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$EVWUDFW�

/RZ� GRVH� RI� DWURSLQH� LQFUHDVHV� KHDUW� SHULRG� DQG�

UHVSLUDWRU\� VLQXV� DUUK\WKPLD�� ZKLOH� DW� KLJK� GRVHV� WKH�

SHULSKHUDO� SDUDV\PSDWKHWLF� EORFNDGH� EHFRPHV�

DSSUHFLDEOH�� 7KH� PHFKDQLVPV� XQGHUO\LQJ� WKLV�

SKHQRPHQRQ�DUH�LQYHVWLJDWHG�LQ�D�VHW�RI����KHDOWK\�\RXQJ�

KXPDQV� E\� PHDQV� RI� D� OLQHDU� FDXVDO� RSHQ� ORRS� PRGHO��

7KLV� PRGHO� DOORZV� XV� WR� FRQWHPSRUDQHRXVO\� DQG� QRQ�

LQYDVLYHO\� GHULYH� DQ� HVWLPDWH� RI� WKH� VLQXV� QRGH� WUDQVIHU�

IXQFWLRQ�DQG�RI�WKH�EDURUHIOH[�JDLQ��1HLWKHU�WKH�G\QDPLF�

SURSHUWLHV� RI� WKH� VLQXV� QRGH� QRU� WKH� EDURUHIOH[� JDLQ�

DSSHDU�WR�EH�PRGLILHG�E\�WKH�ORZ�GRVH�DGPLQLVWUDWLRQ�RI�

DWURSLQH�� 7KHVH� UHVXOWV� VXSSRUW� WKH� FRQFOXVLRQ� WKDW� WKH�

LQFUHDVH�RI�UHVSLUDWRU\�VLQXV�DUUK\WKPLD�GRHV�QRW�GHSHQG�

RQ�HLWKHU�D�PRGLILFDWLRQ�RI�WKH�WUDQVGXFWLRQ�SURSHUWLHV�DW�

WKH�VLQXV�QRGH�OHYHO�RU�DQ�LQFUHDVHG�UHVSRQVLYHQHVV�RI�WKH�

EDURUHIOH[�EXW�PD\�KDYH�D�FHQWUDO�RULJLQ��

�

�

��� ,QWURGXFWLRQ�

:KLOH� WKH� DGPLQLVWUDWLRQ� RI� D� KLJK� GRVH� RI� DWURSLQH�
LQGXFHV� WDFK\FDUGLD� DQG� WKH� HOLPLQDWLRQ� RI� UHVSLUDWRU\�
VLQXV�DUUK\WKPLD�DV�D�UHVXOW�RI�FRPSOHWH�YDJDO�EORFNDGH�DW�
WKH� VLQXV� QRGH� OHYHO�� ORZ� GRVH� �/'�� DWURSLQH� SURYRNHV�
RSSRVLWH� HIIHFWV� >�@�� 7KH� PHFKDQLVP� XQGHUO\LQJ� WKLV�
SKHQRPHQRQ� LV� QRW� FRPSOHWHO\� XQGHUVWRRG�� 6HYHUDO�
K\SRWKHVHV� KDYH� EHHQ� SURSRVHG�� L�� D� YDJDO� DFWLYDWLRQ�
LQGHSHQGHQW�RI�WKH�EDURUHIOH[�RQO\�SDUWLDOO\�FRPSHQVDWHG�
E\�WKH�SHULSKHUDO�EORFNDGH�RI�WKH�PXVFDULQLF�UHFHSWRUV��D�
FHQWUDO� YDJRWRQLF� DFWLYDWLRQ�� >���@�� LL�� D� YDJDO� DFWLYDWLRQ�
PHGLDWHG�E\�DQ�LQFUHDVH�RI�WKH�EDURUHIOH[�UHVSRQVLYHQHVV�
�D� EDURUHIOH[�PHGLDWHG� YDJRWRQLF� DFWLYDWLRQ�� >�@�� LLL�� DQ�
DXJPHQWDWLRQ� RI� WKH� VLQXV� QRGH� UHVSRQVH� WR� WKH� YDJDO�
HIIHUHQW� WUDIILF� �DQ� LQFUHDVH�RI� WKH�JDLQ�RI�WKH�VLQXV�QRGH�
WUDQVIHU�IXQFWLRQ��>�@���
,Q�PDQ�WKHVH�K\SRWKHVHV�KDYH�QRW�EHHQ�WHVWHG�WRJHWKHU�

\HW��WKXV�SUHYHQWLQJ�D�JHQHUDO�FRQFOXVLRQ��7KLV�GHILFLHQF\�
LV� PDLQO\� WKH� UHVXOW� RI� WKH� GLIILFXOW\� RI� DVVHVVLQJ� VLQXV�
QRGH� WUDQVIHU� IXQFWLRQ�� 7KLV� HYDOXDWLRQ� UHTXLUHV� WKH�
VWLPXODWLRQ�RI�WKH�FDUGLDF�HIIHUHQW�QHXUDO�DFWLYLW\�DW�UDWHV�

UDQGRPO\�PRGLILHG� DURXQG� DQ� DYHUDJH�RQH� >���@� DQG� WKH�
HYDOXDWLRQ� RI� WKH� WUDQVIHU� IXQFWLRQ� EHWZHHQ� WKH� QHXUDO�
DFWLYLW\�DQG�WKH�HYRNHG�KHDUW�UDWH�YDULDELOLW\���
7KH� DLP� RI� WKLV� VWXG\� LV� WR� XWLOL]H� D� SUHYLRXVO\�

YDOLGDWHG� QRQ� LQYDVLYH� PRGHO�EDVHG� SURFHGXUH� IRU� WKH�
HVWLPDWLRQ�RI�WKH�JDLQ�RI�WKH�VLQXV�QRGH�WUDQVIHU�IXQFWLRQ�
>�@� DQG� RI� WKH� EDURUHIOH[� >�@� LQ� KHDOWK\� KXPDQV� EHIRUH�
�EDVHOLQH�� %�� DQG� DIWHU� /'� WR� FODULI\� WKH� PHFKDQLVP�
XQGHUO\LQJ� WKH� LQFUHDVH� RI� WKH� UHVSLUDWRU\� VLQXV�
DUUK\WKPLD�����

��� 0HWKRGV�

����� 0RGHO�EDVHG� HVWLPDWLRQ� RI� WKH� VLQXV�

QRGH�WUDQVIHU�IXQFWLRQ��

7KH� PRGHO�� GHVLJQHG� WR� H[WUDFW� QRQ� LQYDVLYHO\� WKH�
G\QDPLF� SURSHUWLHV� RI� WKH� VLQXV� QRGH�� LV� GHILQHG� LQ� WKH�
EHDW�WR�EHDW� GRPDLQ� �L� LV� WKH� SURJUHVVLYH� FDUGLDF� EHDW�
QXPEHU��DV��

�L�X�L�H[��L�UU���K�L�UU ������������ ++-¼= � �

7KH�PRGHO� GHFRPSRVHV� WKH� KHDUW� SHULRG�YDULDELOLW\� UU�
�UU� LV� WKH� 55� LQWHUYDO� YDOXH�PLQXV� WKH� DYHUDJH�� LQ� WKUHH�
SDUWV�GXH�WR�WKH�HIIHFW�RI�WKH�SUHYLRXV�55�LQWHUYDO�FKDQJH�
UU�L�����RI�H[RJHQRXV�LQIOXHQFHV�H[� � �DQG�RI�XQPHDVXUDEOH�
LQSXWV�X� � ��7KH�H[RJHQRXV�LQIOXHQFHV�DUH�PRGHOOHG�DV��
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�WKXV� WDNLQJ� LQWR� DFFRXQW� WKH� LQIOXHQFHV� RI� S� V\VWROLF�
DUWHULDO�SUHVVXUH�FKDQJHV��VDS�LV�WKH�6$3�YDOXH�PLQXV�WKH�
DYHUDJH��DQG�RI�S�UHVSLUDWRU\�YDULDWLRQV��UHVS�LV�WKH�5(63�
YDOXH�PLQXV� WKH� DYHUDJH���8QPHDVXUDEOH� LQSXWV� X� � � WDNHV�
WKH�IRUP�RI�DQ�DXWRUHJUHVVLYH�SURFHVV�RI�RUGHU�S�
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ZKHUH�Z� � �LV�D�ZKLWH�QRLVH�ZLWK�]HUR�PHDQ�DQG�YDULDQFH�
l� � � ��7KH�PRGHO�DLPV�DW�GHVFULELQJ��L��G\QDPLF�SURSHUWLHV�
RI� WKH�VLQXV�QRGH�FDSDEOH� WR�LPSRVH�GHSHQGHQFLHV�RI�WKH�
FXUUHQW�UU�LQWHUYDO�IURP�DW�OHDVW�RQH�SDVW�YDOXH�WKRXJK�WKH�
FRHIILFLHQW� K� ��� � � ����� LL�� WKH� DFWLYDWLRQ�GHDFWLYDWLRQ� RI� WKH�
EDURUHIOH[� WKURXJK� WKH� SDUDPHWHUV� K� ��� � ��! �� LLL�� GLUHFW�
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LQIOXHQFHV� RI� UHVSLUDWLRQ� FDSDEOH� WR� GULYH� UU� LQWHUYDO�
LQGHSHQGHQWO\� RI� VDS� WKURXJK� WKH� FRHIILFLHQWV� K" "�# "�$�% & �� LY��
FHQWUDO� QHXUDO� DFWLRQV� FDSDEOH� WR� PRGLI\� UU� LQWHUYDO�
LQGHSHQGHQWO\� RI� EDURUHIOH[� DQG� LQ� IUHTXHQF\� EDQGV�
GLIIHUHQW� IURP� WKH� UHVSLUDWRU\� RQH� �OLNHO\� LQ� ORZ�
IUHTXHQF\� �/)��EDQG�� IURP������ WR������+]�� WKURXJK� WKH�
SDUDPHWHUV�K'(" "�# '(" " ��
����� 6LQXV�QRGH�WUDQVIHU�IXQFWLRQ�

7KH� VLQXV� QRGH� WUDQVIHU� IXQFWLRQ� WDNHV� WKH� IROORZLQJ�
IRUP��
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ZKHUH� ] K" "�# " " ���� LV� D� UHDO� SROH�ZLWK�±��K" "�# " " ������� DV�

WKH�*" "�# " " �]�� LV� VWDEOH� DQG� ] #�,
� LV� WKH�RQH�GHOD\�RSHUDWRU� LQ�

WKH� =�GRPDLQ�� :KHQ� K" "�# " " ��� ��� WKH� WUDQVIHU� IXQFWLRQ�
EHKDYHV� DV� DQ�DOO�SDVV� ILOWHU�ZLWK�D�XQLWDU\�JDLQ�DQG�QXOO�
SKDVH��QR�G\QDPLF�HIIHFW� LV�GHVFULEHG���:KLOH�LQFUHDVLQJ�
K" "�# " " ���� DERYH� �� WKH� WUDQVIHU� IXQFWLRQ� RSHUDWHV� DV� D� ORZ�
SDVV� ILOWHU� ZLWK� D� UROH� RII� EHFRPLQJ� VWHHSHU� DQG� VWHHSHU�
DQG� D� SKDVH� PRUH� DQG� PRUH� QHJDWLYH��:KLOH� LQFUHDVLQJ�
K" "�# " " ���� EHORZ� ��� WKH� WUDQVIHU� IXQFWLRQ� ZRUNV� DV� D� KLJK�
SDVV� ILOWHU� ZLWK� D� PRUH� DQG� PRUH� LQFUHDVLQJ� GHULYDWLYH�
HIIHFW�DQG�D�SKDVH�PRUH�DQG�PRUH�SRVLWLYH���

����� 7HVWLQJ�WKH�DELOLW\�RI�* -�-/.�-�- �WR�GHVFULEH�
WKH�VLQXV�QRGH�JDLQ�

:H�WHVWHG�WKH�DELOLW\�RI�*" "�# " " �WR�GHVFULEH�WKH�VLQXV�QRGH�
WUDQVIHU�IXQFWLRQ�RQ�D�VHW�RI�KHDUW� WUDQVSODQW�SDWLHQWV�OHVV�
WKDQ� ��� PRQWKV� DIWHU� WUDQVSODQWDWLRQ�� ,Q� WKLV� SRSXODWLRQ�
RXU� PRGHO� FRUUHFWO\� GHWHFWHG� D� VLQXV� QRGH� WUDQVIHU�
IXQFWLRQ� ZLWK� D� IODW� JDLQ� �DOO�SDVV� ILOWHU��� ,QGHHG�� DV� D�
UHVXOW� RI� WKH� FRPSOHWH� FDUGLDF� GHQHUYDWLRQ�� WKH� G\QDPLF�
SURSHUWLHV� RI� WKH� EORFN� *" "�# " " � GHVFULELQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� WKH� FDUGLDF� HIIHUHQW� DFWLYLW\� �ERWK�

SDUDV\PSDWKHWLF� DQG� V\PSDWKHWLF�� DQG� KHDUW� UDWH� ZHUH�
DEROLVKHG� >�@�� ,Q� DGGLWLRQ�� ZH� IRXQG� WKDW�� DIWHU� WKH�
DGPLQLVWUDWLRQ�RI�D�KLJK�GRVH�RI�DWURSLQH�� WKH�UROH�RII�RI�
*" "�# " " � LV�IDVWHU�>�@��,QGHHG��DFFRUGLQJO\�ZLWK�WKH�H[FOXVLRQ�
RI� WKH� SDUDV\PSDWKHWLF� V\VWHP�� WKH� VLQXV� QRGH� WUDQVIHU�
IXQFWLRQ�ZDV�PRUH�VLPLODU�WR�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�
V\PSDWKHWLF�DFWLYLW\�DQG�KHDUW� UDWH�DQG�� WKHUHIRUH��ZLWK�D�
VWHHSHU�JDLQ�>�@���

��� ([SHULPHQWDO� SURWRFRO� DQG� GDWD�

DQDO\VLV�

7HQ� KHDOWK\� \RXQJ� PHQ� �DJH� IURP� ��� WR� ���� ZHUH�
VWXGLHG� LQ� WKH� VXSLQH� SRVLWLRQ� EHIRUH� �EDVHOLQH�� %�� DQG�

DIWHU� ORZ�GRVH�DGPLQLVWUDWLRQ�RI�DWURSLQH��/'����mJ�.J���
:H�UHFRUGHG�(&*��OHDG�,,���LQYDVLYH�DUWHULDO�SUHVVXUH��YLD�
D� FDWKHWHU� LQVHUWHG� LQWR� WKH� UDGLDO� DUWHU\�� DQG� UHVSLUDWLRQ�
�ZLWK�D�WKRUDFLF�EHOW����
7KH� KHDUW� SHULRG�ZDV� DSSUR[LPDWHG�ZLWK� WKH� GLVWDQFH�

EHWZHHQ� WZR� FRQVHFXWLYH� 5� SHDNV� GHWHFWHG� RQ� WKH� (&*�
�55�LQWHUYDO���6$3�ZDV�FDOFXODWHG�DV�WKH�PD[LPXP�RI�WKH�
DUWHULDO�SUHVVXUH�VLJQDO�LQVLGH�WKH�55�LQWHUYDO��$V�WKH�L�WK�
6$3�YDOXH�FRXOG�DIIHFW�WKH�L�WK�55�LQWHUYDO��IDVW��ZLWKLQ�D�
EHDW��EDURUHIOH[�LQIOXHQFHV�ZHUH�DOORZHG��7KH�UHVSLUDWRU\�
VLJQDO�ZDV�VDPSOHG�RQFH�SHU�FDUGLDF�EHDW�DW�WKH�EHJLQQLQJ�
RI� WKH� 55� LQWHUYDO� �5(63�L��� WR� H[WUDFW� WKH� UHVSLUDWRU\�
IUHTXHQF\��UHIHUUHG�WR�DV�KLJK�IUHTXHQF\��+)���$FFRUGLQJ�
WR� SUHYLRXV� VWXGLHV� >���@�� DIWHU�/'�ZH�REVHUYHG� WKDW� WKH�
PHDQ� 55� LQWHUYDO� DQG� UHVSLUDWRU\� VLQXV� DUUK\WKPLD� �WKH�
SRZHU� RI� WKH� 55� LQWHUYDO� VHULHV� DW� WKH� UHVSLUDWRU\�
IUHTXHQF\�� LQFUHDVHG�� ZKLOH� WKH� PHDQ� 6$3� DQG�
UHVSLUDWRU\�UDWH�ZHUH�XQFKDQJHG���
7KH� LGHQWLILFDWLRQ� RI� WKH� PRGHO� �)LJ���� DQG� WKH�

VHOHFWLRQ�RI� WKH�PRGHO�RUGHU�S�ZHUH�SHUIRUPHG�RQ�DERXW�
����FRQVHFXWLYH�DQG�FRUUHVSRQGLQJ�VDPSOHV�RI�55��6$3�
DQG� 5(63� YLD� JHQHUDOL]HG� OHDVW� VTXDUHV� DQG� $NDLNH�
FULWHULRQ� UHVSHFWLYHO\� >�@�� WKXV� DOORZLQJ� WKH� GLUHFW�

HYDOXDWLRQ�RI�K" "�# " " �����7KH�EDURUHIOH[�JDLQ�a�ZDV�REWDLQHG�
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VLQXV�QRGH�WUDQVIHU�IXQFWLRQ��
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)LJXUH� ��� 55� LQWHUYDO� VHULHV� EHIRUH� �D�� DQG� DIWHU� /'� �F���
DUH� VKRZQ� ZLWK� WKHLU� SRZHU� VSHFWUDO� GHQVLWLHV� �E� DQG� G��
VROLG�OLQH���7KH�GDVKHG�OLQH�UHSUHVHQWV�WKH�SRZHU�VSHFWUDO�
GHQVLW\�RI�WKH�UHVSLUDWRU\�VLJQDO��E�DQG�G���
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E\� IHHGLQJ� WKH� EORFN� +w w�x y z�{ � ZLWK� DQ� XQLWDU\� UDPS�
VLPXODWLQJ� WKH� SUHVVXUH� ULVH� DQG� E\�PHDVXULQJ� WKH� VORSH�
RI�WKH�VXEVHTXHQW�KHDUW�SHULRG�LQFUHDVH�>�@��7KH�VORSH�ZDV�
GHULYHG�DV�WKH�OHDVW�VTXDUHV�ILWWLQJ�RQ�WKH�ILUVW����VDPSOHV�
RI� WKH� UHVSRQVH� WR� WKH� 6$3� ULVH� DQG� H[SUHVVHG� LQ�
PV�PP+J�� 2QH� ZD\� $129$� �%RQIHUURQL¶V� WHVW�� ZDV�
XWLOL]HG�WR�WHVW�WKH�VLJQLILFDQFH�RI�WKH�GLIIHUHQFH�LQ�Kw w�x w w ����
DQG�a��DIWHU�/'���

��� �5HVXOWV�

)LJ��� VKRZV� DQ� H[DPSOH� RI� 55� LQWHUYDO� VHULHV� EHIRUH�
DQG� DIWHU� /'��7KH�PHDQ�55� LQWHUYDO� LQFUHDVHG� DIWHU�/'�
������YV�����PV��)LJ��D�F���7KH�SRZHU�VSHFWUXP�GHQVLWLHV�
RI� WKH� 55� LQWHUYDO� VHULHV� VKRZHG� HYLGHQW� SHDNV� DW� WKH�
UHVSLUDWRU\�UDWH�ERWK�EHIRUH�DQG�DIWHU�/'��)LJ��E�G���7KH�

UHVSLUDWRU\�VLQXV�DUUK\WKPLD��WKH�55�SRZHU�DVVRFLDWHG�WR�
WKH�UHVSLUDWRU\�UDWH��LQFUHDVHG�DIWHU�/'������YV�����PV

|
���

7KLV�WUHQG�ZDV�SUHVHQW�LQ�DOO�WKH�VXEMHFWV���
)LJ��� GHSLFWV� WKH� JDLQ� RI� WKH� VLQXV� QRGH� WUDQVIHU�

IXQFWLRQ�*w w�x w w �GHULYHG�IURP�WKH�55�LQWHUYDO�VHULHV�VKRZHG�
LQ� )LJ��� �DQG� IURP� WKH� UHOHYDQW� 6$3� DQG� UHVSLUDWRU\�
VLJQDOV���7KH�EORFN�*w w�x w w �EHKDYHG�DV�D�ORZ�SDVV�ILOWHU�ERWK�
EHIRUH�DQG�DIWHU�/'��Kw w�x w w ����ZDV�SRVLWLYH�������DQG������
LQ�D�DQG�E�UHVSHFWLYHO\���7KLV�UHVXOW�ZDV�FRQILUPHG�LQ�DOO�

WKH� VXEMHFWV��$W� %�� Kw w�x w w ����ZDV� ���������� DQG� UHPDLQHG�

XQFKDQJHG�DIWHU�/'��������������WKXV�UHQGHULQJ�WKH�VLQXV�
QRGH�JDLQ�VLPLODU�DW�DQ\�IUHTXHQF\��

)LJ��� VKRZV� WKH� UHVSRQVH� RI� WKH� EORFN� +w w�x y z�{ � WR� D�
XQLWDU\�6$3�UDPS��VTXDUHV��EHIRUH��D��DQG�DIWHU�/'��E��LQ�
WKH� VDPH� KXPDQ� VXEMHFW� ZKRVH� 55� LQWHUYDO� VHULHV� DUH�

+]��� ���

_*
UU
�U
U_
��
>D
�X
�@

�

�

+]��� ���

_*
UU
�U
U_
��
>D
�X
�@

�

�

D E

+)+)

�
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DIWHU�/'��E���7KH�SDUDPHWHU�K} }�~ } } ����LV������DQG������LQ�D�DQG�E�UHVSHFWLYHO\��7KH�55�LQWHUYDO�VHULHV�DUH�GHSLFWHG�LQ�)LJ����
7KH�DUURZV�LQGLFDWH�WKH�UHVSLUDWRU\�IUHTXHQF\��7KH�JDLQ�LV�H[SUHVVHG�LQ�DGLPHQVLRQDO�XQLWV��D�X����
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)LJXUH����&RXUVHV�RI�WKH�ILUVW�ILIWHHQ�VDPSOHV��VTXDUHV��RI�WKH�UHVSRQVHV�RI�WKH�+� ��� � ��� �EORFN�WR�WKH�XQLWDU\�SUHVVXUH�ULVH�RI�
6$3�DQG�RI�WKH�OLQHDU�ILWWLQJ��VROLG�OLQH��LQ�D�KHDOWK\�\RXQJ�PDQ�EHIRUH��D��DQG�DIWHU�/'��E���7KH�EDURUHIOH[�JDLQ�a�LV�
�����DQG������PV�PP+J�LQ�D�DQG�E�UHVSHFWLYHO\��7KH�55�LQWHUYDO�VHULHV�DUH�GHSLFWHG�LQ�)LJ�����
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GHSLFWHG� LQ� )LJ���� 7KH� VORSH� RI� WKH� OLQHDU� ILWWLQJ� �VROLG�

OLQH�� ZDV� WDNHQ� DV� D� PHDVXUH� RI� WKH� EDURUHIOH[� JDLQ� a��
7KH� VORSHV� ZHUH� VLPLODU� ������ DQG� ����� PV�PP+J� LQ� D�
DQG� E� UHVSHFWLYHO\��� ,Q� WKH� ZKROH� VHW� RI� GDWD�� ZH� IRXQG�

WKDW�a�ZDV�����������PV�PP+J�DW�%�DQG�ZDV�XQPRGLILHG�

DIWHU�/'������������PV�PP+J����

��� 'LVFXVVLRQ�

,W� LV� ZHOO� NQRZQ� WKDW� ORZ� GRVH� DGPLQLVWUDWLRQ� RI�
DWURSLQH� LQFUHDVHV� KHDUW� SHULRG� DQG� UHVSLUDWRU\� VLQXV�
DUUK\WKPLD� >���@�� ,Q� DQHVWKHWL]HG� GRJV� GLUHFW� UHFRUGLQJV�
RI� FDUGLDF� YDJDO� HIIHUHQW� DFWLYLW\� DQG� KHDUW� UDWH� KDYH�
SURYHG� WKDW�� LQ� WKH� SUHVHQFH� RI� DQ� XQFKDQJHG�EDURUHIOH[�
JDLQ�� WKH� UHVSLUDWRU\� PRGXODWLRQ� RI� YDJDO� DFWLYLW\�
LQFUHDVHV��WKXV�DOORZLQJ�WR�K\SRWKHVL]H�D�YDJDO�DFWLYDWLRQ�
QRW�FRPSOHWHO\�EORFNHG�E\�D�SDUWLDO�SHULSKHUDO�FKROLQHUJLF�
EORFNDGH� >�@�� ,Q� PDQ� WKH� PHFKDQLVP� XQGHUO\LQJ� WKH�
LQFUHDVH� RI� WKH� UHVSLUDWRU\� VLQXV� DUUK\WKPLD� DIWHU� ORZ�
GRVH� RI� DWURSLQH� LV� QRW� FODULILHG� \HW�� PDLQO\� GXH� WR� WKH�
GLIILFXOW\� RI� GLUHFWO\� DFFHVVLQJ� WR� WKH� FDUGLDF� YDJDO�
DFWLYLW\�� 5DF]NRZVND� HW� DO� >�@� KDYH� DWWULEXWHG� LW� WR� DQ�
DXJPHQWDWLRQ� RI� WKH� EDURUHIOH[� UHVSRQVLYHQHVV� �L�H�� WKH�
EDURUHIOH[� UHVSRQVH� WR� WKH� UHVSLUDWRU\�PRGXODWLRQ� RI� WKH�
DUWHULDO�SUHVVXUH���0RQWDQR�HW�DO�>�@�KDYH�DWWULEXWHG�LW�WR�D�
ODUJHU� UHVSLUDWRU\� PRGXODWLRQ� RI� WKH� QHXUDO� HIIHUHQW�
DFWLYLW\� �DV� VKRZQ� E\� DQ� LQFUHDVH� RI� WKH� UHVSLUDWRU\�
PRGXODWLRQ�RI� WKH�PXVFOH� V\PSDWKHWLF�DFWLYLW\��PHGLDWHG�
E\� DQ� DFWLYDWLRQ� RI� UHVSLUDWRU\� FHQWHUV� LQGHSHQGHQWO\� RI�
WKH�DFWLRQ�RI�WKH�EDURUHIOH[��$OVR�DQ�LQFUHDVH�RI�WKH�JDLQ�
RI�WKH�VLQXV�QRGH�WUDQVIHU�IXQFWLRQ�PD\�EH�UHVSRQVLEOH�IRU�
DQ� LQFUHDVH� RI� WKH� UHVSLUDWRU\� VLQXV� DUUK\WKPLD� >�@�� 7KH�
UHVXOWV� RI� WKH� SUHVHQW� VWXG\� DUH� LQ� IDYRU� RI� D� FHQWUDO�
DFWLYDWLRQ�� LQGHHG�� LQ� WKH� SUHVHQFH� RI� DQ� LQFUHDVH� RI� WKH�
UHVSLUDWRU\� VLQXV� DUUK\WKPLD�� WKH�EDURUHIOH[�JDLQ� DQG� WKH�
JDLQ� RI� WKH� VLQXV� QRGH� WUDQVIHU� IXQFWLRQ� VHHP� WR� EH�
XQPRGLILHG��7KLV� VWXG\�GRHV�QRW� FRQILUP� WKH� LQFUHDVH�RI�
WKH� EDURUHIOH[� JDLQ� UHSRUWHG� E\� 5DF]NRZVND� HW� DO� >�@��
7KLV�GLIIHUHQFH�FDQ�EH�H[SODLQHG�LQ�WHUPV�RI�WKH�PHWKRGV�
XWLOL]HG�WR�HVWLPDWH�WKH�EDURUHIOH[�JDLQ��,Q�5DF]NRZVND�HW�
DO�>�@�WKH�EDURUHIOH[�JDLQ�LV�FDOFXODWHG�DV�WKH�DPSOLWXGH�RI�
WKH� UHVSLUDWRU\� VLQXV� DUUK\WKPLD� QRUPDOL]HG� E\� WKH�
SUHVVXUH�FKDQJHV�LPSRVHG�E\�D�QHFN�FKDPEHU�GHYLFH��2Q�
WKH�FRQWUDU\��LQ�WKLV�VWXG\�WKH�EDURUHIOH[�JDLQ�LV�FDOFXODWHG�
EDVHG� RQ� D� PRGHO� LPSRVLQJ� FDXVDOLW\� EHWZHHQ� KHDUW�
SHULRG� DQG� V\VWROLF� DUWHULDO� SUHVVXUH� DQG� WDNLQJ� LQWR�
DFFRXQW� UHVSLUDWRU\� LQIOXHQFHV� QRW� PHGLDWHG� E\� WKH�
EDURUHIOH[��7KLV�PRGHO�SURGXFHV�D�EDURUHIOH[�JDLQ�VPDOOHU�
�LI�LW�LV�WKH�FDVH��WKDQ�WKDW�REWDLQHG�E\�WUDGLWLRQDO�PHWKRGV�
EDVHG� RQ� VSRQWDQHRXV� YDULDELOLW\� �H�J�� WLPH� GRPDLQ�
WHFKQLTXHV�� >�@�DV�D�UHVXOW�RI� LWV�DELOLW\�LQ�DFFRXQWLQJ�IRU�
WKH�HIIHFWV�RI�PHFKDQLVPV�RWKHUV�WKDQ�EDURUHIOH[��H�J��WKH�
DFWLYDWLRQ� RI� ORZ� SUHVVXUH� UHFHSWRUV�� SURGXFLQJ� D�
UHVSLUDWRU\� VLQXV� DUUK\WKPLD� LQGHSHQGHQWO\� RI� WKH�
DFWLYDWLRQ�RI�EDURUHIOH[�DQG��WKHUHIRUH��DQ�RYHUHVWLPDWLRQ�
RI�WKH�EDURUHIOH[�JDLQ��

��� &RQFOXVLRQV�

7KH� FRQWHPSRUDQHRXV� QRQ� LQYDVLYH� HVWLPDWLRQ� RI� WKH�
VLQXV�QRGH�WUDQVIHU�IXQFWLRQ�DQG�EDURUHIOH[�JDLQ�DOORZV�XV�
WR�JR�GHHSHU�LQ�WKH�PHFKDQLVPV�SURGXFLQJ�WKH�LQFUHDVH�RI�
WKH� UHVSLUDWRU\� VLQXV� DUUK\WKPLD� LQ� SUHVHQFH� RI� D� SDUWLDO�
SHULSKHUDO� FKROLQHUJLF� EORFNDGH� LQGXFHG� E\� ORZ� GRVH�
DWURSLQH�� ,W� DSSHDUV� WKDW� WKH� LQFUHDVH� RI� WKH� UHVSLUDWRU\�
VLQXV� DUUK\WKPLD� LV� QRW� GXH� WR� DQ� DXJPHQWDWLRQ� RI� WKH�
JDLQ�RI�WKH�VLQXV�QRGH�WUDQVIHU�IXQFWLRQ�RU�WR�DQ�LQFUHDVHG�
UHVSRQVLYHQHVV� RI� WKH� EDURUHIOH[�� WKXV� VXSSRUWLQJ� WKH�
K\SRWKHVLV�RI�D�FHQWUDO�RULJLQ���
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