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7KH�FU\VWDO��PDJQHWLF�DQG�HOHFWURQ�VWUXF�
WXUH� DQG� YDULRXV� SK\VLFDO� SURSHUWLHV� RI� D
�I�PDJQHWLF�� UDUH�HDUWK� PHWDO� G\VSURVLXP
�'\��DUH�XQGHU�VWXG\�IRU�PRUH�WKDQ����\HDUV
�VHH��H�J���UHYLHZV�>�Ü�@���,W�KDV�EHHQ�HVWDE�
OLVKHG�UHOLDEO\�WKDW�DW�71�DERXW�����.��G\V�SURVLXP� LV� VXEMHFWHG� WR� WKH� VHFRQG� RUGHU
SKDVH� WUDQVLWLRQ� �SDUDPDJQHWLVP�WR�DQWLIHU�
URPDJQHWLVP��� LWV� KFS� FU\VWDO� ODWWLFH� V\P�
PHWU\�UHPDLQLQJ�XQFKDQJHG��6WXGLHV�RI�WKH
QHXWURQ� PDJQHWLF� VFDWWHULQJ� >�@� DQG� V\Q�
FKURWURQLF� ;�UD\� PDJQHWLF� VFDWWHULQJ� >�@
FKDUDFWHUL]H� XQDPELJXRXVO\� WKH� FKDUDFWHU
RI� WKH� DQWLIHUURPDJQHWLF� VWUXFWXUH� LQ� '\�
1DPHO\�� EHORZ� 71�� D� KHOLFRLGDO� DQWLIHUUR�

PDJQHWLF� VWUXFWXUH� RI� WKH� VLPSOH� KHOL[� 66
W\SH� LV� IRUPHG� ZLWK� WKH� KHOLFRLG� D[LV� GL�
UHFWHG� DORQJ� WKH� �WK� RUGHU� V\PPHWU\� D[LV
�WKH� F� D[LV� RI� KFS� ODWWLFH��� 7KH� PDJQHWLF
PRPHQWV�0� DUH�SRVLWLRQHG�RI� FRXUVH� LQ� WKH
EDVLV� ������ SODQHV�� $V� WKH� WHPSHUDWXUH
GURSV� GRZQ� WR�7)Ü$)� �DERXW� ���.��� WKH� �VWRUGHU�SKDVH�WUDQVLWLRQ�RFFXUV�LQ�'\��KHOLFRL�
GDO� DQWLIHUURPDJQHWLVP�WR�FROOLQHDU� IHUUR�
PDJQHWLVP��ZKLOH� WKH�KFS� ODWWLFH� V\PPHWU\
LV� UHGXFHG� WR� RUWKRUKRPELF� � � RQH� >�Ü��@�
DQG�PDJQHWLF�PRPHQWV�LQ�WKH�IHUURPDJQHWLF
SKDVH� DUH� SRVLWLRQHG� LQ� WKH� EDVLV� �����
SODQHV�DORQJ�WKH�D�D[LV�
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,Q�WKH�WHPSHUDWXUH�UDQJH�7)Ü$)���7���71�WKH� DQJOH� EHWZHHQ� WKH� 0� SURMHFWLRQV� LQ
QHLJKERULQJ�EDVLV�SODQHV��WKH�KHOLFRLG�DQJOH�T�
YDULHV�ZLWKLQ�YHU\�ZLGH�OLPLWV��6R�DW�7� �71�T� LV� DERXW� ������ ZKLOH� DW�7� �7)Ü$)�� DERXW�������1RW�ORQJ�DJR��ZKHQ�VWXG\LQJ�WKH�QHX�
WURQ� PDJQHWLF� VFDWWHULQJ� RQ� D� '\� VLQJOH
FU\VWDO�>��@��LW�KDV�EHHQ�IRXQG�WKDW�WKH�WHP�
SHUDWXUH� GHSHQGHQFH� RI� WKH� KHOLFRLG� DQJOH
T�7�� LV� QRW� PRQRWRQRXV� �DV� ZDV� SRVWXODWHG
LQ�>�@��EXW�FRQWDLQV�D�VHULHV�RI�SHFXOLDULWLHV
��MXPSV����7KHVH�SHFXOLDULWLHV�LV�EHOLHYHG�WR
EH� DVVRFLDWHG� ZLWK� WKH� DSSHDUDQFH� RI� VR�
FDOOHG� �FRPPHQVXUDELOLW\� SRLQWV��� WKDW� LV�
ZLWK�WUDQVIRUPDWLRQ�RI�WKH�66�ODWWLFH��ZKHUH
WKH� SHULRG� UDWLR� EHWZHHQ� WKH� PDJQHWLF� ODW�
WLFH�� T� ��S�T��F�� DQG� WKH� FU\VWDO� RQH�� F�� LV
DQ� LUUDWLRQDO� QXPEHU�� LQWR� D� PDJQHWLF� ODW�
WLFH�ZKHUH�WKH�SHULRG�T�LV�D�PXOWLSOH�RI�RQH
RU�PRUH�F�SHULRGV�>��@�

7KH� FRQFHSW� RI� UHDOL]DELOLW\� RI� SKDVH
WUDQVLWLRQV� EHWZHHQ� FRPPHQVXUDWH� DQG� LQ�
FRPPHQVXUDWH� SKDVHV� �&,� WUDQVLWLRQ�� JRHV
EDFN�WR�ZRUNV�E\�<D�,�)UHQNHO�DQG�7�$�.RQ�
WRURYD� >��@�� 7KHLU� VLPSOHVW� RQH�GLPHQVLRQDO
PRGHO� ZDV� IXUWKHU� VXFFHVVLYHO\� DSSOLHG� WR
PDQ\� V\VWHPV�� LQFOXGLQJ� KHOLFRLGDO� PDJ�
QHWLF�VWUXFWXUHV��VHH��H�J���>������@���7KH�&,
WUDQVLWLRQV� DUH� FRQVLGHUHG� WKHRUHWLFDOO\� LQ
QXPHURXV�ZRUNV� �VHH�� H�J��� >��Ü��@��� ,W�KDV
EHHQ�DVVXPHG��LQ�SDUWLFXODU��WKDW�WKH�RFFXU�
UHQFH�RI�&,�WUDQVLWLRQV�DV�ZHOO�DV�KHOLFRLGDO�
QRQ�FROOLQHDU�� DQG� RWKHU� PDJQHWLF� VWUXF�
WXUHV� LQ� UDWH�HDUWK� PHWDOV� FRXOG� EH� GXH� WR
FKDQJHV� LQ� WKH� )HUPL� VXUIDFH� WRSRORJ\� DW
WHPSHUDWXUH� ORZHULQJ� RU� XQGHU� H[WHUQDO
PDJQHWLF�ILHOG�>������@��

7KH� H[SHULPHQWDO� UHVXOWV� FRQFHUQLQJ� WKH
WUDQVLWLRQV� EHWZHHQ� WKH� FRPPHQVXUDWH� DQG
LQFRPPHQVXUDWH� SKDVHV� LQ� WKH� H[LVWHQFH
UDQJH� RI� DQWLIHUURPDJQHWLF� VWUXFWXUH� LQ�'\
DUH� KLJKO\� FRQWUDGLFWRU\�� )RU� H[DPSOH�� QX�
PHURXV� DQRPDOLHV� DUH� PHQWLRQHG� WR� EH� RE�
VHUYHG� LQ� WKH� WHPSHUDWXUH� GHSHQGHQFHV� RI
WKHUPDO� H[SDQVLRQ� FRHIILFLHQW�� HODVWLF� FRQ�
VWDQWV�� DQG� KHDW� FDSDFLW\� RI�'\� ZLWKLQ� WKH
7)Ü$)���7���71� UDQJH� �VHH�� H�J��� >������@��$W�WKH�VDPH�WLPH��WKHUH�DUH�GDWD�HYLGHQFLQJ
WKH� DYEVHQFH� RI� DQ\� SHFXOLDULWLHV� LQ� WKRVH
SURSHUWLHV��VHH��H�J���>������@���1R�DQRPDOLHV
KDYH� EHHQ� UHYHDOHG� LQ� WHPSHUDWXUH� GHSHQG�
HQFHV�RI�WKH�FU\VWDO�ODWWLFH�SDUDPHWHUV�D�DQG
F�DV�ZHOO�DV�F�D�UDWLR�IRU�'\�LQ�WKH�7)Ü$)��7���71� UDQJH� >�Ü��@�� 7KH� H[LVWHQFH� RIDQRPDOLHV� LQ� PDFURVFRSLF� SURSHUWLHV� QHDU
WKH��FRPPHQVXUDELOLW\�SRLQWV��ZDV�VWDWHG�WR
EH� GRXEWIXO� >��@� DV� ZHOO� DV� HYHQ� WKH� H[LVW�
HQFH� RI� WKH� �FRPPHQVXUDELOLW\� SRLQWV�� LQ
G\VSURVLXP�>��@��

'XH� WR� D� VWURQJ� WHPSHUDWXUH�GHSHQGHQFH
RI� WKH� KHOLFRLGDO� DQWLIHUURPDJQHWLF� VWUXF�
WXUH�SHULRG��T��DV�ZHOO�DV�WR�SUHVHQFH�RI�WZR
UHIHUHQFH� SRLQWV�� QDPHO\�� WKH� SURQRXQFHG
PDJQHWLF�SKDVH�WUDQVLWLRQV�RI��VW��DW�7)Ü$)�DQG� �VW� RUGHU� �DW� 71��� G\VSURVLXP� FDQ� EHXVHG�DV�D�PRGHOLQJ�REMHFW�WR�FRQVLGHU�WKH�&,
WUDQVLWLRQV� LQ� UDUH�HDUWK� PHWDOV�� 7KDW� LV
ZK\� LQ� WKLV� ZRUN�� ZH� DWWHPSWHG� WR� UHYHDO
DQRPDOLHV�LQ�WKH�HOHFWURQ�DQG�ODWWLFH�SURSHU�
WLHV�RI�WKDW�PHWDO�DW�7)Ü$)���7���71�7KH� LQYHVWLJDWLRQ� SURJUDP� LQFOXGHG� WKH
PHDVXUHPHQWV�RI�WHPSHUDWXUH�GHSHQGHQFHV�RI
UHVLVWLYLW\�U��FRPSOH[�PDJQHWLF�VXVFHSWLELOLW\
F� �Fc���LFcc� DQG� ORZ�IUHTXHQF\� LQWHUQDO� IULF�
WLRQ��,)��SDUDPHWHUV��QDPHO\��WKH�ORJDULWKPLF
GHFUHPHQW��RI�DWWHQXDWLRQ�4Ü��DQG�UHVRQDQFH
IUHTXHQF\� I�� LQ� G\VSURVLXP� DW� ORZ� WHPSHUD�
WXUHV� ���Ü����.� IRU�U� DQG� F� DQG���Ü����.
IRU�,)��

$OO� WKH�PHDVXUHPHQWV� ZHUH� GRQH� RQ� RQH
DQG� WKH� VDPH� VDPSOH� RI� �������SXUH� SRO\�
FU\VWDOOLQH� G\VSURVLXP� ZLWK� UHVLGXDO� UHVLV�
WLYLW\� 555� �U����.�U�����.� ���� VKDSHG� DVD� ���PP� ORQJ�ZLUH� RI� �����PP� LQ� GLDPHWHU�
7KH�KHDWLQJ�UDWH�ZDV�DERXW�����.�V��IRU�U�DQG
F�H[DPLQDWLRQV��DQG�DERXW���.�V��IRU�,)�VWXG�
LHV��� 7KH� DSSDUDWXV� DQG� SURFHGXUH� RI� WKRVH
PHDVXUHPHQWV�KDYH�EHHQ�GHVFULEHG�LQ�>��Ü��@�

)LJ���� SUHVHQWV� WKH� WHPSHUDWXUH� GHSHQG�
HQFH�RI�GF�UHVLVWLYLW\� �U�� IRU�G\VSURVLXP��$
SURQRXQFHG� LQIOHFWLRQ� LV� REVHUYHG� LQ� WKH
U�7�� FXUYH� QHDU� 7)Ü$)� ���� .�� 7KH� ZHDNVHQVLWLYLW\�RI�UHVLVWLYLW\�WR�WKH�)Ü$)�SKDVH
WUDQVLWLRQ� LV� NQRZQ� WR� EH� DVVRFLDWHG� ZLWK
WKH� IDFW� WKDW� QHDU� 7)Ü$)� DQG� 7$)Ü)�� WKHPDJQHWLFDOO\� KHWHURJHQHRXV� VWDWHV� �FRH[LV�
WHQFH� RI� IHUUR�� DQG� DQWLIHUURPDJQHWLF
SKDVHV��DUH�UHDOL]HG�>������@��1R�DSSUHFLDEOH

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� G\VSUR�
VLXP� UHVLVWLYLW\�� ,QVHW�� WHPSHUDWXUH� GHSHQG�
HQFH� RI� UHVLVWLYLW\� FRHIILFLHQW� ��U� GU�G7� DW
7)Ü$)���7���71�
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SHFXOLDULWLHV� KDYH� EHHQ� UHYHDOHG� LQ� WKH
7)Ü$)���7���71� UDQJH�� +RZHYHU�� WKH� WHP�SHUDWXUH�GHSHQGHQFH�RI�WKH�UHVLVWLYLW\�ORJD�
ULWKPLF� GHULYDWLYH� �LQVHW� LQ�)LJ������ EHVLGHV
RI� WKH� DQRPDO\� FKDUDFWHULVWLF� RI� WKH� �QG
RUGHU� SKDVH� WUDQVLWLRQV� DW� 71� �VHH�� H�J��>��@��� VKRZV� VHYHUDO� HIIHFWV�� QDPHO\�� D
UDWKHU� VKDUS� VORSH� FKDQJH� RI� ��U�GU�G7�
FXUYH� DW� 7�a����� .� DQG� VPDOO� EXW� SUR�
QRXQFHG�PD[LPD�DW�7�a�����.�DQG�a����.�

7KH�WHPSHUDWXUH�GHSHQGHQFHV�RI�UHDO�DQG
LPDJLQDU\� SDUWV� RI� KLJK�IUHTXHQF\
�I� � �� 0+]�� FRPSOH[�PDJQHWLF� VXVFHSWLELO�
LW\� LQ� WKH� 7)Ü$)���7���71� UDQJH� DUH� SUH�VHQWHG�LQ�)LJ�����7KH�Fc�7��DQG�LFcc�7��FXUYHV
VKRZ� PD[LPD� QHDU� 71�� ,W� LV� WR� QRWH� WKDW�DFFRUGLQJ� WR� WKH� /DQGDX� WKHRU\� >��@�� WKH
PDJQHWLF� VXVFHSWLELOLW\� RI� DQ�DQWLIHUURPDJ�
QHWLF� LV� FRQWLQXRXV� DQG� ILQLWH� DW�71� ZKLOHLWV� GHULYDWLYH� GF�G7� PDNHV� D� MXPS�� 7KH
SUHVHQFH�RI�D��VW�RUGHU�PDJQHWLF�SKDVH�WUDQ�
VLWLRQ�DW�7)Ü$)�GRHV�QRW�LQIOXHQFH�VXEVWDQWLDOO\WKH�WHPSHUDWXUH�GHSHQGHQFHV�RI�Fc�DQG�LFcc��7KH
�JLDQW��PD[LPD�RI�UHDO�DQG�LPDJLQDU\�SDUWV�RI
PDJQHWLF� VXVFHSWLELOLW\� DW� 7�a����.� DUH� RE�
VHUYHG�� WRR�� 7KH� GFc�G7�7�� DQG� GFcc�G7�7�

FXUYHV�VKRZ�DW�71�FKDUDFWHULVWLF�MXPSV�SUH�GLFWHG� E\� WKH� /DQGDX� WKHRU\� >��@�� %HVLGHV�
UDWKHU�ZLGH� QHJDWLYH� DQRPDOLHV� FHQWHUHG� DW
7�a���� .� DUH� SUHVHQW�� 1R� RWKHU� SHFXOLDUL�
WLHV�H[FHHGLQJ�WKH�PHDVXUHPHQW�HUURUV�KDYH
EHHQ� UHYHDOHG� LQ� GFc�G7�7�� DQG� GFcc�G7�7�
GHSHQGHQFHV�

7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH� LQ�
WHUQDO� IULFWLRQ� SDUDPHWHUV� �4Ü�� DQG� I��� DUH
SUHVHQWHG�LQ�)LJ�����7KH�4Ü��7��FXUYHV��)LJ�
�D�� H[KLELW� VHYHUDO� UDWKHU� ZHOO� SURQRXQFHG
LQIOHFWLRQV�DW�7�a����������DQG�a����.��EH�
VLGHV� RI� SHFXOLDULWLHV� FKDUDFWHULVWLF� RI� WKH
�QG��71��DQG��VW��7)Ü$)��RUGHU�SKDVH�WUDQVL�WLRQV� �4Ü�� SHDNV��� $OWKRXJK� WKH� UHOD[DWLRQ
PHDVXUHPHQWV�ZHUH�GRQH�DW�D�UHODWLYHO\�ORZ
SUHFLVLRQ�� WKH� REVHUYHG� SHFXOLDULWLHV� RI
4Ü��7�� GHSHQGHQFH�ZHUH� UHSURGXFHG�ZHOO� LQ
DOO�WKH�PHDVXUHPHQW�VHULHV�FDUULHG�RXW��7KH
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� VTXDUHG
UHVRQDQFH�IUHTXHQF\�I���)LJ���E���WKDW�LV��RI
WKH�TXDQWLW\�SURSRUWLRQDO�WR�WKH��QG�GHULYD�
WLYH� RI� WKHUPRG\QDPLF� SRWHQWLDO� ZLWK� UH�
VSHFW� WR� SUHVVXUH� �HODVWLF� PRGXOXV� (��� LV
SURQRXQFHGO\� DQRPDORXV� DW� 7���71�1DPHO\�� DV� WKH� WHPSHUDWXUH� ULVHV� IURP

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� UHDO� �D�
DQG�LPDJLQDU\��E��SDUWV�RI�FRPSOH[�PDJQHWLF
VXVFHSWLELOLW\� IRU� G\VSURVLXP�� ,QVHWV�� WHP�
SHUDWXUH� GHSHQGHQFHV� RI� GFc�G7� DQG� GFcc�G7
GHULYDWLYHV�DW�7)Ü$)���7���71�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� LQWHUQDO
IULFWLRQ�SDUDPHWHUV�IRU�G\VSURVLXP��ORJDULWK�
PLF�GHFUHPHQW�4Ü���D��DQG�VTXDUHG�UHVRQDQFH
IUHTXHQF\� I�� �E��� ,QVHWV��4Ü��7��DQG�I��7��GH�
SHQGHQFHV�DW�7)Ü$)���7���71�
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7)Ü$)� XS� WR� DERXW�����.�� I�� LQFUHDVHV�� EH�WZHHQ�����.�DQG�71��D�FUHYDVVH�LV�REVHUYHGLQ�I��7��FXUYH��6RPH�DQRPDOLHV�LQ�4Ü��DQG�I�
EHKDYLRU� ZHUH� REVHUYHG� EHIRUH� DW� 7��71ZKHQ�PHDVXULQJ�WKH�KLJK�IUHTXHQF\�,)�>������@�
0RUHRYHU�� WKH� I��7�� GHSHQGHQFH� VKRZV
WUHQGV� WR� MXPSV� LQ� I�� DW� ���� DQG� ���� .�
DOWKRXJK�WKH�FRUUHVSRQGLQJ�HIIHFWV�DUH�YHU\
ZHDN� DJDLQVW� UDWKHU� ODUJH� H[SHULPHQWDO
HUURUV�

7KXV�� LQ� WKLV�ZRUN�� DQRPDOLHV� RI�NLQHWLF
�U���PDJQHWLF��F��DQG�ODWWLFH��4Ü���I��SURSHU�
WLHV� RI� G\VSURVLXP� KDYH� EHHQ� UHYHDOHG
ZLWKLQ� WKH� WHPSHUDWXUH� UDQJH� RI� KHOLFRLGDO
DQWLIHUURPDJQHWLF� VWUXFWXUH� H[LVWHQFH�� 7KH
VWURQJHVW� HIIHFW� LV� WKH� DSSHDUDQFH� RI� WKH
PDJQHWLF� VXVFHSWLELOLW\� PD[LPXP� DQG� RI
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