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5HFHLYHG�0DUFK���������
7KH�UHIUDFWLYH� LQGH[�GLVSHUVLRQ� LQ� WKLQ�&G,�� DQG�=Q,�� ILOPV�KDV�EHHQ�PHDVXUHG� LQ� WKHZDYHOHQJWK�LQWHUYDO����Ü�����QP�DQG�SURFHVVHG�XVLQJ�WKH�PRQRRVFLOODWRU�PRGHO�DJUHHLQJ

ZHOO� ZLWK� H[SHULPHQWDO� GDWD�� 7KH� RSWLFDO� SHUPLWWLYLW\� Hf� RI� ERWK� FRPSRXQGV� KDV� EHHQGHWHUPLQHG�XVLQJ�WKH�IRXQG�SDUDPHWHUV�RI�WKLV�PRGHO�� WKH�RSWLFDO�SHUPLWWLYLW\�GDWD�KDYH
EHHQ� XVHG� LQ� WKH� IXUWKHU� DQDO\VLV� RI� H[FLWRQ� VWDWHV� LQ�&G,�� DQG� =Q,��� LQ� SDUWLFXODU�� IRUGHWHUPLQDWLRQ� RI� �V� H[FLWRQ� UDGLXV�� 7KH� IRXQG� DH[� YDOXHV� DUH� FORVH� WR� WKH� XQLW� FHOOSDUDPHWHUV�RI�WKH�FRPSRXQGV��WKXV�LQGLFDWLQJ�WKDW�WKH�H[FLWRQV�LQ�WZR�FRPSRXQGV�EHORQJ
WR�H[FLWRQV�RI�WKH�LQWHUPHGLDWH�HOHFWURQ�KROH�ERQG���
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���,QWURGXFWLRQ
7KH�FRPSRXQGV�&G,��DQG�=Q,��DUH�OD\HUHGGLHOHFWULFV�FRQVLVWLQJ�RI�FORVH�SDFNHG� ,±0H±,

SDFNHWV� ZLWK� LRQLF� ERQGLQJ� SUHGRPLQDWLQJ
WKHUHLQ��FRXSOHG�WR�RWKHU�SDFNHWV�E\�D�ZHDN
9DQ�GHU�:DDOV� LQWHUDFWLRQ�� 7KH� FU\VWDO
VWUXFWXUH� RI�&G,��ZDV� VWXGLHG� E\� QXPHURXVDXWKRUV��7KLV�FRPSRXQG�WHQGV�WR�IRUPDWLRQ
RI� SRO\W\SHV�� 7KH� PRVW� FRPPRQ� SRO\W\SHV
DUH��+�DQG��+��%RWK�SRO\W\SHV�KDYH�D�KH[�
DJRQDO�XQLW� FHOO�ZLWK�D� ������c��F� ������c
IRU� WKH��+�SRO\W\SH�DQG�F� �������c� IRU� WKH
�+�SRO\W\SH� �ZLWK���PROHFXOHV�SHU�XQLW� FHOO��
$OO� WKH� SRO\W\SHV� DUH� WUDQVIRUPHG� LQ� �+
XQGHU�FU\VWDO�DQQHDOLQJ� >����@��7KH�VWUXFWXUH
RI� =Q,�� LV� OHVV� VWXGLHG�� $FFRUGLQJ� WR� VRPHGDWD�>�@��=Q,��KDV�WKH�VWUXFWXUH�RI�WKH��+�&G,�SRO\W\SH� ZLWK� ODWWLFH� FRQVWDQWV� D� ������c

DQG� F� ������c�� RWKHU� GDWD� VKRZ� WKDW� =Q,�IRUPV� WKH� &G&O�� W\SH� FU\VWDO� ODWWLFH� ZLWKWKUHH�PROHFXOHV�SHU�XQLW�FHOO�>�@��7KH�VHFRQG
VWUXFWXUDO�W\SH��&G&O���LV�EDVHG�RQ�WKH�FORVHFXELF� SDFNDJLQJ� RI� OD\HUV�� HDFK� ��WK� OD\HU
EHLQJ�UHSHDWHG� LQ�DQ� LGHQWLFDO�SRVLWLRQ��EXW
SDFNHWV�VDQGZLFKHV� LQ� WKLV� W\SH� DUH� LGHQWL�
FDO� WR� WKRVH� LQ� &G,�� >�@�� 7KH� IXQGDPHQWDOHOHFWURQ� VSHFWUXP�RI�&G,�� KDV� EHHQ� LQYHVWL�JDWHG�H[SOLFLWO\�HQRXJK�LQ�>�Ü�@��,W�KDV�EHHQ
HVWDEOLVKHG� WKDW�&G,�� LV� DQ� LQGLUHFW�JDS� GL�HOHFWULF� >����@�� ZLWK� WKH� JDS� ZLGWK� (J� ������H9��ZKLOH�WKH�HQHUJ\�JDS�FRUUHVSRQG�
LQJ�WR�GLUHFW�WUDQVLWLRQV�EHWZHHQ�WKH�YDOHQFH
EDQG�DQG� FRQGXFWDQFH� RQH� LV� FORVH� WR���H9�
,Q� >�@�� WKH� RSWLFDO� FRQVWDQWV� KDYH� EHHQ� FDO�
FXODWHG� IRU� &G,�� VLQJOH� FU\VWDOV� LQ� WKH� �Ü��� H9� UDQJH�� ,Q� WKH� WUDQVSDUHQFH� UHJLRQ�
WKH� UHIUDFWLYH� LQGH[� IRU� WZR� SRODULVDWLRQV
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KDV�EHHQ�GHWHUPLQHG�IURP�WKH�WUDQVPLWWDQFH
VSHFWUD�RI�D�WKLQ�&G,��FU\VWDO�SODWH�>��@��$VIDU�DV�ZH�NQRZ��WKHUH�DUH�QR�GDWD�RQ�RSWLFDO
FRQVWDQWV�RI�WKH�WKLQ�SRO\FU\VWDO�&G,��ILOPVLQ� WKH� WUDQVSDUHQFH� UDQJH�� 7KH� FRPSRXQG
=Q,�� LV� KLJKO\� K\JURVFRSLF�� 7KLV� FRPSRXQGVHHPV� WR�EH� OLWWOH�VWXGLHG� MXVW� IRU� WKDW�UHD�
VRQ�� 7KH� DEVRUSWLRQ� VSHFWUXP� RI� WKLQ� =Q,�ILOPV� KDV� EHHQ� VWXGLHG� LQ� >��@�� ,W� LV� HVWDE�
OLVKHG� WKDW�� LQ� FRQWUDVW� WR�&G,��� =Q,�� LV� DQGLUHFW�JDS� GLHOHFWULF� ZLWK� WKH� JDS� ZLGWK
(J�  ������ H9� >��@�� +RZHYHU�� RSWLFDO� FRQ�VWDQWV� �UHIUDFWLYH� LQGH[� Q� DQG� DEVRUSWLRQ
LQGH[� N�� RI� WKLQ�=Q,�� ILOPV�ZHUH� QRW� FDOFX�ODWHG��DQG�ZH�KDYH�QRW�PHW�VXFK�GDWD�LQ�WKH
OLWHUDWXUH�

,W� LV� RI� LQWHUHVW� WR� FRPSDUH� WKH� GLVSHU�
VLRQ�GHSHQGHQFHV�RI�UHIUDFWLYH�LQGH[�IRU�WKH
WKLQ�&G,�� SRO\FU\VWDO� ILOPV� DQG� FU\VWDOV� DVZHOO� DV� WKH� UHIUDFWLYH� LQGH[� GLVSHUVLRQ� LQ
VWUXFWXUDOO\� VLPLODU� WKLQ�=Q,�� ILOPV�� ,Q� WKLVVWXG\�� WKH� PHDVXUHG� GDWD� RQ� UHIUDFWLYH
LQGH[� Q� LQ� WKLQ� &G,�� DQG� =Q,�� SRO\FU\VWDOILOPV� LQ� WKH� WUDQVSDUHQFH� UDQJH� XS� WR
����� QP� DUH� SUHVHQWHG� DV� ZHOO� DV� WKH� H[�
SHULPHQWDO� GDWD� SURFHVVLQJ� EDVHG� RQ� WKH
PRQRRVFLOODWRU�PRGHO�� 7KH� H[SHULPHQWDO� UH�
VXOWV�KDYH�EHHQ�XVHG�WR�DQDO\VH�WKH�H[FLWRQ
VSHFWUD�RI�ERWK�FRPSRXQGV��

���([SHULPHQWDO
7KH� &G,�� DQG� =Q,�� WKLQ� ILOPV� ZHUH� SUH�SDUHG�E\�YDFXXP�GHSRVLWLRQ�RI�&G,��DQG�=Q,�SRZGHUV�RQWR�TXDUW]�VXEVWUDWHV�KHDWHG�XS�WR

���&�� 7KHQ� WKH� VDPSOHV� ZHUH� DQQHDOHG� IRU
��K�DW�WKH�VDPH�WHPSHUDWXUH��7KLV�SUHSDUD�
WLRQ�PHWKRG�VHHPV�WR�SURYLGH�WKH�IRUPDWLRQ
RI�&G,���+�SRO\W\SH� >�@��1R�VWUXFWXUH�VWXG�LHV� ZHUH� FDUULHG� RXW�� +RZHYHU�� WKH� DERYH
VDPSOH� SUHSDUDWLRQ� PHWKRG� LV� VLPLODU� WR
WKDW�GHVFULEHG�LQ�>��@��ZKHUH�VWUXFWXUH�VWXG�
LHV�RI�WKLQ�&G,��ILOPV�ZHUH�UHDOL]HG��$FFRUG�LQJ�WR� >��@��WKH�&G,��ILOPV�SUHSDUHG�LQ�WKDWPDQQHU� VKRZ� D� KLJK� VWUXFWXUDO� SHUIHFWLRQ�
7KH� FU\VWDOOLWHV� RI� VHYHUDO� PLFURPHWHUV� LQ
VL]H� DUH� RULHQWHG� ZLWK� WKHLU� F� D[HV� SHUSHQ�
GLFXODU� WR� WKH� VXEVWUDWH�� $SSDUHQWO\�� WKH
VDPH�FDQ�EH�VWDWHG�IRU�=Q,��ILOPV��VLQFH�WKHSUHSDUDWLRQ�FRQGLWLRQV�WKHUHRI�DUH�WKH�VDPH
DV� IRU� &G,�� DQG� FU\VWDO� VWUXFWXUHV� RI� WKHFRPSRXQGV� DUH� VLPLODU��'XH� WR�KLJK�K\JUR�
VFRSLFLW\� RI� =Q,��� D� VWURQJ� OLJKW� VFDWWHULQJDULVHV� LQ� WKH� ILOPV� UHPRYHG� IURP� YDFXXP
FKDPEHU� DQG� FRROHG� WR� URRP� WHPSHUDWXUH�
7R� DYRLG� WKLV�� WKH� VDPSOHV� LQ� WKH� KHDWHG
VWDWH� ZHUH� WUDQVIHUUHG� WR� D� YDFXXP� RSWLFDO
FU\RVWDW� ZLWK� FRSSHU� ILQJHU� KHDWHG� SUH�
YLRXVO\� WR� ���&�� $IWHU� WKH� FU\RVWDW� ZDV

SXPSHG�GRZQ��WKH�ILOPV�UHPDLQHG�WUDQVSDU�
HQW�DQG�VXLWDEOH�IRU�VSHFWUDO�PHDVXUHPHQWV�

7KH� WUDQVPLVVLRQ� VSHFWUD� RI� WKH� ILOPV
ZHUH� PHDVXUHG� LQ� WKH� ���Ü���� H9� VSHFWUDO
UDQJH� DW� URRP� WHPSHUDWXUH� ����� .�� XVLQJ
DQ� 6)���� VSHFWURSKRWRPHWHU� ZLWK� UHIHUHQFH
WR� D� TXDUW]� SODWH� RI� WKH� WKLFNQHVV� HTXDO� WR
WKH�VXEVWUDWH�RQH��7KH�ILOP�WKLFNQHVV�W�ZDV
GHWHUPLQHG� IURP� WUDQVPLVVLRQ� VSHFWUD� LQ
WKHLU� WUDQVSDUHQFH� UHJLRQ� ZLWK� WDNLQJ� LQWR
DFFRXQW� WKH� OLJKW� LQWHUIHUHQFH� E\� WKH
PHWKRG�IURP�>��@��7KH�ILOP�WKLFNQHVV�VHOHF�
WLRQ�����Ü����QP�IRU�=Q,��DQG����Ü����QPIRU�&G,��� ZDV� GLFWDWHG� E\� WKH�PHWKRG� XVHGWR�GHWHUPLQH�WKH�UHIUDFWLYH�LQGH[�GLVSHUVLRQ
>��@�DV�D�PD[LPXP�OD\HU�WKLFNQHVV�DW�ZKLFK
WKHUH�LV�\HW�QR�OLJKW�VFDWWHULQJ�LQ�ILOPV��7KH
WKLFNQHVV� RI� &G,�� ILOPV� ZDV� PRQLWRUHG� LQDGGLWLRQ�E\�D�/LQQLN�LQWHUIHURPHWHU�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH�WUDQVPLVVLRQ�RI�D�WKLQ�ILOP�7� LQ�WKH

WUDQVSDUHQFH�UDQJH�ZKHUH�FRQGLWLRQ�Q!!N�LV
PHW�� N� LV� WKH� DEVRUSWLRQ� LQGH[�� LV� GHWHU�
PLQHG�E\�D�H[SUHVVLRQ�

7� � ��Q�Q�KQ�
F�����F��K�����F�F�KFRV�SQWO

���

ZKHUH�F�� ��Q�Q���Q��Q���F�� ��QÜQ���Q�ÜQ��
K� �H[S�Ü.W���Q�� LV� WKH� VXEVWUDWH� UHIUDFWLYHLQGH[��Q���WKDW�RI�WKH�DLU��.��WKH�H[WLQFWLRQFRHIILFLHQW��,Q�DEVHQFH�RI�D�OLJKW�VFDWWHULQJ�
.� ��SN�e�O���

,Q� WKH� WUDQVSDUHQFH� UHJLRQ�� WKH� GLVSHU�
VLRQ�RI� FRQVWDQWV� LV�DV� D� UXOH� LQVLJQLILFDQW�
WKHUHIRUH�� WKH� WUDQVPLVVLRQ� H[WUHPHV� DUH
UHDFKHG�DW

�SQW�e�O� �PS� ���
ZKHUH�P� PHDQV� HYHQ� LQWHJHUV� IRU� PD[LPD
DQG� RGG� IRU�PLQLPD�� )RU� D� SDUWLFXODU� FDVH
Q!Q��� ZKLFK� LV� UHDOL]HG� IRU�&G,�� DQG� =Q,��WKH� WUDQVPLVVLRQ� H[WUHPHV� DUH� GHWHUPLQHG
E\�IRUPXODV

7PD[� �
��Q�Q�Q�K
�F����F�K��

� ��D�

�7PLQ� �
��Q�Q�Q�K
�F����F�K�� �

��E�

:KHQ� WDNLQJ� LQWR� DFFRXQW� WKH� GHSHQG�
HQFHV� RI� RSWLFDO� FRQVWDQWV� RQ� WKH� ZDYH�
OHQJWK��WKH�FRQGLWLRQ�����JLYHV�WKH�SRLQWV�RI
FRQWDFW� RI�PD[LPD� �P� LV� HYHQ�� DQG�PLQLPD
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�P� LV� RGG�� HQYHORSHV� LQ� WKH�7�O�� GHSHQGHQFH
�)LJ������ ZKLOH� WKH� IRUPXODV� ��D�� E�� FDQ� EH
FRQVLGHUHG� DV�HTXDWLRQV�RI�PD[LPD�DQG�PLQ�
LPD� HQYHORSHV�� 7KH� ILOP� WKLFNQHVV� LV� IRXQG
IURP�WKH�FRQGLWLRQ������KDYLQJ�SUHYLRXVO\�GH�
ILQHG�WKH�RUGHU�RI�LQWHUIHUHQFH�P�IURP�D�VSHF�
WUDO�SRVLWLRQ�RI�WZR�DGMDFHQW�PD[LPD�RU�PLQ�
LPD��7KH�YDOXH�Q�O�� LV�GHWHUPLQHG�XVLQJ�IRU�
PXOD�����IRU�WKH�SRLQWV�FRQIRUPLQJ�WR�VSHFWUDO
SRVLWLRQ�7PD[�DQG�7PLQ�DQG�NQRZQ�RUGHU�P�7KH�GLVSHUVLRQ�RI�UHIUDFWLYH�LQGH[�Q�O��RI
WKLQ�ILOPV�LV�GHWHUPLQHG�IURP�WKH�WUDQVPLV�
VLRQ�VSHFWUD�RI�&G,��DQG�=Q,��ILOPV�XVLQJ�WKHDERYH� PHWKRG� >��@� �)LJ������ 6LQFH� WKH� =Q,�ILOPV� LV� UHODWLYHO\� WKLQ� DQG� WKHUH� DUH� IHZ
H[WUHPD�ZLWKLQ� WKH�PHDVXUHG�O� UDQJH�� VHY�
HUDO�VDPSOHV�RI�GLIIHUHQW�WKLFNQHVV�ZHUH�H[�
DPLQHG� WR� LQFUHDVH� WKH�DFFXUDF\�RI�Q�O��GH�
WHUPLQDWLRQ��&G,��DQG�=Q,��DUH�RSWLFDOO\�DQ�LVRWURSLF� FU\VWDOV� DQG� ELUHIULQJHQFH� VKRXOG
EH� REVHUYHG� WKHUHLQ��%XW�� DV� LW�ZDV�DOUHDG\
QRWHG� DERYH�� LQ� RXU� ILOPV�� WKH� FU\VWDOOLWHV
DUH�RULHQWHG�ZLWK�WKHLU�F�D[HV�SHUSHQGLFXODU
WR� WKH� VXEVWUDWH�� $W� WKH� QRUPDO� OLJKW� LQFL�
GHQFH� RQ� WKH� VDPSOH�� L�H�� DORQJ� DQ� F� D[LV�
WKHUH�LV�QR�ELUHIULQJHQFH�

7KH�GLVSHUVLRQ�RI�WKH�UHDO�GLHOHFWULF�SHU�
PLWWLYLW\�SDUW�LQ�WKH�&G,��DQG�=Q,��ILOPV�LQWKH� WUDQVSDUHQFH�UDQJH� LV�ZHOO�GHVFULEHG�E\
D�PRQRRVFLOODWRU\�PRGHO�>��@�

H�� �Q�� �����
(G(�
(�����(�� ���

ZKHUH�(� �K�Z��(��DQG�(G�DUH�WKH�PRQRRVFLO�ODWRU\�PRGHO�SDUDPHWHUV��(��GHWHUPLQHV�WKHVSHFWUDO� SRVLWLRQ� RI� WKH� HIIHFWLYH� RVFLOODWRU
DVVRFLDWHG� ZLWK� LQWHUEDQG� RSWLFDO� WUDQVL�
WLRQV�� WKH� YDOXH� (�!(J� DQG� LWV� SRVLWLRQ� LV

FORVH� WR� WKH� PD[LPXP� RI� WKH� HOHFWURQ� DE�
VRUSWLRQ� EDQG��(G� LV� WKH� GLVSHUVLRQ� HQHUJ\GHVFULELQJ� WKH� IRUFH� RI� LQWHUEDQG� WUDQVL�
WLRQV��7KH�IRUPXOD�����ZDV�XVHG�WR�LQWHUSUHW
WKH�H[SHULPHQWDO�Q�O��GDWD�IRU�GLIIHUHQW�PD�
WHULDOV��ERWK�FU\VWDOOLQH�DQG�DPRUSKRXV�>���
��@�DQG�FRQIRUPV�ZHOO�ZLWK�H[SHULPHQW�

7KH�GHSHQGHQFH�����LV�OLQHDU�LQ��Q�Ü��Ü�Ü(�
FRRUGLQDWHV��7KH�LQWHUSUHWDWLRQ�RI��Q�Ü��Ü�Ü(�
�)LJ�����E\�WKH�OHDVW�VTXDUHV�PHWKRG�KDV�DO�
ORZHG� WR� GHWHUPLQH� WKH� YDOXH� �(�(G�Ü�� �����r�������� ����r������� �XVLQJ� WKH
VWUDLJKW� VORSH�� DQG� YDOXH� (��(G� �����r�������������r��������XVLQJ�WKH�FURVV�
LQJ�ZLWK�WKH�RUGLQDWH�D[LV��IRU�&G,��DQG�=Q,�ILOPV�� UHVSHFWLYHO\�� 7KHUHIURP�� (�� ����������� H9�DQG�(G� �������������� H9� IRU�&G,�DQG� =Q,�� ILOPV�� UHVSHFWLYHO\�� 7KH� Q�O�� GH�SHQGHQFH� FDOFXODWHG� XVLQJ� WKH� IRUPXOD� ���
WKH� DERYH� (�� DQG� (G� LV� LQ� IDLU� DJUHHPHQW

)LJ����� $� W\SLFDO� WUDQVPLWWDQFH� VSHFWUXP� RI
&G,�� ���� �W� ����� QP�� DQG� =Q,�� ���� �W� ����QP��WKLQ�ILOPV�RQ�D�TXDUW]�VXEVWUDWH�

)LJ����� 7KH� GHSHQGHQFHV� �Q�Ü��Ü�� RQ� (�� IRU
&G,������DQG�=Q,������WKLQ�ILOPV�

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI�WKH�UHIUDFWLYH
LQGH[�Q�O��IRU�&G,������DQG�=Q,������WKLQ�ILOPV�3RLQWV� DUH� WKH� H[SHULPHQWDO� GDWD�� VROLG
FXUYHV�DUH�FDOFXODWHG�XVLQJ�IRUPXOD�����
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ZLWK� H[SHULPHQWDO� GHSHQGHQFH� �)LJ������ 7KH
(�� DQG� (G� YDOXHV� DUH� OLVWHG� LQ� WKH� 7DEOH�7KH� UDWLR� (��(J� LQGLFDWHG� LV� QHDU� WR� ����7KLV�YDOXH�KDV�EHHQ�VKRZQ�>��@�WR�EH�W\SLFDO
RI�PDQ\�PDWHULDOV��7KH� YDOXH�(�� ������H9REWDLQHG� IRU� WKH� SRO\FU\VWDO� &G,�� ILOPV� LVFORVH�WR�WKH�FRUUHVSRQGLQJ�YDOXH�LQ�FU\VWDOV
(�A� �����H9�IRU�V�SRODULVDWLRQ� �(�AF�� >��@�WKXV�FRQILUPLQJ�WKH�WH[WXULQJ�RI�ILOPV�ZLWK
DQ�F�D[LV�SHUSHQGLFXODU�WR�WKH�VXEVWUDWH��

$FFRUGLQJ� WR� >��@�� WKH� RVFLOODWRU� HQHUJ\
(�� LV� FORVH� WR� WKH� VSHFWUDO� SRVLWLRQ� RI� WKHDEVRUSWLRQ�EDQG�PD[LPXP�FRUUHVSRQGLQJ�WR
LQWHUEDQG� WUDQVLWLRQV�� )RU� &G,��� WKH� RE�WDLQHG� YDOXH� (�� ������ H9� LV� FORVH� WR� WKHVSHFWUDO�SRVLWLRQ�RI�WKH�HOHFWURQ�EDQG�LQ�DE�
VRUSWLRQ�VSHFWUXP�(P� ������H9�>��@�DQG�LVLQ� DJUHHPHQW� ZLWK� WKH� HQHUJ\� EDQG� VWUXF�
WXUH� FDOFXODWLRQ� UHVXOWV� IRU� �+� SRO\W\SH
>��@�� )RU� =Q,��� WKH� YDOXH� (�� ������ H9� H[�FHHGV� WKDW� IRU� &G,�� �'(�� ������ H9��� WKXVEHLQJ� LQ� DJUHHPHQW� ZLWK� WKH� YDOXH� RI� WKH
DEVRUSWLRQ�HGJH�VKLIW�LQ�=Q,��ZLWK�UHVSHFW�WRGLUHFW� WUDQVLWLRQV� LQ� &G,�� �'(J� ������H9>��@���VHH�7DEOH���

2I�LQWHUHVW�LV�WR�FRPSDUH�WKH�GDWD�RQ�(�DQG�(G�ZLWK�WKH�YDOXHV�PHDVXUHG�IRU�VLQJOHFU\VWDOV� LQWHUHVW�� ,W� LV� HVWDEOLVKHG� >��@� WKDW
DW� WKH� SRODULVDWLRQ� (�AF� LQ� &G,�� (�A� ����H9�DQG�(GA� ������H9��,Q�>��@��WKH�SUR�SRUWLRQDOLW\�RI�(G�WR�WKH�PDWHULDO�GHQVLW\�UZDV�VKRZQ��7KH�UDWLR�RI�(GA�(G�LQ�&G,��ILOPLV� ������� 7KH� GHQVLW\� UHGXFWLRQ� LQGLFDWHV
WKH� ILOP� SRURVLW\�� DV� WKH� VSHFLILF� YROXPH
RFFXSLHG� E\� SRUHV� T� ��ÜUI�UNU�� 7KHUHIURP�T� �������� 7KH� KLJK� SRURVLW\� VKRXOG� UHVXOW
LQ� DQ� DSSUHFLDEOH� OLJKW� VFDWWHULQJ� LQ� WKH
ILOP� LQ�D�YLVLEOH�EDQG�� WKDW� LV�QRW�REVHUYHG
LQ�RXU�H[SHUPHQWV��/HW�RWKHU�GDWD�EH�FRQVLG�
HUHG� FRQFHUQLQJ� WKH� UHIUDFWLYH� LQGH[�PHDV�
XULQJ� LQ� &G,�� VLQJOH� FU\VWDOV�� ,Q� >��@�� WKHRSWLFDO�FRQVWDQWV�ZHUH�PHDVXUHG�DW�(�AF� LQWKH�ZDYHOHQJWK� O� UDQJH� LQFOXGLQJ� WKH� EDQG
FRQQHFWHG�ZLWK�H[FLWDWLRQ�RI�72�SKRQRQV�DW
K�Z72� �������� H9��$W�K�Z!K�Z72�� WKH� UHIUDF�WLYH� LQGH[� GLVSHUVLRQ� LV� DEVHQW� LQ� WKH�&G,�
WUDQVSDUHQFH� UDQJH� DQG� QA� ����� DW� K�Z� ������� H9��$Q� DVVHVVPHQW� RI�QA� XVLQJ� RXUPHDVXUHPHQWV� DQG� IRUPXOD� ���� JLYHV� QA� 

����� DW� WKH� VDPH� K�Z� YDOXH�� 7KXV�� WKH� (GYDOXH� IURP� WKH� GDWD� >��@� LV� ����� DQG� LV
FORVHU�WR�(G� ������ IURP�RXU�PHDVXUHPHQWVLQ�D�ILOP��$SSDUHQWO\�WKH�YDOXH�(GA� LQ�>��@LV�RYHUUDWHG�EHFDXVH�RI�DQ�HUURU�LQ�GHWHUPL�
QDWLRQ�RI�LQWHUIHUHQFH�EDQGV�RUGHU�P��RULJL�
QDWLQJ�LQ�UDWKHU�WKLFN��a���PP��VLQJOH�FU\V�
WDO� SODWHV�� 1HYHUWKHOHVV�� WKH� FRPSDULVRQ
ZLWK�GDWD�>��@�DOVR�LQGLFDWHV�WKH�ILOP�SRURV�
LW\��EXW�DW�WKH�VDPH�WLPH�T|����

$SSUR[LPDWLQJ� RI� IRUPXOD� ���� WR� D� ORZ�
HQHUJ\�OLPLW�JLYHV�WKH�RSWLFDO�GLHOHFWULF�FRQ�
VWDQW� YDOXH� Hf� ���(G�(�� ������ LQ� &G,�DQG������LQ�=Q,���LW�LV�DQ�LPSRUWDQW�FRQVWDQWXVHG�DW�DQDO\VLV�RI�WKH�H[FLWRQ�VSHFWUD��7KH
DEVRUSWLRQ� H[FLWRQ� VSHFWUXP� RI� &G,�� DQG=Q,��WKLQ�ILOPV�ZDV�LQYHVWLJDWHG�LQ�>������@�7KH� SDUDPHWHUV� RI� ORQJ�ZDYH� H[FLWRQ� EDQG
LQ� WKH� VSHFWUD� �WKH� SRVLWLRQ� (P�� WKH� KDOI�ZLGWK�*�DQG�H�P�Û�WKH�LPDJLQDU\�SDUW�YDOXH
RI�SHUPLWWLYLW\�LQ�WKH�EDQG�PD[LPXP��ZHUH
GHWHUPLQHG� E\� DSSUR[LPDWLQJ� LW� E\� D� V\P�
PHWULFDO� PL[HG� FRQWRXU� UHSUHVHQWLQJ� D� OLQ�
HDU�FRPELQDWLRQ�RI�/RUHQW]LDQ�DQG�*DXVVLDQ
RQHV�� XVLQJ� WKH� PHWKRG� >��@�� 7KH� H[FLWRQ
EDQG�SDUDPHWHUV�ZHUH�VHOHFWHG�VXFK�WKDW�WKH
FDOFXODWHG� FRQWRXU� DQG� H[SHULPHQWDO� GH�
SHQGHQFH� RI� RSWLFDO� GHQVLW\�'�(�� ZHUH� FRQ�
IRUPHG� LQ� WKH� EHVW� ZD\� RQ� WKH� EDQG� ORQJ�
ZDYH�EUDQFK��$IWHU�WKLV�EDQG�FRUUHVSRQGLQJ
WR� WKH� �V� H[FLWRQ� ZDV� VXEWUDFWHG�� D� QHZ
ZHDNHU� EDQG� ZDV� REVHUYHG� DGMDVHQW� WR� DQ
HGJH� RI� LQWHUEDQG� GLUHFW� WUDQVLWLRQV� DQG
FRUHVSRQGLQJ� WR� H[FLWDWLRQ� RI� WKH� H[FLWRQ
ZLWK�D�PDLQ�TXDQWXP�QXPEHU�Q� ����WKH��V
H[FLWRQ��� )URP� WKH� VSHFWUDO� SRVLWLRQV� RI� �V
DQG� �V� EDQGV�� WKH� H[FLWRQ� ELQGLQJ� HQHUJ\
5H[�DQG�WKH�EDQG�JDS�HQHUJ\�(J� �(P�5H[�LVGHWHUPLQHG��/HW�WKH�GHWHUPLQDWLRQ�RI�(J�DQG5H[�IRU�&G,��>��@�EH�WDNHQ�DV�DQ�H[DPSOH��$SSDUHQWO\� �)LJ������ WKH� LQWURGXFWLRQ� RI
LRQV� =Q� LQWR�&G,�� ILOP� LQ� D� ORZ� FRQFHQWUD�WLRQ� �[� ������� FKDQJHV� � FDUGLQDOO\� WKH� DE�
VRUSWLRQ� VSHFWUXP� RI� &G,��� WKH� DEVRUSWLRQDVVRFLDWHG�ZLWK�WKH�LQGLUHFW�WUDQVLWLRQV�JLY�
LQJ� (J� ������ H9� DW� ��� .� >�@� GLVDSSHDUVZKLOH� WKH� �V� H[FLWRQ� EDQG� ;�� DSSHDUV� DW�����H9��7KH�ZHDNHU��V�H[FLWRQ�EDQG�;�c� LVORFDWHG� DW� WKH� VKRUW�ZDYH� VLGH� RI� WKLV� EDQG
DW� ����� H9��5H[� ����� H9� DQG� WKH� EDQG�JDSHQHUJ\� IRU� GLUHFW� WUDQVLWLRQV� (J� ������H9

7DEOH��7KH�SDUDPHWHUV�RI�PRQRRVFLOODWRU�PRGHO�DQG�H[FLWRQV�LQ�&G,��DQG�=Q,�
&RPSRXQG (���H9 (G��H9 (J��H9�>��@ 5H[��H9�>��@ (��(J Hf Hf�>��@ H��>��@

&G,� ���� ���� ���� ��� ���� ���� ���� ����
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DUH� GHWHUPLQHG� EDVLQJ� RQ� WKHVH� GDWD�� 7KH
ODWWHU� YDOXH� DJUHHV� SHUIHFWO\� ZLWK� WKHRUHWL�
FDO� HYDOXDWLRQ� RI� (J� ����� H9� DW� ��� .� >�@IRU� GLUHFW� DOORZHG� WUDQVLWLRQV�� $� VLPLODU
DQDO\VLV� RI� H[FLWRQ� EDQGV� LQ� =Q,�� LQ� >��@JLYHV� 5H[� ������ H9� DQG�(J� ������ H9� �VHH7DEOH��� 7KLV� DQDO\VLV� KDV� EHHQ� FDUULHG� RXW
XVLQJ� WKH� PRGHO� RI�:DQQLHU�0RWW� H[FLWRQV
�ODUJH� UDGLXV� H[FLWRQV��� $� QXPEHU� RI� WKH
GLIILFXOWLHV� GXH� WR� WKH� FU\VWDO� DQLVRWURS\
DQG� DQ� WKH� LQWHUPHGLDWH� FKDUDFWHU� RI� H[FL�
WRQV� EHWZHHQ� WKH� :DQQLHU�0RWW� RQHV� DQG
)UHQNHO� H[FLWRQV� �VPDOO� UDGLXV� H[FLWRQV�
DULVHV� ZKHQ� VWXG\LQJ� WKH� H[FLWRQ� VWDWHV� LQ
OD\HUHG� FU\VWDOV� ZLWK� ODUJH� (J� DQG� LRQLFFKDUDFWHU�RI�LQWHUDWRPLF�ERQG��

:KHQ� FRQVLGHULQJ� WKH� DQLVRWURS\� LQIOX�
HQFH� RQ� WKH� H[FLWRQ� VSHFWUXP� RI� OD\HUHG
FU\VWDO�� WKH� SDUDPHWHU� J� �HAPA�H__P__�� LV� LQ�WURGXFHG�WDNLQJ�LQWR�DFFRXQW�WKH�SHUPLWWLY�
LW\� GLIIHUHQFH� DW�(�� SHUSHQGLFXODU� DQG�SDU�DOOHO� WR� F� DQG� UHGXFHG� HOHFWURQ� DQG� KROH
PDVVHV�PA�DQG�P__�>��@��$W�J�����WKH�H[FLWRQVDFTXLUH� WZR�GLPHQVLRQDO� ��'�� FKDUDFWHU� DQG
DUH� ORFDWHG� LQ� RQH� OD\HU�� %XW� DW� J|��� WKH
PRGHO� RI� �'� H[FLWRQ� ZLOO� QRW� EH� UHDOL]HG
EHFDXVH� RI� HA!H__� DQG� P__!PA� DQG�� DV� H[SHUL�PHQWV�KDYH�HYLGHQFHG��WKH�H[FLWRQV�VKRZ��'
FKDUDFWHU�LQ�PDQ\�FU\VWDOV��%HVLGHV��HYHQ�DW
J���� WKH� DQLVRWURS\� LQIOXHQFHV� DVVHVVPHQW
5H[�DQG�(J�RQO\�D�OLWWOH�>��@�,W� IROORZV� IURP�WKH�DERYH� WKDW� LW� LV�QHF�
HVVDU\� WR� DVVHVV� WKH� H[FLWRQ� UDGLXV� DH[� WRFOHDU�XS�WKH�H[FLWRQ�VWDWHV�FKDUDFWHU�LQ�&G,�DQG� =Q,��� 7R� FDOFXODWH� DH[�� OHW� WKH� GDWD� EH
XVHG�IURP�>��@�RQ�HQHUJLHV�K�Z72� �������H9

DQG� K�Z/2� �������� H9� IRU� WUDQVYHUVDO� DQGORQJLWXGLQDO� RSWLFDO� SKRQRQV� DW� (�AF�� 7KHVWDWLF�GLHOHFWULF�SHUPLWWLYLW\�H��LV�FDOFXODWHGXVLQJ�WKHVH�YDOXHV�DQG�WKH�NQRZQ�YDOXH�H��
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6LQFH� WKH� HIIHFWLYH� SHUPLWWLYLW\� HHII!Hf�EXW� HHII�H�� IRU� H[FLWRQV� RI� DQ� LQWHUPHGLDWHFRXSOLQJ��WKHQ
DH[� �D% 5

5H[HHII
� ���

ZKHUH� D%� ���������Ü�� FP� LV� WKH� %RKU� UD�GLXV�� 5� ������ H9�� WKH� 5\GEHUJ� FRQVWDQW�
5H[� ����� H9� IRU�&G,��� 7KH� YDOXH� HHII� LV� XQ�NQRZQ�� WKHUHIRUH�� OHW� LWV� H[WUHPH� OLPLWV� EH
XVHG��$W�HHII� �H���ZH�JHW�DH[� ��������Ü��FP�
DQG� DW� HHII� �Hf�� DH[� ��������Ü�� FP�� 7KHILUVW� DVVHVVPHQW� LV� LQ� D� IXOO� LQFRQVLVWHQF\
ZLWK�WKH�ODUJH�UDGLXV�H[FLWRQ�PRGHO��EHFDXVH
IRU�WKLV�PRGHO�DH[!DL�RI�&G,��ODWWLFH�SDUDPH�WHUV��ZKLOH� IRU�)UHQNHO� H[FLWRQ��DH[�DL��7KH
VHFRQG�DVVHVVPHQW�LV�PRUH�UHDOLVWLF��DV�DH[|DLDQG�ZH�KDYH�H[FLWRQV�RI�DQ�LQWHUPHGLDWH�EDQG
IRU� ZKLFK� HHII� LW� LV� FORVH� WR� Hf�� $� VLPLODU
FDOFXODWLRQ� XVLQJ� IRUPXOD� ���� DW� HHII� �Hf
JLYHV�DH[� ��������Ü��FP�IRU�=Q,��

���&RQFOXVLRQ
7KH� UHIUDFWLYH� LQGH[� DQG� LWV� GLVSHUVLRQ

KDV� EHHQ� PHDVXUHG� LQ� WKLQ� &G,�� DQG� =Q,�ILOPV��,W�LV�VKRZQ�WKDW�WKH�VSHFWUDO�GHSHQG�
HQFH�Q�O�� FRQVLVWV�ZLWK� WKH�PRQRRVFLOODWRU\
:HPSOH� PRGHO� ZLWKLQ� WKH� ���Ü����� QP
UDQJH��7KH�Q�O��GDWD�IRU�&G,��DUH�FRPSDUHGZLWK� GDWD� IRU� VLQJOH� FU\VWDOV� REWDLQHG� E\
RWKHU�DXWKRUV��DQG�LW�LV�IRXQG�WKDW�WKH�&G,�ILOPV� DUH� WH[WXUHG� ZLWK� WKH� WH[WXUH� D[LV
EHLQJ�SDUDOOHO� WR�F� D[LV�DQG�KDYH� D� ORZ�SR�
URVLW\�� 7KH� IRXQG� SDUDPHWHUV� (�� IRU� WKH:HPSOH�PRGHO� DUH� FRPSDUHG� WR� WKHRUHWLFDO
FDOFXODWLRQV� RI� WKH� HOHFWURQ� VSHFWUXP� DQG
PHDVXUHPHQWV�RI�WKH�&G,��IXQGDPHQWDO�EDQGVSHFWUXP��7KH�EDQG�JDS�HQHUJ\�IRXQG�IURP
WKH� PHDVXULQJV� IRU� GLUHFW� DOORZHG� WUDQVL�
WLRQV�������H9�����.��DJUHHV�ZHOO�ZLWK�WKHR�
UHWLFDO� FDOFXODWLRQV� ����� H9��� 7KH� RSWLFDO
SHUPLWWLYLW\�LV�IRXQG�DOVR�XVLQJ�WKH�PRQRRV�
FLOODWRU\�PRGHO�SDUDPHWHUV��7KH�UDGLXV�RI��V
H[FLWRQ�LQ�&G,��DQG�=Q,�� LV�FDOFXODWHG�XVLQJWKH� RSWLFDO� SHUPLWWLYLW\�� ,W� LV� VKRZQ� WKDW
WKH� H[FLWRQV� LQ� WKHVH� FRPSRXQGV� EHORQJ� WR
H[FLWRQV�RI�DQ�LQWHUPHGLDWH�ERQG�

)LJ�����$EVRUSWLRQ�VSHFWUD�RI�&G,��DFWLYDWHG�ZLWKLRQV� =Q� �[� ������� DW� ���� .� �GRWWHG� OLQH�� DQG
���.��VROLG�OLQH���GDVK�DQG�GRW�OLQH�VKRZV�WKH�DE�
VRUSWLRQ�HGJH�DIWHU�VHSDUDWLRQ�RI�WKH�;��EDQG�
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5HIHUHQFHV
� ���*�&�7ULJXQD\DW�� *�.�&KDGKD�� 3K\V��6WDW��6RO�

$��������������
� ���$�%�/LVNRYLFK�� :LGHEDQG� /D\HUHG� &U\VWDOV

DQG� WKH� 3K\VLFDO� 3URSHUWLHV� 7KHUHRI�� 9\VFKD
6KNROD��/YRY��������>LQ�5XVVLDQ@�

� ���/DQGROW�%RUQVWHLQ�� ��� 7HLO�� .ULVWDOOH� �������
S������

� ���=�*�3LQVNHU�� /�,�7DWDULQRYD�� 9�$�1RYLNRYD�
=K��)L]��.KLP�������������������

� ���0�5�7XEEV��3K\V��6WDW��6RO�E������� ��� �������
�������������

� ���<�7DNHPXUD�� 7�.RPDWVX�� .DLIX�� 3K\V��6WDW�
6RO�E�����������������

� ���,�3ROOLQL�� -�7KRPDV�� 5�&RHKRRUQ�� &�+DDV�
3K\V��5HY��%�����������������

� ���+�1DNDJDZD��7�-DPDGD��+�0DWVXPRWR�HW�DO��
-��3K\V��6RF��-DS�������������������

� ���<D�2�'RYJ\�� ,�9�.LW\N��8NU��)L]��=K������� ���
�������

����6�.RQGR��+�0DWVXPRWR��-��3K\V��6RF��-DS������
������������

����2�1�<XQDNRYD�� 9�.�0LORVODYVN\�� (�1�.RYD�
OHQNR��)L]��1L]N��7HPS������������������

����'�.�:ULJKW�� 0�5�7XEEV�� 3K\V��6WDW��6RO��� ���
�����������

����6�3�/\DVKHQNR�� 9�.�0LORVODYVN\�� 2SWLND� L
6SHNWU������������������

����6�+�:HPSOH��3K\V��5HY��%�����������������
����(�)�9HQJHU�� $�9�0HOQLFKXN�� $�9�6WURQVN\�

3KRWRVWLPXODWHG� 3URFHVVHV� LQ� &KDONRJHQLGH
*ODVV\�6HPLFRQGXFWRUV�DQG�WKHLU�3UDFWLFDO�$S�
SOLFDWLRQ�� $NDGHPSHULRGLND�� .\LY� ������� >LQ
5XVVLDQ@��

����5�&RHKRRUQ�� *�$�6DZDW]N\�� &�+DDV�� 5�$�GH
*URRW��3K\V��5HY��%������������������

����<�0RULRND�� 7�1DNDJDZD�� 6SHFWURFKLP��$FWD�
��������������

����2�1�<XQDNRYD�� 9�.�0LORVODYVN\�� (�1�.RYD�
OHQNR��)XQFWLRQDO��0DWHULDOV����������������

����9�.�0LORVODYVN\�� 2�1�<XQDNRYD�� 6XQJ� 7VLD�
/LQJ��2SWLND�L�6SHNWU������������������

����)�%DVVDQL�� '�3DVWRUL� 3DUDYLFFKLQL�� (OHFWURQ
6WDWHV�DQG�2SWLFDO�7UDQVLWLRQV� LQ�6ROLGV��3HU�
JDPRQ�3UHVV��2[IRUG� ��������1DXND��0RVFRZ
�������>LQ�5XVVLDQ@�
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