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5HFHLYHG�-DQXDU\��������
7KH� GHSHQGHQFH� RI� HOHFWULFDO� GF� FRQGXFWLYLW\� RI�.+�32�� �.'3�� VLQJOH� FU\VWDOV� RQ� WKHGRVH�RI�J�LUUDGLDWLRQ�LV�LQYHVWLJDWHG��7KH�FRQGXFWLYLW\�LV�IRXQG�WR�GHFUHDVH�H[SRQHQWLDOO\�DW

J�LUUDGLDWLRQ��7KH�WHPSHUDWXUH�GHSHQGHQFHV�RI�WKH�FRQGXFWLYLW\�DUH�GHVFULEHG�E\�WKH�H[SR�
QHQWLDO� ODZ��7KH� SUH�H[SRQHQWLDO� IDFWRU� DQG� DFWLYDWLRQ� HQHUJ\� YDOXHV� RI� FRQGXFWLYLW\� DUH
GHWHUPLQHG� IRU� WKH� FU\VWDOV� LUUDGLDWHG� ZLWK� YDULRXV� GRVHV�� $QDO\VLV� RI� WKH� GRVH� DQG
WHPSHUDWXUH�GHSHQGHQFHV�VKRZV�WKDW�WKH�UDGLDWLRQ�LQGXFHG�GHFUHDVH�RI�WKH�FRQGXFWLYLW\�LV
DVVRFLDWHG� ZLWK� WKH� GHFUHDVH� RI�/�GHIHFW� FRQFHQWUDWLRQ� LQ� WKH� FU\VWDO�� 7KH� FRQFHQWUDWLRQFKDQJHV� LQ� DFFRUGDQFH� ZLWK� WKH� ODZ� RI� ILUVW� RUGHU� NLQHWLFV� DW� WKH� UDQJH� RI� J�LUUDGLDWLRQ
GRVHV�RI���������y���������*\��3RVVLEOH�PHFKDQLVPV�RI�WKH�/�GHIHFW� FRQFHQWUDWLRQ�FKDQJHV
XQGHU�J�LUUDGLDWLRQ�RI�FU\VWDOV�DUH�GLVFXVVHG��
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���,QWURGXFWLRQ
3RWDVVLXP� GLK\GURJHQ� SKRVSKDWH� �.'3�

.+�32��� VLQJOH� FU\VWDOV� KDYH� IRXQG� ZLGHXVH� LQ� ODVHU� IDFLOLWLHV� DV� HOHPHQWV� RI� HOHF�
WURRSWLFDO� VZLWFKHV�� PRGXODWRUV� DQG� GHIOHF�
WRUV� >�@��7KH� FU\VWDOV�XVHG� LQ� HOHFWURRSWLFDO
GHYLFHV�PXVW�KDYH� UDWKHU�KLJK�RKPLF� UHVLV�
WDQFH��WKHUHIRUH�GF�HOHFWULFDO�FRQGXFWLYLW\�LV
D�VLJQLILFDQW�FKDUDFWHULVWLF�RI�VXFK�FU\VWDOV�
,WV�YDOXH�GHSHQGV�RQ�WKH�FU\VWDO�JURZWK�DQG

UDGLDWLRQ� GHIHFWV� >�Ü�@�� 7KH� IRUPDWLRQ� RI
JURZWK� PLFURGHIHFWV� LV� FDXVHG� H�� J�� E\� LQ�
FRUSRUDWLRQ�RI�LPSXULWLHV�LQWR�WKH�ODWWLFH�LQ
WKH� SURFHVV� RI� FU\VWDO� JURZWK�� RU� E\� QRQ�
VWRLFKLRPHWU\� �YLRODWLRQ� RI� WKH
VWRLFKLRPHWU\�� RI� WKH� JURZWK� VROXWLRQ�� 5D�
GLDWLRQ� GHIHFWV� DUH� IRUPHG� LQ� WKH� FU\VWDOV
XQGHU� WKH� DFWLRQ� RI� HOHFWURPDJQHWLF� UDGLD�
WLRQ� ZLWK� KLJK� TXDQWXP� HQHUJ\�� 6WXG\� RI
WKH�LQIOXHQFH�RI�GLIIHUHQW�NLQGV�RI�UDGLDWLRQ
RQ�GF�HOHFWULFDO�FRQGXFWLYLW\�RI�.'3�FU\VWDOV
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LV�VLJQLILFDQW�ERWK�IRU�LPSURYHPHQW�RI�WKHLU
HOHFWURSK\VLFDO� FKDUDFWHULVWLFV� DQG� IRU� LQ�
YHVWLJDWLRQ�RI�WKH�PHFKDQLVPV�RI�WKH�IRUPD�
WLRQ�RI�UDGLDWLRQ�GHIHFWV��

7KH� FU\VWDO� VWUXFWXUH� RI� .+�32�� FRQVLVWVRI�.�� FDWLRQV� DQG�+�32�±� DQLRQV�� 7KH� SKRV�SKDWH� LRQV� 32��±� DUH� FRQQHFWHG� ZLWK� HDFKRWKHU� E\� WKH� K\GURJHQ� ERQGV�� $W� 7�!�7F� Ü����&� �����.�� WKH� FU\VWDOV� DUH� LQ� SDUDHOHF�
WULF�SKDVH�DQG�KDYH�WKH�WHWUDJRQDO�V\PPHWU\
,�
BB
�G� >�@��7KH�FRQGXFWLYLW\�V� LQ�.'3�FU\VWDOV

LV�GHILQHG�E\�PLJUDWLRQ�RI�WKH�SURWRQV�+��DQG
WKH� SURWRQ� YDFDQFLHV� 9+�� �/�GHIHFWV�� >�Ü�@�DQG�LV�GHVFULEHG�E\�WKH�HTXDWLRQ�

V� �V����H[S��
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N7��
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ZKHUH� V�� LV� WKH� SUHH[SRQHQWLDO� IDFWRU��(D�WKH�DFWLYDWLRQ�HQHUJ\�RI�FRQGXFWLYLW\��N��WKH
%ROW]PDQQ� FRQVWDQW�� 7�� WKH� DEVROXWH� WHP�
SHUDWXUH�� ,I� WKHUH� DUH� VRPH� FRQGXFWLRQ
PHFKDQLVPV�� WKH� ULJKW�KDQG� VLGH� RI� (T����
PD\� FRQWDLQ� VHYHUDO� WHUPV� ZLWK� V�� DQG�(DYDOXHV�FRUUHVSRQGLQJ�WR�HDFK�PHFKDQLVP�

$V� UHSRUWHG� LQ� >�@�� XQGHU� LUUDGLDWLRQ� RI
WKH� FU\VWDOV� ZLWK� LRQL]LQJ� UDGLDWLRQ� WKH
YDOXH�RI�GF�FRQGXFWLYLW\�FKDQJHV��+RZHYHU�
WKH� PHFKDQLVP� RI� WKH� LQIOXHQFH� RI� LUUDGLD�
WLRQ� RQ� WKH� FRQGXFWLYLW\� FDQ� EH� HVWDEOLVKHG
RQ� WKH�EDVH� RI� D�GHWDLOHG� VWXG\�RI� WKH�GRVH
DQG�WHPSHUDWXUH�GHSHQGHQFHV��DV�ZHOO�DV�LU�
UDGLDWLRQ�LQGXFHG�FKDQJHV� LQ�WKH�FRQFHQWUD�
WLRQ�RI�WKH�GHIHFWV�ZKLFK�LQIOXHQFH�WKH�FRQ�
GXFWLYLW\��

7KH� JRDO� RI� WKH� SUHVHQW�ZRUN�ZDV� WR� LQ�
YHVWLJDWH� WKH� J�LQGXFHG� FKDQJHV� LQ� WKH� FRQ�
FHQWUDWLRQ�RI� WKH�GHIHFWV� UHVSRQVLEOH� IRU�GF
FRQGXFWLYLW\� LQ�SRWDVVLXP�GLK\GURJHQ�SKRV�
SKDWH� FU\VWDOV�� DQG� WR� GHWHUPLQH� WKH� HIIHFW
RI��LUUDGLDWLRQ�RQ�WKH�YDOXHV�RI�V��DQG�(D���7KH� LQYHVWLJDWHG� FU\VWDO� VDPSOHV� ZHUH
JURZQ� E\� WKH�PHWKRG� RI� VROYHQW� UH�FLUFXOD�
WLRQ�DW�D�UDWH�RI��Ü��PP�GD\��7KH�LPSXULW\
FRPSRVLWLRQ� RI� WKH� VDPSOHV�ZDV� HVWDEOLVKHG
E\� WKH� VWDQGDUG� PHWKRGV� RI� DWRP�HPLVVLRQ
VSHFWURPHWU\� �VHH� 7DEOH����� 7KH� DPRXQW� RI
��$V� LPSXULW\� LQ� SRWDVVLXP� GLK\GURJHQ
SKRVSKDWH� VROXWLRQV� GHWHUPLQHG� LQ� DFFRUG�
DQFH�ZLWK�>��@�ZDV���Ü�Ü��Ü��ZW���

7KH�UDGLRDFWLYH�LVRWRSH���&R�ZDV�XVHG�DV
D�VRXUFH�RI�J�UD\V��WKH�LUUDGLDWLRQ�GRVHV�YDU�
LHG�ZLWKLQ��������Ü����*\�UDQJH�

���([SHULPHQWDO
)RU�WKH�LQYHVWLJDWHG�XQLUUDGLDWHG�DQG�LUUD�

GLDWHG�.'3�VDPSOHV��WKH�GLIIHUHQFH�LQ�WKH�YDO�
XHV� RI� GF� FRQGXFWLYLW\� PHDVXUHG� DORQJ� WKH

D[LV�F�DQG�SHUSHQGLFXODU�WR�LW��GLG�QRW�H[FHHG
��Ü����� ��������_V__���VA��_V__�a���y������� ,Q
WKLV� SDSHU� ZH� SUHVHQW� WKH� UHVXOWV� RI� WKH
PHDVXUHPHQWV� RI� WKH� D[LDO� FRQGXFWLYLW\
FRPSRQHQW�

7KH� YDOXH� RI� GF� FRQGXFWLYLW\� ZDV� PHDV�
XUHG� IRU� WKH� HOHFWULF� ILHOG� LQWHQVLWLHV� (� 
���Ü���� 9�FP�� ,Q� WKLV� UDQJH� WKH� YROWDJH�
FXUUHQW� FKDUDFWHULVWLF� RI� WKH� FU\VWDO� LV� OLQ�
HDU�HQRXJK�>�@��VR� LW� LV�SRVVLEOH�WR�FRPSDUH
WKH�UHVXOWV�RI�GF�FRQGXFWLYLW\�PHDVXUHPHQWV
REWDLQHG� DW� GLIIHUHQW� DSSOLHG� YROWDJH� DQG
GLIIHUHQW�VDPSOH�V�WKLFNQHVV�RI�WKH�VDPSOH��

7R� REWDLQ� WKH� GDWD� FRQFHUQLQJ� WKH� FRQ�
GXFWLRQ� PHFKDQLVP�� ZH� LQYHVWLJDWHG� WKH
WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH� FRQGXFWLY�
LW\�DQG�GHWHUPLQHG�WKH�YDOXHV�RI�V��DQG�(DIURP�WKHVH�GHSHQGHQFHV�XVLQJ�WKH�PHWKRG�RI
OHDVW� VTXDUHV�� 7KH� VDLG� GHSHQGHQFHV� ZHUH
PHDVXUHG� E\� �(����$�� WHUDRKPPHWHU� �WKH
LQVWUXPHQWDO�HUURU�EHLQJ�r�����DW�(� ����Ü
���� 9�FP�� 7KH�PHDVXUHPHQWV� ZHUH� FDUULHG
RXW�ZLWKLQ���Ü����&�LQWHUYDO��7R�REWDLQ�WKH
UHTXLUHG� WHPSHUDWXUH� RI� WKH� FU\VWDO� VDP�
SOHV��D��%�����W\SH�WKHUPRVWDW�ZLWK�DQ�HOHF�
WULF�KHDWHU�XQLW�ZDV�XVHG��7KH� WHPSHUDWXUH
ZDV�PHDVXUHG� E\� D� GLIIHUHQWLDO� FRSSHU�FRQ�
VWDQWDQ�WKHUPRFRXSOH��2QH��FROG��HQG�RI�WKH
WKHUPRFRXSOH� ZDV� SODFHG� LQ� D� WKHUPRVWDW
ZLWK� D� WHPSHUDWXUH� RI� ��&�� WKH� RWKHU� HQG
ZDV�LQ�FRQWDFW�ZLWK�WKH�LQYHVWLJDWHG�VDPSOH�
7KH� FRQGXFWLYLW\� PHDVXUHPHQWV� ZHUH� FDU�
ULHG� RXW� XVLQJ� WKH� FRQYHQWLRQDO� WZR�SUREH
WHFKQLTXH� RQ� WKH� FU\VWDO� VDPSOHV� VKDSHG� DV
SDUDOOHOHSLSHGV�ZLWK�WZR�RSSRVLWH�IDFHV�FRY�
HUHG� ZLWK� JUDSKLWH� WR� SURYLGH� JRRG� RKPLF
FRQWDFWV� ZLWK� WKH� FU\VWDO� LQYHVWLJDWHG�� 7KH
UHVLVWDQFH�RI�WKH�VDPSOHV�ZDV�PHDVXUHG�DW�D
YROWDJH� RI� ���� 9�� 7KH� FRQGXFWLYLW\� RI� WKH
FU\VWDOV�ZDV�IRXQG�IURP�WKH�UHODWLRQ�
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ZKHUH�5� LV� WKH� UHVLVWDQFH� RI� WKH� VDPSOH�� W�
WKH� WKLFNQHVV� RI� WKH� VDPSOH��6�� WKH�DUHD� RI
WKH�FU\VWDO�VDPSOH�IDFHV�FRYHUHG�ZLWK�JUDSK�
LWH��6� �$�u�%�� ZLWK�$� DQG�%� EHLQJ� WKH� GL�
PHQVLRQV�RI�WKH�VDPSOH��

7DEOH���� 5HVXOWV� RI� LPSXULW\� FRPSRVLWLRQ
DQDO\VLV�IRU�.'3�FU\VWDOV�

,PSXULW\�FRQWHQW��ZW����
3E 6L )H $O &D

�����Ü� ������Ü� ������Ü� ����Ü� ������Ü�
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7KH�GHSHQGHQFH�RI�GF�FRQGXFWLYLW\�RQ�WKH
GRVH� RI� J�LUUDGLDWLRQ� �WKH� GRVH� GHSHQGHQFH�
ZDV�PHDVXUHG� DORQJ� WKH� F�D[LV� DW� WKH� HOHF�
WULF� ILHOG� LQWHQVLW\� HTXDO� WR� ���� 9�FP� E\
PHDQV�RI�WKH�FLUFXLW�VKRZQ�LQ�)LJ�����XVLQJ
FXUUHQW�FRQGXFWLQJ� UXEEHU� HOHFWURGHV�� 7KH
SRZHU�VXSSO\�YROWDJH�ZDV���(� � ����%��WKH�YDOXH
RI� WKH� VWDQGDUG� UHVLVWRU� ZDV��5�� �����2KP�7KH�YROWDJH�DFURVV� WKH� VWDQGDUG� UHVLVWRU�ZDV
PHDVXUHG� E\� D� GLUHFW� FXUUHQW� HOHFWURPHWULF
YROWPHWHU�9.������7KH�YROWPHWHU�HUURU�DQG
WKH�XQFHUWDLQW\�RI� WKH�FXUUHQW�YDOXH� LQ� WKH
PHDVXUHPHQWV� XVLQJ� SRWHQWLDO� GURS� DFURVV
WKH� VWDQGDUG� UHVLVWRU� ZHUH� r���� �� DQG
r��� ��� UHVSHFWLYHO\�� $� FRQVWDQW�YROWDJH
SRZHU� VXSSO\� 7(6���ZDV� XVHG� DV� D� YROWDJH
VXSSO\��7KH�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW
DW�WKH�WHPSHUDWXUH�7� ���r����&��7KH�PHQ�
WLRQHG�LQVWDELOLW\�RI�WKH�FU\VWDO�VDPSOH�WHP�
SHUDWXUH� OHDGV� WR� LQDFFXUDF\� RI� WKH� UHVLV�
WDQFH�PHDVXUHPHQWV�RI�����y�������DW�(D� �����y������H9��

7KH�UHVLVWDQFH�RI�WKH�VDPSOH�5�ZDV�GHWHU�
PLQHG�IURP�WKH�IRUPXOD��

�����������5� �5�>�(���8��²��@��������������������
ZKHUH�(�LV�WKH�SRZHU�VXSSO\�YROWDJH��5���WKHUHVLVWDQFH� RI� WKH� VWDQGDUG� UHVLVWRU�� 8�� WKH
YROWDJH�GURS�DFURVV�WKH�VWDQGDUG�UHVLVWRU�

7KH� FRQGXFWLYLW\� RI� WKH� FU\VWDOV� ZDV
IRXQG� IURP� UHODWLRQ� ���� LQ� ZKLFK� 6� LV� WKH
DUHD�RI�WKH�FU\VWDO�IDFHV�FRQWDFWLQJ�ZLWK�WKH
HOHFWURGHV��

:KLOH� PHDVXULQJ� GRVH� GHSHQGHQFHV�� WKH
VWDQGDUG� HUURU� RI� GF� FRQGXFWLYLW\�PHDVXUH�
PHQWV�� WDNLQJ� LQWR� DFFRXQW� WKH� XQFHUWDLQW\
RI� WKH� FU\VWDO� WHPSHUDWXUH�� WKH� GLPHQVLRQV
RI� WKH� FU\VWDO� VDPSOH� DQG� WKH� LQVWUXPHQWDO
HUURU�GLG�QRW�H[FHHG������

7KH�VDPSOHV�XVHG�LQ�WKLV�VWXG\�KDG�WKH�IRO�
ORZLQJ� GLPHQVLRQV��$� �����y������%� �����y�����
W� ������y������FP�

���5HVXOWV�DQG�GXVFXVVLRQ
,Q�D�QXPEHU�RI�FDVHV�WKH�GF�FRQGXFWLYLW\

SDUDPHWHUV�V��DQG�(D�GHWHUPLQHG�E\�DQDO\]�LQJ� WKH� WHPSHUDWXUH� GHSHQGHQFHV� JLYH� WKH
LQIRUPDWLRQ� FRQFHUQLQJ� WKH� PHFKDQLVP� RI
FKDUJH� WUDQVIHU�� $V� VKRZQ� LQ� >�@�� IRU�.'3
FU\VWDOV� WKH� YDOXH� (D��|�����Ü�����H9SRLQWV� WR� WKH� SURFHVVHV� RI� WKH�PLJUDWLRQ� RI
SURWRQ�YDFDQFLHV� �/�GHIHFWV���ZKHUHDV�(D��!(D��� (D���|�����Ü����� H9� LV� XVXDOO\� FRQ�QHFWHG� ZLWK� WKH� SURFHVV� RI� WKH� IRUPDWLRQ
DQG� PLJUDWLRQ� RI� LQWULQVLF� GHIHFWV� LQ� WKH
FU\VWDO� >�Ü�@�� $W� WKH� VDPH� WLPH�� LQ� QRQ�
VWRLFKLRPHWULF�.'3� FU\VWDOV� KLJK�(D� YDOXHVPD\�EH�DOVR�FDXVHG�E\�WKH�PLJUDWLRQ�RI�H[�
FHVVLYH�SURWRQV�RYHU�WKH�LQWHUVWLWLDOV�>�@��,Q�WKH
RSLQLRQ�RI�WKH�DXWKRUV�RI�WKH�PHQWLRQHG�SDSHU�
WKH� FU\VWDOV�ZLWK�KLJK�DFWLYDWLRQ� HQHUJLHV� DUH
PRUH� SHUIHFW�� VLQFH� KLJK�(D� YDOXH� WHVWLILHV� WRGRPLQDWLRQ�RI�WKH�LQWULQVLF�FRQGXFWLRQ�PHFKD�
QLVP�FKDUDFWHUL]HG�E\�(D�!�����H9�7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� GF� FRQ�
GXFWLYLW\�RI�WKH�LUUDGLDWHG�FU\VWDOV�REWDLQHG
LQ� WKH�SUHVHQW�SDSHU� �)LJ�����KDYH�WKH�IRUP
RI� VWUDLJKW� OLQH� LQ� WKH� $UUKHQLXV� FRRUGL�
QDWHV� ���7�� OJV��� LQ� WKH� WHPSHUDWXUH� UDQJHRI� ���y�����&�� 7KLV� SRLQWV� WR� WKH� IDFW� WKDW
WKH� WHPSHUDWXUH�GHSHQGHQW� FKDQJHV� LQ� GF
FRQGXFWLYLW\�RI�WKH�FU\VWDOV�RFFXU�LQ�DFFRUG�
DQFH�ZLWK�(T������

7KH�YDOXHV�V��DQG�(D�DUH�FDOFXODWHG�IURPWKH�VORSH�RI�WKH�FRQGXFWLYLW\�FXUYH�WRZDUGV
WKH� D[LV� ;� DQG� WKH� LQWHUFHSW� RI� WKLV� FXUYH

)LJ�����7ZR�HOHFWURGH�FLUFXLW�IRU�PHDVXUHPHQW
RI�GF�FRQGXFWLYLW\�RI�WKH�FU\VWDOV��(�Û�SRZHU
VXSSO\�� 5�� Û� PHDVXULQJ� UHVLVWRU�� ��� �� Û
HOHFWURGHV����Û�FU\VWDO�VDPSOH��

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�HOHFWULFDO
GF� FRQGXFWLYLW\� RI� QRQ�LUUDGLDWHG� DQG� J�LUUD�
GLDWHG� .'3� FU\VWDOV� �WKH� VROLG� OLQHV� GHQRWH
OJV�YDOXHV�FDOFXODWHG�EDVHG�RQ�WKH�SDUDPHWHUV
IURP�7DEOH����

$�1�/HYFKHQNR�HW�DO����*DPPD�UD\�LQGXFHG�GHFUHDVH�RI����
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RQ�WKH�D[LV�<��7KH�FDOFXODWHG�SDUDPHWHUV�RI
WKH�GF�FRQGXFWLYLW\�RI�SRWDVVLXP�GLK\GURJHQ
SKRVSKDWH�FU\VWDOV�DUH�SUHVHQWHG�LQ�7DEOH���

$V�IROORZV�IURP�WKH�7DEOH��WKH�FRQGXFWLY�
LW\� SDUDPHWHUV� RI� WKH� LUUDGLDWHG� FU\VWDOV� YDU\
ZLWKLQ�UDWKHU�ZLGH�LQWHUYDO��(D� ������y������H9�OJV�� �Ü�����y������6�FP�$QDO\VLV� RI� WKH� UHVXOWV� REWDLQHG� LQ� WKH
SUHVHQW�VWXG\�VKRZ�WKDW�IRU�.'3�W\SH�FU\V�
WDOV� WKH�YDOXH�RI�GF�FRQGXFWLYLW\� LV�GHILQHG
E\�WKH�H[SUHVVLRQ�>�@�

V� �V�����H[S��
(D�
N7 ����V�����H[S��

(D�
N7 �� ���

ZKHUH� V���� V��� DUH� WKH� SUHH[SRQHQWLDO� IDF�WRUV��(D���(D���WKH�DFWLYDWLRQ�HQHUJLHV�FRUUH�VSRQGLQJ�WR�GLIIHUHQW�PHFKDQLVPV�RI�GF�FRQ�
GXFWLRQ�� 7KH� ILUVW� WHUP� LQ� (T����� LV� WKH
VWUXFWXUH�GHSHQGHQW� FRPSRQHQW� RI� WKH� FRQ�
GXFWLYLW\� �GHILQHG� E\� WKH� ODWWLFH� LPSHUIHF�
WLRQV� DQG� FRQQHFWHG� ZLWK� WKH� PLJUDWLRQ� RI
/�GHIHFWV��� 7KH� VHFRQG� WHUP� GHVFULEHV� WKH
FRQGXFWLYLW\�FDXVHG�WKH�SURFHVVHV�RI�IRUPD�
WLRQ� DQG� PLJUDWLRQ� RI� WKH� LQWULQVLF� DQG�
SUREDEO\��VRPH�W\SHV�RI�LPSXULW\�GHIHFWV��

)RU� WKH� XQLUUDGLDWHG� SRWDVVLXP� GLK\GUR�
JHQ� SKRVSKDWH� FU\VWDOV� VWXGLHG� LQ� WKH� SUH�
VHQW�ZRUN�(D��|������H9��7KLV�WHVWLILHV�WKDWLQ� WKH� YLFLQLW\� RI� URRP� WHPSHUDWXUH� WKH
PHFKDQLVP�RI�GF�FRQGXFWLRQ�FDXVHG�WKH�PL�
JUDWLRQ� RI� /�GHIHFWV� LV� GRPLQDWLQJ�� ,Q� WKH
FU\VWDOV� LUUDGLDWHG� ZLWK� KLJK� GRVHV
�'� ����� *\�� (D�� ������ H9�� ,Q� WKLV� FDVHWKH�LQWULQVLF�FRQGXFWLRQ�PHFKDQLVP�DQG�WKH

PHFKDQLVP� FDXVHG� WKH� SURWRQ� PLJUDWLRQ
RYHU�WKH�LQWHUVWLWLDOV��PD\�EH�UHDOL]HG��

)LJ���� VKRZV� WKH� GHSHQGHQFH� RI� WKH� GF
FRQGXFWLYLW\�RI�.'3�VLQJOH�FU\VWDOV�V__�PHDV�XUHG�DORQJ�WKH�FU\VWDO�D[LV�F�RQ�WKH�GRVH�RI
J�LUUDGLDWLRQ��2QH�FDQ�VHH�WKDW�HYHQ�DW�FRP�
SDUDWLYHO\� ORZ� GRVHV� �'�d��������� *\�� WKH
FRQGXFWLYLW\� YDOXH� HVVHQWLDOO\� FKDQJHV�
$IWHU� J�LUUDGLDWLRQ� ZLWK� '�!������� *\� WKH
URRP� WHPSHUDWXUH� FRQGXFWLYLW\� GLPLQLVKHV
E\�DQ�RUGHU��

7KH�REVHUYHG�HVVHQWLDO�FKDQJH�RI�WKH�FRQ�
GXFWLYLW\� RFFXUV� LQ� WKH� YLFLQLW\� RI� URRP
WHPSHUDWXUH�ZKHUH�WKH�YDOXHV�V��DQG�(D�DUH

7DEOH����(OHFWULFDO�GF�FRQGXFWLYLW\�SDUDPHWHUV�IRU�.'3�VLQJOH�FU\VWDOV

6DPSOH
QXPEHU

'RVH��*\� (D��H9� OJV���6�FP� V57�F��6�FP� V���F��6�FP� 7��&�

�D � �����r����� Ü����r���� ������Ü�� ������Ü�� �����
�E � �����r����� ���r��� ������Ü�� ������Ü�� ���Ü����
�D ������� �����r����� Ü����r���� ������Ü�� ������Ü�� �����
�D ������� �����r����� Ü����r���� ������Ü�� ������Ü�� �����
�D�G ������� �����r����� Ü����r���� ������Ü�� ������Ü�� �����
�D ��� �����r����� ����r���� ������Ü�� ������Ü�� �����


� 7KH� UHVXOWV� DUH� SUHVHQWHG� DV� WKH� FDOFXODWHG� SDUDPHWHUV� rVWDQGDUG� HUURU�� 7KH� PDLQ� UHVXOWV� ZHUH
REWDLQHG� DW� LQFUHDVLQJ� WKH� WHPSHUDWXUH� RI� WKH� FU\VWDOV� LUUDGLDWHG� ��� �VDPSOH� ��� DQG�PRUH� WKDQ� ��
\HDUV��VDPSOHV�������EHIRUH��(D�DQG�V��YDOXHV�ZHUH�FDOFXODWHG�ZLWKRXW�ZHLJKWLQJ��D��E� ORZ�WHPSHUDWXUH��7�������&��DQG�KLJK�WHPSHUDWXUH��7�!�����&��FRQGXFWLYLW\�SDUDPHWHUV��UHVSHF�
WLYHO\���
F�WKH�YDOXHV�FRQGXFWLYLW\�DW�URRP�WHPSHUDWXUH��V57��DQG�DW����&�ZHUH�FDOFXODWHG�XVLQJ�WKH�SDUDPHWHUVFRQWDLQHG�LQ�WKH�7WDEOH�
G� ORZ�WHPSHUDWXUH�SDUDPHWHUV�RI�FRQGXFWLYLW\�ZHUH�GHWHUPLQHG�DW�FRROLQJ�RI�WKH�FU\VWDO�IURP�����&
GRZQ�WR�URRP�WHPSHUDWXUH�

)LJ�����(OHFWULFDO�GF�FRQGXFWLYLW\�RI�.'3�VLQ�
JOH� FU\VWDOV� YHUVXV� J�LUUDGLDWLRQ�GRVH� ���� DQG
GRVH�LQGHSHQGHQW� FRPSRQHQW� RI� FRQGXFWLYLW\
V��|�FRQVW� ����� 7KH� FRQGXFWLYLW\� ZDV� PHDV�XUHG�DORQJ�F�D[LV�DW����&��WKH�VROLG� OLQHV�GH�
QRWH�OJV�YDOXHV�FDOFXODWHG�IURP�IRUPXOD������

$�1�/HYFKHQNR�HW�DO����*DPPD�UD\�LQGXFHG�GHFUHDVH�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



VHQVLWLYH� WR� GHIHFWV� IRUPHG� LQ� FU\VWDOV�� DV
ZHOO� DV� LQ� WKH� UDQJH� RI� J�LUUDGLDWLRQ� GRVHV
ZKHUH�.'3�FU\VWDO�ODWWLFH�LV�UDGLDWLRQ�UHVLV�
WDQW� >�@�� 7KLV� DOORZV� WR� DVVXPH� WKDW� WKH
REVHUYHG� HIIHFWV� DUH� PDLQO\� GHILQHG� E\
PRGLILFDWLRQ�RI�WKH�VWUXFWXUH�RI�WKH�JURZWK
GHIHFWV�SUHVHQW�LQ�WKH�FU\VWDO��

$V� VHHQ� IURP�)LJ����� WKHUH� DUH� WZR� FRQ�
GXFWLYLW\�FRPSRQHQWV�V��DQ�V���RQH�RI�WKHPHVVHQWLDOO\�GHSHQGV�RQ� WKH� LUUDGLDWLRQ�GRVH�
7KH� GRVH� GHSHQGHQFHV� RI� GF� FRQGXFWLYLW\
PD\�EH�SUHVHQWHG�DV�

V�'�� �V��'����V�� �V������H[S§̈©
'
'�

·̧
¹
���V�� ���

ZKHUH�V��DQG�V��|�FRQVW�DUH�WKH�WZR�FRQGXF�WLYLW\� FRPSRQHQWV� ZLWK� ORZ� �(D�a�����H9�DQG� KLJK� �(D�!����� H9�� YDOXH� RI� DFWLYDWLRQ
HQHUJ\��UHVSHFWLYHO\��V����WKH�FRQVWDQW�IDFWRUFRUUHVSRQGLQJ�WR�WKH�YDOXH�RI�WKH�GF�FRQGXFWLY�
LW\�V��RI�WKH�XQLUUDGLDWHG�FU\VWDO��'��WKH�GRVH
RI� J�LUUDGLDWLRQ��'��� WKH� FRQVWDQW� YDOXH�PHDV�XUHG�LQ�*\�DQG�QXPHULFDOO\�HTXDO�WR�WKH�GRVH�RI
J�LUUDGLDWLRQ�DW�ZKLFK�WKH�FRQGXFWLYLW\�FRPSR�
QHQW� V�� GLPLQLVKHV� E\� H� WLPHV�� )RU� WKH� LQYHVWL�
JDWHG�FU\VWDO�V��� �����r�������Ü���6�FP��V��� �
�����r��������Ü���6�FP��'�� �����r���������*\�7KH� J�LQGXFHG�GHFUHDVH� RI� WKH�GF� FRQGXF�
WLYLW\�RI�.'3�VLQJOH�FU\VWDOV�REVHUYHG�DIWHU
J�LUUDGLDWLRQ� LV� VWDEOH� HQRXJK�� +HDWLQJ� RI
WKH� LUUDGLDWHG� VDPSOH� XS� WR� ����&� GLG� QRW
LQFUHDVH�WKH�FRQGXFWLYLW\�YDOXH��7KH�FRQGXF�
WLYLW\� RI� WKH� VDPSOHV� LUUDGLDWHG� ZLWK
'�|������� *\� UHPDLQHG� E\� ��y�����WLPHV
ORZHU� LQ� FRPSDULVRQ� ZLWK� WKH� RQH� RI� WKH
XQLUUDGLDWHG�VDPSOHV�DW�VWRUDJH�RI�WKH�LUUD�
GLDWHG� FU\VWDOV� GXULQJ� ���y���� \HDUV� DW
��r��&��7DEOH�����

,W� LV� NQRZQ� WKDW� WKH� GRVHV� RI� J�LUUDGLD�
WLRQ� '�a����� *\� OHDG� WR� WUDQVIRUPDWLRQ� RI
WKH� GHIHFWV� >��@�� EXW� GR� QRW� KDYH� HVVHQWLDO
LQIOXHQFH� RQ� .'3� FU\VWDO� VWUXFWXUH� SHUIHF�
WLRQ� >�@�� 6R�� J�LUUDGLDWLRQ� FDQ� EH� XVHG� IRU
GHFUHDVLQJ� WKH� GF� FRQGXFWLYLW\� RI� WKH� FU\V�
WDOV��

+RZHYHU�� KHDWLQJ� RI� WKH� FU\VWDOV� XS� WR
WHPSHUDWXUHV� KLJKHU� WKDQ� ����&� HVVHQWLDOO\
LQFUHDVHG� WKHLU� GF� FRQGXFWLYLW\� �)LJ������$V
VHHQ� IURP� WKH� ILJXUH�� DW� KLJKHVW� WHPSHUD�
WXUHV� WKH� YDOXH� RI� GF� FRQGXFWLYLW\� RI� WKH
LUUDGLDWHG� FU\VWDOV� EHFDPH� FORVH� WR� WKDW� RI
WKH�XQLUUDGLDWHG�FU\VWDOV��,Q�WKLV�FDVH�WKHUH
RFFXUHG� LUUHYHUVLEOH� FKDQJHV� LQ� WKH� FRQGXF�
WLYLW\� SDUDPHWHUV�� (D� DQG� OJV�� GLPLQLVK�

ZKHUHDV� WKH� GF� FRQGXFWLYLW\� DW� URRP� WHP�
SHUDWXUH�LQFUHDVHV��7DEOH�����

7KH� FRQFHQWUDWLRQ� RI� /�GHIHFWV� LQ� .'3
FU\VWDOV� FDQ� EH� HVWLPDWHG� XVLQJ� WKH� UHVXOWV
>�@��ZKLFK�VKRZ�WKDW�WKLV�FRQFHQWUDWLRQ�YDU�
LHV�LQ�SURSRUWLRQ�WR�WKH�FRQFHQWUDWLRQ�RI�WKH
LQWURGXFHG� +62�±� LPSXULW\� LRQV�� 7KLV� LVFRQQHFWHG� ZLWK� WKH� IDFW� WKDW� RQH� VXOIDWH
LRQ�+62�±�ZKLFK� VXEVWLWXWHV� WKH� SKRVSKDWHLRQ�+�32�±� SURGXFHV�RQH�SURWRQLF�YDFDQF\�/�GHIHFW�� LQ� .'3�W\SH� FU\VWDOV�� 7KHUHIRUH�
WKH�PRELOLW\�RI�/�GHIHFWV�FDQ�EH�GHWHUPLQHG
IURP�WKH�NQRZQ�FRQFHQWUDWLRQ�RI�WKH�VXOIDWH
LRQV�LQWURGXFHG�LQ�WKH�FU\VWDO��

V/� �1/���T���P/� ���
ZKHUH�V/� LV� WKH� FRQGXFWLYLW\� FDXVHG� E\� WKHSUHVHQFH� RI� �/�GHIHFWV��1/�� WKH� TXDQWLW\� RIWKH� GHIHFWV� SHU� FP��� T�� WKH� YDOXH� RI� WKH
FKDUJH�RI�D�SURWRQ��P/��WKH�PRELOLW\�RI�/�GH�IHFWV���

8VLQJ� WKH� NQRZQ� YDOXH� RI� SURWRQLF� YD�
FDQF\�PRELOLW\� DQG�(T����� RQH� FDQ� ILQG� WKH
FRQFHQWUDWLRQ� RI� /�GHIHFWV� LQ� WKH� FU\VWDOV�
$W� ���&� WKH� PRELOLW\� RI� /�GHIHFWV
P/� �����Ü���FP��9Ü��VÜ��>�@�

)RU� WKH� VWXGLHG� XQLUUDGLDWHG� FU\VWDOV
ZLWK� V�����!�V�� WKH� DFWLYDWLRQ� HQHUJ\�(D� ����� H9�� 7KLV� SRLQWV� WR� WKH� IDFW� WKDW� WKH
FRQGXFWLYLW\�V��'�� LQ�H[SUHVVLRQ� ���� LV� FRQ�QHFWHG� ZLWK� WKH� PLJUDWLRQ� RI� /�GHIHFWV�
7KHUHIRUH��WKH�GHSHQGHQFH�RI�WKH�FRQFHQWUD�
WLRQ�RI�/�GHIHFWV�RQ�WKH�GRVH�RI�J�LUUDGLDWLRQ
1/�'�� WDNLQJ� LQWR�DFFRXQW�V�__�|�V�A�PD\�EHZULWWHQ�DV��

1/�'�� �1/����H[S�� ''�
�� ���

)LJ�����'HSHQGHQFH� RI�/�GHIHFW� FRQFHQWUDWLRQ
LQ� .'3� FU\VWDOV� RQ� J�LUUDGLDWLRQ� GRVH� �WKH
VROLG� OLQHV�GHQRWH� OJV� YDOXHV� FDOFXODWHG� IURP
IRUPXOD������

$�1�/HYFKHQNR�HW�DO����*DPPD�UD\�LQGXFHG�GHFUHDVH�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



ZKHUH�1/�� LV� WKH� FRQFHQWUDWLRQ� RI� /�GHIHFWVLQ� WKH� XQLUUDGLDWHG� FU\VWDOV��'�� WKH� GRVH� RI
J�LUUDGLDWLRQ��'��� WKH�FRQVWDQW�YDOXH�QXPHUL�
FDOO\� HTXDO� WR� WKH� GRVH� RI� J�LUUDGLDWLRQ� DW
ZKLFK�1/�'�� GLPLQLVKHV� E\� H� WLPHV�� )RU� WKH
LQYHVWLJDWHG� 1/�� ������ ����������FPÜ��� '�� 
����r���������*\��7KH�GHSHQGHQFH�RI�FRQFHQ�
WUDWLRQ� RI� /�GHIHFWV� RQ� J�LUUDGLDWLRQ� GRVH
1/�'��LV�SUHVHQWHG�LQ�)LJ�����7KH� FRQFHQWUDWLRQ� RI�/�GHIHFWV�1/��PD\EH�DOVR�GHWHUPLQHG�DV�IROORZV�>��@�

U�� � K
T����G����1/����

���

ZKHUH�U�� ���V���V���WKH�SUHH[SRQHQWLDO�IDF�WRU� LQ� (T������ K�� WKH� 3ODQFN�V� FRQVWDQW�� T�
WKH� FKDUJH� YDOXH�� G�� WKH� GLVWDQFH� EHWZHHQ
WZR� VWHDG\� SRVLWLRQV� RI� FKDUJH� FDUULHU�
G�|�������Ü��FP�>��@���

7KH� FRQFHQWUDWLRQ� 1� ����������FPÜ�� LQ
WKH� XQLUUDGLDWHG� FU\VWDOV� GHWHUPLQHG� IURP
UHODWLRQ� ���� �OJV�� �Ü����� 6�FP��V���!!�V��LV� LQ� UDWKHU� JRRG� DJUHHPHQW� ZLWK� WKH� FRQ�
FHQWUDWLRQ�1/��REWDLQHG�IURP�UHODWLRQ������$V� IROORZV� IURP� ����� WKH� GHSHQGHQFH� RI
WKH� FRQFHQWUDWLRQ� RQ� WKH� GRVH� RI� J�LUUDGLD�
WLRQ�1/�'�� LV�PRQRH[SRQHQWLDO�ZKLFK�FRUUH�VSRQGV� WR� WKH� ILUVW�RUGHU� NLQHWLFV� ODZ��7KLV
LV� H[SODLQHG� E\� WKH� IDFW� WKDW� RQH� RI� WKH
FRPSRQHQWV� SDUWLFLSDWLQJ� LQ� WKH� UDGLDWLRQ�
FKHPLFDO� UHDFWLRQ� LV� SUHVHQW� LQ� H[FHVV�� L�H�
LWV�FRQFHQWUDWLRQ�LV�KLJKHU�WKDQ�1/���,RQL]LQJ� LUUDGLDWLRQ� RI� .'3� FU\VWDOV
JLYHV� ULVH� WR� KLJK� FRQFHQWUDWLRQV� RI� VHFRQ�
GDU\�HOHFWURQV�HÜ��+��DWRPV��a�����FPÜ���DV
ZHOO� DV� >+�32�@�� DQG� >+32�@±� UDGLFDOV�a�����FPÜ�� >��@�� 7KH� DXWKRUV� RI� UHI�� >��@
VXSSRVH� WKDW� WKH� IRUPDWLRQ� RI� WKH� UDGLFDO
>+32�@� LV� DFFRPSDQLHG� ZLWK� K\GURJHQ� ERQGEUHDNGRZQ�� 7KHUHDW�� WKH� FDSWXUH� RI� SURWRQ
+�� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� '�GHIHFW
ZKLFK� LQIOXHQFHV�WKH�YDOXH�RI�GF�FRQGXFWLY�
LW\�

$V� LV�NQRZQ� � >��@�� J�LUUDGLDWLRQ� OHDGV� WR
WKH�IROORZLQJ�WZR�SURFHVVHV�

>+�32�@��o�>+�32�@����H���� ���

>+�32�@��o�>+32�@����+�� ����
,Q� WKH� SXUH� .'3� FU\VWDOV�� IUHH� HOHFWURQ

HÜ�� WKH� DWRP�+�� DQG� WKH� UDGLFDOV� >+�32�@��>+32�@±� DUH� XQVWDEOH� DW� URRP� WHPSHUDWXUH�+RZHYHU�� LQ� WKH� SUHVHQFH� RI� LPSXULW\� LRQV
WKH\� PD\� SDUWLFLSDWH� LQ� WKH� IRUPDWLRQ� RI
VWDEOH�UDGLDWLRQ�GHIHFWV�

%HORZ� ZH� FRQVLGHU� SRVVLEOH� UDGLDWLRQ�
FKHPLFDO� SURFHVVHV�ZKLFK� GLPLQLVK� WKH� FRQ�
FHQWUDWLRQ� RI� /�GHIHFWV� DQG�� FRQVHTXHQWO\�
GF�FRQGXFWLYLW\�RI�WKH�FU\VWDOV��

$V� PHQWLRQHG� HDUOLHU�� FKHPLFDO� DQDO\VLV
WHVWLILHV� WR� WKH� SUHVHQFH� RI� )H�� $O�� &U�� $V
DQG� RWKHU� LPSXULWLHV� LQ� WKH� LQYHVWLJDWHG
FU\VWDOV�� 7KH� LRQV� RI� WKH� VDLG� LPSXULWLHV
HQWHU� LQWR� WKH� VWUXFWXUH� RI� .'3�W\SH� FU\V�
WDOV� VXEVWLWXWLQJ� WKH� LRQV� .�� DQG� 3��� >���
��@��7KHUHDW��SURWRQLF�YDFDQFLHV�DUH�IRUPHG�
)RU� LQVWDQFH�� LI� LQ� WKH� SURFHVV� RI� FU\VWDO
JURZWK�WKH�LRQV�)H���DQG�&U���RFFXS\�WKH�.�
SRVLWLRQ��WKHUH�DUH�IRUPHG� WZR�SURWRQLF�YD�
FDQFLHV� 9+�� ZKLFK� DUH� QHFHVVDU\� IRU� ORFDOFRPSHQVDWLRQ�RI�WKH�LPSXULW\�LRQ�FKDUJH��,I
WKH� LRQV� $V��� HQWHU� LQWR� WKH� 3��� SRVLWLRQ�
SURWRQLF�YDFDQFLHV�QHDU�DUVHQLF�LRQV�DUH�QRW
IRUPHG��

8QGHU� J�LUUDGLDWLRQ� RI� WKH� FU\VWDOV� WKH
JURZWK� GHIHFWV� XQGHUJR� WUDQVIRUPDWLRQV
>������@� DFFRPSDQLHG�ZLWK� FKDQJHV� LQ� WKHLU
FKDUJH� VWDWH�� ,Q� SDUWLFXODU�� GXH� WR� HOHFWURQ
FDSWXUH� WKH� DUVHQDWH� LRQ�$V2��±� ZKLFK� LVR�PRUSKLFDOO\� VXEVWLWXWHV� WKH� SKRVSKDWH� LRQ
32��±� LQ� WKH� FU\VWDO� ODWWLFH� RI�.'3�� WUDQV�IRUPV� LQWR� WKH� SDUDPDJQHWLF� FHQWHU�$V2��±DV�D�UHVXOW�RI�HOHFWURQ�FDSWXUH��ZKHUHDV�WKH
LRQ�&U���WUDQVIRUPV�LQWR�&U���

7KH� SURWRQLF� YDFDQF\� 9+�� �/�GHIHFW�
ZKLFK� FRPSHQVDWHV� WKH� H[FHVVLYH� HOHFWULF
FKDUJH����RI�WKH�LPSXULW\�LRQ�LQ�WKH�DQLRQLF
VXEODWWLFH�RI�WKH�FU\VWDO�PD\�GLVDSSHDU�LQ�WKH
SURFHVV� RI� J�LUUDGLDWLRQ� DW� WKH� LQWHUDFWLRQ� RI
WKH�GHIHFW�ZLWK�WKH�DWRP�RI�K\GURJHQ��

>;2���9+�@�����+��o�>;2���+�@��� ����
RU�DW�VXFFHVVLYH�HOHFWURQ�DQG�SURWRQ�FDSWXUH�

>;2���9+�@�����H��o�>;2���9+�@���� ����

>;2���9+�@�����+��o�>;2���+�@��� ����
ZKHUH� +�� LV� K\GURJHQ� DWRP�� >;2��±9'�@�±�WKH� LPSXULW\� PROHFXODU� LRQ�� H�J�� )H2��±�62��±� >�@�� &U2��±� >�@� DVVRFLDWHG� ZLWK� WKHSURWRQLF�YDFDQF\�9+���ZKLFK�VXEVWLWXWHV�WKHSKRVSKDWH� LRQ�32��±� LQ�.'3�FU\VWDO� ODWWLFH�7KH�DVVXPSWLRQ�FRQFHUQLQJ�WKH�H[LVWHQFH�RI
D�SURWRQLF�YDFDQF\�QHDU�&U2��±�IROORZV�IURP5HI��>��@�ZKHUH�LW�LV�UHSRUWHG�WKDW�WKH�LQWUR�
GXFWLRQ� RI� WKH�PROHFXODU� LRQ� LQ� WKH� FU\VWDO
ODWWLFH�RI�.'3�LQFUHDVHV�LWV�FRQGXFWLYLW\��

,I�WKH�SURWRQLF�YDFDQFLHV�FRPSHQVDWH�WKH
H[FHVVLYH� FKDUJH� RI� WKH� WULYDOHQW� LPSXULW\
PHWDO� LRQ�0H��� LQ� WKH� FDWLRQLF� SRVLWLRQ�.��

$�1�/HYFKHQNR�HW�DO����*DPPD�UD\�LQGXFHG�GHFUHDVH�RI����
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WKH� IROORZLQJ� SURFHVVHV� FDQ� H[SODLQ� WKH
FKDQJH�RI�WKHLU�FRQFHQWUDWLRQ��

>9+�0H��9+�@����+��o�>9+�0H��+�@���� ����
RU�

>9+�0H��9+�@�����H��o�>9+�0H��9+�@���������

>9+�0H��9+�@�����+��o�>9+�0H��+�@���������
ZKHUH� >9+�0H��9+�@��� LV� WKH� FU\VWDO� VWUXF�WXUH�GHIHFW�FRQVLVWLQJ�RI�DQ�LPSXULW\�LRQ�0H
�0H� �)H���� &U���� ZLWK� WKH� FKDUJH� ��� OR�
FDWHG� LQ� WKH� SRVLWLRQ� RI� WKH� FU\VWDO� ODWWLFH
FDWLRQ� .��� DQG� WZR� SURWRQLF� YDFDQFLHV� 9+�
ZKLFK�FRPSHQVDWH�LWV�H[FHVVLYH������SRVLWLYH
FKDUJH��

6RPH� UDGLDWLRQ� GHIHFWV� IRUPHG� E\� HOHF�
WURQ� FDSWXUH� RU� ORVV� LQ� WKH� SURFHVV� RI� LUUD�
GLDWLRQ� �H�J�� WKH� UDGLFDO� $V2��±�� DUH� VWDEL�OL]HG� DW� URRP� WHPSHUDWXUH� ZLWKRXW� ORFDO
FKDUJH�FRPSHQVDWLRQ��7KH�SURFHVVHV�RI�WKHLU
IRUPDWLRQ�PD\�DOVR�LQIOXHQFH�WKH�FRQGXFWLY�
LW\� EHFDXVH� WKH� FDSWXUH� RU� ORVV� RI� DQ� HOHF�
WURQ�E\�DQ�LPSXULW\�LRQ�FKDQJHV�WKH�FKDUJH
VWDWH�RI�RWKHU�LRQV�RI�WKH�FU\VWDO��

7KH�UDGLDWLRQ�SDUDPDJQHWLF�FHQWHU�+32�±LQ� ����� LV� XQVWDEOH� DW� URRP� WHPSHUDWXUH�
7KHUHIRUH�� WKH� FKDQJH� LQ� WKH� FRQGXFWLYLW\
REVHUYHG�LQ�WKH�SUHVHQW�VWXG\�FDQQRW�EH�FRQ�
QHFWHG� ZLWK� WKLV� FHQWHU�� +RZHYHU�� LQ� WKH
SUHVHQFH� RI� LPSXULWLHV� LWV� GLVDSSHDUDQFH
PD\�EH�ERXQG�XS�ZLWK�WKH�IRUPDWLRQ�RI�UD�
GLDWLRQ� GHIHFWV� VWDEOH� DW� URRP� WHPSHUDWXUH
>��@��ZKLFK�PD\�LQIOXHQFH�WKH�GF�FRQGXFWLY�
LW\�RI�WKH�FU\VWDO��

���&RQFOXVLRQV
7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH� GF

FRQGXFWLYLW\�RI�J�LUUDGLDWHG�SRWDVVLXP�GLK\�
GURJHQ� SKRVSKDWH� FU\VWDOV� DUH� H[SRQHQWLDO�
$W� ��������y��������� *\� LUUDGLDWLRQ� GRVHV� WKH
DFWLYDWLRQ�HQHUJ\�RI�GF�FRQGXFWLYLW\�DFWLYDWLRQ
ULVHV� IURP�(D� ������H9�WR�(D�!������H9�� WKHORJDULWKP�RI�SUHH[SRQHQWLDO�IDFWRU�LQFUHDVHV
IURP�OJV�� �Ü�����WR�OJV��!�������$V�D�UHVXOW�RI�WKH�LUUDGLDWLRQ��WKH�FKDQJH
RI�GRPLQDWLQJ�PHFKDQLVP�RI�GF�FRQGXFWLYLW\
RFFXUV�� ,Q� WKH� XQLUUDGLDWHG� FU\VWDOV� DQG� LQ
WKRVH� LUUDGLDWHG� ZLWK� ORZ� GRVHV� �XS� WR
�������� *\�� WKH� H[WULQVLF� PHFKDQLVP� FRQ�
QHFWHG�ZLWK�PLJUDWLRQ�RI�SURWRQLF�YDFDQFLHV�
LV� GRPLQDWLQJ��$W� KLJK� GRVHV� WKHUH�PD\� EH
UHDOL]HG� WKH� LQWULQVLF� PHFKDQLVP� ZKLFK� LQ�
FOXGHV� WKHUPDOO\� DFWLYDWHG� SURFHVVHV� RI� WKH
IRUPDWLRQ�DQG�PLJUDWLRQ�RI�FU\VWDO�GHIHFWV��DV

ZHOO� DV� WKH� PHFKDQLVP� FRQQHFWHG� ZLWK� WKH
PLJUDWLRQ� RI� SURWRQV� RYHU� � WKH� LQWHUVWLWLDOV�

,UUDGLDWLRQ� RI� .'3� FU\VWDOV� ZLWK� J�UD\V
OHDGV� WR� H[SRQHQWLDO� GHFUHDVH� RI� WKHLU� GF
FRQGXFWLYLW\�� ,W� LV� HVWDEOLVKHG� WKDW� WKH� UD�
GLDWLRQ�LQGXFHG�FKDQJH�RI�WKH�FRQFHQWUDWLRQ
RI�/�GHIHFWV�FRUUHVSRQGV�WR�WKH�ODZ�RI�ILUVW�
RUGHU�NLQHWLFV��3URSRVHG�DUH�SRVVLEOH�PHFKD�
QLVPV�H[SODLQLQJ� WKH�FKDQJH�RI� WKH�FRQFHQ�
WUDWLRQ�RI�/�GHIHFWV�DQG�WKH�FRQGXFWLYLW\�RI
WKH�FU\VWDOV��

7KH� FKDQJHV� LQ� WKH� FRQGXFWLYLW\� LQGXFHG
E\� J�LUUDGLDWLRQ� DUH� VWDEOH� LQ� WLPH�� ,Q� WKLV
FRQQHFWLRQ� WKH� WUHDWPHQW� RI� WKH� FU\VWDOV
ZLWK� J�UDGLDWLRQ� FDQ� EH� XVHG� IRU� UDLVLQJ
WKHLU�RKPLF�UHVLVWLYLW\��
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