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7KH�HIIHFWLYLW\�RI�VDSSKLUH�XVH�LQ�FKHPL�
FDO� HQJLQHHULQJ� DQG� LQ�PHGLFDO� LPSODQWV� LV
GHILQHG�� DPRQJ� RWKHU� IDFWRUV�� E\� WKH� ZHW�
WLQJ�RI�LWV�VXUIDFH�ZLWK�OLTXLG�VXEVWDQFHV�LQ
FRQWDFW�� 7KH� ZHWWDELOLW\� LV� DPRQJ� WKH
�ELRDFWLYLW\��IDFWRUV�RI�WKH�LPSODQW�VXUIDFH�
'HSHQGLQJ�RQ� WKH� VXUIDFH� GHVWLQDWLRQ�� ERWK
WKH�PD[LPXP�DQG�PLQLPXP�ZHWWLQJ�PD\�EH
UHTXLUHG��$W� WKH� VDPH� WLPH�� WKHUH� DUH� VXE�
VWDQWLDOO\�QR�OLWHUDWXUH�GDWD�RQ�WKH�VDSSKLUH
ZHWWLQJ��,Q�>�@�GHDOLQJ�ZLWK�WKH�FRQWDFW�ZHW�
WLQJ� DQJOH�� WKH� VXUIDFH� IUHH� HQHUJ\� RI� VDS�
SKLUH� KDV� EHHQ� GHWHUPLQHG� WR� EH� RI
������HUJ�FP��� EXW� WKH�FRUUHVSRQGLQJ� FU\V�
WDOORJUDSKLF� SODQH� KDV� EHHQ� LGHQWLILHG�� ,Q
WKH�PLQHUDORJLFDO� OLWHUDWXUH��WKH�ZHWWDELOLW\
FKDUDFWHULVWLFV� RI� ���� WR� ���� DUH� LQGLFDWHG
PRVW�RIWHQ�� WKHVH�GDWD�EHLQJ�QRW�DVVRFLDWHG
ZLWK� FU\VWDOORJUDSKLF� FKDUDFWHULVWLFV�� WRR�
7KDW� LV�ZK\�WKH�DQJXODU�UDQJH� LV� VR�EURDG�
6DSSKLUH� LV� DQLVRWURSLF�� WKXV�� WKH� VXUIDFH
IUHH� HQHUJ\� YDOXHV� GLIIHU� FRQVLGHUDEO\� IRU
YDULRXV� FU\VWDOORJUDSKLF� SODQHV�� 7KLV� ZRUN
GHDOV� ZLWK� ZHWWDELOLW\� GHWHUPLQDWLRQ� IRU
PDLQ� FU\VWDOORJUDSKLF� SODQHV� RI� SXUH� DQG
GRSHG�VDSSKLUH�

7KH�ZHWWDELOLW\�LV�FKDUDFWHUL]HG�TXDQWLWD�
WLYHO\� E\� WKH�ZHWWLQJ�DQJOH�4�� IRUPHG�DW�D
VROLG�VXUIDFH�DORQJ�WKH�SKDVH�LQWHUIDFH��7KH
YDOXH�� DFFRUGLQJ� WR� )R[H� HTXDWLRQ�� LV� UH�
ODWHG� WR� WKH� PDWHULDO� VXUIDFH� HQHUJ\� DQG
GHSHQGV� RQ� WKH� VXUIDFH� IUHH� HQHUJ\� �6)(�
YDOXHV� RI� WKUHH� SKDVH� LQWHUIDFHV� EHLQJ� LQ
FRQWDFW� DW� WKH�ZHWWLQJ� OLQH� �V�O�� V�J�� O�J��DV
IROORZV�
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,W� LV� WKH� QXPEHU� RI� IUHH� ERQGV� SHU� XQLW
VXUIDFH� DUHD� �7DEOH��>�@� WKDW� FDQ� EH� FRQVLG�
HUHG� DV� DQ� DSSUR[LPDWHG� PHDVXUH� RI� WKDW
HQHUJ\�

,Q�UHDO�FU\VWDOV�WKH�6)(�GHSHQGV�RQ�WKH
QXPEHU�� W\SH�� DQG� GLVWULEXWLRQ� RI� VWUXF�
WXUH� GHIHFWV�� 7R� XQLI\� WKHVH� SDUDPHWHUV�
WKH� FU\VWDOV� ZHUH� JURZQ� DW� WKH� VSHHG� RI
��r�� PP�K� DQG� DQQHDOHG� LQ� YDFXXP� DW
����r��&�� 7KHQ� ��� PP� WKLFN� GLVNV� RI
���PP�LQ�GLDPHWHU�ZHUH�FXW�RXW�RI�WKH�FU\V�
WDOV�� WKH� RULHQWDWLRQ� HUURU� ZDV� OHVV� WKDQ� ���
7KH�VDPSOH�VXUIDFHV�SROLVKHG�WR�5]� ������PPZHUH� ZLSHG� ZLWK� FKHDS� FRWWRQ� ZHWWHG� ZLWK
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DOFRKRO� DQG� WKHQ� ZLWK� ZDWHU� ZHWWHG� FORWK
DQG� GULHG� LQ� DLU��0HDVXULQJ� UHVW� GURS�ZHW�
WLQJ� DQJOH�4�� XVLQJ� RSWLFDO�PLFURVFRS\� >�@�
WKH� ZHWWLQJ� ZDV� VWXGLHG� IRU� SXUH� VDSSKLUH
DW� FU\VWDOORJUDSKLF� SODQHV� �������� ^���
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GLVWLOOHG�ZDWHU��JO\FHULQ��DQG�LVRWRQLF�VROXWLRQ
�������1D&O�� LQ� DLU� DW� ���&�� 7KH� ZHWWLQJ
DQJOH�PHDVXUHPHQW�HUURU�ZDV�����WR�������

7KH�ZHWWLQJ�DQJOHV�IRU�WKH�PDLQ�FU\VWDO�
ORJUDSKLF�SODQHV�RI�VDSSKLUH�DUH�ZLWKLQ����WR
���� UDQJH� ERWK� LQ� SRODU� OLTXLG� �GLVWLOOHG
ZDWHU��DQG�QRQ�SRODU�RQH��JO\FHULQ���)LJV��������
7KH�QRQ�SRODU�JO\FHULQ�ZHWV�WKH�VXUIDFHV�RI
DOO� VDPSOHV� VWXGLHG� EHWWHU� WKDQ�ZDWHU��7KH
FU\VWDOORJUDSKLF�RULHQWDWLRQ�DQG�GRSDQWV�HI�
IHFW�ZHDNHU�WKH�4��YDOXH��DOWKRXJK�WKH�JHQ�
HUDO� YDULDWLRQ� FKDUDFWHU� UHPDLQV� XQ�
FKDQJHG�� 7KH� FU\VWDO� GRSLQJ� LV� D� IDFWRU� RI
LPSRUWDQFH�HQKDQFLQJ�WKH�ZHWWDELOLW\��'RS�
LQJ�ZLWK�&U��&� ��������FDXVHV�4��������GH�FUHDVH� E\� ���� DQG� ��� IRU� ZDWHU� DQG� JO\F�

HULQ�� UHVSHFWLYHO\�� 7KH� VDPH� HIIHFW� LV� UH�
YHDOHG� DW� 7L� GRSLQJ� �&��a���������� WKH
4�������� GHFUHDVH� DPRXQWLQJ� ���� ,Q� LVRWRQLF1D&O�VROXWLRQ� �&� ���������WKH�FU\VWDO�FRP�
SRVLWLRQ� DQG� FU\VWDOORJUDSKLF� SDUDPHWHUV
DUH� REVHUYHG� WR� LQIOXHQFH� WKH� ZHWWDELOLW\�
WRR��EXW�WKH�YDULDWLRQ�WUHQG�GRHV�QRW�FRUUH�
ODWH�ZLWK�WKH�GDWD�RQ�RWKHU�OLTXLGV�LQ�DOO�WKH
FDVHV��7KLV�FDQ�EH�H[SODLQHG�E\�GLIIHUHQFH�LQ
HIIHFWV� RI� WKH� VROXWLRQ� LRQLF� FRPSRQHQWV
�1D�� DQG�&O±�� RQ� WKH� SK\VLFRFKHPLFDO� VRUS�
WLRQ� SURFHVVHV� DW� WKH� SODQHV� VWXGLHG�� 7KH
YDOXHV� RI� VXUIDFH� HQHUJ\� IRU� WKH� VDSSKLUH
FU\VWDOORJUDSKLF� SODQHV� HVWLPDWHG� IURP� WKH
ZHWWLQJ� DQJOHV� DUH� LQ� FRUUHODWLRQ� ZLWK� WKH
UHVXOWV� RI�ZHDU� UHVLVWDQFH� WHVWV� FDUULHG� RXW
EHIRUH� �7DEOH��� 7KH� PD[LPXP� ZHDU� UDWH
ZLWK�IUHH�DEUDVLYHV�LV�VHHQ�WR�FRUUHVSRQG�WR
PLQLPXP� 4�� YDOXHV� �PD[LPXP� HQHUJ\�� LQ
ZDWHU� IRU� ^���
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7KLV� HYLGHQFHV� WKDW� ZDWHU� LV� LQYROYHG� DF�
WLYHO\� LQ� WKH� ZHDULQJ� SURFHVV� DV� D� VXUIDFH�
DFWLYH� VXEVWUDWH�� 7KH� PD[LPXP� ELRORJLFDO
LQHUWQHVV� RI� D� VDPSOH� FRUUHVSRQGV� WR� PLQL�
PXP� VXUIDFH� HQHUJ\� DQG�� UHVSHFWLYHO\�� WR
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WKH� PD[LPXP� SRVVLEOH� ZHWWLQJ� DQJOH� >�@�
7KHVH�GDWD�DUH� LQ�FRUUHODWLRQ�DOVR�ZLWK�FRU�
URVLRQ�UHVLVWDQFH�RI�YDULRXV�FU\VWDOORJUDSKLF
SODQHV�RI�VDSSKLUH�>�@�

7KH�SK\VLFRFKHPLFDO�SURFHVVHV�LQ�WKH�WUHDW�
PHQW� DUHD� LQ� WKH� SUHVHQFH� RI� ZDWHU� FDQ� EH
GHVFULEHG�EULHIO\�DV�IROORZV��$W�WKH�FU\VWDO�OLT�
XLG� LQWHUIDFH�� FRQVLGHUDEOH� DGKHVLRQ� IRUFHV
RFFXU�EHWZHHQ�WKH�OLTXLG�ERXQGDU\�OD\HU�PROH�
FXOHV�DQG�WKH�FU\VWDO�VXUIDFH��7KHVH�IRUFHV�KLQ�
GHU� WKH� VOLGLQJ� DW� WKH� LQWHUIDFH�� 7KH� ZHWWLQJ
SKHQRPHQRQ� LV� H[SODLQHG� XVXDOO\� E\� VXFK� DQ
LQWHUDFWLRQ�RI�IRUFH�ILHOGV��7KH�VXUIDFHV�LQ�IULF�
WLRQ�DUH�VHSDUDWHG�DV�D�UXOH�E\�D�WKLQ�OXEULFDQW
OD\HU�WKDW�LV�FRQQHFWHG�VR�VWURQJO\�WKHUHWR�WKDW
WKHLU�GLUHFW�FRQWDFW� LV�H[FOXGHG��DQG�WKH�UHOD�
WLYH�GLVSODFHPHQW� RFFXUV� DORQJ� WKH� LQWHUPHGL�
DWH�OLTXLG�OD\HU��7KH�VXUIDFH�DFWLYLW\�RI�D�OLT�
XLG� GHSHQGV� RQ� LWV� PROHFXODU� VWUXFWXUH�� WKH
DFWLYLW\� EHLQJ� WKH� VWURQJHU�� WKH� KLJKHU� LV� WKH
PROHFXODU�SRODULW\��$V�WKH�OLTXLG�PROHFXOHV�DG�
VRUEHG� DW� WKH� FU\VWDO� VXUIDFH� DUH� PRELOH�� WKH
PROHFXODU� LQWHUDFWLRQ� LV� SURSDJDWHG� LQWR� WKH
FU\VWDO� QHDU�VXUIDFH� OD\HU� DORQJ� WKH� PLFUR�
FUDFNV��7KH�ZHGJLQJ�HIIHFW�RI�WKH�OLTXLG�PROH�
FXOHV��WKH�5HELQGHU�HIIHFW��GHYHORSV�WKH�PLFUR�
FUDFNV�WRZDUGV�PDFUR�FUDFNV�DQG�WKXV�FDXVHV�WKH
VKHDULQJ�RI�SDUWLFOHV�IURP�WKH�FU\VWDO�VXUIDFH��VR
WKH� GLVSHUVLRQ� SURFHVV� LV� IDFLOLWDWHG� >�@�� 6LQFH
ZDWHU�ZHWV�WKH� ^���
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GXULQJ�WKH�JULQGLQJ��LW�LV�MXVW�WKHVH�SODQHV�ZKHUH
WKH�PD[LPXP�ZHDU�UDWH�LV�REVHUYHG��

7KXV�� WKH� GHSHQGHQFH� RI� VDSSKLUH� ZHW�
WLQJ�ZLWK�ZDWHU�DQG�JO\FHULQ�RQ�WKH�FU\VWDO�
ORJUDSKLF�RULHQWDWLRQ�KDV�EHHQ�VWXGLHG��7KH
ZHWWLQJ� DQJOH� IRU� ERWK� OLTXLGV� LV�PD[LPXP
DW� WKH� ������� SODQH�� 7KH�PLQLPXP�ZHWWLQJ
DQJOH� YDOXHV� DUH� REVHUYHG� DW� ^���
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$� FRUUHODWLRQ� KDV� EHHQ� IRXQG� EHWZHHQ� WKH
ZDWHU� ZHWWDELOLW\� RI� WKH� PDLQ� FU\VWDO�
ORJUDSKLF� SODQHV� RI� VDSSKLUH� DQG� WKH� ZHDU
UDWH� RI� WKRVH� SODQHV� XQGHU� JULQGLQJ� ZLWK
IUHH�DEUDVLYH�XVLQJ�ZDWHU�DV�WKH�VXVSHQVLRQ
PHGLXP�
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