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&DGPLXP� WXQJVWDWH� &G:2�� �&:2�� LV
XVHG� ZLGHO\� LQ� ;�UD\� FRPSXWHU�DLGHG� WR�
PRJUDSKV�>����@��LQ�QXFOHDU�ZHOO�ORJJLQJ�>�@�
DQG� LQ� ORZ�EDFNJURXQG� VFLQWLOODWLRQ� VSHF�
WURPHWHUV� >�@�� 7KH� LPSURYHG� WHFKQRORJ\� RI
WKH� VLQJOH� FU\VWDOV� PDGH� LW� SRVVLEOH� WR� HQ�
KDQFH� WKH� VFLQWLOODWLRQ� HIILFLHQF\� RI� GDUN�
\HOORZ�&:2� VDPSOHV� WKDW� ZDV� DERXW� ����
UHODWLYHO\�WR�1D,±7O�>�@�XS�WR������IRU�PRG�
HUQ� FU\VWDOV� WKDW� DUH� DOPRVW� FRORUOHVV� >�@�
7KH� PDLQ� HPLVVLRQ� EDQG� RI� &:2� DW� URRP
WHPSHUDWXUH�LV�DW�DERXW����Ü����QP�DQG�LV
RYHUODSSHG�ZLWK� D� OHVV� LQWHQVH� EDQG�SHDNHG
DW� ���� QP� >�@�� ,Q� VRPH� FU\VWDOV�� D� �UHG
HPLVVLRQ�� WKDW� LV� EHOLHYHG� WR� EH� GXH� WKH
VWUXFWXUH� GHIHFWV� >�@� ZDV� REVHUYHG� DORQJ
ZLWK�WKH�DERYH�EDQGV�

7KH�PDLQ�GUDZEDFN�RI�&:2�VFLQWLOODWRUV
LV� D� UDWKHU� ORQJ� GHFD\� WLPH� ���� WR� ��� PV�
WKDW� OLPLWV� WKH�PD[LPXP�SRVVLEOH� FRXQWLQJ
UDWH� >�@�� )RU� WRPRJUDSKLF� PHDVXUHPHQWV
ZKHUH�WKH�FXUUHQW�UHFRUGLQJ�UHJLPH�LV�UHDO�
L]HG� LQ� IDFW�� D� ORQJ� DIWHUJORZ� LV� RI� PRUH
LPSRUWDQFH�� 7KH� DIWHUJORZ� LQWHQVLW\� �� PV
DIWHU� WKH� H[FLWDWLRQ� LV� RYHU� VKRXOG� QRW� H[�
FHHG�����Ü��RI�WKH�LQLWLDO�YDOXH�>�@��7KH�GH�
WHFWRUV� RI� FRPSXWHU�DLGHG� WRPRJUDSKV� DUH
GHVLJQHG�DV�VFLQWLOODWRU�SKRWRGLRGH�RSWRHOHF�
WURQLF� FRXSOHV�� 6LQFH� WKH� VHQVLWLYLW\� PD[L�
PXP� RI� VLOLFRQ� SKRWRGLRGHV� OLHV� LQ� WKH� UHG
VSHFWUDO�UHJLRQ��LW� LV� LPSRUWDQW�WR�HOXFLGDWH
WKH� UHODWLRQ� RI� ORQJ�ZDYHOHQJWK� HPLVVLRQ
EDQGV� DQG� VORZ�GHFD\� FRPSRQHQWV�ZLWK� WKH
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UDZ� PDWHULDO� TXDOLW\� DQG� WHFKQRORJ\� IHD�
WXUHV�RI�WKH�VLQJOH�FU\VWDO�JURZLQJ�

7KH� ODUJH�VL]H� &:2� FU\VWDOV� ���� WR
���PP� LQ� GLD��� WKH� F\OLQGULFDO� SDUW� OHQJWK
���� PP�� ZHUH� VWXGLHG�� 7KH� FU\VWDOV� ZHUH
JURZQ� E\� &]RFKUDOVNL� WHFKQLTXH� DW� 65&
�.DUDW��� /YLY�� XVLQJ� WKH� HTXLSPHQW� IURP
3K\VLWHUP��)UDQFH��7KH�GHWDLOV�RI�WKH�EOHQG
SUHSDUDWLRQ� DQG� JURZWK� SURFHGXUHV� ZHUH
SXEOLVKHG� EHIRUH� >�@�� 7KH� FKDUDFWHULVWLFV� RI
LQGLYLGXDO� FU\VWDOV� ZKHUHIURP� WKH� VDPSOHV
IRU�WKH�VWXG\�ZHUH�FXW�RXW�DUH�SUHVHQWHG�LQ
7DEOH���

7KH� VDPSOHV� VKDSHG� DV� ��u��u��PP�
ZHUH� FXW� RXW� RI� WKH� F\OLQGULFDO� SDUW� DQG
SROLVKHG� XS� WR� RSWLFDO� TXDOLW\� JUDGH�� 7KH
IDFLDO� VLGH�RI� WKH�SODWH� FRUUHVSRQGHG� WR�WKH
������ SODQH� RI� WKH� FU\VWDO�� 7KH� RSWLFDO� DE�
VRUSWLRQ�RI� WKH�VDPSOHV�ZDV�FDOFXODWHG�EDV�
LQJ� RQ� WKH� WUDQVPLVVLRQ� VSHFWUD� PHDVXUHG
XVLQJ�D�6SHFRUG�0����DW�URRP�WHPSHUDWXUH�
7R� H[DPLQH� WKH� ;�UD\� OXPLQHVFHQFH� �;5/�
DQG�SKRWROXPLQHVFHQFH�XQGHU�1��ODVHU� H[FL�WDWLRQ�� D� VHWXS� EDVLQJ� RQ� D� TXDUW]� PRQR�
FKURPDWRU�6)��$�ZDV�XVHG��7KH�;�UD\�H[FL�
WDWLRQ� ZDV� GRQH� E\� D� PLFURIRFXVHG� ;�UD\
WXEH�ZLWK�FRSSHU�DQWLFDWKRGH�WKURXJK�EHU\O�
OLXP� ZLQGRZ� RI� D� FU\RVWDW�� WKH� WXEH� RSHU�
DWHG� DW� ��� N9�� ���� P$�� 7KH� WKHUPDO� JORZ
�7*��ZDV�UHFRUGHG� LQ� OLQHDU�KHDWLQJ�UHJLPH
DW�WKH�WHPSHUDWXUH�LQFUHDVH�UDWH�RI�����.�V�
7KH� 7*� FXUYHV� ZHUH� UHFRUGHG� ERWK� LQ� WKH
LQWHJUDO�PRGH�DQG�DW�GLVFULPLQDWLRQ�RI�LQGL�
YLGXDO�VSHFWUDO�UDQJHV�ZLWK�PRQRFKURPDWRU�
7KH�OXPLQHVFHQFH�VSHFWUD�ZHUH�FRUUHFWHG�IRU
WKH�PRQRFKURPDWRU�GLVSHUVLRQ�DQG�WKH�VSHF�
WUDO�VHQVLWLYLW\�RI�WKH�307�

7KH� DEVRUSWLRQ� VSHFWUD� RI� &:2� VLQJOH
FU\VWDOV� JURZQ�ZLWK� GLIIHUHQW� WHFKQRORJLFDO
IHDWXUHV� DUH� VKRZQ� LQ� )LJ����� ,Q� WKH� VSHF�
WUXP�RI�WKH��ROG��FU\VWDO�1R���JURZQ�IURP
D� PL[WXUH� RI� WXQJVWHQ� R[LGH� DQG� FDGPLXP
FDUERQDWH� RI� ������ �� SXULW\� �FXUYH� ���� D
EURDG�EDQG�SHDNHG�DW�����QP�LV�RYHUODSSHG
ZLWK� D�ZHDNHU� RQH�QHDU�����QP� WKDW� LV� UH�
VSRQVLEOH�IRU�WKH�DSSUHFLDEOH�\HOORZLVK�FRORU
RI� WKH� FU\VWDO�� 7KH� FU\VWDO� REWDLQHG� IURP

WKH� UHFU\VWDOOL]HG� UDZ� PDWHULDO� VKRZV� D
IDLQW� \HOORZLVK�JUHHQ� FRORU� �FXUYH� ���� 7KH
6DPSOHV� 1RV��� DQG� �� DUH� HVVHQWLDOO\� FRORU�
OHVV� LQ� WKH� YLVLEOH� VSHFWUDO� UHJLRQ� DQG� WKH
DEVRUSWLRQ� FRHIILFLHQW� DW� ���� QP� IRU� WKRVH
FU\VWDOV�GRHV�QRW�H[FHHG�����FPÜ���

7KH� LQVHW� LQ� )LJ���� SUHVHQWV� WKH� ;5/
VSHFWUXP� RI� D� &:2� FU\VWDO� DW� URRP� WHP�
SHUDWXUH��7KH�GDVKHG�OLQHV�VKRZ�WKH�HOHPHQ�
WDU\� *DXVVLDQ� EDQGV� UHVXOWLQJ� IURP� WKH
VSHFWUXP� H[SDQVLRQ�� 7KH� SRVLWLRQV� RI� WKH
EDQG� PD[LPD� ZHUH� LPSURYHG� E\� DYHUDJLQJ
WKH�PHDVXUHG�UHVXOWV� IRU� FU\VWDOV�RI�GLIIHU�
HQW�RULJLQV��7KH�PD[LPD�RI�WZR�PDLQ�EDQGV
LQ�WKH�URRP�WHPSHUDWXUH�;5/�VSHFWUXP�DQ�
VZHU� WR�WKH�TXDQWXP�HQHUJ\�YDOXHV�RI�����
DQG� ����� H9� DW� KDOI�ZLGWKV� RI� ����� DQG
�����H9��UHVSHFWLYHO\��7KH�WHPSHUDWXUH�ORZ�
HULQJ�GRZQ�WR�����.�FDXVHV�DQ�LQVLJQLILFDQW
VKLIW� RI� WKH� VKRUW�ZDYHOHQJWK�EDQG� WRZDUGV
ORZHU� HQHUJ\� ������ H9�� DQG� WKH� EDQG� KDOI�
ZLGWK�GHFUHDVH�WR������DQG������H9��UHVSHF�
WLYHO\�� 7KH� GDWD� REWDLQHG� DUH� LQ� D� JRRG
DJUHHPHQW� ZLWK� OLWHUDWXUH� RQHV� >����@�� 7KH
LQWHQVLW\�UDWLR�RI�WKH�\HOORZ�DQG�EOXH�JUHHQ
EDQGV�LQ�WKH�;5/�VSHFWUD�DW�URRP�WHPSHUD�
WXUH� YDULHV� IRU� GLIIHUHQW� FU\VWDOV� ZLWKLQ
OLPLWV�RI������WR������ZLWKRXW�DQ\�DSSUHFLD�
EOH� FRUUHODWLRQ� ZLWK� WHFKQRORJLFDO� IHDWXUHV�
$W�7� ����.�� WKH�\HOORZ�HPLVVLRQ�GURSV�E\
���WR������UHODWLYHO\�WR�WKH�PDMRU�EDQG�

)LJ���� SUHVHQWV� WKH� HPLVVLRQ� VSHFWUD� RI
&:2� FU\VWDOV� H[FLWHG� E\� D� QLWURJHQ� ODVHU
�O� �����QP��DW�����.��,Q�WKH�3/�VSHFWUD��D
QHZ� EDQG� SHDNHG� DW� ����� H9� RI� ����� H9
KDOI�ZLGWK� LV� REVHUYHG� DORQJ� ZLWK� WKH� WZR
RQHV� REVHUYHG�XQGHU�;�UD\� H[FLWDWLRQ��7KLV
�UHG��EDQG�GRPLQDWHV� LQ�WKH�HPLVVLRQ�VSHF�
WUXP�RI�WKH�FU\VWDO�1R���ZKHUH�LWV�LQWHQVLW\
H[FHHGV� DOPRVW� WZLFH� WKDW� RI� WKH� ����� H9

7DEOH����&KDUDFWHULVWLFV�RI�&:2�FU\VWDOV
6DPSOH
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� 5HFU\VWDOOL]HG�EOHQG�ZLWK�����PDVV��

RI�&G2�DGGHG
� 0L[WXUH�RI�&G&2��DQG�:2��SRZGHUV

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� &G:2�� VLQJOHFU\VWDOV� 1RV�� ������ ������ ������ ������ ,QVHW�
HPLVVLRQ� VSHFWUD� RI� &G:2�� VLQJOH� FU\VWDO1R���XQGHU�;�UD\�H[FLWDWLRQ�
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EDQG�� ,W� LV� WR� QRWH� WKDW� WKH� UHODWLYH� LQWHQ�
VLW\� RI� WKH� ����� H9� EDQG� LQFUHDVHV� DOVR
XQGHU�WKH�ODVHU�H[FLWDWLRQ��7KLV�UHVXOW�LV�LQ
DJUHHPHQW� ZLWK� OLWHUDWXUH� GDWD� RQ� WKH� IHD�
WXUHV� RI� RSWLFDO� H[FLWDWLRQ� RI� LQGLYLGXDO
&:2�EDQGV�>����@�

,Q�WKH�FU\VWDOV�JURZQ�IURP�WKH�UHFU\VWDO�
OL]HG�PDWHULDO��WKH�UHODWLYH�LQWHQVLWLHV�RI�WKH
ORQJ�ZDYHOHQJWK� HPLVVLRQ� EDQGV� GURS
VKDUSO\��7KLV� LV�WUXH�� LQ�SDUWLFXODU��IRU�WKH
����� H9�EDQG��7KLV� IDFW�PD\�EH�GXH� WR� WKH
PDWHULDO�SXULILFDWLRQ�DWWDLQHG�E\�WKH�UHFU\VWDO�
OL]DWLRQ�DQG�WR�WKH�LPSURYHG�VFLQWLOODWRU�TXDO�
LW\�DV�D�ZKROH��7KH�GDWD�RQ�UHODWLYH� LQWHQVLW\
RI�WKH�����DQG�����QP�HPLVVLRQ�EDQGV�DV�FRP�
SDUHG� WR� WKH�PDMRU� ���� QP� RQH� IRU� YDULRXV
&:2� FU\VWDOV� H[FLWHG�E\�QLWURJHQ� ODVHU�DUH
SUHVHQWHG� LQ�)LJ�����7KH�7DEOH���VKRZV�DOVR

WKH�;5/� LQWHQVLW\� LQ� WKH� EOXH�JUHHQ� UHJLRQ
DW�URRP�WHPSHUDWXUH�

7KH�OLJKW�\LHOG�RI�WKH�FU\VWDOV�JURZWK�E\
WKH� LPSURYHG� WHFKQRORJ\� LV� LQ� FRUUHODWLRQ
ZLWK� WKH� GDWD� IURP� >�@� WKDW� ZHUH� REWDLQHG
XQGHU� H[FLWDWLRQ� ZLWK� ��&R� JDPPD� TXDQWD
DQG� D� SDUWLFOHV�� 7KH� ;5/� LQWHQVLW\� LV� LQ�
FUHDVHG� E\� D� IDFWRU� RI� DOPRVW� ���� DV� FRP�
SDUHG�WR�WKH��ROG��FU\VWDOV�

)LJ���D�VKRZV�WKH�WKHUPDO�JORZ�FXUYH�RI
WKH� FU\VWDO� 1R����:KHQ� WKH� LQWHJUDO� LQWHQ�
VLW\� RI�76/� LV� UHFRUGHG� �FXUYH����� D� VWURQJ

)LJ����� (PLVVLRQ� VSHFWUD� RI� &G:2�� VLQJOHFU\VWDOV�1RV����D������E��DQG����F��XQGHU�H[FL�
WDWLRQ�E\�1��ODVHU�DW�����.��

7DEOH����5HODWLYH�LQWHQVLWLHV�RI�&:2�HPLV�
VLRQ�EDQGV�XQGHU�QLWURJHQ� ODVHU�H[FLWDWLRQ
�7� �����.��DQG�WKH�LQWHQVLW\�RI�WKH�PDLQ
EDQG�LQ�WKH�;5/�VSHFWUXP��7� �����.�

&U\VWDO
1R�

,����,��� ,����,��� ;5/
LQWHQVLW\�DW

OPD[� ����QP�DW
����.

1R�� ��� ���� ���
1R�� ���� ���� ���
1R�� ���� ���� ���

)LJ����� 7KHUPROXPLQHVFHQFH� JORZ� FXUYHV� RI
&G:2�� VLQJOH� FU\VWDOV�1R��� �D��DQG�1R��� �E�DIWHU� ;�UD\� LUUDGLDWLRQ� DW� ���� .�� ��� LQWH�
JUDWHG� LQWHQVLW\�� ��� ZDYHOHQJWK� UHVROYHG
PHDVXUHPHQWV�ZLWK�OPD[� �����QP�
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RYHUODSSLQJ� RI� VHYHUDO� 7*� SHDNV� LV� RE�
VHUYHG�� 7KH� SHDNV� KDYH� PD[LPD� DW� ����
���� DQG� ���� .� DQG� DQ� LQIOHFWLRQ� QHDU
���Ü���� .�� 7KH� FXUYH� �� LQ� )LJ���D� LV� RE�
WDLQHG� ZKHQ� UHFRUGLQJ� WKH� HPLVVLRQ� SDVVHG
WKURXJK� WKH� 6)��� PRQRFKURPDWRU� LQ� WKH
VSHFWUDO� UHJLRQ� FHQWHUHG� DW� O� ����� QP� DW
WKH� VORW� ZLGWK� RI� ���� PP�� ,Q� WKLV� FXUYH�
WKHUH� LV� QR� SHDN�DW�����.�DQG� WKH� UHODWLYH
LQWHQVLW\�RI�WKH�����DQG�����.�7*�SHDNV�LV
LQFUHDVHG� FRQVLGHUDEO\�� ZKLOH� WKHVH� SHDNV
ZHUH�DOPRVW�XQREVHUYDEOH�LQ�WKH�LQWHJUDO�UH�
FRUG�

7R�DVFHUWDLQ�WKH�HPLVVLRQ�VSHFWUDO�FRPSR�
VLWLRQ� LQ� WKH� LQGLYLGXDO� 7*� SHDNV�� WKH
FXUYHV� ZHUH� PHDVXUHG� DW� GLIIHUHQW� IL[HG
ZDYHOHQJWK�YDOXHV��)LJ����SUHVHQWV� WKH�76/
VSHFWUD� LQ� ���� .� �FXUYH� ��� DQG� ���� .
�FXUYH� ��� SHDNV�� ,Q� ORZ�WHPSHUDWXUH� 7*
SHDNV�� LQ�SDUWLFXODU�� LQ� WKH�����.�RQH�� WKH
VWRUHG� OLJKW� VXP� LV� HPLWWHG� PDLQO\� LQ� WKH
EOXH�JUHHQ� VSHFWUDO� UHJLRQ� DW� KQPD[� DERXW���� WR� ���� H9�� 7KH� ORQJ�ZDYHOHQJWK� HPLV�
VLRQ� FXUYHV� DULVH�ZKHQ� WKH� FDUULHUV� DUH� UH�
OHDVHG� IURP� WKH� WUDSV� DVVRFLDWHG� ZLWK� ���
DQG�����.�SHDNV��

)LJ���� LOOXVWUDWHV� WKH�HIIHFW�RI�DQQHDOLQJ
LQ�UHGXFLQJ�DWPRVSKHUH�RQ�WKH�7*�FXUYHV�RI
&:2� FU\VWDOV�� 2QH� RI� WKH� VDPSOHV� FXW� RXW
RI� DGMDFHQW� FU\VWDO� DUHD� ZDV� DQQHDOHG� LQ
YDFXXP�DW�����&�IRU���K��7KH�7*�FXUYH�RI
WKH� LQLWLDO� XQWUHDWHG� FU\VWDO� 1R��� �)LJ����
FXUYH� ��� GLIIHUV� VRPHZKDW� IURP� WKRVH� SUH�
VHQWHG�DERYH��,Q�WKLV�FXUYH��WKH�����.�SHDN
GRPLQDWHV�� WKH� ���� DQG� ���� .� SHDNV� DUH
DEVHQW� ZKLOH� ORZ� RQHV� DW� ���� DQG� ���� .
UHPDLQ�� ,Q�WKH�7*�FXUYH�RI�WKH�YDFXXP�DQ�
QHDOHG� FU\VWDO�� DOPRVW� DOO� WKH� SHDNV� RE�
VHUYHG� IRU� WKH� XQWUHDWHG� VDPSOH� EHFRPH
YDQLVKHG�ZKLOH�D�QHZ�LQWHQVH�SHDN�DW�����.
DULVHV��7KH� WRWDO�76/� LQWHQVLW\� LV� LQFUHDVHG
E\� DERXW� RQH� RUGHU�� WKH� VDPSOH� LV� VOLJKWO\

GDUNHU� YLVXDOO\� DQG� LWV� HPLVVLRQ� LQWHQVLW\
XQGHU� ;�UD\� H[FLWDWLRQ� LV� GHFUHDVHG� DOPRVW
E\�D�IDFWRU�RI���

7R� H[SODLQ� WKH� UHVXOWV� REWDLQHG� OHW� XV
SURFHHG� IURP� WKH� PRGHOV� RI� WKH� HPLVVLRQ
FHQWHUV� DQG� WKH� UHFRPELQDWLRQ� H[FLWDWLRQ
PHFKDQLVPV� WKHUHRI� SURSRVHG� LQ� >����@�� /HW
EH� DVVXPHG� WKDW� WKH� EOXH�JUHHQ� OXPLQHV�
FHQFH�UHVXOWV�IURP�WKH�UHFRPELQDWLRQ�RI�IUHH
KROHV�ZLWK� LQWULQVLF� GHIHFWV� UHODWHG� WR�:2�JURXSV�� 7KH� \HOORZ� OXPLQHVFHQFH� DULVHV� DW
WKH� UHFRPELQDWLRQ� RI� IUHH� HOHFWURQV� ZLWK
KROHV� ORFDOL]HG� DW� WXQJVWDWH� JURXSV� ZKHUH
WKH�R[\JHQ�LRQ�LV�DEVHQW�>�@�

,Q�RXU�RSLQLRQ��ZKHQ�D�YDFDQF\�DULVHV�DW
WKH� VLWH� RI� 2�±�� RQH� RI� :��� FDWLRQV� VXU�
URXQGLQJ� WKH� DQLRQ� VLWH�PD\� FKDQJH� LWV� FR�
RUGLQDWLRQ� DQG� WUDQVLW� LQWR� WKH�::���� � VWDWH�
7KLV� FRUUHVSRQGV� WR� IRUPDWLRQ� RI� D� GRQRU�
DFFHSWRU� FRPSOH[� WKDW� LV� FRQYHUWHG� LQWR� D
QHXWUDO� FHQWHU� DV� DQ� HOHFWURQ� LV� ORFDOL]HG
QHDU� WR� WKH� � R[\JHQ� YDFDQF\� �::���� �Ü�)���
%HLQJ�LQ�WKH�FKDUJH�VWDWH�QHXWUDO�LQ�UHODWLRQ
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WUDO� UHJLRQ�� 5HFRPELQDWLRQ� RI� D� KROH� ZLWK
FDSWXUHG� HOHFWURQ� UHVXOWV� LQ� WKH� EOXH�JUHHQ
HPLVVLRQ�SHDNHG�DW�����QP��7KH�UHFRPELQD�
WLRQ� FKDQQHO� RI� WKDW� HPLVVLRQ� GRHV� QRW� H[�
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FOXGH�WKH�H[LVWHQFH�RI�RWKHU�RQHV��H�J���VHOI�
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WKHPVHOYHV�LQ�7*�SHDNV�DW�7�!�����.��,Q�RXU
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