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5HFHLYHG�1RYHPEHU��������
7KH�H[SHULPHQWDO� VWXG\� RI� LQWULQVLF�89�989� OXPLQHVFHQFH�DQG�;�UD\�HPLVVLRQ�DW� WKH

VHOHFWLYH�H[FLWDWLRQV�QHDU�IXQGDPHQWDO�DEVRUSWLRQ�HGJH�DV�ZHOO�DV�DW�WKH�LQQHU�VKHOO�H[FLWD�
WLRQV� IRU� ELQDU\� %H2� FU\VWDO� DQG� PXOWLFRPSRQHQW� R[LGH� FU\VWDOV� %H�6L2��� <�6L2�� DQG/D�%H�2�� KDV� EHHQ�SHUIRUPHG��7KH� UHVXOWV� VKRZ� WKDW� UHOD[DWLRQ�GXULQJ� WKH� WLPH�VFDOH� RIGHFD\�RI�VKRUW�OLYLQJ�DQLRQ�DQG�FDWLRQ�H[FLWDWLRQV�OHDGV�WR�FUHDWLRQ�RI�VHOI�WUDSSHG�H[FLWRQV
DW�WKH�VDPH�ORZ�V\PPHWU\�ORFDO�VWUXFWXUDO�XQLWV�RI�FU\VWDOOLQH�ODWWLFH��7KH�DSSOLHG�H[SHUL�
PHQWDO�PHWKRG�JLYHV�DQ�RSSRUWXQLW\�WR�FODULI\�D�SDUWLFLSDWLRQ�RI�GLIIHUHQW�FU\VWDOOLQH�XQLWV
RI�FRPSOH[�R[LGHV�LQ�WKH�VHOI�WUDSSLQJ�RI�H[FLWRQV�
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���,QWURGXFWLRQ
7KH� VHOI�WUDSSLQJ� RI� HOHFWURQLF� H[FLWD�

WLRQV� LV� DQ� DFNQRZOHGJHG� PHFKDQLVP� RI
WUDQVIRUPDWLRQ� RI� WKH� DEVRUEHG� HQHUJ\� LQ
ZLGH� EDQG� JDS� FU\VWDOV�� 6HOI�WUDSSHG� H[FL�
WRQV��67(V��LQ�R[LGHV�ZHUH�GLVFRYHUHG�WKLUW\
\HDUV� DJR�� ,W� ZDV� IRXQG� WKDW� WKH� GLVFXVVHG
SKHQRPHQRQ� ZDV� FKDUDFWHULVWLF� IRU� R[LGH
FRPSRXQGV� ZLWK� D� ORZ� ORFDO� V\PPHWU\� RI
R[\JHQ� VLWHV��+RZHYHU�� WKH�PHFKDQLVPV� UH�
VSRQVLEOH�IRU�WKH�IRUPDWLRQ�RI�H[FLWHG�VWDWHV
DQG� PRGHOV� RI� 67(V� UHPDLQ� D� VXEMHFW� RI
GLVFXVVLRQ�WR�WKH�SUHVHQW�GD\��6RPH�DVVXPS�

WLRQV� DERXW� VSDFH� VWUXFWXUH� DQG� SRVVLEOH
PRGHO� RI� 67(� DUH� NQRZQ� VROHO\� IRU� ELQDU\
DÜ6L2�� DQG�%H2� >����@�� $GGLWLRQDO� LQWHUHVWLQ� WKH� FDVH� RI� WKH� FRPSOH[� FRPSRXQGV� FRQ�
VLVWV� RI� FODULILFDWLRQ� KRZ� WKH� GLIIHUHQW� FDW�
LRQ�V�VXEODWWLFHV�SDUWLFLSDWH�LQ�VHOI�WUDSSLQJ
RI�H[FLWRQV��

$W� ORZ� WHPSHUDWXUHV� DQLRQ� VHOI�WUDSSHG
H[FLWRQV��$67(V��LQ�R[LGHV�PD\�GHFD\�UDGLD�
WLYHO\� ZLWK� OXPLQHVFHQFH� RU� FUHDWH� GHIHFW�
H[FLWRQ�FRPSOH[HV��,Q�%H2�FU\VWDO�WKH�$67(
OXPLQHVFHQFH� DW� ���� H9� DQG� DW� ���� H9� LV� D
UHVXOW�RI�WKH�GHFD\�RI�WZR�GLIIHUHQW�$67(V�
ZKLFK�DUH�GLVWLQJXLVKHG�E\�V\PPHWU\�RI�WKH
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KROH�QXFOHXV��2±�LRQV�HLWKHU�DW�WKH�YHUWH[�RU
WKH� ERWWRP� SODQH� RI� WKH� GLVWRUWHG� R[\JHQ
WHWUDKHGURQ�DURXQG�D�FHQWUDO�%H�� >�@��$67(
OXPLQHVFHQFH� KDV� SUHYLRXVO\� EHHQ� REVHUYHG
LQ� DOO� FRPSOH[� FU\VWDOV� VWXGLHG� KHUH� >�Ü�@�
7KH� OXPLQHVFHQFH� EDQGV� SHDNHG� DW� ���� H9
DQG�DW�����H9�KDYH�HDUOLHU�EHHQ�LQWHUSUHWHG
DV� WKH� UDGLDWLYH� $67(� GHFD\� LQ� %H�6L2�FU\VWDOV�>�@��/DWHU�=DWVHSLQ�HW�DO��FRQVLGHUHG
WKDW�WKH�FUHDWLRQ�RI�XQUHOD[HG�R[\JHQ�DQLRQ
H[FLWRQV� UHVXOW� LQ� IRUPDWLRQ� RI� DQLRQ� VHOI�
WUDSSHG� H[FLWRQV� LQ� ERWK� WKH� VLOLFRQ�R[\JHQ
DQG� WKH� EHU\OOLXP�R[\JHQ� WHWUDKHGUD� >�@�
7KH� OXPLQHVFHQFH� DW� ���� H9� LV� D� UHVXOW� RI
WKH� UDGLDWLYH� GHFD\� RI� WKH�$67(� IRUPHG� LQ
WKH� VLOLFRQ�R[\JHQ� WHWUDKHGUD�� ZKHUHDV� WKH
OXPLQHVFHQFH� DW�����H9�ZRXOG�EH� UHODWHG� WR
WKH� $67(� GHFD\� ZLWKLQ� WKH� EHU\OOLXP�R[\�
JHQ� WHWUDKHGUD�� )XUWKHU�� WKH� REVHUYHG
���� H9� OXPLQHVFHQFH� EDQG� LV� PRUH� LQWHQVH
WKDQ� WKH����� H9�EDQG��ZKLFK� LQGLFDWHV� WKDW
WKH� $67(� ZRXOG� EH� SUHIHUDEO\� IRUPHG
ZLWKLQ� D� VLOLFRQ�R[\JHQ� WHWUDKHGURQ��6LPXO�
WDQHRXVO\�� WKH� DQDO\VLV� RI� $67(� IRUPDWLRQ
LQ� <�6L2�� FU\VWDOV� LQ� >�@� UHDFKHV� D� FRQFOX�VLRQ� WKDW� RQO\� WKH� SRO\KHGUD� FRQWDLQLQJ
KHDY\� FDWLRQV� DUH� LQYROYHG� LQ� WKH�VHOI�WUDS�
SLQJ� SURFHVV�� 8QOLNH� WKH� PHQWLRQHG� DERYH
PDWHULDOV� IRU� /D�%H�2�� FU\VWDOV� LW� ZDVIRXQG� D� VLQJOH� EDQG� RI� $67(� SHDNHG� DW
�����H9�>�@��+RZHYHU��WKH�UROH�RI�WKH�VWUXF�
WXUDO� FU\VWDOOLQH� XQLWV� LQ� WKH� VHOI�WUDSSLQJ
SURFHVV�KDV�QRW�EHHQ�GLVFXVVHG�LQ�OLWHUDWXUH�

,Q� FRQWUDVW� WR� WKH� GDWD� RI� D� IHZ� UHSRUWV
RI�$67(�LQYHVWLJDWLRQV��MXVW�VLQJXODU�ZRUNV
E\� UHVRQDQW� LQHODVWLF� ;�UD\� VFDWWHULQJ
�5,;6��PHWKRG�ZHUH� GHYRWHG� WR� WKH� IRUPD�
WLRQ�RI�FDWLRQ�VHOI�WUDSSHG�H[FLWRQV��&67(V�
LQ�ZLGH�JDS�FRPSRXQGV� >����@��5HVRQDQW� LQ�
HODVWLF� VFDWWHULQJ� RI� ;�UD\� SKRWRQV� LQ� WKH
UHJLRQ�RI�WKH�DEVRUSWLRQ�HGJHV�IRU�HOHPHQWV
IURP�WKH�UHJLRQ�RI�XOWUD�VRIW�;�UD\�DOORZHG
XV� WR� UHYHDO� WKH� VSHFLILFLW\� RI� DWRPLF� V\P�
PHWU\� DQG� V\PPHWU\� RI� RUELWDO� VKHOOV�� 7KH
PHWKRG� LV� EXON� VHQVLWLYH� DQG� WKXV� LV� PRUH
SUHIHUDEOH� IRU� RXU� LQYHVWLJDWLRQ� LQVWHDG� RI
WUDGLWLRQDO� HOHFWURQ� VSHFWURVFRS\�� )LUVW� 0D
HW� DO�� >�@� REVHUYHG� D� GLVWLQJXLVKDEOH� VLGH�
EDQG�DGMDFHQW�WR�WKH�HODVWLF�VFDWWHULQJ�SHDN
LQ� WKH� 5,;6� VSHFWUD� IRU� H[FLWDWLRQV� LQ� WKH
YLFLQLW\�RI�WKH�&��V�FRUH�H[FLWRQ�UHVRQDQFH�
ZKLOH� WKH� DEVRUSWLRQ� VSHFWUXP�RQO\� VKRZHG
D� VLQJOH� VKDUS� H[FLWRQLF� SHDN� �ZLWKRXW� DQ\
VLGH�EDQG��� 7KH� DXWKRUV� VXJJHVWHG� WKDW� WKH
RULJLQ� RI� WKLV�5,;6� VLGH�EDQG� LV� UHODWHG� WR
WKH� � VWURQJ� YLEURQLF� FRXSOLQJ� WKDW� ZRXOG
OHDG�WR�D�ORFDO�ODWWLFH�GLVWRUWLRQ��DQG�WR�WKH
FRUUHVSRQGLQJ� VKLIWV� LQ� WKH� H[FLWHG� HOHF�

WURQLF� VWDWH�� 7KH� DSSHDUDQFH� RI� WKH� HQHUJ\
ORVV� ZLQJ� LQ� WKH� HOHFWURQLFDOO\� HODVWLF� SDUW
RI�WKH�5,;6�VSHFWUD�LQGLFDWHV�WKDW�VXFK�GLV�
WRUWLRQ� PXVW� KDYH� RFFXUUHG� DOUHDG\� GXULQJ
WKH�OLIHWLPH�RI�WKH�LQQHU�VKHOO�KROH��,Q�R[LGH
FRPSRXQGV� D� VLPLODU� HQHUJ\� ORVV� ZLQJ� KDV
EHHQ� REVHUYHG� LQ� WKH�5,;6� VSHFWUD� RI� SRZ�
GHU� /L12�� >�@�� ZKHUH� LW� ZDV� DWWULEXWHG� WRWKH�G\QDPLFV�RI�;�UD\�HPLVVLRQ��DFFRPSDQ\�
LQJ�WKH�GLVWRUWLRQ�RI�12��VSHFLHV�7KH�SUHVHQW�ZRUN�LV�GHYRWHG�WR�FRPELQHG
UHVHDUFK� RI� WKH� 89�989�OXPLQHVFHQFH� DQG
;�UD\�HPLVVLRQ�DW�WKH�VHOHFWLYH�;89�H[FLWD�
WLRQ� LQ� VHYHUDO� R[LGH� FU\VWDOV�� %H2�
%H�6L2��� <�6L2�&H� DQG� /D�%H�2�� ZLWK� WKHSXUSRVH� WR� XQGHUVWDQG� D� UROH� RI� GLIIHUHQW
FU\VWDOOLQH�XQLWV�LQ�WKH�SURFHVV�RI�VHOI�WUDS�
SLQJ�

���([SHULPHQWDO�SURFHGXUH
7KH�FU\VWDOV�%H2�DQG�%H�6L2��KDYH�EHHQJURZQ� IURP�D� VROXWLRQ� LQ� VRGLXP� WXQJVWDWH

PHOW� E\� 9�$�0DVORY�� *�9�%XNLQ� DQG
/�,�,VDHQNR� PHWKRG� DQG� /D�%H�2�� FU\VWDOVKDYH� EHHQ� JURZQ� XVLQJ� DW� &]RKUDOVNL
PHWKRG�E\�9�1�0DWURVRY�DW�WKH�'HVLJQ�DQG
7HFKQRORJLFDO� ,QVWLWXWH� RI� 0RQRFU\VWDOV� LQ
1RYRVLELUVN� �5XVVLD�� DQG� WKH� FU\VWDO� RI
<�6L2�� ZDV� JURZQ� E\� $�0�.RURYNLQ� XVLQJ&]RNKUDOVNL�PHWKRG�DW�WKH�9DYLORY�6WDWH�2S�
WLFDO�,LQVWLWXWH�LQ�6W��3HWHUVEXUJ��5XVVLD���

7KH�OXPLQHVFHQFH�VSHFWUD�����Ü��H9���WKH
OXPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� ��Ü��� H9
DQG� ��Ü���� H9�� DW�7� ����.�DQG�DW�����.
ZHUH�PHDVXUHG� DW� WKH� 683(5/80,� VWDWLRQ
>�@� DQG� DW� WKH�%:��EHDPOLQH� XVLQJ� WKH� OX�
PLQHVFHQFH� LQVWDOODWLRQ� GHVFULEHG� LQ� >��@�
ERWK�DW�+$6</$%��+DPEXUJ��*HUPDQ\��

7KH�5,;6�VSHFWUD�ZLWK�WKH�H[FLWDWLRQV�LQ
WKH�YLFLQLW\�RI�%H��V�DQG�6L��S�SKRWRDEVRUS�
WLRQ�VSHFWUD�ZHUH�PHDVXUHG�DW�7� �����.�DW
EHDPOLQH�,������DW�0$;�ODE��/XQG��6ZHGHQ
>��@�� 7KH� UHVROXWLRQ� RI� WKH� EHDPOLQH�PRQR�
FKURPDWRU��D�PRGLILHG�6;����E\�=HLVV��ZDV
VHW� WR� ���� H9� DQG� WKH� UHVROXWLRQ� RI� ;�UD\
VSHFWURPHWHU� RQ� WKH� HQG� VWDWLRQ�ZDV� VHW� WR
����H9��

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� OXPLQHVFHQFH� VSHFWUD� DQG� WKH� OXPL�

QHVFHQFH� H[FLWDWLRQ� VSHFWUD� LQ� WKH� YLFLQLW\
RI� WKH� IXQGDPHQWDO� DEVRUSWLRQ� HGJH� �IRU
$67(�FUHDWLRQ��DQG�QHDU�%H��V�SKRWRDEVRUS�
WLRQ�WKUHVKROGV��IRU�&67(�FUHDWLRQ��IRU�%H2
DUH� SUHVHQWHG� LQ� )LJ����� 7KH� YDOXHV� RI� WKH
6WRNHV� VKLIWV� RI� WKH� LQWULQVLF� OXPLQHVFHQFH
EDQGV� JLYH� D� PHDVXUH� RI� WKH� HQHUJ\� ORVV
GXULQJ� $67(� IRUPDWLRQ�� 7KH�5,;6� VSHFWUD
RI� %H2� FU\VWDOV� DW� WKH� VHOHFWLYH� H[FLWDWLRQ

9�,YDQRY�HW�DO����,QWULQVLF�89�989�OXPLQHVFHQFH�DQG����
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ZLWK�WKH�SKRWRQV�RI�GLIIHUHQW�HQHUJLHV�QHDU
%H��V�SKRWRDEVRUSWLRQ�HGJH�DUH�SUHVHQWHG�LQ
)LJ����� 2QH� FDQ� VHH� WKH� HODVWLF� SHDN� RI� WKH
5,;6� VSHFWUD� KDV� DQ� XQXVXDOO\� VWURQJ� HQ�
HUJ\�ORVV�ZLQJ�DW�LWV�ORZ�HQHUJ\�VLGH��,Q�RXU
HDUOLHU� ZRUNV� >��Ü��@� WKLV� REVHUYHG� SHFXOL�
DULW\�RI�WKH�5,;6�VSHFWUD�ZDV�DWWULEXWHG�WR
WKH� &67(� IRUPDWLRQ�� 7KH� VSHFWUDO�ZLGWK� RI
WKH� HQHUJ\� ORVV�ZLQJ� LV� VKRZQ� LQ� )LJ���� WR
HVWLPDWH� WKH� HQHUJ\� ORVV� IRU� WKH� &67(� IRU�
PDWLRQ��7KH�FRPSDULVRQ�RI�UHVSHFWLYH�YDOXHV
VKRZQ�LQ�)LJ����DQG���OHDGV�XV�WR�D�FRQFOX�
VLRQ�WKDW�WKH�HQHUJ\�ORVV�IRU�ERWK�WKH�$67(
DQG� WKH� &67(� IRUPDWLRQ� LV� DSSUR[LPDWHO\
HTXDO� �QHDU� ���Ü�� H9� LQ� WKH� FDVH� RI� %H2��
7KH�UHVXOWV�SUHVHQWHG�LQ�)LJ����DQG���DQG�DV
ZH�KDYH�HDUOLHU�GLVFXVVHG�LQ�GHWDLO�LQ�>��@��

7ZR� LQWULQVLF� OXPLQHVFHQFH� EDQGV� ZLWK
PD[LPD� DW����� H9�DQG�DW� ���� H9� VKDSH� WKH
OXPLQHVFHQFH� VSHFWUD� RI� WKH� FU\VWDOOLQH
%H�6L2�� ZLWK� H[FLWDWLRQV� QHDU� WKH� IXQGD�PHQWDO� DEVRUSWLRQ� HGJH� DV� ZHOO� DV� LQ� WKH
YLFLQLW\� RI� FRUH� OHYHO� WKUHVKROGV� �)LJ�����
7KH� FU\VWDOOLQH� ODWWLFH� RI� %H�6L2�� FRQWDLQVGLVWRUWHG� VLOLFRQ�R[\JHQ� DQG� EHU\OOLXP�R[\�
JHQ� WHWUDKHGUD��$FFRUGLQJ� WR� WKH� UHDVRQLQJ
SUHVHQWHG� LQ� 5HI���� WKH� KLJKHU� UHODWLYH� LQ�
WHQVLW\�RI�WKH�����H9�OXPLQHVFHQFH�LQGLFDWHV
WKDW�WKH�SUREDELOLW\�RI�$67(�IRUPDWLRQ�UDWH
LV� KLJKHU� LQ� WKH� VLOLFRQ�R[\JHQ� WHWUDKHGUD�
7KH�5,;6�VSHFWUD�RI�%H�6L2��H[FLWHG�LQ�WKHYLFLQLW\�RI�6L��S�DQG�%H��V�SKRWRDEVRUSWLRQ
HGJHV� DUH� VKRZQ� LQ� )LJ����� UHVSHFWLYHO\�� ,Q
ERWK� FDVHV� ZH� ZHUH� DEOH� WR� GLVWLQJXLVK� DQ
HQHUJ\� ORVV� ZLQJ� DGMDFHQW� WR� WKH� HODVWLF
VFDWWHULQJ�SHDN��:H�LQWHUSUHW�WKLV�DV�DQ�LQ�
GLFDWLRQ� WKDW� WKH� &67(� FDQ� EH� FUHDWHG� DW
ERWK�%H�� DQG�6L�FHQWHUHG� WHWUDKHGUD�� ,W� FDQ

ZHOO� EH� VHHQ� IURP� WKH� FRPSDULVRQ� RI� OHIW
DQG�ULJKW�SDUWV� RI�)LJ���� WKDW� IRU� WKH�H[FL�
WDWLRQV� QHDU� WKH� �S� DEVRUSWLRQ� HGJH� RI
%H�6L2�� 6L� WKH� VXE�EDQGJDS� HQHUJ\� ORVVZLQJ� LV� PRUH� SURQRXQFHG� WKDQ� IRU� H[FLWD�
WLRQV� QHDU� %H� �V� HGJH�� 7KLV� UHVXOW� RI� RXU
SUHVHQW� VWXG\� REWDLQHG� IRU� &67(� LQ� WKHLU
FUHDWLRQ� UHJLRQ� SURYLGHV� D� IXUWKHU� VXSSRUW
IRU� WKH� VXJJHVWLRQ� PDGH� LQ� 5HI���� RQ� WKH
GRPLQDWLQJ�UROH�RI�WKH�VLOLFRQ�R[\JHQ�WHWUD�
KHGUD� LQ� WKH� VHOI�WUDSSLQJ� SURFHVVHV�� $GGL�
WLRQDOO\��ZH�FDQ�VHH�IURP�WKH�FRPSDULVRQ�RI
WKH�OXPLQHVFHQFH�RI�%H�6L2���LQ�)LJ�����DQGWKH�;�UD\�HPLVVLRQ�VSHFWUD��LQ�)LJ����DQG���
WKDW� WKH� HQHUJ\� ORVV� YDOXHV� IRU� WKH� $67(

)LJ�����7KH�SKRWROXPLQHVFHQFH��������DQG�OXPL�
QHVFHQFH� H[FLWDWLRQ� ���� ��� ��� VSHFWUD� RI� %H2
FU\VWDOV� DW� 7� ���� .�� ([FLWDWLRQ� HQHUJ\�
����� H9� �FXUYH� ��� DQG� ������ H9� �FXUYH� ���
(PLVVLRQ�HQHUJ\������H9��������DQG�����H9������

)LJ����� 7KH� SKRWROXPLQHVFHQFH� ���� ��� DQG
���� H9� OXPLQHVFHQFH� EDQG� H[FLWDWLRQ� ���� ��
VSHFWUD� RI� FU\VWDOOLQH� %H�6L2�� DW� 7� ����.�7KH�H[FLWDWLRQ�HQHUJ\�LV�����H9��FXUYH����DQG
����H9��FXUYH�����7KH�GHFRPSRVLWLRQ�RI�FXUYH
��LQWR�*DXVVLDQ�FRPSRQHQWV�LV�VKRZQ�E\�QDU�
URZ�OLQHV��

)LJ�����7KH�;�UD\�HPLVVLRQ�VSHFWUD�RI�%H2�FU\V�
WDOV� H[FLWHG� LQ� WKH� YLFLQLW\� RI�%H� �V� SKRWRDE�
VRUSWLRQ� HGJH�� 7KH� QXPEHUV� DW� WKH� FXUYHV� GH�
QRWH�GLIIHUHQW�H[FLWDWLRQ�HQHUJLHV��VHH�LQVHUW���

9�,YDQRY�HW�DO����,QWULQVLF�89�989�OXPLQHVFHQFH�DQG����
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DQG�WKH�&67(�IRUPDWLRQ�DUH�DJDLQ�DSSUR[L�
PDWHO\�HTXDO�OLNH�LQ�%H2���

,Q�FRQWUDVW�WR� WKH� VLWXDWLRQ�REVHUYHG�IRU
%H�6L2���WKH�5,;6�VSHFWUD�RI�<�6L2��LQ�WKHYLFLQLW\� RI� 6L� �S� SKRWRDEVRUSWLRQ� HGJH
�VKRZQ�LQ�OHIW�SDUW�RI�)LJ�����GR�QRW�FRQWDLQ
DQ\�GHWHFWDEOH�VXE�EDQGJDS�HQHUJ\�ORVV�IHD�
WXUHV�� 7KLV� UHVXOW� LV� LQ� D� JRRG� DJUHHPHQW
ZLWK� WKH� FRQFOXVLRQ� PDGH� LQ� 5HI���� ZKLFK
VWDWHG� WKDW� VLOLFRQ�R[\JHQ� WHWUDKHGUD� GLG
QRW�SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�SURFHVV�RI
WKH� VHOI�WUDSSHG� H[FLWRQ�V� IRUPDWLRQ� LQ
<�6L2�����7KH� VLWXDWLRQ�ZLWK� FR�H[LVWHQFH� RI�$67(
DQG� &67(� LQ� %H�6L2�� DQG� <�6L2�� FU\VWDOVHDUOLHU� GLVFXVVHG� LQ� >�����@� DOORZV� WR� SUR�
SRVH�WKDW�WKH�VHOI�WUDSSLQJ�RI�DQLRQ�DQG�FDW�
LRQ� H[FLWRQV� RFFXUV� LQ� WKH� VDPH� ORFDO� XQLWV
RI� WKH�FU\VWDOOLQH� ODWWLFH� LQ�R[LGHV�DQG�WKDW
LW� PD\� EH� FDXVHG� E\� WKH� SUHGLVSRVLWLRQ� RI

VXFK�ORFDO�XQLWV�WR�VKRUW�WHUP�WUDQVLHQW�GLV�
WRUWLRQ�� ,Q� FXUUHQW�ZRUN�ZH�PRUH� FDUHIXOO\
FRQVLGHUHG� WKH� UHVXOWV� RI� MRLQW� DQDO\VLV� RI
LQWULQVLF�89�OXPLQHVFHQFH�DQG�5,;6�VSHFWUD
RI� /D�%H�2�� FU\VWDOV�� $V� RSSRVHG� WR� RWKHUREMHFWV� RI� WKH� LQYHVWLJDWLRQ� /D�%H�2�� FU\V�WDOV� DUH� FKDUDFWHUL]HG� E\� RQO\� RQH� EDQG� RI
LQWULQVLF� OXPLQHVFHQFH�� ,Q� WKH� OXPLQHVFHQFH
H[FLWDWLRQ�VSHFWUD�WKHUH�ZHUH�QR�IHDWXUHV�LQ
WKH� YLFLQLW\� RI�%H� �V� SKRWRDEVRUSWLRQ� HGJH
WKUHVKROGV� �)LJ����� LQVHUW�RI� ULJKW�SDUW���$W
RQFH� WKH� GHFUHDVLQJ� RI� OXPLQHVFHQFH� OLJKW
\LHOG� LQ� WKH� YLFLQLW\� RI� /D� �G� SKRWRDEVRUS�
WLRQ� HGJH� WKUHVKROGV� LV�ZHOO�RXWOLQHG�� ,W� DO�
ORZV� WR� VXSSRVH� WKDW� EHU\OOLXP� VXEODWWLFH
SUREDEO\�GRHV�QRW�SDUWLFLSDWH�LQ�WKH�SURFHVV
RI� &67(� IRUPDWLRQ�� 7KH� FRQILUPDWLRQ� RI
WKLV� FDQ� EH� IRXQG� LQ� VWXG\LQJ� RI� WKH�5,;6
VSHFWUD�LQ�WKH�YLFLQLW\�RI�%H��V�SKRWRDEVRUS�
WLRQ� HGJHV�� 7KH� 5,;6� VSHFWUXP� �)LJ����

)LJ����� 7KH� ;�UD\� HPLVVLRQ� VSHFWUD� RI� FU\VWDOOLQH� %H�6L2�� H[FLWHG� LQ� WKH� YLFLQLW\� RI� WKH� 6L� �SSKRWRDEVRUSWLRQ�WKUHVKROG��OHIW�SDUW��RU�LQ�WKH�YLFLQLW\�RI�WKH�%H��V�SKRWRDEVRUSWLRQ�WKUHVKROG��ULJKW
SDUW��� 7KH� QXPEHUV� DW� WKH� FXUYHV� GHQRWH� H[FLWDWLRQ� HQHUJLHV� DV� VKRZQ� DW� WKH� IOXRUHVFHQFH� \LHOG
FXUYHV�LQ�WKH�LQVHUWV�LQ�WKH�ERWK�FDVHV��

)LJ�����7KH�;�UD\�HPLVVLRQ�VSHFWUD�RI�<�6L2��FU\VWDOV�PHDVXUHG�LQ�WKH�YLFLQLW\�RI�6L��S�SKRWRDEVRUS�WLRQ� HGJH� �OHIW� SDUW��� 1XPEHUV� RI� FXUYHV� GHQRWH� GLIIHUHQW� H[FLWDWLRQ� HQHUJLHV� RI� H[FLWHG� SKRWRQV
�VKRZQ� DW� WKH� IOXRUHVFHQFH� H[FLWDWLRQ� VSHFWUXP� LQ� WKH� LQVHUW� RI� OHIW� SDUW���$W� WKH� ULJKW�SDUW�� WKH
H[FLWDWLRQ� VSHFWUD� RI� ����� H9� LQWULQVLF� OXPLQHVFHQFH� RI� %H�/D�2�� FU\VWDO� �FXUYH� ��� DQG� LQWULQVLFOXPLQHVFHQFH� SHDNHG� DW� ���� H9� RI� %H2� FU\VWDO� �FXUYH� ��� LQ� WKH� YLFLQLW\� RI� /D� �G� DQG� %H� �V
SKRWRDEVRUSWLRQ�WKUHVKROGV��UHVSHFWLYHO\��$W�WKH�LQVHUW�RI�ULJKW�SDUW��7KH�;�UD\�HPLVVLRQ�VSHFWUD�RI
FU\VWDOOLQH�%H�/D�2��DW�WKH�H[FLWDWLRQ�HQHUJ\�RI�����H9��
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LQVHW��VKRZV�WKH�DEVHQFH�RI�HQHUJ\�ORVV�ZLQJ
RI� WKH� HODVWLF� VFDWWHULQJ� SHDN� RI� H[FLWLQJ
SKRWRQV��)URP�WKH�SRLQW�RI�YLHZ�RI�V\VWHP�
DWLF� VXSSRVLWLRQV�RI�SUHVHQW�ZRUN� LW� H[SHUL�
PHQWDOO\� FRQILUPV� WKDW� WKH� VHOI�WUDSSLQJ�RI
FDWLRQ� H[FLWRQV� RQ� QHDU� %H� LRQ� GRHV� QRW
RFFXU� LQ� /D�%H�2��� 6R�� WKH� VLWXDWLRQ� ZLWKDQLRQ� DQG� FDWLRQ� H[FLWRQV� VHOI�WUDSSLQJ� LV
VLPLODU� IRU� <�6L2�� DQG� /D�%H�2�� FU\VWDOVDQG� LW� FRQVLGHUDEO\� GLIIHUV� LQ� WKH� FDVH� RI
%H�6L2�� FU\VWDO� ZKHUH� ERWK� FDWLRQ� VXEODW�WLFHV� SDUWLFLSDWH� LQ� WKH� H[FLWRQV� VHOI�WUDS�
SLQJ��

)URP�VWUXFWXUDO� SRLQW� RI�YLHZ�WKHVH� WZR
JURXSV� RI� FU\VWDOV� GLIIHU� LQ� WKH� PDLQ�� ,Q
%H�6L2�� FDWLRQV� RI� ERWK� W\SHV� KDYH� VPDOOGLIIHUHQFHV� LQ� VL]HV� DQG� VLPLODU� WHWUDKHGUDO
HQYLURQPHQW�� ,Q� FU\VWDOV� ZLWK� UDUH� HDUWK
HOHPHQWV�DV�VWUXFWXUDO�HOHPHQWV�WKH�ODVW�DUH
FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�FDWLRQV�RI�OLJKW
HOHPHQWV��&RQVHTXHQWO\��WKH\�DUH�GLIIHU�E\�D
KLJK� FRRUGLQDWLRQ� QXPEHU� DQG� E\� ZHDNHU
ERQGV� ZLWK� DQLRQV�� $FFRUGLQJ� WR� >��@� WKH
ERQG� OHQJWK� EHWZHHQ� \WWULXP� DQG� R[\JHQ
LRQV� �IURP� ������ WR� ������c�� LQ� <�6L2�� LVDERXW� WZR� WLPHV� PRUH� WKDQ� RQH� RI� VLOLFRQ�
R[\JHQ� ERQG� �IURP� ������ WR� ������c��� 7KH
VLPLODU�VLWXDWLRQ�LV�IRU�/D�%H�2��FU\VWDO��,QDFFRUGDQFH�ZLWK� >��@� WKH�/D±2� ERQG� OHQJWK
LV�DW�WKH�UDQJH�RI������Ü������c��ZKLOH�%H±
2�ERQG�OHQJWK�LV�VLJQLILFDQWO\�VKRUWHU��IURP
������ WR� ������c��� $W� RQFH�� WZR� EDQGV� RI
LQWULQVLF� OXPLQHVFHQFH� DUH� REVHUYHG� IRU
<�6L2��FU\VWDOV�>�@�DQG�RQO\�RQH�EDQG�Û�IRU
/D�%H�2��FU\VWDOV�>�@��7R�H[SODLQ�WKH�UHDVRQRI� WKLV� LW� LV� QHFHVVDU\� WR� DQDO\]H� LQ� GHWDLO
WKH�VWUXFWXUDO�IHDWXUHV�RI�WKH�ERWK�FU\VWDOV�
,Q� \WWULXP� R[\RUWKRVLOLFDWH� WKH� UDUH� HDUWK
HOHPHQW� FDQ� RFFXS\� RQH� RI� WZR� SRVLWLRQV
ZLWK� FRRUGLQDWLRQ� QXPEHU� �� DQG� �� UHVSHF�
WLYHO\�� 7KHUHIRUH�� WKHUH� DUH� WZR� W\SHV� RI
YDULRXV� VWUXFWXUDO� ODWWLFH� IUDJPHQWV� ERXQG
WR�KHDY\�FDWLRQ�DQG�HDFK�RI�WKHP�FDQ�EH�WKH
ORFDO� IUDJPHQW� IRU� UHDOL]DWLRQ� RI� VHOI�WUDS�
SLQJ� SURFHVV�� ,Q�/D�%H�2�� FU\VWDO� WKH� FRRU�GLQDWLRQ�QXPEHU�RI�KHDY\�FDWLRQ�LV����DQG�
WKHUHIRUH��WKHUH� LV�RQO\�RQH�W\SH�RI�SRO\KH�
GURQ�

7KHUHE\��WKH�UHVXOWV�RI�WKH�SUHVHQW�ZRUN
ORJLFDOO\�GHYHORS�WKH�FRQFOXVLRQV�RI�SUHYLRXV
LQYHVWLJDWLRQ� >�����@� FRQFHUQLQJ� WKH� IDFW
WKDW� LI� H[FLWRQV� VHOI�WUDSSLQJ� SURFHVV� LQ
R[LGH� ELQDU\� DQG� FRPSOH[� FU\VWDOV� RFFXUV
WKHQ� LW� UHDOL]HV� IRU� DQLRQ� DQG� FDWLRQ� H[FL�
WRQV� LQ� WKH� VDPH� ORFDO� IUDJPHQWV� RI� WKH
FU\VWDO� ODWWLFH�� 6XFK� IUDJPHQWV� DUH� PRUH
SUHGLVSRVHG�WR�ODWWLFH�GHIRUPDWLRQ�DFFRPSD�
QLHG� WKH� VHOI�WUDSSLQJ� SURFHVV�� 7KH� UHVXOWV
RI�WKH�LQYHVWLJDWLRQ�LQGLFDWH�WKDW�LQ�WKH�FDVH

RI� FRQVLGHUDEOH� GLIIHUHQFHV� LQ� FDWLRQ� VL]HV
WKH�VXEODWWLFH�RI� OLJKW� �VPDOOHU� LQ�VL]H�� FDW�
LRQ� GRHV� QRW� SDUWLFLSDWH� LQ� VHOI�WUDSSLQJ
SURFHVVHV�

���&RQFOXVLRQV
5,;6� DQG� OXPLQHVFHQFH� VSHFWURVFRSLF

VWXG\� RI� LQWULQVLF� 89�989� OXPLQHVFHQFH
DQG�;�UD\� HPLVVLRQ� DW� WKH� VHOHFWLYH� H[FLWD�
WLRQV� QHDU� IXQGDPHQWDO� DEVRUSWLRQ� HGJH� DV
ZHOO�DV�DW�WKH�LQQHU�VKHOO�H[FLWDWLRQV�IRU�EL�
QDU\� %H2� FU\VWDO� DQG� FRPSOH[� R[LGH� FU\V�
WDOV�%H�6L2���<�6L2��DQG�/D�%H�2��KDV�EHHQFDUULHG� RXW�� 7KH� UHVXOWV� VKRZ� WKDW� WKH� UH�
OD[DWLRQ� GXULQJ� WKH� WLPH�VFDOH� RI� GHFD\� RI
VKRUW�OLYLQJ� DQLRQ� DQG� FDWLRQ� H[FLWDWLRQV
OHDGV�WR�FUHDWLRQ�RI�VHOI�WUDSSHG�H[FLWRQV�DW
WKH� FRUUHVSRQGLQJ� ORFDO� VWUXFWXUDO� XQLWV� RI
FU\VWDOOLQH� ODWWLFH�� 7KLV� FDQ� EH� FDXVHG� E\
LQFUHDVH� RI� G\QDPLFDO� LQVWDELOLW\� RI� VXFK
ORZ� V\PPHWU\� ORFDO� VWUXFWXUDO� XQLWV� �LQ
FRPSDULVRQ� ZLWK� KLJK� V\PPHWU\� RQHV��
ZKLFK� IDFLOLWDWH� WKH� VHOI�WUDSSLQJ� SURFHVVHV
LQ� WKHVH� V\VWHPV�� ,Q� WKH� FDVH� ZKHQ� FDWLRQ
VL]HV� DUH� GLIIHU� FRQVLGHUDEO\� WKH� VXEODWWLFH
RI� OLJKW� FDWLRQ� GRHV� QRW� SDUWLFLSDWH� LQ� WKH
VHOI�WUDSSLQJ�SURFHVVHV��

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� KDV� EHHQ
SDUWLDOO\� VXSSRUWHG�E\� WKH� � SURJUDP�RI� VFL�
HQWLILF� GHYHORSPHQW� RI� WKH� %�<HOWVLQ� 8UDO
)HGHUDO�8QLYHUVLW\�DQG�WKH�(VWRQLDQ�6FLHQFH
)RXQGDWLRQ� �JUDQWV� 1R� ����� DQG� ������
6\QFKURWURQ�UDGLDWLRQ�VWXGLHV�LQ�+$6</$%
DQG�0$;�/DE�ZHUH� VXSSRUWHG�E\� WKH�(XUR�
SHDQ� &RPLVVLRQ� �*UDQW� )3������������
JUDQW���������JUDQW�����������KDYH�UHFHLYHG
IXQGLQJ� IURP� WKH� (XURSHDQ� &RPPXQLW\�V
6HYHQWK�)UDPHZRUN�3URJUDPPH��)3�������
������ XQGHU� JUDQW� DJUHHPHQW� 1R� ������
DQG�WKH�+$6</$%�3URMHFW�,,�����������

5HIHUHQFHV
� ���0�,WRK�� $�0�6WRQHKDP�� 0DWHULDOV� 0RGLILFD�

WLRQ� E\� (OHFWURQLF� ([FLWDWLRQ�� 8QLYHUVLW\
SUHVV��&DPEULGJH���������

� ���9�$�3XVWRYDURY��9�<X�,YDQRY��0�.LUP�HW�DO��
3K\V��RI�WKH�6ROLG�6WDWH������������������

� ���9�<X�,YDQRY��9�$�3XVWRYDURY��(�6�6KO\JLQ�HW
DO���3K\V��RI�WKH�6ROLG�6WDWH�����������������

� ���$�)�=DWVHSLQ�� $�,�.XNKDUHQNR�� 9�$�3XV�
WRYDURY� HW� DO��� 3K\V��RI� WKH� 6ROLG� 6WDWH�� ���
�����������

� ���9�<X�,YDQRY��(�6�6KO\JLQ��9�$�3XVWRYDURY�HW
DO���3K\V��RI�WKH�6ROLG�6WDWH������������������

� ���9�$�3XVWRYDURY��9�/�3HWURY��(�,�=LQLQ�HW�DO��
3K\V��RI�WKH�6ROLG�6WDWH�����������������

� ���<�0D�� 3�6N\WW��1�:DVVGDKO� HW� DO���3K\V��5HY�
/HWW�������������������

� ���$�%�3UHREUDMHQVNL�� $�6�9LQRJUDGRY�� 6�$�.UDV�
QLNRY�HW�DO���3K\V��5HY��%��������������������
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� ���*�=LPPHUHU��1XFO��,QVWU��0HWK��3K\V��5HV��$������
�����������

����0�.LUP��$�� /XVKFKLN�� &K�/XVKFKLN� HW� DO���-�
/XPLQHVFHQFH�������������������

����5�'HQHFNH�� 3�9DWHUOHLQ�� 0�%DVVOHU� HW� DO��� -�
(OHFWURQ� 6SHFWU��5HO��3KHQRP��� ���Ü����� ���
��������

����9�3XVWRYDURY��9�,YDQRY��0�.LUP�HW�DO���1XFO�
,QVWU��0HWK��3K\V��5HV��$��$����������������

����7�.^^PEUH�� $�.LNDV�� .�.RRVHU� HW� DO��� -�
(OHFWU��6SHFWURVF��5HO��3KHQRP��� ���Ü����� ���
�������

����$�.LNDV��7�.^^PEUH��.�.RRVHU�HW�DO���-��3K\V��
&RQG��0DWWHU���������������������

����,�.XXVLN��7�.^^PEUH��.�.RRVHU�HW�DO���-��(OHF�
WURQ� 6SHFWU��5HODW��3KHQRPHQD�� ����� ���
�������

����9�,YDQRY��$�.LNDV��7�.^^PEUH�HW�DO���LQ��3URF�
,23�&RQI���6HU���0DWHU��6FL��(QJ�������������
������

����1�,�/HRQ\XN��(�/�%HORNRQHYD��*�%RFHOOL�HW�DO��
&U\VW��5HV��7HFKQRO�������������������

����/�$�+DUULV��+�/�<DNHO��$FWD�&U\VW���%�������
�������
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