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5HFHLYHG�-DQXDU\���������
7KH� SURFHVVHV� DW� KLJK� WHPSHUDWXUH� DQQHDOLQJ� RI� QRQ�VWRLFKLRPHWULF�0J2�Q$O�2�� VSLQHOFU\VWDOV� �Q� ������ LQ�2�� DWPRVSKHUH� DW� ����Ü�����&� KDYH� EHHQ� LQYHVWLJDWHG�� $� JUDGXDOQRQ�VWRLFKLRPHWU\� LQFUHDVH� XS� WR�Q� ����� KDV� EHHQ� IRXQG�ZLWK� LQFUHDVLQJ� DQQHDOLQJ� WLPH

GXH� WR� 0J2� HYDSRUDWLRQ� IROORZHG� E\� IRUPDWLRQ� RI� SRO\FU\VWDOOLQH� D�$O�2�� SKDVH�� 7KHVWUXFWXUH�DQG�FRPSRVLWLRQ�0J2�Q$O�2�� OD\HU�JURZQ�DW�WKH�VDSSKLUH�VXUIDFH�LQ�0J2�YDSRURI� DW� ����Ü�����&� KDYH� EHHQ� VWXGLHG�� 7KH� IRUPDWLRQ� RI� DPRUSKRXV� SKDVH� LQ� WUDQVLWLRQ
]RQH�IURP�KH[DJRQDO�VDSSKLUH�VWUXFWXUH�ZLWK�D�SLOLQJ�VHTXHQFH�$%$%$%� LQWR�VSLQHO�FXELF
RQH�ZLWK�VHTXHQFH�RI�DWRPLF�OD\HUV�$%&$%&�ZDV�HVWDEOLVKHG�
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0DJQHVLXP� DOXPLQDWH� VSLQHO� LV� XVHG
ZLGHO\�GXH�WR�FRPELQDWLRQ�RI�GLHOHFWULF�DQG
RSWLFDO� SURSHUWLHV�� KDUGQHVV�� GXUDELOLW\�
GHQVLW\��UHVLVWDQFH�DJDLQVW�KLJK�WHPSHUDWXUH
FRUURVLRQ� DQG� UDGLDWLRQ�� 6SLQHO� LV� UHFRP�
PHQGHG� IRU� DSSOLFDWLRQ� DV� D� FRPSRQHQW� LQ
IRUPV�IRU�VWRUDJH�RI�QXFOHDU�ZDVWHV�>�@��DQG
4QXFOHDU� IXHO� >�@�� DV� DQ� LQHUW� PDWUL[� IRU
WUDQVPXWDWLRQ�RI� DFWLQLGHV� >�@�� DV� LQVXODWRU
IRU�PDJQHWLF�FRLOV�>�@�DQG�ZLQGRZV�IRU�UDGLR
IUHTXHQF\�KHDWLQJ�SODVPD�LQ�UHDFWRUV�>�@��,Q
DQ\� LQGLFDWHG� DSSOLFDWLRQV�� WKLV� PDWHULDO� LV
VXEMHFWHG� WR� KLJK�WHPSHUDWXUH� DJJUHVVLYH
PHGLD� ZKLFK� PD\� FDXVH� FKDQJHV� LQ� IXQF�
WLRQDO�SURSHUWLHV�RI�GHYLFHV��7KH�SXUSRVH�RI
WKLV� ZRUN� LV� WR� VWXG\� WKH� FU\VWDO� VWUXFWXUH
FKDQJHV� RI� PDJQHVLXP� DOXPLQDWH� VSLQHO

XQGHU� KLJK�WHPSHUDWXUH� DQQHDOLQJ� LQ� R[\�
JHQ� DWPRVSKHUH� XVLQJ� ;�UD\� GLIIUDFWLRQ
�;5'��� QDPHO\�� WKH� FRPSRVLWLRQ� FKDQJHV
DQG� SKDVH� WUDQVIRUPDWLRQV�� 7KHVH� WUDQVIRU�
PDWLRQV�ZHUH� LQYHVWLJDWHG�DFURVV� WKH� WKLFN�
QHVV�RI�VSLQHO�OD\HU�REWDLQHG�RQ�WKH�VDSSKLUH
VXUIDFH� �D�$O�2��� DW� KLJK�WHPSHUDWXUH� DQ�QHDOLQJ�LQ�0J2�YDSRU�

,W� LV� NQRZQ� WKDW� PDJQHVLXP� DOXPLQDWHV
VSLQHO� FU\VWDOV�0J$O�2�� RU�0J2�Q$O�2�� DUHRI� FXELF� VWUXFWXUH� DQG� FRXOG� EH� IRUPHG� LQ
WKH� ZLGH� UDWLR� UDQJH� RI� FRQVWLWXHQW� R[LGHV
�Q� ����Ü����� >�@�� ,Q� VWRLFKLRPHWULF� FU\VWDOV
�Q� �������0J��� LRQV�RFFXS\�PDLQO\� WHWUDKH�
GUDO� SRVLWLRQV� IRUPHG� E\� R[\JHQ� LRQV�� $O��
LRQV�DUH�VLWXDWHG�PDLQO\�LQ�RFWDKHGUDO�VLWHV�
$V� WKH� FU\VWDO� FRPSRVLWLRQ� GHYLDWHV� IURP
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VWRLFKLRPHWULF� RQH� �Q�!������� WKH� VSLQHO
VWUXFWXUH� LV� IRUPHG�ZLWK� H[FHVV� RI� FDWLRQLF
YDFDQFLHV�� PDLQO\� LQ� RFWDKHGUDO� SRVLWLRQV
>�@�� ,I� LQ�0J$O�2�� VSLQHO� DOO�0J��� LRQV� DUHUHSODFHG� E\� $O��� RQHV�� WKHQ�� DFFRUGLQJ� WR
FKDUJH� FRPSHQVDWLRQ�� WKH� UHDFWLRQ
0J��WHWUD� �,������$O������WDNHV�SODFH��ZKHUH�,LV�XQRFFXSLHG�FDWLRQ�YDFDQF\��$V�D�UHVXOW��D
GHIHFW� VSLQHO� VWUXFWXUH� FRUUHVSRQGLQJ� WR
R[LGH�J�$O�2��LV�IRUPHG�>�@��ZKLFK�XVXDOO\�LVFRQVLGHUHG� DV� WKH� OLPLW� FRPSRVLWLRQ� RI� WKLV
VROLG�VROXWLRQ�OLQH��$V�WKH�$O�2��FRQWHQW�LQ�FUHDVHV�� WKH� ODWWLFH� SDUDPHWHU� LQ� QRQ�
VWRLFKLRPHWULF� VSLQHO� FU\VWDO� LV� GLPLQLVKHG�
7R� GDWH�� VHYHUDO� HTXDWLRQV� KDYH� EHHQ� SUR�
SRVHG�IRU�GHSHQGHQFH�RI�WKH�ODWWLFH�SDUDPH�
WHU��D��RQ�WKH�GHJUHH�RI�GHYLDWLRQ�H[WHQW�RI
VSLQHO� FRPSRVLWLRQ� IURP� VWRLFKLRPHWULF� RQH
�Q��� 7KH� GHSHQGHQFHV� D� �I�Q�� ZDV� GHULYHG
PDLQO\� IURP� WKH� OLPLW� FRPSRVLWLRQ� RI� WKH
FRQWLQXRXV� VHTXHQFH� RI� VROLG� VROXWLRQV� LQ�
FOXGLQJ� WKH� VWRLFKLRPHWULF� PDJQHVLXP� DOX�
PLQDWH� VSLQHO� 0J2�$O�2�� DQG� DOXPLQXPR[LGH�J�$O�2���7KH�NQRZOHGJH�RI�SUHFLVH�GH�SHQGHQFH� D� �I�Q�� FRXOG� EH� XVHG� WR� GHWHU�
PLQH� WKH� VSLQHO� FRPSRVLWLRQ� EDVLQJ� RQ� SUH�
FLVHO\�PHDVXUHG�ODWWLFH�SDUDPHWHU�

,Q� >�@�� WKH� IROORZLQJ� HTXDWLRQ� KDV� EHHQ
SURSRVHG� IRU� D� �I�Q�� ZKLFK� GHVFULEHV� ZHOO
WKH�H[SHULPHQWDO�GDWD�RI�WKH�DXWKRUV�

D� �D�����������Q������e�0� ���
ZKHUH� D�� LV� WKH� ODWWLFH� SDUDPHWHU� RI
VWRLFKLRPHWULF�VSLQHO��D�� �������c���0��WKH
PROHFXODU�PDVV�RI�QRQ�VWRLFKLRPHWULF�VSLQHO�
,Q�>�@��DQRWKHU�H[SUHVVLRQ�ZDV�SURSRVHG�
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ZKHUH�D�� LV� WKH� ODWWLFH�SDUDPHWHU�RI�DOXPL�
QXP� R[LGH� J�$O�2�� �D�� �������c��� )LQDOO\�DFFRUGLQJ� WR� >��@� WKH�Q�YDOXH�DV�D� IXQFWLRQ
RI�ODWWLFH�SDUDPHWHU�LV�GHVFULEHG�DV

Q� � ����������D�D�����������
���

:H� KDYH� XVHG� DOO� WKUHH� H[SUHVVLRQV� WR
FDOFXODWH� WKH� IXQFWLRQ� D� �I�Q��� ,Q� )LJ����
ZH�SUHVHQW�WKLV�IXQFWLRQ�LV�SUHVHQWHG�DV�DY�
HUDJHG�FDOFXODWHG�YDOXHV�XVLQJ�WKH�HPSLULFDO
H[SUHVVLRQV� ��Ü����:H� KDYH� XVHG� DOVR� GDWD
IURP�RWKHU� VRXUFHV� RQ� WKH�PHDVXUHG� ODWWLFH
SDUDPHWHU� YDOXHV� IRU� VSLQHOV� RI� GLIIHUHQW
FRPSRVLWLRQV� >��Ü��@� DQG� SORWWHG� WKH� DYHU�
DJHG� H[SHULPHQWDO� GDWD�� :H� IRXQG� WKDW
QRQH� RI� HPSLULFDO� IRUPXODH� �DQG� WKXV� QRQH

RI�DYHUDJHG�HPSLULFDO�FXUYHV��GRHV�QRW�FRLQ�
FLGH� ZLWK� H[SHULPHQWDO� RQH�� 7KHUHIRUH�� LQ
WKLV�ZRUN��WKH�H[SHULPHQWDO�FXUYH�ZDV�XVHG
WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�FKDQJHV�LQ�WKH
VSLQHO� FU\VWDO� FRPSRVLWLRQ� RQ� WKH�PHDVXUHG
ODWWLFH�SDUDPHWHU�

1RQ�VWRLFKLRPHWULF� VSLQHO� FU\VWDOV
0J2����$O�2�� JURZQ� E\� 9HUQHXLO� PHWKRGVZHUH� SROLVKHG� WR� RSWLFDO� TXDOLW\� DQG� DQ�
QHDOHG� LQ� R[\JHQ� DWPRVSKHUH� DW� �����&� RU
�����&�IRU�GLIIHUHQW�WLPH��7KH�VSLQHO�OD\HUV
ZHUH� REWDLQHG� DW� WKH� VDSSKLUH� VXUIDFH� GXU�
LQJ� WKH� DQQHDOLQJ� LQ�0J2� YDSRU� DW� ����Ü
�����&�

7KH�VSLQHO� OD\HUV�PRGLILHG�E\�DQQHDOLQJ�RU
REWDLQHG� RQ� WKH� VDSSKLUH� VXUIDFH� ZHUH� H[DP�
LQHG�XVLQJ�D�'521��0�GLIIUDFWRPHWHU��7R�GH�
WHUPLQH� WKH� ODWWLFH� SDUDPHWHU�� WKH� GLIIUDFWLRQ
DQJOH�ZDV�PHDVXUHG�DW�WKH�GLIIUDFWLRQDO�UHIOHF�
WLRQ� FHQWHU� RI� ;�UD\� OLQH� &X.D�� ���������cIURP�WKH�������SODQ�XVLQJ������PP�VOLW�ZLGWK�
7KH� ODWWLFH� SDUDPHWHU� PHDVXUHPHQW� DFFXUDF\
ZDV� ����Ü��c�� ;�UD\� SKDVH� DQDO\VLV� RI� VSLQHO
OD\HUV�ZDV�SURYLGHG� IURP�;5'�SDWWHUQ� WDNHQ
LQ� T�Ü��T� PRGH� LQ� WKH� �T� DQJOH� UDQJH� �Ü���
XVLQJ������PP�VOLW�ZLGWK��

,Q� QRQ�VWRLFKLRPHWULF� VSLQHO� FU\VWDOV
0J2����$O�2�� DQQHDOHG� LQ� R[\JHQ� DWPRV�SKHUH� DW������&�� WKH� ODWWLFH� SDUDPHWHU�ZDV
PHDVXUHG� DQG� FRPSRVLWLRQ� RI� FU\VWDOV� ZDV
GHULYHG�XVLQJ�)LJ���� �7DEOH��� ,W� FDQ�EH�VHHQ
WKDW� LQFUHDVLQJ� WKH� DQQHDOLQJ� WLPH� RI� GXU�
LQJ� ���� DQG� ���� KRXU� UHVXOWV� LQ� LQFUHDVLQJ
GHYLDWLRQ� RI� FU\VWDO� FRPSRVLWLRQ� IURP
VWRLFKLRPHWULF� RQH�� 7KH� DQQHDOLQJ� DW� ORZHU
WHPSHUDWXUH� �����&� EXW� IRU� D� ORQJHG� WLPH
��� K�� UHVXOWV� LQ� IRUPDWLRQ� RI� PRUH� QRQ�
VWRLFKLPHWULF� �Q� ������ DQG� WKLQ� OD\HU� RI

)LJ����� 'HSHQGHQFHV� RI� ODWWLFH� SDUDPHWHU� RQ
FRPSRVLWLRQ� �D� �I�Q��� IRU� PDJQHVLXP� DOXPL�
QDWH�VSLQHO�FU\VWDOV����Ü�>��@����Ü�>��@����Ü�>��@�
�� Ü� DYHUDJHG� H[SHULPHQWDO� GDWD�� � �� Ü� DYHU�
DJHG�FDOFXODWHG�GDWD�

� *�,�%HO\NK�HW�DO����7UDQVIRUPDWLRQ�RI�VSLQHO�FU\VWDOV���
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SRO\FU\VWDOOLQH�SKDVH�RI�D�$O�2��DW�WKH�VSLQHOFU\VWDO� VXUIDFH�� $W� WKH� ;5'� SDWWHUQ�� WKH
PD[LPD� RI� UHIOHFWLRQV� IURP� ������ DQG� �����
SODQV� LQ�SRO\FU\VWDOOLQH�D�$O�2��DUH� VHHQ�DQGDW�WKH�VDPH�WLPH�WKH�UHIOHFWLRQ�IURP�������LQ
VSLQHO� VLQJOH� FU\VWDO� LV� SUHVHQW� �)LJ������ 7KH
PHDVXUHG� ODWWLFH� SDUDPHWHU� D� �������c
ZKLFK� FRUUHVSRQGV� WR�Q� ������:H� FDQ� VXS�
SRVH�WKDW�DW�Q� ������D�IRUPDWLRQ�SRVVLELOLW\
RI�SRO\FU\VWDOOLQH�D�$O�2��DW�WKH�VSLQHO�FU\V�WDO� VXUIDFH� RFFXUV�� )LQDOO\�� DQQHDOLQJ� GXU�
LQJ�����KRXUV�DW������&�FDXVHV�IRUPDWLRQ�RI
SRO\FU\VWDOOLQH�D�$O�2���7KH� GLIIXVLRQ� DFWLYLW\� RI� 0J��� FDWLRQV
DQG� HYDSRUDWLRQ� RI� 0J2� IURP� WKH� FU\VWDO
VXUIDFH�DUH�LQ�DFFRUGDQFH�WR�WKH�UHDFWLRQ�

0J$O�2�� �9Rcc���$O0Jc���9$Occc�����2��J���
��0J�J����$O$O����2Ru��

�
���

,W� LV� TXLWH� SRVVLEOH� WKDW� WKH� HYDSRUDWLRQ
SURFHVV� FRXOG� FDXVH� WKH� FULWLFDO� FRQFHQWUD�
WLRQ� RI� DOXPLQXP� R[LGH� DQG� IRUPDWLRQ� RI
J�$O�2��KDYLQJ�FXELF�ODWWLFH�VWUXFWXUH��ZKLFKWUDQVIRUPV�LQWR�KH[DJRQDO�D�$O�2��VWUXFWXUHQHDU������&�

7KH� FDOFXODWHG� ODWWLFH� SDUDPHWHU� IRU
Q�  � �� VSLQHO� VROLG� VROXWLRQ� LV� D� ������c�
WKH� ODWWLFH� SDUDPHWHU� RI� $O$O�2�� DOXPLQXPVSLQHO� DFFRUGLQJ� WR� >��@� LV� �����Ü����� c�
)LQDOO\�� WKH� FDOFXODWHG� ODWWLFH� SDUDPHWHU� RI
J�$O�2�� >��@� LV� ������ c�� :KHQ� DOO� FDWLRQV
DUH�VLWXDWHG�LQ�WKH�RFWD�SRVLWLRQ��WKLV�VWUXF�
WXUH� KDV� PLQLPXP� HQHUJ\�� ,Q� UHDO� J�$O�2�FU\VWDOV��FDWLRQV�RFFXS\�ERWK�WKH�WHWUD��DQG
RFWD�SRVLWLRQV�LQ�������UDWLR��EXW�LQ�D�$O�2�VWUXFWXUH�� DOO� FDWLRQV� DUH� VLWXDWHG� LQ� RFWD�
SRVLWLRQV�� 7KH� TXHVWLRQ� UHPDLQV� RSHQ� ZKDW
WKH� VSLQHO� VWUXFWXUH� SKDVH� SUHFHGHV� WKH� D�
$O�2�� IRUPDWLRQ�� 7KHUHIRUH�� DW� WKH� DQQHDO�LQJ� RI� QRQ�VWRLFKLRPHWULF� VSLQHO� FU\VWDOV
0J2����$O�2�� LQ� R[LGL]LQJ� DWPRVSKHUH� WKH

SRO\FU\VWDOOLQH� D�$O�2�� ZDV� IRUPHG� DORQJZLWK�Q� �����VSLQHO��
7KH�WUDQVIRUPDWLRQ�RI�VDSSKLUH�VWUXFWXUH

LQWR� WKH� PDJQHVLXP� DOXPLQDWH� VSLQHO� RQH
ZDV�REVHUYHG�DW�WKH�DQQHDOLQJ�LQ�0J2�YDSRU
LQ� WKH� WHPSHUDWXUH� UDQJH� RI� ����Ü�����&�
$W�WKH�VXUIDFH�RI�DQQHDOHG�VLQJOH�FU\VWDOV��D
WKLQ�OD\HU�RI�SRO\FU\VWDOOLQH�PDJQHVLXP�DOX�
PLQDWH� VSLQHO� ZDV� IRUPHG� DV� D� UHVXOW� RI
VROLG�SKDVH� UHDFWLRQ�� 7KH� OD\HU� WKLFNQHVV
ZDV�FKDQJHG�IURP���� WR�����PP�GHSHQGLQJ
RQ� WKH� DQQHDOLQJ�GXUDWLRQ� >��@��6LPLODU�H[�
SHULPHQWV� ZHUH� FDUULHG� RXW� EHIRUH�� ZKHUH
VDSSKLUH� ZDV� DQQHDOHG� LQ� K\GURJHQ� DWPRV�
SKHUH� DQG�0J2� YDSRU� LQ� WKH� ����Ü�����&
WHPSHUDWXUH�UDQJH�>��@��2XU�;5'�LQYHVWLJD�
WLRQV� KDYH� VKRZQ� WKH� SUDFWLFDOO\� FRQVWDQW
ODWWLFH� SDUDPHWHU� D� �������c� RYHU� WKH
ZKROH�VDPSOH�VXUIDFH��ZKLFK�FRUUHVSRQGV�WR
ODWWLFH� SDUDPHWHU� RI� VWRLFKLRPHWULF� VSLQHO
�Q�  ������ �)LJ���D��� $IWHU� WDNLQJ� RII� WKH
QHDU�VXUIDFH� OD\HU� DW� DSSUR[LPDWHO\� ��� PP
DQG� GXSOLFDWH� PHDVXUHPHQW�� WKH� ;5'� SDW�
WHUQ� VKRZV�PXFK� VPDOOHU� ODWWLFH� SDUDPHWHU

)LJ����� ;5'� SDWWHUQ� RI� 0J2����$O�2�� VSLQHOFU\VWDOV�DQQHDOHG�LQ�R[\JHQ�LQGLFDWLQJ�WKH�SUHV�
HQFH�RI�D�$O�2��SKDVH�DQG�0J2����$O�2��VSLQHO�

7DEOH�� 7KH� FKDQJHV� LQ� ODWWLFH� SDUDPHWHU� �D�� DQG� FRPSRVLWLRQ� �Q�� RI� VSLQHO� FU\VWDOV�0J2�Q$O�2�DIWHU�DQQHDOLQJ�LQ�R[\JHQ�DWPRVSKHUH

7���& W��KRXU �T��GHJ D��c Q�
$V�JURZQ Ü ������ ������ ���
���� ��� ����� ������ ���
���� � ������ ������ ����
���� �� 3RO\FU\VWDOOLQH�D�$O�2�
���� � ������ ����� ���

6SLQHO���SRO\FU\VWDOOLQH�D�$O�2�

*�,�%HO\NK�HW�DO����7UDQVIRUPDWLRQ�RI�VSLQHO�FU\VWDOV���
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YDOXH� D� �������c� FRUUHVSRQGLQJ� WR� VSLQHO
ZLWK�Q� ������)LJ���E��

7KH�VWURNH�;5'�SDWWHUQV� IRU�WZR�QHLJK�
ERULQJ� VSRWV� �DW���PP�GLVWDQFH�� RQ� WKH� DQ�
QHDOHG� VDPSOH� VXUIDFH� LQGLFDWHV� WKH� H[LVW�
HQFH� RI� GLIIHUHQWO\� RULHQWHG� VSLQHO� FU\VWDO
JUDLQV�RQ�WKH�VDSSKLUH�VXUIDFHV��,Q�RQH�FDVH�
WKH� SULPDULO\� >���@� RULHQWDWLRQ� RI� VSLQHO
FU\VWDO� JUDLQ� JURZWK� ZDV� UHJLVWHUHG
�)LJ�������� LQ�DQRWKHU�FDVH��WKH� >���@�RULHQ�
WDWLRQ�ZDV� IRXQG� �)LJ�������� 7KH� WDNLQJ� RII
RI�VXUIDFH�OD\HUV�E\�ODSSLQJ�RI�FU\VWDOV�IRO�
ORZHG� E\� ;5'� PHDVXUHPHQWV� GLVFORVH� WKDW
DW� WKH� LQLWLDO� VWDJH� RI� VSLQHO� OD\HU� JURZWK�
WKH� ������ SODQV� RI� VSLQHO� �)LJ������� DUH� RUL�
HQWHG� SUHGRPLQDQWO\� LQ� SDUDOOHO� WR� ������
SODQV� RI� VDSSKLUH� >��@�� :LWK� LQFUHDVLQJ
VSLQHO� OD\HU� WKLFNQHVV�� WKH� IRUPDWLRQ� RI
JURZWK� WH[WXUH� RU� SUHGRPLQDQW� FU\VWDO� RUL�
HQWDWLRQ� WDNHV� SODFH�� 7KRVH� FU\VWDO� JUDLQV
VKRZLQJ� WUHQG� WR� PD[LPDO� JURZWK� UDWH
DORQJ�WKH�QRUPDO�WR�FU\VWDOOL]DWLRQ�IURQW�UH�
SODFH�DOO�RWKHUV�>��@�

$FFRUGLQJ�WR� >��@��PDJQHVLXP�DOXPLQDWH
VSLQHO� OD\HU� IRUPHG�DW� WKH� VDSSKLUH�DQQHDO�
LQJ�LQ�K\GURJHQ�DWPRVSKHUH�DQG�0J2�YDSRU
KDV� YDULDEOH� FRPSRVLWLRQ� WKURXJK� LWV� WKLFN�
QHVV�� 7KH� WUDQVLWLRQ� OD\HU� ZDV� FKDQJLQJ
IURP� WKH� VWRLFKLRPHWULF� FRPSRVLWLRQ� DW� WKH
RXWHU� VXUIDFH� �Q� ������ WR� WKH� LQQHU� ERXQG�
DU\� UHDFKLQJ�Q� ����� LQ� WKH� WUDQVLWLRQ�]RQH
IURP�KH[DJRQDO�VDSSKLUH�VWUXFWXUH�WR�VSLQHO
FXELF� RQH�� $� SHFXOLDULW\� RI� WKH� WUDQVLWLRQ
]RQH� LV� D� VKDUS� GHFUHDVH� RI� PLFURKDUGQHVV
ZKLFK� PD\� LQGLFDWH� WKH� DPRUSKRXV� VWUXF�
WXUH�RI�WKLV�]RQH�

2XU� GDWD� DOVR� LQGLFDWH� WKH� GHFUHDVH� RI
VSLQHO� ODWWLFH� SDUDPHWHU� LQ� VXE�OD\HU� VLWX�
DWHG� QHDU� WKH� WUDQVLWLRQ� ]RQH�� 7KH� GLIIUDF�
WLRQ�PD[LPD� IURP� ������ SODQV� RI� VSLQHO� DV

WKH�ILUVW��VHFRQG��DQG�WKLUG�RUGHU�UHIOHFWLRQV
DUH� FOHDUO\� VHHQ� LQ� WKH� ;5'� SDWWHUQ� IURP
WUDQVLWLRQ� ]RQH�� 7KLV� LQGLFDWHV� WKH� GLIIUDF�
WLRQ� IURP� DQLRQLF� VXE�ODWWLFH�� 7KH� GLIIUDF�
WLRQ� PD[LPD� IURP� RWKHU� SODQV� RI� PDJQH�
VLXP� DOXPLQDWH� VSLQHO� KDYH� ORZHU� LQWHQVLW\
DQG� DUH� IX]]\�� $� EURDG� GLIIUDFWLRQ� PD[L�
PXP� DW� VPDOO� DQJOHV� ZDV� REVHUYHG� WRR�
ZKLFK�FRUUHVSRQGV�WR��Ü��c�LQWHUDWRPLF�GLV�
WDQFH�UDQJH��)LJ�����

8VXDOO\�� D� FLUFOH� DW�%UHJJ�DQJOH�ZDV�RE�
VHUYHG� LQ� ;5'� SDWWHUQV� IURP� DPRUSKRXV
VDPSOH�DQG�WKH�LQWHUDWRPLF�GLVWDQFHV��G��DUH
UDQJHG��Ü��c�DFFRUGLQJ�WR�:XOI�%UHJJ�UHOD�
WLRQ� >��@�� 2XU� GDWD� DOORZ� WR� HVWLPDWH� G� LQ
DPRUSKRXV�VSLQHO�OD\HU��7KH�GLIIXVLRQ�EDFN�
JURXQG� VKRZV� D�PD[LPXP�DW� �T� ����� WKDW
FRUUHVSRQGV� WR� G� �������c�� $W� WKH� VDPH
WLPH�� D� GLIIUDFWLRQ�PD[LPXP� DW� �T� ������
IURP� DQLRQLF� VXE�ODWWLFH� DOVR� FDQ� EH� VHHQ
FRUUHVSRQGLQJ� WR� G� ������c� GLVWDQFH� EH�
WZHHQ� R[\JHQ� LRQV�2�±� LQ� WKH� VSLQHO� VWUXF�

)LJ����� ;5'� SDWWHUQ� LQ� WKH� UHJLRQ� RI� �����
GLIIUDFWLRQ�PD[LPXP� IURP� LQLWLDOO\� REWDLQHG
VSLQHO� OD\HU� �D�� DQG� DIWHU� WDNLQJ� RII� ��� PP
QHDU�VXUIDFH�OD\HU��E��

)LJ�����6WURNH�;5'�SDWWHUQV�IRU�WZR�QHLJKERU�
LQJ�VSRWV�RQ�WKH�FU\VWDO�VXUIDFH�����>���@�RULHQ�
WDWLRQ�����>���@�RULHQWDWLRQ�����WUDQVLWLRQ�]RQH�

)LJ�����;5'�SDWWHUQ�IURP�WUDQVLWLRQ�OD\HU�EH�
WZHHQ� KH[DJRQDO� VDSSKLUH� ODWWLFH� DQG� FXELF
VSLQHO�ODWWLFH�
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WXUH� ODWWLFH�� 7KH� GLIIHUHQFH� 'G� �������c
FRXOG� EH� UHODWHG� WR� GLVWRUWLRQ� RI� VSLQHO� ODW�
WLFH� DW� WKH� ���� OHYHO�� ,QGHHG�� WKH� GLVWDQFH
EHWZHHQ� DQLRQV� LQ� KH[DJRQDO� FORVH�SDFNHG
ODWWLFH�LV�����VPDOOHU�DV�FRPSDUHG�WR�FXELF
VSLQHO� >��@� DQG� WKLV� GLIIHUHQFH� UHVXOWV� LQ
IRUPDWLRQ� RI� DQ� DPRUSKRXV� OD\HU� RI� VRPH
WKLFNQHVV�DQG�DV�FRQVHTXHQFH�LQ�SRO\FU\VWDO�
OLQH� VSLQHO� JURZWK� DW� QRQ�VWRLFKLRPHWULF
FRPSRVLWLRQ�

7KXV�� WKH� WUDQVLWLRQ� IURP� VDSSKLUH� RI
KH[DJRQDO� FORVH�SDFNHG� $%$%$%� VHTXHQFH
LQWR� FXELF� VSLQHO� ZLWK� VHTXHQFH� RI� DWRPLF
OD\HUV�$%&$%&�GRHV�QRW�RFFXU�E\�WZLQQLQJ�>��@
RU�E\�VKLIW�RI�R[\JHQ�DWRPV�ZKLFK�WDNH�SODFH�LQ
PDUWHQVLWLF�WUDQVIRUPDWLRQ�>��@�EXW�GXH�WR�GLV�
RUGHULQJ�VWUXFWXUH�OLNH�DPRUSKRXV�VWDWH�

7KH� FKDUDFWHULVWLF� VWUXFWXUH� FKDQJHV� LQ
PDJQHVLXP� DOXPLQDWH� VSLQHO� ZHUH� REVHUYHG
LQ� >��@�� 8QGHU� LUUDGLDWLRQ� ZLWK� ���� NH9
;H��� LRQV� DW� ���� .� DW� IOXHQFH� RYHU
�������LRQV�P��� ZKLFK� FRUUHVSRQGV� WR� ���
GLVSODFHPHQWV� SHU� DWRP� �GSD��� D�PHWDVWDEOH
SKDVH� ZDV� REVHUYHG� WR� EH� IRUPHG�� 7KLV
SKDVH�LV�VLPLODU�LQ�VWUXFWXUH�WR�URFN�VDOW�RI
)P�P� VSDFH� JURXS� ZKHUH� FDWLRQV� RFFXS\
UDQGRPO\� RFWDKHGUDO� SRVLWLRQ�� EXW� WHWUDKH�
GUDO�SRVLWLRQ�DUH�IUHH��-XVW�DIWHU�WKH�FULWLFDO
FRQFHQWUDWLRQ� RI� YDFDQFLHV� LQ� DQLRQLF� VXE�
ODWWLFH� LV� DFFXPXODWHG�� WKH�SKDVH� WUDQVLWLRQ
LQWR�PHWDVWDEOH�SKDVH�EHFRPHV�HQHUJ\�IDYRU�
DEOH�� $IWHU� LUUDGLDWLRQ� DW� IOXHQFH� XS� WR
�������LRQV�P��� WKH� VSLQHO� VDPSOH� EHFRPHV
DPRUSKRXV� DQG� WKH� VSLQHO� KDUGQHVV� GURSV
GRZQ�E\������

7KH�H[SHULPHQWV�GHPRQVWUDWH�WKH�UHYHUV�
LEOH� WUDQVIRUPDWLRQ�RI� VSLQHO� VWUXFWXUH� LQWR
FRUXQGXP� RQH� XQGHU� DQQHDOLQJ� RI
0J2�Q$O�2�� VLQJOH� FU\VWDOV� LQ� R[LGL]LQJ� DW�PRVSKHUH� DQG� LQYHUVH� SURFHVV�� WKH� JURZWK
RI� SRO\FU\VWDOOLQH� VSLQHO� OD\HU� RQ� VDSSKLUH
DW�WKH�DQQHDOLQJ�LQ�0J2�YDSRU��0J���FDWLRQV
JHW� RXW� IURP� VSLQHO� ODWWLFH� ZLWK� GLVSODFH�
PHQW� RI� WKRVH� LRQV� IURP� WHWUD�VLWHV� LQWR
RFWD�VLWHV�� WUDQVSRUW� WR� VXUIDFH� DQG� ILQDOO\
OHDYH�WKH�FU\VWDO��$W�WKH�VDSSKLUH�DQQHDOLQJ
LQ�0J2�YDSRU�LQ�WKH�WUDQVLWLRQ�]RQH�RI�KH[�
DJRQDO�VDSSKLUH�ODWWLFH�LQWR�FXELF�VSLQHO�ODW�
WLFH�� DQ� DPRUSKRXV� OD\HU� IRUPV� FRQWDLQLQJ
0J�� $O�� DQG� 2� DWRPV�� 7KH� DPRUSKL]DWLRQ
WDNHV� SODFH� GXH� WR� VWURQJ� GLVWRUWLRQ� RI� DQ�
LRQLF�VXEODWWLFH�LQ�WKH�UHDUUDQJHPHQW�E\�VH�
TXHQWLDO�ODSSLQJ�RI�$%$%$%�DUUDQJHPHQW�RQ

$%&$%&�RQH��7KH�FRPSRVLWLRQ�RI�VSLQHO�OD\�
HUV� REWDLQHG� RQ� WKH� VDSSKLUH� FKDQJHV� IURP
VWRLFKLRPHWULF�Q� �����DW�WKH�VXUIDFH�WR�QRQ�
VWRLFKLRPHWULF�Q� �����LQ�WUDQVLWLRQ�]RQH��,Q
WKH�WUDQVLWLRQ�]RQH��WKH�RULHQWDWLRQ�RI�SODQV
LV� KRPRJHQHRXV� RYHU� WKH� VDPSOH� VXUIDFH�
EXW� ZLWK� LQFUHDVLQJ� OD\HU� WKLFNQHVV�� WKH
JURZWK�WH[WXUH�DSSHDUV�
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