRQ�SDWWHUQV�DQG

VHFWRUDO�LPSRUW�UHTXLUHPHQWV�

7KH� UHVW� RI� WKLV� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� 6HFWLRQV� �� DQG� ��ZH� SURSRVH� WKH�PDWUL[

HTXDWLRQV� ZKLFK� WRJHWKHU� PDNH� XS� RXU� PRGHO�� 6HFWLRQ� �� SUHVHQWV� WKH� VKRUW�UXQ� HTXDWLRQV�

ZKHUHDV�6HFWLRQ���LV�GHYRWHG�WR�WKH�LQWHUWHPSRUDO�UHODWLRQV��6LPXODWLRQ�UHVXOWV�REWDLQHG�ZLWK�WKH

PRGHO� DUH� GLVFXVVHG� LQ� 6HFWLRQ� ��� ,Q� WKH� FRQFOXGLQJ� 6HFWLRQ� ���ZH� GUDZ� VRPH� FRQFOXVLRQV� RQ

JURZWK��FRQYHUJHQFH�DQG�VSHFLDOL]DWLRQ�XQGHU�YDULRXV�SDWWHUQV�RI�FRQVXPSWLRQ�VKDUH�G\QDPLFV�

�� 0RGHO�'HVFULSWLRQ��6KRUW�5XQ�5HODWLRQV

:H�IHHO�LW�PRVW�FRQYHQLHQW�WR�LQWURGXFH�RXU�PRGHO�LQ�WZR�VWDJHV��)LUVW��ZH�ZLOO�GLVFXVV�WKH�ZD\�LQ

ZKLFK� LQGXVWU\�OHYHO�YDULDEOHV� OLNH�JURVV�RXWSXW��YDOXH�DGGHG�DQG�FRQVXPSWLRQ�GHPDQG� LQ�ERWK
                                                          
� $FWXDOO\��RXU�PRGHO�VKDUHV�VRPH�IHDWXUHV�ZLWK�WKH�PRGHO�IRU�DJJUHJDWH�HFRQRPLHV�SURSRVHG�E\�0F&RPELH���������1H[W�WR

RXU� LQWHUVHFWRUDO�SHUVSHFWLYH��D�PDLQ�GLIIHUHQFH�EHWZHHQ�KLV�PRGHO�DQG�RXUV� LV� WKDW�ZH�HQULFK� WKH�DQDO\VLV�E\�PRGHOLQJ� WKH
HIIHFWV�RI�WHFKQRORJ\�JHQHUDWLRQ�DQG�VSLOORYHUV�

� ,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�PRVW�VHUYLFHV�SURGXFWLYLW\�ILJXUHV�DUH�VXEMHFW�WR�PHDVXUHPHQW�HUURU�SUREOHPV�
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FRXQWULHV� DUH� GHWHUPLQHG� IRU� HDFK� SHULRG�� 7R� WKLV� HQG�� ZH� H[SODLQ� KRZ� D� WZR�FRXQWU\

LQWHUQDWLRQDO� LQSXW�RXWSXW� WDEOH� LV� XVHG� WR� GHULYH� WKH� UHTXLUHG� FRHIILFLHQWV� ZKLFK� UHIOHFW� WKH

SUHYDLOLQJ� WHFKQRORJLHV�DQG� WUDGH�UHODWLRQV�� ,Q�6HFWLRQ����ZH�ZLOO�GHDO�ZLWK� WKH�HTXDWLRQV�ZKLFK

GHWHUPLQH�WKH�YDOXHV�RI�YDULDEOHV�H[RJHQRXV�WR�WKH�VKRUW�UXQ�HTXDWLRQV��2QH�RI�WKHVH�HTXDWLRQV

ZLOO�VSHFLI\�KRZ�FRQVXPSWLRQ�VKDUHV�HYROYH�RYHU�WLPH�

��D 7KH�LQWHUQDWLRQDO�LQSXW�RXWSXW�VWUXFWXUH

$W�HYHU\�PRPHQW�LQ�WLPH��DOO�PDFUR�HFRQRPLF�DJJUHJDWHV�DUH�GHULYHG�IURP�D�WZR�FRXQWU\�LQSXW�

RXWSXW� WDEOH��:H�ZLOO�GHQRWH� WKH�FRXQWULHV�E\�1RUWK�DQG�6RXWK���%RWK�HFRQRPLHV�FRQVLVW�RI�DW

PRVW�Q� LQGXVWULHV��ZKLFK�XVH� ODERU� DQG�PDWHULDOV� DV� LQSXWV���7KH�QXPEHU�RI�GLIIHUHQW�PDWHULDOV

XVHG�E\�HDFK�LQGXVWU\�LV�DW�PRVW�Q��DQG�FDQ�EH�GRPHVWLFDOO\�SURGXFHG�RU�EH� LPSRUWHG�IURP�WKH

RWKHU�FRXQWU\��RU�ERWK��7KH�FRPPRGLW\�SURGXFHG�LQ�1RUWK·V�LQGXVWU\�L�LV�DVVXPHG�WR�EH�LGHQWLFDO

WR�WKH�RQH�SURGXFHG�LQ�6RXWK·V�LQGXVWU\�L��EXW�LV�JHQHUDOO\�SURGXFHG�ZLWK�D�GLIIHUHQW�FRPSRVLWLRQ

RI�LQSXWV��DW�HDFK�SRLQW�LQ�WLPH�DW�PRVW�WZR�SURGXFWLRQ�WHFKQRORJLHV�DUH�XVHG�

)LJ�� 7ZR�&RXQWU\�,QSXW�2XWSXW�7DEOH�

&RPPRGLWLHV�DUH�VROG�RQ�WKH�KRPH�PDUNHW�DQG�RU�DW�WKH�IRUHLJQ�PDUNHW��ZLWK�WKH�EX\HUV�KDYLQJ

DW�PRVW�WZR�DOWHUQDWLYH�XVHV�DW�WKHLU�GLVSRVDO��7KH\�FDQ��L��XVH�WKH�FRPPRGLW\�DV�DQ�LQWHUPHGLDWH

LQSXW��PDWHULDOV���RU� �LL��FRQVXPH�WKH�FRPPRGLW\��7KLV�FDQ�EH�VXPPDUL]HG�E\� WKH� LQSXW�RXWSXW

WDEOH�LQ�)LJXUH����,Q�WKH�ILJXUH��WKH�ILUVW�LQGLFHV�LQGLFDWH�WKH�FRXQWU\�RI�RULJLQ�DQG�WKH�VHFRQG�WKH

FRXQWU\� RI� GHVWLQDWLRQ�� )XUWKHU�� WKH� PHDQLQJV� RI� WKH� V\PEROV� DUH� DV� IROORZV� �PDWULFHV� ZLOO

FRQVLVWHQWO\�EH�LQGLFDWHG�E\�EROG�FDSLWDOV��YHFWRUV�E\�EROG�ORZHUFDVH�OHWWHUV�DQG�VFDODUV�E\�LWDOLFV��

                                                          
� 1RUWK�LV�QRW�QHFHVVDULO\�WKH�OHDGHU�LQ�WHFKQRORJLFDO�WHUPV��:H�VHW�XS�WKH�PRGHO�DV�JHQHUDO�DV�SRVVLEOH��7KLV� LPSOLHV�WKDW�IRU

HDFK� LQGXVWU\�� WKH� WHFKQRORJLFDO� OHDGHU� FRXQWU\� LV� HQGRJHQRXVO\� GHWHUPLQHG�� $Q� LQGXVWU\� LV� GHILQHG� WR� EH� OHDGLQJ� LI� LWV
SURGXFWLRQ�WHFKQRORJ\�LV�FKDUDFWHUL]HG�E\�ORZHU�ODERU�UHTXLUHPHQWV�SHU�XQLW�RI�JURVV�RXWSXW�WKDQ�LWV�IRUHLJQ�FRXQWHUSDUW�

� 7KLV�PRGHO�LV�D�VLPSOLILHG�YHUVLRQ�RI�WKH�PRGHO�ZLWK�FDSLWDO�LQSXWV�SUHVHQWHG�LQ�/RV�	�9HUVSDJHQ��������
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=� ��Q[�Q��PDWUL[�RI�LQWHUPHGLDWH�LQSXW�UHTXLUHPHQWV�E\�FRPPRGLW\�E\�LQGXVWU\�

)� ��Q[���PDWUL[�RI�FRQVXPSWLRQ�GHPDQG�E\�FRPPRGLW\�

Y� ��Q[���YHFWRU�RI�YDOXH�DGGHG�ILJXUHV�E\�LQGXVWU\�

T� ��Q[���YHFWRU�RI�JURVV�RXWSXW�OHYHOV�E\�LQGXVWU\�

3ULPHV�GHQRWH�WUDQVSRVHG�YHFWRUV�RU�PDWULFHV�

��E 7KH�WHFKQRORJ\�GLPHQVLRQ

:H�ZLOO�DVVXPH�WKDW�SURGXFWLRQ�LQ�HDFK�RI�WKH�LQGXVWULHV��LQ�HLWKHU�FRXQWU\��FDQ�EH�GHVFULEHG�E\

LQGXVWU\�VSHFLILF�� WLPH�VSHFLILF� /HRQWLHI� SURGXFWLRQ� IXQFWLRQV�� *LYHQ� WKLV� DVVXPSWLRQ� RI� QR

RSSRUWXQLWLHV�IRU�LQVWDQWDQHRXV�VXEVWLWXWLRQ�EHWZHHQ�SURGXFWLRQ�IDFWRUV��WKHVH�IXQFWLRQV�FDQ�EH

VXPPDUL]HG�E\�WZR�VHWV�RI�FRHIILFLHQWV��7KDW�LV��LQWHUPHGLDWH�LQSXWV�SHU�XQLW�RI�JURVV�RXWSXW�DQG

ODERU� LQSXWV� SHU� XQLW� RI� JURVV� RXWSXW�� )RU� WKHVH� �PDWUL[�� DQG� YHFWRU��YDULDEOHV�� WKH� IROORZLQJ

V\PEROV�DUH�XVHG�

$
� �Q[�Q��PDWUL[�RI�LQWHUPHGLDWH�LQSXW�UHTXLUHPHQWV�SHU�XQLW�RI�RXWSXW�E\�LQGXVWU\�

/� ��[�Q��PDWUL[�RI�ODERU�LQSXW�UHTXLUHPHQWV�SHU�XQLW�RI�RXWSXW�E\�LQGXVWU\� ��

)RU�VLPSOLFLW\��ZH�RPLW�WLPH�LQGLFHV�IRU�QRZ��$
�FDQ�EH�FRPSXWHG�IURP�WKH�WZR�FRXQWU\�LQSXW�

RXWSXW�WDEOH�DV� �×�� −
•• += 4==$
61


 ��ZLWK�D�KDW�GHQRWLQJ�D�GLDJRQDO�PDWUL[��L�H�4× UHIHUV�WR�WKH

PDWUL[�ZLWK� WKH�HOHPHQWV�RI�T�RQ� WKH�PDLQ�GLDJRQDO� DQG�]HURV�HOVHZKHUH�� DQG�D�GRW� LQGLFDWLQJ

ERWK�1�DQG�6��1RWH�WKDW�$
�GRHV�QRW�GLVWLQJXLVK�EHWZHHQ�GRPHVWLFDOO\�SURGXFHG�DQG� LPSRUWHG

LQSXWV�� LW� MXVW� JLYHV� WKH� WHFKQRORJLFDO� UHODWLRQV� EHWZHHQ� LQWHUPHGLDWH� LQSXWV� DQG� JURVV� RXWSXW

OHYHOV��/DERU�LV�DVVXPHG�WR�EH�KRPRJHQHRXV�LQ�WZR�VHQVHV��)LUVW��HDFK�ZRUNHU�LV�DVVXPHG�WR�EH

HPSOR\DEOH� LQ�DOO� LQGXVWULHV��ZRUNHUV�SRVVHVV�DOO� VNLOOV� UHTXLUHG�IRU�HPSOR\PHQW� LQ�DOO� LQGXVWULHV

ZLWKLQ�D�FRXQWU\��6HFRQG��DOO�ZRUNHUV�ZLWKLQ�D�FRXQWU\�DUH�DVVXPHG�WR�HDUQ� LGHQWLFDO�ZDJHV��QR

PDWWHU�ZKLFK�LQGXVWU\�WKH\�DUH�HPSOR\HG�LQ��,Q�JHRJUDSKLFDO�VSDFH��WKRXJK��ZRUNHUV�DUH�DVVXPHG

WR� EH� SHUIHFWO\� LPPRELOH� DQG� WR� HDUQ� ZDJHV� ZKLFK� PD\� ZHOO� EH� GLIIHUHQW�� 7KLV� GLVWLQFWLRQ� LV

UHIOHFWHG� LQ� WKH�PDWUL[�/�� RI� ZKLFK� WKH� ILUVW� URZ� �FRUUHVSRQGLQJ� WR� HPSOR\PHQW� RI�1RUWKHUQ

ZRUNHUV�� FRQVLVWV� RI� Q� PRVWO\� SRVLWLYH� YDOXHV� QH[W� WR� Q� ]HURHV�� ZKHUHDV� WKH� VHFRQG� URZ

�FRUUHVSRQGLQJ�WR�HPSOR\PHQW�RI�6RXWKHUQ�ZRUNHUV��KDV�D�UHYHUVHG�VWUXFWXUH�


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




≡

6Q6

1Q1

OO

OO

��������

��������

�

�/

��F 7KH�WUDGH�GLPHQVLRQ

8QWLO�QRZ�ZH�KDYH�RQO\�GLVFXVVHG�KRZ�WHFKQRORJLFDO�FLUFXPVWDQFHV�DW�D�SDUWLFXODU�SRLQW�LQ�WLPH

FDQ�EH�GHULYHG�IURP�WKH�LQWHUQDWLRQDO�LQSXW�RXWSXW�WDEOH�DQG�WKH�¶VDWHOOLWH·�WDEOH�RQ�ODERU�LQSXWV�



5

,Q� WKLV� VXEVHFWLRQ��ZH� WDNH� WKH� UHTXLUHPHQWV� SHU� XQLW� RI� RXWSXW� IRU� JUDQWHG�� DQG� IRFXV� RQ� WKH

FRXQWU\�RI�RULJLQ�RI�PDWHULDOV�

:H� GHILQH� A~ DV� WKH� ��Q[�Q��PDWUL[� REWDLQHG� E\� VWDFNLQJ� WZR� �Q[�Q��PDWULFHV�$
� DV� GHILQHG

EHIRUH��)ROORZLQJ�2RVWHUKDYHQ�DQG�9DQ�GHU�/LQGHQ� ������� DQG�'LHW]HQEDFKHU� HW� DO�� �������ZH

REWDLQ� WKH� XVXDO� ��Q[�Q��PDWUL[� RI� LQSXW� FRHIILFLHQWV�$� DV� AT A ~
o �� LQ� ZKLFK� WKH� RSHUDWRU� o

GHQRWHV�HOHPHQW�E\�HOHPHQW�PXOWLSOLFDWLRQ�DQG�7$�UHSUHVHQWV�WKH���Q[�Q��PDWUL[�RI�LQWHUPHGLDWH

LQSXW� WUDGH� FRHIILFLHQWV�� 7KHVH� FDQ� EH� VHHQ� DV� ´LPSRUW� SHQHWUDWLRQ� FRHIILFLHQWVµ� �9HUVSDJHQ�

������ZLWK�UHVSHFW�WR�LQWHUPHGLDWH�LQSXWV��)RU�HDFK�SDLU�RI�LQGXVWULHV��L��Q�L��SURGXFLQJ�WKH�VDPH

FRPPRGLW\��LQ�GLIIHUHQW�FRXQWULHV��WKRXJK���WKHVH�WUDGH�FRHIILFLHQWV�DGG�XS�WR�RQH�IRU�HDFK�RI�WKH

LQGXVWULHV�EX\LQJ�WKLV�FRPPRGLW\��VLQFH�ZH�GR�QRW�DVVXPH�WUDGH�ZLWK�DQ\�¶WKLUG·�FRXQWU\��

$� VLPLODU� DSSURDFK� LV� FKRVHQ�ZLWK� UHJDUG� WR� WKH� FRQVXPSWLRQ� GHPDQG�� 7RWDO� FRQVXPSWLRQ

GHPDQG� IRU� WKH� FRPPRGLWLHV� LV� JLYHQ� E\� WKH� �Q[���PDWUL[� )
� �WKH� ILUVW� FROXPQ� UHIOHFWV

FRQVXPSWLRQ�E\�1RUWK��WKH�VHFRQG�FRQVXPSWLRQ�E\�6RXWK���,I�ZH�GHILQH� )a �DV�WKH���Q[���PDWUL[

REWDLQHG�E\�VWDFNLQJ�WZR�PDWULFHV�)
��DQG�7)�DV�WKH���Q[���PDWUL[�RI�WUDGH�FRHIILFLHQWV��ZH�FDQ

ZULWH�WKH�FRQVXPSWLRQ�GHPDQG�PDWUL[�)�DV� 
) )7 o ��

��G %DODQFH�RI�SD\PHQWV�HTXLOLEULXP�DQG�IXOO�HPSOR\PHQW

:H� WDNH� DQ� RSHQ� LQSXW�RXWSXW� PRGHO� DV� WKH� PHFKDQLVP� GHWHUPLQLQJ� JURVV� RXWSXW� DQG

HPSOR\PHQW�OHYHOV��,Q�D�VWDQGDUG�PRGHO�ZLWKRXW� LQYHVWPHQW� LQ�FDSLWDO�JRRGV��FRQVXPSWLRQ�DQG

H[SRUW� GHPDQG� WRJHWKHU� GHWHUPLQH� WKHVH� OHYHOV� WKURXJK� WKH� /HRQWLHI� PXOWLSOLHU� PHFKDQLVP

LPSOLHG�E\�WKH�WHFKQRORJ\�DQG�WUDGH�UHODWLRQV��$V�H[SODLQHG�DERYH��ZH�DVVXPH�WKDW�WKHVH�UHODWLRQV

DUH�JLYHQ�DW�WKH�EHJLQQLQJ�RI�HDFK�SHULRG��+HQFH��ZH�FRQWLQXH�RXU�H[SRVLWLRQ�E\�D�GLVFXVVLRQ�RI

WKH�GHWHUPLQDWLRQ�RI�FRQVXPSWLRQ�GHPDQG�)~ ��

,Q� WKH� VWDQGDUG� LQSXW�RXWSXW�PRGHO�� WKH� FRQVXPSWLRQ� YHFWRU� LV� DVVXPHG� WR� EH� H[RJHQRXV�

%HORZ��ZH�ZLOO�VKRZ�WKDW� LQ�RXU�VKRUW�UXQ�PRGHO��ERWK�JURVV�RXWSXW�DQG�FRQVXPSWLRQ�GHPDQG

DUH�HQGRJHQRXV��1HYHUWKHOHVV��WKH�VWDQGDUG�VWUXFWXUDO�IRUP�LQSXW�RXWSXW�UHODWLRQVKLS� I$TT +=
UHPDLQV� WKH�SRLQW�RI�GHSDUWXUH��8VLQJ�SDUWLWLRQHG�PDWULFHV� �DQG� VWLOO� RPLWWLQJ� WLPH� LQGLFHV���ZH

FDQ�ZULWH
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)RU� DUELWUDU\� FRQVXPSWLRQ� YHFWRUV�� WKLV� VROXWLRQ� ZRXOG� \LHOG� D� EDODQFH�RI�SD\PHQWV� �FXUUHQW

DFFRXQW��HTXLOLEULXP�RQO\�E\�FKDQFH��,Q�DQ�H[WUHPH�VLWXDWLRQ��1RUWK�PLJKW�HYHQ�SURYLGH�6RXWK

                                                          
� ,I�WKH�FRPPRGLW\�XQGHU�FRQVLGHUDWLRQ�LV�QRW�XVHG�E\�D�SDUWLFXODU�LQGXVWU\��WKH�YDOXH�RI�WKH�WZR�WUDGH�FRHIILFLHQWV�FDQQRW�EH

GHILQHG��7KLV�SRVHV�QR�SUREOHP�IRU�WKH�FDOFXODWLRQ�RI�WKH�PDWUL[�$��VLQFH�WKHVH�FRHIILFLHQWV�DUH�DOZD\V�]HUR�
� /LNH�LQ�WKH�PDWUL[�RI�LQWHUPHGLDWH�LQSXW�WUDGH�FRHIILFLHQWV�7$��SDLUV�RI�WUDGH�FRHIILFLHQWV�IRU�LGHQWLFDO�FRPPRGLWLHV�IURP�WKH

WZR�FRXQWULHV�DGG�XS�WR�RQH�LQ�7)�
� 1RWH�WKDW�H[SRUWV�DUH�LQFOXGHG�HLWKHU�LQ�WKH�LQWHUPHGLDWH�LQSXWV�SDUW�RI�WKH�PRGHO�RU�LQ�WKH�FRQVXPSWLRQ�PDWUL[��7KLV�LPSOLHV

WKDW�D�GLVFXVVLRQ�RI�FRQVXPSWLRQ�LV�VXIILFLHQW�LQ�GHDOLQJ�ZLWK�ILQDO�GHPDQG�
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ZLWK� FRPPRGLWLHV� ZLWKRXW� 6RXWK� GHOLYHULQJ� DQ\WKLQJ� WR� 1RUWK�� $V� 0F&RPELH� DQG� 7KLUOZDOO

������� DUJXH�� QRWKLQJ� SUHYHQWV� D� FRXQWU\� IURP� EHLQJ� FDXJKW� LQ� D� VLWXDWLRQ� RI� FXUUHQW� DFFRXQW

GLVHTXLOLEULXP�IRU�D�VKRUW�WLPH��EXW�LQ�WKH�ORQJ�UXQ�LW�LV�XQVXVWDLQDEOH�XQOHVV�FDSLWDO�LQIORZV�NHHS

FRPLQJ�LQ�LQILQLWHO\�DQG�LQ�VWHDGLO\�LQFUHDVLQJ�DPRXQWV��0RUHRYHU��LQILQLWHO\�FXPXODWLQJ�VWRFNV�RI

6RXWKHUQ�FXUUHQF\�ZRXOG�QRW�LPSURYH�1RUWK·V�ZHOIDUH��)ROORZLQJ�9HUVSDJHQ���������ZH�DVVXPH

WKDW� JLYHQ� WKH� FRPPRGLW\� VKDUHV� LQ� WRWDO� FRQVXPSWLRQ� DQG� WKH� WUDGH� VKDUHV� IRU� GRPHVWLFDOO\

SURGXFHG�RU� LPSRUWHG�FRQVXPSWLRQ�JRRGV� LQ�7)�� WRWDO�FRQVXPSWLRQ� OHYHOV� LQ�1RUWK�DQG�6RXWK

PXVW� DOZD\V� FRUUHVSRQG� WR� EDODQFH�RI�SD\PHQWV� HTXLOLEULXP�� $V� ZH� FRQVLGHU� D� FORVHG� V\VWHP

ZLWKRXW�H[SRUWV�DQG�LPSRUWV�WR�DQG�IURP�WKLUG�FRXQWULHV��ZH�FRXOG�ZULWH�1RUWK·V�FXUUHQW�DFFRXQW

VXUSOXV��RU�GHILFLW��DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�RI�WKH�JRRGV�LPSRUWHG�E\�6RXWK�DQG�WKH

YDOXH�RI�JRRGV�LPSRUWHG�E\�1RUWK��VHH�0F&RPELH��������IRU�D�VLPLODU�DSSURDFK���$V�PHQWLRQHG

EHIRUH�� ERWK� FRXQWULHV� LPSRUW� FRPPRGLWLHV� IRU� WZR� SXUSRVHV�� L�H�� LQWHUPHGLDWH� XVH� DQG

FRQVXPSWLRQ��+HQFH��FXUUHQW�DFFRXQW�HTXLOLEULXP�SUHYDLOV�LI�DQG�RQO\�LI�WKH�IROORZLQJ�KROGV�

( ) ( )
166161611616
IT$SIT$S +=+ 

 �� ���

7KH� ��Q[���SULFH� YHFWRU�S� �SDUWLWLRQHG� LQWR� D� VHW� RI�1RUWKHUQ� SULFHV�S
1
� DQG� D� VHW� RI� 6RXWKHUQ

SULFHV�S
6
��H[SUHVVHG� LQ�D�FRPPRQ�FXUUHQF\��ZLOO�EH�GLVFXVVHG�EHORZ��7KH�HTXDWLRQ�FDQ�RQO\�EH

VROYHG� IRU� WKH� FRQVXPSWLRQ�YHFWRUV� DIWHU�ZH� KDYH� H[SUHVVHG�T
1
� DQG�T

6
�� LQ� WHUPV�RI� WKH� RWKHU

PDWUL[� YDULDEOHV� SUHVHQW� LQ� HTXDWLRQ� ����� 7R� WKLV� HQG� ZH� XVH� WKH� SDUWLWLRQHG� UHGXFHG� IRUP� RI

HTXDWLRQ�����
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$IWHU�VXEVWLWXWLQJ�WKH�H[SUHVVLRQV�IRU�T
1
�DQG�T

6
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7RWDO� FRQVXPSWLRQ� LQ� 6RXWK� �LQ� UHDO� WHUPV�� LV� GHILQHG� DV� ( )
6616
IIH += 
WRW

6
I �� 7KLV� WRWDO

FRQVXPSWLRQ�FDQ�EH�GHFRPSRVHG�ZLWK�UHVSHFW�WR�WZR�GLPHQVLRQV��)LUVW��DV�PHQWLRQHG�EHIRUH��WKH

VKDUHV�RI�WKH�WZR�FRXQWULHV�RI�RULJLQ�DUH�JLYHQ�E\� �WKH�VHFRQG�FROXPQ�RI�� WKH� WUDGH�FRHIILFLHQW

PDWUL[�7)��6HFRQG��WKH�VKDUHV�RI�WKH�FRPPRGLWLHV�LQ�WRWDO�FRQVXPSWLRQ�DUH�JLYHQ�E\��WKH�VHFRQG

FROXPQ�RI�� WKH�VR�FDOOHG� ¶EULGJH�PDWUL[·� )%a ��ZKLFK� LV�DVVXPHG�WR�EH�JLYHQ�DW� WKH�EHJLQQLQJ�RI

HDFK�SHULRG���1RZ��ZH�FDQ�VXEVWLWXWH� ( ) WRW

6
I)

6

)

1616
EWI o= �DQG� ( ) WRW

6
I)

6

)

6666
EWI o= �LQ�HTXDWLRQ�����

$QDORJRXV� H[SUHVVLRQV� FDQ� EH� VXEVWLWXWHG� IRU� FRQVXPSWLRQ� LQ� 1RUWK�� I
11
� DQG� I

61
�� $IWHU

VXEWUDFWLQJ�WKH�WHUPV�LQFOXGLQJ�WKH�ODWWHU�YHFWRUV��I
11
�DQG�I

61
��IURP�ERWK�VLGHV�RI�WKH�HTXDWLRQ�ZH

DUULYH�DW�
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1RWH�WKDW�WKH�PDWULFHV�DQG�YHFWRUV�SUHVHQW�LQ�WKH�IDFWRU�EHWZHHQ�ODUJH�FXUO\�EUDFNHWV�LQ�WKH�OHIW

KDQG�VLGH�RI�HTXDWLRQ�����DUH�DOO�NQRZQ��H[FHSW�IRU�WKH�SULFH�YHFWRUV�WR�ZKLFK�ZH�ZLOO�WXUQ�EHORZ�

)XUWKHU��WKLV��IDFWRU�LV�D�VFDODU��,I�ZH�GHQRWH�WKLV�VFDODU�E\�U
6
�DQG�GHQRWH�WKH�DQDORJRXV�IDFWRU�IRU

1RUWK�E\�U
1
��ZH�REWDLQ�WKH�IROORZLQJ�UHODWLRQ�

WRW

1

6

1WRW

6
I

U
U

I 





−= �� ���

(TXDWLRQ� ���� VKRZV� WKDW� WKH� VROXWLRQV� ZKLFK� UHSUHVHQW� FXUUHQW� DFFRXQW� HTXLOLEULXP� WRJHWKHU

FRQVWLWXWH�D�OLQH��)RU�WKH�YDOXHV�RI�WKH�FRHIILFLHQW�PDWULFHV�FKRVHQ�LQ�WKH�VLPXODWLRQV�UHSRUWHG�LQ

6HFWLRQ����WKH�VORSH�RI�WKH�OLQH�LV�SRVLWLYH��7KH�XQGHUO\LQJ�PHFKDQLVP�LV�UDWKHU�VWUDLJKWIRUZDUG�

,QFUHDVHG� FRQVXPSWLRQ� LQ� 1RUWK� LQGXFHV� PRUH� LPSRUWV� IURP� 6RXWK�� ZKLFK� HQDEOHV� 6RXWK� WR

LPSRUW�PRUH�IURP�1RUWK��7KHVH�LPSRUWV�FDQ�LQFUHDVH�6RXWK·V�FRQVXPSWLRQ�ERWK�GLUHFWO\��LI�WKH

DGGLWLRQDO�LPSRUWV�DUH�FRQVXPHG��RU�LQGLUHFWO\��LI�WKH�DGGLWLRQDO�LPSRUWV�DUH�XVHG�DV�LQWHUPHGLDWH

LQSXWV� LQ� 6RXWK·V� SURGXFWLRQ� SURFHVVHV��� 7KH� H[DFW� VORSH� GHSHQGV� RQ� WKH� SURGXFWLRQ

WHFKQRORJLHV��WKH�WUDGH�FRHIILFLHQWV�DQG�WKH�SUHIHUHQFHV�RI�FRQVXPHUV�

,Q�RUGHU� WR�GHWHUPLQH�D�XQLTXH�VROXWLRQ�IRU� WKH�VKRUW� UXQ��ZH�KDYH� WR� LPSRVH�DQ�DGGLWLRQDO

HTXDWLRQ�� FRQVXPSWLRQ� FDQQRW� VLPXOWDQHRXVO\� EH� EDODQFH� RI� SD\PHQWV�FRQVWUDLQHG� LQ� ERWK

FRXQWULHV�� �9DULRXV�DOWHUQDWLYHV�DUH�DYDLODEOH��EXW�LQ�WKH�SUHVHQW�YHUVLRQ�RI�WKH�PRGHO�ZH�IROORZ

0F&RPELH� ������� E\� DVVXPLQJ� WKDW� RQH� RI� HLWKHU� FRXQWULHV� LV� FRQVWUDLQHG� E\� LWV� DYDLODEOH

UHVRXUFHV��7KDW�LV��IRU�HDFK�SHULRG��HLWKHU�HPSOR\PHQW�LQ�1RUWK�HTXDOV�LWV�PD[LPXP�ODERU�VXSSO\

� PD[

1
O ��RU�HPSOR\PHQW�LQ�6RXWK�HTXDOV� LWV�PD[LPXP�ODERU�VXSSO\�� PD[

6
O ���7KHVH�PD[LPXP�ODERU

VXSSO\� OHYHOV� DUH� JLYHQ� IRU� HYHU\�SHULRG�� DV�ZLOO� EHFRPH� FOHDU�ZKHQ�ZH� GHDO�ZLWK� WKH� ORQJ�UXQ

                                                          
� 7KH� ��Q[���EULGJH�PDWUL[� )%a � FRQVLVWV� RI� WZR� VWDFNHG� LGHQWLFDO� �Q[���PDWULFHV�%)�� ZKLFK� UHIOHFW� WKH� GLVWULEXWLRQ� RI� WRWDO

FRQVXPSWLRQ� H[SHQGLWXUHV� LQ� 1RUWK� �ILUVW� FROXPQ�� DQG� 6RXWK� �VHFRQG� FROXPQ�� RYHU� WKH� Q� VSHFLILHG� FRPPRGLWLHV�� 7KH
G\QDPLFV�JRYHUQLQJ�%)�ZLOO�EH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�
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HTXDWLRQV��6LQFH�HPSOR\PHQW�OHYHOV�LQ�1RUWK�GR�QRW�RQO\�GHSHQG�RQ�1RUWK·V�RZQ�FRQVXPSWLRQ

EXW�DOVR�RQ�FRQVXPSWLRQ�LQ�6RXWK��DQG�YLFH�YHUVD���WKH�IXOO�HPSOR\PHQW�DVVXPSWLRQV�\LHOG�DQRWKHU

WZR�UHODWLRQV�EHWZHHQ�WKH�WZR�WRWDO�FRQVXPSWLRQ�OHYHOV� WRW

6
I �DQG� WRW

1
I ��)LUVW��ZH�ZULWH

( )
66166116161111111
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I5I5I5I5O

TO

+++=
=PD[

1
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�� ���

1H[W��ZH�ZULWH�WKH�FRQVXPSWLRQ�YHFWRUV�RQFH�PRUH�DV�D�SURGXFW�RI�WUDGH�FRHIILFLHQWV��SUHIHUHQFH

FRHIILFLHQWV�DQG�WRWDO�FRQVXPSWLRQ��WR�DUULYH�DW

( ) ( )[ ]{ } ( ) ( )[ ]{ } WRW

6

WRW

1

PD[

1
IIO )

6

)

6616

)

6

)

16111

)

1

)

6116

)

1

)

11111
EW5EW5OEW5EW5O oooo +=+− ���

,I�ZH�GHQRWH�WKH�IDFWRU�EHWZHHQ�FXUO\�EUDFNHWV�DW�WKH�OHIW�KDQG�VLGH�E\�λ
1
��DQG�WKH�IDFWRU�EHWZHHQ

FXUO\� EUDFNHWV� DW� WKH� ULJKW� KDQG� VLGH� E\�λ
6
�� WKH� UHVXOWLQJ� OLQHDU� UHODWLRQ� EHWZHHQ� WKH� WZR� WRWDO

FRQVXPSWLRQ�OHYHOV�FDQ�EH�ZULWWHQ�DV

WRW

1

6

1

6

PD[

1WRW

6
I

O
I 





−=

λ
λ

λ
����

6LQFH�ERWK�WKH�QXPHUDWRU�DQG�GHQRPLQDWRU�RI�WKH�FRHIILFLHQW�DUH�SRVLWLYH��WKH�OLQH�GHVFULEHG�E\

HTXDWLRQ� ����� LV� GRZQZDUG� VORSLQJ�� ,I� WKH� FRQVXPSWLRQ� OHYHO� LQ�1RUWK�ZRXOG� EH� UHGXFHG�� WKH

FRQVXPSWLRQ� OHYHO� LQ� 6RXWK� ZRXOG� KDYH� WR� LQFUHDVH� LQ� RUGHU� WR� NHHS� WKH� ODERU� SUHYLRXVO\

HPSOR\HG� LQ� WKH� SURGXFWLRQ� RI� H[SRUWV� �DQG�RI� WKH�PDWHULDOV� LQGLUHFWO\� UHTXLUHG�� DW�ZRUN�� 7KH

VORSH�LWVHOI�LV�GHWHUPLQHG�E\�WHFKQRORJLFDO�UHODWLRQV��WUDGH�FRHIILFLHQWV�DQG�FRQVXPHU�SUHIHUHQFHV�

$QDORJRXVO\��ZH�FDQ�ILQG�D�UHODWLRQ�FRUUHVSRQGLQJ�WR�IXOO�HPSOR\PHQW�LQ�6RXWK�

WRW

1

6

1

6

PD[

6WRW

6
I

O
I 





−=

µ
µ

µ
� ����

ZLWK� ( ) ( )[ ])

1

)

6166

)

1

)

1161
EW5EW5O oo +=

61
µ �DQG� ( ) ( )[ ])

6

)

6666

)

6

)

16616
EW5EW5O oo +=

6
µ �

6ROYLQJ� WKH�V\VWHP�RI�HTXDWLRQV�FRQVWLWXWHG�E\�HTXDWLRQV� ���� DQG� ����� \LHOGV� WKH� VLWXDWLRQ� LQ

ZKLFK�1RUWK·V�FRQVXPSWLRQ�LV�ERWK�EDODQFH�RI�SD\PHQWV�FRQVWUDLQHG�DQG�ODERU�FRQVWUDLQHG��EXW

6RXWK·V�LV�RQO\�EDODQFH�RI�SD\PHQWV�FRQVWUDLQHG�

6116

PD[

16WRW

1 UU
OU

I
λλ −

= ��DQG�� 





−





−=

6116

PD[

16

6

1WRW

6 UU
OU

U
U

I
λλ

����

2I�FRXUVH��ZH�FDQ�VLPLODUO\�ILQG�WKH�LQWHUVHFWLRQ�RI�WKH�XSZDUG�VORSLQJ�EDODQFH�RI�SD\PHQWV�OLQH

���� DQG� WKH� GRZQZDUG� VORSLQJ� OLQH� ������ZKLFK� FRUUHVSRQGV� WR� ODERU� DQG� EDODQFH� RI� SD\PHQWV
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FRQVWUDLQWV� RQ� 6RXWK·V� FRQVXPSWLRQ� DQG� EDODQFH� RI� SD\PHQWV�FRQVWUDLQHG� FRQVXPSWLRQ� LQ

1RUWK�

6116

PD[

66WRW

1 UU
OU

I
µµ −

= ��DQG�� 





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
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
−=

6116

PD[

66

6
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U
U

I
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����

7KH�VKRUW�UXQ�HTXLOLEULXP�SRLQW� LQ�WKH�� WRW

6

WRW

1
II � ��SODQH� LV�QRZ�GHILQHG�DV� WKH�PLQLPXP�RI� WKH

SRLQWV�JLYHQ�E\�HTXDWLRQV������DQG�������VLQFH�LQ�WKH�RWKHU�LQWHUVHFWLRQ�SRLQW�RQH�FRXQWU\�ZRXOG

SURGXFH�DERYH�LWV�FDSDFLW\��*LYHQ�WKHVH�FRQVXPSWLRQ�OHYHOV�DQG�WKHLU�FRPSRVLWLRQV�ZLWK�UHJDUG

WR�VHFWRUV�DQG�FRXQWULHV�RI�RULJLQ��HTXDWLRQ�����LV�XVHG�WR�REWDLQ�JURVV�RXWSXW�OHYHOV�

)LQDOO\��FRPPRGLW\�VSHFLILF�SULFHV� �H[SUHVVHG� LQ�D�FRPPRQ�FXUUHQF\��DVVXPLQJ�DQ�H[FKDQJH

UDWH�ZKLFK� LV� NQRZQ� DW� WKH� EHJLQQLQJ� RI� HDFK� SHULRG�� DUH� GHWHUPLQHG� DV� XVXDO� LQ� LQSXW�RXWSXW

PRGHOV��H[FHSW�IRU�RXU�LQFOXVLRQ�RI�WZR�ZDJH�UDWHV�DQG�D�IDFWRU�ZKLFK�FRQYHUWV�WKHVH�UDWHV�WR�D

FRPPRQ�FXUUHQF\�

[ ] �×

 −−= $,/;YS �� ����

7KH� ��[���YHFWRU� Y� GHQRWHV� WKH� QRPLQDO� ZDJH� UDWHV� �LQ� 1RUWK� DQG� 6RXWK�� H[SUHVVHG� LQ� WKH

QDWLRQDO�FXUUHQFLHV���ZKLFK�ZH�DVVXPH� WR�EH�JLYHQ�DW� WKH�EHJLQQLQJ�RI� HDFK�SHULRG��7KH� ��[���

YHFWRU�[�KDV�WKH�H[FKDQJH�UDWH�DV�LWV�ILUVW�HOHPHQW�DQG�D�RQH�DV�LWV�VHFRQG��7KLV�LPSOLHV�WKDW�ZH

DGRSW�WKH�UXOH�WR�H[SUHVV�ERWK�1RUWKHUQ�DQG�6RXWKHUQ�SULFHV�LQ�6RXWKHUQ�FXUUHQF\�

7KH� H[WHQGHG� LQWHUQDWLRQDO� LQSXW�RXWSXW�PRGHO�ZH� LQWURGXFHG� LQ� WKLV� VHFWLRQ� \LHOGV� RXWSXW�

DQG�HPSOR\PHQW� OHYHOV�E\� LQGXVWU\� DQG�FRXQWU\�� DV�ZHOO� DV� FRQVXPSWLRQ� OHYHOV� IRU� HDFK�RI� WKH

FRPPRGLWLHV� SURGXFHG� LQ� 1RUWK� DQG� 6RXWK�� 7KHVH� OHYHOV� DUH� FRPSOHWHO\� GHWHUPLQHG� E\� WKH

SURGXFWLRQ� WHFKQRORJLHV�� WUDGH� UHODWLRQV�� FRQVXPHU�SUHIHUHQFHV��PD[LPXP� ODERU� VXSSO\�� SULFHV�

WKH�H[FKDQJH�UDWH�DQG�WKH�QRPLQDO�ZDJH�UDWHV�SUHYDLOLQJ�GXULQJ�D�SHULRG��6LQFH�ZH�DUH�SULPDULO\

LQWHUHVWHG�LQ�WKH�ORQJ�UXQ�G\QDPLFV�RI�WKH�HQGRJHQRXV�YDULDEOHV�PHQWLRQHG��ZH�QRZ�WXUQ�WR�WKH

VSHFLILFDWLRQ�RI�WKH�HTXDWLRQV�ZKLFK�GHVFULEH�WKH� LQWHUWHPSRUDO�EHKDYLRU�RI� WKH�YDULDEOHV�ZKLFK

ZH�KDYH�DVVXPHG�WR�EH�IXOO\�H[RJHQRXV�VR�IDU�

�� 0RGHO�'HVFULSWLRQ��,QWHUWHPSRUDO�5HODWLRQV

,Q� WKLV� VHFWLRQ� ZH� ZLOO� SUHVHQW� WKH� LQWHUWHPSRUDO� HTXDWLRQV� ZKLFK� DOORZ� XV� WR� VWXG\� ORQJ�UXQ
LVVXHV� OLNH�RXWSXW�JURZWK�� FRQYHUJHQFH�DQG� VWUXFWXUDO� FKDQJH��8QOLNH� WKH�SUHYLRXV� VHFWLRQ�� WKLV
VHFWLRQ�GRHV�QRW�LQFOXGH�WKH�GHULYDWLRQ�RI�VROXWLRQV��'XH�WR�WKH�PDWKHPDWLFDO�FRPSOH[LW\�FDXVHG
E\�RXU�H[SOLFLW� IRFXV�RQ�HFRQRPLHV�FRQVLVWLQJ�RI� LQWHUGHSHQGHQW� LQGXVWULHV�� DQDO\WLFDO� VROXWLRQV
DUH�KDUG�RU� LPSRVVLEOH� WR�GHULYH��:H�ZLOO� ILUVW�GHDO�ZLWK� WKH�HTXDWLRQV�GHVFULELQJ� WHFKQRORJLFDO
SURJUHVV�DQG�VXEVHTXHQWO\�GLVFXVV�WKH�UHODWLRQV�ZH�VSHFLILHG�ZLWK�UHJDUG�WR�WUDGH�VKDUH�G\QDPLFV�
H[FKDQJH� UDWH�PRYHPHQWV� DQG� WKH�JURZWK�RI� ODERU� VXSSO\��)LQDOO\��ZH�ZLOO� WXUQ� WR� DQ� HVVHQWLDO
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SDUW� RI� WKLV� SDSHU�� WKH� VSHFLILFDWLRQ� RI� FRPPRGLW\�VSHFLILF� LQFRPH� HODVWLFLWLHV� RI� FRQVXPHU
GHPDQG�

��D 7HFKQRORJ\�'\QDPLFV

,Q� WKH� SUHYLRXV� VHFWLRQ�� ZH� LQWURGXFHG� WKH� GHILQLWLRQV� RI� WHFKQRORJLFDO� LQGLFDWRUV� LQ� D� VWDWLF

FRQWH[W�� 6LQFH� ZH� EHOLHYH� WKDW� HPSLULFDOO\� REVHUYDEOH� ORQJ�UXQ� SKHQRPHQD� OLNH� RXWSXW� DQG

SURGXFWLYLW\� JURZWK�� VWUXFWXUDO� FKDQJH� DQG� FKDQJHV� LQ� LQWHUQDWLRQDO� WUDGH� SDWWHUQV� DUH� PDLQO\

FDXVHG�E\��GLIIHUHQFHV�LQ��WHFKQRORJLFDO�SURJUHVV��ZH�QRZ�WXUQ�WR�D�EULHI�GLVFXVVLRQ�RI�WKH�ZD\�LQ

ZKLFK� WHFKQRORJLFDO� FKDQJH� LV� GHDOW� ZLWK�� 6WLFNLQJ� WR� SUHYLRXV� FRQWULEXWLRQV� WR� LQWHULQGXVWU\

PRGHOLQJ�RI�WHFKQRORJLFDO�FKDQJH��/HRQWLHI�DQG�'XFKLQ��������9HUVSDJHQ��������DQG�/RV��������

ZH�PRGHO�FXPXODWHG�LQQRYDWLRQV�DV�FKDQJHV�RI�WKH�LQSXW�FRHIILFLHQWV�FRQWDLQHG�LQ�$
�DQG�/��:H

GHILQH�LQGXVWU\�VSHFLILF�UDWHV�RI�WHFKQRORJLFDO�SURJUHVV�DV�WKH�SURSRUWLRQDO�FKDQJHV�RI�WKH�LQYHUVH

RI�WKH�FRHIILFLHQWV�LQ�/��WKH�UDWLRV�EHWZHHQ�JURVV�RXWSXW�DQG�ODERU�LQSXWV����)ROORZLQJ�9HUVSDJHQ

�������� ZH� DVVXPH� IL[HG� LQGXVWU\�VSHFLILF� UDWLRV� EHWZHHQ� JURZWK� UDWHV� RI� LQGXVWULDO� ODERU

SURGXFWLYLWLHV�DQG�JURZWK�UDWHV�RI�WKH�RWKHU�RXWSXW�WR�LQSXW�UDWLRV��7KHVH�DUH�FDOOHG�¶WHFKQRORJLFDO

ELDVHV·�� )RU� UHDVRQV� RI� H[SRVLWLRQ�� ZH� DVVXPH� WKDW� WKH� VKDUHV� RI� WKH� Q� VSHFLILHG� LQWHUPHGLDWH

LQSXWV� LQ� WRWDO� LQWHUPHGLDWH� LQSXWV� �E\� LQGXVWU\��� UHPDLQ� VWDEOH� RYHU� WLPH����:H� XVH� WKH� �Q[Q��

GLDJRQDO�PDWULFHV� ˆ �DQG� ˆ �IRU�WHFKQRORJLFDO�SURJUHVV�DQG�LQWHUPHGLDWH�LQSXW�ELDV��UHVSHFWLYHO\�

7KH�HOHPHQWV�RI�WKH�ILUVW�PDWUL[�DUH�HTXDO�WR�RQH�LQ�WKH�FDVH�RI�QR�WHFKQRORJLFDO�SURJUHVV��DQG�WKH

VPDOOHU�WKH�IDVWHU�SURJUHVV�LV��,Q�FDVH�RI�QR�ELDVHV�LQ�DQ�LQGXVWU\��WKH�GLDJRQDO�RI�WKH�ELDV�PDWUL[

FRQVLVWV�RI�RQHV��$Q�HOHPHQW�ODUJHU�WKDQ�XQLW\�LQGLFDWHV�D�WHFKQRORJLFDO�ELDV�DZD\�IURP�VDYLQJ�WKH

FRUUHVSRQGLQJ� LQSXWV��ZKHUHDV� DQ� HOHPHQW� VPDOOHU� WKDQ� RQH� UHIOHFWV� D� ELDV� WRZDUGV� VDYLQJ� WKH

FRUUHVSRQGLQJ�LQSXWV��1RZ��ZH�FDQ�ZULWH�IRU�WKH�G\QDPLFV�RI�WKH�WZR�W\SHV�RI�LQSXWV���

@�>@�>×@�> // = @�>@�>×@�>×@�> 

 $$ = ����

,Q�WKH�VLPXODWLRQV�UHSRUWHG�RQ�LQ�6HFWLRQ����ZH�DVVXPHG�WKDW�DOO�WHFKQRORJLFDO�SURJUHVV�LV�SXUHO\

ODERU�VDYLQJ��7KLV�DPRXQWV�WR�IL[LQJ�WKH�YDOXHV�RI�WKH�WHFKQRORJLFDO�ELDV�PDWULFHV�WR�WKH�LQYHUVH

RI�WKH�WHFKQRORJLFDO�SURJUHVV�PDWUL[��IRU�HYHU\�SHULRG��:LWK�UHVSHFW�WR�WKH�WHFKQRORJLFDO�SURJUHVV

PDWUL[� ˆ � LWVHOI��ZH�PRGHOHG� WZR�UHJLPHV�� ,Q� WKH� ILUVW� UHJLPH�� WKH� LQGXVWU\�XQGHU�FRQVLGHUDWLRQ

�VD\��L��KDV�ORZHU�ODERU�UHTXLUHPHQWV�SHU�XQLW�RI�JURVV�RXWSXW�WKDQ�LWV�IRUHLJQ�FRPSHWLWRU��LQGXVWU\

Q�L���,Q�WKDW�FDVH��ZH�FDOO� L� WKH� OHDGHU�DQG�Q�L� WKH� ODJJDUG��8QGHU� WKLV� UHJLPH�� LQQRYDWLRQV�RI�D

                                                          
�� 7KLV� GHILQLWLRQ� RI� WHFKQRORJLFDO� SURJUHVV� GRHV� QRW� FRUUHVSRQG� WR� WKH� FRPPRQ�PHDVXUH� RI� ODERU� SURGXFWLYLW\� JURZWK�� WKH

SURSRUWLRQDO�JURZWK�UDWH�RI�YDOXH�DGGHG�PLQXV�WKH�SURSRUWLRQDO�JURZWK�UDWH�RI� ODERU�LQSXWV��,W� LV�SXUHO\�XVHG�IRU�PRGHOLQJ
SXUSRVHV��,Q�RXU�UHSRUWV�RQ�WKH�VLPXODWLRQ�UHVXOWV��VHH�6HFWLRQ����ZH�ZLOO�XVH�WKH�FRPPRQ�PHDVXUH�WR�DQDO\]H�FRQYHUJHQFH
LVVXHV�

�� 6R��LQQRYDWLRQ�LQGXFHG�VXEVWLWXWLRQ��VXFK�DV�RI�JODVV��PHWDO�DQG�VWRQH�LQSXWV�E\�SODVWLFV��DUH�QRW�FRQVLGHUHG��1RWH��KRZHYHU�
WKDW�WKH�PHFKDQLVPV�GULYLQJ�WKH�PRGHO�DUH�QRW�DOWHUHG�E\�PRUH�UHDOLVWLF�DVVXPSWLRQV�LQ�WKLV�UHVSHFW�

�� 7R�DYRLG�FRQIXVLRQ�EHWZHHQ�WLPH�LQGLFHV�DQG�HOHPHQWV�RI�WUDGH�VKDUHV�PDWULFHV��ZH�KDYH�FKRVHQ�QRW�WR�XVH�WKH�LQGLFDWRU�W�IRU
WLPH��,QVWHDG��SHULRGV�DUH�GHQRWHG�E\�QXPEHUV�
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UDQGRP�VL]H��LQ�WHUPV�RI�ODERU�UHTXLUHPHQW�UHGXFWLRQV��WDNH�SODFH�DW�UDQGRP�SRLQWV�LQ�WLPH����,Q

WKH�VHFRQG�UHJLPH��WKH�LQGXVWU\�XQGHU�FRQVLGHUDWLRQ�LV� ODJJLQJ�EHKLQG��,Q�WKDW�FDVH�� LQQRYDWLRQV

GR�QR�RFFXU��EXW�WKH�WHFKQRORJLFDO�JDS�WR�WKH�OHDGHU�LQGXVWU\�LV�DVVXPHG�WR�JLYH�RSSRUWXQLWLHV�IRU

FDWFKLQJ�XS��IRU�LQVWDQFH�E\�LPLWDWLRQ�RI�WKH�FRPSHWLWRU·V�SURGXFWLRQ�WHFKQRORJ\��7KH�UHGXFWLRQV

LQ�ODERU�FRHIILFLHQWV�XQGHU�WKH�WZR�UHJLPHV�FDQ�EH�UHSUHVHQWHG�E\

/HDGHU�UHJLPH� ( )@�>�
�

@�>×
L

LL ,QQ+
=Λ � ����

/DJJDUG�UHJLPH��













+

=Λ

+ @�>
@�>

OQ�

�
@�>×

LQ

L

L

LL

O
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����

LQ�ZKLFK�α����α����DUH�LQGXVWU\�VSHFLILF�SDUDPHWHUV���

7KH�LQQRYDWLRQV�DUH�DVVXPHG�WR�DUULYH�DFFRUGLQJ�WR�D�3RLVVRQ�SURFHVV��IROORZLQJ�H�J��$JKLRQ

	�+RZLWW��������DQG�6LOYHUEHUJ�	�9HUVSDJHQ���������7KH�VL]H�RI�HDFK�LQQRYDWLRQ�LV�DOVR�UDQGRPO\

GHWHUPLQHG�� DFFRUGLQJ� WR� DQ� H[SRQHQWLDO� GLVWULEXWLRQ�� 7KLV� GLVWULEXWLRQ� HQVXUHV� WKDW� ¶ODUJH·

LQQRYDWLRQV�DUH�UHODWLYHO\�VHOGRP�RFFXUULQJ���

,Q� WKH� SUHVHQW� YHUVLRQ� RI� WKH�PRGHO�� WKH� FDWFK�XS�SURFHVV� LV�PRGHOHG� LQ� D� VLPSOH�ZD\�� WKH

ODUJHU�WKH�SURGXFWLYLW\�JDS�LQ�WHUPV�RI�ODERU�LQSXWV�SHU�XQLW�RI�JURVV�RXWSXW��WKH�PRUH�WKH�ODJJDUG

LQGXVWU\�ZLOO�FDWFK�XS��+HQFH��WKLV�*HUVFKHQNURQ��������VSHFLILFDWLRQ�GRHV�QRW�LQFOXGH�LVVXHV�RI

ODFN� RI� DEVRUSWLYH� FDSDFLW\� RU� RSHQQHVV� WR� LPSRUWV�� 1RWH�� KRZHYHU�� WKDW� RXU� LQWHULQGXVWU\

VSHFLILFDWLRQ�LPSOLFLWO\�WDNHV�DFFRXQW�RI�WKH�IDFW�WKDW�LQFRPSDWLELOLW\�RI�RXWSXW�VWUXFWXUHV�SOD\V�DQ

LPSRUWDQW�UROH��)RU�H[DPSOH��LI�6RXWK�ZRXOG�ODJ�1RUWK�LQ�FRPSXWHU�PDQXIDFWXULQJ�EXW�SURGXFHV

RQO\� D� YHU\� VPDOO� SDUW� RI� LWV� RXWSXW� LQ� WKLV� LQGXVWU\� �IRU� LQVWDQFH� GXH� WR� LQWHUQDWLRQDO

VSHFLDOL]DWLRQ��� DJJUHJDWH� ODERU� SURGXFWLYLW\�ZRXOG� QRW� EHQHILW� WKDW�PXFK� IURP� WKH� WHFKQRORJ\

JDS�

��E 7UDGH�VKDUH�G\QDPLFV

7UDGH�VKDUH�G\QDPLFV�DUH�UXOHG�E\��FKDQJHV�LQ��UHODWLYH�FRPSHWLWLYHQHVV��$FFRUGLQJ�WR�WUDGLWLRQDO

WKHRU\�� WKH� FRPSHWLWLYHQHVV� RI� FRXQWULHV� LV� GHWHUPLQHG� E\� FRVWV� SHU� XQLW� RI� RXWSXW�� ,Q� VXFK� D

VLWXDWLRQ�� WKH� LQWHUSOD\� RI� WZR� GHYHORSPHQWV� ZRXOG� GHWHUPLQH� FKDQJHV� LQ� D� FRXQWU\·V

FRPSHWLWLYHQHVV��UHGXFWLRQV�LQ�WKH�DPRXQWV�RI�ODERU�UHTXLUHG�SHU�XQLW�RI�RXWSXW�DQG�FKDQJHV�LQ

                                                          
�� )RU� VLPSOLFLW\��ZH�GR�QRW� LQFOXGH� H[SOLFLW� VHDUFK� IRU� LQQRYDWLRQV� �5	'�� LQ� WKH�PRGHO�� 6HH�/RV� ������� IRU� DQ� LQWHUVHFWRUDO

PRGHO�ZLWK�HQGRJHQRXV�JURZWK�LQ�D�VLQJOH�FRXQWU\�FRQWH[W�
�� 1RWH� WKDW� WKH� �ULJKWPRVW�� FDWFK�XS� WHUP� LQ� WKH� ODJJDUG� UHJLPH� HTXDWLRQ� LV� GHILQHG� LQ� VXFK� D� ZD\� WKDW� L� FRUUHVSRQGV� WR� D

1RUWKHUQ�LQGXVWU\��,Q�WKH�DOWHUQDWLYH�FDVH��WKH�LQGH[�IRU�O�LQ�WKH�GHQRPLQDWRU�LV�L�Q�
�� ,I�WZR�RU�PRUH�LQQRYDWLRQV�DUULYH�LQ�WKH�VDPH�SHULRG��WKHLU�VL]HV�DUH�VLPSO\�DGGHG�
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WKH�UHODWLYH�ZDJH�UDWHV����7KHVH�IDFWRUV�DUH�DVVXPHG�WR�EH�VXPPDUL]HG�E\�SULFHV��DV�IROORZV�IURP

HTXDWLRQ�������0RUH�UHFHQW�WUDGH�WKHRU\��KRZHYHU��HPSKDVL]HV�WKDW�FRXQWULHV�QRW�RQO\�FRPSHWH�E\

DWWHPSWLQJ�WR�UHGXFH�SULFHV��EXW�DOVR�E\�DWWHPSWLQJ�WR�SURGXFH�TXDOLWDWLYHO\�VXSHULRU�JRRGV��VHH�

H�J��� )DJHUEHUJ�� ������ IRU� D� FRQWULEXWLRQ� LQ� WKH� 3RVW�.H\QHVLDQ� WUDGLWLRQ� DQG� *URVVPDQ� DQG

+HOSPDQ��������IRU�D�PDLQVWUHDP�DSSURDFK���$�SURSHU�VSHFLILFDWLRQ�RI�WKH�ODWWHU��WKRXJK��ZRXOG

UHTXLUH�D�PRGHO�VSHFLILFDWLRQ�ZLWK�H[SOLFLW�SURGXFW� LQQRYDWLRQ��6LQFH� WKH�SUHVHQW�YHUVLRQ�RI� WKH

PRGHO�GHDOV�ZLWK�SURGXFWLYLW\� JURZWK� WKURXJK�SURFHVV� LQQRYDWLRQ� RQO\��ZH� FDQQRW� LQFOXGH� WKH

HIIHFWV�RI�WHFKQRORJLFDO�FRPSHWLWLRQ�LQ�DQ�H[SOLFLW�ZD\��FKDQJHV�LQ�D�FRXQWU\·V�VKDUHV�RQ�WKH�ZRUOG

PDUNHWV�DUH�DVVXPHG�WR�EH�GHSHQGHQW�RQ�SULFH�GLIIHUHQWLDOV�RQO\�

7R�GHWHUPLQH�WKH�WUDGH�VKDUHV�IRU�HDFK�RI�WKH�FRPPRGLWLHV� LQ�HDFK�RI�WKH�LQGXVWULHV��ZH�XVH

WKH�FRQFHSW�RI�D� �LQYHUWHG�� ORJLVWLF�FXUYH��DV� LOOXVWUDWHG� LQ�)LJXUH���� ,Q�PDWKHPDWLFDO� WHUPV�� WKLV

UHODWLRQ�EHWZHHQ� WKH�SULFH� UDWLR� DQG� WKH� ¶HTXLOLEULXP·�PDUNHW� VKDUH�RI�1RUWK·V� LQGXVWU\� L� RQ� LWV

GRPHVWLF�PDUNHW�IRU�FRQVXPSWLRQ�JRRGV�LV�














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$V�PHQWLRQHG�EHIRUH��WKH�GRPHVWLF�DQG�IRUHLJQ�WUDGH�VKDUHV�DGG�XS�WR�RQH��VR� 
)

61
W �DQG� 
)

16
W �DUH

GHWHUPLQHG� VLPXOWDQHRXVO\�� )XUWKHU�� DQDORJRXV� HTXDWLRQV� DUH� VSHFLILHG� IRU� WKH� HOHPHQWV� RI� WKH

PDWUL[�7$�� )RU� HYHU\� FRPPRGLW\�� KRZHYHU�� ZH� XVHG� LGHQWLFDO� WUDGH� VKDUHV� LQ� RXU� VLPXODWLRQV

UHSRUWHG� RQ� LQ� 6HFWLRQ� ��� LUUHVSHFWLYH� RI� LWV� XVH� DV� DQ� LQWHUPHGLDWH� LQSXW� RU� DV� D� FRQVXPSWLRQ

JRRG�

7KH�SDUDPHWHU�ε�FDQ�EH�LQWHUSUHWHG�DV�WKH�YDOXH�RI�WKH�ORJDULWKP�RI�WKH�SULFH�UDWLR�IRU�ZKLFK

WKH�PDUNHW�VKDUHV�DUH�HTXDOO\�GLYLGHG��)RU�D�SHUIHFWO\�WUDGDEOH�JRRG�WKLV�SDUDPHWHU�ZLOO�HTXDO�]HUR�

EXW� IRU�PRVW� JRRGV� WKH� SULFH� UDWLR� FRUUHVSRQGLQJ� WR� HTXDO� PDUNHW� VKDUHV� ZLOO� KDYH� D� SRVLWLYH

YDOXH�� ,Q� WKLV� FDVH�� WKH�PDUNHW� VKDUHV� RI� GRPHVWLFDOO\� SURGXFHG� LQSXWV�ZLOO� EH� ODUJHU� WKDQ� ILIW\

SHUFHQW�ZKHQ�SULFHV�DUH�HTXDO��7KH�H[WHQW�WR�ZKLFK�WKH�PDUNHW�VKDUH�DW�WKH�XQLW�SULFH�UDWLR�GLIIHUV

IURP� ILIW\� SHUFHQW� LV� QRW� RQO\� GHSHQGHQW� RQ� WKH� YDOXH� RI� ε�� EXW� DOVR� RQ� WKH� SDUDPHWHU�ϕ�!��
ZKLFK�UHSUHVHQWV�WKH�FRPPRGLW\�VSHFLILF�VHQVLWLYLW\�RI�WUDGH�VKDUHV�WR�FKDQJHV�LQ�WKH�SULFH�UDWLR�

7KH� ORZHU�ϕ�� WKH�PRUH� VHQVLWLYH� WKH� WUDGH� VKDUHV� DUH��7KH� SDUDPHWHUV�ϕ�PD\� EH� DIIHFWHG� E\� D

QXPEHU�RI�WKLQJV��VXFK�DV�FRVWV�RI�WUDQVSRUWDWLRQ�DQG�WUDGH�EDUULHUV��)XUWKHU��TXDOLW\�GLIIHUHQFHV

�ZKLFK�� DV� PHQWLRQHG� EHIRUH�� DUH� QRW� H[SOLFLWO\� PRGHOHG�� PD\� SOD\� D� GHFLVLYH� UROH�� D� FKHDSHU

5XVVLDQ�FDU�LV�QRW�OLNHO\�WR�FKDQJH�LWV�VKDUH�RQ�WKH�8�6��FRQVXPHU�PDUNHW�WR�D�FRQVLGHUDEOH�H[WHQW�

                                                          
�� 7KHVH� XQLW� ODERU� FRVWV� DUH� JHQHUDOO\� FRQYHUWHG� WR� D� FRPPRQ� FXUUHQF\�� +HQFH�� H[FKDQJH� UDWH� FKDQJHV� PD\� DOWHU� WKH

FRPSHWLWLYHQHVV�VWUXFWXUH�DV�ZHOO�
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6LQFH�ZH�GR�QRW�EHOLHYH�WKDW�WUDGH�VKDUHV�DGMXVW� LPPHGLDWHO\�WR�FKDQJHV�LQ�SULFHV��ZH�PRGHO�DQ

DGMXVWPHQW�SURFHVV��LQ�ZKLFK�WKH�JDS�EHWZHHQ�WKH�DFWXDO�WUDGH�VKDUHV�W�DQG�WKH�¶HTXLOLEULXP·�WUDGH

VKDUHV�W
�YDQLVK�JUDGXDOO\�LQ�WKH�DEVHQFH�RI�VKRFNV��RPLWWLQJ�LQGXVWU\�LQGLFHV�DQG�LQGLFHV�$�DQG�)

IRU�WKH�XVH�RI�WUDGHG�JRRGV��

( )@�>@�>@�>@�> 
WWWW W −−= η �� ����

ZLWK�ηW����ηW����GHQRWLQJ�WKH�VSHHG�RI�DGMXVWPHQW�

��F 0D[LPXP�ODERU�VXSSO\��ZDJH�UDWHV��DQG�WKH�H[FKDQJH�UDWH

6LQFH� ZH� DVVXPH� WKDW� WRWDO� FRQVXPSWLRQ� OHYHOV� LQ� 1RUWK� DQG� 6RXWK� DUH� SDUWO\� GHWHUPLQHG� E\

HLWKHU�RQH�RI�WZR�IXOO�HPSOR\PHQW�FRQGLWLRQV��WKH�G\QDPLFV�RI�PD[LPXP�ODERU�VXSSO\�LQ�WKH�WZR

FRXQWULHV�PD\�SURYH�WR�EH�DQ�LPSRUWDQW�GHWHUPLQDQW�RI�UHODWLYH�SHUIRUPDQFH�LQ�WHUPV�RI�ORQJ�UXQ

RXWSXW� DQG� HPSOR\PHQW� JURZWK��$OWKRXJK� UHVHDUFKHUV� LQ� WKH� ILHOG� RI� GHYHORSPHQW� HFRQRPLFV

KDYH�IRXQG�VRPH�HYLGHQFH�IRU�D�FDXVDO�UHODWLRQVKLS�UXQQLQJ�IURP�¶ZHOIDUH·�WR�SRSXODWLRQ�JURZWK�

ZH�ZLOO�DVVXPH�WKDW�WKH�SRSXODWLRQV�RI�WKH�WZR�FRXQWULHV�JURZ�DW�FRQVWDQW��FRXQWU\�VSHFLILF�UDWHV�

)RU�VLPSOLFLW\��ZH�DOVR�DVVXPH�WKDW�PD[LPXP�ODERU�VXSSO\�HTXDOV�SRSXODWLRQ��+HQFH��ZH�ZULWH�

( ) ( ) @�>�@�>�������DQG�������������@�>�@�> PD[

66

PD[

6

PD[

11

PD[

1
OOOO νν +=+= �� ����

7KH�WZR�FRXQWU\�VSHFLILF�QRPLQDO�ZDJH�UDWHV�DUH�DVVXPHG�WR�EH�FRQVWDQW��DW�OHDVW�LI�H[SUHVVHG�LQ

QDWLRQDO� FXUUHQFLHV��'XH� WR� WKH� IDFW� WKDW� WHFKQRORJLFDO� SURJUHVV� UHGXFHV� WKH�GLUHFW� DQG� LQGLUHFW

ODERU� UHTXLUHPHQWV� IRU� FRQVXPSWLRQ� JRRGV�� SULFHV� ZLOO� FRQVHTXHQWO\� EH� ORZHUHG� �VHH� HTXDWLRQ

������ DQG� WKH� UHDO� ZDJH� UDWH� ZLOO� JURZ�� 2QH� FDYHDW� DSSOLHV�� KRZHYHU�� ,Q� D� V\VWHP� RI� IOH[LEOH

H[FKDQJH� UDWHV�� WKH� SXUFKDVLQJ� SRZHU� RI� D� JLYHQ� DPRXQW� RI�1RUWKHUQ� FXUUHQF\� UHODWLYH� WR� DQ

LGHQWLFDO�DPRXQW�RI�6RXWKHUQ�FXUUHQF\�PD\�FKDQJH�

,Q� WKH�PRGHOLQJ� RI� H[FKDQJH� UDWH� G\QDPLFV� ZH� XVH� D� VSHFLILFDWLRQ� VLPLODU� WR� WKDW� RI� WUDGH

VKDUHV�� WKH�QHZ�H[FKDQJH�UDWH� LV�D�ZHLJKWHG�DYHUDJH�RI� WKH�DFWXDO� UDWH�DQG�DQ� ¶HTXLOLEULXP�UDWH·

EDVHG�RQ�SXUFKDVLQJ�SRZHU�SDULW\�RI�WKH�WZR�FXUUHQFLHV�

)LJXUH����7UDGH�6KDUHV

�

���

�

�� �� �� � � �

OQ�S 1 �S 6 �

W 1
1
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( )@�>@�>@�>@�> 
[[[[ [ −−= η ����

7KH�VPDOOHU� [η ��≤ [η ≤����WKH�PRUH�D�V\VWHP�RI�IL[HG�H[FKDQJH�UDWHV��H�J��D�PRQHWDU\�XQLRQ��LV

DSSUR[LPDWHG��[
�LV�GHWHUPLQHG�DFFRUGLQJ�WR�

( )

( )∑

∑
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+
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+

+
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7KH�VXSHULQGLFHV�QDW�LQGLFDWH�SULFHV�H[SUHVVHG�LQ�QDWLRQDO�FXUUHQFLHV���

��G &RQVXPHU�SUHIHUHQFHV�G\QDPLFV

$OPRVW� HYHU\� FRQWULEXWLRQ� WR� GHYHORSPHQW� HFRQRPLFV� VWUHVVHV� WKH� UHODWLRQ� EHWZHHQ� JURZLQJ

OHYHOV�RI�LQFRPH�SHU�FDSLWD�DQG�FKDQJLQJ�RXWSXW�DQG�HPSOR\PHQW�PL[HV��(PSLULFDO�FURVV�VHFWLRQ

DQG�WLPH�VHULHV�VWXGLHV�MXVWLI\�WKLV�IRFXV��VHH�IRU�H[DPSOH�9HUVSDJHQ��������&K�����DQG�/RV�������

&K�� ���� LQ� SDUWLFXODU� DJULFXOWXUH·V� VKDUHV� LQ� RXWSXW� DQG� HPSOR\PHQW� JHQHUDOO\� GHFUHDVH� ZLWK

LQFUHDVLQJ� LQFRPH� OHYHOV�� ZKLOH� PDQXIDFWXULQJ� DQG� �LQ� ODWHU� VWDJHV� RI� GHYHORSPHQW�� VHUYLFHV

EHFRPH� PRUH� LPSRUWDQW�� $� QXPEHU� RI� PHFKDQLVPV� XQGHUO\LQJ� WKHVH� UHJXODULWLHV� KDYH� EHHQ

VLQJOHG� RXW�� DPRQJ� ZKLFK� LQWHULQGXVWU\� GLIIHUHQFHV� LQ� WKH� UDWH� RI� SURGXFWLYLW\� JURZWK� IHDWXUH

SURPLQHQWO\��,QWHULQGXVWU\�GLIIHUHQFHV�LQ�LQFRPH�HODVWLFLWLHV�RI�FRQVXPSWLRQ�GHPDQG�DUH�DQRWKHU

RIWHQ� VWUHVVHG� VRXUFH� RI� JURZWK�UHODWHG� VWUXFWXUDO� FKDQJH�� &RPPRGLW\�VSHFLILF� (QJHO� FXUYHV

ZKLFK�UHSUHVHQW�WKHVH�GLIIHUHQFHV�ZHUH�LQWURGXFHG�LQ�JURZWK�WKHRU\�E\�3DVLQHWWL��������DQG�ODWHU

XVHG�LQ�WHFKQRORJ\�GULYHQ�PRGHOV�E\�9HUVSDJHQ��������������DQG�/RV���������,Q�WKLV�PRGHO��ZH

XVH�D�GLVFUHWH�WLPH�YDULDQW�RI�D�VSHFLILFDWLRQ�LQWURGXFHG�E\�9HUVSDJHQ���������ZKLFK�HQVXUHV�WKDW

WKH�FRQVXPSWLRQ�VKDUHV�IRU�HDFK�FRXQWU\�DOZD\V�DGG�XS�WR�RQH�

( ) ( )[ ] 


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,Q� WKLV� VSHFLILFDWLRQ� 
E UHSUHVHQWV� WKH� FRQVXPSWLRQ� VKDUHV� ZKLFK� SUHYDLO� DW� DQ� LQILQLWHO\� KLJK

FRQVXPSWLRQ� SHU� FDSLWD� 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�QRQQHJDWLYH�YDOXHV�HOVHZKHUH��QHJDWLYH�VKDUHV�ZLOO�QRW�RFFXU�DQG�DFWXDO�VKDUHV

ZLOO�FRQYHUJH�PRQRWRQLFDOO\�WR�WKHLU�DV\PSWRWLF�YDOXHV�LI�FRQVXPSWLRQ�SHU�FDSLWD�JURZV�

,I� DQ� LQLWLDO� YDULDEOH� FRQILJXUDWLRQ� LV� VSHFLILHG� DQG� WKH� SDUDPHWHUV� DUH� DVVLJQHG� YDOXHV�� WKH

PRGHO� GHVFULEHG� E\� HTXDWLRQV� ��������� FDQ� EH� VLPXODWHG� LQ� RUGHU� WR� VHH� ZKHWKHU� WKH� ORQJ�UXQ

                                                          
�� 7KHVH�DUH�REWDLQHG�E\�GLYLGLQJ�WKH�HOHPHQWV�RI�S�E\�WKH�H[FKDQJH�UDWH�IRU�FRPPRGLWLHV�SURGXFHG�LQ�1RUWK�DQG�OHDYLQJ�WKHP

XQFKDQJHG�IRU�FRPPRGLWLHV�SURGXFHG�E\�6RXWK�
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F

UHVXOWV�DUH�VHQVLWLYH�WR�SDUWLFXODU�SDUDPHWHUV�RI�LQWHUHVW�RU�QRW��,Q�WKH�QH[W�VHFWLRQ�ZH�ZLOO�SUHVHQW

WKH�RXWFRPHV�RI�D�QXPEHU�RI�VLPXODWLRQV��PRVW�RI�ZKLFK�IRFXV�RQ�WKH�JURZWK�HIIHFWV�RI�FKDQJLQJ

FRPSRVLWLRQV�RI�FRQVXPSWLRQ�GHPDQG�

�� 6LPXODWLRQ�5HVXOWV

$V�PHQWLRQHG�HDUOLHU��WKH�ORQJ�UXQ�EHKDYLRU�RI�WKH�WZR�QDWLRQDO�HFRQRPLHV�LQ�RXU�PRGHO�FDQ�EHVW

EH� VWXGLHG� E\� PHDQV� RI� VLPXODWLRQ� DQDO\VLV�� %HIRUH� ZH� WXUQ� WR� D� GLVFXVVLRQ� RI� VRPH� RI� WKH

VLPXODWLRQ� UHVXOWV� ZH� REWDLQHG�� LW� PD\� SURYH� LQVLJKWIXO� WR� LOOXVWUDWH� WKH� EDVLF� HIIHFWV� RI� DQ

LQQRYDWLRQ�E\�VRPH�GLDJUDPV�ZKLFK�GHSLFWV�VRPH�KLJKO\�VLPSOLILHG�FRPSDUDWLYH�VWDWLFV�DQDO\VLV�

,Q�)LJXUH� ��� WKH� D[HV� LQGLFDWH� WKH� WRWDO� FRQVXPSWLRQ� OHYHOV� IRU�1RUWK� DQG� 6RXWK��7KH� VROLG

XSZDUG�VORSLQJ�OLQH��,��UHIOHFWV�DOO�SDLUV�RI�FRQVXPSWLRQ�OHYHOV�IRU�ZKLFK�WKH�EDODQFH�RI�SD\PHQWV

LV� LQ�HTXLOLEULXP�LQ�WKH� LQLWLDO�VLWXDWLRQ��VHH�HTXDWLRQ������7KH�GRZQZDUG�VORSLQJ�VROLG� OLQHV� �,,
1

DQG� ,,
6
�� LQGLFDWH� DOO� SDLUV�RI� FRQVXPSWLRQ� OHYHOV� IRU�ZKLFK� IXOO� HPSOR\PHQW� LQLWLDOO\� SUHYDLOV� LQ

1RUWK� DQG� LQ� 6RXWK�� UHVSHFWLYHO\�� VHH� HTXDWLRQV� ����� DQG� ������ 7KH� VORSHV� RI� WKHVH� OLQHV� ZLOO

JHQHUDOO\� GLIIHU�� H�J�� GXH� WR� GLIIHUHQW� FRPSRVLWLRQV� RI� FRQVXPSWLRQ� EXQGOHV� ZLWK� UHVSHFW� WR

FRXQWULHV� DQG� VHFWRUV� RI� RULJLQ�� ,Q� WKH� VLWXDWLRQ� GHSLFWHG�� FRQVXPSWLRQ� OHYHOV� DUH� JLYHQ� E\

LQWHUVHFWLRQ�SRLQW�)�� LQ�ZKLFK�1RUWK�H[SHULHQFHV�IXOO�HPSOR\PHQW�DQG�6RXWK�IDFHV�H[FHVV� ODERU

VXSSO\�

)LJXUH����&RQVXPSWLRQ�HIIHFWV�RI�LQQRYDWLRQ�

1RZ�� ZH� DVVXPH� WKDW� 1RUWK� JHQHUDWHV� D� ODERU� VDYLQJ� LQQRYDWLRQ�� &RQVHTXHQWO\�� WKH� ODERU

FRQVWUDLQW�ZLOO�EH�OHVV�WLJKW��DQG�IRU�JLYHQ�FRQVXPSWLRQ�OHYHOV�LQ�1RUWK�KLJKHU�FRQVXPSWLRQ�OHYHOV

LQ� 6RXWK� DUH� DWWDLQDEOH�� VLQFH� PRUH� ¶HIIHFWLYH·� ODERU� LV� DYDLODEOH� WR� SURGXFH� H[SRUWV� DQG� WKH

UHTXLUHG� LQWHUPHGLDWH� LQSXWV�� 7KLV� LV� UHIOHFWHG� E\� WKH� XSZDUG� VKLIW� RI� WKH� 1RUWKHUQ� IXOO

HPSOR\PHQW�OLQH��VHH�GDVKHG�OLQH�,,
1

·���,Q�JHQHUDO��WKH�VORSH�ZLOO�FKDQJH�DV�ZHOO��EXW�WKH�VLJQ�RI

I1WRW

I6WRW

I

IIN

IIS

F

IIN
’

I’

I’‘
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WKLV� FKDQJH� GHSHQGV� RQ� WKH� LQWHUSOD\� RI�PDQ\� SDUDPHWHU� YDOXHV��1HYHUWKHOHVV�� WKH� ¶ILUVW� RUGHU·

HIIHFW� RI� WHFKQRORJLFDO� SURJUHVV� LQ� WKH� ODERU�FRQVWUDLQHG� FRXQWU\� �EH� LW� WKURXJK� LQQRYDWLRQ� RU

WKURXJK�FDWFK�XS��LV�DQ�LQFUHDVH�LQ�ERWK�1RUWK·V�DQG�6RXWK·V�FRQVXPSWLRQ�OHYHO�

7KH�VXSSRVHG� LQQRYDWLRQ� LQ�1RUWK�KDV� VRPH� ¶VHFRQG�RUGHU·� HIIHFWV�� WRR��7KH�QHW� HIIHFWV�RI

WKHVH� DUH� DPELJXRXV�� DV� ZLOO� EHFRPH� FOHDU� DIWHU� VWXG\LQJ� WKH� GDVKHG� OLQHV� ,·� DQG� ,µ�� 7KH� OLQHV

UHSUHVHQW�WZR�LPSRUWDQW�RSSRVLWH�HIIHFWV��)LUVW��LQQRYDWLRQ�\LHOGV�D�ORZHU�SULFH�SHU�XQLW�RI�RXWSXW

IRU�1RUWK��7KLV�LPSOLHV�WKDW�IRU�D�JLYHQ�DPRXQW�RI�H[SRUWV��1RUWK�FDQ�EX\�OHVV�LPSRUWV�DQG�PXVW

UHGXFH�LWV�FRQVXPSWLRQ��ZKLOH�6RXWK�FDQ�LQFUHDVH�LWV�LPSRUW�YROXPH�DW�FRQVWDQW�FRVWV��,·���7KLV�LV

D� WHUPV�RI�WUDGH� HIIHFW�� 6HFRQG��1RUWK·V� UHGXFHG�SULFH� HQKDQFHV� LWV� FRPSHWLWLYHQHVV� UHODWLYH� WR

6RXWK�� ZKLFK� FRXOG� FDXVH� KLJKHU�PDUNHW� VKDUHV�� &RQVHTXHQWO\�� LQQRYDWLQJ�1RUWK� UHTXLUHV� OHVV

LPSRUWV�SHU�XQLW�RI�RXWSXW��ZKLFK�HQDEOHV�LW�WR�SURGXFH�PRUH�FRQVXPSWLRQ�JRRGV��)RU�6RXWK�WKH

RSSRVLWH�KROGV�DQG�LWV�DWWDLQDEOH�FRQVXPSWLRQ�OHYHO�ZLOO�IDOO��7KLV�HIIHFW�LV�GRFXPHQWHG�E\�FXUYH

,µ�

:KLFK�RI� WKH� WZR�VHFRQG�RUGHU�HIIHFWV�GRPLQDWHV�GHSHQGV�RQ�D�QXPEHU�RI�SDUDPHWHUV� DQG

YDULDEOHV�� RI� ZKLFK� WKH� VHQVLWLYLW\� RI� PDUNHW� VKDUHV� WR� SULFH� FKDQJHV� LV� DQ� LPSRUWDQW� RQH�

+RZHYHU�� DOVR� WKH� WUDGH� VWUXFWXUH� ZLWK� UHVSHFW� WR� WKH� LQWHUPHGLDWH� LQSXWV� UHTXLUHG� IRU� LWV

SURGXFWLRQ� PDWWHUV�� 7KH� ERWWRP� OLQH� RI� WKLV� VLPSOH� FRPSDUDWLYH� VWDWLFV� DQDO\VLV� LV� WKDW� LW� LV

LPSRVVLEOH�WR�WHOO�LQ�DGYDQFH�ZKLFK�HIIHFW�ZLOO�GRPLQDWH��DQG�KHQFH�ZKDW�WKH�XOWLPDWH�HIIHFW�RI�DQ

LQQRYDWLRQ�RQ�UHODWLYH�JURZWK�UDWHV�ZLOO�EH�

,Q�RUGHU� WR� JHW� DQ� LQVLJKW� LQWR� WKH� EHKDYLRU� RI� WKH�PRGHO��ZH� UHVRUW� WR� VLPXODWLRQ� DQDO\VLV�

:KLOH� RQH� ZRXOG� LGHDOO\� OLNH� WR� LQYHVWLJDWH� WKH� FRPSOHWH� SDUDPHWHU� VSDFH� E\� YDU\LQJ� HDFK

SDUDPHWHU�LQ�WXUQ�ZKLOH�NHHSLQJ�WKH�RWKHU�SDUDPHWHUV�FRQVWDQW��WKLV�LV�REYLRXVO\�D�WRR�ODUJH�WDVN

JLYHQ�WKH�QXPEHU�RI�SDUDPHWHUV�RI�WKH�PRGHO��:H�WKHUHIRUH�FRQFHQWUDWH�RQ�WKH�VHW�RI�SDUDPHWHUV

UHODWHG� WR� WKH� VHFWRUDO� DUULYDO� UDWHV� RI� LQQRYDWLRQ� �λ��� :H� OHDYH� RWKHU� SDUDPHWHUV� IRU� IXWXUH

UHVHDUFK�

%HIRUH� ZH� SUHVHQW� WKH� UHVXOWV� RI� UHSHDWHG� VLPXODWLRQV� IRU� SDUDPHWHU� YDULDWLRQV�� ZH� ILUVW

LOOXVWUDWH� WKH�EDVLF�EHKDYLRU�RI� WKH�PRGHO�E\� ORRNLQJ�DW� D� VLQJOH� VLPXODWLRQ� UXQ��7KH�SDUDPHWHU

YDOXHV�IRU�WKLV�UXQ�DUH�JLYHQ�LQ�WKH�DSSHQGL[��7KH�UXQ�LV�VHW�XS�LQ�VXFK�D�ZD\�WKDW�VHFWRU���LV�WKH

NH\�WR�WKH�UHVXOWV� LQ�WKH�ILJXUH��7KLV�VHFWRU�LV� LQLWLDOO\�VPDOO��LQ�WHUPV�RI�LWV�FRQVXPSWLRQ�VKDUH��

EXW�KDV�D�WHQGHQF\�WR�JURZ��WR�����RI�WRWDO�FRQVXPSWLRQ��ZKHQ�UHDO�LQFRPH�JURZV��6HFWRU���LV

DOVR�WKH�VHFWRU�ZLWK�WKH� ORZHVW� UDWH�RI� WHFKQLFDO�SURJUHVV�� WKH�DUULYDO� UDWH�RI� LQQRYDWLRQV� LQ� WKLV

VHFWRU�LV�KDOI�WKH�UDWH�DWWDLQHG�LQ�WKH�RWKHU�VHFWRUV��6HFWRU���LV�LQLWLDOO\�ODUJH��EXW�LWV�VKDUH�GHFOLQHV

�DOVR�WR�������6HFWRU���LV�D�VPDOO�VHFWRU�IRU�ZKLFK�WKH�FRQVXPSWLRQ�VKDUH�VWD\V�FRQVWDQW�

$W�WKH�VWDUW�RI�WKH�VLPXODWLRQ��SURGXFWLYLW\�LV�HTXDO�LQ�DOO�VHFWRUV�DQG�FRXQWULHV��'XH�WR�UDQGRP

LQQRYDWLRQ��RQH�FRXQWU\�ZLOO�JDLQ�DQ�DGYDQWDJH�LQ�HDFK�RI�WKH�VHFWRUV��DQG�PDUNHW�VKDUHV�ZLOO�UHDFW

WR�WKLV��$V�LW�WXUQV�RXW�LQ�WKH�UXQ�LQ�)LJXUH����WRS�SDQHO���1RUWK�EHFRPHV�WKH�WHFKQRORJLFDO�OHDGHU
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LQ�VHFWRUV���DQG������6RXWK�OHDGV�LQ�VHFWRU����%HFDXVH�VHFWRU���LV�ODUJH��WKLV��UDQGRP�EXW�SHUVLVWHQW�

SDWWHUQ� HQDEOHV� 1RUWK� WR� VWDUW� DV� WKH� PDFUR� SURGXFWLYLW\� OHDGHU� �ERWWRP� SDQHO�� WRS� OLQH�� <

LQGLFDWHV�DJJUHJDWH�ODERU�SURGXFWLYLW\�LQ�WHUPV�RI�UHDO�YDOXH�DGGHG�RYHU�SK\VLFDO�ODERU�LQSXW��

)LJXUH����6LPXODWLRQ�UHVXOWV

7KH� 1RUWKHUQ� OHDGHUVKLS� LQ� VHFWRUV� �� DQG� ��� E\� QDWXUH� RI� WKH� VSHFLILFDWLRQ� RI� FDWFK�XS� DQG

WHFKQRORJLFDO�FKDQJH��ZLOO�SHUVLVW�LQ�WKH�ORQJ�UXQ��%XW�WKLV�GRHV�QRW�PHDQ�WKDW�1RUWK�UHPDLQV�WKH

RYHUDOO�SURGXFWLYLW\� OHDGHU��$V� VHFWRU��� LQFUHDVHV� LWV� VKDUH� LQ� FRQVXPSWLRQ�� WKH� VHFWRU�EHFRPHV

PRUH�DQG�PRUH�LPSRUWDQW�IRU�WKH�PDFUR�OHDGHUVKLS��%HFDXVH�WHFKQLFDO�FKDQJH�LV�VORZ�LQ�VHFWRU���

VSHFLDOL]DWLRQ� LQ� WKLV� VHFWRU� UHWDUGV� PDFUR� SURGXFWLYLW\�� DW� DQ� LQFUHDVLQJ� UDWH� ZKHQ� WKH� VHFWRU
                                                          
�� 1RWH�WKDW�WKH�YHUWLFDO�D[LV�RI�)LJXUH��·V�WRS�SDQHO�UHSUHVHQWV�WKH�ORJDULWKP�RI�WKH�UDWLR�RI�ODERU�UHTXLUHPHQWV�SHU�XQLW�RI�JURVV

RXWSXW��$�QHJDWLYH�YDOXH�WKHUHIRUH�LQGLFDWHV�ORZHU�UHTXLUHPHQWV�IRU�1RUWK�DQG�LWV�WHFKQRORJLFDO�OHDGHUVKLS�
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EHFRPHV� ODUJHU�� 5DQGRP� LQQRYDWLRQ� LQ� WKLV� VHFWRU� FDXVHV� IOXFWXDWLRQV� LQ� WKH� VSHFLDOL]DWLRQ

SDWWHUQ�� $URXQG� SHULRG� ����� VHFWRU� �� KDV� EHFRPH� VR� ODUJH� WKDW� WKLV� HIIHFW� VWDUWV� WR� SOD\� D

GRPLQDQW� UROH��7KH� LQFUHDVH�RI� WKH�1RUWKHUQ�PDFUR�SURGXFWLYLW\� OHDG� �ERWWRP�SDQHO�� WRS� OLQH�

WKDW�VWDUWV�VKRUWO\�DIWHU�SHULRG�����LV�WKH�UHVXOW�RI�LQFUHDVLQJ�VSHFLDOL]DWLRQ�RI�6RXWK�LQ�VHFWRU���

+RZHYHU�� DURXQG� SHULRG� ����� GXH� WR� UDQGRP� LQQRYDWLRQ� LQ�1RUWK� DV� ZHOO� DV� SULFH� G\QDPLFV�

6RXWK� EHFRPHV� GH�VSHFLDOL]HG� LQ� VHFWRU� ��� DQG�� DFFRUGLQJO\��1RUWK� EHFRPHV� VSHFLDOL]HG� LQ� WKLV

VHFWRU�� 7KLV� OHDGV� WR� WKH� WDNHRYHU� RI� PDFUR� SURGXFWLYLW\� OHDGHUVKLS� E\� 6RXWK� �ERWWRP� SDQHO

)LJXUH����

1RWH�WKDW�EHFDXVH�RI�WKH�JURZLQJ�FRQVXPSWLRQ�VKDUH�RI�VHFWRU���DV�D�IXQFWLRQ�RI��JURZLQJ�

WRWDO� FRQVXPSWLRQ�� RQH�PD\� LQGHHG� VD\� WKDW� WKH� IDOO� LQ� SURGXFWLYLW\� OHDGHUVKLS� RI�1RUWK� LV� DQ

HQGRJHQRXV� HYHQW�� ,Q� D� ZD\�� WKH� 1RUWKHUQ� OHDGHUVKLS� LV� VHOI�GHVWUXFWLYH�� EHFDXVH� LW� LQYRNHV� D

ODUJHU�VKDUH�RI�VHFWRU���LQ�FRQVXPSWLRQ��DQG�WKLV��JLYHQ�WKH�SRVLWLYH�VSHFLDOL]DWLRQ�RI�1RUWK�DQG

WKH�VORZ�UDWH�RI�WHFKQLFDO�SURJUHVV�LQ�WKLV�VHFWRU��OHDGV�WR�VORZHU�JURZWK�LQ�WKH�1RUWK��2EYLRXVO\�

WKLV� SURFHVV� LV� VLPLODU� WR� %DXPRO·V� GLVHDVH�� EXW� WKH� FRQWH[W� RI� LQWHUQDWLRQDO� SURGXFWLYLW\

GLIIHUHQFHV� DGGV� DQ� LQWHUHVWLQJ� GLPHQVLRQ� WR� WKH� FORVHG� HFRQRP\� FRQWH[W� LQ� ZKLFK� WKLV

SKHQRPHQRQ�LV�RIWHQ�DQDO\]HG�

)LJXUH����3URGXFWLYLW\�GLIIHUHQFHV�IRU�YDU\LQJ�YDOXHV�RI�WKH�LQQRYDWLRQ�DUULYDO�UDWH

7KH� UXQ� WKXV� LOOXVWUDWHV� WKDW� FRQVXPSWLRQ� VKDUH� G\QDPLFV� SOD\� DQ� LPSRUWDQW� UROH� LQ

�PDFURHFRQRPLF��SURGXFWLYLW\� OHDGHUVKLS��:H�QRZ�WXUQ� WR�D�VHW�RI� VLPXODWLRQ�H[SHULPHQWV� WKDW

ZLOO�XQGHUOLQH�WKLV�HIIHFW� LQ�D�PRUH�V\VWHPDWLF�ZD\��7KH�VHWWLQJ� LV�DOPRVW� LGHQWLFDO� WR�WKH�RQH� LQ

WKH� DERYH� H[SHULPHQW�� ZLWK� WKH� H[FHSWLRQ� RI� WKH� DUULYDO� UDWHV� RI� LQQRYDWLRQV� LQ� HDFK� RI� WKH

VHFWRUV��:H�SHUIRUP�WKUHH�H[SHULPHQWV��,Q�HDFK�RI�WKHP��WKH�DUULYDO�UDWH�RI�LQQRYDWLRQV�LV�IL[HG�WR
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����LQ�WZR�RI�WKH�WKUHH�VHFWRUV��ZKLOH�WKH�DUULYDO�UDWH�LQ�WKH�RWKHU�VHFWRU�JURZV�IURP�]HUR�WR�����

:H�H[DPLQH�WKH�YDULDWLRQV�RI�PDFURHFRQRPLF�SURGXFWLYLW\�GLIIHUHQFHV�EHWZHHQ�1RUWK�DQG�6RXWK

ZLWK�WKHVH�GLIIHULQJ�YDOXHV�RI�WKH�DUULYDO�UDWH�

)LJXUH� �� GLVSOD\V� WKH� UHVXOWV� IURP� WKH� WKUHH� H[SHULPHQWV�� 7KH� YHUWLFDO� D[LV� JLYHV� WKH� PHDQ

SURGXFWLYLW\�OHYHO�GLIIHUHQFH�EHWZHHQ�1RUWK�DQG�6RXWK�RYHU�WKH�ODVW�����SHULRGV�LQ�D�����SHULRG

UXQ�� 7KHVH� YDOXHV� DUH� WDNHQ� DV� WKH� PHDQ� RYHU� ��� UXQV� ZLWK� LGHQWLFDO� SDUDPHWHU� YDOXHV� �EXW

GLIIHUHQW�GUDZV�RI�WKH�UDQGRP�QXPEHUV���DQG�FDQ�WKXV�EH�FRQFHLYHG�DV�DQ�DYHUDJH�RXWFRPH�PRUH

RU�OHVV�LQGHSHQGHQW�RI�VWRFKDVWLF�IOXFWXDWLRQV��7KH�KRUL]RQWDO�D[LV�GLVSOD\V�WKH�YDOXH�RI�WKH�DUULYDO

UDWH�RI� LQQRYDWLRQV� LQ� D� VHFWRU��7KH� DUULYDO� UDWH� LV� IL[HG� DW� ���� LQ� WKH� WZR�RWKHU� VHFWRUV��ZKLFK

LPSOLHV�WKDW�DW�����RQ�WKH�KRUL]RQWDO�D[LV��WKH��H[SHFWHG��UDWH�RI�WHFKQLFDO�SURJUHVV�LV�HTXDO�DPRQJ

WKH�WKUHH�VHFWRUV�

,W�WXUQV�RXW�WKDW�WKH�SRLQW�����RQ�WKH�KRUL]RQWDO�D[LV�LQGHHG�SOD\V�D�FUXFLDO�UROH��)RFXVLQJ�RQ

VHFWRU���WR�VWDUW��ZH�VHH�D�9�VKDSHG�SDWWHUQ�DURXQG�WKLV�SRLQW��5HPHPEHU�WKDW�WR�WKH�OHIW�RI�WKH

SRLQW������VHFWRU���LV�WKH�ODJJLQJ�VHFWRU�LQ�SURGXFWLYLW\�GLIIHUHQFH��KHQFH�ZH�ZRXOG�H[SHFW�WKDW�DW

VRPH� SRLQW� RI� WLPH�� WKH� QHJDWLYH� HIIHFW� RI� VSHFLDOL]DWLRQ� LQ� WKLV� VHFWRU� ZLOO� GRPLQDWH� WKH

PDFURHFRQRPLF� SDWWHUQ� �DV� LQ� )LJXUH� ���� 7KH�PRUH� VHFWRU� �� ODJV� LQ� WHUPV� RI� SURGXFWLYLW\�� WKH

PRUH�VFRSH�WKHUH�LV�IRU�WKLV�HIIHFW�WR�EHFRPH�ODUJH��DQG�VHW�LQ�HDUOLHU��+HQFH��IRU�YDOXHV�RQ�WKH�OHIW

RI�)LJXUH����ZH�ILQG�UHODWLYHO\�KLJK�YDOXHV�RI�PDFURHFRQRPLF�LQHTXDOLW\��WKLV�LV�WKH�OHIW�WRS�RI�WKH

9���:LWK�DQ�LQFUHDVLQJ�DUULYDO�UDWH�LQ�VHFWRU����WKH�HIIHFW�YDQLVKHV��DQG�WKH�SURFHVV�FRQYHUJHV�WR�D

ORZHU�YDOXH�RI�LQHTXDOLW\��+HQFH�WKH�FXUYH�IRU�VHFWRU�IDOOV�RYHU�WKH�UDQJH���WR�����

7R�WKH�ULJKW�RI�WKH�SRLQW������WKH�VFRSH�IRU�ODUJH�SURGXFWLYLW\�GLIIHUHQFHV�LQFUHDVHV�DJDLQ��EXW

QRZ�LQ�D�ZD\�WKDW�LV�RSSRVLWH�WR�WKH�FDVH�LQ�)LJXUH����1RZ�VSHFLDOL]DWLRQ�LQ�VHFWRU���OHDGV�WR�DQ

LQFUHDVLQJ�SUREDELOLW\�RI�PDFURHFRQRPLF� OHDGHUVKLS��EHFDXVH� WKH� VKDUH�RI� VHFWRU� LQFUHDVHV�RYHU

WLPH�� ZKLOH� WHFKQLFDO� SURJUHVV� LV� UHODWLYHO\� UDSLG�� +HQFH� ZH� VHH� DQ� LQFUHDVLQJ� OLQH� IRU

PDFURHFRQRPLF�LQHTXDOLW\�WR�WKH�ULJKW�RI�����

6ZLWFKLQJ�WKH�DWWHQWLRQ�WR�VHFWRU����ODUJH�LQLWLDOO\��EXW�GHFOLQLQJ���ZH�QRWH�WKDW�LQ�SULQFLSDO��RQH

ZRXOG�H[SHFW�D�VLPLODU�SDWWHUQ�WR�WKDW�IRU�VHFWRU����7R�WKH�OHIW�RI�WKH�SRLQW������VHFWRU���KDV�VORZ

WHFKQLFDO�SURJUHVV��DQG�KHQFH�VSHFLDOL]DWLRQ�LQ�WKLV�VHFWRU�ZLOO�VORZ�GRZQ�JURZWK��%XW�RYHU�WLPH�

WKLV�GLVDGYDQWDJH�EHFRPHV�VPDOOHU�EHFDXVH�VHFWRU���GHFOLQHV� LQ� WHUPV�RI� LWV� FRQVXPSWLRQ� VKDUH

�ZKHUHDV� LQ� WKH� FDVH�RI� VHFWRU� ��� WKH� GLVDGYDQWDJH� EHFDPH� ODUJHU� RYHU� WLPH���7KH� VDPH� OLQH� RI

UHDVRQLQJ�DV�LQ�WKH�FDVH�RI�VHFWRU���ZRXOG�WKHQ�OHDG�WR�WKH�H[SHFWDWLRQ�RI�D�IDOOLQJ�OLQH�IRU�VHFWRU

��WR�WKH�OHIW�RI�WKH�SRLQW�����

)LJXUH���VKRZV��KRZHYHU��WKDW�WKLV�LV�RQO\�WKH�FDVH�IRU�WKH�UDQJH�����������URXJKO\���/HIW�RI�WKLV

SRLQW��WKH�OLQH�LV�XSZDUG�VORSLQJ��7KH�UHDVRQ�IRU�WKLV�OLHV� LQ�D�VXEWOH�DVSHFW�RI�WKH�FRQVXPSWLRQ

VKDUH�G\QDPLFV��FRQVXPSWLRQ�VKDUHV�LQFUHDVH�RU�GHFUHDVH�DV�D�IXQFWLRQ�RI�UHDO�LQFRPH��7KH�VORZ

JURZWK�DVVRFLDWHG�ZLWK�VSHFLDOL]DWLRQ�LQ�VHFWRU���PD\�WKXV�OHDG�WR�UHODWLYHO\�VORZ�DGDSWDWLRQ�RI�WKH

FRQVXPSWLRQ�VKDUHV��,Q�WKLV�ZD\��WKH�ZRUOG�HFRQRP\�PD\�HQWHU�LQ�D�ORZ�JURZWK�WUDS�GXH�WR�WKH

LQLWLDOO\�ODUJH�FRQVXPSWLRQ�VKDUH�RI�VHFWRU����:KLOH�LQ�WKLV�¶WUDS·��WKH�VFRSH�IRU�ODUJH�LQHTXDOLW\�GXH
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WR�VSHFLDOL]DWLRQ�LQ�VHFWRU���LV�ORZ��$OWKRXJK�ZH�KDYH�QR�FOHDU�H[SODQDWLRQ�IRU�WKH�H[DFW�SRLQW�DW

ZKLFK�WKLV�SURFHVV�EHFRPHV�WR�GRPLQDWH�WKH�UHVXOWV��LW�LV�REYLRXV�IURP�ORRNLQJ�DW�WKH�VLPXODWLRQ

UHVXOWV�RQ�FRQVXPSWLRQ�VKDUHV��QRW�GRFXPHQWHG�KHUH��WKDW�WKLV�FDXVHV�WKH�UHODWLYHO\�ORZ�OHYHOV�RI

LQHTXDOLW\�RQ�WKH�YHU\�OHIW�RI�WKH�OLQH�IRU�VHFWRU���

,Q�D�FHUWDLQ�VHQVH��WKLV�ORZ�JURZWK�WUDS�LV�WKH�PLUURU�LPDJH�RI�WKH�VHOI�GHVWUXFWLQJ�SURGXFWLYLW\

OHDGHUVKLS� WKDW� ZDV� QRWHG� LQ� WKH� GLVFXVVLRQ� RI� )LJXUH� ��� 7KXV� ZH� QRWH� WKDW� WKH� LQWHUQDWLRQDO

YHUVLRQ�RI�%DXPRO·V�GLVHDVH�WKDW�ZH�DVVRFLDWHG�ZLWK�WKDW�VHOI�GHVWUXFWLQJ�WHQGHQF\�LV�RQO\�RQH�RI

VHYHUDO�PDQLIHVWDWLRQV�RI�WKH�XQH[SHFWHG�HIIHFWV�RI�FRQVXPSWLRQ�VKDUH�G\QDPLFV�RQ�LQWHUQDWLRQDO

SURGXFWLYLW\�JURZWK�UDWH�GLIIHUHQWLDOV�

6HFWRU���VKRZV�D�SDWWHUQ�TXLWH�GLIIHUHQW�IURP�WKH��SDUWO\��9�VKDSHG�SDWWHUQ�RI�VHFWRUV���DQG���

7KH�UHDVRQ�IRU�WKLV�LV�WKDW�VHFWRU���LV�TXLWH�VPDOO��7KXV��ZKHQ�WHFKQLFDO�SURJUHVV�LQ�WKLV�VHFWRU�LV

VORZ��WKLV�RQO\�KDV�D�PLQRU�HIIHFW�RQ�PDFURHFRQRPLF�SURGXFWLYLW\�GLIIHUHQFHV��)RU�YHU\�ORZ�UDWHV

RI� WHFKQLFDO�SURJUHVV� LQ� VHFWRU� ��� WKH� HIIHFW� LV� QRWLFHDEOH�� EXW� WKH� OLQH� OHYHOV�RII� DIWHU� �URXJKO\�

������ )URP� WKLV� SRLQW� RQZDUGV�� WKH� GLIIHUHQFHV� LQ� WKH� DUULYDO� UDWH� RI� LQQRYDWLRQV� EHWZHHQ� WKH

VHFWRUV�DUH�WRR�VPDOO�WR�FDXVH�DQ\�PDMRU�GLIIHUHQFHV�LQ�SURGXFWLYLW\��JLYHQ�WKH�VL]H�RI�VHFWRU����LI

ZH�ZRXOG�H[WHQG�WKH�ILJXUH�WR�WKH�ULJKW��RQH�ZRXOG�H[SHFW�WKDW�DW�RQH�VWDJH�WKH� OLQH�ZRXOG�ULVH

DJDLQ��

�� &RQFOXGLQJ�5HPDUNV

7KH�PRGHO�WKDW�ZDV�SUHVHQWHG�LQ�WKLV�SDSHU�VKRZV�WKDW�DQ�H[FOXVLYH�IRFXV�RQ�HLWKHU�VXSSO\��L�H��

WHFKQRORJ\�� RU� GHPDQG� IDFWRUV� PD\� OHDG� WR� D� ELDVHG� YLHZ� RQ� FRQYHUJHQFH� RU� GLYHUJHQFH� RI

SURGXFWLYLW\� OHYHOV�� (YHQ� WKRXJK� RXU� PRGHO� JUHDWO\� VLPSOLILHV� WKH� G\QDPLFV� IRXQG� LQ� WKH� UHDO

HFRQRP\��ZH�ILQG�WKDW�WKH�ORQJ�UXQ�LPSDFW�RI�DQ�LQQRYDWLRQ�RQ��LQ�HTXDOLW\�RI�SURGXFWLYLW\�OHYHOV

LV�KDUG�WR�SUHGLFW��7KLV�LPSDFW�GHSHQGV�RQ�WKH�SDUDPHWHU�YDOXHV�RI�WKH�PRGHO��ZKLFK��LQ�SULQFLSOH

FRXOG�EH�REWDLQHG�IURP�HFRQRPHWULF�H[HUFLVHV���DV�ZHOO�DV�RQ�WKH�VWDWH�RI�WKH�HFRQRP\��L�H���WKH

HQGRJHQRXV�YDULDEOHV�LQ�WKH�PRGHO��

7R�LOOXVWUDWH�WKH�ODWWHU�SRLQW��ZH�PD\�VXPPDUL]H�WKH�UHVXOW�REWDLQHG�LQ�WKH�VLPXODWLRQ�DQDO\VHV

DVVRFLDWHG� WR� D� VLWXDWLRQ� WKDW� LV� WUDGLWLRQDOO\� GHVFULEHG� DV� %DXPRO·V� GLVHDVH�� ,Q� WKLV� FDVH�

SURGXFWLYLW\� JURZWK� �WHFKQLFDO� FKDQJH�� LV� UHODWLYHO\� ORZ� LQ� D� VHFWRU� WKDW� LQFUHDVHV� LWV� VKDUH� LQ

SURGXFWLRQ�RYHU�WKH�ORQJ�UXQ��LQ�RXU�FDVH��DV�D�UHVXOW�RI�LQFUHDVLQJ�UHDO�LQFRPH����,Q�VXFK�D�FDVH��D

FRXQWU\� VSHFLDOL]LQJ� LQ� WKH� VORZ�JURZLQJ� EXW� FRQVXPSWLRQ�LQFUHDVLQJ� VHFWRU� PD\� WDNH

PDFURHFRQRPLF�OHDGHUVKLS�GXULQJ�D�SKDVH�ZKHQ�WKH�VKDUH�RI�WKH�VHFWRU�LV�VWLOO�ORZ��6XEVHTXHQWO\�

JURZWK�RI� UHDO� LQFRPH� OHDGV� WR� DQ� LQFUHDVLQJ� VKDUH� RI� WKH� VORZ�JURZWK� VHFWRU� DQG� WKLV� UHWDUGV

JURZWK��(YHQWXDOO\��PDFURHFRQRPLF�OHDGHUVKLS�ZLOO�EH�RYHUWDNHQ�E\�D�FRXQWU\�VSHFLDOL]HG�LQ�WKH

PRUH�G\QDPLF�VHFWRUV��7KXV��XQGHU�WKHVH�FLUFXPVWDQFHV��ZH�VHH�WKDW�PDFURHFRQRPLF�SURGXFWLYLW\

OHDGHUVKLS� LV� VHOI�GHVWUXFWLQJ�� ,Q� PDWKHPDWLFDO� WHUPV�� VXFK� D� WDNH�RYHU� RI� OHDGHUVKLS� PD\� EH

LQWHUSUHWHG�DV�D�ELIXUFDWLRQ�RI�RXU�PRGHO�
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:H�KDYH�DOVR�VKRZQ�WKDW�D�UHYHUVH�VLWXDWLRQ�PD\�RFFXU�ZKHQ�WHFKQLFDO�FKDQJH�LV�UDSLG�LQ�WKH

VHFWRU� WKDW� VHHV� LWV� VKDUH� LQ� FRQVXPSWLRQ� LQFUHDVH�� ,Q� VXFK� D� FDVH�� VSHFLDOL]DWLRQ� LQ� WKLV� VHFWRU

ZKHQ� LW� LV� VWLOO� VPDOO� PD\� SURYLGH� SURVSHFWV� IRU� UDSLG� SURGXFWLYLW\� LQFUHDVHV� DQG� DVVRFLDWHG

PDFURHFRQRPLF�SURGXFWLYLW\�OHDGHUVKLS�LQ�WKH�IXWXUH��ZKHQ�WKH�VHFWRU�EHFRPHV� ODUJHU���%XW�WKH

SUHVHQW�VLWXDWLRQ�RI�GHSHQGHQFH�RQ�WKH�ODUJH�VORZ�JURZLQJ�VHFWRUV�PD\�UHWDUG�JURZWK��DQG�KHQFH

WKH�VKLIW�WRZDUGV�WKH�PRUH�G\QDPLF�VHFWRU��,Q�WKLV�FDVH��WKH�HFRQRP\�PD\�UHVLGH�LQ�D�VLWXDWLRQ�RI

UHODWLYHO\�VORZ�JURZWK�IRU�D�ORQJ�WLPH��ORZ�JURZWK�WUDS��

&RQFOXGLQJ��RQH�PD\�VD\�WKDW�WKH�LQWURGXFWLRQ�RI�ERWK�WHFKQRORJLFDO�FKDQJH�DQG�FRQVXPSWLRQ

VKDUH�G\QDPLFV�LQ�D�PRGHO�RI�LQWHUQDWLRQDO�JURZWK�UDWH�GLIIHUHQWLDOV�HQULFKHV�WKH�DQDO\VLV�JUHDWO\�

1RQ�OLQHDULWLHV�DQG�ELIXUFDWLRQV�LQ�WKH�PRGHO�RSHQ�XS�SURVSHFWV�IRU�LQWHUHVWLQJ�G\QDPLFV��SDUWO\

FRUUHVSRQGLQJ�WR�SUHYLRXV�DQDO\VLV�RI�FORVHG�HFRQRPLHV��%DXPRO·V�GLVHDVH���:H�DUH��KRZHYHU��MXVW

DW�WKH�ILUVW�VWDJH�RI�WKH�DQDO\VLV�RI�RXU�PRGHO��DQG�WKH�IXOO�ULFKQHVV�RI� WKH�SRWHQWLDO�UHVXOWV� WKXV

VWLOO�UHPDLQV�VRPHZKDW�REVFXUHG�LQ�WKH�FORXGV�RI�IXWXUH�UHVHDUFK�

5HIHUHQFHV

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

%DXPRO��:�-����������´0DFURHFRQRPLFV�RI�8QEDODQFHG�*URZWK��7KH�$QDWRP\�RI�8UEDQ�&ULVLVµ�
$PHULFDQ�(FRQRPLF�5HYLHZ��YRO������SS����������

%DXPRO�� :�-�� �������� ´3URGXFWLYLW\� *URZWK�� &RQYHUJHQFH�� DQG� :HOIDUH�� :KDW� WKH� /RQJ�5XQ
'DWD�6KRZµ��$PHULFDQ�(FRQRPLF�5HYLHZ��YRO������SS������������

'LHW]HQEDFKHU��(���$�5��+RHQ�DQG�%��/RV���������´/DERU�3URGXFWLYLW\�LQ�:HVWHUQ�(XURSH������
������$Q�,QWHUFRXQWU\��,QWHULQGXVWU\�$QDO\VLVµ��-RXUQDO�RI�5HJLRQDO�6FLHQFH��YRO������IRUWKFRPLQJ�

)DJHUEHUJ��-����������´,QWHUQDWLRQDO�&RPSHWLWLYHQHVVµ��(FRQRPLF�-RXUQDO��YRO������SS����������
*HUVFKHQNURQ��$�� ��������(FRQRPLF�%DFNZDUGQHVV� LQ�+LVWRULFDO�3HUVSHFWLYH��+DUYDUG�8QLYHUVLW\�3UHVV�
&DPEULGJH�0$�

/HRQWLHI��:��DQG�)��'XFKLQ���������7KH�)XWXUH�,PSDFW�RI�$XWRPDWLRQ�RQ�:RUNHUV��2[IRUG�8QLYHUVLW\
3UHVV��1HZ�<RUN�

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

/RV�� %�� �������� ´(QGRJHQRXV� *URZWK� DQG� 6WUXFWXUDO� &KDQJH� LQ� D� '\QDPLF� ,QSXW�2XWSXW
0RGHOµ��:RUNLQJ�3DSHU��8QLYHUVLW\�RI�*URQLQJHQ�

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

/XFDV�� 5�(�� �������� ´2Q� WKH� 0HFKDQLVPV� RI� (FRQRPLF� 'HYHORSPHQWµ�� -RXUQDO� RI� 0RQHWDU\
(FRQRPLFV��YRO������SS�������

/XSWDFLN��0��DQG�%��%|KP���������´$�&RQVLVWHQW�)RUPXODWLRQ�RI�WKH�/HRQWLHI�3ROOXWLRQ�0RGHOµ�
(FRQRPLF�6\VWHPV�5HVHDUFK��YRO������SS����������

0F&RPELH��-�6�/����������´(FRQRPLF�*URZWK��7UDGH�,QWHUOLQNDJHV��DQG�WKH�%DODQFH�RI�3D\PHQWV
&RQVWUDLQWµ��-RXUQDO�RI�3RVW�.H\QHVLDQ�(FRQRPLFV��YRO������SS����������

0F&RPELH��-�6�/��DQG�$�3��7KLUOZDOO���������(FRQRPLF�*URZWK�DQG�WKH�%DODQFH�RI�3D\PHQWV�&RQVWUDLQW�
0DFPLOODQ��/RQGRQ�

0LOOHU��5�(��DQG�3�'��%ODLU���������,QSXW�2XWSXW�$QDO\VLV��)RXQGDWLRQV�DQG�([WHQVLRQV��3UHQWLFH�+DOO�
(QJOHZRRG�&OLIIV�1-�

2RVWHUKDYHQ�� -�� DQG� -�$�� 9DQ� GHU� /LQGHQ� �������� ´(XURSHDQ� 7HFKQRORJ\�� 7UDGH� DQG� ,QFRPH
&KDQJHV� IRU� ����������� $Q� ,QWHUFRXQWU\� ,QSXW�2XWSXW� 'HFRPSRVLWLRQµ�� (FRQRPLF� 6\VWHPV
5HVHDUFK��YRO�����SS����������
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3DVLQHWWL�� /�/�� �������� 6WUXFWXUDO� &KDQJH� DQG� (FRQRPLF� *URZWK�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�
&DPEULGJH�8.�

5RPHU��3�0����������´,QFUHDVLQJ�5HWXUQV�DQG�/RQJ�5XQ�*URZWKµ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\��YRO�
����SS������������

6LOYHUEHUJ�� *�� DQG� %�� 9HUVSDJHQ� �������� ´&ROOHFWLYH� /HDUQLQJ�� ,QQRYDWLRQ� DQG� *URZWK� LQ� D
%RXQGHGO\�5DWLRQDO��(YROXWLRQDU\�:RUOGµ��-RXUQDO�RI�(YROXWLRQDU\�(FRQRPLFV��YRO�����SS����������

6RORZ�� 5�0�� �������� ´$� &RQWULEXWLRQ� WKH� 7KHRU\� RI� (FRQRPLF� *URZWKµ�� 4XDUWHUO\� -RXUQDO� RI
(FRQRPLFV��YRO������SS��������

7KLUOZDOO��$�3���������´7KH�%DODQFH�RI�3D\PHQWV�&RQVWUDLQW�DV�DQ�([SODQDWLRQ�RI� ,QWHUQDWLRQDO
*URZWK�5DWH�'LIIHUHQFHVµ��%DQFD�1D]LRQDOH�GHO�/DYRUR�4XDUWHUO\�5HYLHZ��YRO������SS��������

9HUVSDJHQ��%����������8QHYHQ�*URZWK�EHWZHHQ�,QWHUGHSHQGHQW�(FRQRPLHV��$YHEXU\��$OGHUVKRW�8.�
9HUVSDJHQ�� %�� �������� ´(YROXWLRQDU\�0DFURHFRQRPLFV��:KDW� 6FKXPSHWHULDQV� &DQ� /HDUQ� IURP
.DOGRU�LDQV�µ��:RUNLQJ�3DSHU��(LQGKRYHQ�8QLYHUVLW\�RI�7HFKQRORJ\�

$SSHQGL[��3DUDPHWHU�DQG�LQLWLDO�YDULDEOH�FRQILJXUDWLRQ�LQ�UHIHUHQFH�VLPXODWLRQ�UXQ

1234567 Random seed
180.0 lmaxn (initial maximum labor supply North)
180.0 lmaxs (initial maximum labor supply South)
0.8 etax (exchange rate adjustment parameter)
0.0  nun (population growth rate North)
0.0  nus (population growth rate South)

Astar (intermediate input requirements)
0.300000  0.150000  0.150000  0.300000  0.150000  0.150000
0.150000  0.300000  0.050000  0.150000  0.300000  0.050000
0.050000  0.050000  0.300000  0.050000  0.050000  0.300000

Ta (initial trade shares for intermediate inputs)
0.666667  0.500000  0.500000  0.333333  0.500000  0.500000
0.666667  0.500000  0.500000  0.333333  0.500000  0.500000
1.000000  1.000000  1.000000  0.000000  0.000000  0.000000
0.333333  0.500000  0.500000  0.666667  0.500000  0.500000
0.333333  0.500000  0.500000  0.666667  0.500000  0.500000
0.000000  0.000000  0.000000  1.000000  1.000000  1.000000

0.8  0.8  bf (initial consumption shares)
0.1  0.1
0.1  0.1

0.45  0.45  bfstar (‘asymptotic’ consumption shares)
0.45  0.45
0.10  0.10

Tau (consumption share adjustment parameters)
0.000000  0.001000  0.001000  0.000000  0.001000  0.001000
0.001000  0.000000  0.001000  0.001000  0.000000  0.001000
0.001000  0.001000  0.000000  0.001000  0.001000  0.000000

0.727273  0.272727  tf (initial trade shares for consumption goods)
0.500000  0.500000
1.000000  0.000000
0.272727  0.727273
0.500000  0.500000
0.000000  1.000000
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0.50  lcn (initial labor requirements in North)
0.50
0.50
0.50  lcs (initial labor requirements in South)
0.50
0.50

0.02    alfa (speed of catch-up parameters)
0.02
0.02

0.05 0.05    phiF (trade share adjustment parameters)
0.05 0.05
0.05 0.05
0.05 0.05 phiA
0.05 0.05
0.05 0.05
0.00 0.00  epsilonF (trade share adjustment parameters)
0.00 0.00
0.00 0.00
0.00 0.00   epsilonA
0.00 0.00
0.00 0.00
0.50          eta (trade share adjustment parameter)

0.6      lambda (sectoral innovation arrival rates)
0.3
0.6

0.02 rho (sectoral average size of innovations)
0.02
0.02

200.0     qn (initial gross output levels in North)
100.0
100.0
200.0     qs (initial gross output levels in South)
100.0
100.0


