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7KH�GHFUHDVLQJ�RSHUDWLQJ� WHPSHUDWXUH�RI
VFLQWLOODWLRQ� GHWHFWRUV� SURGXFHG� EDVHG� RQ
3:2� FU\VWDOV� LV� NQRZQ� WR� UHVXOW� LQ� LQ�
FUHDVHG� OLJKW� \LHOG� >����@��+RZHYHU�� WKH� UD�
GLDWLRQ� UHVLVWDQFH� RI� 3:2� FU\VWDOV� FRQFXU�
UHQWO\� GURSV� VLJQLILFDQWO\� ZLWK� ORZHULQJ
WHPSHUDWXUH� >����@�� 7KHVH� WZR� IDFWV� KDYH
VWLPXODWHG�XV� WR� VWXG\� WKH�SK\VLFDO� RULJLQV
RI� UDGLDWLRQ� UHVLVWDQFH� RI� WKH� VFLQWLOODWLRQ
GHWHFWRUV� EDVHG� RQ� OHDG� WXQJVWDWH� FU\VWDOV�
7KH�H[SHULPHQWDO�UHVXOWV�RQ�3:2�KDYH�XVX�

DOO\�EHHQ� LQWHUSUHWHG�ZLWKLQ� WKH� IUDPHZRUN
RI�WKH�SRLQW�GHIHFW�PRGHO��7KLV�PRGHO��KRZ�
HYHU�� GRHV� QRW� H[SODLQ� VDWLVIDFWRULO\� WKH
ODUJH�YROXPH�RI� H[SHULPHQWDO�GDWD�DFFXPX�
ODWHG�XS�WR�QRZ�>�@��$Q�DOWHUQDWLYH�LQWHUSUH�
WDWLRQ� EDVHG� RQ� VR�FDOOHG� FOXVWHU� GHIHFW
PRGHO� LV� PRUH� VXLWDEOH� IRU� H[SODQDWLRQ� RI
WKH� H[SHULPHQWDO� UHVXOWV� REWDLQHG� IRU� DQ�
QHDOHG� DQG� LUUDGLDWHG� 3:2� FU\VWDOV� >�Ü�@�
,Q� WKLV� SDSHU�� ZH� SUHVHQW� WKH� UHVXOWV� RQ
VLPXOWDQHRXV�RSWLFDO� WUDQVPLVVLRQ�DQG�OLJKW
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\LHOG� �/<�� PHDVXUHPHQWV� RI� 3:2� FU\VWDOV
VXEMHFWHG� WR� JDPPD� LUUDGLDWLRQ�� 7KH� WHP�
SHUDWXUH� ZDV� YDULHG� LQ� WKH� UDQJH� EHWZHHQ
Ü���&� DQG� ����&�� 7KH� UDGLDWLRQ� UHVLVWDQFH
RI� VFLQWLOODWLQJ� HOHPHQWV� SURGXFHG� IURP
FU\VWDOV� JURZQ� IURP� GLIIHUHQW� UDZ� PDWHUL�
DOV�� ZLWK� GLIIHUHQW� GRSLQJ� DQG� DQQHDOHG� LQ
GLIIHUHQW� FRQGLWLRQV�� ,W� LV� VKRZQ� WKDW� WKH
H[SHULPHQWDO�UHVXOWV�FDQ�EH�TXDOLWDWLYHO\�H[�
SODLQHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�FOXVWHU
PRGHO�
3DUDPHWHUV� RI� WKH� ILUVW� EDWFK� LQFOXGLQJ

��� FU\VWDOV� DUH� SUHVHQWHG� LQ� 7DEOH���� 7KH
FU\VWDOV�RI�WKDW�EDWFK�ZHUH�VWXGLHG�DW�,+(3�
3URWYLQR� �5XVVLD��� 7KH� FU\VWDOV�ZHUH� H[DP�
LQHG� XVLQJ� D� VHWXS� SURYLGLQJ� VLPXOWDQHRXV
PHDVXUHPHQWV� RI� 3:2� FU\VWDO� VFLQWLOODWLRQ

UHVSRQVH� XQGHU� JDPPD� LUUDGLDWLRQ� LQ� WHP�
SHUDWXUH� UDQJH� IURP� Ü���&� WR� ����&�� 7KH
FU\VWDOV�ZHUH�LUUDGLDWHG�DW�WKH�GRVH�UDWHV�RI
��DQG����UDG�K��7KH�GHWDLOHG�GHVFULSWLRQ�RI
WKH� ,+(3� H[SHULPHQWDO� VHWXS� FDQ� EH� IRXQG
LQ� >�@�� 7KH� VDPSOHV� IURP� WKH� VHFRQG� EDWFK
FRQVLVWLQJ� RI� �� FU\VWDOV� ZHUH� LUUDGLDWHG� LQ
WHPSHUDWXUH�UDQJH� IURP�����&�WR�����&�DW
WKH� GRVH� UDWH� RI� ��� NUDG�K�� 7KH� PHDVXUH�
PHQWV�ZHUH�SHUIRUPHG�XVLQJ�WKH�*87����0
LUUDGLDWLRQ� VHWXS� DW� WKH� 55&� �.XUFKDWRY
,QVWLWXWH���7KH�WRWDO�GRVH�RI���NUDG�ZDV�DF�
FXPXODWHG�� /LJKW� WUDQVPLVVLRQ� DW� ���� QP
ZDYHOHQJWK� ZDV� PHDVXUHG� IRU� HDFK� FU\VWDO
SULRU� WR� DQG� �� PLQ� DIWHU� LUUDGLDWLRQ�� 7KH
H[SHULPHQWDO�UHVXOWV�DQG�WKH�LQLWLDO�SDUDPH�

7DEOH����&KDUDFWHULVWLFV�RI�WKH�ILUVW�EDWFK�RI�3:2�FU\VWDOV��50�VWDQGV�IRU�UDZ�PDWHULDO���5�IRU
WKH�ILUVW�UHFU\VWDOOL]DWLRQ���5�IRU�GRXEOH�UHFU\VWDOOL]DWLRQ�
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WHUV�RI�WKH�FU\VWDOV�RI�WKH�VHFRQG�EDWFK�DUH
SUHVHQWHG�LQ�7DEOH���
7KH�SRVW�LUUDGLDWLRQ�WLPH�GHSHQGHQFHV�RI

WKH� OLJKW� \LHOG� DQG� RSWLFDO� WUDQVPLVVLRQ� DW
����QP�DW�Ü���&�DQG�����&�IRU�WZR�W\SLFDO
FU\VWDOV� DUH� SUHVHQWHG� LQ�)LJ�����7KH�PHDV�
XUHPHQWV�ZHUH� FDUULHG� RXW� DW� WKH�GRVH� UDWH
RI� �� UDG�K�� 7KH� OLJKW� \LHOG� DQG� RSWLFDO
WUDQVPLVVLRQ� GHFUHDVH� LQ� D� FRUUHODWHG� ZD\�
LQ� DFFRUGDQFH� ZLWK� WKH� FRPPRQO\� DFFHSWHG
DVVXPSWLRQ� WKDW� WKH� OLJKW� \LHOG� GHFUHDVH� LV
PDLQO\� GHILQHG� E\� WKH� OLJKW� DEVRUSWLRQ� LQ�
FUHDVH� LQ� WKH� HPLVVLRQ� UHJLRQ�� $� WUHQG� WR
VDWXUDWLRQ� FDQ� EH� VHHQ� LQ� WKH� VLPXOWDQHRXV
GURS�RI�WKH�OLJKW�\LHOG�DQG�RSWLFDO�WUDQVPLV�
VLRQ��)RU�FU\VWDO�VDPSOHV�ZLWK�VLPLODU�OLJKW
\LHOG� DW� URRP� WHPSHUDWXUH�� WKH� VORSH� RI
GHFD\� FXUYHV� DQG� VDWXUDWLRQ� OHYHO� DUH� YDU\
VWURQJO\� IURP� RQH� VDPSOH� WR� DQRWKHU� �L�H�
GHSHQGLQJ�RQ�UDZ�PDWHULDO��GRSLQJ��DQQHDO�
LQJ�FRQGLWLRQV��HWF���
,W� LV� VHHQ� IURP� )LJV����� �� WKDW� WKH� WHP�

SHUDWXUH� ORZHULQJ� VORZV� GRZQ� WKH� OLJKW
\LHOG� VDWXUDWLRQ�� 7KH� OLJKW� \LHOG� DQG� HVSH�
FLDOO\� LWV� VDWXUDWLRQ� OHYHO� GHSHQGV� KHDYLO\
RQ� WKH� LUUDGLDWLRQ� GRVH��7KH� DEVROXWH�YDOXH
WR� ZKLFK� WKH� OLJKW� \LHOG� DV\PSWRWLFDOO\� DS�
SURDFKHV� XQGHU� FRQWLQXRXV� LUUDGLDWLRQ� �VR
FDOOHG� TXDVL�SODWHDX�� VKRZV� QR� OLQHDU� GH�
SHQGHQFH�RQ�WKH�GRVH�UDWH��)RU�H[DPSOH��WKH
OLJKW� \LHOG� VDWXUDWLRQ� OHYHOV� LQ� FU\VWDO� 1R�
����DUH������DQG������DW�WKH�GRVH�UDWH�RI��
DQG� ��� UDG�PLQ�� UHVSHFWLYHO\� �VHH� )LJ�����
2Q� WKH�RWKHU�KDQG��WKH� OLJKW�\LHOG�GHFUHDVH
DIWHU� WKH� VDPH� LUUDGLDWLRQ�GRVH� LV� GLIIHUHQW
LQ�RWKHUZLVH�WKH�VDPH�VDPSOHV�EXW�DQQHDOHG

XQGHU�GLIIHUHQW�FRQGLWLRQV��VHH�FU\VWDOV�1RV�
������DQG�������LQ�7DEOH�����
7KH�UHODWLYH�/<�GURS�DW�WKH�GRVH�UDWH�RI

�� DQG� ��� UDG�K� LV� SUHVHQWHG� LQ�7DEOH��� IRU
GLIIHUHQW� 3:2� VDPSOHV� LQ� WKH� WHPSHUDWXUH
UDQJH�IURP�Ü���&�WR�����&��7KH�OLJKW�\LHOG
EHKDYLRU� DIWHU� ��� K� LUUDGLDWLRQ� DW� WKH� GRVH
UDWH�RI����UDG�K�LV�SUHVHQWHG�LQ�)LJ�����)RU
VDPSOHV� JURZQ� IURP� GLIIHUHQW� UDZ� PDWHUL�
DOV�� ZLWK� GLIIHUHQW� GRSLQJ� DQG� DQQHDOLQJ
FRQGLWLRQV�� WKH� OLJKW� \LHOG� GHFUHDVH� LV� FORVH
WR� OLQHDU� LQ� WKH� WHPSHUDWXUH� UDQJH� IURP� Ü
���&�WR�����&�

)LJ�����7LPH�HYROXWLRQ�RI�WKH�VFLQWLOODWLRQ�VLJQDO�UHODWLYH�YDOXH��WKH�OHIW��DQG�WUDQVPLWWLYLW\�RI�EOXH
OLJKW� HPLVVLRQ� GLRGH� �WKH� ULJKW�� IRU� GLIIHUHQW� FU\VWDOV� DW� WHPSHUDWXUHV� ����&� DQG� Ü���&� XQGHU
JDPPD�LUUDGLDWLRQ�DW�GRVH�UDWH���UDG�K�

)LJ�����7LPH�HYROXWLRQ�RI�WKH�VFLQWLOODWLRQ�VLJ�
QDO� UHODWLYH� YDOXHV� IRU� GLIIHUHQW� FU\VWDOV� DW
����&�DQG�Ü���&�XQGHU�JDPPD�LUUDGLDWLRQ�DW
GRVH� UDWH��� UDG�K� �XSSHU�SDUW��DQG����UDG�K
�ORZHU�SDUW��
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)RU� DOO� VDPSOHV� XQGHU� VWXG\�� WKH� WHP�
SHUDWXUH� GHFUHDVH� IURP�����&� WR� Ü���&� UH�
VXOWV� LQ� HVVHQWLDOO\� WKH� VDPH� /<� LQFUHDVH
DSSUR[LPDWHO\�E\�D�IDFWRU�RI���ZLWK�UHVSHFW
WR� /<� DW� URRP� WHPSHUDWXUH�� 7KLV� IDFWRU
YDOXH� VKRZV� QR� VLJQLILFDQW� GHSHQGHQFH� RQ
JURZWK� FRQGLWLRQV�� $V� VHHQ� LQ� 7DEOH���� WKH
WHPSHUDWXUH� LQFUHDVH� IURP� ���&� WR� ���&� UH�
VXOWV�LQ�DQ�LQFUHDVH�RI�WKH�WUDQVSDUHQF\�VWDELO�
LW\�XQGHU�LUUDGLDWLRQ�E\�D�IDFWRU�RI�DERXW�����
7KH� FU\VWDO� OLJKW� \LHOG� VKRZV�QR� VLJQLIL�

FDQW� UHFRYHU\� DW� Ü���&� GXULQJ� WHQV� RI
KRXUV��$W�WKH�VDPH�WLPH��WHPSHUDWXUH�HOHYD�
WLRQ� XS� WR� ����&� HQVXUHV� WKH� OLJKW� \LHOG
UHFRYHU\�LQ�DSSUR[LPDWHO\�����K���
$OO� WKH� H[SHULPHQWDO� UHVXOWV� FDQ� EH� GH�

VFULEHG� LQ�WKH�IUDPHZRUN�RI� WKH�FOXVWHU�GH�

IHFW� PRGHO�� $FFRUGLQJ� WR� WKLV�PRGHO� >�Ü�@�
WKH� OLJKW� \LHOG� RI� 3:2� LV� LQIOXHQFHG� E\
OLJKW�DEVRUSWLRQ� LQ�FOXVWHUV�RI� WXQJVWHQ�R[�
LGHV��7KRVH�FOXVWHUV�DUH�DOZD\V�SUHVHQWHG�LQ
WKH� UHJXODU� 3:2� ODWWLFH�� )RUPDWLRQ� RI� WKH
YDULDEOH� YDOHQFH� FOXVWHU� GHIHFWV� LV� GXH� WR
VWRLFKLRPHWU\� EUHDN� GXULQJ� FU\VWDO� JURZWK
DQG� LV� LQKHUHQW� LQ� DOO� R[LGH� FU\VWDOV� >�@�
6LQFH�WXQJVWHQ�FDQ�IRUP�R[LGHV�ZLWK�YDOHQFH
�������DQG�����WKH�FOXVWHU�FRPSRVLWLRQ�GH�
SHQGV�RQ�WKH�R[\JHQ�FRQWHQW�DQG�LV�GHILQHG
E\�WKH�FRQFHQWUDWLRQ�RI�WXQJVWHQ�LRQV�LQ�GLI�
IHUHQW� YDOHQFH� VWDWHV�� 7KH� FOXVWHU� FRPSRVL�
WLRQ�FDQ�EH�GHVFULEHG�E\�D�FRPSDFW�IRUPXOD
:2�±[�RU�SUHVHQWHG�LQ�PRUH�GHWDLO�DV�

:2��[� �������D���E�:2����
��D:�2����E:2��

���

ZKHUH�[� �D���E��+HUH��D�DQG�E�FKDUDFWHUL]H
WKH� UHODWLYH� FRQWHQW� RI�:��� DQG�:��� LQ� D
FOXVWHU�� UHVSHFWLYHO\�� 7KH� FRHIILFLHQWV� DUH
UHODWHG� WR� WKH� R[\JHQ�GHILFLW� LQ� WKH� FOXVWHU
LQ� FRPSDULVRQ� ZLWK� SXUH� WXQJVWHQ� R[LGH
:2�� ZKLFK� FRQWDLQV� WXQJVWHQ� LRQV� RQO\� LQWKH�:���YDOHQFH� VWDWH��7KH�DEVRUSWLRQ�VSHF�
WUXP�RI�WKH�FOXVWHUV�DQG��FRQVHTXHQWO\��WKH
FU\VWDO�FRORU�GHSHQG�RQ�WKH�FOXVWHU�FRPSRVL�
WLRQ�� L�H�� WKH\�FDQ�EH�UHODWHG�ZLWK�WKH�FRHI�
ILFLHQWV� D� DQG� E�� 7KLV� UHODWLRQVKLS� IRU� FHU�
WDLQ� W\SLFDO� FRPSRVLWLRQV� RI� FOXVWHU� FRP�
SRXQG� :2�±[� LV� LOOXVWUDWHG� LQ� 7DEOH���ZKHUH� WKH� FRORU� RI� WXQJVWHQ� R[LGH� LV� LQGL�
FDWHG� WRJHWKHU� ZLWK� WKH� FRUUHVSRQGLQJ� YDO�
XHV�RI�D�DQG�E�>��@��$FFRUGLQJ�WR�>����@��WKH
FRORUOHVV� FU\VWDOV� IDEULFDWHG� IRU�&(51�SUR�
MHFWV� &06� DQG� $/,&(� KDG� DQ� RSWLPDO� [
YDOXH�RI�a�����DW�D|������E� ���
7KH� FRPSRVLWLRQ� RI� :2�±[� FOXVWHUV� LQ3:2�FU\VWDOV�GHSHQGV�RQ�JURZWK�FRQGLWLRQV�

,W� FDQ� DOVR� EH� FKDQJHG� E\� KHDW� WUHDWPHQW�
$QQHDOLQJ� LQ� DQ� R[\JHQ�HQULFKHG� DWPRV�
SKHUH� LQFUHDVHV� WKH� QXPEHU� RI� R[\JHQ� LRQV
LQ� D� FOXVWHU� �[� EHFRPHV� VPDOOHU��� 6XFK� DQ�

)LJ�����5HODWLYH� GHFUHDVH� RI� VFLQWLOODWLRQ� VLJ�
QDO�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�IRU�FU\VWDOV
DIWHU� JDPPD�UD\� LUUDGLDWLRQ� DW� GRVH� UDWH
���UDG�K�GXULQJ����K���$IWHU�HDFK�LUUDGLDWLRQ
F\FOH� DW� WHPSHUDWXUHV� ����&�� ���&�� Ü���&
DQG�Ü���&�� FU\VWDOV�ZHUH� H[SRVHG� WR� WKH�GD\
OLJKW� DW� WHPSHUDWXUH� ����&� XQWLO� IXOO� UHFRY�
HU\�RI�LQLWLDO�VWDWH��

7DEOH���� &RORU� RI� WXQJVWHQ� R[LGHV� ZLWK� GLIIHUHQW� UDWLR� RI�:�2�� DQG�:2�� FRQWHQW� GHVFULEHG� E\FRHIILFLHQWV�D�DQG�E�LQ�HTXDWLRQ������DQG�UHJLRQV�RI�PD[LPXP�RI�RSWLFDO�DEVRUSWLRQ
È

E � a���� ����� ���� �
� :2��\HOORZ����Ü�����QP

a:2�����FRORUOHVV :2������%OXLVK����Ü�����QP
:2����%OXH����Ü�����QP

���� :2�����9LROHW����Ü�����QP
� :2���GDUNEURZQ�����Ü

�����QP
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QHDOLQJ�UHVXOWV�LQ�UHGXFWLRQ�RI�UDGLDWLRQ�LQ�
GXFHG� RSWLFDO� DEVRUSWLRQ� DQG� LQ� VKRUWHQLQJ
RI� WKH� WLPH� QHFHVVDU\� IRU� WKH� LQLWLDO� WUDQ�
VSDUHQFH�UHFRYHU\��0HDQZKLOH��DQQHDOLQJ� LQ
UHGXFLQJ�HQYLURQPHQW�KDV�DQ�RSSRVLWH�UHVXOW
�VHH� )LJ���� LQ� >�@��� 7KH� FRQFHQWUDWLRQ� RI
FOXVWHU� GHIHFWV� LQ� WKH� FU\VWDO� GHSHQGV� RQ
UDZ� PDWHULDO� DQG�� KHQFH�� RQ� WKH� FU\VWDO
VWRLFKLRPHWU\�� 9DOXH� ',� LQ� 7DEOH��� UHIOHFWV
WKLV� FRQFHQWUDWLRQ��7KH� ORZHU� LV� WKLV�YDOXH�
WKH� KLJKHU� LV� WKH� UDGLDWLRQ� UHVLVWDQFH� �VHH
7DEOH����FU\VWDO�1R��������
,Q� RXU� IXUWKHU� GLVFXVVLRQ�� ZH� VKDOO� SUR�

FHHG� IURP�WKH�DVVXPSWLRQ� WKDW� WKH� LQLWLDOO\
SXUH�3:2�FU\VWDO�LV�FRORUOHVV��ZKLOH�LWV�FRO�
RUDWLRQ�LV�FDXVHG�E\�WKH�LQFUHDVH�LQ�:���DQG
:��� LRQ� FRQFHQWUDWLRQV� LQ� WKH� FOXVWHU� FRP�
SRVLWLRQ��,W�IROORZV�IURP�>�@�WKDW�WKH�IRUPD�
WLRQ�RI�DGGLWLRQDO�WXQJVWHQ�LRQV�PD\�EH�GXH
WR� LUUDGLDWLRQ�RU�UHGXFLQJ�DQQHDOLQJ��1HJD�
WLYH�2±�LRQV�FDQ�EH�IRUPHG�RQO\�XQGHU�LUUD�
GLDWLRQ�� $QQHDOLQJ� VLPSO\� UHVXOWV� LQ� D
FKDQJHG� R[\JHQ� FRQWHQW� LQ� WKH� FOXVWHU� GH�
IHFW�ZKLOH� LW� UHPDLQV� LQ� WKH�ELYDOHQW� FRQGL�
WLRQ�� 7KH� SUHVHQFH� RI�2±� LQ� WKH� LUUDGLDWHG
FU\VWDO�PDNHV� WKH� SURFHVV� UHYHUVLEOH�� 7KXV�
WKH�LQLWLDO�FOXVWHU�FRPSRVLWLRQ�LQ�WKH�LUUDGL�
DWHG� FU\VWDOV� LV� UHVWRUHG� DIWHU� WKH� LUUDGLD�
WLRQ� LV�RYHU��0HDQZKLOH��WKH�FOXVWHU�FRPSR�
VLWLRQ� DIWHU� D� WKHUPDO� DQQHDOLQJ� UHPDLQV
VWDEOH�
/HW� XV� GLVFXVV� LQ�PRUH� GHWDLO� ZKDW� KDS�

SHQV� DIWHU� JDPPD� LUUDGLDWLRQ� RI� D� FU\VWDO
�LQ� QRQ�HTXLOLEULXP� VWDWH��� &OXVWHUV� ZLWK
KLJK� FRQWHQW� RI�:��� LRQV� DUH� GDUN� LQ� FRORU
�VHH� 7DEOH���� DQG� DUH� QRW� W\SLFDO� RI� 3:2
FU\VWDOV� LQWHQGHG� IRU� KLJK� HQHUJ\� SK\VLFV
DSSOLFDWLRQV�� :��� LRQV� DUH� IRUPHG� XQGHU
YHU\� KLJK� LUUDGLDWLRQ� GRVH� ��� 0UDG� DQG
PRUH���6XFK�GRVHV�FRQVLGHUDEO\�H[FHHG�WKRVH
H[SHFWHG�LQ�$/,&(�DQG�&06�H[SHULPHQWV�DW
&(51� >��@�� 7KHUHIRUH�� IURP� KHUH� RQ�� WKH
FRHIILFLHQW�E�LV�DVVXPHG�WR�EH�]HUR��
'XH� WR� LUUDGLDWLRQ�� VRPH� R[\JHQ� LRQV� LQ

FOXVWHU�GHIHFWV�ORVH�HOHFWURQV�ZKLFK�DUH�FDS�
WXUHG�E\�WXQJVWHQ�LRQV��7KHVH�WXQJVWHQ�LRQV
WDNH� D� VWDWH� RI� ORZHU� YDOHQFH�� ZKLOH� VRPH
R[\JHQ� LRQV�DUH�UHSHOOHG�RXW�RI�WKH�FOXVWHU�
&RQVHTXHQWO\�� LQ� FRQWUDVW� WR� WKH� LQLWLDO� GH�
IHFW� FOXVWHUV� EHIRUH� LUUDGLDWLRQ�� FKDUJHG
FOXVWHUV�ZLWK�:� LRQV� LQ�ORZHU�FKDUJH�VWDWHV
DQG� LRQV� 2±� ZLWK� RQH� HOHFWURQ� �HIIHFWLYHO\
SRVLWLYHO\� FKDUJHG� 2±� LRQV�� DUH� IRUPHG� LQ
WKH� FOXVWHU� GHIHFWV�� $W� WKH� VDPH� WLPH�� FRO�
RUDWLRQ�RI� WKH� LQLWLDOO\� FRORUOHVV�3:2� FU\V�
WDO� RFFXUV� GXH� WR� LQFUHDVHG� DPRXQW� RI�:��
LQ� WKH� FOXVWHUV�� 7KH� IRUPDWLRQ� RI� WKH
FKDUJHG� FOXVWHUV� FDQ� EH� VXSSRVHG� WR� EH
VWLPXODWHG� E\� &RXORPE� LQWHUDFWLRQ� ZKLFK

GHILQHV�GLUHFWLRQ�RI� UHWXUQLQJ�2±� LRQV�EDFN
WR�WKHLU��PRWKHU��FOXVWHUV�
7KH�QRQOLQHDU�GHFUHDVH�RI�WKH�OLJKW�\LHOG

DQG� RSWLFDO� WUDQVPLVVLRQ� DW� FRQVWDQW� WHP�
SHUDWXUH��VHH�)LJV��������FDQ�EH�H[SODLQHG�DV
IROORZV��$W�WKH�LQLWLDO�LUUDGLDWLRQ�VWDJH��WKH
UDGLDWLRQ�LQGXFHG� WUDQVLWLRQ� RI� :��� LRQV
LQWR�:��� LQIOXHQFHV�PRVW� VWURQJO\�WKH�FRP�
SRVLWLRQ� RI� WKH� FOXVWHU� GHIHFWV�� $FFXPXOD�
WLRQ� RI� :��� LRQV� LQFUHDVHV� SUREDELOLW\� RI
WKHLU� WUDQVLWLRQ� EDFN� WR�:��� VWDWH� �WKHUPDO
UHGXFWLRQ��� 7KLV� SURFHVV� VORZV�GRZQ� WKH� LU�
UDGLDWLRQ�LQGXFHG�FKDQJHV�LQ�WKH�FOXVWHU�GH�
IHFW�FRPSRVLWLRQ�DQG��KHQFH��VORZV�GRZQ�WKH
OLJKW�\LHOG�GHFUHDVH��6DWXUDWLRQ�RFFXUV�ZKHQ
WKH� UDWHV� RI� WKH� UDGLDWLRQ� WUDQVLWLRQ� DQG
WKHUPDO�UHGXFWLRQ�RI�:���LRQV�EHFRPH�HTXDO
WR� RQH� DQRWKHU�� 7KH� FOXVWHU� FRPSRVLWLRQ
IRUPHG� GXULQJ� LUUDGLDWLRQ� XS� WR� VDWXUDWLRQ
FRQGLWLRQV�EHFRPHV�IXUWKHUPRUH�XQFKDQJHG�
7KH� OLJKW� \LHOG� RI� WKH� FU\VWDO� GRHV� QRW� IDOO
IXUWKHU��7DNLQJ� LQWR�DFFRXQW�H[SUHVVLRQ� ���
DQG�DVVXPLQJ�E� ����WKH�FKDQJH�LQ�FRPSRVL�
WLRQ� RI� WKH� FOXVWHU� GHIHFW� FDQ� EH� H[SUHVVHG
DV

:2��[�o�>:2��[�'[@��l�>�'D�2�@���
ZKHUH

:2��[�'[� 
 �>������D���'D�@:2�����D���'D�:�2��

���

+HUH� 'D� DQG� '[� DUH� LUUDGLDWLRQ�LQGXFHG
FKDQJHV� RI� WKH� FRUUHVSRQGLQJ� FRHIILFLHQWV�
7KH� H[SUHVVLRQ� ���� GHILQHV� WKH� ILQDO� UHVXOW
RI� FOXVWHU� FRPSRVLWLRQ� DIWHU� LUUDGLDWLRQ�� ,W
GHILQHV� WKH� OHYHO� RI� LQGXFHG� DEVRUSWLRQ� DW
TXDVL�SODWHDX�� ,Q� DFFRUGDQFH� ZLWK� WKH� QHZ
FOXVWHU� GHIHFW� FRPSRVLWLRQ�� WKH� RSWLFDO� DE�
VRUSWLRQ�VSHFWUXP�RI�WKH�FOXVWHU�GHIHFW�ZLOO
FKDQJH��7KH� VSHFWUXP�RI� RSWLFDO� DEVRUSWLRQ
RI� WKH� ZKROH� FU\VWDO� ZLOO� DOVR� FKDQJH�� 7KH
UHPDLQLQJ�R[\JHQ�LRQV�GR�QRW�LQIOXHQFH�WKH
FU\VWDO�FRORU�>�@��$�VWXG\�RI�WKH�G\QDPLF�RI
FKDQJH�LQ�FOXVWHU�GHIHFW�FRPSRVLWLRQ�GXULQJ
LUUDGLDWLRQ�FDQ�EH�IRXQG�LQ�>��@�
$IWHU� WKH� LUUDGLDWLRQ� LV� RYHU�� RQO\� WKH

:���WKHUPDO�UHFRYHU\�LV�SUHVHQW�UHVXOWLQJ�LQ
GHFUHDVLQJ� GHQVLW\� RI� FKDUJHG� FRPSOH[HV�
7KLV� SURFHVV� HQGV� ZKHQ� LQLWLDO� HOHFWULFDOO\
QHXWUDO� FOXVWHUV�:2�±[�ZLWKRXW� SUHVHQFH� RI2±�LRQV�DUH�UHFRYHUHG�
,W� LV� VHHQ� IURP� WKH� H[SHULPHQWDO� GDWD

WKDW�WKH�UDWH�RI�UDGLDWLRQ�LQGXFHG�WUDQVLWLRQ
IURP� :��� WR� :��� GHSHQGV� RQ� LUUDGLDWLRQ
GRVH�ZKLOH� WKH� UDWH� RI� WHPSHUDWXUH�LQGXFHG
UHFRYHU\� IURP�:��� WR�:��� GHSHQGV� RQ� WKH
FU\VWDO� WHPSHUDWXUH�� ,W� LV� REYLRXV� �VHH� ���
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WKDW� WKH� TXDVL�SODWHDX� OHYHO� LQFUHDVHV� ZLWK
LQFUHDVLQJ� 'D� DQG� GHSHQGV� RQ� WKH� FU\VWDO
WHPSHUDWXUH�
7KH� LQIOXHQFH� RI� UDZ� PDWHULDO� DQG� DQ�

QHDOLQJ�FRQGLWLRQV�RQ�UDGLDWLRQ�VWDELOLW\�ZDV
DOUHDG\� GLVFXVVHG� LQ� WKLV� SDSHU�� 7KH� FULWH�
ULRQ�RI� WKH� RSWLPDO�GRSLQJ� FRQFHQWUDWLRQ� LV
GLVFXVVHG� LQ� >����@�� 7KH� ORZHU� LV� WKH� GRSDQW
FRQFHQWUDWLRQ�� WKH� ORZHU� LV� WKH�FRQFHQWUDWLRQ
RI�FOXVWHU�GHIHFWV�LQ�WKH�FU\VWDO��,Q�WKLV�FDVH�
WKH�FU\VWDO�/<�LQFUHDVHV��DFFRUGLQJ�WR�>��@��
$W�Ü���&��WKHUH�LV�HVVHQWLDOO\�QR�UHFRYHU\

RI�OLJKW�\LHOG��7KH�ORQJ�UHFRYHU\�WLPH�DW�ORZ
WHPSHUDWXUHV� FDQ� EH� H[SODLQHG� E\� D� VWURQJ
WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� WUDQVLWLRQ
IURP�:���WR�:����,Q�RXU�PRGHO��WKLV�WUDQVL�
WLRQ� FRUUHVSRQGV� WR� UHWXUQLQJ� RI� R[\JHQ
LRQV�EDFN�WR�FOXVWHU�GHIHFW�DFURVV�D�SRWHQWLDO
EDUULHU�� 3UREDEO\�� WKH� WHPSHUDWXUH� GHSHQG�
HQFH�RI�WKLV�WUDQVLWLRQ�LV�LQWHQVLILHG�E\�SKR�
QRQV�RI�D�FHUWDLQ�HQHUJ\�RU�LV�LQIOXHQFHG�E\
HOHFWULF�ILHOG�RU�RWKHU�DGGLWLRQDO�HIIHFWV��
7KXV�� WKH� OLJKW� \LHOG� LQFUHDVH� LQ� 3:2

FU\VWDOV�E\�ORZHULQJ�WKH�FU\VWDO�WHPSHUDWXUH
LV� LQGHSHQGHQW� RQ� JURZWK� WHFKQRORJ\�� 7KH
OLJKW� \LHOG� GHFUHDVH� GXULQJ� LUUDGLDWLRQ� DW
FRQVWDQW�WHPSHUDWXUH�LV�UHODWHG�WR�WKH�UDGLD�
WLRQ�LQGXFHG� WUDQVIRUPDWLRQ� RI� WKH� FOXVWHU
GHIHFW� FRPSRVLWLRQ�� 7KLV� SURFHVV� FDXVHV� DQ
DGGLWLRQDO� OLJKW� DEVRUSWLRQ� LQ� WKH� FU\VWDO�
'HFUHDVH� RI� UDGLDWLRQ� UHVLVWDQFH� RI� FU\VWDOV
ZLWK�WHPSHUDWXUH�GHFUHDVH�LV�GXH�WR�LQFUHDVH
LQ�WLPH�QHFHVVDU\�IRU�UHFRYHU\�RI�WKH�FOXVWHU
GHIHFW� FRPSRVLWLRQ�� 7KH� UHFRYHU\� WLPH� DOVR
GHSHQGV� RQ� WKH� FU\VWDO� SURGXFWLRQ� WHFKQRO�
RJ\�7KH� KLJKHU� LV� WKH� WHPSHUDWXUH� RI�3:2

FU\VWDO��WKH�OHVV�SURQRXQFHG�LV�WKH�UDGLDWLRQ
GHSHQGHQFH� RI� WKH� PDLQ� FU\VWDO� FKDUDF�
WHULVWLFV�

$FNQRZOHGJPHQWV�� :H� ZRXOG� OLNH� WR
WKDQN�WKH�,+(3�PDQDJHPHQW�DQG�WKH�,+(3
5DGLDWLRQ� 'HSDUWPHQW� IRU� VXSSRUW� LQ� SHU�
IRUPLQJ� D� SDUW� RI� WKH� VWXG\� RQ� UDGLDWLRQ
UHVLVWDQFH�

5HIHUHQFHV
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������������
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,(((�7UDQV��1XFO��6FL�������������������
� ���0�1LNO��3K\V��6WDW��6RO���D��������������������
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1XFO��,QVW��0HWK��3K\V��5HV��$������������������
� ���6�%XUDFKDV��6�%HORJORYVN\��<X�6DYHOLHY�HW�DO��
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� ���6�%XUDFKDV�� $�9DVLOLHY�� 0�,SSROLWRY� HW� DO��

.ULVWDOORJUDIL\D������������������
����*PHOLQ� +DQGEXFK� GHU� $QRUJDQLVFKH� &KHPLH�

6\VWHP�1R�����:ROIUDP�%���6SULQJHU�9HUODJ�
%HUOLQ��������

����5�<�=KX�HW�DO���1XFO��,QVWU��0HWK��3K\V��5HV��$�
����������������

����6�%XUDFKDV��0�,SSROLWRY��9�0DQNR�HW�DO���5DG�
0HDV����WR�EH�SXEOLVKHG��

����5�:�1RYRWQ\�� :�0�'RULQJ�� )�+MHOHQ� HW� DO��
LQ��3URF��,(((�1XFOHDU�6FLHQFH�6\PS���3XHUWR
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