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5HFHLYHG�6HSWHPEHU��������
0HFKDQLFDO�SURSHUWLHV�RI�=Q6H��±[�7H[�VROLG�VROXWLRQV������&7H�������PDVV�����KDYH�EHHQ

VWXGLHG�XVLQJ�LQGHQWDWLRQ�PHWKRG�LQ�WZR�PRGHV��LQGHQWLQJ�DQG�VFUDWFKLQJ���7KH�EUHDNLQJ
OLPLWV� IRU�GRSHG� DQG�XQGRSHG� FU\VWDOV�KDYH� EHHQ�PHDVXUHG�E\�XQLD[LDO� FRPSUHVVLRQ��)RU
WKH� FU\VWDOV� ZKHUH� WKH� GRSDQW� FRQFHQWUDWLRQ� &7H|���� ��� WKH� PLFURKDUGQHVV� DQLVRWURS\
FRHIILFLHQW�LV�HTXDO�WR�XQLW\��7KLV�FDQ�EH�H[SODLQHG�E\�GLVDSSHDUDQFH�RI�VWDFNLQJ�GHIHFWV�LQ
WKH�FU\VWDOV�DW�WKH�PHQWLRQHG�WHOOXULXP�FRQFHQWUDWLRQ�GXH�WR�IDYRUDEOH�FRQGLWLRQV�IRU�WKH
VSKDOHULWH� VWUXFWXUH� LQ� WKH� VROLG� VROXWLRQ�� $V� WKH� 7H� FRQFHQWUDWLRQ� LQ� WKH� VROLG� VROXWLRQ
YDULHV� ZLWKLQ� WKH� ���� WR� ���� �� UDQJH�� WKH� FU\VWDO� PLFURKDUGQHVV� KDV� EHHQ� VKRZQ� WR
LQFUHDVH�OLQHDUO\�E\�������7KH�IDFW�KDV�EHHQ�FRQILUPHG�E\�PHDVXULQJ�WKH�EULWWOH�IUDFWXUH
OLPLW�IRU�7H�GRSHG�DQG�XQGRSHG�=Q6H�FU\VWDOV��7KH�IDFW�FDQ�EH�H[SODLQHG�E\�ORFDO�GLVWRU�
WLRQV� RI� =Q6H� ODWWLFH� GXH� WR� 7H� DWRPV� SUHVHQW� DQG� E\� WKH� GLVORFDWLRQ� PRELOLW\� GHFUHDVH
DVVRFLDWHG�WKHUHWR��WKH�FRPELQDWLRQ�RI�ERWK�IDFWRUV�UHVXOWV�LQ�WKH�PDWHULDO�VWUHQJWKHQLQJ�
(IIHFW� RI� KHDW� WUHDWPHQW� DQG� WKH� EORFN� ERXQGDULHV� RQ� WKH� VWUHQJWK� OLPLW� DQG� FUDFNLQJ
UHVLVWDQFH� RI� =Q6H��±[�7H[� FU\VWDOV� KDV� EHHQ� HVWDEOLVKHG� WKDW� LV� RI� LPSRUWDQFH� ZKHQ� WKHPDWHULDO�LV�VXEMHFWHG�WR�PDFKLQLQJ�
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7KH� KDUGQHVV� DQG� EULWWOHQHVV� RI� VROLGV
DUH� DPRQJ� WKH� PRVW� LPSRUWDQW� FKDUDF�
WHULVWLFV� RI� FRQVWUXFWLRQ� PDWHULDOV� EXW� DUH
RI�D�JUHDW�LPSRUWDQFH�IRU�RSWLFDO�PDWHULDOV�
WRR�� ,Q� JHQHUDO�� KDUGQHVV� LV� DQ� LQWHJUDO

SURSHUW\� WKDW� LV� GHILQHG� E\� QXPHURXV� PH�
FKDQLFDO�FKDUDFWHULVWLFV�RI�D�FU\VWDO��VXFK�DV
SODVWLFLW\�� VWUHQJWK�� HODVWLFLW\� OLPLW�� HWF�
)RU�VHPLFRQGXFWRU�]LQF�VHOHQLGH�FU\VWDOV�� LW
LV� MXVW� WKH� PHFKDQLFDO� VWUHQJWK� DQG� FUDFN�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

��� )XQFWLRQDO�PDWHULDOV�������������



LQJ�UHVLVWDQFH�WKDW�DUH�RI�LPSRUWDQFH�DV�WKH
FU\VWDO� LV� XVHG� LQ� RSWLFDO� HOHPHQWV� RI� ,5
ODVHUV�DV�ZHOO�DV�LQ�LRQL]LQJ�UDGLDWLRQ�GHWHF�
WRUV� RSHUDWLQJ� LQ� D� EURDG� WHPSHUDWXUH
UDQJH��7KH�PDWHULDO� FUDFNLQJ� UHVLVWDQFH�� RU
EULWWOHQHVV��LQIOXHQFHV�FRQVLGHUDEO\�WKH�FU\V�
WDO�PDFKLQLQJ�UHJLPH�DQG� WKH�\LHOG�RI�QRQ�
GHIHFWLYH�VFLQWLOODWRUV�

7KH�PLFURKDUGQHVV��PLFUR�SODVWLFLW\��DQG
PLFUR�EULWWOHQHVV� RI� $,,%9,� W\SH� VHPLFRQ�
GXFWLQJ� FRPSRXQGV�� LQFOXGLQJ� =Q6H�� ZHUH
VWXGLHG�EHIRUH�>�Ü�@��%\�DQDO\]LQJ�WKH�EULW�
WOHQHVV� URVHWWHV� DQG�GLVORFDWLRQ� URVHWWHV� RE�
WDLQHG�E\�PLFUR�LQGHQWDWLRQ��WKH�EULWWOH�IDLO�
XUH� DQG� SODVWLF� VWUDLQ� IHDWXUHV� RI� $,,%9,
FU\VWDOV� KDYLQJ� ODWWLFHV� RI� ZXHUW]LWH�
VSKDOHULWH�RU�VSKDOHULWH�ZLWK�VWDFNLQJ�IDXOWV
ZHUH�VWXGLHG��=Q6H�FU\VWDOV�DUH�NQRZQ�WR�EH
DEOH� WR� FU\VWDOOL]H� LQ� WKH� ZXHUW]LWH� �:�
VWUXFWXUH� DV� ZHOO� DV� LQ� WKH� VSKDOHULWH� �6�
RQH�� GHSHQGLQJ� RQ� WKH� JURZLQJ� FRQGLWLRQV�
7KH� FU\VWDOV� JURZQ� IURP�PHOW� DUH� RI� WKH�6
VWUXFWXUH�EXW�PD\�LQFOXGH�SRO\W\SHV��WZLQV�
DQG� VWDFNLQJ� IDXOWV� >�@�� 7KLV� LV� FRQQHFWHG
ZLWK� WKH� LQFRPSOHWHQHVV�RI� WKH�:o6�SKDVH
WUDQVLWLRQ� WKDW� WKH� FU\VWDOV� JURZQ� IURP
PHOW� DUH� VXEMHFWHG� WR��7KH�SKDVH� WUDQVLWLRQ
WHPSHUDWXUH� LV� �����&� DW� KHDWLQJ� DQG
�����&�DW�FRROLQJ�>�@�

7KH� VKDSH� RI� LQGHQWLRQ� GLVORFDWLRQ� UR�
VHWWH� DQG�RI� WKH� EULWWOHQHVV� URVHWWH� IRU�=Q6
DQG� =Q6H� FU\VWDOV� RI� VSKDOHULWH� W\SH� ZLWK
WZLQ�VWDFNLQJ�IDXOWV�DUH�GHILQHG�E\�WKH�IDXOW
FRQFHQWUDWLRQ� >�����@��+RZHYHU��XS� WR�GDWH�
QR� VXIILFLHQW� DWWHQWLRQ� ZDV� JLYHQ� LQ� SHUL�
RGLF� OLWHUDWXUH� WR� HIIHFWV� RI� GRSDQWV� DQG
WKHUPDO�IDFWRUV�RQ�=Q6H�PHFKDQLFDO�SURSHU�
WLHV��7KDW�LV�ZK\�WKH�DLP�RI�WKLV�ZRUN�LV�WR
VWXG\� WKH�PHFKDQLFDO� SURSHUWLHV� RI�=Q6H��±
[�7H[� VROLG� VROXWLRQ� FU\VWDOV� JURZQ� IURPPHOWV�DQG�WR�VHDUFK�IRU�ZD\V�WR�HQKDQFH�WKH
UHVLVWDQFH� WKHUHRI� WR� PHFKDQLFDO� IDFWRUV�
0RUHRYHU�� DQ� DWWHPSW� LV� PDGH� WR� H[SODLQ
WKH� HIIHFWV� DVVRFLDWHG� ZLWK� WKH� PHFKDQLFDO
SURSHUWLHV�RI�WKH�PDWHULDO�XQGHU�VWXG\�

7KH� =Q6H��±[�7H[� VROLG� VROXWLRQ� FU\VWDOVJURZQ� IURP� PHOW� XQGHU� LQHUW� JDV� SUHVVXUH
XVLQJ�WKH�%ULGJHPDQ�6WRFNEDUJHU�WHFKQLTXH�
7KH� JURZQ� VDPSOHV� ZHUH� DQQHDOHG� LQ� ]LQ°
DWPRVSKHUH�LQ�HYDFXDWHG�TXDUW]�DPSRXOHV�DW
�����.�IRU���Ü���K�

3RZGHUHG�=Q6H±=Q7H�VROLG�VROXWLRQV�FRQ�
WDLQLQJ�����WR�����PRO���]LQF�WHOOXULGH�ZHUH
XVHG�DV�LQLWLDO�PDWHULDOV��7KH�WHOOXULXP�FRQ�
FHQWUDWLRQ� �&7H�� LQ� WKH� FU\VWDOV� ZDV� GHWHU�PLQHG�E\�;�UD\� IOXRUHVFHQFH�DQDO\VLV�XVLQJ
D�95$����XQLW�SURYLGLQJ�WKH�ORZHU�GHWHUPL�
QDWLRQ� OLPLW� RI� �������DW� UHODWLYH� HUURU� RI
PD[LPXP������7KH� ORFDO� HOHPHQWDO� FRPSR�

VLWLRQ� ZDV� GHWHUPLQHG� XVLQJ� D� -60����
VFDQQLQJ�HOHFWURQ�PLFURVFRSH�ZLWK�DQ�;�UD\
PLFURDQDO\WLFDO� V\VWHP� /LQN� $1�����6
�(03$��� WKH� DQDO\VLV� VHQVLWLYLW\�ZDV� DERXW
����WR�������

7R� VWXG\� WKH� HIIHFW� RI� WHOOXULXP� GRSDQW
�������&7H������� PDVV� �� �� RQ� WKH� FU\VWDO
PHFKDQLFDO� SURSHUWLHV�� WKH� PLFURKDUGQHVV
�+P��DQG�EULWWOH�VWUHQJWK��V��ZHUH�PHDVXUHGXVLQJ�LQGHQWDWLRQ�PHWKRG�LQ�WZR�PRGHV��LQ�
GHQWLQJ�DQG�VFUDWFKLQJ��E\�PHDQV�RI�D�307��
LQVWUXPHQW�� D� 9LFNHUV� GLDPRQG� S\UDPLG
EHLQJ� XVHG� DV� WKH� LQGHQWRU� >��@�� 7KH� HUURU
RI� +P� PHDVXUHPHQWV� GLG� QRW� H[FHHG� �� ��
3ULRU� WR� PHDVXUHPHQWV�� WKH� VDPSOHV� ZHUH
JURXQG�DQG�SROLVKHG�PHFKDQLFDOO\� DQG� WKHQ
SROLVKHG� FKHPLFDOO\� E\� +12��&U2��+�2�������� PL[WXUH�� 7KH� PLFURKDUGQHVV� YDOXH
ZDV� GHWHUPLQHG� E\� VWDWLVWLFDO� SURFHVVLQJ� RI
DW� OHDVW� ��� LQGHQWV�� 7KH� RSWLPXP� LQGHQWRU
ORDG� �3��ZDV� IRXQG�IURP�WKH�+P�3��GHSHQG�HQFHV� IRU� =Q6H� DQG� =Q6H��±[�7H[� VDPSOHV�)RU�WKRVH�PDWHULDOV��WKH�VR�FDOOHG�VFDOH�HIIHFW
ZDV� REVHUYHG�� L�H���XQGHU�FRQVHUYDWLRQ�RI�JHR�
PHWULF�VLPLODULW\��WKH�+P�YDOXH�GHSHQGHG�RQ�WKHORDG�� 7KH� OLPLWLQJ� ORDG� DERYH� ZKLFK� WKH� +PUHPDLQHG� HVVHQWLDOO\� FRQVWDQW� ZDV� 3t���� J� IRU
=Q6H�DQG�=Q6H��±[�7H[������&7H�������PDVV����7KH� QXPHULFDO� PLFURKDUGQHVV� YDOXHV� DV
ZHOO� DV� LWV� DQLVRWURS\� LQ�=Q6H� FU\VWDOV� DUH
NQRZQ� WR� GHSHQG� WR� D� JUHDW� H[WHQW� RQ� WKH
VWUXFWXUH� SHUIHFWLRQ� DQG� WKH� ORFDO� SKDVH
FRPSRVLWLRQ� >���� ��@�� 7KH� XQGRSHG� =Q6H
FU\VWDOV�VKRZ�D�VOLJKW�PLFURKDUGQHVV�DQLVRW�
URS\�RI� WKH��VW� RUGHU�� WKDW� LV�� WKH�KDUGQHVV
LV�GLIIHUHQW�DORQJ�GLIIHUHQW�GLUHFWLRQ� LQ�WKH
FOHDYDJH� IDFH� ������� ,I� WKH� LQGHQWRU� LV� DU�
UDQJHG� VR� WKDW� RQH� LQGHQW� GLDJRQDO� �GF�� LVGLUHFWHG�DORQJ�>���@�ZKLOH�WKH�RWKHU�RQH��GD�LV� SHUSHQGLFXODU� WKHUHWR�� WKHQ� GD!GF�� )RUXQGRSHG�=Q6H��WKH�UDWLR��GD�GF��� �N��ZKHUHN��LV�WKH��VW�RUGHU�PLFURKDUGQHVV�DQLVRWURS\FRHIILFLHQW� >��@� DPRXQWV� ����� DW� WKH� FOHDY�
DJH�IDFH��������WKDW�LV�WKH�LQGHQW�LV�VOLJKWO\
GLVWRUWHG��DV�GHWHUPLQHG�E\�LQGHQWLQJ�XQGHU
3� ����� J��� $V� WR� WKH� FORVHO\� SDFNHG� IDFH
�������WKHUH�LV�QR��VW�RUGHU�+P�DQLVRWURS\�DWDOO�� WKH� PLFURKDUGQHVV� YDOXH� EHLQJ
���r��NJ�PP��� 7KH� VFUDWFKLQJ� PHWKRG� LV
PRUH�VHQVLWLYH�WR�WKH�PLFURKDUGQHVV�DQLVRW�
URS\� GXH� WR� GLVWLQFWLRQV� LQ� WKH� VWUHVVHG
VWDWHV�DQG�VWUDLQV��,W�KDV�EHHQ�VKRZQ�LQ�>��@
WKDW�N��a����� IRU�=Q6H�ZKHQ� WKH� VFUDWFKLQJPHWKRG�LV�XVHG�

:H� KDYH� IRXQG� WKDW� IRU� =Q6H��±[�7H[FU\VWDOV� DW�&7H|�������GD� �GF�� L�H��� N�� ���LQGHQWLQJ�PRGH���7KLV� FDQ�EH� H[SODLQHG� E\
WKH�IDFW�WKDW�DW�VXFK�D�WHOOXULXP�FRQFHQWUD�
WLRQ�� WKH� VWDFNLQJ� IDXOWV� GLVDSSHDU� DQG� WKH

,�$�5\EDOND�HW�DO����0LFURKDUGQHVV�DQG�EULWWOH����
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VSKDOHULWH� VWUXFWXUH� EHFRPHV� VWDELOL]HG�
)LJ�����VKRZV�VFKHPDWLFDOO\�WKH�LQGHQW�YDUL�
DWLRQ�WUHQG�RQ�WKH�������SODQH�DQG�WKXV�WKDW
RI� WKH� �VW� RUGHU� PLFURKDUGQHVV� DQLVRWURS\
FRHIILFLHQW�DV�GHSHQGLQJ�RQ�WKH�VWUXFWXUH�SHU�
IHFWLRQ�RI�=Q6H�DQG�=Q6H��±[�7H[�FU\VWDOV��7KHVWDFNLQJ� IDXOWV� DUH�GLVWRUWLRQV�RI� WKH� FU\VWDO
VWUXFWXUH� DW�ZKLFK� WKH�GF� LQGHQW� GLDJRQDO� LVFRPSUHVVHG� EHWZHHQ� WKH� OD\HUV� RI� VWDFNLQJ
IDXOWV�DV�FRPSDUHG�WR�GD��)LJ���D��7KH�FRPSOHWHQHVV�RI�WKH�SKDVH�WUDQVLWLRQ
FDQ� EH� DVVXPHG� WR� GHILQH� WKH� SK\VLFR�PH�
FKDQLFDO� SDUDPHWHUV� RI� WKH� PDWHULDO� XQGHU
VWXG\� GXH� WR� WKH� IDFW� WKDW� LW� LV� MXVW� WKH
FKDQJH� LQ� WKH� DWRPLF� HOHFWURQ� VWDWH� XQGHU
H[WHUQDO�IDFWRUV�WKDW�LV�WKH�EDVLV�RI�WKH�SR�
O\PRUSKLF�WUDQVIRUPDWLRQV�LQ�FRYDOHQW�FU\V�
WDOV�� :KHQ� SDVVLQJ� IURP� WKH� KH[DJRQDO
ZXHUW]LWH� VWUXFWXUH� WR� WKH� FXELF� VSKDOHULWH
RQH�� WKH� QXPEHU� RI� YDOHQFH� ERQGV� LQ� =Q6H
FU\VWDO� UHPDLQV� XQFKDQJHG� �.� ���� DV� ZHOO
DV� WKH� FRYDOHQW� ELQGLQJ� W\SH�� EXW� ZKDW� LV
FKDQJHG� LV� MXVW�WKH�HQHUJ\�VWDWH�RI�RUELWDOV
�VS���IXOO\�K\EULGL]HG� LQ�WKH�6� ODWWLFH�ZKLOH
LQ� WKH�:� RQH�� WKH� V�� DQG� S�VWDWHV� DUH� QRQ�
K\EULGL]HG� LQ� SDUW� �RQH� RI� IRXU� ERQGV� LV
ORQJHU�WKDQ�WKUHH�RWKHUV���6XFK�D�WUDQVLWLRQ
UHVX� WV� LQ� FKDQJHG� PLFURKDUGQHVV� RI� WKH
PDWHULDO�

7KH� =Q6H��±[�7H[� FU\VWDOV� JURZQ� IURPPHOW� DUH� ODUJH�EORFN� RQHV�� WKH� EORFNV� EHLQJ
RULHQWHG� SUHGRPLQDQWO\� DORQJ� WKH� JURZWK
D[LV�� 7KHUHIRUH�� WKH� PLFURKDUGQHVV� VWXGLHV
�DW�3� ����� J�� DQG� EULWWOH� VWUHQJWK� �DW�3� 
���� J�� RI� WKRVH� FU\VWDOV� FRQWDLQLQJ� YDULRXV
WHOOXULXP� FRQFHQWUDWLRQV� ZHUH� FDUULHG� RXW
RQ� WKH�PHFKDQLFDOO\� DQG� FKHPLFDOO\� WUHDWHG
VXUIDFHV� RI� FXWV� SHUSHQGLFXODU� WR� WKH

JURZWK�GLUHFWLRQ��ZLWKLQ� WKH� FHQWUDO� UHJLRQ
RI�HDFK�VLQJOH�FU\VWDO�EORFN��7KH�PLFURKDUG�
QHVV� PHDVXUHPHQWV� HYLGHQFH� DQ� LQFUHDVH� RI
+P�E\�DERXW������DV�WKH�WHOOXULXP�FRQWHQW
LQ� WKH�FU\VWDOV�ULVHV��DV� LV�VKRZQ�LQ�)LJ����
'HYLDWLRQV� DUH� FOHDUO\� VHHQ� IURP� WKH� DV�
VXPHG� OLQHDU� PLFURKDUGQHVV� GHSHQGHQFH
VKRZQ� LQ�)LJ���� DV� D� VROLG� OLQH��7KLV� FDQ�EH
H[SODLQHG� E\� YDULDWLRQV� LQ� WKH� DERYH�PHQ�
WLRQHG� VWUDLQ�VWUHVV� VWDWHV� LQ� WKH� FU\VWDO�
WKH�SUHVHQFH�RI�WKHUPRHODVWLF�VWUHVVHV�EHLQJ
IRUPHG� GXULQJ� WKH� JURZWK� LQ� QRQ�HTXLOLE�
ULXP�FRQGLWLRQV�DV�ZHOO�DV�GLIIHUHQFHV�LQ�WKH
GHIHFWQHVV�RI�WKH�FU\VWDO�UHJLRQV�EHLQJ�VWXG�
LHG�� 7KHVH� GHYLDWLRQV� DUH� NQRZQ� WR� EH
HOLPLQDEOH�E\�D�KLJK�WHPSHUDWXUH�DQQHDOLQJ
ZLWK�D�VPRRWK�WHPSHUDWXUH�ORZHULQJ��,Q�WKLV
FDVH��D�WHPSHUDWXUH�QHDU�����RI�WKH�FU\VWDO
PHOWLQJ� SRLQW� VKRXOG� EH� DWWDLQHG��:H� KDYH
DQQHDOHG� WKH� VDPSOHV�DW������.�IRU���GD\V
IROORZHG�E\�WKH�WHPSHUDWXUH�VFDOLQJ�GRZQ�DW
D�UDWH�RI����.�K��7KH�PLFURKDUGQHVV�PHDV�
XUHPHQWV� RQ� WKH� DQQHDOHG� VDPSOHV� �)LJ����
VKRZ�D�GHFUHDVHG�VFDWWHU�LQ�+P�YDOXHV��WKXVHYLGHQFLQJ�WKH�VWUHVV�UHOD[DWLRQ�LQ�WKH�FU\V�
WDO�� 7KLV� FRQILUPV� RXU� VXJJHVWLRQ� RQ� WKHU�
PRHODVWLF�VWUHVVHV�DV�WKH�FDXVH�RI�WKH�PLFUR�
KDUGQHVV� GLVSHUVLRQ� LQ� QRQ�DQQHDOHG� VDP�
SOHV�� 7KXV�� WKH� KLJK�WHPSHUDWXUH� DQQHDOLQJ
LQ� WKH� VHOHFWHG� FRQGLWLRQV� SURYLGHV� D� VXE�
VWDQWLDOO\� HQKDQFHG� KRPRJHQHLW\� RI� WKH
=Q6H��±[�7H[�FU\VWDOV�7KH� =Q6H� PLFURKDUGQHVV� HQKDQFHPHQW
GXH�WR�WHOOXULXP�GRSLQJ�HYLGHQFHV�WKH�FU\V�
WDO� ODWWLFH� VWUHQJWKHQLQJ��7KH� LVRYDOHQW� WHO�
OXULXP� DGPL[WXUH� DWRPV�� DV� LW� ZDV� PHQ�
WLRQHG� DERYH�� FDXVH� ORFDO� GLVWRUWLRQV� RI� WKH
ODWWLFH� DQG� WKXV� DUH� VRXUFHV� RI� HODVWLF

)LJ����� 'HSHQGHQFH� RI� WKH� PLFURKDUGQHVV� DQLVRWURS\� RQ� WKH� VWUXFWXUH� SHUIHFWLRQ� IRU� =Q6H� DQG
=Q6H��±[�7H[�FU\VWDOV���D��IRU�XQGRSHG�=Q6H������RI�VWDFNLQJ�IDXOWV��ZLWK�FORVHO\�DUUDQJHG�VWDFNLQJ
IDXOW�ERXQGDULHV���E��IRU�=Q6H��±[�7H[�DW�&7H����������WKH�VWDFNLQJ�IDXOW�ERXQGDULHV�DUH�VHOGRP���F�
IRU�=Q6H��±[�7H[�DW�&7Ht�������QR�VWDFNLQJ�IDXOWV�
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VWUHVVHV� WKDW�GHFUHDVH� LQ�SURSRUWLRQ� WR���U�
>��@�ZKHUH�U�LV�WKH�GLVWDQFH�WR�WKH�LPSXULW\
DWRP�� 7KH� DSSUHFLDEOH� GLVSODFHPHQWV� RI
DWRPV�DULVH� DW� D�GLVWDQFH� RI� RQH� RU� WZR� LQ�
WHUDWRPLF� VSDFLQJV�� WKXV�� WKH� HODVWLF� VWUDLQ
ILHOG�FDQ�EH�FRQVLGHUHG�DV�D�VKRUW�UDQJH�DF�
WLRQ�RQH��7KH�HIIHFW�RI�VXFK�GHIHFWV�RQ�+P�LVDVVRFLDWHG� ZLWK� WKH� HODVWLF� LQWHUDFWLRQ� RI
VWUDLQ�ILHOGV�ZLWK�WKH�GLVORFDWLRQ�ILHOGV��WKDW
UHVXOWV� LQ� D� GHFUHDVHG� GLVORFDWLRQ� PRELOLW\
>��@�6LQFH�WKH�FU\VWDO�PHFKDQLFDO�SURSHUWLHV
DUH� GHILQHG� WR� D� JUHDW� H[WHQW� MXVW� E\� WKH
GLVORFDWLRQ�PRELOLW\�� LWV�GHFUHDVH�FDXVHV�HQ�
KDQFHG�VWUHQJWK�FKDUDFWHULVWLFV�RI�WKH�PDWH�
ULDO�� 7KH� LQFUHDVH� LQ�+P� LV� FRQQHFWHG� ZLWKWKH� IDFW� WKDW� WKH� VWUDLQ� ILHOGV�JHQHUDWHG�E\
LQGLYLGXDO� GHIHFWV� DUH� QRW� RYHUODSSHG� DQG
FRQWULEXWH� DGGLWLYHO\� WR� WKH� FU\VWDO� PLFUR�
KDUGQHVV�FKDQJH�>��@�

'+� �'+�1��
ZKHUH� '+� LV� WKH� PLFURKDUGQHVV� FKDQJH�
'+���WKH�PLFURKDUGQHVV�FKDQJH�GXH�WR�D�VLQ�JOH�GHIHFW��1���WKH�GHIHFW�FRQFHQWUDWLRQ�7KH�IDFW�RI�=Q6H��±[�7H[�FU\VWDO�VWUHQJWK�HQLQJ�DV�FRPSDUHG�WR�=Q6H�ZDV�FKHFNHG�DG�
GLWLRQDOO\�E\�PHDVXULQJ�WKH�IDLOXUH� OLPLW�RI
WKH� FU\VWDOV� XVLQJ� �u�u���PP�� VDPSOHV�
7KH� GRSHG� FU\VWDOV� KDYH� EHHQ� IRXQG� WR� IDLO
XQGHU� KLJKHU� ORDGV� WKDQ� XQGRSHG� RQHV� �VHH
)LJ������ +RZHYHU�� WKRVH� DUH� PRUH� HDVLO\
FUXPEOHG�LQWR�VPDOO�IUDJPHQWV�

7KH�EULWWOH�VWUHQJWK�ZDV�FKDUDFWHUL]HG�E\
WKH�QXPEHU�RI� FUDFNV�DQG�FOHDYDJHV�DULVLQJ
RQ� WKH� FU\VWDO� SODQH� XQGHU� LQGHQWDWLRQ�� ,Q
WKLV�FDVH��WKH�EULWWOH�VWUHQJWK�RI�=Q6H��±[�7H[FU\VWDOV�ZDV�PHDVXUHG�RQ�WKH�������FOHDYDJH
SODQH� XQGHU� 3� ����� J�� $W� &7H� DERXW
���PDVV� �� �� V� ������NJ�PP�� ZKLOH� LW� LV

DERXW� ����� NJ�PP�� DW� &7H� ����� PDVV���
7KLV� PHDQV� WKDW� WKH� ������ IDFH� EHFRPHV
VWUHQJWKHQHG�DERXW�WZLFH�ZLWKLQ�WKH�VWXGLHG
GRSDQW� FRQWHQW� UDQJH�� 7KH� GDWD� REWDLQHG
FRQILUP� WKH� IDFW� WKDW� LQWURGXFWLRQ� RI� DQ
LVRYDOHQW� LPSXULW\� LQWR� =Q6H� FU\VWDOV� HQ�
KDQFHV� WKH� PDWHULDO� VWUHQJWK� SURSHUWLHV�
7KLV�PDNHV� LW� SRVVLEOH� WR� WUHDW� WKH� FU\VWDOV
DQG� WR� SUHSDUH� VFLQWLOODWLRQ� HOHPHQWV� WKHUH�
IURP� XQGHU� KLJKHU� PHFKDQLFDO� ORDGV�� WKXV
SURYLGLQJ�KLJKHU�PDFKLQLQJ� VSHHGV�ZLWKRXW
GHWHULRUDWLRQ�RI�WKH�VXUIDFH�TXDOLW\�

)RU� ODUJH�EORFN� =Q6H��±[�7H[� FU\VWDOV�� LWLV� WKH� LQWHU�FU\VWDOOLWH� ERXQGDULHV� WKDW� HI�
IHFW�PDLQO\�WKH�PLFUR�EULWWOHQHVV�DQG�PLFUR�
KDUGQHVV�� :H� KDYH� VWXGLHG� WKH� PLFURKDUG�
QHVV�DQG�EULWWOH� VWUHQJWK�ZLWKLQ� OLPLWV�RI�D
VLQJOH�FU\VWDO�EORFN�DV�IXQFWLRQV�RI�GLVWDQFH
WR� WKH� EORFN� ERXQGDULHV� �[��� 1HDU� WKH
ERXQGDULHV�� DQ� LQFUHDVHG� GLVSHUVLRQ� LQ� WKH
+P� YDOXHV� KDV� EHHQ� IRXQG�� WKDW� GLVSHUVLRQLQFUHDVLQJ� DV� WKH� [� GHFUHDVHV� �)LJ���D��
)URP� [|���PP� RQ�� +P� LQFUHDVHV� DW� DS�SURDFKLQJ� WKH� ERXQGDU\�� SHUKDSV� WKLV� IDFW
FRXOG� EH� H[SODLQHG� E\� GLVORFDWLRQ� EHDP
EUDNLQJ�DW�WKH�EDUULHUV��1HDU�WKH�LQWHU�FU\V�
WDOOLWH� ERXQGDU\� LQ� D� =Q6H��±[�7H[� FU\VWDO�WKH� N�� YDOXH� LQFUHDVHV� FRQVLGHUDEO\� DWWDLQ�LQJ�����DW�[� ����DV�LV�VHHQ�LQ�)LJ���E��$V�LQ
WKH� FDVH� RI�+P�[�� GHSHQGHQFH� �)LJ���D��� WKHN��YDOXH�DSSURDFKHV�WKDW�W\SLFDO�RI�WKH�FU\V�WDO� PDWUL[� �a������ DW� WKH� GLVWDQFH� RI� DERXW
���PP�IURP�WKH�ERXQGDU\�

7KH� EORFN� ERXQGDULHV� DUH� DOVR� HIILFLHQW
VWRSSHUV�IRU�PLFUR�FUDFNV��)LJ���F�VKRZV�WKH
GHSHQGHQFH�RI�WKH�FUDFN�OHQJWK��OF��RQ�[�IRUD�=Q6H��±[�7H[�FU\VWDO��$W�WKH�RUGLQDWH�D[LV�WKHUH� LV� WKH� UDWLR� OF�OFP� WKDW� FKDUDFWHUL]HVWKH� EULWWOH� VWUHQJWK�� OFP� EHLQJ� WKH� FUDFNOHQJWK� DW� 3� ����� J� W\SLFDO� RI� VWUXFWXUDOO\
KRPRJHQHRXV� PDWUL[�� ,W� IROORZV� IURP� )LJ�
�F� WKDW� DW� [�a����PP�� WKH� DYHUDJH� FUDFN

)LJ�����0LFURKDUGQHVV�RI�=Q6H��±[�7H[�FU\VWDOVDV� D� IXQFWLRQ� RI� 7H� FRQFHQWUDWLRQ� PHDVXUHG
RQ�FXWV�SHUSHQGLFXODU�WR�WKH�JURZWK�GLUHFWLRQ
XQGHU�3� �����J�

)LJ�����6WUDLQLQJ�FXUYH�IRU�=Q6H�DQG�=Q6H��±[�7H[FU\VWDOV�XQGHU�XQLD[LDO�FRPSUHVVLRQ�
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OHQJWK� EHFRPHV� DERXW� KDOYHG�� ,PPHGLDWHO\
DW�WKH�WZLQ�ERXQGDU\��OF|���OFP��$W�[|���WR���PP�� OF�OFP� ����WKDW�LV��WKH�EORFN�ERXQG�DU\� LQIOXHQFHV� QR� PRUH� WKH� FU\VWDO� PLFUR�
EULWWOHQHVV�

$V� PHQWLRQHG� DERYH�� VLQFH� WKH� FU\VWDOV
XQGHU�VWXG\�DUH�JURZQ�XQGHU�D[LDO�DQG�UD�
GLDO� WHPSHUDWXUH� JUDGLHQWV�� UHVLGXDO� LQWHU�
QDO�VWUHVVHV�DUH�SUHVHQW�WKHUHLQ��,W�LV�NQRZQ
>��@�WKDW�DIWHU�WKH�ILQDO�FRROLQJ�RI�D�FU\VWDO�
OLQH� LQJRW�� UHVLGXDO� FRPSUHVVLYH� VWUHVVHV
DULVH�DW�LWV�VXUIDFH��ZKLOH�WHQVLOH�RQHV��PRVW
IDYRUDEOH� IRU� FUDFNLQJ�� H[LVW� LQVLGH� WKH
LQJRW�� $V� D� UHVXOW�� ILVVXUDWLRQ� LV� UDWKHU
RIWHQ� D� W\SLFDO� PLFURVWUXFWXUH� GHIHFW�� 7KLV
GHIHFW� HIIHFWV� LQ� JHQHUDO� QHJDWLYHO\� LQ� WKH
FRXUVH�RI�WKH�PDWHULDO�PDFKLQLQJ�DV�ZHOO�DV
WKH� ZRUNSLHFH� VWUXFWXUH�VHQVLWLYH� SURSHU�
WLHV�� ,Q� WKLV� FDVH�� D� VHW� RI� PLFUR�FUDFNV� LV
UHYHDOHG� LQ� WKH� FU\VWDO� E\�PLFURVFRS\�� 7KH
FUDFNV� DULVH� PRVWO\� DORQJ� WKH� EORFN� DQG
WZLQ� ERXQGDULHV� LQ� WKH� LQJRW� FHQWUDO� ]RQH
DQG� FDXVH� D� FRQVLGHUDEOH� GHWHULRUDWLRQ� RI
WKH� PDWHULDO� PHFKDQLFDO� VWUHQJWK�� :KHQ
VWXG\LQJ� WKH� HIIHFW� RI� PLFUR�FUDFNV� RQ� WKH
PHFKDQLFDO� FKDUDFWHULVWLFV� RI� =Q6H��±[�7H[FU\VWDOV��WKH�EULWWOH�VWUHQJWK�KDV�EHHQ�IRXQG
WR� GURS� E\� DERXW� ��� �� DQG�+P� E\� DERXW����� LQ� WKH� FHQWUDO� FU\VWDO� UHJLRQ� DV� FRP�
SDUHG�WR�WKH�SHULSKHUDO�RQH�

7KH�SRVW�JURZLQJ�KHDW�WUHDWPHQW��+7��RI
=Q6H��±[�7H[� FU\VWDOV� LV� DQ� LPSRUWDQW� VWDJHLQ� WHFKQRORJ\� RI� VHPLFRQGXFWLQJ� VFLQWLOOD�
WRUV�RQ�WKH�EDVLV�RI�WKRVH�FU\VWDOV�PDNLQJ�LW
SRVVLEOH� WR�FRQWURO� WKH�SK\VLFRFKHPLFDO��RS�
WLFDO�� DQG� OXPLQHVFHQFH� SURSHUWLHV� RI� WKH
PDWHULDO�� :H� KDYH� IRXQG� WKDW� WKH� WHQVLOH
DQG� FRPSUHVVLQJ� UHVLGXDO� VWUHVVHV� WKDW� DUH
SUHVHQW� LQ� WKH� FU\VWDOV� LPPHGLDWHO\� DIWHU
WKH� JURZLQJ� DQG� UHVXOWLQJ� LQ� FUDFNLQJ� DQG
GHFUHDVHG�PHFKDQLFDO�VWUHQJWK�LQFOXGH�XS�WR
��� �� RI� WKH� FU\VWDO� LQJRW� YROXPH�� 0RUH�
RYHU�� LPSXULWLHV� PD\� EH� ORFDOL]HG� DV� DG�
VRUEHG�VXEVWDQFHV�DQG�IRUHLJQ�SKDVH�SUHFLSL�
WDWHV�LQ�WKH�FUDFNV�LI�WKH�FUDFNV�DUH�IRUPHG
SULRU� WR� GHFRPSRVLWLRQ� DQG� FKHPLFDO� VRUS�
WLRQ�RI�&26H��&6H��DQG�&6H���$IWHU�DQQHDO�LQJ�RI�VXFK�FU\VWDOV�LQ�HYDFXDWHV�TXDUW]�DP�
SRXOHV�DW������&��WKH�PHFKDQLFDO�SURSHUWLHV
WKHUHRI�KDYH�EHHQ�IRXQG�WR�EH�KRPRJHQL]HG
WR� D� JUHDW� H[WHQW�� WKH� YDOXHV� RI� UHODWLYH
EULWWOH� VWUHQJWK� DQG� PLFURKDUGQHVV� LQ� WKH
FHQWUDO� LQJRW� UHJLRQ� EHLQJ� LQFUHDVHG� XS� WR
WKRVH� LQ� SHULSKHUDO� UHJLRQ�� L�H��� HTXDOL]HG�
7KXV�� WKH� UHGXFWLRQ� RI� UHVLGXDO� LQWHUQDO
VWUHVV� OHYHO� WDNHV� SODFH� DQG� FUDFNV� DUH
FXUHG�

7R� FRQFOXGH�� WKH� PLFURKDUGQHVV� DQLVRW�
URS\�FRHIILFLHQW�KDV�EHHQ�IRXQG�WR�EH�XQLW\

LQ�WKH�FU\VWDOV�ZKHUH�WKH�GRSDQW�FRQFHQWUD�
WLRQ� LV� DERXW� ���� ��� :KHQ� WKH� WHOOXULXP
FRQWHQW� LQ� WKH� =Q6H��±[�7H[� VROLG� VROXWLRQFU\VWDOV� LQFUHDVHV� IURP� ���� WR� ������� WKH
PLFURKDUGQHVV�ULVHV� OLQHDUO\�E\�������7KLV
KDV�EHHQ�FRQILUPHG�E\�WKH�EULWWOH�IDLOXUH
OLPLW�PHDVXUHPHQWV�IRU�7H�GRSHG�DQG�XQ�
GRSHG� =Q6H� FU\VWDOV�� 7KH� DQQHDOLQJ
KDV�EHHQ�VKRZQ�WR�HIIHFW�WKH�PLFURKDUGQHVV
GLVSHUVLRQ� LQ� =Q6H��±[�7H[� FU\VWDOV�� 7KHKHDW� WUHDWPHQW� UHVXOWV� LQ� LQFUHDVHG
VWUHQJWK� OLPLW� DQG� FUDFNLQJ� UHVLVWDQFH
RI� =Q6H��±[�7H[� FU\VWDOV� WKDW� LV� RI� LPSRU�WDQFH� IRU� VHOHFWLRQ� RI� WKH�PDWHULDO�PDFKLQ�
LQJ�UHJLPHV�DQG�IRU�HQKDQFHPHQW�RI�VFLQWLO�
ODWLRQ�GHWHFWRU�YLEUDWLRQ�UHVLVWDQFH�

)LJ����� 'HSHQGHQFHV� RI� +P� �D��� N�� RQ� �����IDFH� �E�� DQG� UHODWLYH� FUDFN� OHQJWK� �F�� RQ�GLV�
WDQFH� WR� WKH� LQWHU�FU\VWDOOLWH� ERXQGDU\� LQ
=Q6H��±[�7H[�FU\VWDOV�
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7KH� ZRUN� ZDV� VXSSRUWHG� LQ� SDUW� E\
,17$6�3URMHFW���������������

5HIHUHQFHV
� ���/�9�$WURVFKHQNR��)�,�%ULQFHY��k�,�zºORG\D]K�

Q\L��,]Y��k1�6665��6HU��1HRUJ��lÈW�����������
��������

� ���/�9�$WURVFKHQNR�� k�,�zºORG\D]KQ\L�� ,]Y��k1
6665��6HU��1HRUJ��lÈW�������������������

� ���/�9�$WURVFKHQNR�� |�k�)HGRUHQNR�� LQ�� 6LQJOH
&U\VWDOV�DQG�7HFKQRORJ\�����91,,0��.KDUNRY
��������S���>LQ�5XVVLDQ@��

� ���/�9�$WURVFKHQNR�� |�k�)HGRUHQNR�� LQ�� 6LQJOH
&U\VWDOV� DQG� 7HFKQRORJ\�� ������ 91,,0�
.KDUNRY���������S����>LQ�5XVVLDQ@��

� ���/�9�$WURVFKHQNR��%�/�7LPDQ��|�k�)HGRUHQNR�
,]Y��k1�6665��6HU��1HRUJ��lÈW������������������

� ���/�9�$WURVFKHQNR�� |�k�)HGRUHQNR�� ,]Y��k1
6665��6HU��1HRUJ��lÈW��������������������

� ���/�9�$WURVFKHQNR��%�/�7LPDQ��|�k�)HGRUHQNR�
LQ��3K\VLFV�DQG�&KHPLVWU\�RI�2SWLFDO�DQG�6FLQ�
WLOODWLRQ� 0DWHULDOV�� ���� 91,,0�� .KDUNRY
��������S�����>LQ�5XVVLDQ@��

� ���/�9�$WURVKFKHQNR��6�1�*DONLQ��,�$�5\EDOND�HW
DO���1XFO��,QVWU��DQG�0HWK�� LQ�3K\V��5HV���$��
����������������������

� ���(�(�/DNLQ�� ,�9�.UDVQRSRO�VNLL�� 9�3�.X]QHWVRY�
LQ�� 6FLQWLOODWLRQ� 0DWHULDOV�� ���� 91,,0�
.KDUNRY���������¯����>LQ�5XVVLDQ@��

����/�9�$WURVFKHQNR�� |�k�)HGRUHQNR�� LQ�� 6LQJOH
&U\VWDOV�DQG�7HFKQRORJ\������91,,0��.KDUNRY
��������S����>LQ�5XVVLDQ@��

����/�9�$WURVFKHQNR��|�k�)HGRUHQNR��=DYRGVND\D
/DE��������������������

����9�0�*OD]RY��9�1�9LJGRURYLFK��0LFURKDUGQHVV
RI� 0HWDOV�� 0HWDOOXUJLD�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

����/�$�6\VRHY��/�9�$WURVFKHQNR��2�$�)HGRUHQNR�
LQ��*URZWK� DQG� 6\QWKHVLV�3URFHVVHV� RI� 6HPL�
FRQGXFWRU�&U\VWDOV�DQG�)LOPV��3DUW�,,��1DXND�
1RYRVLELUVN���������S�����>LQ�5XVVLDQ@�

����/�*�&LQ]HIOLQJ�� 0�3�6KDVNRO�VND\D� HW� DO��
.ULVWDOORJUDIL\D�������������������

����9�.�*ULJRURYLFK�� +DUGQHVV� DQG� 0LFURKDUG�
QHVV�RI�0HWDOV��1DXND��0RVFRZ��������>LQ�5XV�
VLDQ@�

����7�6X]XNL�� +�<RVLQDJD�� 6�7DNHXWL�� '\QDPLFV
RI�'LVORFDWLRQV� DQG� WKH�3ODVWLFLW\��0LU��0RV�
FRZ��������>LQ�5XVVLDQ@�

����(�,�5RJDFKHYD��)L]��7YHUG��7HOD�����������������
����/�9�$WURVKFKHQNR��/�3�*DO�FKLQHWVNLL��6�1�*DONLQ

HW�DO���)XQFWLRQDO�0DWHULDOV������������������
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