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5HFHLYHG�$XJXVW��������
7KH� UHFRPELQDWLRQ� SDUDPHWHUV� RI� WKH� SRLQW� GHIHFWV� G\QDPLFV� �UHFRPELQDWLRQ� EDUULHU�

UHFRPELQDWLRQ� WLPH�� UHFRPELQDWLRQ� IDFWRU�� DW� KLJK� DQG� ORZ� WHPSHUDWXUHV� DUH� GLVFXVVHG
SURFHHGLQJ� IURP� WKH� KHWHURJHQHRXV� PHFKDQLVP� RI� JURZQ�LQ� PLFURGHIHFWV� IRUPDWLRQ� DQG
WUDQVIRUPDWLRQ��7KH�FRROLQJ�LQGXFHG�GHFRPSRVLWLRQ�RI� WKH�RYHUVDWXUDWHG�VROLG� VROXWLRQ�RI
SRLQW� GHIHFWV� LQ� VLOLFRQ� IROORZV� WZR�PHFKDQLVPV�� YDFDQF\�W\SH� DQG� LQWHUVWLWLDO�W\SH� RQHV�
7KHUHIRUH�� YDFDQFLHV� DQG� LQWULQVLF� VLOLFRQ� LQWHUVWLWLDOV� ILQG� GUDLQV� LQ� WKH� IRUP� RI� EDFN�
JURXQG�LPSXULW\�DWRPV�OLNH�R[\JHQ�DQG�FDUERQ��7KH�IRUPDWLRQ�RI�LQWULQVLF�SRLQW�GHIHFW�LP�
SXULW\�SDLUV�LV�WKH�GRPLQDQW�SURFHVV�DW�WHPSHUDWXUHV�QHDU�WKH�VLOLFRQ�PHOWLQJ�SRLQW�
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7KH� VWUXFWXUH� LPSHUIHFWLRQV� UHIHUUHG� WR
DV�JURZQ�LQ�PLFURGHIHFWV�DUH�IRUPHG�GXULQJ
KLJK�WHPSHUDWXUH�JURZLQJ�DQG�IXUWKHU�FRRO�
LQJ� RI� GLVORFDWLRQ�IUHH� VLQJOH� 6L� FU\VWDOV�
7KHVH�JURZQ�LQ�PLFURGHIHFWV��VXFK�DV�PLFUR�
SUHFLSLWDWHV�� GLVORFDWLRQ� ORRSV� DQG� PL�
FURVFDOH�YRLGV��DUH�IRUPHG�LQ�WKH�FU\VWDO�GXH
WR�DJJUHJDWLRQ�RI�LQWULQVLF�SRLQW�GHIHFWV�DQG
LPSXULWLHV�� 7KHUHIRUH�� WKH� NH\� WR� XQGHU�
VWDQGLQJ�IXQGDPHQWDO�SDUDPHWHUV�RI� LQWULQ�
VLF� SRLQW� GHIHFWV� �IRUPDWLRQ� YROXPHV�� GLI�
IXVLYLWLHV� DQG� WKHUPDO� HTXLOLEULXP� FRQFHQ�
WUDWLRQV� RI� YDFDQFLHV� DQG� LQWULQVLF
LQWHUVWLWLDOV� DQG� RWKHUV�� LV� WR� XQGHUVWDQG
WKH� IRUPDWLRQ� PHFKDQLVP� RI� JURZQ�LQ� PL�
FURGHIHFWV��$W� WKH� VDPH� WLPH�� LQYHVWLJDWLQJ
WKH�UHFRPELQDWLRQ�SURFHVV�RI�LQWULQVLF�SRLQW
GHIHFWV� RU�DQG� WKHLU� LQWHUDFWLRQ�ZLWK� LPSX�
ULWLHV�LV�D�ZD\�WR�XQGHUVWDQG�WKH�IRUPDWLRQ
PHFKDQLVP� RI� JURZQ�LQ� PLFURGHIHFWV�� $W
SUHVHQW�� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH

XQGHUVWDQGLQJ� RI� GHIHFW� IRUPDWLRQ� SK\VLFV
LQ�VLOLFRQ�LV�IDU�IURP�VDWLVIDFWRU\�

7R� GDWH�� WKHUH� DUH� WZR� DSSURDFKHV� WR
VROYH� WKLV� SUREOHP� IRU� GLVORFDWLRQ�IUHH� VLOL�
FRQ� VLQJOH� FU\VWDOV�� ,Q� WKH� ILUVW� RQH�� WKH
FRPELQDWLRQ� RI� HTXLOLEULXP�� WUDQVSRUW� DQG
VROLG�VWDWH�NLQHWLFV�RI�LQWULQVLF�SRLQW�GHIHFWV
DQG� LPSXULWLHV� WKDW� OHDGV� WR� PLFURGHIHFW
IRUPDWLRQ�LV�UHIHUUHG�WR�DV�GHIHFW�G\QDPLFV
>�Ü�@�� 7KH� PRGHO� RI� SRLQW� GHIHFW� G\QDPLFV
LQFOXGHV�SRLQW�GHIHFWV�FRQYHFWLRQ�E\�FU\VWDO
PRWLRQ��GLIIXVLRQ�E\�ERWK�)LFN�DQG�WKHUPDO
GLIIXVLRQ�GULYLQJ�IRUFHV�DQG�SRLQW�GHIHFW�UH�
FRPELQDWLRQ� >�@�� ,W� LV� VXSSRVHG� WKDW� DOO
PHFKDQLVPV�DUH�RI�LPSRUWDQFH�IRU�WKH�SRLQW
GHIHFW� G\QDPLFV� LQ� VSHFLILF� UHJLRQV� RI� WKH
FU\VWDO�� KRZHYHU�� SRLQW� GHIHFW� UHFRPELQD�
WLRQ�SOD\V�WKH�PRVW�FUXFLDO�UROH�>����@��7KHVH
PRGHOV� DUH� EDVHG� RQ� WKHRUHWLFDO� PRGHO� RI
JURZQ�LQ� PLFURGHIHFWV� IRUPDWLRQ� E\
9RURQNRY� >�@�� 9RURQNRY� DVVXPHG� WKDW� WKH
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UHFRPELQDWLRQ� UDWH� EHWZHHQ� LVRODWHG� YDFDQ�
FLHV� DQG� LQWULQVLF� LQWHUVWLWLDOV� LV� YHU\� KLJK
DQG�IXUWKHU�WKDW�WKH�GLIIXVLYLW\�RI�LQWULQVLF
LQWHUVWLWLDOV� H[FHHGV� WKDW� RI� YDFDQFLHV� QHDU
WKH� PHOWLQJ� SRLQW�� DQG�� ILQDOO\�� WKDW� WKH
FRQFHQWUDWLRQ�RI�YDFDQFLHV�LV�KLJKHU�WKDW�RI
LQWULQVLF� LQWHUVWLWLDOV� DW� WKH� PHOWLQJ� SRLQW�
ZKHUH� ERWK� FRQFHQWUDWLRQV� DUH� LQ� WKHUPDO
HTXLOLEULXP�>�@��7KH�DXWKRU�SRLQWHG�RXW�WKDW
WKH� PLFURGHIHFW� IRUPDWLRQ� LV� JRYHUQHG� E\
WKH� JURZWK� SDUDPHWHU�9�*� �&FULW� �ZKHUH�9LV�WKH�FU\VWDO�JURZWK�UDWH��*��D[LDO�WHPSHUD�
WXUH�JUDGLHQW���7KLV�PHFKDQLVP�UHVXOWV�LQ�D
GLVWLQFWLRQ� EHWZHHQ� WKH� FU\VWDO� UHJLRQV� HQ�
ULFKHG� LQ� YDFDQFLHV� �9�*�!�&FULW�� DQG� LQ� LQ�WULQVLF�LQWHUVWLWLDOV��9�*���&FULW��7KH� DXWKRUV� RI� VHFRQG� PHWKRG� SURFHHG
IURP�H[SHULPHQWDO�GDWD�RQ�SURSHUWLHV�RI�WKH
JURZQ�LQ�PLFURGHIHFWV�>����Ü��@��+LJK�GLIIL�
FXOWLHV� LQ� REVHUYLQJ� WKH� DJJUHJDWLRQV� RI
SRLQW� GHIHFWV� KDYLQJ� VXFK� D� VPDOO� VL]H� DQG
FDXVLQJ� D� VOLJKW� ODWWLFH� LPSHUIHFWLRQ� UH�
TXLUHV� WKH� GLUHFW� UHVHDUFK� PHWKRGV�� ZKLFK
DOORZ�DQDO\]LQJ�WKH�VLJQ�RI�ODWWLFH�LPSHUIHF�
WLRQ��7KH�VLJQ�RI�ODWWLFH�LPSHUIHFWLRQ�FDXVHG
E\� D� GHIHFW� LQIRUPV� XV� LQGLUHFWO\� RQ� WKH
GHIHFW� FKHPLFDO� FRPSRVLWLRQ� DQG� HQDEOHV� WR
GHILQH� XQDPELJXRXVO\� WKH� PHFKDQLVP� RI
JURZ��LQ�PLFURGHIHFWV� IRUPDWLRQ�DQG� WUDQV�
IRUPDWLRQ� >��@�� %HLQJ� EDVHG� RQ� GLUHFW� H[�
SHULPHQWDO� UHVXOWV�� VXFK� D� PHFKDQLVP� SUR�
YLGHV� D� TXDOLWDWLYH� XQGHUVWDQGLQJ� RI� WKH
JURZQ�LQ� PLFURGHIHFW� IRUPDWLRQ� SURFHVV
>��@�� %DVLQJ� RQ� H[SHULPHQWDO� UHVXOWV�� ZH
VXJJHVWHG� WKH� KHWHURJHQHRXV� IRUPDWLRQ
PHFKDQLVP� RI� WKH� JURZQ�LQ� PLFURGHIHFWV
>������@�� GHYHORSHG� D� QHZ� SK\VLFDO� FODVVLIL�
FDWLRQ� DQG� LQWURGXFHG� FRQFHSWV� RI� SULPDU\
DQG� VHFRQGDU\� JURZQ�LQ� PLFURGHIHFWV� >��@�
,Q� RXU� RSLQLRQ�� LW� LV� RQO\� D� FRPELQDWLRQ�RI
WKH� WZR� DSSURDFKHV� �WKHRUHWLF� DQG� H[SHUL�
PHQWDO�� WKDW�ZRXOG�HQDEOH�DQ�DFWXDO�XQGHU�
VWDQGLQJ�RI�SK\VLFV�RI�WKH�GHIHFW�IRUPDWLRQ
LQ�GLVORFDWLRQ�IUHH�VLOLFRQ�VLQJOH�FU\VWDOV�

7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR�HVWLPDWH
SDUDPHWHUV� RI� WKH� UHFRPELQDWLRQ� SURFHVV
�UHFRPELQDWLRQ� IDFWRU�� UHFRPELQDWLRQ� WLPH�
UHFRPELQDWLRQ� EDUULHU�� RFFXUULQJ� LQ� WKH
PRGHO�RI�WKH�SRLQW�GHIHFW�G\QDPLFV�IRU�KLJK
DQG� ORZ� WHPSHUDWXUHV� LQ� DFFRUGDQFH� ZLWK
KHWHURJHQHRXV� IRUPDWLRQ� DQG� WUDQVIRUPDWLRQ
PHFKDQLVP� RI� WKH� JURZQ�LQ� PLFURGHIHFWV� LQ
GLVORFDWLRQ�IUHH�VLOLFRQ�VLQJOH�FU\VWDOV�

&RQVLGHULQJ� WKH� FRQFHSW� RI� HQWURS\� EDU�
ULHU�DQG�WKH�IDFWRU�RI�VLPXOWDQHRXV�VHOI�GLI�
IXVLRQ� RI� YDFDQFLHV� DQG� VLOLFRQ� LQWHUVWLWLDO
DWRPV��ZH�PD\� UHDVRQ� LQ� WKLV�ZD\�� LQ� FRQ�
WUDVW�WR�WKH�9�9�9RURQNRY�WKHRU\�WKDW�WKHUH
LV�D�UHFRPELQDWLRQ�EDUULHU�>��@��([SHULPHQ�

WDO� UHVXOWV� RI� 7(0� VWXGLHV� >�����@� DQG� KHW�
HURJHQHRXV� IRUPDWLRQ� PHFKDQLVP� RI� WKH
JURZQ�LQ�PLFURGHIHFWV� >��@� SURYH� WKH� WKHR�
UHWLFDO�FRQVLGHUDWLRQV�RI�+X�DQG�6LUWO�>������@
WR�EH�WUXH�� ,Q�WKH�FRQWH[W�RI�SK\VLFDO�QDWXUH
RI� GHIHFW� IRUPDWLRQ� LQ� UHDO� FU\VWDOV�� WKH
9RURQNRY�WKHRUHWLFDO�PRGHO�LV�LQFRQVLVWHQW�

7KH� PLFURVFRSLF� PRGHO� RI� UHFRPELQDWLRQ
EDUULHU�ZDV� GHYHORSHG� LQ� GHWDLO� LQ� >������@�
7KH� PRGHO� LV� EDVHG� RQ� WKH� IDFW� WKDW� WKH
FRQILJXUDWLRQ� RI� LQWULQVLF� SRLQW� GHIHFWV� DW
KLJK� WHPSHUDWXUHV� GHILQHV� WKH� WHPSHUDWXUH
GHSHQGHQFH� RI� WKH� EDUULHU�� $V� LV� DVVXPHG
ZLWKLQ� WKH� PRGHO� IUDPH�� DW� KLJK� WHPSHUD�
WXUHV�� WKH� LQWULQVLF� LQWHUVWLWLDOV� DQG� YDFDQ�
FLHV� DUH� H[WHQGHG� WKURXJK� VHYHUDO� DWRPLF
YROXPHV� ���� DWRPV� RFFXSLHV� ��� FHOOV��� L�H��
WKHUH� LV�D�GLVRUGHUHG�DUHD�DURXQG�WKH�SRLQW
GHIHFW��ZKLFK�LV�LVRWURSLFDOO\�H[WHQGHG�XS�WR
WKH� DWRPV� RI� WKH� VHFRQG� FRRUGLQDWLRQ
VSKHUH�� 5HFRPELQDWLRQ� RFFXUV� RQO\� LI� ERWK
GHIHFWV� DUH� VLPXOWDQHRXVO\� FRQWUDFWHG� DOO�
DURXQG�WKH�VDPH�DWRPLF�YROXPH��$V�WKH�H[�
WHQGHG�GHIHFW�FRQILJXUDWLRQV�KDYH�PRUH�PL�
FURVWDWHV�WKDQ�WKH�SRLQW�GHIHFW��VXFK�D�FRQ�
WUDFWLRQ�UHGXFHV�HQWURS\�DQG��FRQVHTXHQWO\�
DQ� HQWURS\� EDUULHU� '6����� H[LVWV�� $V� WHP�
SHUDWXUH� GURSV�� WKH� EDUULHU� GHFUHDVHV� DQG
GLVDSSHDUV� DW� ORZ� WHPSHUDWXUHV� DW� DOO�� VR
WKH� GHIHFWV� UHFRPELQH� HDVLO\�� 7KLV� LV� FRQ�
QHFWHG� ZLWK� FKDQJLQJ� LQ� FRQILJXUDWLRQ� RI
LQWULQVLF� SRLQW� GHIHFWV�� ZKLFK� DUH� H[WHQGHG
DW� KLJK� WHPSHUDWXUHV� DQG� KDYH� D� SRLQW�OLNH
GXPEEHOO� VKDSHG� FRQILJXUDWLRQ� DW� ORZ� WHP�
SHUDWXUHV��DV�VKRZQ�LQ�>��@��,W�VKRXOG�EH�HP�
SKDVL]HG� WKDW� WKH� WKHRU\� RI� H[WHQGHG� GHIHFW
FRQILJXUDWLRQV�DV�ZHOO�DV�WKH�WKHRU\�RI�UHFRP�
ELQDWLRQ�EDUULHU�KDYH�EHHQ�DFNQRZOHGJHG�LQ�D
QXPEHU�RI�XS�WR�GDWH�SDSHUV�>������@�

%DVLQJ� RQ� WKH� KHWHURJHQHRXV�PHFKDQLVP
RI�JURZQ�LQ�PLFURGHIHFWV�IRUPDWLRQ��ZH�SUR�
FHHG�WR�HVWLPDWLRQ�RI�UHFRPELQDWLRQ�SDUDPH�
WHUV� �UHFRPELQDWLRQ� EDUULHU�� UHFRPELQDWLRQ
WLPH�DQG�UHFRPELQDWLRQ�IDFWRU��RI�WKH�SRLQW
GHIHFWV� G\QDPLFV� PRGHO�� 7HPSHUDWXUH� GH�
SHQGHQFH� RI� FRQILJXUDWLRQ� HQWURS\� FDQ� EH
GHVFULEHG�DV�IROORZV�>��@�

6F�7�� �6f�����7N�e�7��� ���
ZKHUH� 6f� LV� WKH� OLPLWLQJ� 6F� YDOXH� �DW
7�o�7P���7P��WKH�PHOWLQJ�SRLQW��7N��D�FKDU�DFWHULVWLF� WHPSHUDWXUH�� /HW� XV� VXSSRVH� WKDW
7N�LV�WKH�PLQLPXP�WHPSHUDWXUH�ZKHQ�WKH�ODW�WLFH� LPSHUIHFWLRQV� DUH� IRUPHG� LQ� WKH�GLVORFD�
WLRQ�IUHH�VLOLFRQ�VLQJOH�FU\VWDOV��7KHQ�HVWLPDWH
7N� �����&� ����� .� DV� D� WHPSHUDWXUH� ZKHQWKHUPRGRQRUV�DUH�IRUPHG�LQ�VLOLFRQ�FU\VWDO��,W
IROORZV�WKDW�6F�7�� �6f� ���Ü�����7���$FFRUG�

9�,�7DODQLQ��,�(�7DODQLQ���5HFRPELQDWLRQ�SDUDPHWHUV����
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LQJ� WR� >��@�� 6F������.�� �Ü����N� �ZKHUH
N� �����������Ü�� H9�.� LV� WKH� %ROW]PDQQ
FRQVWDQW��� 7KHQ� ZH� FDQ� JHW� 6f� �Ü����N�7KHUHIRUH�

6F�7�� ������N������������e�7�� ���
$FFRUGLQJ�WR�WKH�*RVHOH�PRGHO�>��@��WKH�IUHH

HQHUJ\� EDUULHU� WR� UHFRPELQDWLRQ� '*� �Ü7�'6�
VLQFH� WKH� FRQWULEXWLRQ� RI� HQWKDOS\� PHPEHU
'+� LV� QHJOLJLEOH�� 7KH� WHPSHUDWXUH� GHSHQG�
HQFH�RI�WKH�EDUULHU�LV�WKXV�FRQWUROOHG�E\�WKH
HQWURSLHV� RI� WKH� SRLQW� GHIHFWV� IRUPDWLRQ�
7KHQ�

'*�7�� ��7���>�6F�7�@� �7���6F�7��� ���
$SSUR[LPDWH� HYDOXDWLRQ� DW�7� �7P� JLYHV'*������.�� �������H9�
([SHULPHQWDO� GDWD� RQ� 6L� VHOI�GLIIXVLRQ

VKRZ� WKDW� WKH�GLIIXVLRQ�FRHIILFLHQW�H[KLELWV
WKH� $UUKHQLXV�� EHKDYLRU� RYHU� D� ZLGH� WHP�
SHUDWXUH� UDQJH�� '�7�� �'��H[S�Ü(D�N7��ZLWK� DQ� DFWLYDWLRQ� HQHUJ\� (D� RI� ������H9DQG� WKH� SUH�H[SRQHQWLDO� IDFWRU� '�� PXFKODUJHU� WKDQ� WKDW� IRU� W\SLFDO� PHWDOV� >��@�
+RZHYHU��WKH�UHODWLYH�FRQWULEXWLRQ�IURP�GLI�
IHUHQW�PHFKDQLVPV��QDPHO\�� IURP�YDFDQFLHV
DQG�LQWHUVWLWLDOV��LV�VWLOO�D�PDWWHU�RI�GLVFXV�
VLRQ��)RU�WKH�SXUSRVH�RI�WKLV�ZRUN��ZH�XVHG
lD\HU� FODVVLFDO� GDWD� DV� UHIHUHQFH� >��@�� DF�
FRUGLQJ�WR�WKRVH��ZLWKLQ�WKH�7�LQWHUYDO�����
WR������.�

'�7� �������H[S�������e�N7��� ���
$SSUR[LPDWH� HYDOXDWLRQ� DW�7� �7P� JLYHV'������.�� ��������Ü���°P��VÜ��� ,W� LV� MXVW

WKH� LQWULQVLF� LQWHUVWLWLDOV� WKDW�GRPLQDWH�WKH
VHOI�GLIIXVLRQ� DW� KLJK� WHPSHUDWXUH�� +HQFH�
WR� HVWLPDWH� WKH� UHFRPELQDWLRQ� WLPH� DW� KLJK
WHPSHUDWXUH��W����ZH�XVH�WKH�IRUPXOD��

W�� �:�e��S���'�7����U����H[S��'*�7��e�N7��� ���
ZKHUH�:�LV�WKH�ODWWLFH�YROXPH��U�� �����Ü��FP�WKH� FDSWXUH� UDGLXV� IRU� UHFRPELQDWLRQ�� (VWL�
PDWLRQ� DW� 7� �7P� JLYHV� W�� ����� V�� ,WVKRXOG� EH� QRWHG� WKDW� HVWLPDWLRQ� EDVHG� RQ
PRGHUQ� GDWD� RI� %UDFKW� >��@� DQG� 7DQJ� >��@
JLYHV� YDOXHV� W�� ����� V� DQG� W�� ����� V�� UH�VSHFWLYHO\�

7KH� UHFRPELQDWLRQ� IDFWRU� N,9�7�� LV� GH�VFULEHG�E\�GLIIXVLRQ�OLPLWHG�UHDFWLRQ�WKHRU\�
FRXSOHG�ZLWK�D�NLQHWLF�DFWLYDWLRQ�EDUULHU�>�@�
,I�KLJK�WHPSHUDWXUHV�DUH�FRQFHUQHG��

N,9�7�� 
 ��S���U����'�7����H[S��'*�7��e�N7��e�:���FV�

���

ZKHUH�FV� ��������FPÜ��LV�WKH�DWRPLF�GHQVLW\�
(VWLPDWLRQ� DW� 7� �7P� JLYHV� N,9� ������.�� 
������Ü���FP��V�� ,Q� >��@�� D� �IDVW� UHFRPELQD�
WLRQ�� FULWHULRQ� N,9������.��&9P�t����VÜ�
�ZKHUH�&9P� �����������FPÜ�� LV� WKH� FRQFHQ�
WUDWLRQ� RI� YDFDQFLHV� DW� 7� �7P�� LV� LQWUR�GXFHG�� 7KH� �IDVW� UHFRPELQDWLRQ�� FULWHULRQ
GRHV�QRW�FRPSO\�ZLWK�RXU� FRQGLWLRQV� LQ� WKH
PRGHO�RI�SRLQW�GHIHFW�FULWHULRQ�

6R��WKH�UHFRPELQDWLRQ�SURFHVV�RI�LQWULQVLF
SRLQW�GHIHFWV�LQ�)=�6L�DQG�&=�6L�VLQJOH�FU\V�
WDOV� QHDU� WKH� FU\VWDOOL]DWLRQ� IURQW� LV� KLQ�
GHUHG�GXH�WR�WKH�UHFRPELQDWLRQ�EDUULHU��7KH
YDFDQFLHV�DQG�LQWULQVLF�LQWHUVWLWLDOV�ILQG�RXW
GUDLQV� LQ� WKH� IRUP� RI� EDFNJURXQG� R[\JHQ
DQG�FDUERQ�LPSXULWLHV��([SHULPHQWV�LQ�FU\V�
WDO� TXHQFKLQJ� GHPRQVWUDWH� WKDW� WKH� YDFDQ�
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RI�WKH�JURZQ�LQ�PLFURGHIHFWV�LQ�GLVORFDWLRQ�
IUHH� VLOLFRQ� VLQJOH� FU\VWDOV� XVHV� FRPSOHWHO\
QHZ� DSSURDFKHV� >��@�� �L�� FRQFHQWUDWLRQV� RI
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