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$� FKDQJH� LQ� VXUURXQGLQJ� V\PPHWU\� RI
PDJQHWLF� LRQV� )H��� DW� WKH� VXUIDFH� RI� HDV\�
SODQH� ZHDNO\� IHUURPDJQHWLF� )H%2�� FU\VWDODV� FRPSDUHG� WR� WKH� YROXPH� UHVXOWV� LQ� DQ
H[FHVV�DQLVRWURSLF�PDJQHWLF�HQHUJ\�RI�QHDU�
VXUIDFH�OD\HUV�>�@��7KH�PDJQHWLF�PRPHQWV�RI
LRQV� LQ� WKH�QHDU�VXUIDFH� DUHD�� UHPDLQLQJ� LQ
WKH� EDVDO� SODQH�� DSSHDU� �IL[HG�� LQ� FHUWDLQ
GLUHFWLRQV�� $Q� H[WHUQDO� PDJQHWLF� ILHOG� DS�
SOLHG�LQ�WKH�EDVDO�SODQH�UHVXOWV�LQ�IRUPDWLRQ
RI� QHDU�VXUIDFH� WUDQVLWLRQDO� PDJQHWLF� OD\HU
RI� GRPDLQ� ZDOO� W\SH�� ZKHUH� WKH� PDJQHWLF
PRPHQWV�RI�LRQV�VPRRWKO\�URWDWH�IURP�WKHLU
RULHQWDWLRQ�LQ�WKH�YROXPH��RUWKRJRQDO�WR�WKH
PDJQHWLF� ILHOG�� WR� WKH� RULHQWDWLRQ� DW� WKH
VXUIDFH� >�@��8QOLNH�XVXDO�IHUURPDJQHWV�� WKH
VXUIDFH� PDJQHWLVP� LQ� LURQ� ERUDWH� LV� ZHOO
REVHUYDEOH� GXH� WR� VSHFLILF� IHDWXUHV� RI� WKH
FU\VWDO�PDJQHWLF� VWUXFWXUH�� 7KH� SXUSRVH� RI
WKLV� ZRUN� LV� WR� FDOFXODWH� WKH� FULWLFDO� ILHOG
YDOXH�+V�SURYLGLQJ�WKH�PDJQHWL]DWLRQ�RI�WKHWUDQVLWLRQ� OD\HU� WR� WKH� VDWXUDWLRQ� � LQ� WKH
FDVH� ZKHQ� WKH� VXUIDFH� LV� UHFRQVWUXFWHG� RU
FRQWDLQV�SRLQW�GHIHFWV�DV�YDFDQFLHV�RI�PDJ�
QHWLF� LRQV�)H���� 7KXV��ZH�ZLOO� FRQVLGHU� WKH
PDJQHWR�GLSROH� FRQWULEXWLRQ� WR� WKH� VXUIDFH
DQLVRWURS\�HQHUJ\�

$� VXUIDFH� LV� D� VWUXFWXUDO� GHIHFW�� WKHUH�
IRUH�� QRW� RQO\�PDJQHWLF� EXW� DOVR� HODVWLF� LQ�
WHUDFWLRQV�PXVW� FKDQJH� LQ� WKH� QHDU�VXUIDFH
DUHD��7KH�ODWWHU�FLUFXPVWDQFH�UHVXOWV�LQ�GLV�
WRUWLRQ�RI�FU\VWDO�VWUXFWXUH�LQ�WKH�QHDU�VXU�
IDFH�DUHD��L�H���SDUWLDO�UHFRQVWUXFWLRQ�RI�VXU�
IDFH�� 6LQFH� WKH� VXUIDFH� DQLVRWURS\� HQHUJ\
DQG� HVSHFLDOO\� FULWLFDO� ILHOG�� E\� GHILQLWLRQ�
GHSHQG�KHDYLO\� RQ� WKH�SDUDPHWHU� RI� FU\VWDO
ODWWLFH� >�@�� WKH� VXUIDFH� UHFRQVWUXFWLRQ�PXVW
LQIOXHQFH� FRQVLGHUDEO\� WKHVH� TXDQWLWLHV�� $
UHFRQVWUXFWLRQ�LV�FRQQHFWHG�XVXDOO\�ZLWK�GH�
FUHDVLQJ� GLVWDQFHV� EHWZHHQ� QHDU�VXUIDFH
DWRPV�� 7R� WDNH� WKH� VXUIDFH� UHFRQVWUXFWLRQ
LQWR� DFFRXQW� LQ� WKH� WKHRU\� RI� VXUIDFH�PDJ�
QHWLVP�� OHW� XV� SURFHHG� IURP� WKH� IROORZLQJ
VLPSOH� PRGHO�� 7KH� ODWWLFH� SDUDPHWHUV� LQ� D
WKLQ� OD\HU� IRUPHG� E\� D� IHZ� QHDU�VXUIDFH
PRQROD\HU�RI�PDJQHWLF�LRQV�GLIIHU�IURP�SD�
UDPHWHUV� LQ� WKH� YROXPH�� 7KHVH� GLIIHUHQFHV
DUH� HTXLYDOHQW� WR� VWUDLQV� ZKLFK� ZRXOG� EH
FDXVHG�E\�VRPH�H[WHUQDO�SUHVVXUH��)RU� VLP�
SOLFLW\��ZH�ZLOO�FRQVLGHU�VWUDLQV�FDXVHG�E\�D
K\SRWKHWLFDO� K\GURVWDWLF� SUHVVXUH�� 3HUKDSV
VXFK� D�PRGHO� GRHV� QRW� DQVZHU� UHDOLW\� FRP�
SOHWHO\�� EXW� LW�DOORZV�HVWLPDWLQJ� WKH�GHJUHH
RI� VWUDLQ� LQIOXHQFH� RQ� YDOXHV� RI� VXUIDFH
PDJQHWL]LQJ�ILHOGV�
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6LQFH� K\GURVWDWLF� SUHVVXUH� GRHV� QRW
FKDQJH� WKH� FU\VWDO� ODWWLFH� V\PPHWU\�� WKH
VDPH�DSSURDFK�DV�IRU�DQ�LGHDO�FU\VWDO�FDQ�EH
DSSOLHG� WR� FDOFXODWH� WKH� VXUIDFH� DQLVRWURS\
HQHUJ\�XQGHU�SUHVVXUH�>�@��'XH�WR�H[FKDQJH
FRXSOLQJ�ZLWK�PDJQHWLF�PRPHQWV�LQ�WKH�YRO�
XPH��WKH�PDJQHWLF�PRPHQWV�RI�QHDU�VXUIDFH
LRQV� )H��� LQ� DQ� HDV\�SODQH� DQWLIHUURPDJ�
QHWLF� FU\VWDO� SUDFWLFDOO\� DUH� HVVHQWLDOO\� LQ
WKH� EDVDO� SODQH�� ,Q� WKLV� FDVH�� WKH� VXUIDFH
GHQVLW\�RI�WKH�VXUIDFH�DQLVRWURS\�HQHUJ\�KDV
WKH�IRUP

V� �DVVLQ�M���EVVLQMFRVM� ���
ZKHUH�DV� DQG� EV� DUH� WKH� VXUIDFH� DQLVRWURS\
FRQVWDQWV�� M�� D]LPXWKDO� DQJOH� RI� DQWLIHUUR�
PDJQHWLF� YHFWRU�� GHWHUPLQHG� LQ� WKH� EDVDO
SODQH��)LJ������
/HW�XV�FRQVLGHU� WKH�UHFRQVWUXFWLRQ� LQIOX�

HQFH� RQ� WKH� VXUIDFH� PDJQHWLVP� RI� LURQ� ER�
UDWH� IRU� ����

BB
��� IDFH� RQ� ZKLFK� VXUIDFH� DQ�

LVRWURS\�LV�FRQVLGHUDEOH�>�@��7R�FDOFXODWH�WKH
HQHUJ\� GHQVLW\� ����� WKH� )H%2�� UKRPERKH�GURQ� ZLWK� IDFHV� RI� ����

BB
��� W\SH� ZDV� XVHG

ZLWK� WKH� HGJH� OHQJWK� RI� ���DU�� VLPLODU� WRWKDW� SUHVHQWHG� LQ� )LJ����� 7KH� )LJXUH� SUH�
VHQWV� WKH� XVHG� FRRUGLQDWH� V\VWHP� DV� ZHOO�
+HUH�DQG�IXUWKHU��WKH�]�D[LV�FRLQFLGHV�ZLWK
WKH� ��IROG� V\PPHWU\� D[LV� RI� WKH� FU\VWDO�� [
DQG�\�D[HV�DUH�LQ�WKH�EDVDO�SODQH��WKH�[�RQH
EHLQJ�GLUHFWHG�DORQJ���IROG�D[LV�DQG�\� LV� LQ
V\PPHWU\�SODQH��7KH�VXUIDFH�DQLVRWURS\�HQ�
HUJ\� IRU� WKLV� IDFH� PXVW� EH� LQYDULDQW� ZLWK
UHVSHFW� WR�UHIOHFWLRQ� LQ� WKH�V\PPHWU\�SODQH
\]�� 7KLV�PHDQV� WKDW� EV� ��� LQ� ����� 7KH� VXU�IDFH� DQLVRWURS\� FKDUDFWHULVWLF� WR� EH� PHDV�
XUHG�LV�WKH�FULWLFDO�PDJQHWL]LQJ�ILHOG�RI�WKH
WUDQVLWLRQ� OD\HU� LQ� GLIILFXOW� GLUHFWLRQ� sV�ZKLFK�IRU�IDFH�����

BB
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+V� ��DV��e�$0� ���

+HUH� $� LV� WKH� H[FKDQJH� SDUDPHWHU� IRU
WUDQVLWLRQ� OD\HU��0�� WKH� VSRQWDQHRXV� PDJ�
QHWL]DWLRQ� RI� WKH� FU\VWDO�� 7KH� YDULDEOHV
FKDUDFWHUL]LQJ� D� VXUIDFH� DQLVRWURS\� DQG
EHLQJ�GHWHUPLQHG� LQ� WKH�PDJQHWR�GLSROH�DS�
SUR[LPDWLRQ�� DUH� IRXQG� WR� EH� LQ� D� VWURQJ
GHSHQGHQFH�RQ�WKH�HGJH�OHQJWK�RI�WKH�HOHPHQ�
WDU\�UKRPERKHGURQ�ÈU��)LJ������DV�a�DUÜ���+V�aDUÜ���� :KHQ� FDOFXODWLQJ� WKHVH� FKDUDF�
WHULVWLFV�� WKH� FKDQJH� RI� WKH� HOHPHQWDU\
UKRPERKHGURQ�SDUDPHWHUV�RI��DU�DQG�D��ZDVGHWHUPLQHG� XVLQJ� WKH� VWUDLQ� YDOXHV� FDXVHG
E\�K\SRWKHWLFDO�K\GURVWDWLF�SUHVVXUH��

XLM� ��6LMNOGNO���SK� ���
ZKHUH� L�M�N�O� �[�\�]� �VHH� )LJ������ XLM� DUHFRPSRQHQWV� RI� VWUDLQ� WHQVRU�� 6LMNO�� FRPSR�
QHQWV� RI� FRPSOLDQFH� WHQVRU�� GNO�� G�IXQFWLRQ�¯K��WKH�K\GURVWDWLF�SUHVVXUH��7DNLQJ�LQWR�DF�FRXQW� WKH� V\PPHWU\��ZH� JHW� IURP� KHUH� WKH
H[SUHVVLRQV� FRQQHFWLQJ� WKH�GLDJRQDO� FRPSR�
QHQWV�RI�WKH�VWUDLQ�WHQVRU�
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+HUH�6� LV� FRPSOLDQFH�SUHVHQWHG� LQ�D�PD�
WUL[�IRUP�DQG�GHWHUPLQHG�XVLQJ�HODVWLF�FRQ�
VWDQWV�>�@�
8VLQJ�WKH�FRUUHODWLRQV������GHSHQGHQFH�RI

WKH� VDWXUDWLRQ� ILHOG� +V� RQ� WKH� UHODWLYHOHQJWK� GHFUHDVH� RI� HOHPHQWDU\� UKRPERKH�
GURQ� HGJH� 'DU�DU� ZDV� FDOFXODWHG� DW� URRPWHPSHUDWXUH�� 7KH� FRUUHVSRQGLQJ� FXUYH� LV
SUHVHQWHG� LQ� )LJ����� ,W� LV� VHHQ� WKDW� WKH� H[�
SHULPHQWDO� YDOXH� RI� WKH� VDWXUDWLRQ� ILHOG
sV|��N2H�DW�WKLV�WHPSHUDWXUH�FDQ�EH�GXH�WRVWUDLQLQJ� RI� QHDU�VXUIDFH� OD\HU� E\� DERXW
������:H�KDYH�FDOFXODWHG�DOVR�WKH�PDJQHWL�
]DWLRQ� FXUYHV� IRU� QHDU�VXUIDFH� OD\HU� >�@� DW

)LJ�����(OHPHQWDU\�UKRPERKHGURQ� RI�)H%2�FU\VWDO� ZLWK� ����
BB
��� W\SH� IDFHV�� LQ� DEVHQFH

RI� H[WHUQDO� SUHVVXUH�� WKHUH� LV� HGJH� OHQJWK
DU� ����c��SODQH�DQJOH�DW�D�YHUWH[�D� ��������

)LJ�����'HSHQGHQFH�RI�VDWXUDWLRQ�ILHOG�RQ�WKH
UHODWLYH� GHFUHDVH� RI� RI� HOHPHQWDU\� ����
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��

UKRPERKHGURQ�HGJH�OHQJWK��
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��  �����z� IRU� DQ� LGHDO� FU\VWDO� DQG� FU\VWDO
ZLWK� WKH� UHFRQVWUXFWHG� VXUIDFH� ZLWK� WKH
VDWXUDWLRQ� ILHOG� FRLQFLGHQW�ZLWK� WKH� H[SHUL�
PHQWDO� +V� YDOXH�� 7KHVH� FXUYHV� DUH� SUH�VHQWHG�LQ�)LJ�����7KH�H[SHULPHQWDO�PDJQHWL�
]DWLRQ�FXUYH�LV�KHUH�SUHVHQWHG�DV�ZHOO�>�@���
,W�LV�ZHOO�NQRZQ�WKDW�D�QHDU�VXUIDFH�DUHD

RI�D�FU\VWDO�PD\�EH�PRUH�GHIHFWLYH�WKDQ�LWV
YROXPH� >�@��:H� KDYH� VWXGLHG� WKH� LQIOXHQFH
RI� WKH� QHDU�VXUIDFH� OD\HU� GHIHFW� VWUXFWXUH
RQ� VXUIDFH� PDJQHWLVP�� $V� GHIHFWV�� WKH� YD�
FDQFLHV� RI� PDJQHWLF� LRQV� ZHUH� FRQVLGHUHG�
)LJ�� �� VKRZV� WKH� FDOFXODWHG� GHSHQGHQFH� RI
WKH� PDJQHWR�GLSROH� VDWXUDWLRQ� ILHOG� +V� RQWKH� FRQFHQWUDWLRQ� RI� YDFDQFLHV� DW� �� ���z�
9DFDQFLHV� DUH� DVVXPHG� WR� EH� UDQGRPO\� GLV�
WULEXWHG� LQ� WKH� QHDU�VXUIDFH� DUHD� RI� WKH
FU\VWDO�� $V� H[SHFWHG�� WKH� LQFUHDVH� RI� YD�
FDQF\�FRQFHQWUDWLRQ�FDXVHV�D�GHFUHDVH�RI�WKH
VDWXUDWLRQ�ILHOG�+V�7KXV��WKH�FDOFXODWLRQ�KDV�VKRZQ�D�VWURQJ
GHSHQGHQFH� RI� PDJQHWR�GLSROH� FRQWULEXWLRQ

WR� WKH� VXUIDFH� DQLVRWURS\� HQHUJ\� DQG� FULWL�
FDO� ILHOG� RQ� WKH� ODWWLFH� VWUDLQ� GHJUHH� DQG
FRQFHQWUDWLRQ� RI� PDJQHWLF� LRQ� YDFDQFLHV� LQ
WKH� QHDU�VXUIDFH� DUHD� RI� LURQ� ERUDWH� VLQJOH
FU\VWDO�� 7KH� UHVXOWV� RI� FDOFXODWLRQ� ZLOO� QRW
FKDQJH�� LI� WKH� DGPL[WXUH� RI� GLDPDJQHWLF
LRQV� LQ� WKH� QHDU�VXUIDFH� DUHD� RI� JUDWH�)H��
ZLOO� EH� FRQVLGHUHG� LQVWHDG� RI� YDFDQFLHV�
7KXV��WKH�SXUSRVHIXO�IRUPDWLRQ�RI�WKH�PHQ�
WLRQHG�GHIHFWV�HQDEOHV�WR�FRQWURO�WKH�VXUIDFH
DQLVRWURS\�WR�VRPH�H[WHQW���
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)LJ�����0DJQHWL]DWLRQ�FXUYHV�IRU�VXUIDFH��H[�
SHULPHQWDO� ���� >�@�� FDOFXODWHG� IRU� D� FU\VWDO
ZLWK� WKH� XQVWUDLQHG� VXUIDFH� ����� FDOFXODWHG
WDNLQJ� LQWR� DFFRXQW� WKH� VXUIDFH� UHFRQVWUXF�
WLRQ�����

)LJ����� &DOFXODWHG� GHSHQGHQFH� RI� VDWXUDWLRQ
ILHOG�RQ�WKH�FRQFHQWUDWLRQ�RI�GHIHFWV�
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