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6RPH� \HDUV� DJR�� ZH� UHSRUWHG� WKH� SKH�
QRPHQRQ�RI�WKH�YLVXDOO\�REVHUYHG�URWDWLRQDO
PRWLRQ�RI�D�VPDOO�VWHURLG�VLQJOH�FU\VWDO�RQ�D
QHPDWLF� GURSOHW� GXULQJ� LWV� GLVVROXWLRQ� DQG
DFFRPSDQ\LQJ� LQGXFWLRQ� RI� WKH� FKROHVWHULF
SKDVH�>����@��7KH�GLVFRYHUHG�HIIHFW�ZDV�FRQ�
VLGHUHG�DV�DQ�DQDORJXH�RI�WKH�/HKPDQQ�URWD�
WLRQ��ZLWK�DQ�HYLGHQFH�RI� WKH�FRQFHQWUDWLRQ

JUDGLHQW� RI� FKLUDO� PROHFXOHV� DORQJ� WKH� IXOO
WKLFNQHVV�RI�D�QHPDWLF�GURSOHW�

,Q� RXU� VXEVHTXHQW�ZRUNV�� RXU� VWXGLHV� RI
WKH� HIIHFW� RI� URWDWLRQ� RI� VLQJOH� FU\VWDO� RI
FKLUDO�GRSDQWV�DW�WKH�WRS�RI�D�QHPDWLF�GURS�
OHW� ZHUH� H[WHQGHG� WR� LQFOXGH� D� QXPEHU� RI
FKLUDO� VXEVWDQFHV� RI� GLIIHUHQW� FKHPLFDO� QD�
WXUH� DQG� GLIIHUHQW� KHOLFDO� WZLVWLQJ� SRZHU
�+73�� YDOXHV� �LQFOXGLQJ� QRQ�FKLUDO� VXE�
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VWDQFHV��� QHPDWLF� VROYHQWV� ZLWK� GLIIHUHQW
PDFURVFRSLF�SURSHUWLHV��DV�ZHOO�DV�HIIHFWV�RI
WKH� VL]H� RI� WKH� GLVVROYHG� FU\VWDO� DQG� WKH
WHPSHUDWXUH� RI� WKH� QHPDWLF� PDWUL[� >�Ü�@�
$Q�LPSRUWDQW�DQG�VRPHZKDW�XQH[SHFWHG�UH�
VXOW�RI�WKHVH�VWXGLHV�VKRZHG�WKDW�WKH�DQJX�
ODU� YHORFLW\� RI� URWDWLRQ� RI� WKH� GLVVROYLQJ
FU\VWDOV� ZDV� GLUHFWO\� SURSRUWLRQDO� WR� WKH
KHOLFDO� WZLVWLQJ�SRZHU�RI�WKH�GRSDQW�DQG�WR
WKH� URWDWLRQDO� YLVFRVLW\� RI� WKH� QHPDWLF�PD�
WUL[�� 7KHVH� UHODWLRQVKLSV� KHOG� DV� TXDQWLWD�
WLYH�GHSHQGHQFHV�ZLWK�WKH�VDPH�ILWWLQJ�FRHI�
ILFLHQW�D� LQ�D�UDWKHU�EURDG�UDQJH�RI�FU\VWDO
VL]HV�� ZLWK� WKH� UHFLSURFDO� FU\VWDO� OHQJWK� DW
WKH� OHYHO� RI� ���Ü�� PP� VHUYLQJ� DV� MXVW� DQ�
RWKHU�SDUDPHWHU�WR�ZKLFK�WKH�URWDWLRQ�YHORF�
LW\�ZDV� SURSRUWLRQDO� >�@��$QG�� LI� URWDWLRQDO
YLVFRVLW\� ZDV� YDULHG� QRW� E\� FKDQJLQJ� WKH
QHPDWLF� PDWUL[�� EXW� E\� LQFUHDVLQJ� RU� GH�
FUHDVLQJ� LWV� WHPSHUDWXUH�� WKH� DQJXODU� URWD�
WLRQ� YHORFLW\� FKDQJHG� FRUUHVSRQGLQJO\� >�@�
7KH�JHQHUDO�H[SUHVVLRQ�IRU�WKH�DQJXODU�URWD�
WLRQDO�YHORFLW\�Z��DV�IRUPXODWHG�DQG�H[SHUL�
PHQWDOO\�YHULILHG�LQ�>�Ü�@��LV

Z� �D���E���J���� �
U���O� ���

ZKHUH�E�LV�WKH�KHOLFDO�WZLVWLQJ�SRZHU�RI�WKH
FKLUDO� VXEVWDQFH� LQYROYHG�� U� DQG� J�� DUH� WKHGHQVLW\� DQG� WKH� URWDWLRQDO� YLVFRVLW\� RI� WKH
OLTXLG� FU\VWDO�� DQG� O� LV� D� FKDUDFWHULVWLF� GL�
PHQVLRQ� RI� WKH� FU\VWDO� VXUIDFH� FRQWDFWLQJ
WKH�OLTXLG�FU\VWDO�GURSOHW��7KXV��ZH�FODLPHG
LQ� WKHVH� SDSHUV� >�Ü�@� WKDW� WKLV� URWDWLRQ� HI�
IHFW� VWXGLHG�ZDV�� LQ� IDFW�� D� GLUHFW� REVHUYD�
WLRQ�RI�WUDQVIRUPDWLRQ�RI�WKH�HQHUJ\�RI�FKL�
UDO�LQWHUDFWLRQV�LQWR�WKH�HQHUJ\�RI�PROHFXODU
PRYHPHQW�� ZKLFK� LV� FORVHO\� UHODWHG� WR� WKH
SUREOHP�RI�PROHFXODU�PRWRUV��

7R�JHQHUDOL]H�RXU�DSSURDFK��LW�ZDV�LQWHU�
HVWLQJ�WR�VWXG\�DQ�LQYHUVH�VLWXDWLRQ�Û�ZKHQ
WKH� GLVVROYHG� FU\VWDO� LV� QRW� FKLUDO�� DQG� WKH
FKLUDOLW\� UHVLGHV� LQ� WKH� OLTXLG� FU\VWDO� PH�
GLXP�� L�H���ZKHQ�WKH�FU\VWDO� LV�GLVVROYHG�RQ
WKH� WRS� RI� D� GURSOHW� RI� D� FKROHVWHULF� �L�H��
KHOLFDOO\�WZLVWHG�QHPDWLF���

7KH� FKROHVWHULF� PDWUL[� XVHG� LQ� RXU� H[�
SHULPHQWV�ZDV�D�PL[WXUH�RI�FKROHVWHU\O�FKOR�
ULGH� �&&�� DQG� ��RFW\OR[\��c�F\DQRELSKHQ\O
��2&%�� WDNHQ� LQ� ����PDVV� SURSRUWLRQ�� 7KLV
FRPSRVLWLRQ� KDV� EHHQ� ZLGHO\� XVHG� LQ� PDQ\
ZRUNV� �DPRQJ� WKH� ODWHVW� H[DPSOHV�� RQH� FDQ
QRWH�WKH�SDSHU�>�@�DQG�UHIHUHQFHV�WKHUHLQ��DV
D� VR�FDOOHG� �FRPSHQVDWHG�� FKROHVWHULF� PL[�
WXUH� Û� WKH� WHPSHUDWXUH�GHSHQGHQW� KHOLFDO
WZLVWLQJ� LV� RI� RSSRVLWH� VLJQV� EHORZ� DQG
DERYH�D��FRPSHQVDWLRQ�SRLQW���DQG�XQZLQG�

LQJ�RI�WKH�FKROHVWHULF�KHOL[�LV�REVHUYHG�ZKHQ
WKLV� SRLQW� LV� DSSURDFKHG� IURP� HLWKHU� VLGH�
7KH� WHPSHUDWXUH� UDQJH� RI� WKH� FKROHVWHULF
SKDVH�RI�WKLV�PL[WXUH��DV�GHWHUPLQHG�E\�GLI�
IHUHQWLDO� VFDQQLQJ� FDORULPHWU\� �0HWWOHU� 7$
������� ZDV� IURP� ���� WR� �����&�� ZLWK� VXE�
VWDQWLDO� VXSHUFRROLQJ� DQG� UHODWLYHO\� KLJK
VWDELOLW\� RI� WKH� VXSHUFRROHG� VWDWH�� WKLV� DO�
ORZHG� PXOWLSOH� UHSURGXFLEOH� PHDVXUHPHQWV
LQ� D� WHPSHUDWXUH� UDQJH� FRYHULQJ� ORZHU� WHP�
SHUDWXUHV��7KH�KHOLFDO�SLWFK�YDOXHV�ZHUH�PHDV�
XUHG�E\�WKH�&DQR�ZHGJH�PHWKRG��)LJ�����

7KH� QRQ�FKLUDO� VXEVWDQFHV� GLVVROYHG� DW
WKH� WRS� RI� &&����2&%� FKROHVWHULF� GURSOHWV
LQFOXGHG� LPLGD]ROH� DQG� WUDQV�VWLOEHQH�� ,Q
ERWK�FDVHV�� VPDOO� VLQJOH�FU\VWDOV� LQ�WKH�VL]H
UDQJH�IURP�����WR���PP�ZHUH�DYDLODEOH��7KH
WZR�VXEVWDQFHV�DUH�VXEVWDQWLDOO\�GLIIHUHQW�LQ
WKHLU�FKHPLFDO�VWUXFWXUH�IURP�WKH�YLHZSRLQW
RI�PROHFXODU�DQLVRPHWU\�DQG�SRWHQWLDO�PHVR�
PRUSKLVP�Û�WKH� LPLGD]ROH�PROHFXOH� LV� MXVW
D� ILYH�DWRP� KHWHURF\FOLF� ULQJ�� ZKLOH� VWLOEHQH
PROHFXOH� LV� FOHDUO\� DQLVRPHWULF� VKDSH�� DQG
PDQ\�ZHOO�NQRZQ�W\SLFDO�PHVRJHQV�DUH�DPRQJ
VWLOEHQH�S�VXEVWLWXHQWV�>����@�

7KH�DQJXODU�YHORFLW\�JD�RI�WKH�GLVVROYLQJFU\VWDO� ZDV� GHWHUPLQHG� YLVXDOO\� XVLQJ� DQ
RSWLFDO�PLFURVFRSH��7KH�H[SHULPHQWDO�VHW�XS
DQG� GHWDLOV� RI� WKH� H[SHULPHQWDO� SURFHGXUH
ZHUH� WKH� VDPH� DV� LQ� RXU� SUHYLRXV� ZRUNV
>�Ü�@�� )LJ���� VKRZV� WKH� JD� RI� URWDWLRQ� IRULPLGD]ROH� FU\VWDOV� RI� GLIIHUHQW� VL]H� PHDV�
XUHG� DW� WZR� WHPSHUDWXUHV�� ���&� DQG� ���&�
6LPLODUO\� WR� WKH� FDVH� RI� FKLUDO� VXEVWDQFHV
>�Ü�@�DQG�LQ�DJUHHPHQW�ZLWK�(T������WKH�DQ�
JXODU�YHORFLW\�ZDV�LQYHUVHO\�SURSRUWLRQDO�WR
WKH� FU\VWDO� OHQJWK� �WKH� ODUJHVW� GLPHQVLRQ�
ZLWKLQ� WKH� ���� PP� WR� a�� PP� UDQJH� �WKH
RWKHU�GLPHQVLRQV�RI�WKH�FU\VWDO�VDPSOHV�FKR�

)LJ����� +HOLFDO� SLWFK� RI� WKH� FKROHVWHULF� PL[�
WXUH� &&����2&%� DV� IXQFWLRQ� RI� WHPSHUDWXUH
PHDVXUHG� E\� WKH� &DQR� ZHGJH� PHWKRG�� 2SHQ
DQG� VROLG� FLUFOHV� UHIHU� WR� WZR� LQGHSHQGHQWO\
SUHSDUHG�PL[WXUH�VDPSOHV�

,�$�*YR]GRYVN\\��/�1�/LVHWVNL���5RWDWLRQ�RI�VPDOO����
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VHQ� IRU� WKLV� VHW� RI� PHDVXUHPHQWV� ZHUH
URXJKO\� FORVH� WR� a���� PP��� $W� ���&� �OHIW�
KDQGHG� KHOL[��� WKH� FU\VWDO� URWDWLRQ� ZDV
FRXQWHUFORFNZLVH��DW����&��WKH�FORFNZLVH�UR�
WDWLRQ� FRUUHVSRQGHG� WR� WKH� ULJKW�KDQGHG
KHOL[�� $� VPDOO� GLVFUHSDQF\� FRXOG� EH� QRWHG
EHWZHHQ� OLQHDU� ILWV� IRU� GDWD� REWDLQHG� DW
WKHVH�WHPSHUDWXUHV�Û�WKH�DEVROXWH�YDOXHV�RI
DQJXODU� YHORFLW\� DW� ���&� ZHUH� VOLJKWO\� EXW
FOHDUO\� ORZHU�� ZKLFK� FRXOG� EH� QDWXUDOO\� DW�
WULEXWHG� WR�WKH�URWDWLRQDO�YLVFRVLW\�GHFUHDV�
LQJ�ZLWK�WHPSHUDWXUH�>�@���

,Q�)LJ�����JD�IRU�LPLGD]ROH�DQG�WUDQV�VWLO�
EHQH� FU\VWDOV� LV� VKRZQ� DV� IXQFWLRQ� RI� WKH
UHFLSURFDO� KHOLFDO� SLWFK� RI� WKH� &&����2&%
PL[WXUH��$FFRXQWLQJ� IRU� WKH� GHSHQGHQFH� RI
WKH�DQJXODU�YHORFLW\�XSRQ�FU\VWDO�VL]H� �)LJ�
����WKH�GDWD�JLYHQ�ZHUH�REWDLQHG�IRU�FU\VWDOV
RI� GLPHQVLRQV� ���u����PP��� 7KH� KHOLFDO
SLWFK� YDOXHV� FRUUHVSRQGLQJ� WR� WKH�PHDVXUH�
PHQW�WHPSHUDWXUHV�ZHUH�WDNHQ�IURP�)LJ�����

,W�FDQ�EH�VHHQ�WKDW�WKH�UHFLSURFDO�SLWFK�RI
WKH�KHOLFDOO\�WZLVWHG�PDWUL[�LQ�ZKLFK�D�QRQ�
FKLUDO� FU\VWDO� LV� GLVVROYHG� HIIHFWLYHO\� SOD\V
WKH�UROH�RI�KHOLFDO�WZLVWLQJ�SRZHU�RI�D�FKLUDO
FU\VWDO� GLVVROYHG� LQ� D� QHPDWLF� PDWUL[�� LQ
ERWK� FDVHV�� (T����� JLYHV� D� EDVLF� GHVFULSWLRQ
RI�WKH�SKHQRPHQRQ�RI�FU\VWDO�URWDWLRQ��

7KLV� VLPLODULW\� RI� TXDQWLWDWLYH� GHVFULS�
WLRQ�VXSSRUWV�WKH�LGHD�WKDW�LQ�ERWK�FDVHV�Û
FKLUDO� FU\VWDO� LQ� QRQ�FKLUDO� PDWUL[� RU� QRQ�
FKLUDO� FU\VWDO� LQ� FKLUDO�PDWUL[�Û�ZH� VHH� D
GLUHFW�HYLGHQFH�RI�WUDQVIRUPDWLRQ�RI�WKH�HQ�
HUJ\� RI� FKLUDO� LQWHUPROHFXODU� LQWHUDFWLRQV
LQWR� WKH� HQHUJ\� RI� PROHFXODU� PRYHPHQW�
7KLV�SKHQRPHQRQ� FDQ�DOVR� EH� FRQVLGHUHG� DV
DQRWKHU�H[DPSOH�RI�FKLUDOLW\�WUDQVIHU�>�@�Û
IURP� WKH� PLFURVFRSLF� WR� WKH� PDFURVFRSLF

OHYHO� �WKH� FDVH� RI� >�Ü�@�� RU� IURP� WKH
PHVRVFRSLF� �VWUXFWXUDO�� OHYHO� WR� WKH� PDFUR�
VFRSLF�OHYHO��WKH�SUHVHQW�ZRUN��

$QRWKHU� LPSRUWDQW� SRLQW� LV� HVVHQWLDO
VLPLODULW\�RI�WKH�UHVXOWV�REWDLQHG�IRU�WUDQV�
VWLOEHQH� DQG� LPLGD]ROH�� 7KLV� VXJJHVWV� WKDW
PROHFXODU� VWUXFWXUH� IHDWXUHV� RI� WKH� GRSDQW
�LQFOXGLQJ� DQLVRPHWU\�� DUH� QRW� UHOHYDQW� IRU
WKLV�HIIHFW�Û�LQ�WKH�VDPH�ZD\�DV�WKH�FKLUDO
GRSDQW� QDWXUH� ZDV� LUUHOHYDQW� LQ� WKH� SUH�
YLRXV� FDVH� >�Ü�@�� 7KLV� DOORZV� XV� WR� DVVXPH
WKDW� WKH� SKHQRPHQRQ� VWXGLHG� LV� RI� SXUHO\
�SK\VLFDO��QDWXUH��ZLWK�DQ\�VSHFLILF�LQWHUDF�
WLRQV� EHWZHHQ� WKH� GRSDQW� DQG�PDWUL[�PROH�
FXOHV�EHLQJ�RI�PLQRU�LPSRUWDQFH��

$FNQRZOHGJPHQWV��7KH�DXWKRUV�DUH�JUDWH�
IXO� WR� 6�9�%XGDNRYVN\� IRU� SURYLGLQJ� XV
ZLWK�VLQJOH�FU\VWDOV�RI�WUDQV�VWLOEHQH�DQG�WR
9�'�3DQLNDUVND\D� IRU� GLIIHUHQWLDO� VFDQQLQJ
FDORULPHWU\�PHDVXUHPHQWV�

5HIHUHQFHV
� ���,�$�*YR]GRYVN\\�� ,�3�7HUHQHWVND\D�� /LT�

&U\VW��7RGD\���������������
� ���,�*YR]GRYVN\\��,�7HUHQHWVND\D��9�5HVKHWQ\DN�
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�����������
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)LJ����� $QJXODU� URWDWLRQ� YHORFLW\� RI� WKH� GLV�
VROYHG� LPLGD]ROH� FU\VWDOV� DV� IXQFWLRQ� RI� WKH
FU\VWDO� OHQJWK�PHDVXUHG�DW� WZR�WHPSHUDWXUHV
EHORZ� � DQG� DERYH� WKH� FRPSHQVDWLRQ� SRLQW
����&�� OHIW�KDQGHG� KHOL[�� DQG� ���&�� ULJKW�
KDQGHG�KHOL[��UHVSHFWLYHO\��

)LJ����� $QJXODU� URWDWLRQ� YHORFLW\� RI� WKH� GLV�
VROYHG� LPLGD]ROH� �RSHQ� FLUFOHV�VTXDUHV�� DQG
WUDQV�VWLOEHQH� �VROLG� FLUFOHV�VTXDUHV�� DV� IXQF�
WLRQ� RI� WKH� LQYHUVH� KHOLFDO� SLWFK� RI� WKH
FKROHVWHULF�PL[WXUH��6TXDUHV�DQG�FLUFOHV�UHIHU
WR� FRXQWHUFORFNZLVH� DQG� FORFNZLVH� URWDWLRQ�
UHVSHFWLYHO\�� 7KH� VROLG� DQG� GDVKHG� OLQHV� DUH
OLQHDU� ILWV� IRU� SRLQWV� DERYH� DQG� EHORZ� WKH
FRPSHQVDWLRQ� SRLQW� �ZKHUH� QR� URWDWLRQ� ZDV
REVHUYHG��
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