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Abstract

,Q� WKLV� SDSHU� ZH� H[DPLQH� WKH� GHJUHH� RI� PDUNHW� LQWHJUDWLRQ� LQ� )UHQFK� JDV� LPSRUWV�� $UH� WKHUH

VXEVWDQWLDO� SULFH� GLIIHUHQFHV� EHWZHHQ� JDV� IURP� GLIIHUHQW� H[SRUW� FRXQWULHV�� DQG� GR� SULFHV�PRYH

WRJHWKHU"�)XUWKHUPRUH��ZH�DQDO\]H�WR�ZKDW�H[WHQW�WKH�)UHQFK��*HUPDQ�DQG�%HOJLDQ�PDUNHWV�DUH

LQWHJUDWHG�� 7KH� ORQJ�WHUP� WDNH�RU�SD\� FRQWUDFWV� DUH� GHVFULEHG� DQG� DQDO\]HG�� 7LPH� VHULHV� RI

1RUZHJLDQ�� 'XWFK� DQG� 5XVVLDQ� JDV� H[SRUW� SULFHV� DUH� H[DPLQHG� IRU� WKH� SHULRG� ����������

&RLQWHJUDWLRQ� WHVWV� VKRZ� WKDW� WKDW� WKH� GLIIHUHQW� ERUGHU� SULFHV� IRU� JDV� WR� )UDQFH� PRYH

SURSRUWLRQDOO\�RYHU�WLPH��LQGLFDWLQJ�WKDW�WKH�/DZ�RI�2QH�3ULFH�KROGV��$OWKRXJK�RQH�FRXOG�H[SHFW

GLIIHUHQW�SURGXFHU�FRXQWULHV�WR�KDYH�GLIIHUHQW�VXSSO\�REOLJDWLRQV��ZH�GR�QRW�ILQG�DQ\�VLJQLILFDQW

GLIIHUHQFHV� LQ�PHDQ� SULFHV��:KHQ� WKH� VWXG\� LV� H[WHQGHG� WR� DQ� LQWHU�FRXQWU\� DQDO\VLV� LQFOXGLQJ

*HUPDQ\�DQG�%HOJLXP��ZH�ILQG�WKDW�QDWLRQDO�PDUNHWV�DUH�KLJKO\�LQWHJUDWHG�
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���,QWURGXFWLRQ

,QFUHDVHG� PDUNHW� LQWHJUDWLRQ� LV� D� FHQWUDO� PRWLYDWLRQ� EHKLQG� WKH� OLEHUDOL]DWLRQ� RI� WKH

QDWXUDO� JDV� PDUNHW� LQ� WKH� (XURSHDQ� 8QLRQ�� 7KHUH� VHHPV� WR� EH� VRPH� FRQVHQVXV� WKDW

(XURSHDQ�JDV�PDUNHWV�XQWLO�QRZ�KDYH�EHHQ�SRRUO\�LQWHJUDWHG��:H�H[DPLQH�WKLV�LVVXH��ZLWK

WKH�DLP�RI�SURYLGLQJ�VRPH�HVWLPDWHV�RI�WKH�GHJUHH�RI�PDUNHW�LQWHJUDWLRQ�LQ�WKH�JDV�PDUNHW

GXULQJ�WKH�����V�

(FRQRPLF� WKHRU\� SUHGLFWV� WKDW� SULFHV� RQ� KRPRJHQRXV� SURGXFWV� IURP� GLIIHUHQW

VXSSOLHUV� VKRXOG� IROORZ� WKH� VDPH� SDWWHUQ� RYHU� WLPH� LQ� DQ� LQWHJUDWHG� PDUNHW��:LWK� WKH

H[FHSWLRQ�RI�VKRUW�UXQ�PRYHPHQWV��SULFH�GLIIHUHQWLDOV�VKRXOG�RQO\�EH�SUHVHQW�LI�WKHUH�DUH

GLIIHUHQFHV� LQ� WUDQVSRUWDWLRQ� FRVWV� RU� TXDOLW\�� +RZHYHU�� WKH� H[SODQDWLRQ� EHKLQG� SULFH

GLVFUHSDQFLHV�PD\� EH� VRPHZKDW�PRUH� FRPSOLFDWHG� LQ� WKH� (XURSHDQ�PDUNHW� IRU� QDWXUDO

JDV�� 1DWXUDO� JDV� LV� RYHUZKHOPLQJO\� VROG� RQ� FRPSOH[� ORQJ�WHUP� FRQWUDFWV� WKDW� KDYH� D

QXPEHU� RI� IHDWXUHV� WKDW� PD\� LQIOXHQFH� WKH� FRQWUDFW� SULFH�� DQG� KHQFH� OHDG� WR� SULFH

YDULDWLRQV�DFURVV�FRQWUDFWV��)XUWKHUPRUH��DV�PRVW�RI�WKH�QDWXUDO�JDV�LV�VXSSOLHG�IURP�IHZ

FRXQWULHV��WKHUH�PD\�EH�HOHPHQWV�RI�SROLWLFDO�ULVN�WKDW�FDQ�LQIOXHQFH�UHODWLYH�SULFHV�

,Q� WKLV� SDSHU� ZH� ILUVW� IRFXV� RQ� WKH� GHJUHH� RI� PDUNHW� LQWHJUDWLRQ� LQ� WKH� )UHQFK

PDUNHW�IRU�QDWXUDO�JDV��)XUWKHUPRUH��ZH�LQYHVWLJDWH�WKH�OLQN�EHWZHHQ�WKH�)UHQFK��*HUPDQ

DQG�%HOJLDQ�PDUNHW��:H�IRFXV�RQ�WKH�)UHQFK�LPSRUWV�IURP�WKH�WKUHH�ODUJHVW�SURYLGHUV�RI

QDWXUDO�JDV�±�WKH�1HWKHUODQGV��1RUZD\�DQG�5XVVLD��7KLV�LV�VLPLODU�WR�$VFKH��2VPXQGVHQ

DQG�7YHWHUnV�>�@��ZKHUH� WKH�UHODWLRQVKLS�EHWZHHQ�QDWXUDO�JDV�IURP�WKH� WKUHH�VXSSOLHUV� LV

LQYHVWLJDWHG� LQ� *HUPDQ\�� +RZHYHU�� LQ� DGGLWLRQ� WR� LQYHVWLJDWLQJ� ZKHWKHU� WKH� )UHQFK

PDUNHW�IRU�QDWXUDO�JDV�LV�LQWHJUDWHG��ZH�DOVR�LQYHVWLJDWH�WKH�OLQN�EHWZHHQ�WKH�)UHQFK�DQG

WKH�*HUPDQ�DQG�%HOJLDQ�PDUNHWV��7KLV�LV�RI�LQWHUHVW��VLQFH�LW�ZLOO�JLYH�LQIRUPDWLRQ�DERXW
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WKH�H[WHQW� WR�ZKLFK�H[LVWLQJ�SLSHOLQH� LQIUDVWUXFWXUH� DQG�PDUNHW� VWUXFWXUH� DOORZ�HIILFLHQW

DUELWUDJH�EHWZHHQ�)UDQFH�DQG�*HUPDQ\�%HOJLXP�

:H� LQYHVWLJDWH� WKH� GHJUHH� RI� PDUNHW� LQWHJUDWLRQ� LQ� WKH� )UHQFK� PDUNHW� E\

H[DPLQLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LPSRUW�SULFHV�IURP�WKH�WKUHH�PDLQ�VXSSOLHUV�� WKH

1HWKHUODQGV�� 1RUZD\� DQG� 5XVVLD�� 7KH� UHODWLRQVKLS� EHWZHHQ� WKH� )UHQFK�� *HUPDQ� DQG

%HOJLDQ�PDUNHWV�LV�LQYHVWLJDWHG�XVLQJ�WKH�SULFHV�RQ�LPSRUWV�IURP�WKH�1HWKHUODQGV��6LQFH

WKH�SULFHV�DSSHDU�WR�EH�QRQVWDWLRQDU\��FRLQWHJUDWLRQ�DQDO\VLV�ZLOO�EH�WKH�HPSLULFDO�WRRO��:H

ZLOO�DOVR�H[DPLQH�WKH�XQGHUO\LQJ�GHWHUPLQDQWV�RI�RXU�HPSLULFDO�UHVXOWV��SDUWLFXODUO\�RQ�WKH

LPSDFW� RI� WKH� FRQWUDFW� VWUXFWXUH�� $Q� DQDO\VLV� RI� WKH� ORQJ� WHUP� WDNH�RU�SD\� JDV� H[SRUW

FRQWUDFWV� LV�JLYHQ��DQG� WKH�H[SRUW� VWUDWHJLHV�RI� WKH�1HWKHUODQGV��1RUZD\�DQG�5XVVLD� DUH

H[DPLQHG� LQ� UHODWLRQ� WR� RXU� HPSLULFDO� ILQGLQJV�� )RU� D�PRUH� JHQHUDO� SUHVHQWDWLRQ� RI� WKH

H[SRUW�VWUDWHJLHV�RI�WKHVH�FRXQWULHV�±�DV�ZHOO�DV�$OJHULD���VHH�0DEUR�DQG�:\EUHZ�%RQG

>�@�DQG�6WRSSDUG�>�@�

:LWK�WKH�H[FHSWLRQ�RI�$VFKH��2VPXQGVHQ�DQG�7YHWHUnV�>�@�� OLWWOH�HPSLULFDO�ZRUN

KDV�EHHQ�FDUULHG�RXW�ZLWK� UHVSHFW� WR� WKH�H[WHQW�RI� WKH�PDUNHW� IRU�QDWXUDO�JDV� LQ�(XURSH�

+RZHYHU��WKH�EDVLF�PHWKRGRORJLFDO�DSSURDFK�KDV�EHHQ�XVHG�LQ�VHYHUDO�VWXGLHV�RI�86�JDV

PDUNHWV��'RDQ�DQG�6SXOEHU�>�@��:DOOV�>�@��'H9DQU\�DQG�:DOOV�>�@��6HUOHWLV�DQG�+HUEHUW

>�@��� :H� ZLOO� XVH� VRPH� UHFHQW� GHYHORSPHQW� LQ� PHWKRGV� DQG� WKHRU\� WR� LQFUHDVH� WKH

LQIRUPDWLRQDO�FRQWHQW�RI� WKHVH� WHVWV��6LQFH�ZH�XVH� WKH�-RKDQVHQ� WHVW� �-RKDQVHQ�� >�@�� >�@�

ZKHQ�WHVWLQJ�IRU�FRLQWHJUDWLRQ��ZH�FDQ�DOVR�WHVW�SDUDPHWHU�UHVWULFWLRQV�RQ�WKH�FRLQWHJUDWLRQ

SDUDPHWHUV�� ,Q� WKLV� FRQWH[W� LW� LV� RI� SDUWLFXODU� LQWHUHVW� WR� WHVW� IRU� WKH� /DZ� RI�2QH� 3ULFH�

0RUHRYHU��$VFKH�� %UHPQHV� DQG�:HVVHOOV� >��@� KDYH� VKRZQ� WKDW� ZKHQ� WKH� /DZ� RI� 2QH

3ULFH� KROGV�� WKH� JHQHUDOL]HG� FRPSRVLWH� FRPPRGLW\� WKHRUHP� RI� /HZEHO� >��@� ZLOO� KROG�
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+HQFH��WKH�PDUNHW�LQWHJUDWLRQ�WHVWV�FDQ�DOVR�FRQWDLQ�LQIRUPDWLRQ�DERXW�ZKHWKHU�WKH�JRRGV

LQ�TXHVWLRQ�FDQ�EH�DJJUHJDWHG�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ�WZR�SURYLGHV�D�SUHVHQWDWLRQ�RI�WKH�)UHQFK

QDWXUDO� JDV� PDUNHW�� ,Q� 6HFWLRQ� WKUHH� WKH� IHDWXUHV� RI� JDV� VDOHV� FRQWUDFWV� DUH� DQDO\]HG�

6HFWLRQ�IRXU�SUHVHQWV�WKH�PDUNHW�LQWHJUDWLRQ�WKHRU\�DQG�WHVW�PHWKRGRORJ\�WKDW�ZH�XWLOL]H�LQ

RXU� HPSLULFDO� DQDO\VLV�� 7KH� HPSLULFDO� DQDO\VLV� RI� LPSRUW� SULFHV� LV� XQGHUWDNHQ� DQG

H[SODQDWLRQV�IRU�SULFH�GLIIHUHQFHV�DUH�JLYHQ�LQ�6HFWLRQ�ILYH��)LQDOO\��6HFWLRQ�VL[�SURYLGHV

FRQFOXGLQJ�UHPDUNV�

���7KH�1DWXUDO�*DV�0DUNHW��)UDQFH��*HUPDQ\�DQG�%HOJLXP

,Q�WKLV�VHFWLRQ�ZH�SURYLGH�D�GHVFULSWLRQ�RI�LPSRUWDQW�FKDUDFWHULVWLFV�RI�WKH�)UHQFK�QDWXUDO

JDV� PDUNHW��:H� DOVR� WRXFK� XSRQ� WKH� *HUPDQ� DQG� %HOJLDQ� JDV� PDUNHWV�� VLQFH� ZH� ZLOO

LQFOXGH�WKHVH�ODWHU�LQ�WKH�PDUNHW�LQWHJUDWLRQ�DQDO\VLV�

1DWXUDO�JDV�KDG�D�������VKDUH�RI�WRWDO�HQHUJ\�VXSSO\�LQ�)UDQFH�LQ������>��@��7KLV

LV� VRPHZKDW� VPDOOHU� WKDQ� LQ�PDQ\� RWKHU� (XURSHDQ� FRXQWULHV�� )RU� H[DPSOH�� LQ� WKH� WZR

RWKHU�FRXQWULHV�ZH�DQDO\]H� LQ� WKLV�VWXG\��*HUPDQ\�DQG�%HOJLXP��QDWXUDO�JDV�FRQVWLWXWHG

������ DQG� ������� UHVSHFWLYHO\�� RI� WRWDO� HQHUJ\� VXSSO\�� 7KH� PDLQ� VRXUFH� RI� HQHUJ\� LQ

)UDQFH�LV�QXFOHDU�SRZHU�ZLWK�D�PDUNHW�VKDUH�RI��������+RZHYHU��QDWXUDO�JDV�LV�H[SHFWHG

WR�REWDLQ�LQFUHDVLQJ�PDUNHW�VKDUHV�LQ�WKH�IXWXUH�

,Q������)UDQFH�FRQVXPHG������ELOOLRQ�FXELF�PHWHU��EFP��RI�QDWXUDO�JDV��PDNLQJ�LW

WKH��WK�ODUJHVW�PDUNHW�LQ�FRQWLQHQWDO�ZHVWHUQ�(XURSH��,QGLJHQRXV�SURGXFWLRQ�ZDV�RQO\����

EFP��RU�������RI�WRWDO�JURVV�FRQVXPSWLRQ��ZKLOH������EFP�ZDV�LPSRUWHG��,Q�RWKHU�ZRUGV�

WKH� LPSRUW� VKDUH�ZDV��������)RU�*HUPDQ\� DQG�%HOJLXP� WKH� LPSRUW� VKDUHV� RI� GRPHVWLF
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FRQVXPSWLRQ�ZDV�������DQG�������UHVSHFWLYHO\��)UHQFK�JDV�LPSRUWV�LQFUHDVHG�GXULQJ�WKH

GDWD�SHULRG������������EXW�OHVV�WKDQ�LQ�*HUPDQ\��7KH�LPSRUW�VKDUH�ZDV�DERYH�����LQ�DOO

\HDUV�

7KH�PDLQ�SLSHOLQH�VXSSOLHUV�RI�QDWXUDO�JDV�WR�)UDQFH�DUH�WKH�1HWKHUODQGV��1RUZD\

DQG�5XVVLD�� ,Q� �����1RUZD\�ZDV� WKH� ODUJHVW� VXSSOLHU� �������EFP��� IROORZHG� E\�5XVVLD

�������EFP�� DQG� WKH�1HWKHUODQGV� ������EFP�� >��@�� ,W� VKRXOG� DOVR� EH� QRWHG� WKDW�$OJHULD

VXSSOLHG������EFP�/1*�WR�)UDQFH�LQ������

7KH� )UHQFK� JDV� VHFWRU� LV� GRPLQDWHG� E\�*D]� GH� )UDQFH� �*')��� D� VWDWH�RZQHG

FRPSDQ\��ZKLFK�XQWLO�QRZ�KDV�HQMR\HG�PRQRSRO\�ULJKWV�RYHU�LPSRUWV�DQG�H[SRUWV��D�ODUJH

SDUW�RI� WKH� WUDQVSRUWDWLRQ�V\VWHP��DQG� WKH�PRVW�RI� WKH�GLVWULEXWLRQ�QHWZRUN��0RVW�RI� WKH

JDV�WR�HQG�XVHUV�VHUYHG�E\�WKH�ORZ�SUHVVXUH�JULG�LV�VXSSOLHG�E\�*')��$�ODUJH�SURSRUWLRQ

RI� WKH� ��� QRQ�*')� GLVWULEXWRUV� DUH� DOVR� VXSSOLHG� E\� *')� WKURXJK� LWV� WUDQVSRUWDWLRQ

V\VWHP�>��@��,Q�%HOJLXP��WKH�FRPSDQ\�'LVWULJD]�KDV�HQMR\HG�D�VLPLODU�SRVLWLRQ�DV�*')�

ZLWK� PRQRSRO\� ULJKWV� RQ� LPSRUWV� DQG� WUDQVSRUWDWLRQ�� 'LVWULJD]� LV� DOVR� D� PDMRU� WUDQVLW

FRPSDQ\�IRU�'XWFK�DQG�1RUZHJLDQ�JDV�WR�)UDQFH��DQG�VLQFH������IRU�,QWHUFRQQHFWRU�JDV

IURP� WKH�8.� WR�)UDQFH��*HUPDQ\�DQG� WKH�1HWKHUODQGV��7KH� VLWXDWLRQ� LQ� WKH� LPSRUW� DQG

WUDQVPLVVLRQ� VHJPHQWV� KDV� EHHQ� VRPHZKDW� GLIIHUHQW� LQ� *HUPDQ\� WKDQ� LQ� )UDQFH� DQG

%HOJLXP�� ZLWK� VHYHQ� JDV� LPSRUWHUV� LQ� ������ DOWKRXJK� ZLWK� 5XKUJDV� DV� WKH� GRPLQDQW

LPSRUWHU�� ZLWK� ���� RI� WRWDO� LPSRUWV� LQ� ����� >��@�� ,Q� ������ ��� WUDQVPLVVLRQ�PHUFKDQW

FRPSDQLHV��)HUQJDVJHVHOOVFKDIWHQ��ZHUH�RSHUDWLQJ�RQ�WKH�*HUPDQ�PDUNHW�>��@�

*')¶V�LPSRUW�PRQRSRO\�PHDQV�WKDW�LW�KDV�QHJRWLDWHG�)UHQFK�JDV�VXSSO\�FRQWUDFWV

ZLWK�WKH�1HWKHUODQGV��1RUZD\�DQG�5XVVLD�>��@��+HQFH��WKH�FRPSDQ\�VKRXOG�KDYH�EHHQ�LQ

DQ�H[FHOOHQW�SRVLWLRQ�WR�H[SORLW�DUELWUDJH�RSSRUWXQLWLHV��+RZHYHU��WKLV�PD\�QRW�QHFHVVDULO\
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LPSO\� WKDW�*)'� KDV� REWDLQHG� WKH� VDPH� SULFHV� IRU� JDV� IURP� WKHVH� FRXQWULHV�� /RQJ�WHUP

FRQWUDFWV�ZLWK�IRUHLJQ�VXSSOLHUV�ZHUH�VLJQHG�LQ�GLIIHUHQW�WLPH�SHULRGV��WKH�VXSSOLHUV�PD\

QRW� KDYH� EHHQ� LQ� WKH� VDPH� EDUJDLQLQJ� SRVLWLRQ�� DQG� WKH� FRQWUDFWV� PD\� DOVR� KDYH� KDG

GLIIHUHQW�UHTXLUHPHQWV�ZLWK�UHVSHFW�WR�VZLQJ��HWF�

���7KH�JDV�VDOHV�FRQWUDFWV

(XURSHDQ� LPSRUW� FRQWUDFWV� KDYH� D� QXPEHU� RI� GHWDLOHG� VSHFLILFDWLRQV� RQ� WKH� JDV� WR� EH

GHOLYHUHG��7KH�QDWXUDO�JDV�LV�SURFHVVHG�IURP�WKH�VHOOHUV�WR�VDWLVI\�VWULFW�UHTXLUHPHQWV�ZLWK

UHVSHFW� WR� TXDOLW\�� ,Q� UHJXODWLQJ� FRQWUDFWLQJ� YROXPHV�� WKH� H[SRUWLQJ� DQG� WKH� LPSRUWLQJ

FRPSDQLHV� KDYH� FRQIOLFWLQJ� LQWHUHVWV�� 6LQFH� JDV� VWRUDJH� LV� H[SHQVLYH� DQG� LQ� OLPLWHG

VXSSO\�� WKH� LPSRUWHU�ZRXOG� OLNH� WR� KDYH� IOH[LELOLW\�ZLWK� UHVSHFW� WR� YROXPHV�� WKXV� EHLQJ

DEOH�WR�DGMXVW�WR�FKDQJHV�LQ�GRZQVWUHDP�GHPDQG��'HPDQG�IOXFWXDWHV��HVSHFLDOO\�RYHU�WKH

VHDVRQV��ZLWK� D� KLJKHU� GHPDQG� LQ� ZLQWHU� WKDQ� LQ� VXPPHU�� 7KH� H[SRUWHUV�� RQ� WKH� RWKHU

KDQG�� KDYH� WR� VLQN� ODUJH� LUUHYHUVLEOH� LQYHVWPHQWV� LQ� H[WUDFWLRQ�� SURFHVVLQJ�� DQG

WUDQVSRUWDWLRQ�IDFLOLWLHV��%HIRUH�GRLQJ�VR��WKH\�ZRXOG�OLNH�WR�KDYH�DVVXUDQFHV�WKDW�WKH\�ZLOO

EH�DEOH�WR�VHOO�WKH�JDV�RYHU�D�FRQVLGHUDEOH�SHULRG�RI�WLPH��WKXV�VHFXULQJ�D�UHWXUQ�RQ�WKHLU

LQYHVWPHQWV��$OVR�� WR� H[SORLW� WKH� H[WUDFWLRQ�� SURFHVVLQJ� DQG� WUDQVSRUWDWLRQ� FDSDFLW\�� WKH

VHOOHU�ZRXOG�SUHIHU� WR�GHOLYHU�D� VWDEOH�JDV� VWUHDP�DW�PD[LPXP�FDSDFLW\�XWLOL]DWLRQ��7KH

H[SRUWHU�ZRXOG�±�EHIRUH�PDNLQJ�ODUJH�LUUHYHUVLEOH�LQYHVWPHQWV�±�SUHIHU�D�VSHFLILF�SULFH��D

PLQLPXP�SULFH��RU�RWKHU�W\SHV�RI�SULFH�JXDUDQWHHV�IRU�WKH�HQWLUH�SHULRG�RI�GHOLYHU\��7KH

EX\HUV�� RQ� WKH� RWKHU� KDQG�� ZRXOG� OLNH� WKH� JDV� SULFH� WR� EH� UHVSRQVLYH� WR� WKH� SULFH� RI

VXEVWLWXWHV��VXFK�DV�RLO�SURGXFWV���VR�WKDW�WKH\�DUH�DEOH�WR�VHOO�WKH�JDV�
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7KH� FKDOOHQJLQJ� WDVN� IRU� JDV� FRQWUDFW� GHVLJQ� LV� WR� WUDGH� RII� WKHVH� FRQIOLFWLQJ

LQWHUHVWV� ZLWK� UHVSHFW� WR� YROXPH� DQG� SULFH�� 7KH� H[DFW� FRQWHQWV� RI� WKHVH� FRQWUDFWV� DUH

VHFUHW��EXW�WKH�JHQHUDO�FRQWUDFW�VWUXFWXUH�LV�FRPPRQ�NQRZOHGJH�LQ�WKH�JDV�LQGXVWU\��7KH

PDMRU�SDUW�RI�JDV�H[SRUW�WR�)UDQFH�LQ�WKH�SHULRG�����������ZDV�VROG�RQ�ORQJ�WHUP�WDNH�RU�

SD\�FRQWUDFWV��VHH�%UDXWDVHW�HW�DO�� >��@�� ,Q� WKHVH�FRQWUDFWV�� WKH�EX\HU�DJUHHV� WR� UHFHLYH�D

FHUWDLQ�YROXPH�RI�JDV�SHU�\HDU�RU��DOWHUQDWLYHO\��WR�SD\�IRU�WKH�SDUW�RI�WKLV�JDV�YROXPH�WKDW

LW�GRHV�QRW�OLNH�WR�UHFHLYH��$W�WKH�VDPH�WLPH��WKH�EX\HU�KDV�DQ�RSWLRQ�WR�WDNH�RXW�PRUH�JDV

WKDQ�WKHVH�PLQLPXP�DQQXDO�DPRXQWV��WKXV�FRQYH\LQJ�VRPH�IOH[LELOLW\��6XEVWDQWLDO�YROXPH

IOH[LELOLW\�LV�DOVR�DYDLODEOH�RQ�D�GDLO\�EDVLV�

7KH� FXUUHQW� SULFH� RQ� JDV� GHOLYHUHG� DFFRUGLQJ� WR� WKH� ORQJ�WHUP� WDNH�RU�SD\

FRQWUDFWV�LV�GHWHUPLQHG�E\�D�SULFH�IRUPXOD��7KH�IRUPXOD�OLQNV�WKH�FXUUHQW�JDV�SULFH�WR�WKH

SULFH� RI� UHOHYDQW� HQHUJ\� VXEVWLWXWHV�� WKXV� FRQWLQXRXVO\� VHFXULQJ� WKH� EX\HU� FRPSHWLWLYH

WHUPV��7KH�SULFH�IRUPXOD�FRQVLVWV�RI�WZR�SDUWV��D�FRQVWDQW�EDVLV�SULFH��IL[HG�WHUP��DQG�DQ

HVFDODWLRQ�VXSSOHPHQW�OLQNLQJ�WKH�JDV�SULFH�WR�DOWHUQDWLYH�IRUPV�RI�HQHUJ\��YDULDEOH�WHUP��

7KLV� LV� WKH� VWUXFWXUH� RI� PRVW� QDWXUDO� JDV� FRQWUDFWV� LQ� (XURSH�� ([DPSOHV� RI� DOWHUQDWLYH

HQHUJ\�FRPPRGLWLHV�XVHG�LQ�SULFLQJ�IRUPXODV�IRU�QDWXUDO�JDV�DUH�OLJKW�IXHO�RLO��FRDO��DQG

HOHFWULFLW\�� 8VXDOO\� D� FRPELQDWLRQ� RI� DOWHUQDWLYHV� LV� XVHG� IRU� HVFDODWLRQ� SXUSRVHV

�ZHLJKWHG�DYHUDJH���7KH�EDVLV� SULFH� �ZKLFK� LV� QRW� VXEMHFW� WR� VXEVHTXHQW� SULFH� UHYLVLRQ�

UHIOHFWV�WKH�SDUWLHV¶�HYDOXDWLRQ�RI�WKH�YDOXH�RI�WKH�JDV�DW�WKH�WLPH�RI�HQWHULQJ�WKH�FRQWUDFW�

(DFK�RI�WKH�DOWHUQDWLYH�HQHUJ\�FRPPRGLWLHV�DUH�DVVLJQHG�D�FHUWDLQ�ZHLJKW�LQ�WKH�HVFDODWLRQ

HOHPHQW��UHIOHFWLQJ�WKH�FRPSHWLWLYH�VLWXDWLRQ�EHWZHHQ�QDWXUDO�JDV�DQG�WKH�VXEVWLWXWH��7KH

SULFH�FKDQJH�RI�HDFK�HQHUJ\�FRPPRGLW\�LV�PXOWLSOLHG�E\�DQ�HQHUJ\�FRQYHUVLRQ�IDFWRU��WR

PDNH�WKH�VXEVWLWXWH�DQG�QDWXUDO�JDV�FRPPHQVXUDEOH��7KHUHDIWHU��WKH�LQGLYLGXDO�HVFDODWLRQ
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WHUPV�DUH�PXOWLSOLHG�E\�LPSDFW�IDFWRUV��L�H���WKH�FKDQJH�LQ�WKH�SULFH�RI�WKH�VXEVWLWXWH�LV�QRW

IXOO\�UHIOHFWHG�LQ�WKH�JDV�SULFH�

��� 3ULFH�EDVHG�WHVW�IRU�PDUNHW�LQWHJUDWLRQ�DQG�DJJUHJDWLRQ

$� QXPEHU� RI� PDUNHW� GHILQLWLRQV� DUH� EDVHG� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� SULFHV�� )RU

LQVWDQFH��6WLJOHU� �>��@��S������GHILQHV�D�PDUNHW�DV�³WKH�DUHD�ZLWKLQ�ZKLFK� WKH�SULFH�RI� D

JRRG� WHQGV� WR� XQLIRUPLW\�� DOORZDQFHV� EHLQJ� PDGH� IRU� WUDQVSRUWDWLRQ� FRVWV´�� 2WKHU

LQIOXHQWLDO�HFRQRPLVWV�OLNH�&RXUQRW�>��@�DQG�0DUVKDOO�>��@�SURYLGH�VLPLODU�GHILQLWLRQV�RI

D� PDUNHW�� $� VLPLODU� GHILQLWLRQ� FDQ� EH� XVHG� LQ� SURGXFW� VSDFH�� EXW� ZKHUH� WUDQVSRUWDWLRQ

FRVWV� DUH� UHSODFHG� E\� TXDOLW\� GLIIHUHQFHV� >��@�� >��@��0DUNHW� GHILQLWLRQV� OLNH� WKHVH� KDYH

OHDG� WR� DQ� H[WHQVLYH� OLWHUDWXUH� WHVWLQJ� IRU� PDUNHW� LQWHJUDWLRQ� EDVHG� RQ� WKH� UHODWLRQVKLS

EHWZHHQ� SULFHV�� ,Q� LQWHUQDWLRQDO� PDUNHWV�� WKH� SULFHV� PXVW� EH� FRPSDUHG� LQ� WKH� VDPH

FXUUHQF\��DQG�H[FKDQJH�UDWH�PRYHPHQWV�FDQ�WKHUHIRUH�DOVR�SOD\�D�SDUW�>��@��+RZHYHU��LQ

SULPDU\�JRRGV�PDUNHWV�WKH�SULFH�LV�RIWHQ�TXRWHG�LQ�D�VLQJOH�FXUUHQF\��QRUPDOO\�86'���DQG

HYHQ� LI� WKLV� LV�QRW� WKH�FDVH��RQH�RIWHQ� DVVXPHV�SHUIHFW� H[FKDQJH� UDWH� SDVV� WKURXJK�� DQG

GHQRWH�WKH�SULFHV�LQ�D�FRPPRQ�FXUUHQF\��7UDQVSRUWDWLRQ�FRVWV�DQG�TXDOLW\�GLIIHUHQFHV�FDQ

DOVR�EH�PRGHOHG�H[SOLFLWO\��EXW�DUH�LQ�PRVW�FDVHV�DVVXPHG�WR�EH�FRQVWDQW�

7KH� EDVLF� UHODWLRQVKLS� WR� EH� LQYHVWLJDWHG� ZKHQ� DQDO\]LQJ� UHODWLRQVKLSV� EHWZHHQ

SULFHV�LV�WKHQ

WW
SS
��

OQOQ ba += ���

ZKHUH� a� LV� D� FRQVWDQW� WHUP� �WKH� ORJ� RI� D� SURSRUWLRQDOLW\� FRHIILFLHQW�� WKDW� FDSWXUHV

WUDQVSRUWDWLRQ� FRVWV� DQG� TXDOLW\� GLIIHUHQFHV� DQG� b� JLYHV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH

SULFHV��,I�b ���WKHUH�DUH�QR�UHODWLRQVKLS�EHWZHHQ�WKH�SULFHV��ZKLOH�LI�b ��WKH�/DZ�RI�2QH
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3ULFH� KROGV�� DQG� WKH� UHODWLYH� SULFH� LV� FRQVWDQW�� ,Q� WKLV� FDVH� WKH� JRRGV� LQ� TXHVWLRQ� DUH

SHUIHFW�VXEVWLWXWHV��,I�b�LV�GLIIHUHQW�IURP�]HUR�EXW�QRW�HTXDO�WR�RQH�WKHUH�LV�D�UHODWLRQVKLS

EHWZHHQ�WKH�SULFHV��EXW�WKH�UHODWLYH�SULFH�LV�QRW�FRQVWDQW��DQG�WKH�JRRGV�ZLOO�EH�LPSHUIHFW

VXEVWLWXWHV��2QH�FDQ�DOVR�VKRZ�WKDW�LI�b�LV�QHJDWLYH��WKLV�LPSOLHV�WKDW�WKH�JRRGV�LQ�TXHVWLRQ

DUH� FRPSOHPHQWV�� (TXDWLRQ� ���� GHVFULEHV� WKH� VLWXDWLRQ�ZKHQ� SULFHV� DGMXVW� LPPHGLDWHO\�

+RZHYHU��RIWHQ�WKHUH�ZLOO�EH�D�G\QDPLF�DGMXVWPHQW�SDWWHUQ��7KLV�FDQ�EH�DFFRXQWHG�IRU�E\

LQWURGXFLQJ� ODJV� RI� WKH� WZR� SULFHV� >��@�� >��@�� ,W� VKRXOG� EH� QRWHG� KHUH� WKDW� HYHQ� ZKHQ

G\QDPLFV�DUH� LQWURGXFHG�� WKH� ORQJ�UXQ�UHODWLRQVKLS�ZLOO�KDYH� WKH�VDPH�IRUP�DV�HTXDWLRQ

����

7KHUH�LV�DOVR�D�FORVH�OLQN�EHWZHHQ�PDUNHW�LQWHJUDWLRQ�DQG�DJJUHJDWLRQ��,I�b ���QRW

RQO\�GR�WKH�/DZ�RI�2QH�3ULFH�KROG��EXW�DOVR�WKH�FRPSRVLWH�FRPPRGLW\�WKHRUHP�RI�+LFNV

>��@� DQG� /HRQWLHI� >��@�� 7KLV� FULWHULRQ� LV� WKH� ILUVW� FULWHULRQ� XVHG� IRU� DJJUHJDWLRQ� LQ

HFRQRPLFV�� ,W� VWDWHV� WKDW� LI� SULFHV� RI� D� JURXS� RI� JRRGV�PRYH� SURSRUWLRQDOO\� RYHU� WLPH�

WKHVH�JRRGV�FDQ�EH�UHSUHVHQWHG�E\�D�VLQJOH�SULFH�DQG�D�VLQJOH�TXDQWLW\��$�SUREOHP�ZLWK�WKH

FRPSRVLWH� FRPPRGLW\� WKHRUHP� LQ� HPSLULFDO� ZRUN� LV� WKDW� IRU� WKH� WKHRUHP� WR� KROG�� WKH

SULFHV� PXVW� EH� H[DFWO\� LGHQWLFDO�� +RZHYHU�� /HZEHO� >��@� SURYLGHV� DQ� HPSLULFDO� XVHIXO

JHQHUDOL]DWLRQ�RI�WKH�WKHRUHP�WKDW�DOORZV�IRU�VRPH�GHYLDWLRQV�IURP�SURSRUWLRQDOLW\��7KHUH

DUH�VHYHUDO�ZD\V�WR�WHVW�IRU�WKH�JHQHUDOL]HG�FRPPRGLW\�WKHRUHP��,Q�D�PDUNHW� LQWHJUDWLRQ

FRQWH[W��D�VLPSOH�WHVW�LV�ZKHWKHU�WKH�/DZ�RI�2QH�3ULFH�KROGV�>��@�

,Q�PRVW�DQDO\VHV��WKH�SURSRUWLRQDOLW\�FRHIILFLHQW�GRHV�QRW�UHFHLYH�PXFK�DWWHQWLRQ�

7KLV�LV�RQO\�QDWXUDO��VLQFH�LW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SULFHV�WKDW�JLYH�XV�LQIRUPDWLRQ

DERXW�WKH�GHJUHH�RI�PDUNHW�LQWHJUDWLRQ��DQG�WKDW�LV�UHOHYDQW�IRU�DJJUHJDWLRQ��+RZHYHU��LQ

RXU�FRQWH[W��DOVR�WKH�SURSRUWLRQDOLW\�WHUP�LV�RI�LQWHUHVW��DV�LW�KROGV�LQIRUPDWLRQ�DERXW�WKH
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PHDQ� GLIIHUHQFH� EHWZHHQ� WKH� SULFHV� ZKHQ� WKH� /DZ� RI� 2QH� 3ULFH� KROGV�� ,I� WKH

SURSRUWLRQDOLW\�FRHIILFLHQW�LV�HTXDO�WR�RQH��WKH�FRQVWDQW�WHUP�a�ZLOO�EH�]HUR��DQG�WKH�WZR

SULFHV� DUH� LGHQWLFDO� H[FHSW� IRU� VWDWLRQDU\�GHYLDWLRQV�� ,I� WKH� SURSRUWLRQDOLW\� FRHIILFLHQW� LV

ODUJHU�RU�OHVV�WKHQ�RQH��RU�WKH�FRQVWDQW�WHUP�a�LV�ODUJHU�RU�OHVV�WKHQ�]HUR��WKHUH�ZLOO�EH�D

SULFH�SUHPLXP�LQ�RQH�GLUHFWLRQ��+HQFH��LQ�RXU�FDVH��ZLWK� LGHQWLFDO�SURGXFWV�GHOLYHUHG�DW

WKH�VDPH�ORFDWLRQ��D�WHVW�RI�ZKHWKHU�WKH�FRQVWDQW�WHUP�a�LV�GLIIHUHQW�IURP�]HUR�LV�D�WHVW�IRU

WKH�H[LVWHQFH�RI�D�ULVN�SUHPLXP�

7UDGLWLRQDOO\��UHODWLRQVKLSV�OLNH�HTXDWLRQ�����RU�LWV�G\QDPLF�FRXQWHUSDUW�KDV�EHHQ

HVWLPDWHG� ZLWK� RUGLQDU\� OHDVW� VTXDUHV� �2/6��� +RZHYHU�� VLQFH� WKH� ODWH� ����V� RQH� KDV

EHFRPH�DZDUH�WKDW�ZKHQ�SULFHV�DUH�QRQVWDWLRQDU\��WUDGLWLRQDO�HFRQRPHWULF�WRROV�FDQQRW�EH

XVHG��VLQFH�QRUPDO�LQIHUHQFH�WKHRU\�EUHDNV�GRZQ�>��@��&RLQWHJUDWLRQ�DQDO\VLV�LV�WKHQ�WKH

DSSURSULDWH�WRRO�

:KLOH� VWDWLRQDU\�GDWD� VHULHV� KDV� FRQVWDQW�PHDQ� DQG�YDULDQFH�� QRQVWDWLRQDU\�GDWD

VHULHV�DUH�LQ�JHQHUDO�FKDUDFWHUL]HG�E\�D�QRQFRQVWDQW�PHDQ�DQG�YDULDQFH��+HXULVWLFDOO\��RQH

FDQ�VD\� WKDW�D�QRQVWDWLRQDU\�GDWD� VHULHV�KDV�D� VWUXFWXUDO�EUHDN�DW� HDFK�REVHUYDWLRQ��7KLV

VWUXFWXUDO�EUHDN�LV�FDXVHG�E\�DQ�LQQRYDWLRQ��RU�LQ�D�PDUNHW�FRQWH[W��QHZV�UHOHYDQW�IRU�WKH

GDWD�VHULHV��7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�ZK\�HFRQRPLF�SULFH�VHULHV�FDQ�EH�H[SHFWHG�WR�EH

QRQVWDWLRQDU\�� ZKHUH� 6DPXHOVRQ¶V� >��@� SURRI� WKDW� SULFHV� PXVW� EH� QRQVWDWLRQDU\� IRU� D

PDUNHW�WR�EH�HIILFLHQW�PRVW�OLNHO\�LV�WKH�PRVW�FLWHG�

7KH�PRVW� FRPPRQ� WRRO� IRU� WHVWLQJ�ZKHWKHU� D� GDWD� VHULHV� LV� QRQVWDWLRQDU\� LV� WKH

$XJPHQWHG� 'LFNH\�)XOOHU� �$')�� WHVW�� )RU� HDFK� LQGLYLGXDO� GDWD� VHULHV� �[W�� WKH� $')

VWDWLVWLF�ZLWK�D�WUHQG�LV�PHDVXUHG�IURP�WKH�IROORZLQJ�UHJUHVVLRQ
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ZKHUH�D�LV�WKH�GLIIHUHQFH�RSHUDWRU�DQG�7�LV�D�WLPH�WUHQG��,I�WKH�WUHQG�YDULDEOH�LV�UHPRYHG

IURP�WKH�UHJUHVVLRQ��WKH�WHVW� LV�UHIHUUHG�WR�DV�DQ�$')�WHVW�ZLWK�D�FRQVWDQW�WHUP��7KH� ODJ

OHQJWK��N�� LV� VHW� WR�PDNH� WKH�HUURU� WHUP�ZKLWH�QRLVH� >��@��8VLQJ� WKH� OHYHO� IRUPV�RI�HDFK

VHULHV�� WKH� QXOO� K\SRWKHVLV� LV� WKDW� HDFK� GDWD� VHULHV� LV� QRQVWDWLRQDU\�� 7KH� DOWHUQDWLYH

K\SRWKHVLV�RI�VWDWLRQDULW\�LPSOLHV�WKDW�s�LV�OHVV�WKHQ�]HUR��,I�WKH�K\SRWKHVLV�LV�QRW�UHMHFWHG�

WKH� WHVW� LV� UHSHDWHG�XVLQJ� WKH� ILUVW�GLIIHUHQFHV�RI� HDFK�SULFH� VHULHV�� ,Q� WKLV� FDVH�� WKH�QXOO

K\SRWKHVLV�LV�QRQVWDWLRQDU\�LQ�ILUVW�GLIIHUHQFHV�

7KH� FRLQWHJUDWLRQ� DSSURDFK� PD\� EH� UHSUHVHQWHG� DV� IROORZV�� &RQVLGHU� WZR� GDWD

VHULHV� RI� HFRQRPLF� YDULDEOHV�� [W� DQG� \W�� (DFK� VHULHV� LV� E\� LWVHOI� QRQVWDWLRQDU\� DQG� LV

UHTXLUHG� WR� EH� GLIIHUHQFHG� RQFH� WR� SURGXFH� D� VWDWLRQDU\� VHULHV�� ,Q� JHQHUDO�� D� OLQHDU

FRPELQDWLRQ� RI� QRQVWDWLRQDU\� GDWD� VHULHV�ZLOO� EH� QRQVWDWLRQDU\�� ,Q� WKLV� FDVH� WKHUH� LV� QR

ORQJ�UXQ�UHODWLRQVKLS�EHWZHHQ�WKH�GDWD�VHULHV��+RZHYHU��ZKHQ�WKH�GDWD�VHULHV�IRUP�D�ORQJ�

UXQ�UHODWLRQVKLS��WKH�GDWD�VHULHV�ZLOO�PRYH�WRJHWKHU�RYHU�WLPH��DQG�D�OLQHDU�FRPELQDWLRQ�RI

WKH�GDWD�VHULHV�
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ZLOO�SURGXFH�D�UHVLGXDO�VHULHV�eW�ZKLFK�LV�VWDWLRQDU\��,Q�WKLV�FDVH�� WKH�VHULHV�[W�DQG�\W�DUH

VDLG� WR� EH� FRLQWHJUDWHG�� ZLWK� WKH� YHFWRU� >��y@� DV� WKH� FRLQWHJUDWLRQ� YHFWRU� >��@�� 7KLV� LV

VWUDLJKWIRUZDUG�WR�H[WHQG�WR�D�PXOWLYDULDWH�FDVH��7KH�UHODWLRQVKLS�EHWZHHQ�6WLJOHU¶V�>��@

PDUNHW� GHILQLWLRQ� DQG� FRLQWHJUDWLRQ� LV� HYLGHQW�� ,Q� 6WLJOHU¶V� GHILQLWLRQ�� D� VWDEOH� ORQJ�UXQ

UHODWLRQVKLS�EHWZHHQ�SULFHV�LPSOLHV�WKDW�JRRGV�DUH�LQ�WKH�VDPH�PDUNHW��)RU�QRQVWDWLRQDU\
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SULFH�VHULHV��FRLQWHJUDWLRQ�LV�WKH�RQO\�FLUFXPVWDQFH�ZKHQ�WKH�SULFHV�IRUP�D�VWDEOH�ORQJ�UXQ

UHODWLRQVKLS�

7ZR�GLIIHUHQW�WHVWV�IRU�FRLQWHJUDWLRQ�DUH�FRPPRQO\�XVHG�LQ�WKH�OLWHUDWXUH��7KH\�DUH

WKH�(QJOH�DQG�*UDQJHU�WHVW�>��@�DQG�WKH�-RKDQVHQ�WHVW�>�@��>�@��:H�ZLOO�KHUH�XVH�WKH�ODWWHU�

VLQFH�K\SRWKHVLV�WHVWLQJ�RQ�WKH�SDUDPHWHUV�LQ�WKH�FRLQWHJUDWLRQ�YHFWRU�LV�SRVVLEOH�RQO\�LQ

WKLV�IUDPHZRUN�

7KH�-RKDQVHQ�WHVW�LV�EDVHG�RQ�D�YHFWRU�DXWRUHJUHVVLYH��9$5��V\VWHP��$�YHFWRU��[W�

FRQWDLQLQJ�WKH�1�YDULDEOHV�WR�EH�WHVWHG�IRU�FRLQWHJUDWLRQ�DUH�DVVXPHG�WR�EH�JHQHUDWHG�E\

DQ�XQUHVWULFWHG�NWK�RUGHU�YHFWRU�DXWRUHJUHVVLRQ�LQ�WKH�OHYHOV�RI�WKH�YDULDEOHV�
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ZKHUH�HDFK�RI�WKH�PL�LV�D��1�1��PDWUL[�RI�SDUDPHWHUV��m�D�FRQVWDQW�WHUP�DQG�eW~LLG���W��

7KH�9$5�V\VWHP�RI�HTXDWLRQV�LQ�����ZULWWHQ�LQ�HUURU�FRUUHFWLRQ�IRUP��(&0��LV�
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+HQFH��P.� LV� WKH�ORQJ�UXQ� 
OHYHO�VROXWLRQ
� WR������ �,I� �[W� LV�D�YHFWRU�RI�,����YDULDEOHV�� WKH

OHIW�KDQG�VLGH�DQG�WKH�ILUVW��N����HOHPHQWV�RI�����DUH�,�����DQG�WKH�ODVW�HOHPHQW�RI�����LV�D

OLQHDU� FRPELQDWLRQ� RI� ,���� YDULDEOHV�� *LYHQ� WKH� DVVXPSWLRQ� RQ� WKH� HUURU� WHUP�� WKLV� ODVW

HOHPHQW� PXVW� DOVR� EH� ,�����
NW.

[
-

P ~,����� +HQFH�� HLWKHU� [W� FRQWDLQV� D� QXPEHU� RI

FRLQWHJUDWLRQ�YHFWRUV��RU�P.�PXVW�EH�D�PDWUL[�RI�]HURV��7KH�UDQN�RI� �P.��U��GHWHUPLQHV

KRZ�PDQ\� OLQHDU� FRPELQDWLRQV� RI� [W� DUH� VWDWLRQDU\�� ,I� U 1�� WKH� YDULDEOHV� LQ� OHYHOV� DUH

VWDWLRQDU\�� LI� U �� VR� WKDW�P. ��� QRQH� RI� WKH� OLQHDU� FRPELQDWLRQV� DUH� VWDWLRQDU\��:KHQ
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��U�1�� WKHUH�H[LVW�U�FRLQWHJUDWLRQ�YHFWRUV£RU�U� VWDWLRQDU\� OLQHDU�FRPELQDWLRQV�RI�[W�� ,Q

WKLV�FDVH�RQH�FDQ�IDFWRUL]H�P.�� ba �=P-
.

��ZKHUH�ERWK�a�DQG�b�DUH��1�U��PDWULFHV��DQG

b�FRQWDLQV�WKH�FRLQWHJUDWLRQ�YHFWRUV��WKH�HUURU�FRUUHFWLQJ�PHFKDQLVP�LQ�WKH�V\VWHP��DQG�a

WKH�DGMXVWPHQW�SDUDPHWHUV��7ZR�DV\PSWRWLFDOO\�HTXLYDOHQW� WHVWV�H[LVW� LQ� WKLV� IUDPHZRUN�

WKH�WUDFH�WHVW�DQG�WKH�PD[LPXP�HLJHQYDOXH�WHVW�

7KH�-RKDQVHQ�SURFHGXUH�DOORZV�K\SRWKHVLV�WHVWLQJ�RQ�WKH�FRHIILFLHQWV�a�DQG�b�

XVLQJ� OLNHOLKRRG� UDWLR� WHVWV� >��@�� ,Q� RXU� FDVH�� LW� LV� UHVWULFWLRQV� RQ� WKH� SDUDPHWHUV� LQ� WKH

FRLQWHJUDWLRQ�YHFWRUV�b�ZKLFK�DUH�RI�PRVW�LQWHUHVW��0RUH�VSHFLILFDOO\��LQ�WKH�ELYDULDWH�FDVH

WKHUH�DUH�WZR�SULFH�VHULHV�LQ�WKH�[W�YHFWRU��3URYLGHG�WKDW�WKH�SULFH�VHULHV�DUH�FRLQWHJUDWHG�

WKH�UDQN�RI�P = �ab LV�HTXDO�WR���DQG�a�DQG�b�DUH��[��YHFWRUV��2I�SDUWLFXODU�LQWHUHVW�LV�WKH

/DZ�RI�2QH�3ULFH��/23���ZKLFK�FDQ�EH�WHVWHG�E\�LPSRVLQJ�WKH�UHVWULFWLRQ�b
 ������
��,Q�WKH

PXOWLYDULDWH� FDVH� ZKHQ� DOO� SULFHV� KDYH� WKH� VDPH� VWRFKDVWLF� WUHQG�� WKHUH� PXVW� EH� Q��

FRLQWHJUDWLRQ�YHFWRUV�LQ�WKH�V\VWHP�DQG�HDFK�FRLQWHJUDWLRQ�YHFWRU�PXVW�VXP�WR�]HUR�IRU�WKH

/23�WR�KROG��,W�WKHQ�IROORZV�IURP�WKH�LGHQWLILFDWLRQ�VFKHPH�RI�-RKDQVHQ�DQG�-XVHOLXV�>��@

WKDW�HDFK�FRLQWHJUDWLRQ�YHFWRU� FDQ�EH� UHSUHVHQWHG� VR� WKDW� DOO� EXW� WZR�HOHPHQWV� DUH� ]HUR�

:KHQ� WKH� LGHQWLI\LQJ�QRUPDOL]DWLRQ� LV� LPSRVHG� LQ� WKH� FDVH�ZLWK� WKUHH� SULFH� VHULHV�� RQH

UHSUHVHQWDWLRQ�RI�WKH�PDWUL[�RI�FRLQWHJUDWLRQ�YHFWRUV�DUH�
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,I�ERWK�b�SDUDPHWHUV�DUH�HTXDO�WR����WKH�/23�KROGV�

5HFHQWO\�� D� QXPEHU� RI� VWXGLHV� KDYH� XVHG� FRLQWHJUDWLRQ� DQDO\VLV� WR� LQYHVWLJDWLQJ

UHODWLRQVKLSV�EHWZHHQ�SULFHV��([DPSOHV�UHODWHG�WR�HQHUJ\�PDUNHWV�DUH�'RDQH�DQG�6SXOEHU
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>�@��6DXHU�>��@��:DOOV�>�@��*M¡OEHUJ�DQG�-RKQVHQ�>��@��'H9DQ\�DQG�:DOOV�>�@��6HUOHWLV�DQG

+HUEHUW�>�@�DQG�$VFKH��2VPXQGVHQ�DQG�7YHWHUnV�>�@�

��� (PSLULFDO�UHVXOWV

:H�QRZ�WXUQ�WR�WKH�HPSLULFDO�DQDO\VLV��2XU�GDWD�VHW�FRQWDLQ�PRQWKO\�)UHQFK�LPSRUW�SULFHV

RQ�QDWXUDO�JDV�IURP�WKH�1HWKHUODQGV��1RUZD\�DQG�5XVVLD�IRU�WKH�SHULRG�-DQXDU\������WR

-XO\� ������ DQG� WKH� 'XWFK� H[SRUW� SULFH� WR� *HUPDQ\� IRU� WKH� VDPH� SHULRG�� XVLQJ� GDWD

FRPSLOHG�E\�WKH�:RUOG�*DV�,QWHOOLJHQFH�:HHNO\��:*,���7KHVH�)UHQFK� LPSRUW�SULFHV�DUH

VKRZQ� LQ�)LJXUH� �� EHORZ��7KH�GDWD� DUH� FROOHFWHG� IURP� VRXUFHV� FORVH� WR� WKH� EX\HUV� DQG

VHOOHUV�RI�QDWXUDO�JDV��DQG�DUH�VXSSRVHG�WR�SURYLGH�D�JRRG�HVWLPDWH�RI�WKH�FRQWUDFW�SULFHV�

,W�LV��RI�FRXUVH��GLIILFXOW�WR�YDOLGDWH�WKH�UHOLDELOLW\�RI�WKH�HVWLPDWHV��+RZHYHU��WKH�IDFW�WKDW

:*,�SULFHV�DUH�XVHG�E\�PDMRU�EX\HUV�DQG�VHOOHUV�LQ�WKHLU�PDUNHW�DQDO\VHV��VKRXOG�JLYH�DQ

LQGLFDWLRQ�WKDW�WKH�HVWLPDWHV�DUH�UHDVRQDEO\�DFFXUDWH�
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)LJXUH����,PSRUW�SULFHV�WR�)UDQFH

%HIRUH� D� VWDWLVWLFDO� DQDO\VLV� RI� WKH� UHODWLRQVKLSV� FDQ� EH� FDUULHG� RXW�� ZH� PXVW

LQYHVWLJDWH� WKH� WLPH� VHULHV� SURSHUWLHV� RI� WKH� GDWD�� $XJPHQWHG� 'LFNH\�)XOOHU� WHVWV� ZHUH

FDUULHG�RXW�IRU�WKH�SULFH�VHULHV��7KH�UHVXOWV�DUH�UHSRUWHG�LQ�7DEOH���EHORZ�
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7DEOH����'LFNH\�)XOOHU�WHVWV

9DULDEOH 3ULFH�OHYHOV )LUVW�GLIIHUHQFHV

ZLWK�FRQVWDQW ZLWK�WUHQG ZLWK�FRQVWDQW ZLWK�WUHQG

,QWR�)UDQFH�IURP���

5XVVLD

1HWKHUODQGV

1RUZD\

)URP�1HWKHUODQGV�WR���

*HUPDQ\

%HOJLXP
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�,QGLFDWHV�VLJQLILFDQW�DW�D����OHYHO�DQG��LQGLFDWHV�VLJQLILFDQW�DW�D����OHYHO��&ULWLFDO�YDOXHV�DUH�DW�D���

OHYHO�ZLWK�FRQVWDQW��������DQG�ZLWK�WUHQG��������

$OO� SULFHV� DUH� IRXQG� WR� EH� QRQVWDWLRQDU\�� EXW� VWDWLRQDU\� LQ� ILUVW� GLIIHUHQFHV� 7KH

UHVXOWV�DUH�VWDEOH�ZLWK�UHVSHFW�WR�WKH�FKRLFH�RI�ODJ�OHQJWK��+HQFH��FRLQWHJUDWLRQ�DQDO\VLV�LV

WKH�DSSURSULDWH�WRRO�ZKHQ�LQYHVWLJDWLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�SULFHV�

7KH� ILUVW� WHVW� ZH� SHUIRUP� LV� D� PXOWLYDULDWH� -RKDQVHQ� WHVW� RQ� WKH� WKUHH� )UHQFK

LPSRUW�SULFHV��6L[� ODJV�VHHPV� WR�EH�VXIILFLHQW� WR�PRGHO� WKH�VKRUW�UXQ�G\QDPLFV��DV�/0�

WHVWV� IRU� DXWRFRUUHODWLRQ� XS� WR� WKH� ��WK� RUGHU� JLYHV� WKH� IROORZLQJ� WHVW� VWDWLVWLFV� ZLWK� S�

YDOXHV�LQ�WKH�SDUHQWKHVLV��,Q�WKH�HTXDWLRQ�IRU�5XVVLDQ�JDV�����������������IRU�'XWFK�JDV�

��������������DQG�IRU�1RUZHJLDQ�JDV�������� ���������7KH� UHVXOWV� IURP� WKH�FRLQWHJUDWLRQ

WHVW�DUH�UHSRUWHG�LQ�7DEOH���EHORZ�

7DEOH����0XOWLYDULDWH�-RKDQVHQ�7HVW�RI�)UHQFK�,PSRUW�3ULFHV

+��UDQN� �S 0D[�WHVW &ULWLFDO�YDOXH��� 7UDFH�WHVW &ULWLFDO�YDOXH���
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�,QGLFDWHV�VLJQLILFDQW�DW�D����OHYHO�DQG��LQGLFDWHV�VLJQLILFDQW�DW�D����OHYHO�
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�%RWK�WKH�PD[�DQG�WKH�WUDFH�WHVW�LQGLFDWH�WKDW�WKHUH�DUH�WZR�FRLQWHJUDWLRQ�YHFWRUV�

DQG�KHQFH�RQH�FRPPRQ�VWRFKDVWLF�WUHQG��:KHQ�ZH�WHVW�IRU�/23��ZH�FDQQRW�UHMHFW�WKH�QXOO

K\SRWKHVLV� WKDW� WKLV�KROGV��7KH� WHVW� LV�GLVWULEXWHG�DV�c����� DQG� WKH� WHVW� VWDWLVWLF� LV� �����

ZLWK� D� S�YDOXH� RI� ������� :H� DOVR� WHVW� WKH� K\SRWKHVLV� WKDW� WKHUH� DUH� QR� V\VWHPDWLF

GLIIHUHQFHV�LQ�WKH�SULFH�OHYHOV��7KH�WHVW�LV�GLVWULEXWHG�DV�c�����DQG�WKH�WHVW�VWDWLVWLF�LV������

ZLWK�D�S�YDOXH�RI��������+HQFH�� DOVR� WKLV�K\SRWKHVLV� LV� VXSSRUWHG�E\� WKH�GDWD�� DOWKRXJK

ZLWK�D�S�YDOXH�DV�ORZ�DV��������WKH�VXSSRUW�LV�QRW�YHU\�VWURQJ��7KHVH�UHVXOWV�LQGLFDWH�WKDW

WKH�JDV�IURP�WKH�WKUHH�VXSSOLHUV�FRPSHWH�FORVHO\�LQ�WKH�VDPH�PDUNHW��DV�WKH�SULFHV�PRYH

SURSRUWLRQDOO\�RYHU�WLPH��0RUHRYHU�� LQ�FRQWUDVW� WR�WKH�UHVXOWV�RI�$VFKH��2VPXQGVHQ�DQG

7YHWHUnV�>�@�IRU�WKH�*HUPDQ�PDUNHW��WKHUH�GRHV�QRW�VHHP�WR�EH�DQ\�V\VWHPDWLF�GLIIHUHQFHV

LQ�WKH�SULFH�OHYHOV��)LQDOO\��WKH�GHJUHH�RI�PDUNHW�LQWHJUDWLRQ�LV�VR�KLJK�WKDW�WKH�JHQHUDOL]HG

FRPSRVLWH�FRPPRGLW\�WKHRUHP�RI�/HZEHO�>��@�KROGV��+HQFH��JDV�IURP�WKH�WKUHH�VXSSOLHUV

FDQ�EH�DJJUHJDWHG�LQWR�D�VLQJOH�FRPPRGLW\�ZLWK�D�VLQJOH�SULFH�

,Q� D� V\VWHP� ZLWK� Q� YDULDEOHV� DQG� Q��� FRLQWHJUDWLRQ� YHFWRUV�� RQH� FDQ� DOZD\V

QRUPDOL]H� WKH� V\VWHP� VR� WKDW� RQH� KDV� Q��� SDLUZLVH� UHODWLRQVKLSV� >��@�� +HQFH�� ELYDULDWH

WHVWV� FDQ� LQ� WKLV� FDVH� LQ� SULQFLSOH� SURYLGH� WKH� VDPH� LQIRUPDWLRQ� DV� D� PXOWLYDULDWH� WHVW�

+RZHYHU��ELYDULDWH�WHVWV�DOVR�DOORZ�XV�WR�IRFXV�RQ�HDFK�UHODWLRQVKLS�VHSDUDWHO\��:H�ZLOO

KHUH�XWLOL]H�WKLV�WR�IXUWKHU�LQYHVWLJDWH�WKH�GLIIHUHQW�UHODWLRQVKLSV�EHWZHHQ�WKH�WKUHH�SULFHV�

7KLV� DSSURDFK� LV� DOVR� RI� LQWHUHVW� VLQFH� ELYDULDWH� UHODWLRQVKLSV� ZDV� WKH� IRFXV� LQ� PRVW

VWXGLHV�EHIRUH�FRLQWHJUDWLRQ�DQDO\VLV�ZDV� LQWURGXFHG��DQG�DOVR� LQ�PRVW� VWXGLHV�XVLQJ� WKH

(QJOH� DQG� *UDQJHU� WHVW� IRU� FRLQWHJUDWLRQ�� +RZHYHU�� D� SUREOHP� LV� WKDW� WKHUH� DUH� PRUH

SRWHQWLDO� SDLUV� WKDQ�XQLTXHO\� LGHQWLILHG� FRLQWHJUDWLRQ� YHFWRUV� >��@�� ,Q� RXU� FDVH�ZH� KDYH
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WKUHH�SRWHQWLDOO\� SDLUV�� RI�ZKLFK�RQO\� WZR� DUH� OLQHDUO\� LQGHSHQGHQW��+RZHYHU�� VLQFH� WKH

WKHRU\�JLYHV�XV�QR�JXLGDQFH�DERXW�ZKLFK�SULFH�WR�QRUPDOL]H�XSRQ��ZH�HVWLPDWH�DOO� WKUHH

SRWHQWLDO�SDLUV�HYHQ�WKRXJK�RQH�RI�WKHP�LV�UHGXQGDQW�

7KH�UHVXOWV�DUH�SURYLGHG�LQ�WKH�ILUVW�VHFWLRQ�RI�7DEOH���
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7DEOH����%LYDULDWH�-RKDQVHQ�WHVWV�IRU�FRLQWHJUDWLRQ�DQG�/23

9DULDEOHV +��UDQN� �S 0D[�WHVW 7UDFH�WHVW /23D &RQVWDQW�WHUP�ZLWK

/23�LPSRVHG

1R�SULFH

GLIIHUHQFHE
$5�����F

,QWR�)UDQFH

5XVVLD�DQG

1HWKHUODQGV

5XVVLD�DQG

1RUZD\

1HWKHUODQGV�DQG

1RUZD\

)URP�1HWKHUODQGV

)UDQFH�DQG

*HUPDQ\

%HOJLXP�DQG

)UDQFH
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LQGLFDWHV�VLJQLILFDQW�DW�D����OHYHO�DQG��LQGLFDWHV�VLJQLILFDQW�DW�D����OHYHO��&ULWLFDO�YDOXHV�DW�D����OHYHO�LV������DQG������UHVSHFWLYHO\��IRU�WKH�0D[�WHVW�DQG�����
DQG�����IRU�WKH�7UDFH�WHVW�
$OO�QXPEHUV�LQ�SDUHQWKHVLV�DUH�S�YDOXHV�
D7KH�WHVW�IRU�WKH�/DZ�RI�2QH�3ULFH�LV�GLVWULEXWHG�DV�c��ZLWK���GHJUHHV�RI�IUHHGRP
E7KH�WHVW�IRU�SULFH�HTXDOLW\�LV�GLVWULEXWHG�DV�c��ZLWK���GHJUHHV�RI�IUHHGRP
F$5�����LV�D�/0�WHVW�DJDLQVW�DXWRFRUUHODWLRQ�XS�WR�WKH���WK�RUGHU�DQG�LV�GLVWULEXWHG�DV�)�������
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*LYHQ�WKDW�ZH�IRXQG�WZR�FRLQWHJUDWLRQ�YHFWRUV�LQ�WKH�PXOWLYDULDWH�WHVW�IRU�LPSRUW

SULFHV� LQWR� )UDQFH�� LW� LV� DV� H[SHFWHG� WKDW� HDFK� RI� WKH� ELYDULDWH� WHVWV� LQGLFDWHV� RQH

FRLQWHJUDWLRQ� YHFWRU�� )XUWKHUPRUH�� WKH�/23�KROGV� LQ� DOO� UHODWLRQVKLSV�� DOWKRXJK� WKHUH� LV

VRPH�HYLGHQFH�DJDLQVW�WKLV�K\SRWKHVLV�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�5XVVLDQ�DQG�1RUZHJLDQ

JDV��DV�WKH�S�YDOXH�LV��������1RWH�DOVR�WKDW�WKHUH�VHHPV�WR�EH�VRPH�HYLGHQFH�DJDLQVW� WKH

K\SRWKHVLV�WKDW�5XVVLDQ�DQG�1RUZHJLDQ�SULFHV�KDYH�WKH�VDPH�OHYHO��DV�WKH�WHVW�KHUH�KDV�D

S�YDOXH�RI�������

:H� WKHQ� SURFHHG� WR� DQDO\]H� WKH� GHJUHH� RI� PDUNHW� LQWHJUDWLRQ� EHWZHHQ� VHOHFWHG

(XURSHDQ�FRXQWULHV��7KH�UHVXOWV�LQ�WKLV�SDSHU�LQGLFDWH�WKDW�WKHUH�LV�RQH�PDUNHW�IRU�QDWXUDO

JDV� LQ�)UDQFH��*LYHQ� WKH� UHVXOWV�RI�$VFKH��2VPXQGVHQ�DQG�7YHWHUnV� >�@��ZH�DOVR�NQRZ

WKDW� WKHUH� LV� RQH� PDUNHW� IRU� QDWXUDO� JDV� LQ� *HUPDQ\�� ,W� LV� WKHUHIRUH� RI� LQWHUHVW� WR� WHVW

ZKHWKHU�WKHVH�PDUNHWV�DUH�OLQNHG��*LYHQ�WKDW�DOO�SULFHV�LQ�HDFK�RI�WKH�PDUNHWV�IROORZ�WKH

VDPH� VWRFKDVWLF� WUHQG�� WKLV�K\SRWKHVLV� FDQ�EH� WHVWHG�E\� WHVWLQJ� WKH� UHODWLRQVKLS� EHWZHHQ

DQ\� WZR� SULFHV� IURP� WKH� WZR� PDUNHWV�� :H� ZLOO� KHUH� WHVW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH

'XWFK�LPSRUW�SULFH�WR�ERWK�)UDQFH�DQG�*HUPDQ\��DQG�DOVR�WHVW�ZKHWKHU�WKH�%HOJLDQ�PDUNHW

LV�UHODWHG�WR�WKH�)UHQFK�PDUNHW�E\�WHVWLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�'XWFK�LPSRUW�SULFH

WR�%HOJLXP�DQG�)UDQFH��7KH�UHVXOWV�DUH�UHSRUWHG�LQ�WKH�ODVW�VHFWLRQ�RI�7DEOH����$V�RQH�FDQ

VHH��WKH�SULFHV�LQ�ERWK�UHODWLRQVKLSV�DUH�FRLQWHJUDWHG��0RUHRYHU��WKH�/DZ�RI�2QH�SULFH�DOVR

VHHP�WR�KROG��DOWKRXJK�WKHUH�LV�VRPH�HYLGHQFH�DJDLQVW� LW� LQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH

SULFHV� LQ� )UDQFH� DQG�*HUPDQ\�� DV� WKH�S�YDOXH� LV� DV� ORZ� DV� ������� +HQFH�� WKH� PDUNHWV

VHHPV�WR�EH�IDLUO\�ZHOO�LQWHJUDWHG��DOWKRXJK�LW�LV�QRW�HQWLUHO\�FOHDU�ZKHWKHU�WKH�)UHQFK�DQG

*HUPDQ�PDUNHWV�DUH�IXOO\�LQWHJUDWHG��RU�ZKHWKHU�WKHUH�LV�D�VPDOO�ZHGJH�PDNLQJ�WKH�WZR
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PDUNHWV� FORVH� EXW� LPSHUIHFW� VXEVWLWXWHV� IRU�'XWFK� VHOOHUV��7KHUH� LV� DOVR� VRPH� HYLGHQFH�

DOWKRXJK�QRW�YHU\�VWURQJ��WKDW�SULFHV�LQ�*HUPDQ\�DUH�V\VWHPDWLFDOO\�ORZHU�WKDQ�LQ�)UDQFH�

��� &RQFOXGLQJ�UHPDUNV

,Q� WKLV� SDSHU�ZH� KDYH� H[DPLQHG� ERUGHU� SULFHV� RI� QDWXUDO� JDV� GHOLYHUHG� WR� )UDQFH� IURP

5XVVLD��1RUZD\� DQG� WKH�1HWKHUODQGV� LQ� WKH� SHULRG� �����������0DUNHW� LQWHJUDWLRQ� WHVWV

VKRZ� WKDW� WKH� GLIIHUHQW� EHDFK� SULFHV� IRU� JDV� WR� )UDQFH� PRYH� SURSRUWLRQDOO\� RYHU� WLPH�

LQGLFDWLQJ�DQ�LQWHJUDWHG�JDV�PDUNHW��,Q�RWKHU�ZRUGV��WKH�/DZ�RI�2QH�3ULFH�KROGV��8QOLNH

RXU� SUHYLRXV� VWXG\� RI�*HUPDQ\��ZH� ILQG� VPDOO� GLIIHUHQFHV� LQ�PHDQ� SULFHV� EHWZHHQ� WKH

WKUHH�VXSSOLHUV��7KLV�LV�VXUSULVLQJ��VLQFH�WKH�JDV�VROG�DFWXDOO\�LV�D�FRPSRVLWH�FRPPRGLW\

FRQWDLQLQJ�WKH�JDV�LWVHOI��VZLQJ�VHUYLFHV�DQG�RWKHU�FRPSRQHQWV��'XWFK�JDV�SURGXFHUV�DUH

NQRZQ� WR� KDYH� WKH� EHVW� WHFKQLFDO� RSSRUWXQLWLHV� WR� VXSSO\� VZLQJ� VHUYLFH�� 1RUZD\� FDQ

VXSSO\� D� IDLU� VZLQJ� FRPSRQHQW�� ZKHUHDV� WKH� 5XVVLDQV� FDQ� RQO\� GHOLYHU� ZLWK� D� OLPLWHG

DPRXQW�RI�VZLQJ��'HVSLWH�WKLV��RXU�UHVXOWV�VXJJHVW�WKDW�WKH�1HWKHUODQGV�DQG�1RUZD\�KDYH

QRW�REWDLQHG�D�SULFH�SUHPLXP�IRU�WKHLU�JDV�VXSSOLHV�UHODWLYH�WR�5XVVLD�

:H�KDYH� DOVR� LQYHVWLJDWHG� WKH� OLQN�EHWZHHQ� WKH�)UHQFK�PDUNHW� DQG� WKH�*HUPDQ

DQG� %HOJLDQ� PDUNHWV�� 7KH� PDUNHW� LQWHJUDWLRQ� WHVWV� LQGLFDWHV� WKDW� WKHUH� LV� D� FORVH

UHODWLRQVKLS�EHWZHHQ�WKHVH�PDUNHWV�DV�WKH�SULFHV�IROORZ�D�VLPLODU�SDWWHUQ�RYHU�WLPH��DQG�LV

YHU\�PXFK�DW�WKH�VDPH�OHYHO��+HQFH��GHVSLWH�WKH�IHZ�VHOOHUV�DQG�LPSRUWHUV�RI�QDWXUDO�JDV�LQ

WKHVH�PDUNHWV��WKH�SULFHV�EHKDYHV�DV�LI�WKH�PDUNHWV�DUH�ZHOO�LQWHJUDWHG�

$VVHVVLQJ�WKH�WDNH�RU�SD\�FRQWUDFWV��LW�LV�HYLGHQW�WKDW�WKH\�UHSUHVHQW�D�FRPSURPLVH

EHWZHHQ� WKH� VHOOHU
V� DQG� WKH� EX\HU¶V� REMHFWLYHV� ZLWK� UHVSHFW� WR� YROXPH� JXDUDQWHHV� DQG

IOH[LELOLW\��$V�IRU�SULFH�ULVN��WKH�IL[HG�WHUP�LQ�WKH�FRQWUDFWV�LPSOLHV�VWDELOLW\�IRU�WKH�VHOOHU�
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ZKHUHDV� WKH� HVFDODWLRQ� WHUPV� LQ� WKH� SULFH� IRUPXOD� �� OLQNLQJ� JDV� SULFHV� WR� WKH� SULFH� RI

VXEVWLWXWHV�±� LPSO\� WKDW� WKH�VHOOHU� LV�FDUU\LQJ�D�SULFH�ULVN��7KH�)UHQFK�JDV� LPSRUW�SULFHV

KDYH� LQ� WKH� SHULRG� GLVSOD\HG� D� FRQVLGHUDEOH� YRODWLOLW\�� LQGLFDWLQJ� WKDW� WKH� DFWXDO� SULFH

IRUPXODV�LQ�WKH�FRQWUDFWV�FRQWDLQ�KLJK�LPSDFW�IDFWRUV��$FFRUGLQJ�WR�FRQWUDFW�DQG�LQFHQWLYH

WKHRU\�� RSWLPDO� FRQWUDFW� GHVLJQ� LPSOLHV� VKDULQJ� WKH� ULVN� DPRQJ� WKH� FRQWUDFWLQJ� SDUWLHV

DFFRUGLQJ�WR�WKHLU�DELOLW\�WR�FDUU\�ULVN��L�H���DFFRUGLQJ�WR�WKHLU�ULVN�DYHUVLRQ���VHH�JHQHUDO

DQDO\VHV�E\�/DIIRQW�>��@�DQG�6DODQLp�>��@��DQG�DSSOLFDWLRQV�LQ�WKH�SHWUROHXP�LQGXVWU\�E\

2VPXQGVHQ�>��@��7KXV��WKH�ULVN�VKDULQJ�LQ�WKH�JDV�VXSSO\�FRQWUDFWV�LV�LQ�DFFRUGDQFH�ZLWK

WKHRUHWLFDO� UHFRPPHQGDWLRQV� RQO\� WR� WKH� H[WHQW� WKDW� WKH� EX\HU¶V� FRPPHUFLDO� DFWLYLW\� LV

KLJKO\�VHQVLWLYH�WR�LQWHU�IXHO�FRPSHWLWLRQ�

:KDW� LV� PRVW� VXUSULVLQJ� ZLWK� RXU� UHVXOWV� LV� WKDW� WKH� KLJK� GHJUHH� RI� FRUUHODWLRQ
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