
6WUXFWXUH�SHUIHFWLRQ�RI�VDSSKLUH�VLQJOHFU\VWDOV�JURZQ�E\�+2&�PHWKRG�LQ�UHGXFLQJDWPRVSKHUH�
9�)�7NDFKHQNR��2�$�/XNLHQNR��$�7�%XGQLNRY�(�$�9RYN��6�,�.ULYRQRJRY

,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��67&�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�
���/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�-XQH���������
7KH�PHWKRG�RI�WKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWU\�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�VWUXFWXUH

SHUIHFWLRQ�RI�VDSSKLUH�FU\VWDOV�ZLWK�WKH�FU\VWDOORJUDSKLF�RULHQWDWLRQV�RQ�WKH�FU\VWDO�VXUIDFH
�������DQG�����

BB
���JURZQ�E\�WKH�PHWKRG�RI�KRUL]RQWDO�RULHQWHG�FU\VWDOOL]DWLRQ�LQ�SURWHFWLYH

JDVHRXV� DWPRVSKHUH�� 7KH� VWUXFWXUH� SHUIHFWLRQ� ZDV� HVWLPDWHG� IRU� IRXU� FU\VWDOORJUDSKLF
RULHQWDWLRQV� RI� WKH� VXUIDFH� RI� WKH� VDPSOHV� FXW� RXW� RI�GLIIHUHQW�SDUWV� RI� WKH� FU\VWDO��7KH
GLVORFDWLRQ�GHQVLW\�U�GHWHUPLQHG�IURP�WKH�GHSHQGHQFH�RI�WKH�LQWHJUDO�UHIOHFWLRQ�SRZHU�5H[SRQ�WKH�GLVORFDWLRQ�GHQVLW\�IRU�GLIIHUHQW�FU\VWDOORJUDSKLF�SODQHV�ZDV�IRXQG�WR�GLIIHU�LQ�WKH
UDQJH�U� ������Ü������FPÜ���)RU�WKH�SODQH�����

BB
���SDUDOOHO�WR�WKH�FU\VWDO�VXUIDFH�WKH�FKDQJH

RI� GLVORFDWLRQ� GHQVLW\�ZDV�PRUH� HVVHQWLDO� �U� ������Ü������FPÜ��� LQ� FRPSDULVRQ� ZLWK� WKH
RQH�IRU�WKH�SODQH�SHUSHQGLFXODU�WR�WKH�FU\VWDO�VXUIDFH��$W�GHQVLWLHV�H[FHHGLQJ�����°PÜ��WKH
GLVORFDWLRQV�ZHUH�PDLQO\�ORFDWHG�LQ�ORZ�DQJOH�GLVORFDWLRQ�ERXQGDULHV��
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'XH�WR�WKHLU�XQLTXH�SK\VLFDO��PHFKDQLFDO

DQG� FKHPLFDO� SURSHUWLHV�� VDSSKLUH� VLQJOH
FU\VWDOV� DQG� DUWLFOHV�PDGH� IURP� WKHP� KDYH
IRXQG� ZLGH� XVH� LQ� GLIIHUHQW� ILHOGV� � RI� VFL�
HQFH� DQG� WHFKQRORJ\� >�@�� 'HPDQG� IRU� VDS�
SKLUH�� HVSHFLDOO\� IRU� ODUJH�VL]H� FU\VWDOV� RI
KLJK� RSWLFDO� TXDOLW\� DQG� VWUXFWXUH� SHUIHF�
WLRQ��ULVHV�IURP�\HDU�WR�\HDU��2QH�RI�SURP�

LVLQJ�PHWKRGV� IRU� WKH�JURZWK�RI� VXFK�FU\V�
WDOV� LV� KRUL]RQWDO� RULHQWHG� FU\VWDOOL]DWLRQ
�+2&�� LQ�UHGXFLQJ�JDVHRXV�PHGLD�GHYHORSHG
DW�WKH�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV��1$6�RI
8NUDLQH��.KDUNLY��>�@�

$V�D�UXOH��SUHYLRXV�VWXGLHV�RI�WKH�VWUXF�
WXUH� SHUIHFWLRQ� RI� VDSSKLUH� FU\VWDOV� ZHUH
SHUIRUPHG� IRU� FHUWDLQ� FU\VWDOORJUDSKLF� RUL�
HQWDWLRQV� DQG� SODQHV� RI� WKH� VDPSOHV� RE�
WDLQHG� E\� GLIIHUHQW� JURZWK� PHWKRGV� >����@�
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7KH�JRDO�RI�WKH�SUHVHQW�ZRUN�ZDV�WR�REWDLQ
PRUH� GHWDLOHG� GDWD� RQ� WKH� GHIHFW� VWUXFWXUH
LQ�WKH�EXON�RI�WKH�FU\VWDO�RI�D�SUHVHW�JURZWK
RULHQWDWLRQ��)RU�WKLV�SXUSRVH��WKH�VWUXFWXUH
SHUIHFWLRQ�RI�WKH�FU\VWDO�SODQHV�ZLWK�GLIIHU�
HQW� FU\VWDOORJUDSKLF� RULHQWDWLRQ� RI� WKH� VXU�
IDFH��ZDV�LQYHVWLJDWHG���

���([SHULPHQWDO
7KH� +2&� PHWKRG� ZDV� XVHG� WR� JURZ

���u���u���PP�� FU\VWDO� VDPSOHV� ZLWK� WKH
FU\VWDOORJUDSKLF� RULHQWDWLRQV� RI� WKH� VXUIDFH
������� DQG� ����

BB
��� Û� W\SH� �� DQG� W\SH� �

FU\VWDOV�� UHVSHFWLYHO\��)URP� W\SH� �� FU\VWDOV
WKHUH� ZHUH� FXW� RXW� ��u��u��PP�� VDPSOHV
ZLWK�WKH�RULHQWDWLRQ�RI�WKH�LQYHVWLJDWHG�VXU�
IDFH� �������� ����

BB
���� ����

BB
���� ����

BB
��� DQG� WKH

GHYLDWLRQ�RI�WKH�FXWWLQJ�WRRO�IURP�WKH�SUHVHW
FU\VWDOORJUDSKLF� SODQH� XS� WR� ��� DQJXODU
PLQXWHV�� 7KH\� ZHUH� PHFKDQLFDOO\� SROLVKHG
E\� D� ORRVH� DEUDVLYH� $60� ������ DQG� WKHQ
VXEMHFWHG� WR� FKHPLFR�PHFKDQLFDO� SROLVKLQJ
�&03�� LQ� DTXHRXV� VXVSHQVLRQ� RI� VLOLFRQ� GL�
R[LGH� �DHURVLO� ������ 7KH� WKLFNQHVV� RI� WKH
GDPDJHG�VXUIDFH�DGMDFHQW� OD\HU�RI� WKH� VDP�
SOH�UHPRYHG�DW�&03�PDGH�XS�WR���PP��7KH
RSWLFDO�SXULW\�DQG�VXUIDFH�URXJKQHVV�RI�WKH
VDPSOHV� ZHUH� VWXGLHG� XVLQJ� DQ� RSWLFDO� PL�
FURVFRSH�03��� DQG� DWRPLF�IRUFH�PLFURVFRSH
RI�6ROYHU�3��+�552�W\SH��5XVVLD���7KH�VXU�
IDFH� RI� WKH� VDPSOHV� VXEMHFWHG� WR� &03� GLG
QRW�FRQWDLQ�GLVWRUWHG�VXUIDFH�DGMDFHQW�OD\HU�
LWV� URXJKQHVV� ZDV� ���Ü���� QP� >�@�� 2WKHU
VDPSOHV�ZHUH�REWDLQHG�IURP�W\SH���FU\VWDOV
DV�D�UHVXOW�RI�FUDFNLQJ�DORQJ�WKH�SODQH�����

BB
��

GXH� WR� KLJK� UHVLGXDO� WKHUPRHODVWLF� VWUHVVHV
SHUSHQGLFXODU�DQG�SDUDOOHO�WR�WKH�VXUIDFH�RI
WKH�JURZQ�FU\VWDO��7KH�VSDOO�VXUIDFH�RI�VXFK
VDPSOHV� GLG� QRW� FRQWDLQ� GLVWRUWHG� VXUIDFH�
DGMDFHQW�OD\HU�IRUPHG�DV�D�UHVXOW�RI�FU\VWDO
VXUIDFH� WUHDWPHQW�� 7KH� VSDOO� DUHD� ZDV� DS�
SUR[LPDWHO\� ��� FP��� 7KH� VLGH� IDFHV� RI� WKH
LQYHVWLJDWHG�VDPSOHV�ZHUH�RULHQWHG�WR�DQ�DF�
FXUDF\� RI� ����� ZLWK� UHVSHFW� WR� WKH� JLYHQ
FU\VWDOORJUDSKLF�SODQH��)RU�WKH�VDPSOH�ZLWK
WKH�RULHQWDWLRQ��������REWDLQHG�IURP�W\SH��
FU\VWDOV� WKH� VLGH� IDFHV� RI� WKH� VDPSOH� ZHUH
����
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��� IRU� WKH� VDPSOH� ZLWK� ����
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RULHQWDWLRQ� WKH� VLGH� IDFHV� ZHUH� �������
����
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��� IRU� WKH� FU\VWDO�ZLWK� WKH�VXUIDFH� RUL�

HQWDWLRQ�����
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���WKH�VLGH�IDFHV�KDG�WKH�RULHQ�

WDWLRQV� �������� ����
BB
��� IRU� WKH� VDPSOHV�ZLWK

WKH�VXUIDFH�RULHQWDWLRQ�����
BB
���WKH�VLGH�IDFHV

KDG�WKH�RULHQWDWLRQV�����
BB
���DQG�����
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����)RU

W\SH� �� FU\VWDOV� WKH� VXUIDFH� RULHQWDWLRQ�ZDV
����
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��� DQG� WKH� VLGH� IDFHV� KDG� WKH� RULHQWD�

WLRQV�����
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,Q� JHQHUDO�� ;�UD\� GLIIUDFWRPHWULF� VWXG\
ZDV�UHDOL]HG� LQ�WKH�%UDJJ�JHRPHWU\��EXW� LQ

VRPH� FDVHV� WKHUH� ZDV� XVHG� WKH� %UDJJ�/DXH
JHRPHWU\�� 7KH� PHDVXUHPHQWV� ZHUH� FDUULHG
RXW� RQ� D� WKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWHU
�7;'��LQ�&X�.D��UDGLDWLRQ�>�@��,Q�WKH�FDSDF�LW\�RI�WKH�ILUVW�WZR�PRQRFKURPDWRUV�ZH�DS�
SOLHG� KLJK�SHUIHFWLRQ� JHUPDQLXP� FU\VWDOV
ZLWK�WKH�GLVORFDWLRQ�GHQVLW\�Ud����FPÜ���WKH
UHIOHFWLRQ���������WKH�%UDJJ�DQJOH�T�HTXDO�WR
����� WKH�VFKHPH�� ��Q��Q���)RU� WKH�UHIOHFWLRQ
DQJOHV� T�|����� PRQRFKURPDWLF� ;�UD\� EHDP
LQFLGHQW� RQ� WKH� LQYHVWLJDWHG� FU\VWDO� DFFRUG�
LQJ�WR�WKH�VFKHPH��Q��Q��ÜP��LV�DOPRVW�FRP�
SOHWHO\� SRODUL]HG� �WKH� VKDUH� RI� WKH� SDUDOOHO
SRODUL]DWLRQ�FRPSRQHQW�LV�OHVV�WKDQ��������
7KH� UHIOHFWLRQ� IURP� WKH� WZR� PRQRFKURPD�
WRUV�LQ�WKH�SRVLWLRQ��Q��Q��FUHDWHV�PRQRFKUR�
PDWLF� EHDP�&X�.D�� ZLWK� DQ� DQJXODU� GLYHU�JHQFH�RI����Ü�������� WKH� VSHFWUDO�UHVROXWLRQ
EHLQJ���Ü�Ü��Ü��c��8QGHU�WKH�FRQGLWLRQV�RI
WKLV�DSSUR[LPDWLRQ��WKH�URFNLQJ�FXUYHV��5&�
IRU� WKH� LQYHVWLJDWHG� FU\VWDO� GR� QRW� UHTXLUH
FRUUHFWLRQ� IRU� LQVWUXPHQWDO� EURDGHQLQJ
ZLWKLQ� WKH� ZKROH� UHJLRQ� RI� WKH� UHIOHFWLRQ
DQJOHV�� 7KHUHIRUH�� WKH� H[SHULPHQWDO� '5&
FDQ�EH�FRPSDUHG�ZLWK�WKH�RQHV�FDOFXODWHG�LQ
WKH� G\QDPLF� DQG� NLQHPDWLF� DSSUR[LPDWLRQ
RI� ;�UD\� VFDWWHULQJ� >�@�� 7KH� SDUDPHWHUV� RI
WKH� GHYLDWLRQ� RI� WKH� H[SHULPHQWDO�5&� IURP
WKH�FDOFXODWHG�YDOXHV�DUH�ERXQG�XS�ZLWK�GLV�
WXUEDQFHV� RI� WKH� VWUXFWXUH� RI� WKH� LQYHVWL�
JDWHG� FU\VWDO�� ,W� VKRXOG� EH� QRWHG� WKDW� WKH
7;'�>�@�KDV�D�VXIILFLHQWO\�KLJK�OLJKW�SRZHU
,��a������� SXOVH�V� IRU� a��� P� ZLGH� LQFLGHQWPRQRFKURPDWLF�EHDP�DQG���PP�YHUWLFDO�VOLW
ORFDWHG� DIWHU� WKH�PRQRFKURPDWRUV��7KHUHDW�
WKH� IOXFWXDWLRQ�RI� WKH� LQWHQVLW\�,��GRHV�QRWH[FHHG��������WKH�HUURU�RI�GHWHUPLQDWLRQ�RI
WKH�LQWHJUDWHG�LQWHQVLW\�(LPS�� WKH� IXOO� ZLGWK� DW� KDOI� PD[LPXP
�):+0��EBB� RI�5&� FDQ� EH� UHGXFHG� WR�r����
7R� HOLPLQDWH� WKH� HUURUV� FRQQHFWHG�ZLWK� WKH
WXUQ�RI�WKH�VDPSOH�DW�D�ORZ�DQJXODU�YHORFLW\
Z��WKH�5&�UHFRUG�ZDV�UHDOL]HG�IURP�VPDOOHU
WR�ODUJHU�T�DQJOHV�DQG�YLFH�YHUVD��7KH�PHDV�
XUHPHQW� UHVXOWV� ZHUH� DYHUDJHG�� 7KH� JR�
QLRPHWULF� KHDG� PDGH� LW� SRVVLEOH� WR� FKDQJH
WKH�SRVLWLRQ�RI�WKH�VDPSOH�LQ�WKH�HTXDWRULDO
SODQH�RI�WKH�JRQLRPHWHU�ZLWK�UHVSHFW�WR�WKH
LQFLGHQW� EHDP�� %\� PRYLQJ� WKH� H[DPLQHG
VDPSOH� ZLWK� UHVSHFW� WR� WKH� LQFLGHQW� ;�UD\
EHDP� DW� WKH� VFDQQLQJ� VWHS� /� �������Ü
��� PP� RQH� FDQ� REWDLQ� WKH� 5&� FKDUDF�
WHULVWLFV�� E�/�� DQG�5�/�� �LQWHJUDO� UHIOHFWLRQ
SRZHU���5� �(�Z�,����ZKHUH�Z�LV�WKH�DQJXODUYHORFLW\� RI� WKH� VDPSOH� WXUQ�� ZKLFK� FKDUDF�
WHUL]H� WKH�GHJUHH�RI� VWUXFWXUH�SHUIHFWLRQ�RI
WKH�VWXGLHG�VDPSOH�DGHTXDWHO\�DQG�UHOLDEO\�
7KH�ZLGHO\�XVHG�PHWKRGV�RI�FKHPLFDO�SROLVK�

9�)�7NDFKHQNR�HW�DO����6WUXFWXUH�SHUIHFWLRQ�RI����

��� )XQFWLRQDO�PDWHULDOV�������������



LQJ� DQG� HWFKLQJ� WKH� FU\VWDO� VXUIDFH� IRU� HV�
WDEOLVKLQJ� WKH� GLVORFDWLRQ� GHQVLW\� KDYH� WKH
GHWHUPLQDWLRQ�HUURU�U� ���Ü�����>�@�

���5HVXOWV�DQG�GLVFXVVLRQ
)RU� UHOLDEOH� FKDUDFWHUL]DWLRQ� RI� WKH� GH�

JUHH� RI� VWUXFWXUH� SHUIHFWLRQ� IRU� FU\VWDOV
JURZQ� E\� DQ\� PHWKRG� DW� D� SUHVHW� JURZWK
RULHQWDWLRQ��LW�LV�QHFHVVDU\�WR�GHWHUPLQH�GH�
IHFW�VWUXFWXUH�SDUDPHWHUV�IRU�GLIIHUHQW�FU\V�
WDOORJUDSKLF� SODQHV�� )RU� REWDLQLQJ� WKH� WUXH
FKDUDFWHULVWLF� RI� WKH� VXUIDFH� VWUXFWXUH� SHU�
IHFWLRQ��WKH�GLVWRUWHG�VXUIDFH�DGMDFHQW�OD\HU
IRUPHG�LQ�WKH�SURFHVV�RI�VDPSOH�SUHSDUDWLRQ
PXVW� EH� DEVHQW�� $V� VHHQ� IURP� )LJ����� WKH
SUHVHQFH�RI�a��PP�WKLFN�GHIHFW�OD\HU�IRUPHG
LQ� WKH� SURFHVV� RI� PHFKDQLFDO� WUHDWPHQW
XVLQJ� D� IUHH� DEUDVLYH� RI� $60� ������ W\SH
�FXUYH� ��� UHVXOWV� LQ� WKH� EURDGHQLQJ� RI� WKH
5&�� WKH� FKDQJH� RI� WKH� LQWHQVLW\� DW� WKH� UH�
IOHFWLRQ�PD[LPXP�,PD[��WKH�ULVH�RI�WKH�LQWH�JUDWHG� UHIOHFWLRQ� LQWHQVLW\� (SXOVH� LQ� FRP�SDULVRQ� ZLWK� WKDW� RI� WKH� VSDOO� SODQH� RU� RI
WKH� VDPSOH� DIWHU� &03� �FXUYH�����$V� VKRZQ
LQ� >�@�� &03�DOORZV� WR� UHPRYH� WKH�GLVWRUWHG
VXUIDFH�DGMDFHQW� OD\HU� RI� WKH� LQYHVWLJDWHG
VDPSOH�� WKHUHDW� WKH� VXUIDFH�URXJKQHVV�5D������ QP�� 6XUYH\� RI� WKH� VWXGLHG� VDPSOHV� LQ
WKH�/DXH�JHRPHWU\�OHDGV�WR�IXUWKHU�PLQLPL]D�
WLRQ� RI� WKH� FRQWULEXWLRQ� RI� WKH� VXUIDFH�DGMD�
FHQW� OD\HU� DQG� PDNHV� LW� SRVVLEOH� WR� LQFUHDVH
WKH�TXDQWLW\�RI� WKH�UHJLVWHUHG�UHIOHFWLRQV�IRU
WKH�VDPSOHV�ZLWK�D�WKLFNQHVV�OHVV�WKDQ���PP�
7KXV�� RQH� FDQ�REWDLQ�PRUH� FRPSOHWH�GDWD� RQ
WKH�VWUXFWXUH�SHUIHFWLRQ�LQ�WKH�FU\VWDO�EXON���

7KH�G\QDPLFDO�DQG�NLQHPDWLF�DSSUR[LPD�
WLRQ�RI�;�UD\�VFDWWHULQJ�IRU�SHUIHFW�DQG�PR�
VDLF� VLQJOH� FU\VWDOV� LQ� WKH� %UDJJ� JHRPHWU\
WDNLQJ�LQWR�DFFRXQW�WKH�DEVRUSWLRQ�ZDV�XVHG

WR� FDOFXODWH� WKH� LQWHJUDO� UHIOHFWLRQ� SRZHUV
DQG� WKHLU� UDWLRV� IRU� WKH� UHIOHFWLRQV� �������
��������� ����
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WKHVH� UHIOHFWLRQV� WKHUH� ZHUH� FDOFXODWHG� WKH
%UDJJ� DQJOHV� T� DQG� WKH� LUUDGLDWHG� DUHD� RI
WKH� LQYHVWLJDWHG� VDPSOH� IRU� WKH� FDVH� RI
�� PP� ZLGH� YHUWLFDO� VOLW� DQG� ��� PP� ZLGH
PRQRFKURPDWLF�EHDP����

$V� VHHQ� IURP� WKH� 7DEOH�� IRU� WKH� DERYH�
PHQWLRQHG� UHIOHFWLRQV� �������5N�5G��������� 7KH� GHSHQGHQFH�5H[S�ORJU�� ZDV� EXLOWXVLQJ� WKH� UHIOHFWLRQV� IURP� WKH� FU\VWDO�
ORJUDSKLF�D[HV�FKDUDFWHUL]HG�E\�WKH�PD[LPDO

7DEOH��&KDUDFWHULVWLFV�RI�SHUIHFW�VWUXFWXUH�RI�VDSSKLUH
5HIOHF�
WLRQ T�

JUDG
6�

PP� &DOFXODWHG�YDOXH�5���� &KHPLFDO�
PHFKDQLFDO
SROLVKLQJ

0HFKDQLFDO
SROLVKLQJ�$60

�����
&OHDYDJH

SHUSHQGLFXODU�WR
WKH�FU\VWDO�VXUIDFH

&OHDYDJH�SDUDOOHO
WR�WKH�FU\VWDO

VXUIDFH
5G 5N 5G�5N 5N�5G 5H[S 5H[S�5N E��VHF 5H[S 5H[S�5N E��VHF 5H[S 5H[S�5N E��VHF 5H[S 5H[S�5N E��VHF�
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FU\VWDOORJUDSKLF� RULHQWDWLRQ� DIWHU� FKHPLFDO�
PHFKDQLFDO�SROLVKLQJ� ���� DQG�PHFKDQLFDO� SRO�
LVKLQJ�$60�����������
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5N�5G� UDWLR�� 7KH� VWXG\� ZDV� SHUIRUPHG� RQWKH� VDPSOHV� ZLWK� GLIIHUHQW� GLVORFDWLRQ� GHQ�
VLW\� U� HPSOR\HG� LQ� >�@�� DV� ZHOO� DV� RQ� QHZ
RQHV�ZKLFK�XQGHUZHQW�&03�RU�FKHPLFDO�SRO�
LVKLQJ� DW� VHOHFWLYH� HWFKLQJ� IRU� WKH�GHWHUPL�
QDWLRQ�RI�U�DFFRUGLQJ�WR�WKH�PHWKRG�>�@��7KH
GHSHQGHQFHV� 5H[S�ORJU�� IRU� WKH� UHIOHFWLRQV��������� ����
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���� ����

BB
���� ����

BB
��� DUH� SUH�

VHQWHG�LQ�)LJ�����7KH�FRPSDULVRQ�VKRZV�WKDW
WKH� YDOXHV� RI� GLVORFDWLRQ� GHQVLW\� REWDLQHG
IURP� ;�UD\� WRSRJUDSKLF� PHDVXUHPHQWV� DUH
LQ� VDWLVIDFWRU\� DJUHHPHQW� ZLWK� WKH� YDOXHV
GHWHUPLQHG�E\�WKH�PHWKRG�RI�FKHPLFDO�HWFK�
LQJ� IRU� WKH� VDPH� VDPSOHV� RI� VDSSKLUH� FU\V�
WDOV� >�@�� $V� VHHQ� IURP� )LJ����� ZLWK� WKH
JURZWK�RI�GLVORFDWLRQ�GHQVLW\�LQ�WKH�FU\VWDO
WKH� H[SHULPHQWDO� YDOXH� RI� WKH� LQWHJUDO� UH�
IOHFWLRQ�SRZHU�HVVHQWLDOO\� ULVHV��$W� ORZ�GLV�
ORFDWLRQ�GHQVLWLHV�LQ�WKH�FU\VWDO�WKH�VHQVLWLY�
LW\� RI� 5H[S�ORJU�� GHSHQGHQFH� LV� UHODWLYHO\ORZ�� DQG� RQO\� DW� U�!�����FPÜ�� WKHUH� LV� RE�
VHUYHG�D�FRQVLGHUDEOH�ULVH�RI�WKLV�FXUYH��7KH
VHQVLWLYLW\� RI� WKLV� PHWKRG� DOVR� GHSHQGV� RQ
WKH�FU\VWDOORJUDSKLF�RULHQWDWLRQ�RI�WKH�VWXG�
LHG� VDPSOH�� GXH� WR� GLIIHUHQW� YDOXHV� RI� WKH
VWUXFWXUH� DPSOLWXGH� )�KNO�� >�@�� 6LQFH� WKH
HUURU� RI� WKH� H[SHULPHQWDO� GHWHUPLQDWLRQ� RI
WKH� 5&� SDUDPHWHUV� 5H[S�� E� LV� r����� WKHVH
FKDUDFWHULVWLFV� GHILQH� WKH� VWUXFWXUH� SHUIHF�
WLRQ� RI� WKH� JURZQ� FU\VWDO� UHOLDEO\� HQRXJK�
,Q� WKH� VDSSKLUH� FU\VWDOV� JURZQ� E\� WKH
PHWKRG� RI� +2&�� WKHUH� LV� HVWDEOLVKHG� G\�
QDPLF�;�UD\� EHDP�VFDWWHULQJ� �WKH�%RUPDQQ
HIIHFW�� >�@��7KLV�WHVWLILHV� WKDW� WKH� VWUXFWXUH
SHUIHFWLRQ� RI� WKH� FU\VWDOV� LV� KLJK�� DQG� SHU�
PLWV� WR� UDLVH� WKH� VHQVLWLYLW\� RI� ;�UD\� GLI�
IUDFWLRQ�DQDO\VLV�PHWKRGV�WR�ORZ�GLVORFDWLRQ
GHQVLWLHV� DQG� RWKHU� FU\VWDO� ODWWLFH� GLVWRU�
WLRQV�>�@��7KH�H[DPLQHG�FU\VWDO��W\SH����KDV
WKH�RSWLPDO�VSDWLDO�RULHQWDWLRQ��WKH�H[WHULRU
VXUIDFH���������WKH�JURZWK�GLUHFWLRQ�>���
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WKH� VLGH� VXUIDFH� RULHQWDWLRQ� ����
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��� ZKLFK

DOORZV� WR� DYRLG� WKH� VWXG\� RI� WKH� VWUXFWXUH
GHIHFWV� RI� WKH� VHHG�� 7KHUHDW�� QHZ� GLVORFD�
WLRQV�IRUPHG�LQ�WKH�SURFHVV�RI�UHOD[DWLRQ�RI
WKHUPRHODVWLF� VWUHVVHV� EHKLQG� WKH� FU\VWDO�
OL]DWLRQ� IURQW� PDNH� DQ� DQJOH� FORVH� WR� ���
ZLWK� WKH�GLUHFWLRQ� >���

BB
�@��DQG� WKHLU� LQKHUL�

WDQFH� FRHIILFLHQW� WHQGV� WR� ]HUR� >�����@�� 2QH
PXVW� DOVR� WDNH� LQWR� DFFRXQW� WKH� IDFW� WKDW
WKH� GLVORFDWLRQ� VWUXFWXUH� RI� WKH� FU\VWDO� XQ�
GHUJRHV�DQ�HVVHQWLDO�HYROXWLRQ�LQ�WKH�SURFHVV
RI� JURZWK�DQQHDOLQJ� LQ� JUDGLHQW� KLJK�WHP�
SHUDWXUH�ILHOGV�RI�WKH�JURZWK�XQLW�GXULQJ�D
ORQJ� SHULRG� RI� WLPH� �a���� KRXUV��� 7KH� YDO�
XHV� RI� 5H[S� IRU� GLIIHUHQW� FU\VWDOORJUDSKLFSODQHV��VHH�7DEOH��VKRZ�WKDW�WKH�GLVORFDWLRQ
GHQVLW\� �GHWHUPLQHG� IURP� )LJ����� LV

������FPÜ�� IRU� WKH� UHIOH[� ��������
������FPÜ�� IRU� ����
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���� 'LIIHUHQW

FU\VWDOORJUDSKLF� SODQHV� RI� W\SH� �� FU\VWDOV
DUH�FKDUDFWHUL]HG�E\�FKDRWLF�GLVORFDWLRQ�GHQ�
VLW\� ZKLFK� YDULHV� ZLWKLQ� WKH� UDQJH
U�|������Ü������FP���� ,W� VKRXOG� EH� QRWHG
WKDW�WKH�FKDUDFWHU�RI�WKH�GLVWULEXWLRQ�RI�GLV�
ORFDWLRQ�VWUXFWXUHV�LQ�WKH�EXON�RI�WKH�JURZQ
FU\VWDO�KDV�WKH�UHJXODULWLHV�VLPLODU�WR�WKRVH
REVHUYHG� LQ� WKH� FDVH� RI� KLJK�WHPSHUDWXUH
SODVWLF� GHIRUPDWLRQ� RI� FU\VWDOOLQH� VDPSOHV
>������@�� $V� VKRZQ� LQ� >��@�� WKH�PRVW� SURE�
DEOH�IRU�VDSSKLUH�LV�WKH�EDVDO�VOLS�DORQJ�WKH
VHFRQG�RUGHU� V\PPHWU\� D[LV� ������� LQ� WKH
FU\VWDOORJUDSKLF� GLUHFWLRQ� ���� >���
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�@� DQG

�������LQ�WKH�GLUHFWLRQ�>��
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��@�ZLWK�WKH�%XU�

JHUV� YHFWRU� E� �������c� DQG� E� �������c�
7KH�DQDO\VLV�RI�WKH�5&�PHDVXUHG�IRU�GLIIHU�
HQW� �KNLO�� UHIOHFWLRQV� LQ� GLIIHUHQW� FU\VWDO�
ORJUDSKLF� GLUHFWLRQV� VKRZV� QRW� RQO\� EURDG�
HQLQJ��EXW�DOVR�VSOLWWLQJ�RI�WKH�'5&�FDXVHG
E\�WKH�SUHVHQFH�RI�RUGHUHG�GLVORFDWLRQ�VWUXF�
WXUHV�� SRO\JRQDO� ERXQGDULHV� ZLWK� ORZ� WXUQ
DQJOHV� 'T� ��Ü�� V�� 7KH� GLVWDQFH� O� EHWZHHQ
WKH� GLVORFDWLRQV� LQ� WKH� ERXQGDU\� LV� HDVLO\
HVWLPDWHG� IURP� WKH� NQRZQ� YDOXH� E� DQG� 'T
WDNLQJ�LQWR�DFFRXQW�WKDW�O� �E�'T��$IWHU�FDO�
FXODWLQJ� WKH� LUUDGLDWHG� VXUIDFH� RI� WKH� VDP�
SOH��VHH�7DEOH��DQG�WKH�TXDQWLW\�RI�5&�SHDNV
RQH� FDQ� HVWLPDWH� WKH� GLVWDQFH� EHWZHHQ� WKH
SRO\JRQDO� GLVORFDWLRQ� ERXQGDULHV� DQG� GHWHU�
PLQH� U� LQ� WKH� ERXQGDULHV�� $W� GLVORFDWLRQ
GHQVLWLHV� !����FPÜ�� WKH� GLVORFDWLRQV� DUH
PDLQO\� ORFDWHG� LQ�WKH� ORZ�DQJOH�ERXQGDULHV�
7KH� SUHVHQFH� RI� ORZ�DQJOH� GLVORFDWLRQ
ERXQGDULHV� ZLWK� 'T� ��Ü�� VHF� DQG� FKDRWLF
GLVORFDWLRQ� GHQVLW\� Ud����FPÜ�� KDYH� QR� HV�
VHQWLDO� LQIOXHQFH� RQ� WKH� RSWLFDO� WUDQVPLV�
VLRQ��UDGLDWLRQ�VWUHQJWK�DQG�KRPRJHQHLW\�RI
VDSSKLUH�SURGXFWV� >����@��$W�WKH�VDPH�WLPH�
WKH� SUHVHQFH� RI� ORZ�DQJOH� ERXQGDULHV� ZLWK

)LJ�����9DULDWLRQ�FKDUDFWHU�RI�WKH�LQWHJUDO�UH�
IOHFWLRQ�SRZHU�5H[S�RQ�WKH�GLVORFDWLRQ�GHQVLW\
U�IRU�GLIIHUHQW�UHIOHFWLRQV��KNLO��
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'T�t����V�GLVRULHQWDWLRQ� OHDGV�WR�GLVWRUWLRQV
RI�IRUPV�DQG�FRORU�JDPXW�RI�WKH�FRQRVFRSLF
SDWWHUQ�>�@��$V�D�UXOH��VXFK�ORZ�DQJOH�WZLVW
ERXQGDULHV�DUH�REVHUYHG� LQ�WKH�FU\VWDO�EXON
ZKHUH� Ut������FPÜ��� DQG� KDYH� D� OHQJWK� RI
�Ü��PP��7KH�SHUIRUPHG�VWXG\�RI�WKH�VWUXF�
WXUH� SHUIHFWLRQ� RI� WKH� W\SH��� FU\VWDO� VKRZV
DQ� HVVHQWLDO� ULVH� RI� WKH� GLVORFDWLRQ� GHQVLW\
U� �������FPÜ�� IRU� WKH� FU\VWDOORJUDSKLF
SODQH� ����

BB
��� FOHDYHG�SHUSHQGLFXODUO\� WR� WKH

FU\VWDO�VXUIDFH��)RU�WKH�FOHDYHG�IDFHW�SDUDO�
OHO� WR� WKH� FU\VWDO� VXUIDFH� WKH� GLVORFDWLRQ
GHQVLW\� LV�PXFK� ORZHU��U� �������FP���� WKDW
OHDGV�WR�FKDQJHV�LQ��5H[S�DQG�E��VHH�7DEOH��7R�HVWLPDWH�WKH�XQLIRUPLW\�RI�WKH�GLVWUL�
EXWLRQ� RI� VWUXFWXUH� GHIHFWV� RYHU� WKH� FURVV�
VHFWLRQ�RI� WKH�FU\VWDO�� WKHUH�ZHUH�PHDVXUHG
5H[S�/��YDOXHV��)LJ�����FXUYH���IRU�WKH�UHIOH[�������� DQG� ��� IRU� ����
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��� DQG�E�/�� �)LJ����

FXUYH� �� IRU� WKH� UHIOH[� �������� DQG� ��� IRU
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��� DW� /�VFDQQLQJ� RI� WKH� LQYHVWLJDWHG

VDPSOH�ZLWK�UHVSHFW�WR�LQFLGHQW�;�UD\�EHDP
LQ� WKH� GLUHFWLRQ� >���
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�@� ZLWK� WKH� VWHS� /� 

����PP��$V�VHHQ�IURP�)LJ���� �FXUYHV�������
IRU� WKH� VDPSOHV�ZLWK�D� ORZ�GLVORFDWLRQ�GHQ�
VLW\� Ua����FPÜ�� DQG� WKH� RULHQWDWLRQ� RI� WKH
UHIOHFWLQJ� SODQH� ��������� E�/�� DQG� 5�/�� GR
QRW� VKRZ� HVVHQWLDO� FKDQJHV� DW� VFDQQLQJ� LQ
WKH�GLUHFWLRQ� >���

BB
�@��$W� WKH� VDPH�WLPH��IRU

WKH�VDPSOH� LQ�ZKLFK�WKH�GLVORFDWLRQ�GHQVLW\
U�������FPÜ��� WKHUH�DUH�REVHUYHG�FKDQJHV� LQ
E�/�� DQG� 5�/�� E\� ����� DQG� ������ UHVSHF�
WLYHO\�� 7KH� VWUXFWXUH� SHUIHFWLRQ�ZRUVHQV� LQ
WKH�SURFHVV�RI�FU\VWDO�JURZWK��FXUYHV����DQG
���� HYHQ� IRU� WKH� LQYHVWLJDWHG� ��� PP� ORQJ
FU\VWDO�VHFWLRQ�

��&RQFOXVLRQV
7KXV��WKH�H[SHULPHQWDO�FKDUDFWHULVWLFV�Û

5&��E��5�Û�PHDVXUHG�RQ�7;'�FKDUDFWHUL]H
WKH� GHJUHH� RI� FU\VWDO� VWUXFWXUH� SHUIHFWLRQ
DFFXUDWHO\� DQG� FRUUHFWO\� HQRXJK�� 0RUH� GH�
WDLOHG� GHVFULSWLRQ� RI� WKH� VWUXFWXUH� SHUIHF�
WLRQ� FDQ� EH� REWDLQHG� XVLQJ� WKH� GDWD� RQ
5&�/��� E�/�� DQG�5H[S�/�� IRU� GLIIHUHQW� FU\V�WDOORJUDSKLF�SODQHV��,W�LV�VKRZQ�WKDW�WKH�GLV�
ORFDWLRQ�GHQVLW\�IRU�WKH�FU\VWDO�JURZQ�LQ�WKH
GLUHFWLRQ� >���

BB
�@�ZLWK�WKH�RULHQWDWLRQ�RI�WKH

VXUIDFH��������IRU�GLIIHUHQW���KNLO��PD\�GLI�
IHU�E\�DQ�RUGHU��7KH�ORFDWLRQ�RI�WKH�FU\VWDO�
ORJUDSKLF� SODQH� ����

BB
��� LQ� WKH� LQYHVWLJDWHG

VDPSOHV� ZLWK� UHVSHFW� WR� WKH� FU\VWDO� JURZWK
VXUIDFH� �SDUDOOHO� RU� SHUSHQGLFXODU�� LV� RI� D
JUHDW�LPSRUWDQFH��VLQFH�WKH�GLVORFDWLRQ�GHQ�
VLW\�RI�VXFK�VDPSOHV�HVVHQWLDOO\�GLIIHUV��U� 
�����Ü������FPÜ�����

5HIHUHQFHV
� ���(�5�'REURYLQVND\D�� /�$�/LWYLQRY�� 9�9�3LVK�

FKLN�� (QF\FORSDHGLD� RI� 6DSSKLUH�� 67&� �,QVWL�
WXWH�IRU�6LQJOH�&U\VWDOV���������>LQ�5XVVLDQ@���

� ���$�<D�'DQ�NR�9�0�3X]LNRY�9�3�� 6HP\QR]KHQNR�
1�� 6�� 6LGHOQLNRYD� 7HFKQRORJLFDO� IRXQGDWLRQV
RI�VDSSKLUH�JURZQ�XQGHU�UHGXFLQJ�FRQGLWLRQV�
,QVW�� 6LQJOH�&U\VWDOV��1$6�8NUDLQH��.KDUNLY
�������>LQ�5XVVLDQ@�

� ���0�,�0XVDWRY���*2,��*URZWK�RI�/DUJH�3HUIHFW
6DSSKLUH� &U\VWDOV�� %RRN� RI� /HFWXUH� 1RWHV�
)LUVW� ,QW��6FKRRO� RQ�&U\VWDO�*URZWK�7HFKQRO�
RJ\��6ZLW]HUODQG���������S�������

� ���9�)�7NDFKHQNR�� 0�$�5RP�� $�$�%DELFKHQNR�
9�,�.X]QHWVRY��3ULERU\� 7HNKQ��(NVSHU��� ��� ��
���������

� ���9�)�7NDFKHQNR��9�0�3X]LNRY��$�<D�'DQ�NR�HW
DO���)XQFWLRQDO�0DWHULDOV�������������������

� ���5�-DPHV��2SWLFDO�3ULQFLSOHV�RI�;�UD\�'LIIUDF�
WLRQ�� ,]G��,QRVWU��/LWHU��� 0RVFRZ� ������� >LQ
5XVVLDQ@���

� ���$�1�%HOD\D��(�5�'REURYLQVND\D��9�9�.XNRO�HW
DO��� LQ�� 6LQJOH� &U\VWDOV� DQG� (QJLQHHULQJ�
.KDUNLY�� 91,,� 0RQRNULVWDOORY�� ��WK� ,VVXH
��������S�����

� ���(�5�'REURYLQVND\D�� 9�9�.XNRO�� 9�9�3LVKFKLN�
*�0�7VLJHOQLWVN\��.ULVWDOORJUDILD�����������������

�����2�1�(ILPRY��)L]��7YHUG��7HOD�����������������
����+�6�%DJGDVDURY�� +LJK�WHPSHUDWXUH� &U\VWDO�

OL]DWLRQ�IURP�0HOW��)L]PDWOLW��0RVFRZ�������
>LQ�5XVVLDQ@���

����9�/�,QGHQERP�� *�(�7RPLORYVN\�� .ULVWDOOR�
JUDILD������������������

����9�/�,QGHQERP��.ULVWDOORJUDILD�����������������
����9�0�.ODVVHQ�1HNO\XGRYD�� (�3�.R]ORYVND\D�

$�$�8UXVRYVND\D�� .ULVWDOORJUDILD�� ���� ����
�������

)LJ����� 9DULDWLRQ� FKDUDFWHU� RI� URFNLQJ� FXUYH
):+0�E

BB
�IRU�UHIOHFWLRQ�������������DQG�UHIOHFWLRQ
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��������DQG�WKH�LQWHJUDO�UHIOHFWLRQ�SRZHU�5H[SIRU�UHIOHFWLRQ����������������UHIOHFWLRQ�����
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�������

IRU�/�VFDQQLQJ�VWXG\�WKH�VDPSOH�
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)XQFWLRQDO�PDWHULDOV������������� ���



iº°}ºÓÈãL°�	�°�¯�}��¯Ò�äºÓº}¯Ò°�ÈãLm�°È¹ÁL¯��mÒ¯º�ËÓÒ²�äË�º�ºä��sz���mL�Óºmã
mÈã	ÓÒ²��äºmÈ²
{�n��}È�ËÓ}º��|�|���}L¼Ó}º��|���r��ÓL}ºm��|�|�{ºm}��v�,�z¯ÒmºÓº�ºm

lË�º�ºä� �¯Ò}¯Ò°�Èã	Óº�� ¯ËÓ��ËÓLm°	}º�� �ÒÁ¯È}�ºäË�¯L��� �º°ãL�ÎËÓº� �º°}ºÓÈãL°�	
°�¯�}��¯Ò�}¯Ò°�ÈãLm�°È¹ÁL¯���«}L�mÒ¯º��mÈãÒ°«�m�ÏÈ²Ò°ÓÒ²��ÈÏºmÒ²�°Ë¯Ë�ºmÒ�È²�äË�º�
�ºä� ÓÈ¹¯ÈmãËÓº�� �º¯ÒÏºÓ�Èã	Óº�� }¯Ò°�ÈãLÏÈ�L�� Ï� }¯Ò°�Èãº�¯ÈÁL�Óº
� º¯L¼Ó�È�L¼
� ¹º�
mË¯²ÓL� Û� ������� L� ����

BB
���� |�LÓ}È� �º°}ºÓÈãº°�L� °�¯�}��¯Ò� ¹¯ºmº�ÒãÈ°«� �ã«� �º�Ò¯	º²

}¯Ò°�Èãº�¯ÈÁL�ÓÒ²�º¯L¼Ó�È�L®�¹ºmË¯²ÓL�Ï¯ÈÏ}Lm��«}L�mÒ¯LÏÈÓL�Ï�¯LÏÓÒ²�ºãÈ°�Ë®�mÒ¯º�Ë�
Óº�º�}¯Ò°�ÈãÈ��uLã	ÓL°�	��Ò°ãº}È�L®��«}È��ãÈ�mÒÏÓÈ�ËÓÈ� LÏ��¯ÈÁL}È�ÏÈãËÎÓº°�L� LÓ�Ë�
�¯Èã	Óº�� ¹º��ÎÓº°�L� mL�Ò��«� mL�� �Lã	Óº°�L� �Ò°ãº}È�L®�� ÏäLÓ
mÈãÈ°«� m� LÓ�Ë¯mÈãL� U� 
�����Ü������FPÜ��� uË� Lã	�� °���¼mL� ÏäLÓL� U� ������Ü������FPÜ�� m°�ÈÓºmãËÓº� �ã«� �ÏË¯�
}Èã	Óº�º� mL�}ºã�� ����

BB
��� ¹È¯ÈãËã	Óº� ¹ºmË¯²ÓL� mÒ¯º�ËÓº�º� }¯Ò°�ÈãÈ� ¹º¯LmÓ«Óº� ÏL� °}º�

ãºä�� ¹Ë¯¹ËÓ�Ò}�ã«¯ÓÒä� ¹ºmË¯²ÓL�� �¯Ò��Lã	Óº°�L� �Ò°ãº}È�L®� m� mÒ¯º�ËÓºä�� }¯Ò°�ÈãL
U�!�����°äÜ�� �Ò°ãº}È�L�� ¹Ë¯ËmÈÎÓº� ¯ºÏ�È�ºm�
�	°«� m� äÈãº}��ºmÒ²� �Ò°ãº}È�L®ÓÒ²
äËÎÈ²���

����

9�)�7NDFKHQNR�HW�DO����6WUXFWXUH�SHUIHFWLRQ�RI����

��� )XQFWLRQDO�PDWHULDOV�������������


