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7KH�VROLG�VROXWLRQ�=Q[&G�±[7H�LV�UHJDUGHGDV� RQH� RI� WKH�PRVW�SURPLVLQJ�PDWHULDOV� IRU
UDGLDWLRQ� GHWHFWRUV� RSHUDWHG� DW� URRP� WHP�
SHUDWXUH� >�@�� +RZHYHU�� DV� IDU� DV� ZH� NQRZ�
WKH� GRPLQDQW� VFDWWHULQJ� PHFKDQLVPV� IRU
FDUULHU� WUDQVSRUW�DQG� WKHLU� WHPSHUDWXUH�GH�
SHQGHQFHV� DUH� QRW� ZHOO� NQRZQ� IRU� &G=Q7H
V\VWHP� >�Ü�@�� 0RUHRYHU�� WKH� VROLG� VROXWLRQ
=Q[+J�±[7H�LV�FRQVLGHUHG�DV�D�SRWHQWLDOO\�VX�SHULRU� LQIUDUHG�GHWHFWRU�PDWHULDO� GXH� WR� LWV
EHWWHU�VWDELOLW\�DV�FRPSDUHG�WR�+J&G7H�DOOR\
>�Ü��@�� 7KH� FRPPRQ� IHDWXUH� RI� WKH� WUDQV�
SRUW� SKHQRPHQD� GHVFULSWLRQ� LQ� WKHVH� VROX�
WLRQV� LV� WKH� XVH� RI� WKH� ORQJ�UDQJH� FKDUJH
FDUULHU�VFDWWHULQJ�PRGHOV��,Q�VXFK�PRGHOV��LW
LV�VXSSRVHG�WKDW�HLWKHU�FKDUJH�FDUULHU�LQWHU�
DFWV�ZLWK�WKH�ZKROH�FU\VWDO��HOHFWURQ�SKRQRQ
LQWHUDFWLRQ�� RU� LW� LQWHUDFWV� ZLWK� WKH� LPSX�
ULW\� GHIHFW� SRWHQWLDO� KDYLQJ� WKH� DFWLRQ� UD�
GLXV� RI� a��Ü���È�� �È�� LV� WKH� ODWWLFH� FRQ�VWDQW��� +RZHYHU�� VXFK� DQ� DVVXPSWLRQ� FRQ�
WUDGLFWV� WKH� VSHFLDO� UHODWLYLW\� WKHRU\
DFFRUGLQJ� WR� ZKLFK� WKH� FKDUJH� FDUULHU
VKRXOG� LQWHUDFW� RQO\�ZLWK� WKH� QHLJKERXULQJ

FU\VWDO�UHJLRQ��%HVLGHV��IRU�GHIHFWV�ZLWK�LQ�
WHUDFWLRQ� HQHUJ\� 8|��UQ� �Q� ������ RQ� GLV�
WDQFHV� a��È��� WKH� SRWHQWLDO� EHFRPHV� WKHPDJQLWXGH� RI� WKH� VHFRQG� RUGHU� LQILQLWHVL�
PDO��ZKLOH�DOO�WKHRULHV�PHQWLRQHG�DERYH�DUH
FRQVLGHUHG� XQGHU� WKH� ILUVW� �%RUQ�� DSSUR[L�
PDWLRQ�� 2Q� WKH� RWKHU� VLGH�� WKH� VKRUW�UDQJH
PRGHOV�RI�HOHFWURQ�VFDWWHULQJ�LQ�&G[+J�±[7HDQG�&G[+J�±[6H�ZHUH�SURSRVHG�>������@�IUHHRI� WKH� DERYH� GUDZEDFNV�� 7KHUH� LW� KDV� EHHQ
VXSSRVHG� WKDW� WKH� FDUULHU� LQWHUDFW�ZLWK� WKH
GHIHFW� SRWHQWLDO� RQO\� ZLWKLQ� RQH� XQLW� FHOO�
7KH� SXUSRVH� RI� WKLV� ZRUN� LV� WR� XVH� WKLV� DS�
SURDFK�WR�GHVFULEH�WKH�FDUULHU�VFDWWHULQJ�SURF�
HVVHV� RQ� WKH� YDULRXV� W\SHV� RI� FU\VWDO� GHIHFWV
LQ�&G=Q7H�DQG�=Q+J7H�VROLG�VROXWLRQV�
)RU� WKH� FKDUJH� FDUULHU� VFDWWHULQJ� RQ� WKH

QRQSRODU� RSWLFDO� �132�� DQG� DFRXVWLF� �$&�
SKRQRQV��VWDWLF�VWUDLQ��66��FHQWHUV��GLVRUGHU
�',6�� SRWHQWLDOV� DQG� QHXWUDO� �1,�� GHIHFWV�
WKH�LQWHUDFWLRQ�UDGLXV�RI�WKH�VKRUW�UDQJH�SR�
WHQWLDO�ZDV�OLPLWHG�E\�RQH�XQLW�FHOO��)RU�WKH
FDUULHU� VFDWWHULQJ�RQ� WKH� LRQL]HG� LPSXULWLHV
�,,��� SRODU� RSWLFDO� �32�� DQG� SLH]RHOHFWULF
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�SLH]RDFRXVWLF� �3$&�� DQG� SLH]RRSWLF� �323��
SKRQRQV�� WKH� LQWHUDFWLRQ� UDGLXV� RI� WKH
VKRUW�UDQJH� SRWHQWLDO� ZDV� IRXQG� LQ� D� IRUP
5� �JD� �D� LV� WKH� ODWWLFH� FRQVWDQW�� J�� WKH� UH�
VSHFWLYH�DGMXVWDEOH�SDUDPHWHU��� ,W� LV�WR�QLWH
WKDW�WKH�KHDY\�SRZHU�GHSHQGHQFH�RI�SDUDPH�
WHUV� J32�� J3=�� J,,� OLPLWV� VKDUSO\� WKH� FKRLFHRSSRUWXQLWLHV�RI�WKHLU�QXPHULFDO�YDOXHV��7KH
UHVSHFWLYH� FKDUJH� FDUULHU� WUDQVLWLRQ� SURE�
DELOLW\�IURP�VWDWH�N�WR�VWDWH�Nc�FDXVHG�E\�WKH
LQWHUDFWLRQ�ZLWK�GHIHFW�SRWHQWLDO�ZDV�GHWHU�
PLQHG�DFFRUGLQJ�WR�>������@��7R�GHVFULEH�WKH
FKDUJH� FDUULHU� VFDWWHULQJ� RQ� D� GLVRUGHU
SRWHQWLDO�� WKH� UHVSHFWLYH� WUDQVLWLRQ� SURE�
DELOLW\�GHWHUPLQHG�LQ�>��@�ZDV�XVHG���
7KH� FDOFXODWLRQ� RI� WKH� FRQGXFWLYLW\� WHQ�

VRU� FRPSRQHQWV� ZHUH� FDOFXODWHG� EDVLQJ� RQ
WKH� IRUPDOLVP� RI� WKH� H[DFW� VROXWLRQ� RI� WKH
VWDWLRQDU\� %ROW]PDQQ� HTXDWLRQ� >��@�� 8VLQJ
WKLV�IRUPDOLVP��DQ�DGGLWLRQDO�DGMXVWDEOH�SD�
UDPHWHU� J66166� IRU�66�VFDWWHULQJ�PRGH� FDQEH�REWDLQHG��

7KH� WKHRUHWLFDO� WHPSHUDWXUH� GHSHQGHQFHV
RI� WKH� KHDY\�KROH� PRELOLW\� ZHUH� FRPSDUHG
ZLWK�WKH�H[SHULPHQWDO�GDWD�SUHVHQWHG�LQ�>��
������@�IRU�=Q[&G�±[7H�FU\VWDOV�ZLWK�FRPSR�
VLWLRQV� [� ��� �VDPSOH� $���� >��@��� [� ������
������ DQG�[� ��� �$J�Û�GRSHG� VDPSOH� >��@��
)RU� ��[���� WKH� )HUPL� OHYHO� ZDV� REWDLQHG
IURP�WKH�HOHFWURQHXWUDOLW\�HTXDWLRQ��
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ZKHUH�($� LV� WKH� DFFHSWRU� LRQL]DWLRQ� HQHUJ\
GHWHUPLQHG� LQ� >�@��1$��WKH�DFFHSWRU�FRQFHQ�
WUDWLRQ� REWDLQHG� IURP� WKH� FRPSRVLWLRQ� GH�
SHQGHQFH� RI� KROH� FRQFHQWUDWLRQ� DW� ���� .
�VHH�)LJ����LQ�>�@���)RU�[� ����WKH�QHXWUDOLW\
HTXDWLRQ�ORRNV�OLNH��

)LJ�����7HPSHUDWXUH�GHSHQGHQFH©�RI�KHDY\�KROH�PRELOLW\� LQ�=Q[&G�±[7H� FU\VWDOV��6ROLG� OLQH��PL[HGVFDWWHULQJ�PRGH�����������������������������$&��,,��132��3$&��32��323��1(8��',6��66�VFDWWHULQJ
PRGH��UHVSHFWLYHO\���([SHULPHQWDO�GDWD�IURP�>���������@�
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ZKHUH� �($��1$��1,9'� �1,9'� LV� WKH� GRQRUFRQFHQWUDWLRQ��GHWHUPLQHG�LQ�>��@��)RU�[� ���
WKH�)HUPL�OHYHO�ZDV�REWDLQHG�IURP�HTXDWLRQ
S� �1$� � ���e�H5�� 5� EHLQJ� WKH� H[SHULPHQWDO
+DOO�FRHIILFLHQW�YDOXH�GHWHUPLQHG�LQ�>��@�
7KH�WKHRUHWLFDO�P�7��FXUYHV�IRU�=Q[&G�±[7HDUH� SUHVHQWHG� LQ� )LJ���DÜG�� 7KH� VROLG� OLQHV

UHSUHVHQW� WKH� FXUYHV� FDOFXODWHG� EDVLQJ� RQ
WKH� VKRUW�UDQJH� PRGHOV� ZLWKLQ� WKH� IUDPH�
ZRUN�RI�WKH�H[DFW�VROXWLRQ�RI�WKH�%ROW]PDQQ
HTXDWLRQ�� 7KH� REWDLQHG� VFDWWHULQJ� SDUDPH�
WHUV� IRU� GLIIHUHQW� VFDWWHULQJ� PRGHV� DUH
OLVWHG� LQ�7DEOH�� ,W� LV�VHHQ�WKDW�WKH�WKHRUHWL�
FDO� FXUYHV� DJUHH� ZHOO� ZLWK� H[SHULPHQWDO
GDWD� LQ� WKH�ZKROH� LQYHVWLJDWHG� WHPSHUDWXUH
UDQJH��7R�HVWLPDWH�WKH�UROH�RI�WKH�GLIIHUHQW
VFDWWHULQJ�PHFKDQLVPV�� WKH� DSSURSULDWH� GH�
SHQGHQFHV�DUH�SUHVHQWHG�LQ�)LJ���DÜG�E\�WKH
GRWWHG�OLQHV�
,W� LV� VHHQ� WKDW� DW� WKH� &G�ULFK� VLGH�� WKH

PDLQ� VFDWWHULQJ� PHFKDQLVPV� DUH� VWDWLF
VWUDLQ�� SRODU� RSWLFDO�� DFRXVWLF� DQG� SLH]RD�
FRXVWLF� VFDWWHULQJ�� 7KH� ORZ� FRQWULEXWLRQ� RI
66�VFDWWHULQJ�IRU�[� ���FDQ�EH�H[SODLQHG�E\
DQ� LPSURYHG� TXDOLW\� RI� WKH� FU\VWDO� DV� FRP�
SDUHG�WR�WKH�FDVH�[�!����,Q�WKH�ORZ�WHPSHUD�
WXUH�UHJLRQ��WKH�GLIIHUHQW�VORSH�RI�WKH�WKHR�
UHWLFDO� FXUYH� DQG� WKH� H[SHULPHQWDO� GDWD� LV
REVHUYHG��,W�FDQ�EH�H[SODLQHG�E\�WKH�LQFRP�
SOHWHQHVV� RI� WKH� 66�VFDWWHULQJ�PRGHO� ZKHUH
WKH� DQJXODU� GHSHQGHQFH� RI� LQWHUDFWLRQ� SR�
WHQWLDO�PXVW�EH�WDNHQ�LQWR�DFFRXQW�
$W� WKH� =Q�ULFK� VLGH�� WKH� SRODU� RSWLFDO�

DFRXVWLF�� DQG� SLH]RDFRXVWLF�PHFKDQLVPV� DUH
WKH� GRPLQDQW� VFDWWHULQJ� PHFKDQLVPV�� WRR�
,Q�WKLV�FDVH��WKH�LQIOXHQFH�RI�WKH�66�VFDWWHU�
LQJ� LV� OHVV� VXEVWDQWLDO�� 2WKHU� VFDWWHULQJ
PHFKDQLVPV�VXFK�DV�LRQL]HG�DQG�QHXWUDO�LP�

SXULW\� VFDWWHULQJ�� SLH]RRSWLF� DQG� QRQSRODU
RSWLFDO� SKRQRQ� VFDWWHULQJ�� GLVRUGHU� VFDWWHU�
LQJ�JLYH�QHJOLJLEO\�VPDOO�FRQWULEXWLRQV�
)RU�=Q[+J�±[7H� �[� �������FU\VWDO�D�FRP�SDULVRQ� RI� WKH� WKHRUHWLFDO� WHPSHUDWXUH� GH�

SHQGHQFHV�RI�WKH�HOHFWURQ�PRELOLW\�ZDV�PDGH
ZLWK�WKH�H[SHULPHQWDO�GDWD�SUHVHQWHG�LQ�>�@�
7KH�)HUPL�OHYHO�ZDV�REWDLQHG�IURP�HTXDWLRQ
Q� ���e�H5��5�EHLQJ�WKH�H[SHULPHQWDO�YDOXH�RI
WKH�+DOO�FRHIILFLHQW�GHWHUPLQHG� LQ� >�@�� ,W� LV
VHHQ� IURP�)LJ���� WKDW� WKH� VWDWLF� VWUDLQ�� WKH
SLH]RDFRXVWLF� DQG� WKH� SRODU� RSWLFDO� PHFKD�
QLVPV� DUH� WKH� GRPLQDQW� VFDWWHULQJ� PHFKD�
QLVPV�LQ�DOO�LQYHVWLJDWHG�WHPSHUDWXUH�UDQJH�
2WKHU�VFDWWHULQJ�PHFKDQLVPV�JLYH�QHJOLJLEO\
VPDOO� FRQWULEXWLRQV�� $� GLIIHUHQFH� EHWZHHQ
WKH�WKHRUHWLFDO�FXUYH�DQG�H[SHULPHQWDO�GDWD
LV� REVHUYHG� LQ� WKH� ORZ� WHPSHUDWXUH� UHJLRQ�
WRR�� 7KH� SUREDEOH� FDXVH� LV� WKH� VDPH� DV� LQ
WKH�FDVH�RI�=Q&G7H�
7R� FRQFOXGH�� WKH� FKDUJH� FDUULHU� VFDWWHU�

LQJ� SURFHVVHV� RQ� YDULRXV� ODWWLFH� GHIHFWV� LQ
WKH� =Q[&G�±[7H� DQG� =Q[+J�±[7H� VROLG� VROX�WLRQV� KDYH� EHHQ� FRQVLGHUHG� EDVLQJ� RQ� WKH
VKRUW�UDQJH� SULQFLSOH�� $� UDWKHU� ZHOO� DJUHH�
PHQW� EHWZHHQ� WKH� WKHRU\� DQG� H[SHULPHQWDO
GDWD� ZLWKLQ� WKH� LQYHVWLJDWHG� WHPSHUDWXUH
UDQJH�KDV�EHHQ�HVWDEOLVKHG�

5HIHUHQFHV
� ���5�%�-DPHV��7�(�6FKOHVLQJHU��-�/XQG��0�6FKLH�

EHU��LQ��6HPLFRQGXFWRUV�IRU�5RRP�7HPSHUDWXUH
1XFOHDU�'HWHFWRU�$SSOLFDWLRQV��6HPLFRQGXFWRUV
DQG� 6HPLPHWDOV�� $FDGHPLF� 3UHVV�� 1HZ� <RUN
��������9RO�����S�����

� ���5�7ULERXOHW�� *�1HX�� %�)RWRXKL�� -��&U\VW�
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������������

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI� WKH�HOHF�
WURQ� PRELOLW\� LQ� =Q[+J�±[7H� FU\VWDO�� &XUYHQRWDWLRQV�WKH�VDPH�DV�LQ�)LJ�����([SHULPHQWDO
GDWD�DUH�WDNHQ�IURP�>�@����

7DEOH�� 3DUDPHWHUV� J� IRU� GLIIHUHQW� VFDWWHU�
LQJ�PRGHV
[ J32 J,, J3= J66�166u��Ü���FPÜ�
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� ���*�$�*DPDO�� 0�$ERX� =LHG�� $�$�(EQDOZDOHG�
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� ���0�&�9HDOH��3�-�6HOOLQ��$�/RKVWURK�HW�DO���1XFO�
,QVWU��0HWK��3K\V��5HV��$�����������������

� ���5�7ULERXOHW�� $�/DVEOH\�� %�7RXORXVH� HW� DO��� -�
&U\VW��*URZWK�����������������

� ���.�-R]ZLNRZVNL�� $�5RJDOVNL�� ,QIUDUHG� 3K\V��
���������������

� ���6�5ROODQG��.�.DUUDUL��5�*UDQJHU�HW�DO���6HPL�
FRQG��6FL��7HFKQRO������������������

� ���5�*UDQJHU�� &�0�3HOOHWLHU�� -��&U\VW��*URZWK�
����������������

����<L�*DR� 6KD�� &KLQJ�+XD� 6X�� 6�/�/HKRF]N\��-�
$SSO��3K\V�������������������

����2�3�0DO\N�� 0DWHU��6FL��	(QJ��� %� ����� ���
�������
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