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7KH� DPSOLWXGH� DQG� SKDVH� RI� ORQJLWXGLQDO� DFRXVWLF� ZDYH� WUDQVPLVVLRQ� FRHIILFLHQW� LQ� D

VLQJOH�FU\VWDO�)H%2��SODWH�XQGHU�LWV�PDJQHWL]DWLRQ�LQ�DQ�H[WHUQDO�PDJQHWLF�ILHOG�KDYH�EHHQH[SHULPHQWDOO\� LQYHVWLJDWHG� DW� IUHTXHQFLHV� DERXW� ����0+]�� 7KH� RVFLOODWLRQV� LQ�PDJQHWLF
ILHOG� GHSHQGHQFHV� RI� DWWHQXDWLRQ� DQG� SKDVH� YHORFLW\� KDYH� EHHQ� GLVFRYHUHG� LQ� +AT__&�JHRPHWU\� �+� LV� WKH� H[WHUQDO� PDJQHWLF� ILHOG�� T�� WKH� VRXQG� ZDYH� YHFWRU�� &��� WKH� FU\VWDOWULJRQDO� D[LV��� 7KHLU� EHKDYLRU� DV� D� IXQFWLRQ� RI� IUHTXHQF\� DQG� WHPSHUDWXUH� KDV� EHHQ
VWXGLHG��$�SRVVLEOH� LQWHUDFWLRQ�PHFKDQLVP�EHWZHHQ� ORQJLWXGLQDO� VRXQG�DQG�PDJQHWLF� V\V�
WHP� LQ� VWUDLQHG�)H%2�� FU\VWDO�KDV�EHHQ�SURSRVHG�� ,W� LV� FRQQHFWHG�ZLWK� WKH�RFFXUUHQFH�RIPDJQHWLF� PRGXODWLRQ� VWUXFWXUH� KDYLQJ� D� SHULRG� FRPSDUDEOH� ZLWK� WKH� VRXQG� ZDYHOHQJWK�
7KH�UHVXOW�RI�QXPHULFDO�VLPXODWLRQ�FDUULHG�RXW�DJUHHV�TXDOLWDWLYHO\�ZLWK�WKH�H[SHULPHQWDO
GDWD�
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���,QWURGXFWLRQ
7KH� SHFXOLDULWLHV� RI� G\QDPLF� PDJQHWR�

HODVWLF� �0(�� FRXSOLQJ� LQ� DQWLIHUURPDJQHWV
��ZHDN�� IHUURPDJQHWV�� ZLWK� WKH� HDV\�SODQH
W\SH� RI�PDJQHWLF� DQLVRWURS\� �$)(3�� DUH� RI
VXEVWDQWLDO� SK\VLFDO� LQWHUHVW�� EHFDXVH� WKH
$)(3�KDYH�D�VWURQJ�0(�FRXSOLQJ�GXH�WR�DQ
�H[FKDQJH� DPSOLILFDWLRQ�� HIIHFW� >�@�� $V� D
UHVXOW� RI� VWURQJ�0(� FRXSOLQJ�� WKH� G\QDPLF
DQG� VWDWLF� HODVWLF� GHIRUPDWLRQV�PD\� FKDQJH
WKH� FU\VWDO� PDJQHWLF� SURSHUWLHV�� ZKLFK� LV
YHU\� DWWUDFWLYH� IURP� WKH� YLHZSRLQW� RI� LWV
DSSOLFDWLRQV� LQ� DFRXVWR�RSWLFV� DQG� DFRXVWR�
HOHFWURQLFV��8S�WR�GDWH��VLPLODU�W\SHV�RI�HI�

IHFWV�DW�KLJK�XOWUDVRXQG�IUHTXHQFHV�ZHUH�LQ�
VXIILFLHQWO\� VWXGLHG� LQ� H[SHULPHQW� IRU
)H%2��$)(3�,Q� LURQ� ERUDWH� �)H%2���� WKH� SURSDJDWLRQRI� WUDQVYHUVHO\� SRODUL]HG� VRXQG� LQ� H[WHUQDO
PDJQHWLF� ILHOG� DW�+AT__&�� �&�� LV� WKH� WULJRQDOD[LV� QRUPDO� WR� WKH� ^���`� EDVDO� SODQH� RI� WKH
FU\VWDO��KDV�EHHQ�VWXGLHG�E\�DXWKRUV�LQ�>����@�
,Q�WKRVH�ZRUNV��WKH�KLJK�IUHTXHQF\�DFRXVWLF
PDJQHWR�SRODUL]DWLRQ� HIIHFWV� ZHUH� UHYHDOHG
DQG� WKHLU� SHFXOLDULWLHV� FRQQHFWHG� ZLWK� PH�
FKDQLFDO� ERXQGDU\� FRQGLWLRQV� ZHUH� VWXGLHG�
,Q� >�@��WKH�OLQHDU�JHQHUDWLRQ�RI�WKH�ORQJLWX�
GLQDO�VRXQG�E\�DQ�DOWHUQDWLYH�PDJQHWLF�ILHOG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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ZDV� GLVFRYHUHG�� LQGLFDWLQJ� D� FRQQHFWLRQ� EH�
WZHHQ�PDJQHWLF�V\VWHP�DQG�WKH�ORQJLWXGLQDO
DFRXVWLF�ZDYH�DW�T__&���7KH� ODWWHU� IDFW� LV�RID� VSHFLDO� LQWHUHVW�� DV� D� UHODWLYLVWLF� PDJQH�
WRVWULFWLRQ� FRXSOLQJ� EHWZHHQ� WKH� ORQJLWXGL�
QDO� HODVWLF� RVFLOODWLRQV� DORQJ� &�� DQG� PDJ�QHWLF�VXEV\VWHP�LV�QHJOLJLEO\�VPDOO�GXH�WR�D
ODUJH� HQHUJ\� JDS� IRU� WKH� KLJK�IUHTXHQF\
EUDQFK� RI� VSLQ�ZDYH� VSHFWUXP� >�@�� ,Q� DGGL�
WLRQ� WR�WKH�PDJQHWRVWULFWLRQ�SDUW�WR�HQHUJ\
)PH�a�%LMNOOLOMHNO�� LW� LV�QHFHVVDU\�WR�WDNH�LQWRDFFRXQW� D� SLH]RPDJQHWLF� �30�� RQH� )SP�a3LMNOPLOMHNO�� ZKHUH�%� DQG�3� DUH� WKH� VWULFWLRQDQG�30�FRQVWDQWV��UHVSHFWLYHO\���HNO��WKH�HODV�WLF�VWUDLQ�WHQVRU��PL�� WKH�FRPSRQHQW�RI�PDJ�QHWL]DWLRQ� YHFWRU� �P� ��0����0����0���� OL�WKH� FRPSRQHQW� RI� DQWLIHUURPDJQHW� YHFWRU
�O�Ü�0��Ü�0����0����0�� DQG�0��� WKH� PDJ�QHWL]DWLRQ� YHFWRUV� RI� WKH� ILUVW� DQG� WKH� VHF�
RQG� PDJQHWLF� VXEODWWLFHV��0��� WKH� HTXLOLE�ULXP�PDJQHWL]DWLRQ�RI� WKHP��1RWH� WKDW� WKH
SLH]RPDJQHWLVP� GHVFULEHV� WKH� OLQHDU� LQ� +
FRXSOLQJ�RI�PDJQHWL]DWLRQ�P�DQG�WKH�ORQJL�
WXGLQDO� GHIRUPDWLRQ� H]]� �DORQJ�&�� D[LV��� ,QDGGLWLRQ�� LI� WKHUH� DUH� H[WHUQDO� PHFKDQLFDO
VWUDLQV� DW� WKH� VDPSOH� VXUIDFH� LQ� WKH� EDVDO
SODQH� �;<��� WKHQ� HTXLOLEULXP� GHIRUPDWLRQV
H]]�GXH�WR�WKH�30�FRXSOLQJ�DUH�IXQFWLRQV�RIERWK�V]]�DQG�V[[��V\\�>�@�7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH
LQIOXHQFH�RI�30�FRXSOLQJ�RQ�WKH�FRQGLWLRQV
RI� ORQJLWXGLQDO� DFRXVWLF� ZDYH� SURSDJDWLRQ
LQ�D�)H%2��FU\VWDO�LQ�H[WHUQDO�PDJQHW�ILHOG�

���([SHULPHQWDO
7KH� LURQ�ERUDWH� VDPSOHV�ZLWK�KDOI�ZLGWK

OLQH�RI�$)05�OHVV�WKDQ�����2H�DW�7� ����.
DQG�IUHTXHQF\����*+]��ZHUH�XVHG��7KH�VDP�
SOHV� ZHUH� JURZQ� E\� VSRQWDQHRXV� FU\VWDO�
OL]DWLRQ� IURP� VROXWLRQ� LQ� PHOW�� 7KRVH� ZHUH
VKDSHG� DV� SODWHOHWV�� 7KHLU� GHYHORSHG� VXU�
IDFHV�ZHUH�SDUDOOHO�WR�WKH�FU\VWDO�EDVDO�^���`
SODQH�� 7KH� VXUIDFH� DUHD� RI� SODWHOHWV� ZDV
DERXW� ��� PP�� DQG� SODWHOHW� WKLFNQHVV� G�
DERXW� ��� WR� ���� PP�� 6RPH� VDPSOHV� KDYLQJ
JURZQ�UROOV�DW�WKH�VXUIDFHV�ZHUH�SUHSROLVKHG
XVLQJ�DEUDVLYH�SRZGHUV�

7KH� PHDVXULQJ� FHOO� LV� WKH� FRPSRVLWH
DFRXVWLF�UHVRQDWRU��&$5��>�@��7KH�&$5�FRQ�
VLVWV� RI� WKH� VDPSOH�� D� SDLU� RI� VLQJOH�PRGH
/L1E2�� SLH]RWUDQVGXFHUV� �3=7�� IRU� ORQJLWX�GLQDO� VRXQG�DQG�WKH�VFUHHQLQJ�VLOYHUHG�FRS�
SHU� VSDFHUV�� 7KH� PHDVXULQJ� FHOO� VDQGZLFK
VWUXFWXUH�LV�RSWLPL]HG�WR�SUHYHQW�D�+)�OHDN�
DJH�RQ�3=7��7KH�3=7�DUH�IL[HG�EHWZHHQ�WKH
VFUHHQLQJ� VSDFHUV� XVLQJ� VSULQJ�ORDGHG
FODPSLQJ� FRQWDFWV�� 7KH� VSULQJ� LV� PDGH� RI
EHU\OOLXP� EURQ]H�� $FFRUGLQJ� WR� RXU� HVWL�
PDWHV�� WKH� SUHVVXUH� IRUFH� RQ�3=7� RI���PP

GLDPHWHU� GRHV� QRW� H[FHHG� ��� WR� ��� J�� 7KH
SRVVLEOH� SUHVVXUH� FKDQJHV� GXULQJ� WKH�PHDV�
XUHPHQWV� KDYH� QRW� EHHQ� FKHFNHG�� $V� DQ
DFRXVWLF� FRQWDFW�� IOXLG� 6*)�RU�1RQDT�6WRS�
FRFN� *UHDVH� SDVWH� DUH� XVHG�� 7KH� PHDVXUH�
PHQWV� KDYH� EHHQ�PDGH�XVLQJ� WKH� UHVRQDQFH
LQWHUIHURPHWULF�WHFKQLTXH�LQ�WKH�FRQWLQXRXV�
ZDYH�PRGH��,Q�GHWDLO��WKH�PHDVXULQJ�PHWKRG
KDV�EHHQ�GHVFULEHG� LQ� >�@��+HUH��WKH�IROORZ�
LQJ� LV� WR� EH� QRWHG��7KH�&$5�DQG� ORZ�QRLVH
SUH�DPSOLILHU�DUH� VLWXDWHG� LQ�WKH�PHDVXULQJ
FKDQQHO� RI� YHFWRU�PHWHU� �D� ).����� SKDVH�
PHWHU��� ,W� UHFRUGV� WKH� VLJQDO� DPSOLWXGH� LQ
WKH� �PHDVXULQJ� FKDQQHO� LQ� �RQ� SDVV��PRGH
DQG�WKH�SKDVH�GLIIHUHQFH�EHWZHHQ�VLJQDOV�RI
PHDVXULQJ� DQG� UHIHUHQFH�FKDQQHOV��7KH�PH�
FKDQLFDO� IUHTXHQF\� WXQLQJ� RI� WKH� JHQHUDWRU
SURYLGHV� WKH� PHDVXULQJ� RI� WKH� DPSOLWXGH�
IUHTXHQF\� �$)&��DQG�SKDVH�IUHTXHQF\��))&�
FKDUDFWHULVWLFV�IRU�WKH�PHDVXULQJ�FHOO�LQ�WKH
IUHTXHQF\� UDQJH� RI� WKH� 3=7� +)�HOHFWULFDO
PDWFKLQJ�� 7KHUH� ZDV� D� SRVVLELOLW\� WR� XVH
SKDVH�PHWHU� DV� �]HUR�� SKDVH� LQGLFDWRU�� $OO
GDWD�DUH�VHW�LQWR�3&�IRU�D�VXEVHTXHQW�GLJLWDO
SURFHVVLQJ�

7KH�PHDVXULQJ� SURFHVV� FRQVLVWHG� RI� VHY�
HUDO�VWDJHV��,QLWLDOO\��WKH�$)&�DQG�))&�KDYH
EHHQ� PHDVXUHG� IRU� D� VSHFLILHG� VDPSOH�� WKH
3=7�VHWV�DQG�VHULHV�RI�PHDVXUHPHQWV�DW�WKH
IUHTXHQF\�UDQJH�RI�PHFKDQLFDO�)DEU\�3HUURW
�)3�� UHVRQDQFH� XVLQJ� D� VDPSOH� DW� +� ���
7KHQ�� DFFRUGLQJ� WR� >�@�� WKH� GLVFUHWH� RSHUD�
WLRQ�IUHTXHQFHV�RI�)3�UHVRQDQFHV�IQ��DW�+� ���KDYH�EHHQ�VHOHFWHG��7KHVH�IUHTXHQFHV�DUH
XVHG� IRU� WKH� VXEVHTXHQW� PHDVXUHPHQW� RI
DPSOLWXGH� 8� DQG� SKDVH� <� RI� WUDQVPLVVLRQ
FRHIILFLHQW� DV� D� IXQFWLRQ� RI�+�� 7KHUHDIWHU�
WDNLQG� WKH� FDOLEUDWLRQV� LQWR� DFFRXQW� DQG
XVLQJ� D� VRIWZDUH�� WKH� UHODWLYH� YDOXHV
8�+��8����|�Ü*�+��*���� DQG� 'I�+��IQ� �Ü'X�X�*� LV� WKH� RI� VRXQG� DWWHQXDWLRQ� FRHIILFLHQW�
X|�������� FP�V� LV� WKH� ORQJLWXGLQDO� VRXQG
SKDVH�VSHHG��KDYH�EHHQ�REWDLQHG��7KHVH�GDWD
DUH�WHVWHG�E\�D�GLUHFW�PHDVXUHPHQW�RI�TXDO�
LW\� IDFWRU� YDULDWLRQ� '4� �RU� '8�+�� DQG
'I�+��IQ��ZLWK�WKH�SKDVH�PHWHU�EHLQJ�LQ�WKH�]HUR�LQGLFDWRU�� PRGH� DW� VRPH� VHOHFWHG� +
YDOXHV�� )RU� H[DPSOH�� DW� URRP� WHPSHUDWXUH
DQG� D� JLYHQ� VHW� RI� 3=7�� WKH� &$5� ZDV
PDWFKHG� DW� WKH� OHYHO� RI� YROWDJH� VWDQGLQJ�
ZDYH�UDWLR��96:5��a�����LQ�IUHTXHQF\�UDQJH
RI����Ü����0+]��7KLV� OHYHO� RI�96:5�SUR�
YLGHV� WKH� REVHUYDWLRQ� RI� WKUHH� VXFFHVVLYH
)3�UHVRQDQFHV� QXPEHUHG� DV� Q� ��IQG�X� ��WR����4�a�������ZKHUH�G�LV�WKH�VDPSOH�WKLFN�
QHVV� |����PP�� ,Q� WKLV� FDVH�� WKH� )3�UHVR�
QDQFHV�ZLWK�Q� �������KDYLQJ�D�OLQHDU�))&�LQ
WKH� IUHTXHQF\� GHYLDWLRQ� UDQJH� 'I� �I�+��Ü�IQ�
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DUH�VHOHFWHG�IRU�PHDVXUHPHQW��7KH�PHDVXUH�
PHQW�HUURU�GRHV�QRW�H[FHHG�������IRU�'8�8
DQG� ��Ü�� IRU� 'I�I�� )RU� WHPSHUDWXUH� PHDV�
XUHPHQWV� DW�7�!�����.�� WKH�PHDVXULQJ� FHOO
LV�SODFHG� LQ�D�WKHUPRVWDW�DQG�IRU����.���7
������.��LQ�D�FU\RVWDW�ZLWK�SXPSLQJ�RI�QL�
WURJHQ�YDSRU��7KH�PDJQHWLF�ILHOG� LV�FUHDWHG
E\�+HOPKROW]�FRLOV�DOORZLQJ�WR�RULHQWDWH�WKH
+�YHFWRU�LQ�WKH�VDPSOH�EDVDO�SODQH�RYHU�WKH
UDQJH� RI� ��Ü������ 7KH� SRVLWLRQLQJ� HUURU� RI
+�UHODWLYH�WR�WKH�VDPSOH�V\PPHWU\�D[HV�ZDV
QRW�H[FHHGHG���WR�����

���([SHULPHQWDO�UHVXOWV
)RU� V\VWHPDWLF� PHDVXUHPHQWV�� WKH

G�|�����PP�WKLFN�VDPSOHV�KDYH�EHHQ�FKRVHQ�
,Q�)LJ�����DPSOLWXGH�DQG�SKDVH�RI�WKH�DFRXV�
WLF� ZDYH� WUDQVPLVVLRQ� FRHIILFLHQW� XSRQ� D
PDJQHWL]DWLRQ� F\FOH� LQ� ILHOG� XS� WR� ���� 2H
DUH�SUHVHQWHG��7KH�XSSHU�FXUYHV�FRUUHVSRQG
WR� WKH�&�A+�JHRPHWU\��WKH�ERWWRP�RQHV�� WR&�__+� �&�� EHLQJ� WKH� WZR�IROG� D[LV� O\LQJ� LQWKH� EDVDO� SODQH��� 7KH� VLJQDO� DPSOLWXGH� DQG
SKDVH��L�H��WKH�VRXQG�DWWHQXDWLRQ�DQG�VSHHG�
DUH�VHHQ�WR�YDU\�LQ�RVFLOODWRU\�PDQQHU�DV�+
LQFUHDVHV�� 7KDW� RVFLOODWLQJ� VWUXFWXUH� H[LVWV
LQ� WKH� OLPLWHG� ILHOG� UDQJH� ����+���+.�ZKHUH� +.� LV� WKH� ILHOG� ZKHUH� WKH� RVFLOOD�

WLRQV� GLVDSSHDU��� 7KH� PD[LPDO� RVFLOODWLRQ
DPSOLWXGH�H[FXUVLRQ�KDV�EHHQ�REWDLQHG�DW�+
a����2H��$JDLQVW�WKH�EDFNJURXQG�RI�RVFLOOD�
WLRQV� LQ� )LJ����� WKHUH� LV� D�PRQRWRQRXV� OLQH
FRUUHVSRQGLQJ� WR� WKH� VRXQG� DWWHQXDWLRQ� GH�
FUHDVLQJ� ZLWK� LQFUHDVLQJ� +�� 7KH� UHODWLYH
DPSOLWXGH� FKDQJH� LQ� PD[LPD� DWWDLQV� �� ��
DQG� FRUUHVSRQGV� WR� WKH� UHODWLYH� FKDQJH� LQ
WKH�VRXQG�SKDVH�YHORFLW\�RI�'X�X|������� IRU
ERWK�PDJQHWLF�ILHOG�GLUHFWLRQV�

,Q�ILHOG�GHSHQGHQFHV��WKH�SHFXOLDULWLHV�DS�
SHDU� MXVW� VWDUWLQJ� IURP�+� ��� ZKHUH� D� GR�
PDLQ� VWUXFWXUH� H[LVWV�� 6R�� WR� VWXG\� WKH� LQ�
IOXHQFH� RI� GRPDLQ� ZDOOV� �':�� VKLIW� RQ� WKH
DFRXVWLF� VLJQDO� SDVVDJH�� WKH� HYROXWLRQ� RI
OLQH�VKDSH�DIWHU�WKH�VDPSOH�PDJQHWL]DWLRQ�LQ
WKH� ILHOG�+P�!!�+V�� ZKHUH�+V� LV� WKH� ILHOGRI� VLQJOH�GRPDLQ� VDPSOH� �IRU� WKH� VDPSOHV
XQGHU� VWXG\��+V�a���Ü��� 2H� DW�7� �����.�DQG�+Vd���2H�DW�7� ����.�>�@��ZDV�LQYHVWL�JDWHG�� 7KH� VDPH� SURWRFRO� ZDV� XVHG� LQ� >�@
ZKHQ�HOHFWURPDJQHWLFDOO\�VWXG\LQJ�WKH�QDWX�
UDO�UHVRQDQFHV�RI�':��$V�DQ�H[DPSOH��)LJ���
VKRZV� WKH� SKDVH� GHULYDWLYH� ZLWK� UHVSHFW� WR
PDJQHWLF�ILHOG��WKH�FDVH�&�A+��SULRU�WR�DQGDIWHU� WKH� VDPSOH�PDJQHWL]DWLRQ� LQ� WKH� ILHOG
+P� ����� 2H�� 7KH� LQIOXHQFH� RI� GRPDLQVWUXFWXUH�FKDQJHV�RQ�WKH�ORQJLWXGLQDO�VRXQG
SURSDJDWLRQ� FRQGLWLRQV� LV� VHHQ� WR� EH� DSSUH�
FLDEOH�LQ�WKH�+�UDQJH�RI���WR�a���2H��,Q�WKLV
ILHOG�UHJLRQ��WKH�VKDSH�DQG�QXPEHU�RI�RVFLO�
ODWLRQV� DUH� FKDQJHG�� ZKLOH� QR� FKDQJHV� DUH
REVHUYHG� DW�+�!���� 2H�� ,W� VKRXOG� EH� QRWHG
WKDW�WKH�VDPSOH�PDJQHWL]DWLRQ�UHYHUVDO��L�H�
�+� WR� Ü+�� LQ� ILHOG� XS� WR� ����2H� JDYH� WKH
VDPH�UHVXOW��L�H��WKH�K\VWHUHVLV�WRRN�SODFH�DW
+d��� 2H�� 7KH� IDFW� RI� WKH� K\VWHUHVLV� H[LVW�
HQFH� GHQRWHV� D� FRXSOLQJ� EHWZHHQ� ORQJLWXGL�

)LJ����� 0DJQHWLF� ILHOG� GHSHQGHQFHV� RI� WUDQV�
PLVVLRQ� FRHIILFLHQW� SKDVH� DQG� DPSOLWXGH� IRU
ORQJLWXGLQDO� DFRXVWLF� ZDYH� DW� 7� �����.�
I�|�����0+]��&�A+� �WKH� XSSHU� FXUYHV�� DQG&�__+��WKH�ERWWRP�FXUYHV��

)LJ����� 0DJQHWLF� ILHOG� GHULYDWLYH� RI� SKDVH
ZLWK�UHVSHFW�WR�PDJQHWLF�ILHOG�IRU�&�A+��7KHFXUYHV� �EHIRUH�� DQG� �DIWHU�� DUH� UHFRUGHG
SULRU� WR� DQG� DIWHU� WKH� VDPSOH�PDJQHWL]DWLRQ
LQ�ILHOG�XS�WR�����2H��UHVSHFWLYHO\�

9�,�.KL]KQ\L�HW�DO����0DJQHWLF�RVFLOODWLRQV�RI����

)XQFWLRQDO�PDWHULDOV������������� ��



QDO�VRXQG�ZDYH�DQG�PDJQHWLF�QRQ�XQLIRUPL�
WLHV��GRPDLQV���

7R�UHYHDO�WKH�VSHFWUXP�RI�REVHUYHG�SHFX�
OLDULWLHV�LQ�PDJQHWLF�ILHOG��WKH�ILHOG�GHSHQG�
HQFHV� KDYH� EHHQ� PHDVXUHG� DW� WKH� IRXU� )3�
UHVRQDQFHV� IUHTXHQFHV�Q� ������������ �a����
a�����a�����DQG�a����0+]���$�W\SLFDO�VSHF�
WUXP� LQ� ILHOG� +� LV� VKRZQ� LQ� )LJ���� �WKH
FXUYH� �H[S��� IRU�&�A+� JHRPHWU\� �WDNHQ� LQWKH� SRLQW� RI�<�+�� PD[LPXP�� )LJ������ ,W� LV
VHHQ� WKDW� WKH� LQFUHDVLQJ� IUHTXHQF\� VKLIWV
WKH� PD[LPXP� WRZDUGV� VWURQJHU� ILHOGV� DQG
YLFH� YHUVD�� 8QIRUWXQDWHO\�� WKLV� PHWKRG� LV
XVHG� DW� WKH� VDPSOH� PHFKDQLFDO� UHVRQDQFH
IUHTXHQFHV� RQO\�� DQG� GRHV� QRW� DOORZ� WR� WDNH
WKH�VSHFWUXP�DW�WKH�VPDOO�IUHTXHQF\�YDULDWLRQ
VWHSV��)RU�H[DPSOH��DW�IUHTXHQF\�a�����0+]
�Q� �����WKHUH�LV�VRPH�VHOHFWLRQ�DPELJXLW\�LQ
WKH� VSHFWUXP� H[SHULPHQWDO� SRLQWV� GXH� WR� D
UDWKHU� FRPSOLFDWHG� SLFWXUH� RI� RVFLOODWLRQV�
ZKLFK� DUH� SUHVHQWHG� IRU� SKDVH� DW� WKH� LQVHW
LQ�)LJ�����7KHUHIRUH��WKH�VSHFWUXP�SRLQW�IRU
a���� 0+]� DQG�+�a���� 2H�� ZDV� GLVFDUGHG�
$FFRUGLQJ�WR�WKH�LQVHW��WKLV�UHVRQDQFH�SHFX�
O LDULW\� LV� VLPLODU� LQ� VKDSH� WR� WKDW� DW
+�a����2H��EXW�KDV�D�ODUJHU�OLQH�ZLGWK��/HW
WR� QRWH� WKDW� WKH� VSHFWUDO� GHSHQGHQFHV� KDG
WKH�VDPH�FKDUDFWHU�DW�WKH�&�__+�JHRPHWU\�,Q�FRQWUDVW�WR�WKH�IUHTXHQF\�FKDQJH��WKH
LQIOXHQFH� RI� WHPSHUDWXUH� YDULDWLRQ� RQ� D
PDJQHWLF� ILHOG� SRVLWLRQ� RI� DPSOLWXGH� DQG
SKDVH�RVFLOODWLRQV�DSSHDUV�WR�EH�D�PRUH�VXE�
VWDQWLDO�� 8SRQ� WHPSHUDWXUH� GHFUHDVLQJ�� WKH
LQFUHDVLQJ� RVFLOODWLRQ� SHULRG� LQ� ILHOG� +� LV
REVHUYHG��,Q�)LJ�����WKH�ILHOG�GHSHQGHQFH�RI
WKH� VLJQDO� SKDVH� DW� 7� ���� .�� I� 
������0+]��Q� ����DQG�&�__+� LV�VKRZQ��7KHLQVHW�LQ�)LJ����SUHVHQWV�WKH�WHPSHUDWXUH�GH�

SHQGHQFH� RI� ILHOG� +.�� 7KH� FRPSDULVRQ� RI)LJ����DQG�)LJ����LQGLFDWHV�WKDW�WKH�GHFUHDV�
LQJ� WHPSHUDWXUH� VXEVWDQWLDOO\� H[SDQGV� WKH
PDJQHWLF�ILHOG�UHJLRQ�ZKHUH�RVFLOODWLRQV�DUH
REVHUYHG��EXW�GRHV�QRW�FKDQJH�WKHLU�QXPEHU�
7KH�WHPSHUDWXUH�LQFUHDVLQJ�DERYH�����.�UH�
VXOWV�LQ�GHFUHDVLQJ�ERWK�+.�DQG�WKH�PDJQL�WXGH� RI� SKDVH� DQG� DPSOLWXGH� YDULDWLRQ� LQ
PDJQHWLF� ILHOG�� )RU� 7t���� .�� WKH� PDJQL�
WXGH�RI�DOO�SHFXOLDULWLHV� IDOOV�GRZQ�WR�QRLVH
OHYHO�� VR� WKRVH� DUH� QRW� REVHUYHG� DW� +�!
��� 2H� DJDLQVW� WKH� EDFNJURXQG� RI� PRQRWR�
QRXV� EHKDYLRU�� 7KH�1HHO� SRLQW� IRU� LURQ� ER�
UDWH�LV�71� �����.���7KH� QH[W� IDFWRU� DIIHFWLQJ� WKH� PDJQHWLF
ILHOG� SHFXOLDULWLHV� LV� WKH� D]LPXWK� DQJOH� M+EHWZHHQ� WKH�H[WHUQDO�PDJQHWLF� ILHOG�+�YHF�
WRU� DQG� WKH� WZR�IROG� D[LV� GLUHFWLRQ� LQ� WKH
EDVDO� SODQH�� 7KH� DERYH�VKRZQ� GHSHQGHQFHV
DUH� WDNHQ� DW� M+� ���� DQG� ����� $V� QRWHGDERYH�� LQ� D� VLQJOH�GRPDLQ� VDPSOH� �DW� +�!
��� 2H�� WKH� ILHOG� LQYHUVLRQ� GRHV� QRW� FKDQJH
WKH� REVHUYHG� GHSHQGHQFHV�� 7KHUHIRUH�� WKH
HYROXWLRQ� RI� D]LPXWK� GHSHQGHQFHV� RYHU� WKH
UDQJH�M+� ���� WR������DW�WKH�VWHS�'M+� ���KDV�EHHQ�VWXGLHG��7KH�VKDSH�DQG�SRVLWLRQ�RI
RVFLOODWLRQV� LQ� PDJQHWLF� ILHOG� DV� ZHOO� DV
WKHLU� PRQRWRQRXV� FRPSRQHQW� GHSHQG� VXE�
VWDQWLDOO\� XSRQ�M+��1RQ�PRQRWRQLHV� LQ� DP�SOLWXGH�SKDVH� GHSHQGHQFHV� H[LVW� IRU� DOO� +
RULHQWDWLRQV�LQ�WKH�EDVDO�SODQH��,Q�WKLV�FRQ�
QHFWLRQ��D�YDULDWLRQ�RI�EDVDO�DQLVRWURS\� IRU
WKH� VLJQDO� DPSOLWXGH� DQG� SKDVH� GXH� WR� D
SUHVVXUH� DQG� LQKRPRJHQHRXV� VWUDLQV� RI� WKH
VDPSOH� DUH� REVHUYHG�� 7KH� LQIOXHQFH� RI� PH�
FKDQLFDO� ERXQGDU\� FRQGLWLRQV�� LQ� SDUWLFXODU
XSRQ� RI� WKH� VDPSOH� UHLQVWDOODWLRQ� ��DOORFD�
WLRQ��� LQWR� WKH� PHDVXULQJ� FHOO� LV� UHYHDOHG�

)LJ����� 3RVLWLRQ� RI� <�+�� PD[LPD� YV� IUH�
TXHQF\�IRU�WKH�FDVH�&�__+��WKH�FXUYH��H[S��LVH[SHULPHQWDO��WKH�FXUYH��VLP��LV�QXPHULFDOO\
VLPXODWHG��� 7KH� LQVHW� SUHVHQWV� WKH� PDJQHWLF
ILHOG� GHSHQGHQFH� RI� WUDQVPLVVLRQ� FRHIILFLHQW
SKDVH�DW�I�|�����0+]�

)LJ�����7KH�WUDQVPLVVLRQ�FRHIILFLHQW�SKDVH�YV
PDJQHWLF� ILHOG� DW� 7� ���� .�� &�__+�� I� 
������0+]��7KH�LQVHW�SUHVHQWV�GHSHQGHQFH�RI
+.�RQ�7�
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$V� QRWHG� DERYH�� LW� LV� LPSRVVLEOH� WR� FKDQJH
FRQVLGHUDEO\� WKH� SUHVVXUH� RQ� WKH� VDPSOH�
+RZHYHU��LW�KDV�EHHQ�UHYHDOHG�WKDW�PRQRWR�
QRXV�WUHQG�RI�FXUYHV��VHH�)LJ������HVSHFLDOO\
IRU� DPSOLWXGH�� LV� VHQVLWLYH� WR� WKH� VDPSOH
�DOORFDWLRQ���7KH� VDPH� FRQFHUQV� WR� D� OHVVHU
GHJUHH� WKH� VKDSH� DQG� SRVLWLRQ� RI� SHFXOLDUL�
WLHV� LQ� PDJQHWLF� ILHOG�� )RU� H[DPSOH�� WKH
KLJKHU�LV�WKH�SUHVVXUH��WKH�KLJKHU�WKH�VORSH
RI� PRQRWRQRXV� WUHQG� LV� IRU� DOO� FXUYHV� LQ
)LJ����� 6XFK� EHLQJ� WKH� FDVH�� WKH� UHODWLYH
FKDQJH� RI� VLJQDO� DPSOLWXGH� LQ� UHVRQDQFH
ILHOG�H[FHHGV�a�����DQG�GLVSHUVLRQ�RI�VRXQG
YHORFLW\� LV� 'X�X�|�����Ü��� 7KLV� HYLGHQFHV
DOVR� D� VLJQLILFDQW� LQIOXHQFH� RI� PHFKDQLFDO
ORDGLQJ� RQ� FKDUDFWHULVWLFV� RI� GLVFRYHUHG� HI�
IHFWV��$W�D�JLYHQ�H[SHULPHQWDO�DUUDQJHPHQW�
DQ\� FRQWURO� RI� VDPSOH� SUHVVXUH� ZDV� DEVHQW
GXH� WR� KDUG� FRQGLWLRQV� RI� 3=7� VFUHHQLQJ�
)RU�WKH�VDPH�UHDVRQ��VHYHUDO�UHSHWLWLYH�VDP�
SOH��DOORFDWLRQV��DUH�QHFHVVDU\�WR�UHSURGXFH
WKH�ILHOG�GHSHQGHQFHV��7KH�GHWDLOHG�VWXG\�RI
WKHVH�HIIHFWV�ZLOO�EH�SXEOLVKHG�LQ�D�VHSDUDWH
DUWLFOH���

���'LVFXVVLRQ
$V�LV�HYLGHQFHG�E\�WKH�REVHUYHG�PDJQHWLF

ILHOG�GHSHQGHQFHV�RI�DPSOLWXGH�DQG�SKDVH�RI
WKH� ORQJLWXGLQDO� VRXQG� WUDQVPLVVLRQ� FRHIIL�
FLHQW�� WKHUH� LV� D� FRXSOLQJ� EHWZHHQ� HODVWLF
DQG�PDJQHWLF�VXEV\VWHPV��7KH�0(�FRXSOLQJ
GHSHQGV� XSRQ� VWDWH� RI� PDJQHWLF� V\VWHP
WKURXJK� WKH� SDUDPHWHUV� VXFK� DV� IUHTXHQF\�
WHPSHUDWXUH��DQJOH�M+��DV�ZHOO�DV�VWDWLF�DQGG\QDPLF� VWUDLQV� �L�H��� RQ� WHQVRU� HNO��� 7KHFKDQJHV�LQ�PDJQHWLF�V\VWHP�UHVXOW�LQ�DQ�DS�
SURSULDWHH�DFRXVWLF�UHVSRQVH�

/HW�WKH�SRVVLEOH�UHDVRQV�IRU�WKHVH�HIIHFWV
RQ�WKH�ORQJLWXGLQDO�VRXQG�EH�FRQVLGHUHG�

�L��0XWXDO�FRQYHUVLRQ�RI�ORQJLWXGLQDO�DQG
WUDQVYHUVH� VRXQG�PRGHV��:LWKRXW� FRQVLGHU�
LQJ� WKH� PRGH� WUDQVIRUPDWLRQ� VRXUFHV�� LW� LV
WR� QRWH� WKDW� LQ� WKLV� FDVH�� WKH� RVFLOODWLRQ
VWUXFWXUH� VKRXOG� H[LVW� ZLWKLQ� WKH� ZKROH
UDQJH� RI� VWXGLHG� ILHOG� +� GXH� WR� D� VWURQJ
PDJQHWR�SRODUL]DWLRQ� HIIHFW� DFFRPSDQ\LQJ
WKH�WUDQVYHUVH�VRXQG�SURSDJDWLRQ�LQ�LURQ�ER�
UDWH�>�@��

�LL��3LQQLQJ�HIIHFWV�RI�%ORFK�W\SH�':�DW
WKH�VDPSOH�VWUXFWXUH�GHIHFWV�LQ�PDJQHWLF�ILHOG�
$�':�YLEUDWHV�DERXW�WKH�VWHDG\�SRVLWLRQ�DW�WKH
IUHTXHQF\� Z� ��D�e�P����� >�@�� ZKHUH� D� LV� WKH
FRHIILFLHQW�GHSHQGLQJ�RQ� ORFDO� FRQGLWLRQV�RI
D�VSHFLILF�FU\VWDO�>�@��P�LV�WKH�':�PDVV��,W
LV� REYLRXV� WKDW� WKH� UHVRQDQFH� HIIHFWV� DUH
SRVVLEOH� XQGHU� FRLQFLGHQFH� RI� Z� DQG� WKH
VRXQG� IUHTXHQF\�� 7KH� QDWXUDO� IUHTXHQF\� RI
':� YLEUDWLRQV� LV� UDWKHU� ORZ�� $FFRUGLQJ� WR
>�@�� HYHQ� IRU� 1HHO� ':� ZLWK� WKH� HQHUJ\

����Ü��HUJ�FPÜ��� ZKLFK� LV� RQH� RUGHU� KLJKHU
WKDQ�WKH�%ORFK�':�HQHUJ\��LW�LV�a����0+]�
,Q� SULQFLSOH�� WKLV� IUHTXHQF\� PD\� EH� LQ�
FUHDVHG�XSRQ� WKH�SLQQLQJ�GXH� WR� LQFUHDVLQJ
D� >��@�� %XW� IRU� LURQ� ERUDWH� VDPSOHV� WKH
%ORFK� ':� SLQQLQJ� GLG� QRW� REVHUYHG�� 7KH
H[SHULPHQWDO� GDWD� RQ� VDPSOH�PDJQHWL]DWLRQ
GHVFULEHG�DERYH��)LJV�����������LQGLFDWH�WKDW
WKH� DFRXVWLF� RVFLOODWLRQ� �UHVRQDQFH�� HIIHFWV
DULVH�LQ�WKH�VDPSOH�VWDWH�FORVH�WR�WKH�VLQJOH�
GRPDLQ� RQH� DW�+d+V�� DQG� WKH\� H[LVW� XS� WRILHOG�+.��)URP�RQH� H[SHULPHQW� WR�DQRWKHU�WKH�LPSDFW�RI�GRPDLQ�VWUXFWXUH�FKDQJHV�LQ�D
YHU\� ORZ� ILHOG� VHHP� WR� UHVXOW� LQ� LUUHJXODU
�UDQGRP�� ILHOG� GHSHQGHQFHV� LQ� WKH� SURSDJD�
WLRQ� EHKDYLRU� RI� ORQJLWXGLQDO� VRXQG� ZDYH�
7KH�':�VKLIW� LQ� ILHOG�+� LQFUHDVHV� WKH�GLVVL�
SDWLRQ� LQ� DQ� DFRXVWLF� ZDYH� DQG� ':� GLVDS�
SHDUDQFH�UHVXOWV�LQ�GHFUHDVLQJ�RI�GLVVLSDWLRQ��

�LLL�� 0DJQHWRDFRXVWLF� GLPHQVLRQDO� UHVR�
QDQFH� RQ� D� PDJQHWLF� PRGXODWLRQ� VWUXFWXUH
�006���7KH�HVVHQFH�RI�WKLV�PHFKDQLVP�LV�DV
IROORZV�� 7KH� ILHOG� GHSHQGHQFH� RI� UHVRQDQFH
SHFXOLDULW\�SRVLWLRQV�LQ�WKH�ILHOG��)LJ�����LQ�
GLFDWHV� WKHLU� SRVVLEOH� GLPHQVLRQDO� QDWXUH�
/HW�D�VSDFH�PRGXODWLRQ�RI�PDJQHWLF�SURSHU�
WLHV�EH�DVVXPHG�LQ�WKH�PHGLXP�DORQJ�T��L�H�
WKH� YHFWRU�P� VKRZV� SHULRGLF� �RU� TXDVL�SHUL�
RGLF�� YDULDWLRQV� �DOWHUQDWLRQV�� DORQJ� T� ZLWK
VRPH�SHULRG��'��7KHQ��LI�WKHUH�LV�D�VXEVWDQ�
WLDO� 0(�FRXSOLQJ�� WKH� HODVWLF� SURSHUWLHV
�DFRXVWLF� LPSHGDQFH��RI� WKH�PHGLXP�ZLOO�EH
PRGXODWHG�ZLWK� WKH� VDPH�SHULRG��:KHQHYHU
WKH�IROORZLQJ�FRQGLWLRQ�LV�PHW�

���'�a��S�e�T� ���
D� VRXQG�UHVRQDQFH�ZLWK�006�VKRXOG�EH�H[�
SHFWHG�� 7KLV� PHFKDQLVP� ZDV� VXJJHVWHG� IRU
WKH� ILUVW� WLPH� LQ� WKHRUHWLFDO�ZRUN� >��@��/HW
WKLV� HIIHFW� EH� FRQVLGHUHG� LQ� PRUH� GHWDLO�
7RGD\�� WKH� 006� �LQFRPPHQVXUDWH� VWUXF�
WXUHV�� PDJQHWLF� ULSSOHV�� HWF��� LQ� PDJQHWLF
PDWHULDOV� DUH� VWXGLHG� ERWK� LQ� H[SHULPHQW
DQG�WKHRUHWLFDOO\��7KHUH�DUH�VHYHUDO�UHDVRQV
IRU�006�IRUPDWLRQ�LQ�QRQPHWDOOLF�FU\VWDOV�
7KRVH� PD\� EH� DVVRFLDWHG� ZLWK� LQKRPRJHQH�
RXV� UHODWLYLVWLF� DQG� H[FKDQJH� LQWHUDFWLRQV�
DV� ZHOO� DV� WR� D� FRPELQDWLRQ� WKHUHRI�� 7KH
006� LQ� LURQ� ERUDWH� LV� DOVR� UHYHDOHG� DQG� LV
DW� SUHVHQW� XQGHU� LQWHQVH� LQYHVWLJDWLRQ�
,Q� FRQQHFWLRQ� ZLWK� LQWHUSUHWDWLRQ� RI� GDWD
REWDLQHG� KHUH�� LW� LV� WR� QRWH� WKH� IROORZLQJ
UHVXOWV�RI�PDJQHWRRSWLF�H[SHULPHQWV�LQ�LURQ
ERUDWH�� ,Q� >��@�� WKH� 006� DSSHDUHG� XQGHU
OLJKW� DFWLRQ� LQ� WKH� FU\VWDO� GRSHG� ZLWK� GLD�
PDJQHWLF� QLFNHO� LRQV�� $ORQJ� ZLWK� RWKHU� HI�
IHFWV�� WKH� LPSXULW\�LQWURGXFWLRQ�SURGXFHG�D
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ODWWLFH� GHIRUPDWLRQ� LQ� YROXPH� RI� FU\VWDO�
7KH� PDJQHWR�HODVWLF� �VSLQ�SKRQRQ�� PHFKD�
QLVP� RI� SKDVH� WUDQVLWLRQ� LQWR� D� PRGXODWHG
VWDWH�KDG�EHHQ�VXJJHVWHG��$FFRUGLQJ�WR�>��@�
IRU� )H%2��1L�� �'�+��a�����PP� LQ� ILHOG�+�a��� 2H�� ,Q� >��@�� WKH� UDQGRP� GHIRUPDWLRQ� LQ
DQ�LURQ�ERUDWH�FU\VWDO�ZHUH�LQWURGXFHG�E\�DQ
H[WHUQDO� VRXUFH� �D� FRSSHU� ZDVKHU� JOXHG� WR
WKH�FU\VWDO�EDVDO�VXUIDFH���6LPLODU�WR�>��@��D
VXSHUVWUXFWXUH� ZDV� REVHUYHG� LQ� >��@� LQ� WKH
EDVDO� SODQH� DW� PDJQHWLF� ILHOG� +�!����2H�
ZLWK��'�+��a���Ü���PP��$FFRUGLQJ� WR� >��@�
WKH� PRGXODWLRQ� RI� WKH� FU\VWDO� PDJQHWLF
RUGHU� ZDV� GXH� WR� D� VSDFH�LQKRPRJHQHRXV
PDJQHWLF� DQLVRWURS\� LQGXFHG� LQ� WKH� FU\VWDO
HDV\� SODQH�� ,Q� PDJQHWRRSWLF� H[SHULPHQWV
>��@�� WKH� GHSHQGHQFH� �'� RQ� WKH� VDPSOH
WKLFNQHVV� DORQJ� DQLVRWURS\� D[LV�&�� ZDV� RE�VHUYHG��,W�LV�WR�HPSKDVL]H�HVSHFLDOO\�WKDW��'
SHULRG�LQ�LURQ�ERUDWH�GHFUHDVHG�ZLWK�LQFUHDV�
LQJ� +� VR� WKDW� �S�'���a�+� >������@�� ,I� ZH
VXSSRVH� WKDW� LQ� RXU� H[SHULPHQWV� WKH� FRQGL�
WLRQ� ���� LV� VDWLVILHG� DW� D� FHUWDLQ� ILHOG� +�
WKHQ�� DFFRUGLQJ� WR� )LJ����� WKH� GHFUHDVLQJ
VRXQG� ZDYHOHQJWK� VKLIWV� WKH� UHVRQDQFH� WR�
ZDUGV� D� VWURQJHU� ILHOG��7KXV�� WKH�006�SH�
ULRG� LV� GHFUHDVHG� ZLWK� LQFUHDVLQJ� PDJQHWLF
ILHOG�� 7DNLQJ� WKHVH� FLUFXPVWDQFHV� LQWR� DF�
FRXQW� DQG� IROORZLQJ� WR� >��@�� DW� TXDOLWDWLYH
OHYHO�OHW�WKH�VRXQG�ZDYH�SURSDJDWLRQ�EH�FRQ�
VLGHUHG�LQ�D�PHGLXP�ZLWK�006��ZKHUH�D�0(
FRXSOLQJ�FDXVHV�D�SHULRGLFDO�DFRXVWLF�LPSHG�
DQFH� PRGXODWLRQ�� 7KH� $)0� RI� $)(3� W\SHV
�)H%2��� ZLWK� DQ� LQYHUVLRQ� FHQWHU� ZHUH� QRWFRQVLGHUHG� LQ� >��@��$�WKHRU\�RI�VRXQG�ZDYH
SURSDJDWLRQ� LQ� VSLUDO� DQG� XPEUHOOD�OLNH
PDJQHWLF� VWUXFWXUHV� H[LVWLQJ� DORQJ� DQ� DQ�
LVRWURS\�D[LV�IRU�XQLD[LDO�$)0�DQG�)0�KDG
EHHQ�JLYHQ��,Q�RXU�RSLQLRQ��WKH�PDLQ�SK\VL�
FDO� UHVXOW�� QDPHO\� WKH� DSSHDUDQFH� RI� EDQG
VSHFWUXP� IRU� VSLQ� DQG� DFRXVWLF� ZDYHV�� DV
ZHOO� DV� DQ� LQWHQVH� PDJQRQ�SKRQRQ� UHVR�
QDQFH��KDYH�DQ�XQLYHUVDO� FKDUDFWHU� IRU�RWK�
HUV�006�ZLWK�D�VWURQJ�0(�ERQGLQJ��

���1XPHULFDO�VLPXODWLRQ
)RU� QXPHULFDO� VLPXODWLRQ�� D� YHU\� VLPSOH

PRGHO�KDV�EHHQ�FKRVHQ��/HW�D�VXSHUVWUXFWXUH
WR� H[LVW� DORQJ� T__&�� YHFWRU�� DQG� WKH� SODQH�SDUDOOHO�VDPSOH�SODWHOHW�RI�WKLFNQHVV�G�LV�WKH
PHGLXP� VKRZLQJ� D� SHULRGLFDOO\� PRGXODWHG
DFRXVWLF� LPSHGDQFH�XQGHU�WKH�PHDQGHU�ODZ�
7KH� VDPSOH� ZLWK� OD\HUV� RI� WKLFNQHVV�'���G
KDV� WKH� DOWHUQDWH� LPSHGDQFH�=�r�'=�'=�=� 
'X�X���ZKHUH�=�LV�WKH�DFRXVWLF�LPSHGDQFH�RI

LURQ� ERUDWH� a�������NJ�P�V�� /HW� WKH� PH�
FKDQLFDO�ORDGV�DW�WKH�VDPSOH�IDFHV�WR�EH�WKH
VHPL�LQILQLWH� ORZ�LPSHGDQFH� PHGLD� SURYLG�
LQJ�D�ORDGHG�4�IDFWRU��ZKLFK�FRUUHVSRQGV�WR
DQ� H[SHULPHQWDO� RQH�� ,Q� PDJQHWR�RSWLF� H[�
SHULPHQWV�� D� ORFDOL]HG� �VPDOO�� DUHD� RI� WKH
VDPSOH� VXUIDFH� LV� LQYHVWLJDWHG�� ,Q� FXUUHQW
H[SHULPHQWV�� WKH� DFRXVWLF� UHVSRQVH� RI� WKH
VDPSOH� YROXPH� LV� UHJLVWHUHG�� 7KHUHIRUH�
WKHUH� LV� VRPH� DPELJXLW\� LQ� WKH� FKRLFH� RI
�'�+�� YDULDWLRQ� ODZ�� WKH� KDUPRQLFV� DQG
VXE�KDUPRQLFV� RI� PDLQ� UHVRQDQFH� ���� DUH
SRVVLEOH� DV� ZHOO� DV� WKHUH� LV� D� SULRUL� XQFHU�
WDLQ�VFHQDULR�IRU�OD\HUV�EHKDYLRU�LQ�ILHOG�+�
7KLV� H[SHULPHQW� VXJJHVWV� WKDW� WKH� OD\HUV
DUH� FRPSUHVVHG� DV� WKH� ILHOG� LQFUHDVHV�� :H
KDYH� VLPXODWHG� VHYHUDO� VFHQDULRV�� WKH� IL[HG
DQG� YDULDEOH� QXPEHU� RI� OD\HUV�1� �1� ��� WR
����WKH�FRQWUDFWLRQ�WRRNLQJ�SODFH�ERWK�WR�WKH
VDPSOH�FHQWHU��D�V\PPHWULF�FDVH��DQG�WR�LWV
HQG�IDFHV��DQ�DV\PPHWULF�FDVH���7KH�FDOFXOD�
WLRQ�SURFHGXUH�DQG�PDLQ�FDOFXODWLRQ�IRUPX�
ODV� DUH� VLPLODU� WR� WKRVH� LQ� >�����@�� /HW� WKH
UHVXOWV�EH�SUHVHQWHG�EHLQJ�LQ�WKH�EHVW�DJUHH�
PHQW�ZLWK�H[SHULPHQWDO�GDWD��,Q�)LJ�����WKH
FDOFXODWHG� GHSHQGHQFHV� RI� WKH� WUDQVPLVVLRQ
FRHIILFLHQW�DPSOLWXGH�DQG�SKDVH�DW�FRQVWDQW
QXPEHU�RI�OD\HUV��1� ��������SHULRGV��DV\P�
PHWULF�FDVH�DQG�'=�=� �����Ü���RQ��'�O�UDWLR
�ZKHUH� O� LV� WKH� VRXQG� ZDYHOHQJWK�� DUH� SUH�
VHQWHG�� ,Q�DJUHHPHQW�ZLWK� ����� WKH�DPSOLWXGH
PD[LPD�WDNH�SODFH�DW��'� �/O��/� ���������DQG
WKH� PLQLPD� DW� �'� ��/��Ü������O�� ,Q� )LJ����
WKH� ILHOG�GHSHQGHQFH� RI� WKH� VLJQDO� DPSOLWXGH
DQG�SKDVH� DW� IUHTXHQF\� I� �����0+]��Q� ���
DUH� VKRZQ� �WKH�UHVW�RI� FDOFXODWHG�SDUDPHWHUV
DUH� WKH� VDPH� DV� LQ� )LJ������ 7KH� FDOFXODWHG
UHVXOWV� �VHH� )LJ����� DUH� REWDLQHG� XQGHU� DV�
VXPSWLRQ�WKDW�OD\HUV�DUH�FRPSUHVVHG�DFFRUG�
LQJ�WR�WKH�ODZ�SUHVHQWHG�LQ�WKH�LQVHW�LQ�)LJ����

)LJ����� &DOFXODWHG� GHSHQGHQFHV� RI� WUDQVPLV�
VLRQ�FRHIILFLHQW�SKDVH�DQG�DPSOLWXGH�YV��'�O
LQ�D�SODWHOHW�ZLWK�QXPEHU�RI�OD\HUV�1� ���
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,W�FRUUHVSRQGV�WR�WKH�IROORZLQJ�ILHOG�GHSHQG�
HQFH�RI�VTXDUHG�006�ZDYH�YHFWRU�
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ZKHUH� K� ���������� LI� >+@� LV� LQ� 2HUVWHGV�
>'@�� LQ� FP�� 7KH� VDPH� ODZ� ����ZDV� REVHUYHG
LQ�>������@��

7KHUH�LV�D�JRRG�TXDOLWDWLYH�DJUHHPHQW�EH�
WZHHQ� FDOFXODWLRQ� �)LJ����� DQG� H[SHULPHQWV
�)LJV����� ���� WKDW� LV� UDWKHU� XQH[SHFWHG� IRU
RXU� URXJK� PRGHO�� $V� LQ� WKH� H[SHULPHQW�
WKHUH�LV�D�ILQH�VWUXFWXUH�RI�UHVRQDQFH�OLQHV�
7KH�FDOFXODWHG�VSHFWUXP�LQ�ILHOG�+�IRU�UHVR�
QDQFH� �)LJ����� LV� SUHVHQWHG� LQ� )LJ���� �WKH
FXUYH��VLP���� ,W� LV� LQ�D�JRRG�HQRXJK�DJUHH�
PHQW� ZLWK� H[SHULPHQWDO� RQH� IRU� WKH� ���Ü
����0+]�IUHTXHQF\�UDQJH��7KH�GLVFUHSDQF\
DW� WKH� HGJHV� RI� WKLV� UDQJH� GRHV� QRW� H[FHHG
a��2H��7KH�DSSHDUDQFH�RI�DQ�DGGLWLRQDO�UHVR�
QDQFH� VWUXFWXUH� LQ� ORZ� ILHOGV� �VHH� LQVHW� LQ
)LJ�����FDQ�EH�H[SODLQHG�E\�UHVRQDQFHV�ZLWK
/�!��� DSSHDULQJ� DW� GHFUHDVLQJ� VRXQG�ZDYH�
OHQJWK�� $� PRUH� VLJQLILFDQW� GLVFUHSDQF\� EH�
WZHHQ� H[SHULPHQW� DQG� FDOFXODWLRQ� WDNHV
SODFH� IRU� VSHFWUXP� LQ� ILHOG� +� DW� I�!
����0+]�� ,Q� WKLV� FRQQHFWLRQ�� LW� LV� WR� QRWH
WKDW� DFFRUGLQJ� WR� >��@��D� VSLQ�ZDYH�PD\�EH
H[FLWHG� LQ� 006� XQGHU� FHUWDLQ� FRQGLWLRQV
ZLWK� WKH� OLQHDU� GLVSHUVLRQ� ODZ� Z�N��� ,WV
SKDVH� YHORFLW\� Z�N� GHSHQGV� XSRQ�+�� ,I�+
YHUJH� WRZDUGV� +5�� ZKHUH� +5� LV� WKH� UHVR�QDQFH� FRQGLWLRQ� X� �Z�N�� WKH� K\EULGL]DWLRQ
RI� VSLQ� DQG� DFRXVWLF� PRGHV� WDNHV� SODFH�
7KHUHIRUH��LQ�DGGLWLRQ�WR�WKH�VRXQG�LQWHUIHU�
HQFH� RQ� VXSHUVWUXFWXUH�� WKH� HIIHFWV� RI� WKH
WZR� VSLQ�SKRQRQ�PRGHV� LQWHUIHUHQFH� FDQ� EH
REVHUYHG� LQ� WKHVH� ILHOGV�� $W� +� �+5�� WKHPDJQRQ�SKRQRQ�UHVRQDQFH�PD\�H[LVW��*HQHU�
DOO\� VSHDNLQJ�� WKHVH� SKHQRPHQD� GHSHQG
XSRQ� VDPSOH� WHPSHUDWXUH� DQG� VRXQG� IUH�
TXHQF\�� 8QIRUWXQDWHO\�� WKH� WKHRU\� RI� WKLV
HIIHFW� LV� JLYHQ� LQ� >��@� RQO\� VFKHPDWLFDOO\�
WKHUHIRUH��LW�LV�LPSRVVLEOH�WR�PDNH�HVWLPDWHV
DQG�TXDOLWDWLYH�FRPSDULVRQ�ZLWK�H[SHULPHQ�
WDO�GDWD����

,Q�FRQFOXVLRQ��LW�ZLOO�EH�QRWHG�WKDW�DW�WKH
VLPXODWLRQ��ZH�KDYH�REVHUYHG�HIIHFWV�W\SLFDO
IRU�D�SKRQRQ�FU\VWDO��)RU�H[DPSOH�� WKH�VLJ�
QDO� DPSOLWXGH� DWWHQXDWLRQ� LQ� D� VXSSUHVVLRQ
EDQG�t���G%�IRU�'=�=t����

7KXV��WKH�SUHVHQWHG�UHVXOWV�RI�QXPHULFDO
VLPXODWLRQ�DUJXH�IRU�WKH�FRQVLVWHQF\�RI�RXU
PRGHO� RI� VRXQG�ZDYH� DQG�006� LQWHUDFWLRQ
LQ�LURQ�ERUDWH�

)RU� WKH� SK\VLFDO� LQWHUSUHWDWLRQ� RI� GDWD� RE�
WDLQHG�� ZH� KDYH� DVVXPHG� WKH� 006� H[LVWHQFH
ZLWKLQ�WKH�WHPSHUDWXUH�UDQJH����.��7�������.�
:KLOH� QRW� GLVFXVVLQJ� WKH� V\PPHWU\� DVSHFW
RI� WKH� SUREOHP� >��@�� ZH� VXSSRVH� WKDW� WKH
PDLQ� FDXVH� RI� 006� LQLWLDWLRQ� LV� WKH� PH�
FKDQLFDO� ORDG�RI�WKH�VDPSOH�JLYLQJ�ULVH�WR�DQ
LQKRPRJHQHRXV� QRQXQLIRUP� LWV� VWDWLF� GHIRU�
PDWLRQ� DORQJ�&��D[LV�� ,Q� DGGLWLRQ�� WKH� LQKR�PRJHQHRXV� G\QDPLF� GHIRUPDWRQ� RI� WKH� ODW�
WLFH�� L�H�� QRGHV� DQG� DQWLQRGHV� RI� VWDQGLQJ
DFRXVWLF�ZDYH� DORQJ�&��D[LV�DUH� RI�JUHDW� LP�SRUWDQFH�

���&RQFOXVLRQV
,Q�WKLV�ZRUN��WKH�DPSOLWXGH�DQG�SKDVH�RI

WUDQVPLVVLRQ� FRHIILFLHQW� IRU� ORQJLWXGLQDO
DFRXVWLF� ZDYH� LQ� D� )H%2�� FU\VWDO� LQ� ZHDNPDJQHWLF� ILHOGV� DUH� PHDVXUHG�� 7KH� LQWHUDF�
WLRQ� RI� ORQJLWXGLQDO� VRXQG� ZLWK� PDJQHWLF
VXEV\VWHP� LV� UHYHDOHG�� ,Q� VLQJOH�GRPDLQ
VDPSOH� VWDWH�� WKH� UHVRQDQFH� SHFXOLDULWLHV� RI
DWWHQXDWLRQ� DQG� VRXQG� YHORFLW\� GLVSHUVLRQ
DUH� GLVFRYHUHG�� 7KH� WHPSHUDWXUH� ���� .Ü
���� .�� DQG� IUHTXHQF\� ����Ü���� 0+]�� GH�
SHQGHQFHV� WKHUHRI� DUH� LQYHVWLJDWHG�� %DVLQJ
RQ�H[SHULPHQWDO�GDWD�DQG�QXPHULFDO�VLPXOD�
WLRQ��LW�KDV�EHHQ�FRQFOXGHG�WKDW�D�006�PD\
H[LVW�DORQJ�WKH�&��D[LV�RI�WKH�FU\VWDO�DQLVRW�URS\�� $� UHVRQDQFH� LQWHUDFWLRQ� PHFKDQLVP
EHWZHHQ� WKH� ORQJLWXGLQDO� VRXQG� DQG� 006
KDV� EHHQ� SURSRVHG� ZKLFK� ZDV� FRQVLGHUHG
WKHRUHWLFDOO\� EHIRUH� LQ� >��@�� 6LQFH� DW� SUH�
VHQW��WKHUH�DUH�QR�H[SHULPHQWDO�GDWD�RQ�RE�
VHUYDWLRQ� RI� D� VXFK� 006� W\SH�� WKLV� ZRUN
FDQ� VWLPXODWH� ERWK� H[SHULPHQWDO� DQG� WKHR�
UHWLFDO�IXUWKHU�VWXGLHV�RI�WKH�SUREOHP��

)LJ����� &DOFXODWHG� GHSHQGHQFHV� RI� WUDQVPLV�
VLRQ�FRHIILFLHQW�SKDVH�DQG�DPSOLWXGH�YV�PDJ�
QHWLF�ILHOG�IRU�I� �����0+]��,Q�WKH�LQVHW��WKH
FDOFXODWHG�ODZ�RI��'�YDULDWLRQ�YV�+�LV�VKRZQ�
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$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� DUH
JUDWHIXO� WR� � 3URI�� $�3�.RURO\XN� IRU� YDOX�
DEOH�GLVFXVVLRQV�DQG�WR�'U��0�%�6WUXJDWVN\�IRU
VXSSO\LQJ�KLJK�TXDOLW\�LURQ�ERUDWH�VDPSOHV�
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� ���9�*�%DU\DNKWDU��0�$�6DYFKHQNR��9�9�*DQQ�HW
DO��� =K��(NVS��7HRU��)L]��� ���� ����� �������
9�,�2]KRJLQ��,]Y��$1�6665��6HU��)L]�����������
��������

� ���9�,�.KL]KQ\L�� 9�9�7DUDNDQRY�� 7�0�.KL]K�
QD\D�� 7HOHFRPPXQLFDWLRQV� DQG� 5DGLR� (QJL�
QHHULQJ�����������������

� ���(�,�%R\G�� -�,�%XGQLFN�� /�-�%UXQHU� HW� DO��� -�
$SSO��3K\V�������������������

� ���6�&KLND]XPL�� 3K\VLFV� RI� )HUURPDJQHWLVP�
:LOH\��1HZ�<RUN��������0LU��0RVFRZ�������
LQ�5XVVLDQ��

� ���*�%�6FRWW�� -��3K\V��'��$SSO�3K\V��� ��� ����
�������

����$�+LUDL�� -�$�(DWRQ��&�:�6HDUOH��3K\V��5HY��%�
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����.�%�9ODVRY�� 9�*�%DU\DNKWDU�� (�3�� 6WH�
IDQRYVN\��)L]��7YHUG��7HOD������������������

����<X�$�,]\XPRY�� 8VS��)L]��1DXN�� ����� ���
�������

����<X�0�)HGRURY�� $�)�6DGUH\HY�� $�$�/HNVLNRY�
=K��(NVS��7HRU��)L]�������������������

����%�<X�6RNRORY�� 3LV�PD� -��(NVS��7HRU��)L]��� ���
������������6�3�%RLGHGDHY��%�<X�6RNRORY��=K�
7HNKQ��)L]������������������

����$�9�&K]KDQ��7�1�,VDHYD��)L]��7YHUG��7HOD�� ���
������������

����/�0�%UHKRYVNLK�� 2�$�*RGLQ�� $FRXVWLFV� RI
6WUDWLILHG� 0HGLD�� 1DXND�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

����<X�'�=DYRURWQHY�� /�,�0HGYHG\HYD�� -��0DJQ�
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