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8QLYHUVLW\�RI�&LQFLQQDWL��&LQFLQQDWL��2KLR������
7KH� VXUIDFH� RI� FRSSHU� DQG�VWDLQOHVV� VWHHO�PLUURUV�QHDU� WKH� DUHD�GHVWUR\HG�E\� HOHFWURQ

EHDP�KDV�EHHQ�FKDUDFWHUL]HG�E\�PHDQV�RI�HOOLSVRPHWULF�GLDJQRVWLFV��7KH�WUHDWPHQW�GLG�QRW
UHVXOW� LQ�DQ\�FKDQJHV� LQ� WKH�VXUIDFH�PLFURUHOLHI�� LQGHSHQGHQW�RQ�WKH�WUHDWPHQW�GXUDWLRQ�
DOWKRXJK� FKDQJHV� LQ� WKH� HOOLSVRPHWULF� SDUDPHWHUV� KDYH� EHHQ� REVHUYHG�� $FFRUGLQJ� WR� WKH
;36� GDWD�� WKHVH� FKDQJHV� DUH� GXH� WR� GLVRUGHULQJ� LQ� WKH� DERXW� �� QP� WKLFN� VXUIDFH� OD\HU
UHVXOWLQJ�IURP�$U�LRQ�LPSODQWDWLRQ��
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7KH� DFWLRQ� RI� TXDVL�QHXWUDO� SODVPD� RQWR
D�PDWHULDO�VXUIDFH�LV�GHILQHG�E\�WKH�SDUDPH�
WHUV�RI�LWV�WZR�FRPSRQHQWV��QDPHO\��LRQ�DQG
HOHFWURQ� VXEV\VWHP�� ,Q� WKH� (+� DFFHOHUDWRU
VFKHPHV�� WKH� JHQHUDWLRQ� RI� D� TXDVL�QHXWUDO
SODVPD� EHDP� FDXVHV� DQ� LQHYLWDEOH� HIIHFW� RI
LWV�DFWLRQ�RQWR�WKH�PDWHULDO�VXUIDFH�GXH�WR�D
SUHGRPLQDQW� UROH� LQ� WKH� PDVV� WUDQVSRUW
SURFHVV� EHLQJ� SOD\HG� E\� RQH� RI� WKHVH� WZR
FRPSRQHQWV��&RQVWUXFWLYHO\��LW�LV�SRVVLEOH�WR
UHDOL]H� WZR� PDLQ� VFKHPHV� RI� VXFK� D� EHDP
IRUPDWLRQ� FRQQHFWHG� ZLWK� UHDFKLQJ� WKH
HTXDOLW\� RI� HQHUJ\� ���� RU�PRWLRQ� VSHHGV� ���
RI� VXFK� WZR�FRPSRQHQWV�ZLWK�RSSRVLWH�HOHF�
WULF�FKDUJH�QHDU�WKH�VXUIDFH��,Q�FDVH������LQ
DFFRUGDQFH� ZLWK� UDWLR� RI� HOHFWURQ� DQG� QX�
FOHXV�PDVVHV��WKH�LRQ�HQHUJ\�H[FHHGV�WKDW�RI
HOHFWURQV� E\� DW� OHDVW� ����� WLPHV�� 7KHQ�� DQ
LQWHUPHGLDWH�YDULDQFH� EHWZHHQ� WZR� VFKHPHV
PHQWLRQHG� DERYH� FRXOG� EH� WDNHQ� LQWR� DF�
FRXQW�LQ�WKH�PDVV�WUDQVSRUW�SURFHVVHV�XQGHU
DFWLRQ� RI� TXDVL�QHXWUDO� SODVPD�� %XW� LQ� DQ\
FDVH��WKH�PDVV�WUDQVSRUW�SKHQRPHQRQ�DW�WKH
VXUIDFH�DQG�WKH�PHFKDQLVP�RI�PDLQ�LQWHUDF�
WLRQ�SURFHVVHV�EHWZHHQ�WKH� LRQ�DQG�HOHFWURQ

VXEV\VWHPV� RI� TXDVL�QHXWUDO� SODVPD� EHDP
ZLWK� WKH� VXEVWDQFH�ZLOO�EH�GHILQHG�E\�FKDU�
DFWHULVWLF�SDUDPHWHUV�RI�WKLV�EHDP��QDPHO\�
E\� WKH� VHOHFWHG� HQHUJ\� OHYHO�(� �ERWK� FRUUH�
VSRQGLQJ�GH�%URJOLH�ZDYHOHQJWK�DQG�GLIIHU�
HQWLDO� FURVV�VHFWLRQ� RI� HODVWLF� �LQHODVWLF�
VFDWWHULQJ�� FKDUDFWHULVWLF� WLPH� RI�PLFURSDU�
WLFOH� LQWHUDFWLRQ� ZLWK� HOHFWURQ� DQG� ODWWLFH
FRPSRQHQWV� RI� WKH� VXEVWDQFH�� LQ� HDFK� VXE�
V\VWHP� RI� WKHVH� WZR� RQHV�� WKH� LUUDGLDWLRQ
GRVH�� WKH� WUHDWPHQW� UHJLPH� �FRQWLQXRXV� RU
SXOVH� RQH� GHILQHG� E\� WKH� SXOVH� GXUDWLRQ� WR
WKH� LQWHUSXOVH� SDXVH��� WKH� FXUUHQW� GHQVLW\
GLVWULEXWLRQ� ZLWKLQ� WKH� EHDP� FURVV�VHFWLRQ�
DV�ZHOO�DV�E\�WKHUPRG\QDPLF�DQG�VWUXFWXUDO
SDUDPHWHUV�RI�WKH�VXUIDFH�DV�VXFK�

7R�VROYH�WKDW�SUREOHP�� LW� LV�QHFHVVDU\�WR
FRQVLGHU� WKH� SRVVLEOH� SURFHVVHV� RQ� WKH�PHW�
DOV� VXUIDFHV� XQGHU� LUUDGLDWLRQ� E\� HOHFWURQV
DQG�LRQV�ZLWK�YDULRXV�HQHUJLHV�DV�ZHOO�DV�WR
VWXG\�WKH�LQIOXHQFH�RI�QHXWURQ�WUHDWPHQW�RQ
SURSHUWLHV� RI� WKH� DPRUSKRXV� PHWDO� DOOR\V�
2Q� WKH� RWKHU� KDQG�� VLQFH� VRPH� H[LVWLQJ
VFKHPHV� RI� (+� DFFHOHUDWRUV� IXQFWLRQ� LQ
SXOVH��EXQFK��UHJLPH��LW�LV�QHFHVVDU\�WR�FRQ�
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VLGHU� WKH� DFWLRQ� RI�SXOVH� WUHDWPHQW�E\� LRQV
RQ�SK\VLFRFKHPLFDO�VWDWH�RI�PHWDO�VXUIDFHV�

7KH� HIIHFWV� RI� HOHFWURQ� DQG� LRQ� LUUDGLD�
WLRQ� RQ� WKH� SURSHUWLHV� RI� PHWDOOLF� VXUIDFHV
KDYH� EHHQ� FRQVLGHUHG�� 7KH� LUUDGLDWLRQ� RI
SRO\FU\VWDOOLQH� PHWDOOLF� PDWHULDOV� E\� HOHF�
WURQV� DQG� LRQV� LQ�SXOVH�PRGH�KDV�EHHQ�FDU�
ULHG�RXW��7R�FRPSDUH�WKH�HIIHFWV�RI�FKDUJHG
SDUWLFOHV� ZLWK� HIIHFWV� RI� QHXWURQ� LUUDGLD�
WLRQ��WKH�ODWWHU�WUHDWPHQW�RI�DPRUSKRXV�PH�
WDOOLF� DOOR\� )H±&U±%� ZDV� SHUIRUPHG�� 7KH
VDPSOHV� DQG� NLQGV� RI� WKHLU� WUHDWPHQW� DUH
SUHVHQWHG�LQ�WKH�7DEOH�

&KHPLFDO� DQDO\VLV� RI� WKH� VXEVWUDWH� OD\HU
RI� WKH� VWDLQOHVV� VWHHO� PLUURUV� ZDV� FDUULHG
RXW�E\�;36�XVLQJ�WKH�0J�.D��(� ��������H9�
VRXUFH� ZLWKRXW� PRQRFKURPDWRU�� 2SWLFDO
SURSHUWLHV�RI�WKH�PDWHULDO�ZHUH�LQYHVWLJDWHG
XVLQJ�D�KRPH�PDGH�VSHFWURVFRSLF�HOOLSVRPH�
WHU� DQG� D� 9$6(� RQH� �O� ����Ü�����QP��
7KH� VSHFWURVFRSLF� HOOLSVRPHWU\� GDWD� ZHUH
DQDO\]HG� XVLQJ� WKH� :9$6(� VRIWZDUH�� WKH
VDPSOH�VXUIDFH�PLFURUHOLHI�ZDV�LQYHVWLJDWHG
SULRU� WR� WKH� RSWLFDO� VWXGLHV� E\� DQ� DWRPLF
IRUFH�PLFURVFRSH�

,Q� WKH� ILUVW� DSSUR[LPDWLRQ�� WKH� TXDVL�
QHXWUDO� SODVPD� HIIHFW� RQ� WKH� VXEVXUIDFH
OD\HU�PDWHULDO�FRXOG�EH�FRQVLGHUHG�EDVLQJ�RQ
WKH� DGGLWLYLW\� RI� FRQWULEXWLRQV� IURP� WZR
FRQVWLWXHQWV�RI�WKLV�EHDP�WR�WKH�PDVV�WUDQV�
SRUW� SURFHVV�� 7KH� LRQ� VSXWWHULQJ� SURFHVV� LV
EDVHG� RQ� WKH� 6LJPXQG� WKHRU\� XVLQJ
%ROW]PDQQ� HTXDWLRQ� XQGHU� DSSURDFK� SUR�
SRVHG� E\�7KRPSVRQ�� ,W� FRQVLGHUV� WZR�SDUWL�
FOH�FROOLVLRQV�LQ�WKH�KDUG�VSKHUHV�PRGHO��7KH
HODVWLF� VFDWWHULQJ� RI� HOHFWURQV� WDNHV� SODFH
RQO\� LI� WKH� LQFLGHQW� HOHFWURQV� FROOLGH� ZLWK
WKH� WDUJHW�QXFOHL�� ,Q� WKH�DEVHQFH�RI� VFUHHQ�
LQJ�� WKH� VFDWWHULQJ� FURVV� VHFWLRQ� LV� XVXDOO\
FDOFXODWHG� XVLQJ� 5XWKHUIRUG� HTXDWLRQ�� %XW
LQ�JHQHUDO� FDVH�RI�VFKHPHV� ����DQG�����HYHQ
DW� ORZ� HOHFWURQ� HQHUJLHV� �a���� NH9��� ERWK
HODVWLF� DQG� LQHODVWLF� VFDWWHULQJ� RI� HOHFWURQV
LV�REVHUYHG�VLPXOWDQHRXVO\� LQ�WKH�FRXUVH�RI
LQWHUDFWLRQ� RI� WKH� HOHFWURQ� FRQVWLWXHQW� RI

WKH�EXQFK��0XOWLSOH�VFDWWHULQJ�FRXOG�DOVR�EH
SRVVLEOH� �:LOOLDPV� WKHRU\�� %HUJHU�PHWKRG��
'XH�WR�ODUJH�GLIIHUHQFH�LQ�HOHFWURQ�DQG�SUR�
WRQ� PDVV�� WKH� HQHUJ\� RI� DQ� HOHFWURQ� IURP
WKH�EXQFK�LV�WUDQVIHUUHG�WR�VHYHUDO�HOHFWURQV
RI� WKH� DWRPV� ZLWKRXW� HQHUJ\� H[FKDQJH� EH�
WZHHQ� WKH� HOHFWURQV� DQG� WKH� FU\VWDOOLQH� ODW�
WLFH� >�@� �LQ�PHWDOV�� LW� LV� WUDQVIHUUHG� WR� FRO�
OHFWLYH� RI� HOHFWURQV� WKDW� DUH� PRYLQJ� WR�
JHWKHU�ZKHQ�FRQWLQXRXV�HOHFWURQ�HQHUJ\�ORVV
LV�GHVFULEHG�E\�%HWKH� HTXDWLRQ�GXH� WR�H[FL�
WDWLRQ�RI�SODVPD�RVFLOODWLRQV���7KH�SHFXOLDU�
LW\� RI� WKH� FDOFXODWHG� VSDFH� GLVWULEXWLRQV� RI
HOHFWURQ� HQHUJ\� ORVV� DORQJ� WKH� QRUPDO� WR
VXUIDFH��6SHQFHU�GLVWULEXWLRQ�>�@��FRQVLVWV�LQ
WKDW� WKH� HQHUJ\� UHOHDVH� PD[LPXP� LV� VLWX�
DWHG� DW� WKH� GLVWDQFH� RI� ���� %HWKH� UDGLXV
�U�� �������� FP�� IURP� WKH� VXUIDFH�� ,Q�JHQ�HUDO� FDVH�� WKH� PD[LPXP� GHSWK� G� �FP�� RI
HOHFWURQ�SHQHWUDWLRQ�LQWR�PHWDO�FRXOG�EH�HV�
WLPDWHG�XVLQJ�WKH�6KRQODQG�HTXDWLRQ�>�@�

G� ��������������8�U �

ZKHUH�8�LV�WKH�DFFHOHUDWLQJ�YROWDJH�LQ�9ROWV
�9��� U� �WKH� PDWHULDO� GHQVLW\� �J�FP���� 7KH
FDOFXODWLRQV�VKRZ�WKDW�WKH�VXUIDFH�WHPSHUD�
WXUH� LQFUHDVHV� ZKHQ� SHQHWUDWLRQ� GHSWK� GH�
FUHDVHV�� (YHQ� DW� WKH� DFFHOHUDWLQJ� YROWDJHV
QHDU�8� ���� N9�� WKH�PHWDO� VXUIDFH� LV� RYHU�
KHDWHG�FRQVLGHUDEO\��WKDW�LV�ZK\�WKH�VXUIDFH
HYDSRUDWLRQ�LQWHQVLW\�LQFUHDVHV��$V�8�LQFUHDVH�
G�DOVR�LQFUHDVHV��DQG�GXULQJ�WKH���Ü�Ü��Ü��V�DW
VSHFLILF� SRZHU� YDOXHV� T�� ����:W�FP��� WKH
VXUIDFH� FDQQRW� EH� KHDWHG�� +RZHYHU�� H[SOR�
VLYH�ERLOLQJ�RI�PDWHULDO�LV�SRVVLEOH�DW�FHUWDLQ
GHSWK� RI� PD[LPDO� HQHUJ\� UHOHDVH� GXH� WR
HOHFWURQ�LUUDGLDWLRQ��

7KDW� LV� ZK\� LW� ZDV� LPSRUWDQW� WR� VWXG\
WKH� FRSSHU� PLUURU� VXUIDFH� RI� ���� PP� GL�
DPHWHU� LQ�WKH�DUHD�DGMDFHQW�WR�WKH�H[WHUQDO
ERUGHU�RI�WKH��FUDWHU��RI�D�GLDPHWHU�QRW�OHVV
WKDQ� ��� PP� �DOWKRXJK� D� KROORZ� RI� VHYHUDO
VTXDUH� PLOOLPHWHUV� ZDV� IRUPHG� DURXQG� WKH

7DEOH��7KH�VDPSOHV�RI�PDWHULDOV�DQG�NLQGV�RI�WKHLU�WUHDWPHQW

6DPSOH .LQG�RI�WUHDWPHQW 7UHDWPHQW�SDUDPHWHUV
3RO\FU\VWDOOLQH�&X (OHFWURQ

LUUDGLDWLRQ
p� �����0H9

$XVWHQLWLF�VWDLQOHVV�VWHHO�VV������)H�����
&U������1L�����0Q������PDVV����

$U� p� ���NË9��GXULQJ���DQG����PLQ�LQ
SXOVHG�PRGH�ZLWK�SXOVH�GXUDWLRQ���PV
DQG�WKH�SDXVH�WLPH���PV�����3D��

FXUUHQW�����P$
$PRUSKRXV�PHWDO�DOOR\V�)H��&U��%����DW�����TXHQFKHG�IURP�PHOW�DW�
WHPSHUDWXUHV�����Ü�����DQG������.

1HXWURQV�IURP
SXOVH�VRXUFH

(� ���PH9��
LUUDGLDWLRQ�GXULQJ����K

/�9�3RSHUHQNR�HW�DO����,QIOXHQFH�RI�LUUDGLDWLRQ�E\����
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FHQWUDO� DUHD� DIWHU� WKH� VROLGLILFDWLRQ� RI
PHOWHG� PLUURU� PDWHULDO��� 6XFK� D� FUDWHU� LV
IRUPHG� DIWHU� HOHFWURQ� EHDP� LUUDGLDWLRQ� DW
YROWDJH� RI� ���� 09� DSSOLHG� EHWZHHQ� FRSSHU
DQRGH��PLUURU��DQG�FRSSHU�FDWKRGH��$W�VXFK
FRQGLWLRQV�RI�WKH�WUHDWPHQW��WKH�FUDWHU�HGJH
FRQWRXU� DFTXLUHG� YDULRXV� VKDSHV� IURP� D
QHDUO\�FLUFXODU��VDPSOH����WR�WKDW�VLPLODU�WR
D� URVHWWH� �VDPSOH� ���� 'HSHQGHQFHV� RI� HOOLS�
VRPHWULF� SDUDPHWHUV� '� DQG�<� RQ� WKH� OLJKW
LQFLGHQFH� DQJOH� M� DUH� VKRZQ� LQ� )LJ����� ,Q
FRPSDULVRQ� ZLWK� UHIHUHQFH� �XQLUUDGLDWHG�
VDPSOH� ��� WKH� SULQFLSDO� DQJOH� RI� LQFLGHQFH
MS� DQG� WDQ\PLQ� DUH� GHFUHDVHG� IURP� ���� WR����� DQG� IURP������ WR� ����� �VDPSOH� ��� DQG
IURP� ���� WR� ����� DQG� IURP� ����� WR� ����
�VDPSOH� ���� UHVSHFWLYHO\�� 7KLV� PHDQV� WKDW
DIWHU� FRSSHU� VSXWWHULQJ� IURP� WKH� �FUDWHU�
DQG� IXUWKHU� FRSSHU� GHSRVLWLRQ� RQWR� XQ�
GHVWUR\HG�DUHDV�RI�VXUIDFH�LQ�WKH�YLFLQLW\�RI
WKH� �FUDWHU��� WKH� VXEVXUIDFH� OD\HU� FRQGXF�
WLYLW\� LV� GHWHULRUDWHG�� ,W�ZDV� IRXQG� WKDW� DW
VXFK�&X�GHSRVLWLRQ�RQ�D�PLUURU�VXUIDFH��WKH
ILOP�RI�YDULDEOH�WKLFNQHVV�RYHU�WKH�UDGLXV�LV
QRW� IRUPHG� EHFDXVH� WKH� VDPH� FRV'� FRUUH�
VSRQGV�WR�WKH�DUHDV�$�DW�U�DQG�5�RI�VDPSOH���
$W� WKH� VDPH� WLPH�� IRU� HTXLGLVWDQW� SRVLWLRQ
IURP�WKH��FUDWHU��FHQWHU��EULJKW�$�DQG�GDUN
%� DUHDV� RI� VDPSOH� ���� WKH� HOOLSVRPHWULF� SD�
UDPHWHUV�DUH�VOLJKWO\�GLIIHU��SHUKDSV�GXH�WR
YDULRXV� VXUIDFH� URXJKQHVV� UHVXOWLQJ� IURP
WKH�HOHFWURQ�EHDP�DFWLRQ�ZLWKLQ�WKH��FUDWHU�
FURVV�VHFWLRQ��$V� WR� UHVXOWV�RI�HOOLSVRPHWULF
GLDJQRVWLFV�DQG�WKH�VROXWLRQ�RI�LQYHUVH�HOOLS�
VRPHWULF�SUREOHP��WKH�SDUDPHWHUV�RI�WKH�DS�
SURSULDWH� VXUIDFH� RSWLFDO� PRGHO� �GHSRVLWHG
OD\HU� �ILOP��Û�VXEVWUDWH�� LQ� WKH�YLFLQLW\�RI
WKH�PHQWLRQHG��FUDWHU��ZHUH�REWDLQHG��$W�D

FRQGLWLRQ�RI�HQHUJ\�VHOHFWLRQ�IRU�WZR�FRPSR�
QHQWV� RI� WKH�PHQWLRQHG�EHDP�EHORZ�WKH�GH�
VWUXFWLRQ� WKUHVKROG� RI� VXEVXUIDFH� OD\HU�� WKH
XVDJH�RI�RQH�RI�WKH�FRPSRQHQWV��H�J���HOHFWURQ�
DV�D�SUREH�IRU�SK\VLFRFKHPLFDO�VXUIDFH�DQDO\VLV
EHFRPHV�DGYDQWDJH�RI�WKH�H[SHULPHQW�

,W�LV�RI�LQWHUHVW�WR�FRPSDUH�WKH�DFWLRQ�RI
WKH� LRQ� DQG� HOHFWURQ� EHDPV� VLPLODU� LQ� HQ�
HUJ\�RQ�WKH�KDUGQHVV�ZLWKLQ�WKH�VXEVXUIDFH
OD\HU�GDWD�IRU�D�)H�>�@��,W�KDV�EHHQ�REWDLQHG
WKDW� RQO\� RQH� KDUGQHVV�PD[LPXP�DIWHU� WKH
DFWLRQ�RI��Ü���NH9�HOHFWURQ�EHDP�H[LVWV�DW
WKH�GHSWK�RI������PP�IURP� WKH� VXUIDFH��$W
WKH� VDPH� WLPH�� WZR� PLFURKDUGQHVV� PD[LPD
DW� WKH� GHSWK� RI� �� DQG� �� PP�ZHUH� REVHUYHG
DIWHU� LRQ� EHDP� WUHDWPHQW� RI� D�)H�� 7KH� UH�
VXOW�RI�MRLQW�DFWLRQ�RI�HOHFWURQ�DQG�LRQ�IORZV
DV� FRQVWLWXHQWV� RI� WKH�TXDVL�QHXWUDO� SODVPD
EXQFKHV� LQ� VXUIDFH� WUHDWPHQW� GXH� WR� WKH
VFKHPHV� ���� DQG� ���� DQG� WKH� FKDUDFWHU� RI
VXEVXUIDFH� VWUXFWXUH� PRGLILFDWLRQ� ZLWKRXW
WKH� PLUURU� VXUIDFH� GHVWUXFWLRQ� GHSHQGV� LQ
WKLV�FDVH�RQ�WKH�VHOHFWHG�HQHUJ\�OHYHO�ZKLFK
VKRXOG�QRW�H[FHHG�D�FHUWDLQ�WKUHVKROG�IRU�D
VSHFLILF� PDWHULDO�� $W� WKLV� HQHUJ\�� IRU� ERWK
EXQFK� FRQVWLWXHQWV�� WKH� DGYDQWDJH� RI� WKH
H[SHULPHQW� LV� WKDW� RQH� RI� WKH� FRQVWLWXHQWV
�H�J�� HOHFWURQ�� FRXOG�EH�XVHG�DV�D�SUREH� IRU
SK\VLFDO� DQG� FKHPLFDO� DQDO\VLV� RI� WKH� VXU�
IDFH�PRGLILFDWLRQ�SURFHVVHV��,W� LV�HQRXJK�WR
FRQILQH� RQHVHOI� WR� PRQRHQHUJHWLF� HOHFWURQ
FRQVWLWXHQW� DQG� WR� DSSO\� WKH� ZHOO� NQRZQ
WHFKQLTXH�RI�HOHFWURQ�VSHFWURVFRS\�

$W� WKH� VDPH� WLPH�� WKH� RSWLFDO� FKDUDF�
WHULVWLFV� RI� WKH� )H±&U±%� DOOR\� TXHQFKHG
IURP� WKH�PHOW� RI� WKH�PLQLPDO� WHPSHUDWXUH
�����Ü�����.��DIWHU�D�ORQJ�WLPH�LUUDGLDWLRQ
KDYH� EHFRPH� FORVHU� WR� WKRVH� IRU� WKH� DOOR\

)LJ�����(OOLSVRPHWULF�SDUDPHWHUV�'��D��DQG�<��E��GHSHQGHQFHV�RQ�WKH�OLJKW�LQFLGHQFH�DQJOH�M�IRU�WZR
FRSSHU�PLUURUV�DIWHU�WKHLU�LUUDGLDWLRQ�E\�HOHFWURQV�ZLWK�HQHUJ\�����0H9��FXUYHV����������������VDPSOH
��� DQG������ ����� ����� ���� �VDPSOH� ���� LQ� FRPSDULVRQ�ZLWK� XQLUUDGLDWHG�PLUURU� �VDPSOH� ��� FXUYHV� ��
ZLWKLQ�EULJKW�$��FXUYHV���������������������DQG�GDUN�%�DUHDV��FXUYHV����������������RQ�U��FXUYHV����������
������5��FXUYHV����������������DQG�Ü5��FXUYH������GLVWDQFHV�IURP�WKH��FUDWHU��FHQWHU�
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TXHQFKHG�IURP�WKH�PHOW�RI�WKH�KLJKHVW�WHP�
SHUDWXUH� ������.���6XFK� FKDQJHV� RI�RSWLFDO
FRQGXFWLYLW\� DQG� WKH� VWUXFWXUH� IDFWRU� RI
WKLV�DOOR\�PD\�EH�DVVRFLDWHG�ZLWK�WKH�VWUXF�
WXUDO� UHOD[DWLRQ� RI� WKH� DPRUSKRXV�PHWDOOLF
ULEERQ� DIWHU� D� SURORQJHG� QHXWURQ� LUUDGLD�
WLRQ��7KLV�SURFHVV�UHVXOWV�LQ�D�SDUWLDO�LQWULQ�
VLF�VWUHVV�UHOD[DWLRQ�LQ�WKH�PDWHULDO�ZLWKRXW
IRUPDWLRQ� RI� FU\VWDOOLQH� UHJLRQV�� 7KDW� LV
ZK\� D� PRUH� KRPRJHQHRXV� VWUXFWXUH� RI
DPRUSKRXV�PHWDOOLF�DOOR\� �$0$�� LV�IRUPHG�
+HQFH�� WKH� SURSRVHG� DSSURDFKHV� DQG� WHFK�
QLTXHV� SHUPLW� XV� WR� FRQWURO� WKH� FRQVH�
TXHQFHV�RI�WKH�PDWHULDO� LUUDGLDWLRQ��WR�HVWL�
PDWH�FKDUDFWHULVWLFV�RI�VSDFH�WLPH�HYROXWLRQ
RI�WKH�WHPSHUDWXUH�ILHOGV�RQ�WKH�FRSSHU�VXU�
IDFH�� FKDQJHV� RI� WKHUPRPHFKDQLFDO� VWUDLQV
LQ� PHWDOOLF� ULEERQV� DQG� OHYHO� RI� WKH� PDVV
WUDQVSRUW� DQG� VXUIDFH� HURVLRQ� XQGHU� WKH
ODVHU�LUUDGLDWLRQ��$OO�WKHVH�FRQVHTXHQFHV�UH�
VXOW� IURP� LQFUHDVHG�DWRP�PLJUDWLRQ� LQ�FRQ�
GHQVHG�SKDVH�XQGHU�KLJK�HQHUJ\�LUUDGLDWLRQ�

7KH� FRPSOH[� LQYHVWLJDWLRQV� RI� WKH� VWDLQ�
OHVV� VWHHO� VXUIDFHV� DIWHU� LRQ� LPSODQWDWLRQ
IURP� WKH� DUJRQ� SODVPD� ZHUH� FDUULHG� RXW�
%HIRUH� WKH� LQYHVWLJDWLRQV�� WKH� HIIHFW� RI�$U�
LRQ� WUHDWPHQW� RI� p� ��� NË9� HQHUJ\� ZDV
HYDOXDWHG�E\�PHDQV�RI�WKH�VRIWZDUH�SDFNDJH
65,0����� >�@� ZLWK� GHWDLO� FDOFXODWLRQV� RI
WKH� FDVFDGH� GDPDJHV�� ,W� KDV� EHHQ� REWDLQHG
WKDW�VXFK�SURFHVVLQJ�UHVXOWV�LQ�IRUPDWLRQ�RI
D� OD\HU� ZLWK� WKH� GDPDJH� PD[LPXP� DW� WKH
GHSWK� HTXDO� RU� OHVV� WKDQ� ���� QP�� )XUWKHU�
PRUH��WKH�GLIIHUHQFH�LQ�WKH�VSXWWHULQJ�\LHOG
IRU� )H� DQG� RWKHU� PHWDO� FRPSRQHQWV� RI� WKH
VWDLQOHVV� VWHHO� UHVXOWV� LQ� DQ� HQULFKPHQW� RI
WKH�VWHHO�VXUIDFH�LQ�)H�DWRPV��7KH�VWDLQOHVV
VWHHO� VXUIDFHV� ZHUH� NHSW� LQ� DLU� IRU� VHYHUDO
KRXUV�DIWHU�LUUDGLDWLRQ�DQG�WKHQ�ZHUH�LQYHV�
WLJDWHG�E\�DWRPLF�IRUFH�PLFURVFRS\��VSHFWUDO
HOOLSVRPHWU\��DQG�;�UD\�SKRWRHOHFWURQ�VSHF�
WURVFRS\��7KH�VXUIDFH�PLFURUHOLHI�ZDV�FKDU�
DFWHUL]HG� E\� $)0� SULRU� WR� DQG� DIWHU� WKH
LUUDGLDWLRQ��,W�KDV�EHHQ�GHWHUPLQHG�WKDW�WKH
LRQ� WUHDWPHQW� GLG� QRW� FDXVH� WKH� VXUIDFH

)LJ�����6SHFWUDO�GHSHQGHQFHV�G<�KQ�� �D��DQG�G'�KQ�� �E��GHWHUPLQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�FRUUH�
VSRQGLQJ�HOOLSVRPHWULF�SDUDPHWHUV�IRU�XQWUHDWHG�VXUIDFH�DQG�WKDW�LUUDGLDWHG�E\���NË9�$U�� LRQV�IRU
���FXUYHV����DQG����PLQ��FXUYHV����

)LJ�����6SHFWUDO�GHSHQGHQFHV�RI�WKH�HOOLSVRPHWULF�SDUDPHWHUV�'��D��DQG�<��E��IRU�VWDLQOHVV�VWHHO����
VDPSOHV� DIWHU� SXOVHG� WUHDWPHQW� E\� $U�� LRQV� �p� ��� NË9�� E\� SODVPD� LPPHUVLRQ� LRQ� LPSODQWDWLRQ�
&XUYHV� �� DQG� �� FRUUHVSRQG� WR� WKH� XQWUHDWHG� VWDLQOHVV� VWHHO� VDPSOHV�� FXUYHV� �c� DQG� �c� UHODWH� WR
HOOLSVRPHWULF�SDUDPHWHUV�IRU�WKHVH�VDPSOHV�DIWHU�LUUDGLDWLRQ�GXULQJ�����c��DQG����PLQ���c��
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URXJKQHVV�SDUDPHWHUV�FKDQJHV�DV�LW�ZDV�RE�
WDLQHG� IRU� WKH� VXUIDFH� DUHDV� ���PP�� LQGH�
SHQGHQWO\�IURP�WKH�WUHDWPHQW�GXUDWLRQ�

7KH�VSHFWUDO�GHSHQGHQFHV�RI�HOOLSVRPHWULF
SDUDPHWHUV� '� DQG�<� IRU� WKH� VWDLQOHVV� VWHHO
VDPSOHV�DUH�SUHVHQWHG�LQ�)LJ�����8VLQJ�WKHVH
GHSHQGHQFHV�� WKH�SDUDPHWHUV�G'� �'�Ü'� DQG
G<� �<�Ü<� ZHUH� FDOFXODWHG� �ZKHUH� '�� DQG
<�� DUH� WKH� HOOLSVRPHWULF� SDUDPHWHUV� IRU� XQ�WUHDWHG�VWDLQOHVV�VWHHO�PLUURUV��FXUYHV���DQG����
6XFK� FDOFXODWLRQV� SHUPLW� WR� HYDOXDWH� TXDQWL�
WDWLYHO\�WKH�HIIHFWV�RI�WKH�SXOVH�LRQ�WUHDWPHQW
RQ�RSWLFDO�FKDUDFWHULVWLFV�RI�WKH�PHWDOOLF�PLU�
URU� VXEVXUIDFH� OD\HU�� 7KH� VSHFWUDO� GHSHQG�
HQFHV�RI�WKH�GLIIHUHQFH�SDUDPHWHUV�G'�KQ��DQG
G<�KQ��DUH�SUHVHQWHG�LQ�)LJ����

,W� ZDV� IRXQG� WKDW� WKHVH� GLIIHUHQWLDO� SD�
UDPHWHUV�GHSHQG�QRQOLQHDUO\�RQ�WKH�SURELQJ
SKRWRQ� HQHUJ\�� 7KLV� HYLGHQFHV� D� FRQVLGHU�
DEOH�DEVRUSWLRQ�RI�OLJKW�DW�WKH�PRGLILHG�VXE�

VXUIDFH� OD\HU�RI�WKH�VWDLQOHVV�VWHHO�PLUURUV�
,Q� DFFRUGDQFH� ZLWK� WKH� WKHRUHWLFDO� FDOFXOD�
WLRQV� XVLQJ� WKH� 65,0������ VRIWZDUH�� WKH
WKLFNQHVV� G� RI� WKH� OD\HU� PRGLILHG� E\� LRQ
ERPEDUGPHQW� LV� PXFK� VPDOOHU� WKDQ� WKH
ZDYHOHQJWK�RI�LQFLGHQW�OLJKW��O��7KDW�LV�ZK\
WR�XQGHUVWDQG� WKH� HIIHFW� RI� VXUIDFH�PRGLIL�
FDWLRQ�DIWHU�WKH�LRQ�ERPEDUGPHQW��WKH�HOOLS�
VRPHWULF� GHQVLW\� '� FDQ� EH� HYDOXDWHG� IURP
WKH�UHODWLRQVKLS�>�@�
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ZKHUH� VXEVFULSWV� I� DQG� V� UHODWH� WR� WKH� ILOP
DQG�VXEVWUDWH��UHVSHFWLYHO\��M�LV�WKH�DQJOH�RI
OLJKW� LQFLGHQFH� RQ� WKH� VDPSOH� �M� ����� LQ
WKH� H[SHULPHQWDO� GDWD��� 7KH� H[SUHVVLRQ� IRU

)LJ�����;36� GDWD� IRU� VWDLQOHVV� VWHHO� VXUIDFHV� EHIRUH� WKH� LUUDGLDWLRQ� �VROLG� OLQHV�� DQG� DIWHU�$U�� LRQ
ERPEDUGPHQW�GXULQJ���PLQ��GRWWHG�OLQHV��DQG����PLQ��GDVKHG�OLQHV��
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'� ����VKRZV�WKDW�WKH�FKDQJHV�RI�HOOLSVRPHW�
ULF�SDUDPHWHUV�'�DQG�<�DUH�GLUHFWO\�UHODWHG
ZLWK� WKH� GLHOHFWULF� IXQFWLRQ� RI� WKH� ILOP� RU
PRGLILHG�VXEVXUIDFH�OD\HU�HI�%HFDXVH� WKH� PLFURUHOLHI� SDUDPHWHUV� RI
WKH� VWDLQOHVV� VWHHO� PLUURUV� GLG� QRW� FKDQJH
DIWHU� VXFK� WUHDWPHQW�� WKH� HOOLSVRPHWULF� SD�
UDPHWHUV�PRGLILFDWLRQ�FDQ�EH�FDXVHG�E\�GLV�
RUGHULQJ�RI�WKH�VXEVXUIDFH� OD\HU�GXH�WR�LRQ
LPSODQWDWLRQ� DV� ZHOO� DV� PRGLILFDWLRQ� RI� LWV
VWRLFKLRPHWU\�� ,Q� RUGHU� WR� GHWHUPLQH� ZKDW
FDXVH�SUHGRPLQDWHV��WKH�;36�LQYHVWLJDWLRQV
ZHUH� FDUULHG� RXW�� 7KH�)H� �S��&U� �S��1L� �S�
$U��S��&��V��2��V��1��V��3��S�VSHFWUD�KDYH
EHHQ� REWDLQHG�� 7KH�)H� �S��&U� �S��1L� �S��$U
�S�� &� �V�� 2� �V� ;36� VSHFWUD� IRU� VWDLQOHVV
VWHHO� DUH�SUHVHQWHG�RQ�)LJ�����7KH�1�DQG�3
FRQWHQW� LV� EHORZ� WKH� GHWHFWLRQ� WKUHVKROG� RI
WKH�;36�DSSDUDWXV��7KH�VSHFWUD�IRU�XQLUUD�
GLDWHG� VWDLQOHVV� VWHHO� VDPSOH� DUH� VKRZQ� E\
VROLG�OLQHV��WKRVH�IRU�WKH�VXUIDFHV�LUUDGLDWHG
E\�$U�� LRQV� GXULQJ� ��PLQ� DUH� SUHVHQWHG� E\
GRWWHG�OLQHV��DQG�WKRVH�DIWHU����PLQ�LUUDGLD�
WLRQ�DUH�VKRZQ�E\�GDVKHG�OLQHV�

7KH�;36� VSHFWUD�RI�PHWDOV�)H��S��&U��S
DQG�1L� �S�� ZKLFK� DUH� PDLQ� FRQVWLWXHQWV� RI
WKH� XQLUUDGLDWHG� VDPSOH�� GHPRQVWUDWH� WKH
SHFXOLDULWLHV� QHDU� ����� ���� DQG� ���� Ë9�
7KHVH� SHFXOLDULWLHV� DUH� GXH� WR� FRQWULEXWLRQ
RI� )H±)H�� &U±&U� DQG� 1L±1L� SDLUV� UHVSHF�
WLYHO\�� 6WURQJ� VLJQDOV� IURP� PHWDOV� ERQGHG
LQ� R[LGHV� DQG� K\GUR[LGHV�� UHVSHFWLYHO\
)H�2���������H9���)H22+��������H9���&U�2�������� H9��� &U�2+��� ������� H9�� DQG� 1L2������� H9�� DUH� REVHUYHG�� ,W� ZDV� REWDLQHG
WKDW� WKH� LRQ� LUUDGLDWLRQ� VLJQLILFDQWO\
FKDQJHV� WKH� FKHPLFDO� ELQGLQJ� VWUXFWXUH� RQ
WKH� VWDLQOHVV� VWHHO� VXUIDFH� LQ� VXFK� D� ZD\
WKDW� WKH� LURQ� DWRPV� HQULFK� WKH� VXEVXUIDFH
OD\HU� DQG� IRUP� FKHPLFDO� ELQGLQJ� ZLWK� DW�
PRVSKHUH� R[\JHQ�� ,W� LV� FRQILUPHG� E\� WKH
LQFUHDVH�RI�VLJQDO�LQWHQVLW\�IURP�WKH�R[LGHV
DQG�K\GUR[LGHV� LQ� WKH�;36�VSHFWUD�RI� LUUD�
GLDWHG� VWDLQOHVV� VWHHO� LQ� FRPSDULVRQ� ZLWK
WKHVH�VSHFWUD�IRU�XQLUUDGLDWHG�VDPSOHV��)XU�
WKHUPRUH�� XVLQJ� ;36� GDWD� LW� ZDV� REWDLQHG
WKDW�HYHQ�DW�VXFK�HQHUJLHV�WKH�$U��LPSODQWD�
WLRQ� WR�WKH�VXEVXUIDFH� OD\HU�RFFXUV��7KLV� LV

LQ�DJUHHPHQW�RI�WKH�$U�S�VLJQDO�DSSHDUDQFH�
6XFK� LRQ� WUHDWPHQW� DOVR� GLPLQLVKHV� WKH
OD\HU�RI�FDUERQ�FRQWDPLQDWLRQ�RQ�WKH�VXUIDFH�

7KXV�� WKH� VKRUW�WHUP� �QR� PRUH� WKDQ
��� PLQ�� SXOVH� LUUDGLDWLRQ� RI� WKH� VWDLQOHVV
VWHHO� VXUIDFHV�DW� WKH� LRQ�HQHUJ\�p� ���NË9�
ZKLFK� LV� WKH� LPLWDWLRQ�RI� RQH� RI� WKH� EXQFK
PRGH�� EHLQJ� RQH� RI� WKH� SRVVLEOH� PRGHV� LQ
WKH�H[LVWLQJ�VFKHPH�RI�(+�DFFHOHUDWRUV��UH�
VXOWV� LQ� VXEVWDQWLDO� FKDQJHV� RI� WKH� VXEVXU�
IDFH� OD\HU� FKHPLFDO� FRPSRVLWLRQ� GXH� WR
DUJRQ� LPSODQWDWLRQ� ZLWKRXW� FKDQJHV� LQ� WKH
VXUIDFH�PLFURUHOLHI�SDUDPHWHUV��7KH�LQYHVWL�
JDWHG� ILOPV� KDG� WKH� GLIIHUHQW� WKLFNQHVV
ZLWKLQ� ��� WR� ��� QP� UDQJH�� 7KH� ILOP� RI� D
WKLFNQHVV�G�!����QP�EHFDPH�DOPRVW�RSDTXH�
7KH�WHFKQLTXH�SURSRVHG�SHUPLWV�WR�RYHUORRN
WKH�FRQVHTXHQFHV�RI�WKH�LUUDGLDWLRQ�RI�PDWH�
ULDOV� �FRSSHU�� VWDLQOHVV� VWHHO�� E\� LRQV� DQG
HOHFWURQV�� WR�HVWLPDWH�WKH�FKDUDFWHULVWLFV�RI
VSDWLDO� DQG� WLPH� HYROXWLRQ� RI� WHPSHUDWXUH
ILHOGV� LQ� FRSSHU�PLUURU� DQG� WKH� FKDQJHV� RI
WKHUPRPHFKDQLFDO� VWUHVVHV� LQ� DPRUSKRXV
PHWDOOLF� ULEERQV� �)H±&U±%��� WKH� OHYHO� RI
PDVV� WUDQVSRUW� HIIHFWV� DW� WKH� LQWHUIDFH� DQG
WKH�HURVLRQ�RI�WKH�VXUIDFH�XQGHU� ODVHU� LUUD�
GLDWLRQ��$OO� WKHVH� FRQVHTXHQFHV�UHVXOW� IURP
WKH�DFWLRQ�RI�WKH�PHFKDQLVPV�RI�LQWHQVLILHG
DWRP� PLJUDWLRQ� LQ� WKH� FRQGHQVHG� SKDVH
XQGHU�KLJK�HQHUJ\�LUUDGLDWLRQ�

5HIHUHQFHV
� ���1�1�5LNDOLQ�� ,�9�=XHY��$�$�8JORY��3ULQFLSOHV

RI� (OHFWURQ� %HDP� 7UHDWPHQW� RI� 0DWHULDOV�
0DVKLQRVWURHQLH��0RVFRZ��������>LQ�5XVVLDQ@�

� ���0�9LQQLFKHQNR�� .�9LQQLFKHQNR�� 2�0HOHVKFKXN�
'�1RVDFK�� LQ�� $EVWU�� RI� ��WK� ,QWHUQ�� 6FKRRO�
6HPLQDU� �6SHFWURVFRS\� RI� 0ROHFXOHV� DQG
&U\VWDOV���&KHUQLJLY��-XQH��������������S����

� ���$�1�9DO\DHY�� 9�6�/DG\VHY�� $�'�3RJUHEQ\DN
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� ���-�)�=LHJOHU��7KH�6WRSSLQJ�DQG�5DQJHV�RI�,RQV
LQ�0DWWHU���65,0���������&RPSXWHU�VRIWZDUH
SDFNDJH�� KWWS���ZZZ�UHVHDUFK�,%0�FRP�LRQ�
EHDPV

� ���1�%HUWUDQG��%�'UHYLOORQ��3�%XONLQ��-��9DF��6FL�
7HFKQRO��$����������������

/�9�3RSHUHQNR�HW�DO����,QIOXHQFH�RI�LUUDGLDWLRQ�E\����

)XQFWLRQDO�PDWHULDOV������������� ���



{¹ãÒm�º¹¯ºäLÓËÓÓ«�¹º�º}ÈäÒ��È°�ÒÓº}�ÓÈ�º¹�Ò�ÓL�mãÈ°�Òmº°�L�äË�ÈãËmÒ²��ÏË¯}Èã
��{��º¹Ë¯ËÓ}º��l�{�{LÓÓL�ËÓ}º����r�zºÏËã��z���{LÓÓL�ËÓ}º
~È�¯ËÏ�ã	�È�ÈäÒ�ËãL¹°ºäË�¯Ò�Óº���LÈ�Óº°�Ò}Ò�º²È¯È}�Ë¯ÒÏºmÈÓº�¹ºmË¯²Ó
��ÏË¯}Èã�Ï

äL�L��È�ÓË¯ÎÈmL
�º��°�ÈãL�¹ºãÒÏ��Ï¯�®ÓºmÈÓº��ËãË}�¯ºÓÓÒä�¹��}ºä��Lã«Ó}Ò��|¯º}È
ÓË�ÏäLÓ
mÈãÈ�äL}¯º¯Ëã	¼Á�¹ºmË¯²ºÓ	�ÓËÏÈãËÎÓº�mL���¯ÒmÈãº°�L�º¯º}Ò��²º�È�°¹º°�Ë¯L�
�ÈãÒ°«�ÏäLÓÒ�ËãL¹°ºäË�¯Ò�ÓÒ²�¹È¯ÈäË�¯Lm��¡L� ÏäLÓÒ��ÏÈ��ÈÓÒäÒ�cnv��Ï�äºmãËÓL�¯ºÏ��
¹º¯«�}�mÈÓÓ«ä� °�¯�}��¯Ò� ¹¯º�È¯}�� ÏÈm�ºm�}Ò� ãÒÏ	}º� �� Óä� mÓÈ°ãL�º}� Lä¹ãÈÓ�È�L�
LºÓLm�È¯�ºÓ���

/�9�3RSHUHQNR�HW�DO����,QIOXHQFH�RI�LUUDGLDWLRQ�E\����

��� )XQFWLRQDO�PDWHULDOV�������������


