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RSWLFDO� LUUDGLDWLRQ� �1�� ODVHU�� LQ� ��Ü����.� WHPSHUDWXUH� UDQJH�� ,W� LV� HVWDEOLVKHG� WKDW� WKHXQGRSHG�FU\VWDOV� VKRZ�DQ� LQWULQVLF� OXPLQHVFHQFH�FRQVLVWLQJ�RI� WKUHH�HOHPHQWDU\�HPLVVLRQ
EDQGV�SHDNHG�DW�����������DQG�QHDU�����QP��7KH�89�HPLVVLRQ�EDQGV������DQG�����QP��DUH
HIIHFWLYHO\� H[FLWHG� LQ� H[FLWRQ� DEVRUSWLRQ� DQG� EDQG�WR�EDQG� UHJLRQV� ZKLOH� WKH� ���� QP
HPLVVLRQ� FDQ� EH� H[FLWHG� LQ� WKH� FU\VWDO� WUDQVSDUHQF\� UHJLRQ�� 3RVVLEOH� QDWXUH� RI� LQWULQVLF
OXPLQHVFHQFH�EDQGV�LQ�&D�*D�*H�2���FU\VWDOV�LV�GLVFXVVHG��
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&U\VWDOV� RI� &D�*D�*H�2��� ZLWK� WULJRQDO&D�JDOORJHUPDQDWH� VWUXFWXUH� �VSDFH� JURXS
'��Ü3����� VKRZ� D� XQLTXH� FRPELQDWLRQ� RISK\VLFDO�SURSHUWLHV�� OXPLQHVFHQFH�� ODVHU��UH�
VLOLHQW�� SLH]RHOHFWULF�� DQG�DFRXVWLF��7KH�GLV�
RUGHUHG� WULJRQDO� FRPSRXQGV� &D�*D�*H�2��DFWLYDWHG� ZLWK� 5(� LRQV� DQG� WUDQVLWLRQ� HOH�
PHQWV� DUH� NQRZQ� DV� HIIHFWLYH� PDWHULDOV� RI
TXDQWXP� HOHFWURQLFV� FRPELQLQJ� WKH� IXQF�
WLRQV�RI�JHQHUDWLRQ�DQG�IUHTXHQF\� WUDQVIRU�
PDWLRQ� RI� ODVHU� UDGLDWLRQ�� 7KLV� IDFW� KDV
VWLPXODWHG� WKH� VWXG\� RI� VSHFWUDO� DQG� OXPL�
QHVFHQFH� SURSHUWLHV� RI� WUDQVLWLRQDO� DQG� 5(
PHWDOV� LPSXULW\� LRQV� LQ� WKHVH�PDWHULDOV� >��
�@�� +RZHYHU�� WKH� FHQWHUV� RI� LQWULQVLF� OXPL�
QHVFHQFH� LQ� &D�*D�*H�2��� FU\VWDOV�� ZKLFKSURYLGH� LQIRUPDWLRQ� DERXW� HOHFWURQ� WUDQVL�
WLRQV� LQ� WKH� PDWUL[�� KDYH� QRW� EHHQ� VXIIL�
FLHQWO\�VWXGLHG��,Q�WKLV�ZRUN��ZH�UHSRUW�WKH
VWXGLHV� RI� LQWULQVLF� OXPLQHVFHQFH� LQ

&D�*D�*H�2��� FU\VWDOV� XQGHU� H[FLWDWLRQZLWK�;�UD\V��1�� ODVHU�� DQG� V\QFKURWURQ� UD�GLDWLRQ��65��
7KH� FU\VWDOV� ZHUH� JURZQ� E\� &]RFKUDOVNL

WHFKQLTXH�LQ�DUJRQ�DWPRVSKHUH�ZLWK�R[\JHQ
DGGLWLYH�XVLQJ�SODWLQXP�FUXFLEOH��7KH�LQLWLDO
PDWHULDOV�&D&2���*D�2���*H2�� RI� DW� OHDVW��������SXULW\�ZHUH�XVHG�DV�VWDUWLQJ�PDWH�
ULDOV�� 7KH� VDPSOHV� ZHUH� SUHSDUHG� DV� SODWHV
RI� ���Ü���� PP� WKLFNQHVV�� FXW� LQ� D� ������
SODQH�� 7KH� RSWLFDO� DEVRUSWLRQ� DQG� OXPLQHV�
FHQFH� VSHFWUD�ZHUH� LQYHVWLJDWHG� LQ�XQSRODU�
L]HG� OLJKW�� LQ� WKH� ��Ü���� .� WHPSHUDWXUH
UDQJH�� 7KH� RSWLFDO� DEVRUSWLRQ� VSHFWUD� ZHUH
PHDVXUHG� XVLQJ� D� �6SHFRUG�0���� VSHFWUR�
SKRWRPHWHU�� 7KH� OXPLQHVFHQFH� LQYHVWLJD�
WLRQV� ZHUH� FDUULHG� XQGHU� ;�UD\� H[FLWDWLRQ�
RSWLFDO�H[FLWDWLRQ��1��ODVHU��OP� �������QP�DQG�65�H[FLWDWLRQ��7R�VWXG\�WKH�;�UD\�OXPL�
QHVFHQFH�VSHFWUD��5/��DW���Ü����.�WHPSHUD�
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WXUHV�� D� PLFURIRFXVHG� ;�UD\� WXEH� ZLWK� D
FRSSHU� DQWLFDWKRGH� ZDV� XVHG�� RSHUDWHG� DW
��� N9�� ����P$�� 7KH� 5/� VSHFWUD� ZHUH� DQD�
O\]HG�XVLQJ�D�KRPH�PDGH�VSHFWUDO� VHWXS� LQ�
FOXGLQJ�D�6)��$�TXDUW]�PRQRFKURPDWRU�DQG
)(8����SKRWRPXOWLSOLHU��0HDVXULQJ�RI�SKR�
WROXPLQHVFHQFH� �3/�� VSHFWUD� XQGHU� H[FLWD�
WLRQ�ZLWK� V\QFKURWURQ� UDGLDWLRQ� �65�� RI� �Ü
��� H9� HQHUJ\� DW� ��� .� WHPSHUDWXUH� ZHUH
SHUIRUPHG� XVLQJ� D� 683(5/80,� VWDWLRQ� DW
+$6,/$%� �'(6<�� +DPEXUJ��� 7KH� HPLVVLRQ
VSHFWUD�ZHUH� UHJLVWHUHG� LQ� WKH����Ü����QP
UDQJH� XVLQJ� DQ� $56� 6SHFWUD3UR� 63����L
PRQRFKURPDWRU� ����� QP�� ZLWK� &&'� GHWHF�
WRU�� 7KH� 3/� H[FLWDWLRQ� VSHFWUD� ZHUH� PHDV�
XUHG�ERWK�LQ�WKH�LQWHJUDO�UHJLPH�DQG�LQ�WKH
�Ü���QV� DQG����Ü����QV� WLPH�JDWHV�ZLWKLQ
OLPLWV�RI�SXOVH�UHSHWLWLRQ��7KH�3/�H[FLWDWLRQ
VSHFWUD�ZHUH�QRUPDOL]HG�WR�DQ�HTXDO�QXPEHU
RI� SKRWRQV� LQFLGHQW� WKH� VDPSOH�� 7KH� GHFD\
NLQHWLFV� ZDV�PHDVXUHG� LQ� ���Ü���� QV� WLPH
JDWH�DW����.�
7KH� &D�*D�*H�2��� VLQJOH� FU\VWDOV� DUHWUDQVSDUHQW� LQ�89� DQG� YLVLEOH� UDQJHV� �)LJ�

��� FXUYH� ���� 7KH� IXQGDPHQWDO� DEVRUSWLRQ
HGJH� RI� XQGRSHG� FU\VWDOV� DW� ���� .� VWDUWV
IURP� O�a����� QP��$� VSHFWUXP� RI�5/� DW� DOO
XQGRSHG�QRPLQDOO\�SXUH�&D�*D�*H�2���VLQ�JOH� FU\VWDOV� DW� ��� .� LV� D� ZLGH� DV\PPHWULF
EDQG� LQ� WKH� ���Ü���� QP� VSHFWUDO� UHJLRQ
ZLWK� D� PD[LPXP� DW� ���Ü���� QP� �)LJ�����
7HPSHUDWXUH�GHSHQGHQFH�RI�WKH�5/�EDQG�LQ�
WHQVLW\�LV�SUHVHQWHG�DV�DQ�LQVHW�LQ�)LJ�����$V
LV� VHHQ� IURP� )LJ����� OXPLQHVFHQFH� LV
TXHQFKHG�LQ�WKH�WHPSHUDWXUH�UDQJH�RI����Ü
���� .�� 7KH� OXPLQHVFHQFH� VSHFWUXP� XQGHU
ODVHU� H[FLWDWLRQ� �1�� ODVHU�� SUHVHQWV� D� ZHDNUDGLDWLRQ� LQ� WKH����Ü����QP�UHJLRQ�ZLWK�D
PD[LPXP� QHDU� ���� QP� �)LJ����� FXUYH� ���
7KH� OXPLQHVFHQFH� QHDU� ���� QP� ZDV� RE�
VHUYHG� LQ� DOO� XQGRSHG� QRPLQDOO\� SXUH� FU\V�
WDOV�� WKH� ���� QP� EDQG� LQWHQVLW\� EHLQJ� FRQ�
VLGHUDEO\� LQFUHDVHG� LQ� FU\VWDOV� DQQHDOHG� LQ
YDFXXP�� 7KH� DV\PPHWU\� RI� ���� QP� OXPL�
QHVFHQFH� EDQG� LQ� WKH� XQGRSHG� FU\VWDOV�� DV
ZHOO� DV� LWV� PD[LPXP� VKLIW� WRZDUGV� ORQJ�
ZDYH�UHJLRQ�XQGHU�1��ODVHU�H[FLWDWLRQ��GHP�RQVWUDWHV� WKDW� LW� LV� QRW� HOHPHQWDU\��7R�XQ�
GHUVWDQG�WKH�QDWXUH�RI�OXPLQHVFHQFH�FHQWHUV
LQ�&D�*D�*H�2���FU\VWDOV��WKH�3/�VSHFWUD�DWYDULRXV�H[FLWDWLRQ�TXDQWXP�HQHUJLHV�RI�V\Q�
FKURWURQ�UDGLDWLRQ�ZHUH�LQYHVWLJDWHG�
7KH� 3/� VSHFWUD� UHFRUGHG� DW� ��� .� XQGHU

65� H[FLWDWLRQ� LQ� WKH� UDQJH� RI� ���Ü���� H9
DUH� VKRZQ� LQ� )LJ����� 7KH� VSHFWUDO� FRPSRVL�
WLRQ� RI� HPLVVLRQ� LV� SUHVHQWHG� E\� D� ZLGH
DV\PPHWULF� EDQG� ZLWK� WKH� PDLQ� PD[LPXP
QHDU� ���� QP�� )LJ���� LOOXVWUDWHV� WKDW� WKH
KLJKHVW� OXPLQHVFHQFH� HIILFLHQF\� LV� REVHUYHG

XQGHU� H[FLWDWLRQ� DW� ���� QP� ������ H9��� 7KH
LQFUHDVH�RI�65�HQHUJ\��!����H9��UHVXOWV�LQ�D
GHFUHDVH� RI� OXPLQHVFHQFH� DSSUR[LPDWHO\
WZLFH� DQG� LQ� WKH� VKLIW� RI� WKH� ����QP�EDQG
PD[LPXP� WRZDUGV� VKRUW�ZDYH� UHJLRQ
�OP� ����� QP��� ,Q� WKDW� FDVH�� D� VKRXOGHU� DW���Ü���� QP� LV� REVHUYHG� LQ� WKH� VKRUW�ZDYH
ZLQJ�RI� WKLV�EDQG��$W�D� ORZHUHG�65�HQHUJ\
�OH[F� ����� QP�� ����� H9��� WKH� HPLVVLRQ� GH�FUHDVHV�PRUH� WKDQ�E\��� WLPHV�� ,Q� WKH� OXPL�
QHVFHQFH�VSHFWUXP��D�ZLGH�EDQG�LV�REVHUYHG
ZLWK� D�PD[LPXP� DW� ���� QP� KDYLQJ� DQ� LQ�
IOHFWLRQ� LQ� WKH� DV\PPHWULFDOO\� H[WHQGHG
ORQJ�ZDYH�ZLQJ�DW�OP�a�����QP�DQG�QDUURZEDQGV�DW�OP�a�����DQG�OP�a�����QP��'LPLQ�LVKLQJ� RI� VSHFWUDO� UHFRUGLQJ�ZLGWK� UHVXOWHG
LQ� DSSHDUDQFH� RI� OLQH� VWUXFWXUH� RI� QDUURZ
EDQGV�DVVRFLDWHG�ZLWK�IÜI�WUDQVLWLRQV���'�Ü�)MFKDQQHOV�� RI� (X��� EDFNJURXQG� LPSXULW\�
6LPLODU�FKDUDFWHULVWLF�OLQHV�RI�WKH�(X���LRQV
OXPLQHVFHQFH� LQ� &D�*D�*H�2��� ZHUH� RE�VHUYHG� EHIRUH� LQ� >�@�� 7KH� FRQVLGHUDWLRQ� RI
3/�VSHFWUXP�FRPSRVLWLRQ�VKRZV�WKDW�H[SHUL�
PHQWDO� FXUYHV� FDQ� EH� ILWWHG� E\� WKUHH
VWURQJO\� RYHUODSSHG� EDQGV� ZLWK� PD[LPD� DW
OP� ����� QP�� OP� ����� QP�� DQG� OP� ���� QP�� ZKLOH� WKH� LQWHQVLW\� UDWLRV� GHSHQG
RQ� WKH� H[FLWLQJ� 65� TXDQWXP� HQHUJ\�� 7KH
H[WHQVLRQ�RI�3/�EDQG� LQWR� HOHPHQWDU\� FRP�
SRQHQWV�ZDV�FDUULHG�RXW�XVLQJ� WKH�$OHQFHY�
)RFN�PHWKRG�>�@�
)LJ���� SUHVHQWV� WKH� OXPLQHVFHQFH� H[FLWD�

WLRQ� VSHFWUD�� $Q� LQWHQVLYH� H[FLWRQ� DEVRUS�
WLRQ� EDQG� �OP� ����� QP�� ����� H9�� DQGZHDNO\�H[SUHVVHG�EDQGV�DW�����DQG�����QP
LQ� EDQG�WR�EDQG� DEVRUSWLRQ� UHJLRQ� DUH� RE�
VHUYHG�LQ�WKH�H[FLWDWLRQ�VSHFWUD�RI�OP� ����DQG�����QP�HPLVVLRQ�EDQGV��$�UHGXFWLRQ�LQ
WKH�UHODWLYH�LQWHQVLW\�RI�WKH�H[FLWRQ�DEVRUS�
WLRQ�EDQG��D�VKLIW�RI�LWV�SHDN�WRZDUGV�KLJKHU

)LJ����� 2SWLFDO� DEVRUSWLRQ� ���� DQG� OXPLQHV�
FHQFH�VSHFWUD�RI�XQGRSHG�&D�*D�*H�2���FU\V�WDOV�XQGHU� WKH�;�UD\� H[FLWDWLRQ� ���� DQG�RSWL�
FDO� H[FLWDWLRQ� �1��ODVHU�� ����� ,QVHW�� WHPSHUD�WXUH�GHSHQGHQFH�RI�;�UD\�OXPLQHVFHQFH�
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HQHUJLHV� FRPSDUHG� ZLWK� WKH� FRUUHVSRQGLQJ
H[FLWDWLRQ� SHDN� RI� ���� QP� OXPLQHVFHQFH� LV
REVHUYHG� IRU� WKH� ���� QP� EDQG�� +RZHYHU�
WKH� FKDUDFWHU� RI� WKH� H[FLWDWLRQ� VSHFWUD� IRU
���� DQG� ���� QP� OXPLQHVFHQFH� EDQGV� LV� DO�
PRVW� WKH� VDPH� DQG� GRHV� QRW� FKDQJH� DW� WKH
PHDVXUHPHQW�LQ��IDVW��DQG��VORZ��WLPH�ZLQ�
GRZV�� WKH� VORZ� FRPSRQHQW� FRQWULEXWLRQ
EHLQJ� SUHYDLOLQJ�� $FFRUGLQJ� WR� )LJ����� WKH
H[FLWDWLRQ� VSHFWUXP� RI� HPLVVLRQ� LQ� WKH
����QP�UHJLRQ��LQ�FRQWUDVW�WR�WKH�3/�EDQGV
LQ� WKH� 89� UHJLRQ�� LV� FKDUDFWHUL]HG� E\� WZR
PD[LPD��LQ�WKH�WUDQVSDUHQF\�UHJLRQ�RI�FU\V�
WDO�SHDNHG�DW������H9��OP� �����QP��DQG�LQUHJLRQ� RI� H[FLWRQ� DEVRUSWLRQ� SHDNHG� DW
�����H9��OP� �����QP��7KH� OXPLQHVFHQFH�GHFD\�FXUYHV�RI� LQDFWL�
YDWHG�&D�*D�*H�2���FU\VWDOV� LQ�WKH�FDVH�RIH[FLWDWLRQ� 65� TXDQWD� DW�7� ����.� DUH� SUH�
VHQWHG� LQ� WKH�)LJXUH����7KH�GHFD\� WLPH�SD�
UDPHWHUV� ZHUH� GHWHUPLQHG� E\� H[SRQHQWLDO
DSSUR[LPDWLRQ�� 7KH� GHFD\� NLQHWLFV� RI� ���
DQG� ����QP�3/� EDQGV� DUH� GHVFULEHG� E\� VX�
SHUSRVLWLRQ�RI�IDVW��QV��DQG�VORZHU�H[SRQHQ�
WLDO� FRPSRQHQWV� �WHQV� QV��� WKH� FRQWULEXWLRQ
RI� WKH� ODWWHU� EHLQJ� GRPLQDQW�� 7KH� NLQHWLF

FXUYH�RI�����QP�OXPLQHVFHQFH�LV�IRUPHG�E\
FRPSRQHQWV�RI�W��a������QV�DQG�D�VORZHU�RQH
ZLWK� W��a����QV��ZKLOH�WKH�GHFD\�NLQHWLFV�RI���� QP� OXPLQHVFHQFH� FDQ� EH� DSSUR[LPDWHG
E\� WZR� FRPSRQHQWV� ZLWK� OLIH� WLPHV� W��a
������QV�DQG�W�� �����QV��,Q�WKH�NLQHWLFV�RI3/� EDQG� SHDNHG� QHDU� ���� QP�� REWDLQHG� E\
H[FLWDWLRQ� DW� DQ\� 65� HQHUJ\�� D� SURQRXQFHG
�SHGHVWDO�� LQGLFDWLQJ� WKH� H[LVWHQFH� RI� VORZ
GRPLQDQW� FRPSRQHQW� LQ� PLFURVHFRQG� UDQJH
LV�SUHVHQW�EHVLGHV�RI�ORZ�LQWHQVLW\�IDVW�FRP�
SRQHQW��W�� ������QV��,W�VKRXOG�EH�QRWHG�WKDW�ERWK�3/�EDQGV�LQ
WKH� 89� UHJLRQ� �OP� ����� DQG� ���� QP�� DUHH[FLWHG� LQ� WKH� UHJLRQ� RI� WKH� EDQG�WR�EDQG
WUDQVLWLRQ�DQG�H[FLWRQ�DEVRUSWLRQ��DQG�H[FL�
WRQ�QDUURZ�EDQG�GRPLQDWHV�LQ�WKH�H[FLWDWLRQ
VSHFWUD��)LJ������7KH�H[FLWDWLRQ�VSHFWUXP�RI
OXPLQHVFHQFH� EDQGV� QHDU� ���� QP� WRJHWKHU
ZLWK� D� EDQG� LQ� H[FLWRQ� DEVRUSWLRQ� UDQJH� DW
�����H9�LV�FKDUDFWHUL]HG�E\� LQWHQVH�EDQG�LQ
WKH�WUDQVSDUHQF\�UHJLRQ�ZLWK�D�PD[LPXP�DW
����� H9��7KH� ����QP� OXPLQHVFHQFH� EDQG� LV
ZHDNO\� H[FLWHG� E\� SKRWRQV� ZLWK� HQHUJLHV

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI
&D�*D�*H�2��� FU\VWDOV� XQGHU� 65� H[FLWDWLRQ
DW�OP� ������D��������E��������F��QP�DW����.�'DVKHG�OLQH�VKRZV�WKH�HOHPHQWDU\�FRPSRQHQWV
RI�OXPLQHVFHQFH�EDQG��

)LJ����� /XPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� RI
&D�*D�*H�2��� FU\VWDOV� DW� OP� ������ ��������QP��6SHFWUD�DUH�PHDVXUHG�LQ�LQWHJUDO�UH�
JLPH� �SRLQWV��� �IDVW�� �VROLG� OLQH�� DQG� �VORZ�
�GRWWHG�OLQH��WLPH�LQWHUYDOV��
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WKDW� PDWFK� WKH� EDQG�WR�EDQG� WUDQVLWLRQV�
'HFD\�NLQHWLFV�RI�����DQG�����QP�3/�EDQGV
DUH�GHVFULEHG�E\�IDVW�WLPHV��IHZ�QV�DQG�WHQV
QV���ZKLOH�D�GRPLQDQW�VORZ�FRPSRQHQW�ZLWK
PV�GHFD\�WLPH�LV�SUHVHQW�LQ�WKH�GHFD\�NLQHW�
LFV�RI�����QP�3/��
7KH� DERYH� UHVXOWV� LQGLFDWH� WKDW� ORZ�WHP�

SHUDWXUH� HPLVVLRQ� EDQGV� LQ� WKH� XOWUDYLROHW
UHJLRQ� ZLWK� PD[LPD� DW� ���� DQG� ���� QP�
EHLQJ�VLPLODU� LQ�PDQ\� LPSRUWDQW�SURSHUWLHV
�NLQHWLF�FRQVWDQW��DOPRVW�LGHQWLFDO�FKDUDFWHU
RI� WKH� H[FLWDWLRQ� VSHFWUD�� TXHQFKLQJ� WHP�
SHUDWXUH�� FDQ� EH� DWWULEXWHG� WR� WKH� OXPLQHV�
FHQFH� FHQWHUV� RI� VLPLODU� VWUXFWXUH�� 7KH
HPLVVLRQ� EDQG� SHDNHG�QHDU� ����QP�� GLIIHU�
LQJ�LQ�H[FLWDWLRQ�VSHFWUXP�DQG�GHFD\�NLQHW�
LFV�IURP�WKH�89�UHJLRQ�EDQGV��FDQ�EH�DWWULE�
XWHG� WR� DQRWKHU� OXPLQHVFHQFH� FHQWHU� NLQG�
7KXV��WKH�H[SHULPHQWDO�UHVXOWV�LQGLFDWH�WKDW
WZR� W\SHV� RI� LQWULQVLF� OXPLQHVFHQFH� DUH
VKRZQ�LQ�&D�*D�*H�2���FU\VWDOV�7KH� EDQGV� SHDNHG�QHDU� ���� DQG� ����QP
FDQ� EH� UHJDUGHG� DV� WKH� HPLVVLRQ� RI� VHOI�
WUDSSHG� H[FLWRQ� DQG� ORFDOL]HG� H[FLWRQ� HPLV�
VLRQ��UHVSHFWLYHO\��,W�LV�NQRZQ�WKDW�WKH�ORZ�
WHPSHUDWXUH� OXPLQHVFHQFH�EDQGV�DUH�W\SLFDO
RI�WKH�FRPSOH[�R[LGH�FU\VWDOV�ZKHUH�R[\JHQ
LRQV�RFFXS\�ORZ�V\PPHWU\�VLWHV��$V�WR�WKHLU
QDWXUH�� WKHUH� LV� QR� VLQJOH� SRLQW� RI� YLHZ� LQ
OLWHUDWXUH� �VHH�� H�J�� >����@��� 7KHVH� LQWULQVLF
OXPLQHVFHQFH�EDQGV�DUH�LQWHUSUHWHG�RIWHQ�DV
UDGLDWLYH� GHFD\� RI� VHOI�WUDSSHG� H[FLWRQV
IRUPHG�E\�WKH�UHOD[DWLRQ�RI�ODUJH�UDGLXV�H[�
FLWRQV�RU�E\�UHFRPELQDWLRQ�RI�HOHFWURQV�ZLWK
KROHV� ORFDOL]HG� DW� LQWULQVLF� RU� LPSXULW\� GH�
IHFWV�RI�FU\VWDO� ODWWLFH��7KH�KROH�FRPSRQHQW
RI� H[FLWRQ� IRU� PDQ\� R[LGHV� LV� JHQHWLFDOO\
GLIIHUHQW�� 6RPH� LQWULQVLF� OXPLQHVFHQFH
EDQGV� LQ�R[LGHV�DUH�UHIHUUHG� WR�HPLVVLRQ�RI
DQWLVWUXFWXUDO� GHIHFWV� RU� OXPLQHVFHQFH�DF�
WLYH� VWUXFWXUH� GHIHFWV� VXFK� DV� YDFDQFLHV�
1RWH�WKDW�WKH�DSSHDUDQFH�RI�H[FLWDWLRQ�VSHF�
WUD� IRU�OP� �����DQG�����QP�3/� LV� W\SLFDORI�WKH�VSHFWUD�DVVRFLDWHG�ZLWK�WKH�IRUPDWLRQ
RI� HOHFWURQ� H[FLWDWLRQV� LQ� D� FU\VWDO�� ,Q� RXU
RSLQLRQ�� WKH�PRVW� UHDVRQDEOH� LQWHUSUHWDWLRQ
RI� ���� QP� HPLVVLRQ� LV� UDGLDWLYH� GHFD\� RI
VHOI�WUDSSHG� H[FLWRQV�� 7KH� KROH� FRPSRQHQW
FRXOG� EH� WKH�2±� FHQWHU� VWXGLHG� E\� (35� >�@
LQ� &D�*D�*H�2��� FU\VWDOV� LUUDGLDWHG� ZLWKXOWUDYLROHW� DQG�;�UD\� TXDQWD��$�ZLGH� H[FL�
WDWLRQ� VSHFWUXP� RI� WKH� ���� QP� 3/� EDQG
VKRZV� WKDW� VHOI�WUDSSHG� H[FLWRQV� LQ
&D�*D�*H�2��� PD\� DULVH� GXH� WR� UHOD[DWLRQRI� ERWK� IUHH� H[FLWRQV� DQG� HOHFWURQ�KROH
SDLUV�� ZKLFK� DSSHDU� XQGHU� H[FLWDWLRQ� ZLWK
SKRWRQV� DW� HQHUJLHV� H[FHHGLQJ� (J�� 7KHORQJHU�ZDYHOHQJWK� DQG�PRUH� LQWHQVH� LQWULQ�
VLF�HPLVVLRQ�EDQG��OP� �����QP��FDQ�EH�FRQ�

QHFWHG� ZLWK� UDGLDWLYH� DQQLKLODWLRQ� RI� H[FL�
WRQV� ORFDWHG� QHDU� WKH� ODWWLFH� FDWLRQLF� SRVL�
WLRQV� VWDWLVWLFDOO\� SRSXODWHG� ZLWK� DWRPV
*D���� *H��� GLIIHULQJ� LQ� VL]H� DQG� FKDUJH�
*D���LRQV�LQ��I�WHWUD�SRVLWLRQV�RU�*H���LQ��D
RFWD� RQHV� PD\� EH� DWWUDFWHG� WR� RQH� RI� RWKH
HOHFWURQ�KROH� SDLU� FRPSRQHQWV� IROORZHG� E\
WUDSSLQJ�RI�WKH�VHFRQG�FKDUJH�FDUULHU��7KXV�
D� �ORFDOL]HG� H[FLWRQ� VWDWH�� LV� IRUPHG�� 7KH
OXPLQHVFHQFH�RFFXUV�DV�D�UHVXOW�RI�UDGLDWLYH
DQQLKLODWLRQ� RI� WKHVH� H[FLWRQV�� 7KH� H[LVW�
HQFH�RI�IDVW�DQG�VORZ�FRPSRQHQWV�LQ�WKH�89
OXPLQHVFHQFH� EDQGV� GHFD\� NLQHWLFV� FDQ� EH
H[SODLQHG� E\� WZR� H[FLWRQ� UDGLDWLRQ� OHYHOV
FKDUDFWHUL]HG� E\� GLIIHUHQW� WUDQVLWLRQ� SURE�
DELOLWLHV�
7KH� OXPLQHVFHQFH�DW�OP�a�����QP��ZKLFKLV�HIIHFWLYHO\�H[FLWHG�LQ�WUDQVSDUHQF\�UDQJH�

VHHPV�WR�EH�UHODWHG�WR�WKH�VWUXFWXUH�GHIHFWV�
7DNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�WKH�R[LGH

)LJ����� /XPLQHVFHQFH� GHFD\� FXUYHV� LQ� WKH
EDQGV� OP� ����� �D��� ���� �E��� ���� �F�� QP� LQ&D�*D�*H�2���FU\VWDOV�DW�7� ����.�XQGHU�H[�
FLWDWLRQ� E\� 65�ZLWK�OP� ���������������QP�UHVSHFWLYHO\�
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FRPSRXQGV�PD\�FRQWDLQ�D�QRWLFHDEOH�FRQFHQ�
WUDWLRQ� RI� DQLRQ� YDFDQFLHV� >�@�� WKH� FU\VWDO
XQGHU� VWXG\� FDQ� EH� FRQVLGHUHG� WR� LQFOXGH
WKH� )� W\SH� OXPLQHVFHQFH� FHQWHUV�� 7KLV� DV�
VXPSWLRQ� LV� FRQVLVWHQW� ZLWK� WKH� IDFW� WKDW
WKH� ����QP�EDQG� LQWHQVLW\� LQFUHDVHV� LQ� WKH
YDFXXP� DQQHDOHG� FU\VWDOV�� ZKHUH� D� KLJK
FRQFHQWUDWLRQ�RI�DQLRQ�YDFDQFLHV� LV�IRUPHG�
7KH� ZDYHOHQJWK� SRVLWLRQV� RI� WKLV� EDQG� DQG
LWV�H[FLWLQJ�EDQG�LQ�WKH�FU\VWDO�WUDQVSDUHQF\
UHJLRQ� DW� OP� ����� QP� ������ H9�� DJUHHUDWKHU�ZHOO�ZLWK�WKH�VSHFWUDO�FKDUDFWHULVWLFV
RI�)�FHQWHUV� LGHQWLILHG� LQ� WKHUPRFKHPLFDOO\
FRORUHG�FU\VWDOV�&D�*D�*H�2���DQG�ZLWK�H[�SHULPHQWDO� VWXGLHV� RI� )�FHQWHUV� LQ� RWKHU
FRPSOH[�R[LGH�FU\VWDOV�>������@�
/XPLQHVFHQFH� DW� DERXW� ���� QP� RFFXUV

DOVR� XQGHU� H[FLWDWLRQ� LQ� H[FLWRQ� UHJLRQ� LQ
WKH� EDQG�ZLWK� OP� �����QP��7KLV� LQGLFDWHVD� SRVVLELOLW\� RI� )�FHQWHU� H[FLWDWLRQ� GXH� WR
HQHUJ\� WUDQVIHU� IURP� H[FLWRQV� ORFDOL]HG� DW
WKHVH� FHQWHUV�� 7KH� SUHVHQFH� RI� DQ� LQWHQVH
VORZ�H[SRQHQWLDO�VWDJH�DQG�ZHDN�IDVW�RQH�LQ
WKH�GHFD\�NLQHWLFV�RI�WKH�����QP�EDQG�PD\
EH�GXH�WR�WKH�FRQWULEXWLRQ�IURP�VLQJOHW�VLQ�
JOHW�WUDQVLWLRQV�DQG�IRUELGGHQ�VLQJOHW�WULSOHW
RQHV�� ZKLFK� DUH� SURYLGHG� E\� WKH� )�FHQWHU
HOHFWURQ�VWUXFWXUH��$V\PPHWULFDO�ORQJ�ZDYH�
OHQJWK�HGJH�RI�WKH�)�EDQG�ZLWK�LQIOHFWLRQ�DW
���� QP� VXJJHVWV� WKH� H[LVWHQFH� RI� DQ� DGGL�
WLRQDO� EDQG�� 7KH� ODFN� RI� VHSDUDWLRQ� RI� )
EDQG� HYHQ� DW� ��� .� DQG� LWV� FRQVLGHUDEOH
ZLGWK�FDQ�EH�H[SODLQHG�E\�VWUXFWXUDO�SHFXOL�
DULWLHV� RI� &D�*D�*H�2��� FU\VWDOV�� 7KH
&D�*D�*H�2��� FU\VWDO� PDWUL[� LV� FKDUDF�WHUL]HG� E\� GLVRUGHUHG� FDWLRQLF� VXEODWWLFH�
ZKLFK� LV�GXH� WR��I� WHWUD�DQG��D� RFWD� VWUXF�
WXUDO� SRVLWLRQV� UDQGRPO\� RFFXSLHG� E\�*D��
DQG�*H��� LRQV��$V�D�UHVXOW��D�VWDWLVWLFDO�VHW
RI� FHQWHUV� DSSHDUV� FRXSOHG� ZLWK� DQLRQ� YD�
FDQF\� LQ� WKH� �J� R[\JHQ� SRVLWLRQV�� ZKLFK
KDYH�GLIIHUHQW�ORFDO�VXUURXQGLQJV��7KLV�SUR�

YLGHV� WKH� VLJQLILFDQW� EURDGHQLQJ� RI� WKH� )
FHQWHU�EDQG�DQG�WKH�ODFN�RI�LWV�VWUXFWXUH�LQ
WKH�VWXGLHG�FU\VWDOV�
7KXV�� QHZ� H[SHULPHQWDO� UHVXOWV� DUH� SUH�

VHQWHG� HYLGHQFLQJ� WKDW� WKH� XQGRSHG
&D�*D�*H�2���FU\VWDOV�DUH�FKDUDFWHUL]HG�E\ORZ�WHPSHUDWXUH� LQWULQVLF� OXPLQHVFHQFH
ZKLFK� FRQVLVWV� RI� WKUHH� FRPSRQHQWV�� %DVHG
RQ� WKH� FRQVLGHUDWLRQ� RI� WKH� UHVXOWV� DQG� OLW�
HUDWXUH� GDWD�� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH
HPLVVLRQ� EDQGV� LQ� WKH� 89� UHJLRQ� ����� DQG
���� QP�� DUH� FRQQHFWHG� ZLWK� H[FLWRQ� UDGLD�
WLYH� DQQLKLODWLRQ�� ZKLOH� WKH� EDQG� DW� DERXW
���� QP� FDQ� EH� DVFULEHG� WR� OXPLQHVFHQFH� RI
)�W\SH�FHQWHUV�
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