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ABSTRACT

We model home country familiarity with business opportunities in a foreign country as a

parameter in a matching process between domestic and foreign firms.  We show that as familiarity

increases the effect of relative national labor supplies on relative national wages declines, the

elasticity of domestic labor demand increases, and the extent of “pass-through” of trade tax changes

to home wages increases.  Since the volume of trade is increasing in familiarity, trade liberalization

has a greater impact on wages when the initial volume of trade is greater, all else equal.  As

familiarity becomes complete, the results of the 2 x 2 Heckscher-Ohlin-Samuelson model are

obtained: relative national wages are fixed by trade taxes independent of relative national labor

supplies, domestic labor demand is infinitely elastic, and pass-through of tax changes to wages is

“complete” in the sense that it is determined entirely by production technology and no arbitrage

opportunities remain.
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�3RUWHV�DQG�5H\��������KDYH�FROOHFWHG�WZR�YDULDEOHV��ELODWHUDO�WHOHSKRQH�WUDIILF�DQG�EDQN
VXEVLGLDULHV��WKDW�DUH�LQGLUHFW�LQGLFDWRUV�RI�IDPLOLDULW\�EHWZHHQ�VSHFLILF�FRXQWU\�SDLUV�UDWKHU�WKDQ
LQGLFDWRUV�RI�JHQHUDOO\�DYDLODEOH�LQIRUPDWLRQ�UHJDUGLQJ�LQWHUQDWLRQDO�RSSRUWXQLWLHV���%RWK�RI�WKHLU
YDULDEOHV�GLVSOD\�HFRQRPLFDOO\�DQG�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV�ZLWK�ELODWHUDO�IORZV�RI
ERWK�HTXLWLHV�DQG�JRRGV�LQ�JUDYLW\�PRGHOV�FRYHULQJ����FRXQWULHV�

,��,QWURGXFWLRQ

7KH�����V�PD\�ZHOO�EH�UHPHPEHUHG�DV�WKH�GHFDGH�³WKH�LQIRUPDWLRQ�HFRQRP\´�FDPH�RI

DJH���$UH�EXVLQHVVSHRSOH�EHFRPLQJ�EHWWHU�LQIRUPHG�DERXW�RSSRUWXQLWLHV�IRU�LQWHUQDWLRQDO�WUDGH

DQG�IRUHLJQ�GLUHFW�LQYHVWPHQW"��:H�GR�QRW�NQRZ�RI�DQ\�TXDQWLWDWLYH�HYLGHQFH�WKDW�EHDUV�GLUHFWO\

RQ�WKLV�TXHVWLRQ���,QGLUHFW�TXDQWLWDWLYH�HYLGHQFH�FDQ�EH�KDG��KRZHYHU��E\�FRXQWLQJ�SHULRGLFDOV�DQG

QHZVOHWWHUV�GHYRWHG�WR�LQWHUQDWLRQDO�WUDGH�DQG�FRPPHUFH����:H�ZHQW�WR�WKUHH�VRXUFHV���8OULFK¶V

,QWHUQDWLRQDO�3HULRGLFDOV�'LUHFWRU\��7KH�6WDQGDUG�3HULRGLFDO�'LUHFWRU\��DQG�2[EULGJH�'LUHFWRU\

RI�1HZVOHWWHUV��WKH�ODVW�WZR�RI�ZKLFK�FRYHU�RQO\�8��6��DQG�&DQDGLDQ�SXEOLFDWLRQV���,Q�7DEOH���ZH

OLVW�FRXQWV�DW�WHQ�\HDU�LQWHUYDOV�VWDUWLQJ�ZLWK������RU�WKH�ILUVW�DYDLODEOH�\HDU���:H�VHH�WKDW�8OULFK¶V

DQG�6WDQGDUG�VKRZ�D�KXJH�OHDS�LQ�JURZWK�GXULQJ�WKH�����V���2[EULGJH�VKRZV�HVVHQWLDOO\�WKH

VDPH�JURZWK�GXULQJ�WKH�����V�DV�GXULQJ�WKH�����V��EXW�JURZWK�GXULQJ�WKH�����V�VWDUWHG�IURP�D

YHU\�VPDOO�EDVH���7KH�GLVVHPLQDWLRQ�RI�SHULRGLFDOV�DQG�QHZVOHWWHUV�KDV�RI�FRXUVH�EHHQ�IDFLOLWDWHG

E\�GHYHORSPHQWV�LQ�LQIRUPDWLRQ�WHFKQRORJ\�GXULQJ�WKH�����V��PRVW�QRWDEO\�WKH�:RUOG�:LGH

:HE���7KHVH�VDPH�GHYHORSPHQWV�KDYH�DOVR�DGYDQFHG�WKH�ZRUN�RI�JRYHUQPHQW�DQG�RWKHU�QRQ�

SURILW�WUDGH�SURPRWLRQ�RUJDQL]DWLRQV�DQG�IRU�SURILW�WUDGLQJ�LQWHUPHGLDULHV���)RU�H[DPSOH��WKH

:RUOG�7UDGH�&HQWHUV�$VVRFLDWLRQ��DQ�RUJDQL]DWLRQ�ZKRVH�³SXUSRVH�����LV�WR�KDYH�LQIRUPDWLRQ

DYDLODEOH�WR�EXVLQHVVHV�LQ�D�WLPHO\�DQG�FRRUGLQDWHG�PDQQHU�´�QRZ�OLQNV�DOO�RI�LWV�PRUH�WKDQ����

&HQWHUV�ORFDWHG�LQ�RYHU�����FRXQWULHV�WKURXJK�:7&$�2Q�/LQH�

7KRXJK�PXFK�RI�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�SULQW��WKURXJK�WKH�LQWHUQHW��RU�IURP

RUJDQL]DWLRQV�VXFK�DV�WKH�:RUOG�7UDGH�&HQWHUV�$VVRFLDWLRQ�LV�UDWKHU�VXSHUILFLDO��VRPH�LV
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�:H�WKXV�PRGHO�WUDGH�LQ�IDFWRU�VHUYLFHV�UDWKHU�WKDQ�WUDGH�LQ�JRRGV���+RZHYHU��VLQFH�WKH�ODWWHU�FDQ
EH�WKRXJKW�RI�DV�LQGLUHFW�WUDGH�LQ�IDFWRU�VHUYLFHV��ZH�DUJXH�LQ�VHFWLRQ�,,�WKDW�WKH�VLPSOLILFDWLRQ�RI
GHDOLQJ�ZLWK�GLUHFW�IDFWRU�VHUYLFH�WUDGH�GRHV�QRW�GULYH�RXU�UHVXOWV���:H�ZRXOG�DUJXH�WKDW�RXU
VSHFLILFDWLRQ�RI�IDFWRU�VHUYLFH�WUDGH�DV�RFFXUULQJ�WKURXJK�MRLQW�YHQWXUHV�LV�VLPLODUO\�XQUHVWULFWLYH�
DV�LW�LV�DOVR�DSSURSULDWH�WR�WKLQN�RI�PXFK�JRRGV�WUDGH�DV�LQYROYLQJ�MRLQW�YHQWXUHV���SURGXFHUV�VHHN
SDUWQHUV�WR�GLVWULEXWH�WKHLU�FRQVXPHU�JRRGV��DVVHPEOHUV�VHHN�SDUWQHUV�WR�PDNH�FRPSRQHQWV�WR
RUGHU���(JDQ�DQG�0RG\��������S�������VWDWH�RI�WUDGH�LQ�ELF\FOHV�DQG�IRRWZHDU��³0RVW�86�EX\HUV

VXIILFLHQWO\�LQ�GHSWK�WR�VLJQLILFDQWO\�LQFUHDVH�WKH�XVHU¶V�IDPLOLDULW\�ZLWK�WUDGLQJ�DQG�LQYHVWPHQW

RSSRUWXQLWLHV�LQ�WKH�SDUW�RI�WKH�ZRUOG�EHLQJ�FRYHUHG���)RU�H[DPSOH��WKH�$VLDQ�,QGXVWULDO�5HSRUWHU

�OLVWHG�LQ�ERWK�8OULFK¶V�DQG�6WDQGDUG¶V��FRYHUV�³1HZ�PDFKLQHU\��HTXLSPHQW��PDWHULDOV�DQG

PHWKRGV�IRU�LQGXVWU\�LQ�$VLD�3DFLILF�FRXQWULHV�´��,I�EXVLQHVVSHRSOH�DUH�LQGHHG�PRUH�IDPLOLDU�ZLWK

LQWHUQDWLRQDO�WUDGH�DQG�LQYHVWPHQW�RSSRUWXQLWLHV��ZKDW�DUH�WKH�FRQVHTXHQFHV"��,Q�WKLV�SDSHU�ZH

DGGUHVV�WKH�FRQVHTXHQFHV�IRU�ODERU�PDUNHWV�LQ�SDUWLFXODU�

,W�KDV�EHHQ�FXVWRPDU\�WR�OXPS�LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�WRJHWKHU�ZLWK�WUDQVSRUWDWLRQ

FRVWV�DQG�PRGHO�ERWK�XVLQJ�WKH�³LFH´�DVVXPSWLRQ�RI�6DPXHOVRQ���������LQ�ZKLFK�D�SURSRUWLRQ�RI

WKH�WUDGHG�JRRG�³PHOWV´�LQ�WUDQVLW�IURP�RQH�FRXQWU\�RU�UHJLRQ�WR�WKH�RWKHU���,QIRUPDWLRQ�

WUDQVSRUWDWLRQ�FRVWV�DUH�WKHQ�OLNH�DQ�DG�YDORUHP�WDULII�WKDW�JHQHUDWHV�QR�UHYHQXH��WKH\�FUHDWH�D

³ZHGJH´�XS�WR�ZKLFK�LQWHUQDWLRQDO�FRPPRGLW\�DUELWUDJH�LV�SHUIHFW���:H�WDNH�WKH�SRVLWLRQ�WKDW�WKH

FRQVHTXHQFHV�RI�LQFUHDVHG�IDPLOLDULW\�ZLWK�LQWHUQDWLRQDO�WUDGH�DQG�LQYHVWPHQW�RSSRUWXQLWLHV�ZLOO

EH�EHWWHU�XQGHUVWRRG�LI��LQVWHDG��LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�DUH�PRGHOHG�DV�FUHDWLQJ�DQ

LPSHUIHFWLRQ�LQ�WKH�DUELWUDJH�SURFHVV�LWVHOI��E\�DIIHFWLQJ�WKH�H[WHQW�WR�ZKLFK�GHFLVLRQ�PDNHUV�DUH

LQ�D�SRVLWLRQ�WR�WDNH�DGYDQWDJH�RI�DUELWUDJH�RSSRUWXQLWLHV�

0RUH�VSHFLILFDOO\��ZH�PRGHO�D�UHGXFWLRQ�LQ�LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�DV�DQ�LQFUHDVH

LQ�IDPLOLDULW\�ZLWK�WKH�VHW�RI�SRWHQWLDO�SDUWQHUV�LQ�D�ODERU�DEXQGDQW�FRXQWU\�ZLWK�ZKLFK�LQYHVWRUV

IURP�D�ODERU�VFDUFH�FRXQWU\�FDQ�HQWHU�LQWR�SURGXFWLYH�MRLQW�YHQWXUHV����7KHVH�MRLQW�YHQWXUHV�DOORZ
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LQWHUYLHZHG�IRU�WKLV�VWXG\�SUHIHUUHG�ORQJ�WHUP��VWDEOH�DQG�GLUHFW�UHODWLRQVKLSV�ZLWK�ERWK
GHYHORSHG�DQG�GHYHORSLQJ�FRXQWU\�VXSSOLHUV�´

LQYHVWRUV�WR�DUELWUDJH�WKH�GLIIHUHQFH�LQ�ZDJHV�DQG�FRQVHTXHQW�GLIIHUHQFH�LQ�SURGXFWLRQ�FRVWV�WKDW

H[LVWV�EHWZHHQ�WKH�WZR�FRXQWULHV���1RW�VXUSULVLQJO\��LQ�RXU�PRGHO�LQIRUPDWLRQDO�EDUULHUV�OHDG�WR�D

UHGXFHG�YROXPH�RI�WUDGH�DQG�D�³ZHGJH´�EHWZHHQ�WKH�ZDJH�UDWHV�RI�WKH�WUDGLQJ�SDUWQHUV��DQG

LQFUHDVHG�IDPLOLDULW\�\LHOGV�LQFUHDVHG�WUDGH�DQG�D�GHFUHDVH�LQ�WKLV�ZHGJH��MXVW�DV�GR�UHGXFWLRQV�LQ

FRQYHQWLRQDO�EDUULHUV�LQ�VWDQGDUG�WUDGH�PRGHOV���2XU�PDMRU�IRFXV�LQ�WKLV�SDSHU�LV�RQ�WKH

FRQVHTXHQFHV�RI�LQFUHDVHG�IDPLOLDULW\�WKDW�DUH�PRUH�VXUSULVLQJ��DW�OHDVW�LQ�WKDW�WKH\�GR�QRW�IORZ

IURP�UHGXFWLRQV�LQ�FRQYHQWLRQDO�EDUULHUV��LQFOXGLQJ�³LFH´�WUDQVSRUW�FRVWV��LQ�VWDQGDUG�WUDGH

PRGHOV���,Q�SDUWLFXODU��ZH�ZLVK�WR�KLJKOLJKW�WKUHH�VHWV�RI�UHVXOWV�

��,QWHJUDWLRQ���$V�IDPLOLDULW\�LQFUHDVHV��QDWLRQDO�ODERU�PDUNHWV�EHFRPH�PRUH�LQWHJUDWHG�LQ

WKH�VHQVH�WKDW�DQ�LQFUHDVH�LQ�RQH�FRXQWU\¶V�ODERU�VXSSO\�KDV�PRUH�QHDUO\�HTXDO�SURSRUWLRQDWH

HIIHFWV�RQ�LWV�ZDJHV�DQG�WKRVH�LQ�LWV�WUDGLQJ�SDUWQHU���:DJHV�LQ�WKH�WZR�FRXQWULHV�WKHUHIRUH�WHQG�WR

PRYH�WRJHWKHU�PRUH�DV�IDPLOLDULW\�LQFUHDVHV���$�FRUROODU\�RI�WKLV�UHVXOW�LV�WKDW�DV�IDPLOLDULW\

LQFUHDVHV�QDWLRQDO�ODERU�GHPDQGV�EHFRPH�PRUH�HODVWLF��DQ�DVSHFW�RI�JOREDOL]DWLRQ�HPSKDVL]HG�E\

5RGULN��������

��/LEHUDOL]DWLRQ���$V�IDPLOLDULW\�LQFUHDVHV��WKH�H[WHQW�WR�ZKLFK�UHGXFWLRQ�RI�DG�YDORUHP

WUDGH�WD[HV��RU�³LFH´�WUDQVSRUW�FRVWV��HTXDOL]HV�UHODWLYH�QDWLRQDO�ZDJHV�LQFUHDVHV���$�FRUROODU\�RI

WKLV�UHVXOW�LV�WKDW�WKH�H[WHQW�RI�³SDVV�WKURXJK´�RI�WUDGH�WD[�FKDQJHV�WR�QDWLRQDO�ZDJHV�LQFUHDVHV��

6LQFH�WKH�YROXPH�RI�WUDGH�LV�LQFUHDVLQJ�LQ�IDPLOLDULW\��WUDGH�WD[�FKDQJHV�KDYH�D�JUHDWHU�LPSDFW�RQ

ZDJHV�ZKHQ�WKH�LQLWLDO�YROXPH�RI�WUDGH�LV�JUHDWHU��DOO�HOVH�HTXDO��

��&RQYHUJHQFH���$V�IDPLOLDULW\�EHFRPHV�SHUIHFW��RXU�UHVXOWV�RQ�LQWHJUDWLRQ�DQG
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�,Q�WKLV�UHVSHFW�RXU�PRGHO�FDQ�EH�VHHQ�DV�D�JHQHUDOL]DWLRQ�RI�VWDQGDUG�WUDGH�PRGHOV��ZKHUH�WKH
JHQHUDOL]DWLRQ�LV�DFFRPSOLVKHG�E\�DGGLWLRQ�RI�D�PDWFKLQJ�WHFKQRORJ\�

OLEHUDOL]DWLRQ�FRQYHUJH�WR�WKRVH�RI�ERWK�WKH���î���+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO�DQG�WKH

VWDQGDUG�RQH�JRRG��WZR�IDFWRU�PRGHO�RI�WUDGH�LQ�IDFWRU�VHUYLFHV�WR�ZKLFK�RXU�PRGHO�LV�FORVHU����

UHODWLYH�QDWLRQDO�ZDJHV�DUH�GHWHUPLQHG�RQO\�E\�WKH�WD[�UDWH��RU�WUDQVSRUW�FRVW��DQG�SURGXFWLRQ

WHFKQRORJ\��KHQFH�����DQ�LQFUHDVH�LQ�WKH�ODERU�HQGRZPHQW�RI�HLWKHU�FRXQWU\�DIIHFWV�WKH�ZDJHV�RI

ERWK�FRXQWULHV�HTXLSURSRUWLRQDWHO\������QDWLRQDO�ODERU�GHPDQGV�DUH�LQILQLWHO\�HODVWLF��DQG�����SDVV�

WKURXJK�RI�WD[�FKDQJHV�WR�ZDJHV�LV�³FRPSOHWH´�LQ�WKH�VHQVH�WKDW�LW�LV�GHWHUPLQHG�HQWLUHO\�E\

SURGXFWLRQ�WHFKQRORJ\�DQG�QR�DUELWUDJH�RSSRUWXQLWLHV�UHPDLQ�

,Q�WKH�QH[W�VHFWLRQ�ZH�PRWLYDWH�RXU�PRGHOLQJ�VWUDWHJ\�DQG�JLYH�WKH�LQWXLWLRQ�IRU�RXU�PDMRU

UHVXOWV���7KH�IRUPDO�PRGHO�LV�SUHVHQWHG�LQ�6HFWLRQ�,,,���,Q�VHFWLRQ�,9�ZH�VROYH�WKH�PRGHO�DQG�ZRUN

RXW�LWV�EDVLF�FRPSDUDWLYH�VWDWLFV���6HFWLRQ�9�FRQWDLQV�RXU�UHVXOWV�RQ�IDPLOLDULW\�DQG�ODERU�PDUNHW

LQWHJUDWLRQ��DQG�VHFWLRQ�9,�H[DPLQHV�WKH�LQWHUDFWLRQ�EHWZHHQ�IDPLOLDULW\�DQG�DG�YDORUHP�WUDGH

EDUULHUV���,Q�RXU�FRQFOXGLQJ�VHFWLRQ�ZH�GLVFXVV�WKH�LPSOLFDWLRQV�RI�RXU�UHVXOWV��DQG�D�SRWHQWLDO

DSSOLFDWLRQ�RI�RXU�PRGHO�WR�LVVXHV�WKDW�DULVH�LQ�WKH�LQWHUQDWLRQDO�ILQDQFH�UDWKHU�WKDQ�WKH

LQWHUQDWLRQDO�WUDGH�OLWHUDWXUH�

,,���0RGHOLQJ�VWUDWHJ\�DQG�LQWXLWLRQ�IRU�PDLQ�UHVXOWV

$�FRQYHQWLRQDO�VWDUWLQJ�SRLQW�IRU�DQDO\VLV�RI�WKH�LPSDFW�RI�WUDGH�EDUULHUV�LV�WKH���î��

+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO���6LQFH�ZH�KDYH�QR�UHDVRQ�WR�H[SHFW�LQIRUPDWLRQDO�EDUULHUV�WR

WUDGH�WR�DIIHFW�WKH�SDWWHUQ�RI�WUDGH�LQ�FRPPRGLWLHV�DQ\�GLIIHUHQWO\�WKDQ�FRQYHQWLRQDO�EDUULHUV�

KRZHYHU��ZH�ZLOO�WDNH�DGYDQWDJH�RI�WKH�VLPSOLFLW\�RI�WKH�VWDQGDUG�RQH�JRRG��WZR�IDFWRU�PRGHO�RI
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�7KH�XVH�RI�WKLV�PRGHO�WR�DQDO\]H�WKH�LPSDFW�RI�WUDGH�EDUULHUV�GDWHV�EDFN�DW�OHDVW�WR�%HFNHU�������
DQG�0DF'RXJDOO��������

�&RPSOHWH�VSHFLDOL]DWLRQ�FDXVHV�ZDJHV�PHDVXUHG�LQ�WHUPV�RI�GRPHVWLF�RXWSXW�WR�EH�LQGHSHQGHQW
RI�WKH�SULFH�RI�IRUHLJQ�RXWSXW���+HQFH�WKHUH�LV�QR�SDVV�WKURXJK�RI�WDULII�FKDQJHV�WR�ZDJHV�DQG
ODERU�PDUNHWV�DUH�FRPSOHWHO\�QRQ�LQWHJUDWHG�LQ�WKH�VHQVH�WKDW�D�FKDQJH�LQ�IRUHLJQ�ODERU�VXSSO\�KDV
QR�LPSDFW�RQ�WKH�GRPHVWLF�ZDJH�PHDVXUHG�LQ�WHUPV�RI�GRPHVWLF�RXWSXW���7KLV�UHVXOW�KROGV
UHJDUGOHVV�RI�WKH�OHYHO�RI�WDULIIV�

LQWHUQDWLRQDO�WUDGH�LQ�IDFWRU�VHUYLFHV�UHODWLYH�WR�WKH�WZR�JRRG�PRGHO�DQG�EXLOG�XSRQ�LW�LQVWHDG����,Q

WKLV�PRGHO�WKH�FDSLWDO�DEXQGDQW�FRXQWU\�H[SRUWV�FDSLWDO�VHUYLFHV�WR�WKH�ODERU�DEXQGDQW�FRXQWU\�LQ

H[FKDQJH�IRU�D�IORZ�RI�WKH�QXPHUDLUH�RXWSXW��UDWKHU�WKDQ�H[SRUWLQJ�FDSLWDO�VHUYLFHV�HPERGLHG�LQ

FRPPRGLWLHV�LQ�H[FKDQJH�IRU�ODERU�VHUYLFHV�HPERGLHG�LQ�FRPPRGLWLHV���:H�ZLVK�WR�VKRZ�WKDW�WKH

RQH�JRRG�DQG�WZR�JRRG�PRGHOV�KDYH�WKH�VDPH�SURSHUWLHV�UHJDUGLQJ�ODERU�PDUNHW�LQWHJUDWLRQ�DQG

SDVV�WKURXJK�RI�DG�YDORUHP�WUDGH�WD[HV�WR�ZDJHV��VR�WKDW�WKH�UHVXOWV�KLJKOLJKWHG�LQ�WKH

LQWURGXFWLRQ�DUH�QRW�GULYHQ�E\�XVH�RI�WKH�VLPSOHU�PRGHO���7KLV�LV�DOVR�D�JRRG�RSSRUWXQLW\�WR

UHYLHZ�WKH�UROH�RI�DUELWUDJH�LQ�JHQHUDWLQJ�WKHVH�SURSHUWLHV�

:H�ILUVW�FRQVLGHU�WKH���î���+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO�XQGHU�LQFRPSOHWH

VSHFLDOL]DWLRQ�LQ�WKH�SUHVHQFH�RI�DQ�DG�YDORUHP�WDULII����,QWHUQDWLRQDO�FRPPRGLW\�DUELWUDJH�IL[HV

WKH�UDWLR�RI�WKH�SULFH�RI�WKH�GRPHVWLF�LPSRUWDEOH�WR�WKH�IRUHLJQ�SULFH�DW�RQH�SOXV�WKH�WDULII�UDWH��DQG

WKH�UHODWLRQVKLS�EHWZHHQ�SULFHV�DQG�FRVWV�WUDQVODWHV�WKH�IL[HG�LQWHUQDWLRQDO�FRPPRGLW\�SULFH�UDWLRV

�WKH�UDWLRV�RI�HDFK�GRPHVWLF�SULFH�WR�LWV�IRUHLJQ�FRXQWHUSDUW��LQWR�IL[HG�LQWHUQDWLRQDO�IDFWRU�SULFH

UDWLRV���$�FKDQJH�LQ�RQH�SOXV�WKH�WDULII�UDWH�FKDQJHV�WKH�UHOHYDQW�LQWHUQDWLRQDO�FRPPRGLW\�SULFH

UDWLR�SURSRUWLRQDWHO\��OHDGLQJ�WR�D�FKDQJH�LQ�WKH�LQWHUQDWLRQDO�ZDJH��DQG�UHQWDO��UDWLR�WKDW�LV

GHWHUPLQHG�VROHO\�E\�SURGXFWLRQ�WHFKQRORJLHV���$�FKDQJH�LQ�WKH�ODERU�HQGRZPHQW�RI�HLWKHU

FRXQWU\�FDQQRW�FKDQJH�WKH�LQWHUQDWLRQDO�FRPPRGLW\�SULFH�UDWLRV�DQG�WKHUHIRUH�FDQQRW�FKDQJH�WKH



�

ZDJH�UDWLR��KHQFH�WKH�WZR�ZDJHV�FKDQJH�HTXLSURSRUWLRQDWHO\���3XW�GLIIHUHQWO\��LQWHUQDWLRQDO

FRPPRGLW\�DUELWUDJH�LQVXUHV�WKDW�WKH�SURSRUWLRQDWH�FKDQJH�LQ�UHODWLYH�FRPPRGLW\�SULFHV�ZLWKLQ

DQ\�FRXQWU\�FDXVHG�E\�D�FKDQJH�LQ�LWV�ODERU�VXSSO\�LV�IXOO\�WUDQVPLWWHG�WR�LWV�WUDGLQJ�SDUWQHU��KHQFH

WKH�SURSRUWLRQDWH�FKDQJHV�LQ�IDFWRU�SULFHV�DUH�WKH�VDPH�LQ�ERWK�FRXQWULHV���1RWH�WKDW�WKLV�ODERU�

PDUNHW�LQWHJUDWLRQ�SURSHUW\�KROGV�IRU�DQ\�QRQ�SURKLELWLYH�WDULII�OHYHO�DQG�WKXV�GRHV�QRW�FKDQJH

ZKHQ�WKH�WDULII�LV�UHGXFHG��XQOHVV�WKH�WDULII�LV�UHGXFHG�IURP�D�SURKLELWLYH�OHYHO�

:H�QRZ�WXUQ�WR�WKH�VWDQGDUG�RQH�JRRG��WZR�IDFWRU�PRGHO��IRU�ZKLFK�WKH�HTXLYDOHQW�RI�WKH

WDULII�LV�D�WD[�RQ�SURILW�HDUQHG�DEURDG���$UELWUDJH�QRZ�IL[HV�WKH�UDWLR�RI�WKH�GRPHVWLF�WR�WKH�IRUHLJQ

FDSLWDO�UHQWDO�UDWH�DW�RQH�PLQXV�WKH�WD[�UDWH��ZKLFK�LQ�WXUQ�IL[HV�WKH�LQWHUQDWLRQDO�ZDJH�UDWLR���$

FKDQJH�LQ�RQH�PLQXV�WKH�WD[�UDWH�FKDQJHV�WKH�LQWHUQDWLRQDO�UHQWDO�UDWLR�SURSRUWLRQDWHO\��DJDLQ

OHDGLQJ�WR�D�FKDQJH�LQ�WKH�LQWHUQDWLRQDO�ZDJH�UDWLR�WKDW�LV�GHWHUPLQHG�VROHO\�E\�SURGXFWLRQ

WHFKQRORJLHV���$�FKDQJH�LQ�WKH�ODERU�HQGRZPHQW�RI�HLWKHU�FRXQWU\�FDQQRW�FKDQJH�WKH�LQWHUQDWLRQDO

UHQWDO�UDWLR�DQG�WKHUHIRUH�FDQQRW�FKDQJH�WKH�ZDJH�UDWLR��KHQFH�WKH�WZR�ZDJHV�FKDQJH

HTXLSURSRUWLRQDWHO\���$JDLQ��WKLV�ODERU�PDUNHW�LQWHJUDWLRQ�SURSHUW\�KROGV�IRU�DQ\�QRQ�SURKLELWLYH

WD[�UDWH�DQG�WKXV�GRHV�QRW�FKDQJH�ZKHQ�WKH�WD[�LV�UHGXFHG�XQOHVV�LW�LV�UHGXFHG�IURP�D�SURKLELWLYH

OHYHO�

,Q�RXU�PRGHO��LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�LQWHUIHUH�ZLWK�WKH�DELOLW\�WR�HQJDJH�LQ

LQWHUQDWLRQDO�DUELWUDJH�LQ�WKH�IROORZLQJ�ZD\���/RZHU�ZDJHV�LQ�WKH�ODERU�DEXQGDQW�FRXQWU\�SUHVHQW

DQ�RSSRUWXQLW\�IRU�ILUPV�LQ�WKH�ODERU�VFDUFH�FRXQWU\���7R�WDNH�DGYDQWDJH�RI�WKLV�RSSRUWXQLW\�

KRZHYHU��D�ILUP�PXVW��IRU�H[DPSOH��PDNH�D�GHDO�ZLWK�D�MRLQW�YHQWXUH�SDUWQHU�ZKR�NQRZV�KRZ�WR

DGDSW�WKH�LQGXVWU\�WHFKQRORJ\�WR�ORFDO�FRQGLWLRQV�RU�ZLWK�D�ODQG�GHYHORSHU�RI�D�VLWH�ZLWK�DFFHVV�WR

WKH�DSSURSULDWH�PL[�RI�QRQWUDGHG�LQSXWV���)LQGLQJ�D�VXLWDEOH�PDWFK�LQ�DQ�XQIDPLOLDU�FRXQWU\�LV
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�7KLV�VXEVHFWLRQ�EXLOGV�RQ�5DXFK�DQG�&DVHOOD��������

GLIILFXOW���,Q�VKRUW��ZH�PRGHO�LQIRUPDWLRQDO�EDUULHUV�DV�D�PDWFKLQJ�SUREOHP��:H�IHHO�WKLV�JHQHUDO

HTXLOLEULXP�VSHFLILFDWLRQ�RI�XQFHUWDLQW\�EXLOGV�PRUH�LQWXLWLRQ�DERXW�WKH�XQGHUO\LQJ�HFRQRPLF

PHFKDQLVPV�DW�ZRUN�DQG�LV�FORVHU�WR�WKH�VSLULW�RI�WUDGLWLRQDO�WUDGH�PRGHOV�WKDQ�D�SDUWLDO

HTXLOLEULXP�RU�DG�KRF�VSHFLILFDWLRQ�

:H�DVVXPH�WKDW�LQFUHDVHG�IDPLOLDULW\�RI�PDQDJHUV�ZLWK�ILUPV�DQG�UHJLRQDO�VSHFLDOL]DWLRQV

LQ�IRUHLJQ�FRXQWULHV�DOORZV�SURGXFHUV�WR�UXOH�RXW�PRUH�ILUPV�DQG�VLWHV�LQ�DGYDQFH��WR�PDNH�D

EHWWHU�³ILUVW�FXW´��DQG�LQFUHDVHV�WKH�FKDQFHV�WKH\�ZLOO�ILQG�PDWFKHV�WKDW�PDNH�LQYHVWPHQWV

ZRUWKZKLOH�IRU�D�JLYHQ�ZDJH�GLIIHUHQWLDO���7KLV�DELOLW\�WR�UHVSRQG�PRUH�HIIHFWLYHO\�WR�WKH

RSSRUWXQLWLHV�SUHVHQWHG�E\�ZDJH�GLIIHUHQWLDOV�UHGXFHV�WKH�H[WHQW�WR�ZKLFK�UHODWLYH�ZDJHV�QHHG�WR

FKDQJH�ZKHQ�ODERU�VXSSOLHV�FKDQJH�LQ�RUGHU�IRU�QDWLRQDO�ODERU�PDUNHWV�WR�FOHDU���,Q�WKH�OLPLW�DV

IDPLOLDULW\�EHFRPHV�FRPSOHWH�UHODWLYH�ZDJHV�GR�QRW�FKDQJH�DW�DOO��MXVW�DV�LQ�WKH�VWDQGDUG�PRGHOV��

/LNH�ZDJH�GLIIHUHQWLDOV��WD[HV�DIIHFW�WKH�SURILWDELOLW\�RI�DQ\�JLYHQ�LQYHVWPHQW���,QFUHDVHG

IDPLOLDULW\�DOORZV�ILUPV�WR�UHVSRQG�PRUH�HIIHFWLYHO\�WR�FKDQJHV�LQ�HLWKHU�RI�WKHVH�LQFHQWLYHV��WKXV

LQFUHDVLQJ�WKH�ODERU�PDUNHW�LPSDFW�RI�FKDQJHV�LQ�SURILWV�WD[HV�DQG�LQFUHDVLQJ�WKH�HODVWLFLW\�RI

QDWLRQDO�ODERU�GHPDQGV���

,,,���7KH�IRUPDO�PRGHO

$���(QGRZPHQWV�DQG�WHFKQRORJ\�

7KH�ZRUOG�LV�FRPSRVHG�RI�WZR�FRXQWULHV��KRPH�DQG�IRUHLJQ���,Q�HDFK�FRXQWU\��WKHUH�LV�D

FRQWLQXXP�RI�W\SHV�RI�SURGXFHUV�GLVWULEXWHG�RYHU�D�FLUFOH�RI�XQLW�OHQJWK���)RU�HDFK�W\SH��WKHUH�LV�D

FRQWLQXXP�RI�SURGXFHUV�RI�XQLW�PDVV���7KH�SURGXFHUV�FDQ�WKHUHIRUH�EH�VDLG�WR�OLH�RQ�D�³XQLW
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F\OLQGHU�´��(DFK�FRXQWU\�LV�DOVR�HQGRZHG�ZLWK�D�KRPRJHQHRXV��LQHODVWLFDOO\�VXSSOLHG�PDVV�RI

ODERU���6LQFH�WKHUH�LV�DQ�HTXDO�PDVV��RQH��RI�SURGXFHUV�LQ�ERWK�FRXQWULHV��WKH�UDWLR�RI�ODERU�

SURGXFHU�HQGRZPHQW�UDWLRV�DFURVV�FRXQWULHV�FDQ�EH�VXPPDUL]HG�E\�WKH�UDWLR�/'/��ZKHUH�/�LV�WKH

KRPH�ODERU�HQGRZPHQW�DQG�/�LV�WKH�IRUHLJQ�ODERU�HQGRZPHQW���,Q�DOO�WKDW�IROORZV��DVWHULVNV�ZLOO

EH�XVHG�WR�LQGLFDWH�IRUHLJQ�YDULDEOHV���:H�DVVXPH�WKDW�WKH�IRUHLJQ�FRXQWU\�LV�WKH�ODERU�DEXQGDQW

FRXQWU\��VR�WKDW�/'/�����

2XWSXW�LV�JHQHUDWHG�WKURXJK�D�MRLQW�YHQWXUH�RI�WZR�SURGXFHUV��DQG�WKH�GLVWDQFH�EHWZHHQ

WKHLU�W\SHV�RQ�WKH�FLUFOH�LV�DQ�LQGH[�RI�WKHLU�FRPSOHPHQWDULW\�RU�WKH�JDLQV�IURP�WUDGH�WKDW�UHVXOW

IURP�WKHLU�PDWFKLQJ���7R�DFWLYHO\�HQJDJH�LQ�SURGXFWLRQ��D�SDUWQHUVKLS�QHHGV�WR�KLUH�ODERU��WKXV

RXWSXW�LV�D�IXQFWLRQ�RI�WKH�TXDOLW\�RI�WKH�SURGXFHUV¶�PDWFK�DQG�WKH�ODERU�HPSOR\HG�

\LM� �)�[�]LM� ���

ZKHUH�]LM�LV�WKH�VKRUWHVW�DUF�GLVWDQFH�EHWZHHQ�WKH�WZR�SURGXFHUV�RI�W\SHV�L�DQG�M��DQG�[�LV�ODERU��

1RWH�WKDW�WKH�PD[LPXP�YDOXH�RI�]LM�LV��'����7KH�IXQFWLRQ�)�LV�FKDUDFWHUL]HG�E\�FRQVWDQW�UHWXUQV�WR

VFDOH���3URGXFHUV�ZDQW�WR�PD[LPL]H�SURILWV�

%���$XWDUN\�HTXLOLEULXP

,Q�DXWDUN\��HDFK�SURGXFHU�PXVW�VHOHFW�D�GRPHVWLF�PDWFK�SDUWQHU���,I�KLV�FKRLFH�GRHV�QRW

VHOHFW�KLP��KH�JHWV�]HUR���,I�KLV�FKRLFH�GRHV�VHOHFW�KLP��WKH�WZR�SURGXFHUV�IRUP�D�PDWFK�DQG

EDUJDLQ�RYHU�WKH�VXUSOXV���,I�WKH�EDUJDLQLQJ�EUHDNV�GRZQ��ERWK�SURGXFHUV�JHW�]HUR���+HQFH�WKH

VXUSOXV�HTXDOV�WKH�WRWDO�YDOXH�RI�WKH�PDWFK���:H�XVH�WKH�1DVK�EDUJDLQLQJ�VROXWLRQ��VR�DQ\�SDLU�RI

SURGXFHUV�WKDW�IRUPV�D�PDWFK�ZLOO�GLYLGH�WKH�WRWDO�PDWFK�YDOXH�HTXDOO\�EHWZHHQ��WKHP���$IWHU�D

PDWFK�LV�FRQFOXGHG�WKH�SDUWQHUVKLS�GHPDQGV�WKH�SURILW�PD[LPL]LQJ�TXDQWLW\�RI�ODERU��WDNLQJ�WKH

ZDJH�UDWH�DV�JLYHQ���:KHQ�DOO�ODERU�GHPDQGV�DUH�UHFHLYHG��WKH�ODERU�PDUNHW�FOHDUV�



�

�$OWHUQDWLYHO\��ZH�FDQ�QRWH�WKDW�HDFK�SDUWQHUVKLS�JHQHUDWHV�D�ODERU�GHPDQG�HTXDO�WR
� N�Z�'���DQG�WKDW�WKH�PDVV�RI�SDUWQHUVKLSV�HTXDOV��'��

:LWK�D�FRQVWDQW�UHWXUQV�WR�VFDOH�SURGXFWLRQ�IXQFWLRQ��WRWDO�SURILWV�IURP�WKH�PDWFK�RI�W\SHV

L�DQG�M�FDQ�EH�ZULWWHQ�DV�

LM� �]LM �Z� ���

ZKHUH�Z�LV�WKH�ZDJH�SDLG�WR�ODERU�HPSOR\HG�E\�WKH�SDUWQHUVKLS��DQG�WKH�IXQFWLRQ� �Z��LV

GHFUHDVLQJ�DQG�FRQYH[�LQ�Z���)RU�HDVH�RI�ODWHU�SURRIV��OHW�XV�DOVR�DVVXPH�WKDW� �Z��LV�D�FRQVWDQW

HODVWLFLW\�IXQFWLRQ��DV�ZRXOG�EH�WKH�FDVH��IRU�H[DPSOH��LI�WKH�WHFKQRORJ\�ZHUH�&REE�'RXJODV���

7KH�ODERU�GHPDQG�JHQHUDWHG�E\�D�SDUWQHUVKLS�LV�WKHQ�JLYHQ�E\�

/G
L M� ��]LM N�Z�� ���

ZKHUH�WKH�SULPH�VLJQ�LQGLFDWHV�WKH�ILUVW�GHULYDWLYH���

:H�DVVXPH�WKDW�HYHU\�GRPHVWLF�SURGXFHU�NQRZV�DW�OHDVW�WKH�ORFDWLRQ�RI�KLV�EHVW�GRPHVWLF

PDWFK�W\SH���,Q�WKLV�FDVH�LW�VHHPV�QDWXUDO�WR�IRFXV�RQ�WKH�HIILFLHQW�HTXLOLEULXP�LQ�ZKLFK�HDFK

GRPHVWLF�SURGXFHU�VHOHFWV�WKH�SURGXFHU�RSSRVLWH�KLP�RQ�WKH�FLUFOH��DQG�DW�WKH�VDPH�KHLJKW�RQ�WKH

F\OLQGHU����7KLV�LV�DQ�HTXLOLEULXP�VLQFH�QR�SURGXFHU�KDV�DQ�LQFHQWLYH�WR�FKDQJH�KLV�EHKDYLRU�DIWHU

KH�KDV�FKRVHQ�DQG�EHHQ�FKRVHQ�E\�KLV�SHUIHFW�FRPSOHPHQW�

,Q�WKLV�DXWDUN\�HTXLOLEULXP�]LM� ��'��IRU�HYHU\�SDUWQHUVKLS���6LQFH�HYHU\�SURGXFHU�VXFFHHGV

LQ�IRUPLQJ�D�SDUWQHUVKLS�DQG�UHFHLYHV�KDOI�RI�WKH�SURILWV��HDFK�SURGXFHU�HDUQV���'����'�� �Z�� 

�Z�'����7KLV�LV�DOVR�WKH�YDOXH�RI�WRWDO�SURILWV�EHFDXVH�WKH�PDVV�RI�SURGXFHUV�HTXDOV�RQH���7RWDO

ODERU�GHPDQG�LV�WKHQ�� N�Z�'�����7KH�DXWDUN\�HTXLOLEULXP�ZDJH�LV�GHWHUPLQHG�E\�� N�Z�'�� �/�LQ

WKH�KRPH�FRXQWU\�DQG�� N�Z�'�� �/�LQ�WKH�IRUHLJQ�FRXQWU\��UHVSHFWLYHO\���,W�LV�HDVLO\�VHHQ�WKDW

ZDJHV�DUH�ORZHU�DQG�SURILWV�DUH�KLJKHU�LQ�WKH�ODERU�DEXQGDQW��IRUHLJQ��FRXQWU\��DV�H[SHFWHG�
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�7KLV�LV�FRQVLVWHQW�LQ�WKH�DJJUHJDWH�GXH�WR�WKH�V\PPHWU\�RI�WKH�FLUFOH�DQG�XQLIRUP�GLVWULEXWLRQ�RI
KRPH�DQG�IRUHLJQ�SURGXFHUV�RYHU�W\SHV�

��:H�VKDOO�VHH�VKRUWO\�WKDW�WKH�WKUHDW�SRLQW�LV�WKH�VDPH�IRU�DOO�W\SHV�ZLWKLQ�D�FRXQWU\��VR�LW�LV�QRW
FOHDU�WKDW�DQ\WKLQJ�FRXOG�EH�JDLQHG�E\�PLVUHSUHVHQWLQJ�RQH¶V�W\SH�LI�WKLV�ZHUH�SRVVLEOH�

��2XU�PRGHO�FRXOG�SRWHQWLDOO\�EH�H[WHQGHG�WR�D�G\QDPLF�IUDPHZRUN�LQ�ZKLFK��RQ�WKH�RQH�KDQG�
KRPH�SURGXFHUV�OHDUQ�DERXW�WKHLU�IRUHLJQ�FRXQWHUSDUWV�WKURXJK�FRVWO\�UHVDPSOLQJ�DQG��RQ�WKH
RWKHU�KDQG��WKHLU�NQRZOHGJH�GHFD\V�GXH��IRU�H[DPSOH��WR�HQWU\�DQG�H[LW�RI�IRUHLJQ�SURGXFHUV���:H

&���,QWHUQDWLRQDO�WUDGH�

,Q�RXU�PRGHO�LQWHUQDWLRQDO�WUDGH�WDNHV�SODFH�DV�IROORZV���+RPH�FRXQWU\�SURGXFHUV�WUDYHO

FRVWOHVVO\�WR�WKH�IRUHLJQ�FRXQWU\��ZKHUH�IRUHLJQ�SURGXFHUV�DZDLW�WKHP���(DFK�KRPH�FRXQWU\

SURGXFHU�GUDZV�D�SRWHQWLDO�IRUHLJQ�SDUWQHU�IURP�D�GLVWULEXWLRQ�RYHU�WKH�FLUFOH�RI�W\SHV�WKDW�LV

XQLIRUP�ZLWK�VXSSRUW�RI�OHQJWK�N�0�����@�DQG�KDV�LWV�PHGLDQ�DW�WKH�SURGXFHU¶V�RSSRVLWH�W\SH��VHH

)LJXUH�������N�WKXV�VHUYHV�DV�DQ�LQGH[�RI�IDPLOLDULW\��ZLWK�D�ORZHU�N�FRUUHVSRQGLQJ�WR�JUHDWHU

IDPLOLDULW\���7\SHV�DUH�UHYHDOHG�LQ�LQWHUQDWLRQDO�SDUWQHUVKLSV��EXW�WKH\�GLIIHU�IURP�GRPHVWLF

SDUWQHUVKLSV�LQ�WZR�ZD\V�����)LUVW��LQWHUQDWLRQDO�SDUWQHUVKLSV�FDQ�HPSOR\�ODERU�LQ�ZKLFKHYHU

FRXQWU\�LW�LV�FKHDSHU��UDWKHU�WKDQ�KDYLQJ�DFFHVV�RQO\�WR�GRPHVWLF�ODERU���6HFRQG��WKH�SURILWV�RI

KRPH�FRXQWU\�SURGXFHUV�IURP�LQWHUQDWLRQDO�SDUWQHUVKLSV�DUH�WD[HG�E\�WKH�KRPH�FRXQWU\

JRYHUQPHQW�DW�UDWH�W�0�>�������6LQFH�WKH�H[LVWHQFH�RI�WD[�UHYHQXH�LV�LUUHOHYDQW�IRU�RXU�UHVXOWV

�EHFDXVH�ZH�GR�QRW�DQDO\]H�ZHOIDUH���W�FRXOG�EH�VHHQ�HTXLYDOHQWO\�DV�WKH�SURSRUWLRQ�RI�WKH

QXPHUDLUH�JRRG�LQ�ZKLFK�KRPH�FRXQWU\�SURGXFHUV�UHSDWULDWH�WKHLU�SURILWV�WKDW�³PHOWV´�LQ�WUDQVSRUW�

,I�WKHLU�LQWHUQDWLRQDO�PDWFK�LV�XQVXFFHVVIXO��ERWK�WKH�KRPH�DQG�IRUHLJQ�SURGXFHUV�VHHN

GRPHVWLF�SDUWQHUVKLSV�ZLWK�RWKHU�KRPH�DQG�IRUHLJQ�SURGXFHUV��UHVSHFWLYHO\��ZKRVH�LQWHUQDWLRQDO

PDWFKHV�ZHUH�DOVR�XQVXFFHVVIXO�����'RPHVWLF�SDUWQHUVKLSV�DUH�IRUPHG�DV�LQ�WKH�DXWDUN\



��

FKRRVH�WR�NHHS�RXU�PRGHO�VWDWLF�IRU�VLPSOLFLW\��ZKLFK�LV�HVSHFLDOO\�LPSRUWDQW�ZKHQ�ZH�GHULYH
UHVXOWV�RQ�FKDQJHV�LQ�HODVWLFLWLHV�LQ�VHFWLRQV�9�DQG�9,��DQG�WR�NHHS�DV�FORVH�WR�VWDQGDUG�WUDGH
PRGHOV�DV�SRVVLEOH�

��$WRPOHVV�SURGXFHUV�DQG�WKH�V\PPHWU\�RI�WKH�SRVLWLRQ�RI�HYHU\�SURGXFHU�RQ�WKH�FLUFOH�HQVXUH
WKDW�WKH�KHLJKW�RI�WKH�UHPDLQLQJ�F\OLQGHU�RI�SURGXFHUV�LQ�HDFK�FRXQWU\�LV�WKH�VDPH�IRU�HYHU\�W\SH
DQG�WKXV�GRPHVWLFDOO\�HYHU\�SURGXFHU�FDQ�VWLOO�PDWFK�ZLWK�KLV�RSSRVLWH�W\SH�

HTXLOLEULXP�GHVFULEHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ���,W�IROORZV�WKDW�LI�ERWK�GRPHVWLF�PDUNHWV�DUH

DFWLYH�WKH�WKUHDW�SRLQWV�LQ�LQWHUQDWLRQDO�EDUJDLQLQJ�RI�HYHU\�KRPH�DQG�HYHU\�IRUHLJQ�SURGXFHU�DUH

�Z�'��DQG� �Z�'���UHVSHFWLYHO\��ZKHUH�Z�DQG�Z�DUH�WKH�LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP

ZDJHV�����,QWHUQDWLRQDO�PDWFKHV�DUH�VXFFHVVIXO�LI�DQG�RQO\�LI�WKLV�GRPHVWLF�DOWHUQDWLYH�LV�LQVLGH�WKH

3DUHWR�IURQWLHU��VHH�)LJXUH������7KH�KRPH�DQG�IRUHLJQ�ODERU�PDUNHWV�FOHDU�ZKHQ�DOO�GHPDQGV�IRU

ODERU��IURP�GRPHVWLF�DQG�LQWHUQDWLRQDO�SDUWQHUVKLSV��DUH�UHFHLYHG���

:H�ZLOO�VKRZ�LQ�WKH�QH[W�VHFWLRQ�WKDW�WKH�IRUHLJQ�ZDJH�LV�DOZD\V�VWULFWO\�OHVV�WKDQ�WKH

KRPH�ZDJH�LQ�LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP���7KH�DWWUDFWLRQ�RI�LQWHUQDWLRQDO�SDUWQHUVKLSV�IRU

KRPH�SURGXFHUV�LV�WKHUHIRUH�DFFHVV�WR�FKHDS�ODERU���7KH�DWWUDFWLRQ�IRU�IRUHLJQ�SURGXFHUV�LV�WKH

ZHDNHU�EDUJDLQLQJ�SRZHU�RI�LQWHUQDWLRQDO�WKDQ�GRPHVWLF�SDUWQHUV���6LQFH�DOO�LQWHUQDWLRQDO

SDUWQHUVKLSV�HPSOR\�IRUHLJQ�ODERU��WUDGH�VHUYHV�WR�WUDQVIHU�ODERU�GHPDQG�IURP�WKH�FRXQWU\�ZKHUH

ODERU�LV�VFDUFH�WR�WKH�FRXQWU\�ZKHUH�LW�LV�DEXQGDQW��DV�LQ�VWDQGDUG�WUDGH�PRGHOV��

,9���,QWHUQDWLRQDO�WUDGH�HTXLOLEULXP�DQG�FRPSDUDWLYH�VWDWLFV

%RWK�KRPH�DQG�IRUHLJQ�ODERU�PDUNHWV�PXVW�FOHDU�LQ�LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP���7R

ILQG�WKHVH�PDUNHW�FOHDULQJ�FRQGLWLRQV�ZH�PXVW�GHULYH�WKH�GHPDQGV�IRU�KRPH�DQG�IRUHLJQ�ODERU��

7KH�NH\�VWHS�LQ�WKLV�GHULYDWLRQ�LV�WR�ILQG�ZKLFK�LQWHUQDWLRQDO�SDUWQHUVKLSV�DUH�VXFFHVVIXO��ZKLFK�LQ

WXUQ�GHWHUPLQHV�KRZ�PXFK�ODERU�GHPDQG�LV�WUDQVIHUUHG�IURP�WKH�KRPH�WR�WKH�IRUHLJQ�FRXQWU\�
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,I�D�KRPH�FRXQWU\�SURGXFHU�RI�W\SH�L�GUDZV�D�SRWHQWLDO�IRUHLJQ�SDUWQHU�RI�W\SH�M��GHQRWH

WKHLU�GLVWDQFH�RQ�WKH�FLUFOH�RI�W\SHV�E\�]LM��DV�UHSUHVHQWHG�LQ�)LJXUH�����]LM�LV�XQLIRUPO\�GLVWULEXWHG

RQ�WKH�LQWHUYDO�>�'����N'�����'�@��ZKHUH�N�0�����@���*LYHQ�WKH�V\PPHWU\�RI�WKH�FLUFOH�ZH�FDQ�GURS

WKH�VXEVFULSWV�IURP�]LM���HYHU\�KRPH�FRXQWU\�SURGXFHU�IDFHV�D�XQLIRUP�GLVWULEXWLRQ�RI�SDUWQHU

GLVWDQFH�]��ZLWK�VXSSRUW�>�'����N'����'�@�RQ�WKH�FLUFOH��:H�UHSUHVHQW�LQ�)LJXUH���WKH�SRVVLELOLWLHV

VHW�WKDW�UHVXOWV�IURP�D�SRWHQWLDO�LQWHUQDWLRQDO�SDUWQHUVKLS���1RWH�WKDW�WKH�IURQWLHU�LV�QRW�D���E�OLQH�

VLQFH�RQO\�WKH�KRPH�SURGXFHU�LV�WD[HG���,I�WKH�WKUHDW�SRLQW�LV�LQVLGH�WKH�3DUHWR�IURQWLHU��WKH�FDVH

VKRZQ�LQ�)LJXUH����WKH�WZR�SDUWLHV�KDYH�DQ�LQFHQWLYH�WR�SURGXFH�WRJHWKHU��VLQFH�WKH\�KDYH�D

SRVLWLYH�VXUSOXV�WR�GLYLGH���)RU�V\PPHWU\�ZLWK�GRPHVWLF�SDUWQHUVKLSV�ZH�DSSO\�WKH�1DVK

EDUJDLQLQJ�VROXWLRQ�WR�WKH�RXWFRPH�RI�WKLV�SURFHVV��WKRXJK�QRQH�RI�RXU�UHVXOWV�GHSHQG�RQ�WKLV

DVVXPSWLRQ�

7KH�FRQGLWLRQ�WKDW�WKH�WKUHDW�SRLQW�LV�LQVLGH�WKH�3DUHWR�IURQWLHU�FDQ�EH�H[SUHVVHG�DV�

�Z�'�������� �Z�'>����W�@���] �Z�����RU�DOWHUQDWLYHO\�DV

]�!��'���� '>����W�@� ���

ZKHUH� �Z'Z��/� �Z�' �Z��DQG� N�!�����7KLV�FXWRII�FRQGLWLRQ�LV�UHSUHVHQWHG�LQ�)LJXUH�����1RWH

WKDW�ZH�FDQ�ZULWH� �DV�D�IXQFWLRQ�RI�RQO\�WKH�UDWLR�RI�ZDJHV�EHFDXVH� �LV�D�FRQVWDQW�HODVWLFLW\

IXQFWLRQ���,Q�ZKDW�IROORZV�ZH�ZLOO�ORRVHO\�VSHDN�RI�WKH�IXQFWLRQ� �DV�WKH�³ZDJH�UDWLR�´�ZKLFK

VKRXOG�QRW�FDXVH�DQ\�FRQIXVLRQ�EHFDXVH�LW�LV�MXVW�D�VFDOLQJ�RI�WKH�ZDJH�UDWLR�

)URP�HTXDWLRQ�����ZH�FDQ�VHH�WKDW�QR�LQWHUQDWLRQDO�SDUWQHUVKLSV�FDQ�EH�VXFFHVVIXO�LI�Z� 

Z��L�H��� � ������VLPSO\�UHFDOO�WKDW�]�FDQQRW�H[FHHG��'����,W�IROORZV�WKDW�Z� �Z�FDQQRW�EH�DQ

HTXLOLEULXP�VLQFH�WKH�DXWDUN\�ZDJH�PXVW�EH�ORZHU�LQ�WKH�IRUHLJQ��ODERU�DEXQGDQW��FRXQWU\���:H

FDQ�DOVR�UXOH�RXW�Z���Z�EHFDXVH�WKHQ�DOO�GHPDQG�IRU�ODERU�IURP�LQWHUQDWLRQDO�SDUWQHUVKLSV�IDOOV
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RQ�KRPH�ODERU��\LHOGLQJ�Z�!�Z��D�FRQWUDGLFWLRQ���:H�WKHUHIRUH�NQRZ�WKDW�Z�!�Z�LQ�DQ\

LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP��VR�WKDW�DOO�GHPDQG�IRU�ODERU�IURP�LQWHUQDWLRQDO�SDUWQHUVKLSV�IDOOV

RQ�IRUHLJQ�ODERU�

(TXDWLRQ�����DFWXDOO\�\LHOGV�D�WLJKWHU�UHVWULFWLRQ�RQ�WKH�UHODWLRQVKLS�RI�ZDJHV�LQ

LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP���:H�VHH�WKDW�QR�LQWHUQDWLRQDO�SDUWQHUVKLSV�FDQ�EH�VXFFHVVIXO�LI�

�$���W���,I� �HYDOXDWHG�DW�DXWDUN\�ZDJHV�LV�JUHDWHU�WKDQ�RU�HTXDO�WR���W��ZH�FDQ�VD\�WKDW�WKH�WD[

UDWH�LV�SURKLELWLYH���:H�ZLOO�RQO\�FRQVLGHU�QRQ�SURKLELWLYH�WD[�UDWHV�IRU�WKH�UHPDLQGHU�RI�WKLV

SDSHU���,W�IROORZV�WKDW���W�LV�DQ�XSSHU�ERXQG�IRU� ��\LHOGLQJ�DQ�XSSHU�ERXQG�IRU�Z'Z�WKDW�LV�OHVV

WKDQ�RQH���:H�DOVR�VHH�IURP�HTXDWLRQ�����WKDW�LI� �������N����W��/� ��DOO�LQWHUQDWLRQDO�SDUWQHUVKLSV

DUH�VXFFHVVIXO���%XW�WKHQ�GHPDQG�IRU�KRPH�ODERU�IDOOV�WR�]HUR�DQG� �!����D�FRQWUDGLFWLRQ���,W�PXVW

WKHQ�EH�WKDW

�0��PD[��� ����W�� ���

*LYHQ�WKHVH�SUHOLPLQDULHV��ZH�DUH�QRZ�UHDG\�WR�FRPSXWH�ODERU�GHPDQGV���%HIRUH�GRLQJ�VR�

KRZHYHU��LW�EXLOGV�LQWXLWLRQ�WR�FRPSXWH�WKH�SUREDELOLW\�WKDW�DQ\�LQWHUQDWLRQDO�SDUWQHUVKLS�ZLOO�EH

VXFFHVVIXO���)URP�)LJXUH���ZH�VHH�WKDW�WKLV�LV�JLYHQ�E\
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$V�H[SHFWHG��WKH�SUREDELOLW\�RI�VXFFHVV�LV�KLJKHU�ZKHQ�WKH�ZDJH�UDWLR�LV�VPDOOHU��ZKHQ�WKH�WD[

UDWH�GHFUHDVHV��KROGLQJ� �FRQVWDQW���DQG�ZKHQ�IDPLOLDULW\�LQFUHDVHV��DJDLQ�KROGLQJ� �FRQVWDQW���

$OVR�QRWH�WKDW�WKH�VHQVLWLYLW\�RI�3�WR�ERWK�WKH�ZDJH�UDWLR�DQG�WKH�WD[�UDWH�LV�JUHDWHU�ZKHQ
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��7KH�SDUDOOHO�EHWZHHQ�WKH�WZR�UHVXOWV�LV�QRW�SHUIHFW��KRZHYHU��EHFDXVH�WKH�HIIHFWV�RQ�WKH
SUREDELOLW\�WKDW�DQ��LQWHUQDWLRQDO�SDUWQHUVKLS�ZLOO�EH�VXFFHVVIXO�RI�WKH�ZDJH�UDWLR� �DQG�WKH�WUDGH
WD[�W�DUH�QRW�SHUIHFWO\�V\PPHWULF�LQ�HTXDWLRQ������DQG�EHFDXVH�WKH�ZDJH�UDWLR�LV�HQGRJHQRXV
ZKHUHDV�WKH�WD[�UDWH�LV�QRW���6HH�3URSRVLWLRQV���DQG���LQ�VHFWLRQV�9�DQG�9,��UHVSHFWLYHO\�

IDPLOLDULW\�LV�JUHDWHU��N�LV�VPDOOHU����7KLV�LQGLFDWHV�WKH�DELOLW\�RI�SURGXFHUV�WR�UHVSRQG�PRUH

HIIHFWLYHO\�WR�SULFH�EDVHG�LQFHQWLYHV��DV�GLVFXVVHG�DW�WKH�HQG�RI�VHFWLRQ�,,���6SHFLILFDOO\��HTXDWLRQ

����UHIOHFWV�WKH�IDFW�WKDW�WKH�GHQVLW\�RI�SURGXFHUV�WKDW�DUH�³RQ�WKH�PDUJLQ´�EHWZHHQ�PDWFKLQJ

LQWHUQDWLRQDOO\�DQG�PDWFKLQJ�GRPHVWLFDOO\�LQFUHDVHV�DV�N�GHFUHDVHV���7KH�XQGHUO\LQJ�FDXVH�IRU�WKH

SRVLWLYH�UHODWLRQVKLSV�EHWZHHQ�IDPLOLDULW\�DQG�ERWK�ODERU�PDUNHW�LQWHJUDWLRQ�DQG�WKH�LPSDFW�RI

WUDGH�OLEHUDOL]DWLRQ�LV�WKXV�FRQWDLQHG�LQ�HTXDWLRQ�������

+RPH�ODERU�LV�GHPDQGHG�RQO\�E\�WKRVH�KRPH�SURGXFHUV�ZKRVH�LQWHUQDWLRQDO�PDWFKHV

ZHUH�XQVXFFHVVIXO���6XPPLQJ��ZH�JHW�
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ZKHUH�ZH�XVHG�WKH�IDFW�WKDW�WKH�PDVV�RI�KRPH�SURGXFHUV�HTXDOV�RQH�DQG�DSSOLHG�WKH�GHILQLWLRQ�RI

3�LQ�WKH�ODVW�OLQH���1RWH�WKDW�ZH�XVHG�WKH�V\PPHWU\�RI�WKH�SUREOHP�WR�LQWHJUDWH�RYHU�RQO\�KDOI�WKH

LQWHUYDO�LQ�)LJXUH����GLYLGLQJ�E\�N'��LQVWHDG�RI�N���$V�H[SHFWHG��KRPH�ODERU�GHPDQG�LV�LQFUHDVLQJ

LQ� ���DV� �LQFUHDVHV��WKH�VKDUH�RI�LQWHUQDWLRQDO�PDWFKHV�WKDW�LV�VXFFHVVIXO�IDOOV�

)RUHLJQ�ODERU�GHPDQG�LV�WKH�VXP�RI�ODERU�GHPDQG�E\�IRUHLJQ�SURGXFHUV�ZKRVH

LQWHUQDWLRQDO�PDWFKHV�ZHUH�XQVXFFHVVIXO�DQG�ODERU�GHPDQG�IURP�VXFFHVVIXO�LQWHUQDWLRQDO

SDUWQHUVKLSV�
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1RWH�WKDW�IRUHLJQ�ODERU�GHPDQG�LV�GHFUHDVLQJ�LQ� �DV�H[SHFWHG���,Q�WKH�ODVW�OLQH�RI�HTXDWLRQ����

ZH�LQWURGXFH�D�QHZ�TXDQWLW\��4��ZKLFK�HTXDOV�WKH�SURILWV�IURP�DOO�VXFFHVVIXO�LQWHUQDWLRQDO

SDUWQHUVKLSV���,Q�RWKHU�ZRUGV��4�LV�WKH�VDPH�DV�WKH�VHFRQG�LQWHJUDO�LQ�HTXDWLRQ�����LI�ZH�UHSODFH

�� N�Z���E\� �Z����6LQFH� �Z��IDFWRUV�RXW�RI�WKH�LQWHJUDO��ZH�FDQ�UHFRYHU�WKH�ODERU�GHPDQG

LQWHJUDO�LI�ZH�WDNH�WKH�GHULYDWLYH�RI�WKH�QHJDWLYH�RI�4�ZLWK�UHVSHFW�WR�Z�

*LYHQ�HTXDWLRQV�����DQG������ZH�FDQ�ZULWH�WKH�ODERU�PDUNHW�FOHDULQJ�FRQGLWLRQV�DV�
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6LQFH�Z�FDQ�EH�H[SUHVVHG�DV� ��� �Z�' ���HTXDWLRQV�����DQG�����FRQVWLWXWH�WZR�HTXDWLRQV�LQ�WZR

XQNQRZQV��Z�DQG� ���:H�FDQ�QRZ�SURYH�

3URSRVLWLRQ�����$Q�LQWHUQDWLRQDO�WUDGH�HTXLOLEULXP�H[LVWV�DQG�LV�XQLTXH���3URRI���$Q�HTXLOLEULXP
H[LVWV�LI�WKHUH�LV�D� �0��PD[��� ����W��DQG�D�Z�!���WKDW�DUH�VROXWLRQV�WR�WKH�V\VWHP�IRUPHG�E\����
DQG�������&RPELQLQJ�WKHVH�WZR�HTXDWLRQV�\LHOGV�
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ZKHUH�ZH�XVH�WKH�GHILQLWLRQV�5�/�/�'�/�DQG�J� ��/� N�Z��' N�Z����1RWH�WKDW�ZH�FDQ�ZULWH�J�DV�D
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IXQFWLRQ�RI� �EHFDXVH� N�LV�D�FRQVWDQW�HODVWLFLW\�IXQFWLRQ���)XUWKHUPRUH��J�LV�DQ�LQFUHDVLQJ
IXQFWLRQ�RI� ��ZLWK�J���� ���DQG�J���� �����,W�LV�FOHDU�WKDW�WKH�OHIW�KDQG�VLGH�RI�HTXDWLRQ�����LV�D
PRQRWRQLFDOO\�LQFUHDVLQJ�IXQFWLRQ�RI� ��VR�LI�D�VROXWLRQ�IRU� �H[LVWV�LW�LV�XQLTXH���,I�/'/� ���WKHQ
WKH�XQLTXH�VROXWLRQ�LV�HLWKHU� � � �RU� � ����GHSHQGLQJ�RQ�ZKLFK�RI�WKHVH�YDOXHV�LV�ODUJHU��7KLV�LV
MXVW�WKH�ORZHU�ERXQG�IRU� �LQ�HTXDWLRQ�������1RZ�VXSSRVH�WKDW� � ���W��LWV�XSSHU�ERXQG���(TXDWLRQ
����WKHQ�EHFRPHV�J���W�� �5���%XW�LW�FDQ�EH�VKRZQ�WKDW�5���J���W��LV�WKH�FRQGLWLRQ�IRU�WKH�WD[�UDWH
WR�EH�QRQ�SURKLELWLYH���7KLV�SURYHV�WKDW�D�VROXWLRQ�IRU� �H[LVWV�DQG�LV�XQLTXH���7KLV�VROXWLRQ�FDQ
EH�VXEVWLWXWHG�LQWR�HTXDWLRQ�������,W�LV�WULYLDO�WR�SURYH�WKDW
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LQ�WKDW�HTXDWLRQ��JLYHQ�RXU�ERXQGV�IRU� ��7KHQ��EHFDXVH� N�LV�D�PRQRWRQLF�FRQVWDQW�HODVWLFLW\
IXQFWLRQ��D�XQLTXH�Z�H[LVWV�WKDW�VROYHV�HTXDWLRQ������

:H�FDQ�QRZ�SHUIRUP�FRPSDUDWLYH�VWDWLFV�DQDO\VLV���,Q�)LJXUH���ZH�SORW�HTXDWLRQV�����DQG

����LQ�^Z�� `�VSDFH�DV�WKH�FXUYHV�//�DQG�//��UHVSHFWLYHO\���,W�LV�HDV\�WR�SURYH�WKDW�//�PXVW

VORSH�XSZDUGV�DQG�//�GRZQZDUGV��EXW�ZH�JLYH�RQO\�WKH�LQWXLWLRQ�KHUH���+RPH�ODERU�GHPDQG�LV

LQFUHDVLQJ�LQ� ��VR�Z�PXVW�LQFUHDVH�WR�PDLQWDLQ�ODERU�PDUNHW�FOHDULQJ��\LHOGLQJ�DQ�XSZDUG�VORSH

WR�//���)RUHLJQ�ODERU�GHPDQG�LV�GHFUHDVLQJ�LQ� ��VR�Z�PXVW�GHFUHDVH�WR�PDLQWDLQ�ODERU�PDUNHW

FOHDULQJ��ZKLFK�LQ�WXUQ�UHTXLUHV�D�GHFUHDVH�LQ�Z�VLQFH�Z� � ��� �Z�' ���\LHOGLQJ�D�GRZQZDUG

VORSH�WR�//���

1RZ�FRQVLGHU�DQ�LQFUHDVH�LQ�/���$W�FRQVWDQW�Z�� �PXVW�LQFUHDVH�WR�PDLQWDLQ�ODERU�PDUNHW

FOHDULQJ��KHQFH�WKH�//�FXUYH�VKLIWV�XS���7KH�KRPH�ZDJH�IDOOV�DEVROXWHO\�DQG�UHODWLYH�WR�WKH�IRUHLJQ

ZDJH��ZKLFK�DOVR�IDOOV�DEVROXWHO\�E\�HTXDWLRQ��������$Q�LQFUHDVH�LQ�/�FDXVHV�WKH�//�FXUYH�WR

VKLIW�GRZQ��UHGXFLQJ�WKH�HTXLOLEULXP� ���7KH�IRUHLJQ�ZDJH�IDOOV�DEVROXWHO\�DQG�UHODWLYH�WR�WKH

KRPH�ZDJH��ZKLFK�DOVR�IDOOV�DEVROXWHO\�E\�HTXDWLRQ��������:H�WKXV�VHH�WKDW�ZLWK�OHVV�WKDQ

FRPSOHWH�IDPLOLDULW\��N�!����QDWLRQDO�ODERU�PDUNHWV�DUH�SDUWLDOO\�LQWHJUDWHG�LQ�WKH�VHQVH�WKDW�

DOWKRXJK�DQ�LQFUHDVH�LQ�HLWKHU�FRXQWU\¶V�ODERU�VXSSO\�FDXVHV�ERWK�LWV�ZDJH�DQG�WKDW�RI�LWV�WUDGLQJ

SDUWQHU�WR�IDOO��LWV�ZDJH�IDOOV�PRUH���,Q�WKH�QH[W�VHFWLRQ�ZH�ZLOO�VKRZ�WKDW�WKH�H[WHQW�RI�ODERU
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PDUNHW�LQWHJUDWLRQ�LQFUHDVHV�PRQRWRQLFDOO\�ZLWK�IDPLOLDULW\�

7XUQLQJ�WR�DQ�LQFUHDVH�LQ�N��ZH�VHH�WKDW�WKH�OHIW�KDQG�VLGHV�RI�HTXDWLRQV�����DQG�����DUH

LQFUHDVLQJ�DQG�GHFUHDVLQJ�LQ�N��UHVSHFWLYHO\���/DERU�PDUNHW�FOHDULQJ�WKHQ�UHTXLUHV�D�ORZHU� �IRU

DQ\�Z�LQ�ERWK�HTXDWLRQV��VKLIWLQJ�ERWK�WKH�//�DQG�//�FXUYHV�GRZQ���$V�IDPLOLDULW\�GHFUHDVHV�

OHVV�ODERU�GHPDQG�LV�WUDQVIHUUHG�IURP�WKH�KRPH�WR�WKH�IRUHLJQ�FRXQWU\�DQG�WKH�IRUHLJQ�ZDJH�IDOOV

UHODWLYH�WR�WKH�KRPH�ZDJH���$V�H[SHFWHG��WKH�VDPH�UHVXOW�FDQ�EH�GHPRQVWUDWHG�IRU�DQ�LQFUHDVH�LQ�W��

7R�VHH�WKDW�WKH�OHIW�KDQG�VLGH�RI�HTXDWLRQ�����LV�LQFUHDVLQJ�LQ�W��ZH�VLPSO\�UHZULWH�LW�DV
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:H�FDQ�LQ�DQ�DQDORJRXV�ZD\�VHH�WKDW�WKH�OHIW�KDQG�VLGH�RI�HTXDWLRQ�����LV�GHFUHDVLQJ�LQ�W��$JDLQ�

WKH�ODVW�WZR�REVHUYDWLRQV�WDNHQ�WRJHWKHU�LPSO\�WKDW� �ZLOO�GHFUHDVH�ZLWK�LQFUHDVLQJ�W�

,QWXLWLYHO\��ZH�DOVR�H[SHFW�WKDW�Z�LQFUHDVHV�DQG�Z�GHFUHDVHV�ZLWK�LQFUHDVLQJ�N�RU�W��EXW

WKHVH�UHVXOWV�FDQQRW�EH�GHPRQVWUDWHG�XVLQJ�)LJXUH�����,QVWHDG��WKH\�DUH�SURYHG�LQ�WKH�QH[W

3URSRVLWLRQ�

3URSRVLWLRQ�����:LWK�FKDQJHV�LQ�N�RU�W�WKH�IROORZLQJ�UHVXOWV�DSSO\�
L�� GZ'GN�!���
LL�� GZ'GW�!���
LLL�� GZ'GN�����
LY�� GZ'GW�����
3URRI���%HFDXVH�DV�QRWHG�DERYH�G 'GN�����DQG�G 'GW������WKHQ�LW�VXIILFHV�WR�SURYH�WKDW�
�GZ'GN��GZ'GN������DQG�WKDW��GZ'GW��GZ'GW��������7KH�PRVW�VWUDLJKWIRUZDUG�ZD\�WR�GR�WKLV�LV
VLPSO\�WR�VXEVWLWXWH�WKH�GHILQLWLRQ� �Z'Z��/� �Z�' �Z��LQ�HTXDWLRQV�����DQG������DQG�WKHQ�WR
WRWDOO\�GLIIHUHQWLDWH�WKH�UHVXOWLQJ�WZR�HTXDWLRQV���7KH�UHVXOWV�FDQ�EH�VXPPDUL]HG�DV�IROORZV�
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ZKHUH�WKH�PDWUL[�FRHIILFLHQWV�DUH�IXQFWLRQV�RI�Z��Z��DQG�WKH�SDUDPHWHUV�RI�WKH�PRGHO���7KHQ�D
VWUDLJKWIRUZDUG�XVH�RI�&UDPHU¶V�UXOH�UHGXFHV�WKH�SURRI�WR�VKRZLQJ�WKDW�
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�'�)���%�+���$�+���&�)������DQG
�'�*���%�,����$�,���&�*�������

7KH�SURRIV�RI�WKHVH�LQHTXDOLWLHV��DV�ZHOO�DV�WKH�H[SOLFLW�H[SUHVVLRQV�IRU�WKH�FRHIILFLHQWV��DUH
UHOHJDWHG�WR�DQ�DSSHQGL[�DYDLODEOH�XSRQ�UHTXHVW��

:H�QH[W�VKRZ�WKDW��DV�HLWKHU�W\SH�RI�WUDGH�EDUULHU�LQFUHDVHV��HLWKHU�IDPLOLDULW\�GHFUHDVHV�RU

WKH�WD[�UDWH�LQFUHDVHV���WKH�YROXPH�RI�WUDGH�GHFUHDVHV��DV�H[SHFWHG���,Q�RXU�PRGHO�WKH�YROXPH�RI

WUDGH�HTXDOV�SURILWV�UHSDWULDWHG�E\�KRPH�FRXQWU\�SURGXFHUV���7KH�IROORZLQJ�/HPPD�ZLOO�EH�DQ

LPSRUWDQW�LQSXW�WR�RXU�SURRI�

/HPPD���7KH�SUREDELOLW\�RI�D�VXFFHVVIXO�PDWFK�3�GHFUHDVHV�DV�HLWKHU�N�RU�W�LQFUHDVHV��
3URRI���7KH�UHVXOWV�IROORZ�IURP�3URSRVLWLRQ���DQG�WKH�ODVW�OLQH�RI�HTXDWLRQ�������6LQFH�Z�LQFUHDVHV
ZLWK�N�RU�W��LW�PXVW�EH�WKDW�3�GHFUHDVHV��LQ�HLWKHU�FDVH��WR�NHHS�ODERU�GHPDQG�FRQVWDQW��

3URSRVLWLRQ�����7KH�YROXPH�RI�WUDGH�GHFUHDVHV�DV�HLWKHU�N�RU�W�LQFUHDVHV���3URRI���6LQFH�IURP
3URSRVLWLRQ���ZH�KDYH�GZ'GN�!���DQG�GZ'GW�!����LW�VXIILFHV�WR�VKRZ�WKDW�WKH�WRWDO�SURILWV�IURP
LQWHUQDWLRQDO�SDUWQHUVKLSV�4�GHFUHDVH�DV�HLWKHU�N�RU�W�LQFUHDVHV��EHFDXVH�WKH�ZHDNHQLQJ�RI�WKH
EDUJDLQLQJ�SRVLWLRQ�RI�KRPH�FRXQWU\�SURGXFHUV�PHDQV�WKH�SURILWV�WKH\�REWDLQ�IURP�LQWHUQDWLRQDO
SDUWQHUVKLSV�GHFUHDVH�HYHQ�PRUH���&RQVLGHU�DQ�LQFUHDVH�LQ�N���:H�NQRZ�IURP�3URSRVLWLRQ���DQG
WKH�/HPPD�WKDW�ERWK�Z�DQG�3�JR�GRZQ��ERWK�WKHUHE\�FRQWULEXWLQJ�WR�DQ�LQFUHDVH�LQ�WKH�GHPDQG
IRU�IRUHLJQ�ODERU�DFFRUGLQJ�WR�WKH�ODVW�OLQH�RI�HTXDWLRQ�������6LQFH�WKH�IRUHLJQ�ODERU�PDUNHW�PXVW
VWLOO�FOHDU��LW�PXVW�EH�WKDW��M4'MZ��ZKLFK�LV�D�SRVLWLYH�TXDQWLW\��GHFUHDVHV���6LQFH�WKH�H[SUHVVLRQ
IRU�4�LV�SURSRUWLRQDO�WR� �Z���LW�FDQ�EH�ZULWWHQ�DV�4 &�Z�� ��ZKHUH�&�GRHV�QRW�GHSHQG�RQ�Z
DQG�� �LV�WKH�FRQVWDQW�HODVWLFLW\�RI�SURILWV�ZLWK�UHVSHFW�WR�WKH�ZDJH�UDWH���7KHQ��M4'MZ� 
& �Z�� ��� � 4'Z��DQG�VLQFH�Z�LV�GHFUHDVLQJ�LW�PXVW�EH�WKDW�4�LWVHOI�GHFUHDVHV�ZLWK�N���7KH
SURRI�IRU�WKH�FDVH�ZKHQ�W�LQFUHDVHV�LV�H[DFWO\�DQDORJRXV��

:H�FRQFOXGH�WKLV�VHFWLRQ�E\�SURYLQJ�RXU�ILUVW�³FRQYHUJHQFH´�UHVXOW���LQ�WKH�OLPLW�DV

IDPLOLDULW\�EHFRPHV�FRPSOHWH��N�DSSURDFKHV�]HUR���WKH�UDWLR�RI�QDWLRQDO�ZDJHV�EHFRPHV�D�IXQFWLRQ

RI�RQO\�WKH�WUDGH�WD[�DQG�WHFKQRORJ\��DV�LQ�WKH���î���+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO�DQG�WKH

VWDQGDUG�RQH�JRRG��WZR�IDFWRU�PRGHO�RI�WUDGH�LQ�IDFWRU�VHUYLFHV���,Q�SDUWLFXODU��WKH�UDWLR�RI

QDWLRQDO�ZDJHV�EHFRPHV�LQGHSHQGHQW�RI�WKH�UDWLR�RI�QDWLRQDO�ODERU�VXSSOLHV�

3URSRVLWLRQ�����$V�N�DSSURDFKHV�]HUR�� �DSSURDFKHV���W���3URRI���0RYH�WKH�GHQRPLQDWRU�RI
HTXDWLRQ�����WR�WKH�ULJKW�KDQG�VLGH��VXEVWLWXWH�IRU�WKH�GHILQLWLRQ�RI� ��DQG�UHDUUDQJH�WR�JHW��
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:KHQ�N�6���WKH�OHIW�KDQG�VLGH�JRHV�XQDPELJXRXVO\�WR�]HUR���6LQFH�WKH�WHUP�LQ�EUDFNHWV�RQ�WKH
ULJKW�KDQG�VLGH�LV�DOZD\V�SRVLWLYH��ZH�PXVW�KDYH� �6���W��

$OWHUQDWLYHO\��ZH�FRXOG�QRWH�WKDW�DV�N�DSSURDFKHV�]HUR�� �DSSURDFKHV���W��DQG�WKH�ORZHU�DQG�XSSHU�

ERXQGV�IRU� �FRQYHUJH�RQ���W�E\�HTXDWLRQ�����

7KH�HTXDWLRQ� � ���W�LPSOLHV�WKDW�WKH�ZDJH�UDWLR�GHSHQGV�RQO\�RQ�WKH�WUDGH�WD[�DQG�RQ

SURGXFWLRQ�WHFKQRORJ\��ZKLFK�GHWHUPLQHV�WKH�PDSSLQJ�IURP� �WR�Z'Z��� �DFKLHYHV�LWV�XSSHU

ERXQG�EHFDXVH�ZLWK�SHUIHFW�IDPLOLDULW\�WKH�PD[LPXP�WUDQVIHU�RI�ODERU�GHPDQG�IURP�WKH�KRPH�WR

WKH�IRUHLJQ�FRXQWU\�RFFXUV�

�9���)DPLOLDULW\�DQG�ODERU�PDUNHW�LQWHJUDWLRQ

$V�VWDWHG�LQ�WKH�,QWURGXFWLRQ��ZH�ZDQW�WR�VKRZ�WKDW�QDWLRQDO�ZDJH�UDWHV�WHQG�WR�PRYH

WRJHWKHU�PRUH�LQ�UHVSRQVH�WR�FKDQJHV�LQ�QDWLRQDO�ODERU�VXSSOLHV�DV�LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH

IDOO���7KLV�DVSHFW�RI�LQWHUQDWLRQDO�ODERU�PDUNHW�LQWHJUDWLRQ�FDQ�EH�PHDVXUHG�E\�WKH�HODVWLFLW\�RI�WKH

ZDJH�UDWLR�ZLWK�UHVSHFW�WR�WKH�UDWLR�RI�QDWLRQDO�ODERU�HQGRZPHQWV���,I�FRXQWU\�ZDJH�UDWHV�FKDQJH

HTXLSURSRUWLRQDWHO\�LQ�UHVSRQVH�WR�FKDQJHV�LQ�HLWKHU�FRXQWU\¶V�ODERU�VXSSO\��WKLV�HODVWLFLW\�LV�]HUR�

WKH�OHVV�LQWHJUDWHG�DUH�QDWLRQDO�ODERU�PDUNHWV��WKH�JUHDWHU�LV�WKLV�HODVWLFLW\�

)RU�FRQYHQLHQFH�WKH�HODVWLFLW\�ZH�ZLOO�DFWXDOO\�ZRUN�ZLWK�LV��
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UHFDOOLQJ�WKH�GHILQLWLRQV� �Z'Z��/� �Z�' �Z��DQG�5�/�/�'�/���8VLQJ�WKH�IDFW�WKDW� �Z��LV�D

FRQVWDQW�HODVWLFLW\�IXQFWLRQ��LW�LV�HDVLO\�VKRZQ�WKDW� �UHGXFHV�WR��Z'Z� ��ZKHUH�� �LV�WKH�FRQVWDQW

HODVWLFLW\���VR�WKDW�H ��5�� � �HZ'Z��5���&KDQJHV�LQ�WKH�H ��5�DUH�WKXV�HTXLYDOHQW�WR�FKDQJHV�LQ�WKH
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HODVWLFLW\�RI�WKH�UDWLR�RI�QDWLRQDO�ZDJHV�ZLWK�UHVSHFW�WR�WKH�UDWLR�RI�QDWLRQDO�ODERU�VXSSOLHV���1RWH

WKDW�ZH�NQRZ�IURP�WKH�FRPSDUDWLYH�VWDWLF�UHVXOWV�LQ�VHFWLRQ�,9�WKDW�H ��5�LV�SRVLWLYH�

,Q�VHFWLRQ�,,�ZH�DUJXHG�WKDW��DV�IDPLOLDULW\�LQFUHDVHV��ILUPV�DUH�DEOH�WR�WUDQVIHU�ODERU

GHPDQG�PRUH�HIIHFWLYHO\�EHWZHHQ�FRXQWULHV�LQ�UHVSRQVH�WR�WKH�RSSRUWXQLWLHV�SUHVHQWHG�E\�ZDJH

GLIIHUHQWLDOV��WKHUHE\�UHGXFLQJ�WKH�H[WHQW�WR�ZKLFK�UHODWLYH�ZDJHV�QHHG�WR�FKDQJH�ZKHQ�UHODWLYH

ODERU�VXSSOLHV�FKDQJH�LQ�RUGHU�IRU�QDWLRQDO�ODERU�PDUNHWV�WR�FOHDU���:H�ZLOO�QRZ�GHPRQVWUDWH�WKLV

UHVXOW�IRUPDOO\��

3URSRVLWLRQ�����H ��5��LQFUHDVHV�ZLWK�N���3URRI���7KH�HTXLOLEULXP� �LV�FDOFXODWHG�ZLWK�WKH�KHOS�RI
(TXDWLRQ������ZKLFK�ZH�UHSHDW�KHUH�
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7KLV�HTXDWLRQ�LPSOLFLWO\�GHILQHV� �DV�D�IXQFWLRQ�RI�5���7DNLQJ�GHULYDWLYHV�DQG�VXEVWLWXWLQJ�WKH
HTXDWLRQ�EDFN�LQ��ZH�JHW
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ZKLFK�LV�MXVW�WKH�LQYHUVH�RI�H ��5���:H�ZLVK�WR�SURYH�WKDW�WKLV�GHFUHDVHV�ZLWK�N���&RQVLGHU�HDFK
WHUP�LQVLGH�WKH�SDUHQWKHVLV���7KH�ILUVW�WHUP�LV�MXVW�WKH�HODVWLFLW\�RI�WKH�IXQFWLRQ�J��ZKLFK�GRHV�QRW
FKDQJH�ZLWK�N���7KH�WKLUG�WHUP�FOHDUO\�GHFUHDVHV�ZLWK�N���:H�WKHQ�FRPSOHWH�WKH�SURRI�E\�VKRZLQJ
WKDW�WKH�VHFRQG�WHUP�GHFUHDVHV�ZLWK�N���:H�NQRZ�WKDW� �GHFUHDVHV�ZLWK�N���:H�FDQ�ILQG�RXW�KRZ
� �FKDQJHV�ZLWK�N�E\�XVLQJ�WKH�GHILQLWLRQ�RI�3��HTXDWLRQ��������:H�KDYH�
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6LQFH���3�LQFUHDVHV�ZKHQ�N�LQFUHDVHV��E\�WKH�/HPPD���LW�PXVW�EH�WKDW� � �LQFUHDVHV�DV�ZHOO���,W
IROORZV�WKDW�WKH�VHFRQG�WHUP�DERYH�GHFUHDVHV�ZLWK�N��

3URSRVLWLRQ���VKRZV�WKDW�WKH�HODVWLFLW\�RI�UHODWLYH�QDWLRQDO�ZDJHV�ZLWK�UHVSHFW�WR�UHODWLYH

QDWLRQDO�ODERU�VXSSOLHV�LV�GHFUHDVLQJ�LQ�IDPLOLDULW\���:H�FDQ�JR�IXUWKHU�DQG�VKRZ�WKDW�LQ�WKH�OLPLW

DV�IDPLOLDULW\�EHFRPHV�FRPSOHWH��N�DSSURDFKHV�]HUR��WKLV�HODVWLFLW\�JRHV�WR�]HUR��LWV�YDOXH�LQ�WKH��

î���+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO�DQG�LQ�WKH�VWDQGDUG�RQH�JRRG��WZR�IDFWRU�PRGHO�RI�WUDGH
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LQ�IDFWRU�VHUYLFHV���7KLV�LV�RXU�VHFRQG�FRQYHUJHQFH�UHVXOW���&RQVLGHU�RXU�H[SUHVVLRQ�IRU�WKH

LQYHUVH�RI��H ��5�LQ�WKH�SURRI�RI�3URSRVLWLRQ����DQG�IRFXV�RQ�WKH�WHUP�WKDW�FRQWDLQV� ��� �LQ�WKH

GHQRPLQDWRU���)URP�WKH�GHILQLWLRQ�RI� ��ZH�VHH�WKDW� �JRHV�WR���W�DV�N�JRHV�WR�]HUR���:H�DOVR�NQRZ

IURP�3URSRVLWLRQ���WKDW� �JRHV�WR���W�DV�N�JRHV�WR�]HUR���,W�IROORZV�WKDW� ��� �JRHV�WR�]HUR�DV�N�JRHV

WR�]HUR���:H�WKHQ�VHH�WKDW�WKH�LQYHUVH�RI�H ��5�EHFRPHV�LQILQLWH��VR�WKDW�WKH�HODVWLFLW\�RI�UHODWLYH

QDWLRQDO�ZDJHV�ZLWK�UHVSHFW�WR�UHODWLYH�QDWLRQDO�ODERU�VXSSOLHV�DSSURDFKHV�]HUR�DV�LQIRUPDWLRQDO

EDUULHUV�WR�WUDGH�YDQLVK�

)LJXUH���VKRZV�3URSRVLWLRQ���LQ�DFWLRQ���7KH�SHUFHQWDJH�FKDQJHV�LQ�WKH�KRPH�ZDJH�

IRUHLJQ�ZDJH��DQG�UDWLR�RI�WKH�IRUPHU�WR�WKH�ODWWHU�LQ�UHVSRQVH�WR�D����SHUFHQW�LQFUHDVH�LQ�WKH

IRUHLJQ�ODERU�VXSSO\�DUH�SORWWHG�DJDLQVW��'N��ZKHUH�N�IDOOV�IURP���WR��������7KH�YDOXH�RI�W�LQ�WKLV

VLPXODWLRQ�LV�]HUR���7KH�LQLWLDO�YDOXH�RI�5�LQ�WKLV�VLPXODWLRQ�LV��'���VR�WKH�ZRUOG�ODERU�VXSSO\

LQFUHDVHV�E\����'��SHUFHQW���7KH�YDOXH�RI� �LV����\LHOGLQJ�DQ�DXWDUN\�ODERU�GHPDQG�HODVWLFLW\�RI��

���VR�LQ�D�SHUIHFWO\�LQWHJUDWHG�ZRUOG�ODERU�PDUNHW�WKH�ZRUOG�ZDJH�VKRXOG�IDOO�E\����'��SHUFHQW

�DFWXDOO\�DERXW�������SHUFHQW�RQFH�ZH�FRUUHFW�IRU�OLQHDU�DSSUR[LPDWLRQ�HUURU����:H�VHH�IURP

)LJXUH���WKDW�IRU�PLQLPXP�IDPLOLDULW\�WKH�KRPH�ZDJH�IDOOV�E\�OHVV�WKDQ���SHUFHQW�DQG�WKH�IRUHLJQ

ZDJH�IDOOV�E\�PRUH�WKDQ���SHUFHQW�LQ�UHVSRQVH�WR�WKH����SHUFHQW�LQFUHDVH�LQ�IRUHLJQ�ODERU�VXSSO\�

EXW�DV�IDPLOLDULW\�LQFUHDVHV�WKHVH�FKDQJHV�ERWK�FRQYHUJH�WRZDUGV�WKH�SHUIHFWO\�LQWHJUDWHG�ZRUOG

ODERU�PDUNHW�YDOXH�DQG�WKH�FKDQJH�LQ�WKH�ZDJH�UDWLR�FRQYHUJHV�WRZDUGV�]HUR�

,Q�D�UHFHQW�ERRN��5RGULN��������DUJXHV�WKDW�JOREDOL]DWLRQ�LQFUHDVHV�WKH�LQVHFXULW\�IHOW�E\

ZRUNHUV�LQ�KLJK�ZDJH�FRXQWULHV���$Q�LPSRUWDQW�SDUW�RI�KLV�DUJXPHQW�LV�WKDW�JOREDOL]DWLRQ

LQFUHDVHV�WKH�HODVWLFLW\�RI�QDWLRQDO�ODERU�GHPDQG���:H�FDQ�HDVLO\�VKRZ�WKDW�DQ�LQFUHDVH�LQ

IDPLOLDULW\�KDV�WKLV�HIIHFW�LQ�RXU�PRGHO���:H�KDYH�MXVW�VKRZQ�WKDW�WKH�LPSDFW�RI�D�FKDQJH�LQ
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��:H�FDQ�LPSOHPHQW�WKH�VPDOO�FRXQWU\�DVVXPSWLRQ�ULJRURXVO\�LQ�RXU�PRGHO�E\�DOORZLQJ�WKH
IRUHLJQ�SURGXFHU�F\OLQGHU�WR�EHFRPH�LQILQLWHO\�WDOO��ZKLOH�DW�WKH�VDPH�WLPH�DOORZLQJ�WKH�IRUHLJQ
ODERU�HQGRZPHQW�WR�JURZ�SURSRUWLRQDWHO\�VR�WKDW�WKH�IRUHLJQ�DXWDUN\�ZDJH�LV�XQFKDQJHG��,Q�WKLV
ZD\�WKH�PHDVXUH�RI�IRUHLJQ�SURGXFHUV�WKDW�PDWFK�ZLWK�KRPH�SURGXFHUV�JRHV�WR�]HUR��SHUPLWWLQJ
XV�WR�WUHDW�WKH�IRUHLJQ�ZDJH�Z�DV�D�FRQVWDQW�ZKHQ�WKH�KRPH�ZDJH�YDULHV���7KH�KRPH�ODERU�
PDUNHW�FOHDULQJ�FRQGLWLRQ�GRHV�QRW�FKDQJH�EHFDXVH�ZLWK�RQH�VKRW�UDQGRP�PDWFKLQJ�WKH
SUREDELOLW\�RI�IRUPDWLRQ�RI�VXFFHVVIXO�SDUWQHUVKLSV�E\�KRPH�SURGXFHUV�GRHV�QRW�FKDQJH�

GRPHVWLF�ODERU�VXSSO\�WHQGV�WR�EH�IHOW�OHVV�RQ�GRPHVWLF�ZDJHV�UHODWLYH�WR�ZDJHV�DEURDG�DV

IDPLOLDULW\�LQFUHDVHV���,I�D�JLYHQ�FKDQJH�LQ�GRPHVWLF�ODERU�VXSSO\�LV�DVVRFLDWHG�ZLWK�D�VPDOOHU

FKDQJH�LQ�GRPHVWLF�ZDJHV��D�JLYHQ�FKDQJH�LQ�GRPHVWLF�ZDJHV�ZLOO�EH�DVVRFLDWHG�ZLWK�D�ODUJHU

FKDQJH�LQ�GRPHVWLF�ODERU�GHPDQG���)ROORZLQJ�5RGULN��ZH�FRQVLGHU�WKH�HODVWLFLW\�RI�GRPHVWLF

ODERU�GHPDQG�LQ�WKH�KLJK�ZDJH�FRXQWU\�LJQRULQJ�DQ\�HIIHFW�RI�WKH�FKDQJH�LQ�GRPHVWLF�ZDJHV�RQ

ZDJHV�LQ�WKH�UHVW�RI�WKH�ZRUOG���:H�FDQ�WKLQN�RI�WKLV�HODVWLFLW\�DV�D�SDUWLDO�HTXLOLEULXP�PDJQLWXGH�

DV�ZRXOG�EH�W\SLFDO�LQ�ODERU�HFRQRPLFV��RU�ZH�FDQ�WKLQN�RI�LW�DV�D�JHQHUDO�HTXLOLEULXP�PDJQLWXGH�

LQ�ZKLFK�FDVH�WKH�KRPH�FRXQWU\�PXVW�EH�³VPDOO´�UHODWLYH�WR�WKH�IRUHLJQ�FRXQWU\�����

:H�GHILQH�WKH�HODVWLFLW\�RI�KRPH�FRXQWU\�ODERU�GHPDQG�DV

�a �  �
�

H
Z
/

/
Z

Z
/ Z G

G

G =
�
�

�FRQVWDQW

ZKHUH�/G�LV�WKH�GHPDQG�IRU�KRPH�ODERU��WKH�OHIW�KDQG�VLGH�RI�HTXDWLRQ������DQG�WKH�WLOGH�UHPLQGV

XV�WKDW�WKLV�HODVWLFLW\�LV�FDOFXODWHG�DW�FRQVWDQW�Z���:H�FDQ�QRZ�SURYH�

3URSRVLWLRQ���� GHFUHDVHV�ZLWK�N�LQ�DEVROXWH�YDOXH���3URRI���8VH�RI�HTXDWLRQ�����JLYHV�XV�a
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7KHQ��E\�WDNLQJ�GHULYDWLYHV�
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��7KLV�UHVXOW�FDQ�HDVLO\�EH�VKRZQ�WR�DOVR�KROG�LQ�WKH�FDVH�ZKHUH�WKH�KRPH�FRXQWU\�LV�VPDOO�UHODWLYH
WR�WKH�IRUHLJQ�FRXQWU\�
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ZKHUH�ZH�UHFDOO�WKDW��g� �Z N�Z�' �Z��LV�WKH�HODVWLFLW\�RI� �Z����:H�QRWH�WKDW�WKH�ODVW�H[SUHVVLRQ
LV�XQDPELJXRXVO\�QHJDWLYH��:H�ZDQW�WR�SURYH�WKDW�LW�LQFUHDVHV��GHFUHDVHV�LQ�DEVROXWH�YDOXH��ZKHQ
N�LQFUHDVHV���5HZULWH�LW�DV�
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:H�VKRZHG�LQ�WKH�SURRI�RI�3URSRVLWLRQ���WKDW��FRPSDULQJ�DFURVV�HTXLOLEULD�� '� � �
GHFUHDVHV�ZLWK�N���7KLV�FRPSOHWHV�WKH�SURRI�RI�WKH�SUHVHQW�3URSRVLWLRQ�LI�ZH�LQWHUSUHW� DV�Da
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SDUWLDO�HTXLOLEULXP�PDJQLWXGH���,Q�WKH�FDVH�ZKHUH LV�D�JHQHUDO�HTXLOLEULXP�PDJQLWXGH��WKHa
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KRPH�FRXQWU\�LV�VPDOO�UHODWLYH�WR�WKH�IRUHLJQ�FRXQWU\���KRZHYHU��ZH�QHHG�WR�VKRZ�WKDW� '� � �
GHFUHDVHV�ZLWK�N�FRPSDULQJ�DFURVV�HTXLOLEULD�LQ�ZKLFK�WKH�KRPH�FRXQWU\�LV�VPDOO�UHODWLYH�WR�WKH
IRUHLJQ�FRXQWU\���:H�ILUVW�VKRZ�E\�FRQWUDGLFWLRQ�WKDW� �GHFUHDVHV�ZLWK�N���6XSSRVH�WKDW� �GRHV
QRW�GHFUHDVH���$W�FRQVWDQW�Z�WKLV�LPPHGLDWHO\�LPSOLHV�WKDW�Z�GRHV�QRW�LQFUHDVH���,W�LV�WKHQ
LPPHGLDWHO\�FOHDU�IURP�HTXDWLRQ�����WKDW�WKH�KRPH�ODERU�PDUNHW�FDQQRW�FOHDU���:H�QH[W�VKRZ�E\
FRQWUDGLFWLRQ�WKDW� � �LQFUHDVHV�ZLWK�N���6XSSRVH�WKDW� � �GRHV�QRW�LQFUHDVH���6LQFH� �GHFUHDVHV
DQG�Z�LV�FRQVWDQW��Z�LQFUHDVHV���:H�WKHQ�VHH�WKDW�DOO�WKH�WHUPV�LQ�WKH�H[SUHVVLRQ�IRU�KRPH�ODERU
GHPDQG�JLYHQ�DW�WKH�EHJLQQLQJ�RI�WKLV�SURRI�GHFUHDVH��VR�WKH�KRPH�ODERU�PDUNHW�FDQQRW�FOHDU��
6LQFH� '� � ��GHFUHDVHV�ZLWK�N�� GHFUHDVHV�ZLWK�N��LQ�DEVROXWH�YDOXH���a
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,Q�WKH�GLVFXVVLRQ�IROORZLQJ�WKH�SURRI�RI�3URSRVLWLRQ���DERYH�ZH�QRWHG�WKDW� ��� �JRHV�WR

]HUR�DV�N�JRHV�WR�]HUR�����:H�VHH�IURP�HTXDWLRQ������WKDW�WKLV�LPSOLHV�WKDW�WKH�HODVWLFLW\�RI�KRPH

ODERU�GHPDQG�KROGLQJ�WKH�IRUHLJQ�ZDJH�FRQVWDQW�EHFRPHV�LQILQLWH�DV�IDPLOLDULW\�EHFRPHV

FRPSOHWH���7KH�UHVXOWV�RI�RXU�PRGHO�DJDLQ�FRQYHUJH�WR�WKH�UHVXOWV�RI�VWDQGDUG�WUDGH�PRGHOV�DV�N

JRHV�WR�]HUR�

)LJXUH���LOOXVWUDWHV�3URSRVLWLRQ�����7KH�KRPH�ODERU�GHPDQG�FXUYH�LV�SORWWHG�IRU�IRXU
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��,Q�WKH�FDVH�ZKHUH�WKH�KRPH�FRXQWU\�LV�VPDOO�UHODWLYH�WR�WKH�IRUHLJQ�FRXQWU\��ZH�PXVW�LQVWHDG
VWDWH�WKDW�WKH�KRPH�ODERU�GHPDQG�SHU�SURGXFHU�LV�H[SUHVVHG�LQ�SURSRUWLRQ�WR�WKH�IRUHLJQ�ODERU
VXSSO\�SHU�SURGXFHU���

��7KH�UHDGHU�FDQ�HDVLO\�FRPSXWH�WKDW��IRU� � ����WKH�YDOXH�RI�5�IRU�ZKLFK�W� �����LV�D�³SURKLELWLYH´
WD[�UDWH�LV������ ��� ������

YDOXHV�RI�N���7KH�KRPH�ZDJH�DQG�WKH�KRPH�ODERU�GHPDQG�DUH�H[SUHVVHG�LQ�SURSRUWLRQ�WR�WKH

IRUHLJQ�ZDJH�DQG�IRUHLJQ�ODERU�VXSSO\��UHVSHFWLYHO\�����7KH�YDOXH�RI� �LV����DV�LQ�)LJXUH����EXW�WKH

YDOXH�RI�W�LV������LWV��LQLWLDO��YDOXH�LQ�)LJXUHV���DQG���EHORZ���,W�IROORZV�WKDW�ZKHQ�Z'Z�IDOOV�WR

�'����� �ULVHV�WR����� ���W��WKH�KRPH�FRXQWU\�LV�LQ�DXWDUN\��VR�WKDW�ODERU�GHPDQG�LV�WKH�VDPH

UHJDUGOHVV�RI�WKH�YDOXH�RI�N�����)LJXUH���VKRZV�WKDW�WKH�KRPH�ODERU�GHPDQG�FXUYH�WHQGV�WRZDUGV�D

KRUL]RQWDO�OLQH�DV�N�DSSURDFKHV�]HUR��WKRXJK�LW�LV�SHUKDSV�VXUSULVLQJ�WKDW�WKLV�WHQGHQF\�GRHV�QRW

FOHDUO\�PDQLIHVW�LWVHOI�XQWLO�IDPLOLDULW\�EHFRPHV�FORVH�WR�FRPSOHWH�

9,��)DPLOLDULW\�DQG�WKH�LPSDFW�RI�WUDGH�OLEHUDOL]DWLRQ�

2QH�RI�WKH�PRVW�LPSRUWDQW�DVSHFWV�RI�LQIRUPDWLRQDO�EDUULHUV�WR�LQWHUQDWLRQDO�WUDGH�LV�WKHLU

LQWHUDFWLRQ�ZLWK�FRQYHQWLRQDO�WUDGH�EDUULHUV���:H�DUJXHG�LQ�VHFWLRQ�,,�WKDW��MXVW�DV�LQIRUPDWLRQDO

EDUULHUV�LQWHUIHUH�ZLWK�WKH�DELOLW\�RI�ILUPV�WR�WUDQVIHU�ODERU�GHPDQG�DFURVV�ERUGHUV�LQ�UHVSRQVH�WR

WKH�LQFHQWLYH�RI�LQWHUQDWLRQDO�ZDJH�GLIIHUHQWLDOV��WKH\�ZRXOG�DOVR�EOXQW�WKHLU�VKLIWLQJ�RI�ODERU

GHPDQG�LQ�UHVSRQVH�WR�WKH�GLVLQFHQWLYH�RI�WUDGH�WD[HV���7KH�UHGXFHG�DELOLW\�WR�UHVSRQG�WR�ZDJH

GLIIHUHQWLDOV�DV�N�LQFUHDVHV�OHDGV�WR�DQ�LQFUHDVH�LQ�WKH�HODVWLFLW\�RI�WKH�UDWLR�RI�QDWLRQDO�ZDJHV�ZLWK

UHVSHFW�WR�WKH�UDWLR�RI�QDWLRQDO�ODERU�VXSSOLHV��DV�ZH�GHPRQVWUDWHG�LQ�3URSRVLWLRQ�����7KH

FRUUHVSRQGLQJ�UHVXOW�IRU�WUDGH�WD[HV�VKRXOG�WKHQ�EH�D�GHFUHDVH�LQ�WKH�HODVWLFLW\�RI�WKH�ZDJH�UDWLR

�LQ�DEVROXWH�YDOXH��DV�N�LQFUHDVHV�
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:H�VDZ�IROORZLQJ�3URSRVLWLRQ���WKDW�H ��5�WHQGV�WR���DV�N�WHQGV�WR�����7RZDUGV�ZKDW�

TXDQWLW\�VKRXOG�ZH�H[SHFW�WKH�HODVWLFLW\�RI�WKH�ZDJH�UDWLR�ZLWK�UHVSHFW�WR�WUDGH�WD[HV�WR�WHQG�DV�N

WHQGV�WR��"��3URSRVLWLRQ���WHOOV�XV�WKDW� �WHQGV�WR���W�DV�N�WHQGV�WR����DQG�LW�LV�HDVLO\�VKRZQ�WKDW�WKH

HTXDWLRQ� � ���W�\LHOGV�DQ�HODVWLFLW\�RI� �ZLWK�UHVSHFW�WR�W�HTXDO�WR��W'���W����7KH�GHSHQGHQFH�RQ�W

LV�DZNZDUG��VR�ZH�PDNH�WKH�FKDQJH�RI�YDULDEOH�7�/���W��LQ�ZKLFK�FDVH�WKH�HTXDWLRQ� � ���W�/�7

\LHOGV�DQ�HODVWLFLW\�RI� �ZLWK�UHVSHFW�WR�7�HTXDO�WR�����$Q�LQFUHDVH�LQ�7�FRUUHVSRQGV�WR�WUDGH

OLEHUDOL]DWLRQ�RU�WR�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�WKH�WUDGHG�JRRG�WKDW�³DUULYHV´�LQ�WKH�LFH

WUDQVSRUW�FRVW�PRGHO���'HILQLQJ
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ZH�H[SHFW�H ��7��WR�DSSURDFK���DV�N�DSSURDFKHV�����7KH�HODVWLFLW\�RI�Z'Z�ZLWK�UHVSHFW�WR�WUDGH

OLEHUDOL]DWLRQ�LV�WKHQ�JLYHQ�E\�HZ'Z��7� �H ��7�' ���1RWH�WKDW�ZH�NQRZ�IURP�WKH�FRPSDUDWLYH�VWDWLF

UHVXOWV�LQ�VHFWLRQ�,9�WKDW�H ��7�LV�SRVLWLYH�

:H�GHPRQVWUDWH�LQ�3URSRVLWLRQ���WKDW�WKH�H[WHQW�WR�ZKLFK�WUDGH�OLEHUDOL]DWLRQ�HTXDOL]HV

ZDJHV�DFURVV�FRXQWULHV�LQFUHDVHV�ZLWK�IDPLOLDULW\��DQG�H ��7�DSSURDFKHV���DV�IDPLOLDULW\�EHFRPHV

FRPSOHWH�

3URSRVLWLRQ������H ��7�GHFUHDVHV�ZLWK�N��DQG�H ��7��6���DV�N�6�����3URRI���7KH�SURRI�RI�WKLV
SURSRVLWLRQ�LV�PRUH�LQYROYHG�WKDQ�WKH�SURRIV�RI�RXU�RWKHU�SURSRVLWLRQV��DQG�LV�FRQILQHG�WR�WKH
$SSHQGL[��

)LJXUH���VKRZV�3URSRVLWLRQ���LQ�DFWLRQ���7KH�SHUFHQWDJH�FKDQJHV�LQ�WKH�KRPH�ZDJH�

IRUHLJQ�ZDJH��DQG�UDWLR�RI�WKH�ODWWHU�WR�WKH�IRUPHU�LQ�UHVSRQVH�WR�D����SHUFHQW�LQFUHDVH�LQ�7�DUH

SORWWHG�DJDLQVW��'N��ZKHUH�N�IDOOV�IURP���WR��������7KH�YDOXH�RI�5�LQ�WKLV�VLPXODWLRQ�LV��'��DQG�WKH
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LQLWLDO�YDOXH�RI�7�LV������W� ��������7KH�YDOXH�RI� �LV����VR�WKH�LQFUHDVH�LQ�Z'Z�PXVW�DSSURDFK���

SHUFHQW�DV�N�DSSURDFKHV�����:H�VHH�IURP�)LJXUH���WKDW�IRU�PLQLPXP�IDPLOLDULW\�WKH�IRUHLJQ�ZDJH

UHODWLYH�WR�WKH�KRPH�ZDJH�LQFUHDVHV�E\�DERXW����'��SHUFHQW��ZKLOH�IRU�N� ������WKLV�UDWLR�LQFUHDVHV

E\�QHDUO\���SHUFHQW��FORVH�WR�WKH�YDOXH�RI����SHUFHQW�WKDW�ZRXOG�REWDLQ�ZLWK�FRPSOHWH�IDPLOLDULW\��

7KLV�HTXDOL]DWLRQ�RI�ZDJHV�LQ�UHVSRQVH�WR�WUDGH�OLEHUDOL]DWLRQ�LV�EURXJKW�DERXW�PRUH�E\�D�IDOO�LQ

WKH�KRPH�ZDJH�WKDQ�E\�DQ�LQFUHDVH�LQ�WKH�IRUHLJQ�ZDJH��UHIOHFWLQJ�WKH�ODUJHU�VL]H�RI�WKH�IRUHLJQ

ODERU�IRUFH�

:H�FRQFOXGH�WKLV�VHFWLRQ�ZLWK�D�UHVXOW�RQ�³SDVV�WKURXJK´�RI�FKDQJHV�LQ�WUDGH�WD[HV�WR

GRPHVWLF�ZDJHV���6LQFH�FRQYHQWLRQDO�SDVV�WKURXJK�DQDO\VLV�WUHDWV�IRUHLJQ�SULFHV�DV�JLYHQ�ZH�ZLOO

KROG�Z�FRQVWDQW�LQ�RXU�DQDO\VLV���$V�IRU�3URSRVLWLRQ���RQ�WKH�HODVWLFLW\�RI�GRPHVWLF�ODERU

GHPDQG��ZH�FDQ�HLWKHU�MXVWLI\�WKLV�DVVXPSWLRQ�E\�PDNLQJ�WKH�KRPH�FRXQWU\�³VPDOO´�UHODWLYH�WR�WKH

IRUHLJQ�FRXQWU\�RU�FRQVLGHU�RXU�DQDO\VLV�WR�EH�RI�WKH�SDUWLDO�UDWKHU�WKDQ�JHQHUDO�HTXLOLEULXP

YDULHW\���2XU�UHVXOW�KROGV�LQ�HLWKHU�FDVH�

:H�GHILQH
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�FRQVWDQW

DV�RXU�PHDVXUH�RI�WKH�UDWH�RI�SDVV�WKURXJK���6LQFH�IURP�3URSRVLWLRQ���ZH�DOUHDG\�NQRZ�WKDW�Z'Z

FKDQJHV�OHVV�LQ�UHVSRQVH�WR�D�FKDQJH�LQ�7�DV�N�LQFUHDVHV��ZH�FDQ�H[SHFW�WKDW�LI�ZH�KROG�Z

FRQVWDQW�Z�ZLOO�FKDQJH�OHVV�LQ�UHVSRQVH�WR�D�FKDQJH�LQ�7�DV�N�LQFUHDVHV���:H�YHULI\�WKDW�WKH�UDWH�RI

SDVV�WKURXJK�LQFUHDVHV�DV�IDPLOLDULW\�LQFUHDVHV�LQ�3URSRVLWLRQ���

3URSRVLWLRQ�����7KH�DEVROXWH�YDOXH�RI� GHFUHDVHV�ZLWK�N���3URRI���%\�PDNLQJ�WKH�FKDQJH�RIa
�

H
Z 7

YDULDEOH�7�/���W�LQ�HTXDWLRQ�����DQG�GLIIHUHQWLDWLQJ��ZH�FDQ�FDOFXODWH�
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��,Q�WKH���î���+HFNVFKHU�2KOLQ�6DPXHOVRQ�PRGHO�ZH�ZRXOG�GHILQH�7�DV���W�UDWKHU�WKDQ���W��ZKHUH
W�LV�DQ�DG�YDORUHP�WDULII�UDWKHU�WKDQ�D�SURILWV�WD[�
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1RWH�WKDW�WKH�ILUVW�IUDFWLRQ�RQ�WKH�ULJKW�GRHV�QRW�GHSHQG�RQ�N���,QYHUWLQJ�WKH�ODVW�IUDFWLRQ��ZH�WKHQ
ZDQW�WR�SURYH�WKDW�LWV�LQYHUVH�LQFUHDVHV�ZLWK�N��ZKLFK�DPRXQWV�WR�SURYLQJ�WKDW� ' �GHFUHDVHV�ZLWK
N���,Q�3URSRVLWLRQV���DQG����UHVSHFWLYHO\��ZH�SURYHG�WKDW� ��� �LQFUHDVHV�DQG� �GHFUHDVHV�DV�N
LQFUHDVHV��IRU�WKH�FDVH�ZKHUH�Z�LV�KHOG�FRQVWDQW�LQ�SDUWLDO�HTXLOLEULXP�DQG�IRU�WKH�FDVH�ZKHUH�WKH
KRPH�FRXQWU\�LV�VPDOO�UHODWLYH�WR�WKH�IRUHLJQ�FRXQWU\���7KLV�LPSOLHV�WKDW�� ��� �' � ������ �' �
LQFUHDVHV�ZLWK�N��ZKLFK�LQ�WXUQ�LPSOLHV�WKH�GHVLUHG�UHVXOW��

,Q�VWDQGDUG�WUDGH�PRGHOV��SDVV�WKURXJK�RI�FKDQJHV�LQ�WUDGH�WD[HV�WR�GRPHVWLF�ZDJHV�LV

³FRPSOHWH´�LQ�WKH�VHQVH�WKDW�LW�HTXDOV�WKH�SHUFHQWDJH�FKDQJH�LQ�7�PXOWLSOLHG�E\�D�FRHIILFLHQW�WKDW

LV�GHWHUPLQHG�RQO\�E\�WKH�XQGHUO\LQJ�SURGXFWLRQ�WHFKQRORJ\�����,W�LV�HDVLO\�VKRZQ�WKDW�WKLV

SURSHUW\�REWDLQV�LQ�RXU�PRGHO�DV�IDPLOLDULW\�EHFRPHV�FRPSOHWH���&RQVLGHU�WKH�H[SUHVVLRQ�IRU

�LQ�WKH�SUHFHGLQJ�SURRI���7KH�ILUVW�IUDFWLRQ�HTXDOV���'����� ���DQG� �DSSURDFKHV� �DV�Na
�

H
Z 7

DSSURDFKHV�]HUR��VR� �Ü���' �ZKHQ�N�Ü���DQG�WKH�SHUFHQWDJH�FKDQJH�LQ�WKH�KRPH�ZDJHa
�

H
Z 7

DSSURDFKHV�WKH�SHUFHQWDJH�FKDQJH�LQ�7�PXOWLSOLHG�E\���' ���7KH�FRHIILFLHQW���' �LV�RI�FRXUVH�WKH

YDOXH�RI�� LPSOLHG�E\�WKH�HTXDWLRQ� � �7���7KLV�LV�RXU�ILQDO�³FRQYHUJHQFH´�UHVXOW�a
�

H
Z 7

:H�NQRZ�IURP�3URSRVLWLRQ���WKDW�WKH�YROXPH�RI�WUDGH�LQFUHDVHV�ZLWK�IDPLOLDULW\��

3URSRVLWLRQ���WKHUHIRUH�LPSOLHV�WKDW�WKH�LPSDFW�RI�WUDGH�OLEHUDOL]DWLRQ�RQ�GRPHVWLF�ZDJHV�ZLOO�EH

JUHDWHU��WKH�JUHDWHU�LV�WKH�LQLWLDO�YROXPH�RI�WUDGH��KROGLQJ�FRQVWDQW�DOO�SDUDPHWHUV�RWKHU�WKDQ

IDPLOLDULW\��LQFOXGLQJ�WKH�LQLWLDO�OHYHO�RI�WKH�WUDGH�WD[�DQG�DOO�FKDUDFWHULVWLFV�RI�WKH�WUDGLQJ�SDUWQHU��

)LJXUH���LOOXVWUDWHV�3URSRVLWLRQ�����7KH�YHUWLFDO�D[LV�PHDVXUHV�WKH�SHUFHQWDJH�FKDQJH�LQ

WKH�KRPH�ZDJH�LQ�UHVSRQVH�WR�D����SHUFHQW�LQFUHDVH�LQ�7���7KH��LQLWLDO��YDOXH�RI�7�LV�����DQG�WKH
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YDOXH�RI� �LV����DV�LQ�)LJXUH����VR�WKDW�FRPSOHWH�SDVV�WKURXJK�ZRXOG�\LHOG�D�SHUFHQWDJH�FKDQJH�LQ

WKH�KRPH�ZDJH�RI����� ����' ��������:H�VHH�WKDW�IRU�PLQLPXP�IDPLOLDULW\�WKH�KRPH�ZDJH

GHFUHDVHV�E\�DERXW���SHUFHQW��FRPSDUHG�WR�D�GHFUHDVH�RI�DERXW���SHUFHQW�IRU�N� ��������,Q�WKLV

VLPXODWLRQ�D�VXEVWDQWLDO�DPRXQW�RI�SURWHFWLRQ�UHPDLQV�IRU�KRPH�ODERU�UHODWLYH�WR�IXOO�SDVV�WKURXJK

HYHQ�ZKHQ�IDPLOLDULW\�LV�QHDUO\�FRPSOHWH�

9,,���&RQFOXVLRQV�

:H�PRGHOHG�D�UHGXFWLRQ�LQ�LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�DV�DQ�LQFUHDVH�LQ�IDPLOLDULW\

ZLWK�WKH�VHW�RI�SRWHQWLDO�SDUWQHUV�LQ�D�ODERU�DEXQGDQW�FRXQWU\�ZLWK�ZKLFK�LQYHVWRUV�IURP�D�ODERU�

VFDUFH�FRXQWU\�FDQ�HQWHU�LQWR�SURGXFWLYH�MRLQW�YHQWXUHV���:H�IRXQG�WKDW�LQFUHDVHG�IDPLOLDULW\�OHDGV

WR�JUHDWHU�LQWHJUDWLRQ�RI�QDWLRQDO�ODERU�PDUNHWV�LQ�WKH�VHQVH�WKDW�DQ�LQFUHDVH�LQ�RQH�FRXQWU\¶V�ODERU

VXSSO\�KDV�PRUH�QHDUO\�HTXDO�SURSRUWLRQDWH�HIIHFWV�RQ�LWV�ZDJHV�DQG�WKRVH�LQ�LWV�WUDGLQJ�SDUWQHU��

$�UHODWHG�UHVXOW�LV�WKDW��XQOLNH�UHGXFWLRQV�LQ�FRQYHQWLRQDO�WUDGH�EDUULHUV��DW�OHDVW�LQ�VWDQGDUG

PRGHOV���JUHDWHU�IDPLOLDULW\�KDV�WKH�HIIHFW�SUHGLFWHG�E\�5RGULN��������RI�LQFUHDVLQJ�WKH�HODVWLFLW\

RI�QDWLRQDO�ODERU�GHPDQGV���$�IXUWKHU�LPSRUWDQW�LPSOLFDWLRQ�RI�RXU�PRGHO�LV�WKDW��HYHQ�LI

FRQYHQWLRQDO�WUDGH�EDUULHUV�ZHUH�WR�EH�HOLPLQDWHG��WKH�SURFHVV�RI�WUDGH�GULYHQ�FRQYHUJHQFH�RI

QDWLRQDO�ZDJH�OHYHOV�QHHG�QRW�KDYH�UXQ�LWV�FRXUVH�

,Q�RXU�PRGHO�FRQYHQWLRQDO�WUDGH�EDUULHUV�WRRN�WKH�IRUP�RI�DG�YDORUHP�WD[HV�RQ�UHSDWULDWHG

SURILWV�RU��HTXLYDOHQWO\��³PHOWLQJ´�RI�JRRGV�LQ�WUDQVLW�EHWZHHQ�FRXQWULHV���:H�IRXQG�WKDW�WKH

LPSDFW�RI�UHGXFWLRQV�LQ�FRQYHQWLRQDO�WUDGH�EDUULHUV�RQ�WKH�UDWLR�RI�QDWLRQDO�ZDJHV��DQG�WKH�³SDVV�

WKURXJK´�RI�WKHVH�UHGXFWLRQV�WR�GRPHVWLF�ZDJHV��LQFUHDVHV�ZLWK�IDPLOLDULW\���6LQFH�LQ�RXU�PRGHO

WKH�YROXPH�RI�WUDGH�LV�LQFUHDVLQJ�LQ�IDPLOLDULW\��WUDGH�WD[�FKDQJHV�KDYH�D�JUHDWHU�LPSDFW�RQ�ZDJHV



��

��:H�OHDYH�DQDO\VLV�RI�WKH�LQWHUDFWLRQ�RI�LQIRUPDWLRQDO�EDUULHUV�WR�WUDGH�ZLWK�TXDQWLWDWLYH
UHVWULFWLRQV�WR�IXWXUH�UHVHDUFK���2QH�ZD\�WR�KDQGOH�TXDQWLWDWLYH�UHVWULFWLRQV�LQ�RXU�PRGHO�ZRXOG�EH
WR�DOORZ�RQO\�D�VXEVHW�RI�GRPHVWLF�SURGXFHUV�ZKR�KDYH�OLFHQVHV�WR�HQJDJH�LQ�LQWHUQDWLRQDO�MRLQW
YHQWXUHV�WR�PDWFK�ZLWK�SURGXFHUV�DEURDG�

��3/23�VWDWHV�WKDW�WKH�SHUFHQWDJH�FKDQJH�LQ�D�KRPH�VHFWRU¶V�SULFH�HTXDOV�WKH�SHUFHQWDJH�LQFUHDVH
LQ�WKH�SULFH�RI�IRUHLJQ�FXUUHQF\�SOXV�WKH�SHUFHQWDJH�FKDQJH�LQ�WKH�FRUUHVSRQGLQJ�IRUHLJQ�VHFWRU¶V
SULFH���

ZKHQ�WKH�LQLWLDO�YROXPH�RI�WUDGH�LV�JUHDWHU��DOO�HOVH�HTXDO���2XU�PRGHO�WKXV�KDV�LPSOLFDWLRQV�IRU

WKH�HIIHFWV�RI�WUDGH�OLEHUDOL]DWLRQ�RQ�ZDJHV��ERWK�RYHU�WLPH�DQG�LQ�FURVV�VHFWLRQ���,I�IDPLOLDULW\�LV

LQ�IDFW�LQFUHDVLQJ�ZLWK�WLPH��SDVW�LPSDFWV�RI�WUDGH�OLEHUDOL]DWLRQ�RQ�ZDJHV�PD\�XQGHUHVWLPDWH�WKH

LPSDFWV�RI�IXWXUH�OLEHUDOL]DWLRQ��DW�OHDVW�LI�WKH�OLEHUDOL]DWLRQ�LQYROYHV�UHGXFWLRQV�LQ�WUDGH�WD[HV����

,Q�FURVV�VHFWLRQ��RXU�PRGHO�VXJJHVWV�WKDW�WUDGH�OLEHUDOL]DWLRQ�ZLWK�FRXQWULHV�ZLWK�ZKLFK�WKH�LQLWLDO

YROXPH�RI�WUDGH�LV�JUHDWHU��DOO�HOVH�HTXDO��ZLOO�KDYH�JUHDWHU�LPSDFW�RQ�GRPHVWLF�ZDJHV�

,W�PD\�DOVR�EH�SRVVLEOH�WR�H[WHQG�WKH�DSSOLFDWLRQ�RI�RXU�PRGHO�WR�LVVXHV�WKDW�DULVH�LQ�WKH

LQWHUQDWLRQDO�ILQDQFH�UDWKHU�WKDQ�WKH�LQWHUQDWLRQDO�WUDGH�OLWHUDWXUH���)RU�H[DPSOH��ZH�FRXOG

UHLQWHUSUHW�WKH�IDPLOLDULW\�SDUDPHWHU�N�LQ�RXU�PRGHO�DV�YDU\LQJ�DFURVV�VHFWRUV�UDWKHU�WKDQ�DFURVV

FRXQWU\�SDLUV�RU�RYHU�WLPH��DQG�DSSO\�RXU�PRGHO�WR�VHFWRUDO�GHYLDWLRQV�IURP�WKH�³SURSRUWLRQDWH

ODZ�RI�RQH�SULFH�´�FKULVWHQHG�3/23�E\�(QJHO�DQG�5RJHUV��IRUWKFRPLQJ������,Q�WKLV�LQWHUSUHWDWLRQ

RI�RXU�PRGHO�WKH�SURGXFHUV�EHFRPH�GLVWULEXWRUV��ODERU�VXSSOLHV�EHFRPH�VHFWRUDO�RXWSXWV�WKDW�DUH

H[RJHQRXVO\�VXSSOLHG�LQ�D�SDUWLDO�UDWKHU�WKDQ�JHQHUDO�HTXLOLEULXP�IUDPHZRUN��DQG�FKDQJHV�LQ�WKH

H[FKDQJH�UDWH�FDXVH�SURSRUWLRQDWH�FKDQJHV�LQ�7���,I� � ����LW�IROORZV�IURP�RXU�³FRQYHUJHQFH´

UHVXOW�DIWHU�3URSRVLWLRQ���DQG�IURP�3URSRVLWLRQ���WKDW�3/23�KROGV�DV\PSWRWLFDOO\�LQ�RXU�PRGHO�DV

N�DSSURDFKHV�]HUR���7KH�GHYLDWLRQ�IURP�3/23�LV�WKHQ�LQFUHDVLQJ�LQ�N��ZKHWKHU�LW�UHVXOWV�IURP

³UHDO´�IDFWRUV��FKDQJHV�LQ�UHODWLYH�QDWLRQDO�RXWSXWV±3URSRVLWLRQ����RU�³QRPLQDO´�IDFWRUV��FKDQJHV
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LQ�WKH�H[FKDQJH�UDWH�UHIOHFWHG�LQ�FKDQJHV�LQ�7±3URSRVLWLRQ������$V�DUJXHG�LQ�5DXFK���������N�LV

JUHDWHU�LQ�GLIIHUHQWLDWHG�SURGXFW�WKDQ�LQ�KRPRJHQHRXV�SURGXFW�VHFWRUV�LQ�WKH�VHQVH�WKDW�ILQGLQJ�D

SURILWDEOH�PDWFK�ZLWK�ZKRP�WR�HQJDJH�LQ�LQWHUQDWLRQDO�FRPPRGLW\�DUELWUDJH�LV�PRUH�GLIILFXOW��VR

ZH�FDQ�H[SHFW�GHYLDWLRQV�IURP�3/23�WR�EH�JUHDWHU�IRU�WKH�IRUPHU�VHFWRUV���:H�KRSH�WR�H[SORUH

WKHVH�DQG�RWKHU�DSSOLFDWLRQV�RI�RXU�PRGHO�LQ�IXWXUH�UHVHDUFK��
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