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DV�DQQHDOLQJ�DWPRVSKHUH�DQG�PHFKDQLFDO�WUHDWPHQW��RQ�WKH�VDSSKLUH�VWUHQJWK��7KH�XOWLPDWH
VWUHQJWK�XQGHU�IRXU�SRLQW�IOH[XUH�KDV�EHHQ�GHWHUPLQHG�DFFRUGLQJ�WR�(XURSHDQ�VWDQGDUG�(1
�����������XVLQJ� WKH� IRXU�SRLQW�����SRLQW� IOH[XUH� VFKHPH��7KH� KLJK�WHPSHUDWXUH� DQQHDO�
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7KH� VDSSKLUH� XVH� LQ� IULFWLRQ� MRLQWV� RI
KLJK�SUHFLVLRQ�LQVWUXPHQWV��QR]]OHV��PHGLFDO
LPSODQWV��HWF���DV�ZHOO�WKH�LQWHQVLILFDWLRQ�RI
PDFKLQLQJ� UHJLPHV�� PDNHV� LW� QHFHVVDU\� WR
VWXG\�PRUH�GHHSO\� WKH� HIIHFW� RI� WHFKQRORJL�
FDO�IDFWRUV�RQ�WKH�VDSSKLUH�VWUHQJWK�
7KH�GDWD�RQ�DQQHDOLQJ�HIIHFW�LQ�YDULDWLRQ

RI�VWUHQJWK�FKDUDFWHULVWLFV�DUH�FRQWUDGLFWRU\
>�@�� ,Q� >�Ü�@�� WKH� IOH[XUH� VWUHQJWK� OLPLW� RI
VDSSKLUH�ZDV� VWXGLHG� DV� D� IXQFWLRQ� RI� WHP�
SHUDWXUH�� 7KH� VWUXFWXUH� �EORFNLQJ�� GLVORFD�
WLRQ� GHQVLW\�� DQG� JHRPHWULF� SDUDPHWHU� RI
WKH� VDPSOHV�� WKH� FU\VWDO� SUH�KLVWRU\�� DQG
PHDVXUHPHQW� SURFHGXUHV� YDULHG� FRQVLGHU�
DEO\�� WKDW� LV� ZK\� WKH� DEVROXWH� UHVXOWV
VKRZHG�VLJQLILFDQW�VFDWWHULQJ��)LJ������&RP�
SDULVRQ� RI� WKH� GDWD� REWDLQHG� E\� *HQWLOPDQ
IRU� ��� DQG� ���� RULHQWDWLRQ� VDSSKLUH� HYL�
GHQFHV� WKDW� WKH� VWUHQJWK� GURSV� RI� WKH� ��
VDPSOHV�DW�����&�GXH�WR�EDVDO�VOLGLQJ�DORQJ
WKH�FOHDYDJH�SODQHV�DQG�EHFRPHV�ORZHU�WKDQ
WKDW� RI� WKH� ���� VDPSOHV��$W� URRP� WHPSHUD�
WXUH�� WKH� VWUHQJWK� RI� ��� VDPSOHV� H[FHHGV
FRQVLGHUDEO\�WKDW�RI�WKH�����RQHV��,Q�>�@��WKH
VDSSKLUH� VWUHQJWK�ZDV� VWXGLHG� DOVR� DW� YDUL�

RXV�WHPSHUDWXUHV�DQG�GHSHQGLQJ�RQ�LWV�FU\V�
WDOORJUDSKLF� RULHQWDWLRQ�� +RZHYHU�� WKH
VWUXFWXUH� SDUDPHWHUV� ZHUH� QRW� FRQWUROOHG�
EHVLGHV�� WKH� SURFHGXUH� RI�XOWLPDWH� VWUHQJWK
GHWHUPLQDWLRQ�XQGHU� IRXU�SRLQW� IOH[XUH�GLI�
IHUV� FRQVLGHUDEO\� IURP� WKH� (XURSHDQ� DQG
$PHULFDQ� VWDQGDUGV� QRZ� LQ� DFWLRQ�� WKHUH�
IRUH��WKH�VWUHQJWK�YDOXHV�REWDLQHG�DUH�GLIIL�
FXOW� WR� FRPSDUH� ZLWK� WKH� GDWD� IURP� RWKHU
VRXUFHV��0RUHRYHU��WKH� LQIOXHQFH�RI�WKH� LP�
SXULW\� FRPSRVLWLRQ� RQ� WKH� VWUHQJWK� FKDUDF�
WHULVWLFV� KDV� QRW� EHHQ� VWXGLHG� LQ� >�Ü�@�� DO�
WKRXJK� VRPH� LPSXULWLHV� XQGRXEWHGO\� UHLQ�
IRUFH� WKH� FU\VWDO� GXH� WR�GHFHOHUDWLRQ�RI� WKH
SODVWLF� VWUDLQLQJ� XQGHU� ORDGLQJ�� 7KH� FLWHG
ZRUNV�GR�QRW� FRQVLGHU� WKH�HIIHFW�RI�DQQHDO�
LQJ� WKDW� PD\� UHVXOW� ERWK� LQ� VWUHQJWKHQLQJ
DQG� HPEULWWOHPHQW�� GHSHQGLQJ�RQ� WKH� UHGR[
SRWHQWLDO� RI� WKH� DQQHDOLQJ� DWPRVSKHUH� DQG
WKH�LPSXULW\�FRPSRVLWLRQ�RI�WKH�FU\VWDO��7KH
EORFNLQJ� LQIOXHQFHV� WKH� VWUHQJWK� VXEVWDQ�
WLDOO\�� WRR�� 7KHUPDOO\� DFWLYDWHG� SURFHVVHV
PD\� FDXVH� WKH� EORFN� IRUPDWLRQ� DQG� GHFRUD�
WLRQ� GXULQJ� WKH� DQQHDOLQJ� DQG� UHGXFH� WKH
VWUHQJWK��)LJ�����
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7KH� XOWLPDWH� VWUHQJWK� XQGHU� IRXU�SRLQW
IOH[XUH� KDV� EHHQ� GHWHUPLQHG� DFFRUGLQJ� WR
(XURSHDQ� VWDQGDUG� (1� ����������� XVLQJ
WKH�IRXU�SRLQW�����SRLQW�IOH[XUH�VFKHPH�>�@�
7R�WKDW�HQG��WKH�FU\VWDOV�ZHUH�JURZQ�XVLQJ
WKH� +'&� DQG� .\URSRXORV� WHFKQLTXH� IURP
WKH� UDZ� EOHQG� FRQVLVWLQJ� RI� WKH� 9HUQHXLO
VDSSKLUH�EUHDNDJH�ZLWK�IL[HG�LPSXULW\�FRP�
SRVLWLRQ� �VHH�7DEOH���7KH�EORFN�IUHH�VDPSOHV
ZHUH�PDGH�RI�WKH�FU\VWDOV�VKDSHG�DV�UHFWDQ�
JXODU� EDUV� RI��u�u���PP�� �VDPSOH�ZLGWK�u
WKLFNQHVV� u� OHQJWK��� ,Q� VDSSKLUH�� LW� LV� MXVW
WKH� ������� SODQH� WKDW� LV� WKH� HDV\� VOLGLQJ

RQH�� 7KDW� LV� ZK\� WKH� EDU� RULHQWDWLRQ� ZDV
VHOHFWHG�WR�DYRLG�WKH�VOLGLQJ�SODQHV�SRVLWLRQ�
LQJ� GLUHFWO\� RQ� WKH� IUDFWXUH� OLQH� �)LJ�����
7KH� JURXQG� DQG� SROLVKHG� EDUV� ZHUH� H[DP�
LQHG��7KH� JURXQG� VDPSOHV�ZHUH� ILQLVKHG�E\
IUHH� DEUDVLYH� �ERURQ� FDUELGH� 1R���� XS� WR
5D� �����PP�URXJKQHVV�XVLQJ�D��6K3����0PDFKLQH� ZKLOH� WKH� SROLVKHG� RQHV�� E\� $60
������ GLDPRQG� SRZGHU� XS� WR� 5D� �����PPURXJKQHVV� XVLQJ� D� �3'����� PDFKLQH�� 7KH
GLVORFDWLRQ� GHQVLW\� LQ� WKH� VDPSOHV� ZDV� H[�
DPLQHG� E\� VHOHFWLYH� HWFKLQJ� RQ� WKH� ������
SODQH�� WKH� YDOXHV� REWDLQHG� ZHUH� ZLWKLQ� WKH
UDQJH� RI� ������ WR� ������FPÜ��� 7KH� EORFNHG
VDPSOHV�ZHUH�GLVFDUGHG�
7KH� VDPSOHV� ZHUH� DQQHDOHG� VXFFHVVLYHO\

LQ� YDFXXP� �D� 66K9/� IXUQDFH�� WHPSHUDWXUH
�����&�� UHVLGXDO� SUHVVXUH� ������Ü�� 3D�� GX�
UDWLRQ���K���WKHQ�LQ�K\GURJHQ��293�IXUQDFH�
�����&�� ���� 3D�� ���K���7KH� WHVWV�ZHUH� FDU�
ULHG�RXW�XVLQJ�D�����3��WHDULQJ�PDFKLQH�DW
VWUDLQLQJ�UDWH�DERXW�����PP�PLQ�
$W�WKH�IRXU�SRLQW�IOH[XUH�WHVWV��WKH�ORDG�

LQJ� DVVHPEO\� IRU� WKH� IRUFH� WUDQVPLVVLRQ
RQWR� WKH� VDPSOH� FRPSULVHV� WZR� SDUDOOHO� F\�
OLQGULFDO�UROOHUV�VSDFHG�E\����PP��7KH�WLPH
IURP� WKH� VDPSOH� ORDGLQJ� RQVHW� WR� LWV� VSOLW�
WLQJ� LQWR� SDUWV� DPRXQWV� IURP� �� WR� ��� V�
:KHQ�WHVWLQJ��WKH�IRUFH�DSSOLHG�WR�WKH�VDP�
SOH�DW� LWV�EUHDNLQJ�ZDV�GHWHUPLQHG��7KH�XO�
WLPDWH� VWUHQJWK� V� �03D�� RI� D� VDPSOH� ZDV
GHWHUPLQHG� DV� VIOH[� � ��3PD�EÜ��KÜ��� ZKHUH3P� LV� WKH� IRUFH� YDOXH� DW� WKH� VDPSOH� EUHDN�LQJ�� 1�� D�� WKH� VDPSOH� FRQVROH� OHQJWK
�D� �/�����PP��E��WKH�VDPSOH�ZLGWK��PP��K�

)LJ�����)OH[XUDO�VWUHQJWK�RI�VDSSKLUH��:DFKW�
PDQ����SRLQW�IOH[XUH��SROLVKHG�EDU�RULHQWDWLRQ��&�
-DFNPDQ����SRLQW�IOH[XUH��DUELWUDULO\�RULHQWHG
�u�u���PP��EDU��*HQWLOPDQ��ELD[LDO�EHQGLQJ
RI� D� ��u����PP�� GLVF� DW� WKH� QRUPDO� � &� DQG
����WR�&�D[LV�

)LJ�����%ORFN�IRUPDWLRQ�XQGHU�DQQHDOLQJ��EORFN�IUHH�FU\VWDO��D���EORFNV�IRUPHG�GXULQJ�WKH�KLJK�WHP�
SHUDWXUH�DQQHDOLQJ��E��
7DEOH��,PSXULW\�FRQWHQW�LQ�WKH�VWXGLHG�FU\VWDOV
(OHPHQW )H 6L 0J 9 &U 7L ���0R���������
0DVV�� ������ ������ ������ ������� ������� ������ �������
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WKH�VDPSOH�WKLFNQHVV�LQ�WKH�GLUHFWLRQ�SDUDO�
OHO�WR�WKDW�RI�WKH�IRUFH�DSSOLFDWLRQ��PP�
$W� WKH� ILUVW�ZRUN� VWDJH�� DOO� WKH� VDPSOHV

ZHUH�DQQHDOHG�LQ�YDFXXP�WR�UHOD[�WKH�LQWHU�
QDO� VWUHVVHV� DQG� UHFU\VWDOOL]H� WKH� GHIHFW
QHDU�VXUIDFH� OD\HU�� 7KH� VWUHQJWK� RI� JURXQG
VDPSOHV�ZDV� LQFUHDVHG�E\���Ü�����DV�FRP�
SDUHG� WR� WKH� LQLWLDO� VWDWH� �WKDW� LV�� DIWHU
JURZLQJ�� FXWWLQJ�� DQG� VXUIDFH� JULQGLQJ��
7KH� PD[LPXP� VWUHQJWK� LQFUHDVH� ZDV� DW�
WDLQHG�E\�VXFFHVVLYH�DQQHDOV�LQ�YDFXXP�DQG
K\GURJHQ�� 7KH� VDSSKLUH� VWUHQJWK� ZDV� HQ�
KDQFHG�E\���Ü������)LJ�����
7KH�VXUIDFH�VWDWH�LQIOXHQFHV�WKH�VWUHQJWK

FRQVLGHUDEO\�� 7KH� XOWLPDWH� VWUHQJWK� RI� SRO�
LVKHG�VDPSOHV�DIWHU� WKH�K\GURJHQ�DQQHDOLQJ
H[FHHGV� E\� ��Ü���� WKDW� RI� FRUUHVSRQGLQJ
JURXQG� RQHV� DQG� E\� ��Ü��� �� WKDW� RI� WKH
LQLWLDO�VDPSOHV��)LJ������7KLV�LV�GXH�WR�PLQL�
PL]DWLRQ�RI�GHIHFW� VXUIDFH� OD\HU�GXULQJ�WKH
VDPSOH� SROLVKLQJ� DQG� WR� FRUUHVSRQGLQJ� UH�
GXFWLRQ� LQ� WKH� VL]H� DQG� DPRXQW� RI� PL�
FURFUDFNV�WKDW�DUH�WKH�VRXUFHV�RI�FUDFN�IRU�
PDWLRQ�DQG�VXEVHTXHQW�EUHDNLQJ�GXULQJ�WKH
ORDGLQJ��7KH�GHSWK�RI�GHIHFW�VXUIDFH�OD\HU�LV
DERXW���� WR����PP�IRU�JURXQG� VDPSOHV�DQG
��WR���PP�IRU�SROLVKHG�RQHV��DV�GHWHUPLQHG
E\� OD\HU�WR�OD\HU� HWFKLQJ� XS� WR� U� �FRQVW�
7KH�VWUHQJWK�LQFUHDVH�FDQ�EH�DVVRFLDWHG�ZLWK
WKH�GLVORFDWLRQ�GHQVLW\�UHGXFWLRQ�GXH�WR�DQ�
QHDOLQJ� >�@� DV�ZHOO� DV� DQ� LQFUHDVHG� GLVORFD�
WLRQ� PRELOLW\� DW� K\GURJHQ� DQQHDOLQJ� >�@�
6RPH� VDPSOHV� DQQHDOHG� VXFFHVVLYHO\� LQ� YDF�
XXP�DQG�LQ�K\GURJHQ�ZHUH�PDFKLQHG��JURXQG�
DGGLWLRQDOO\��WKXV�FDXVLQJ�WKH�VWUHQJWK�UHGXF�
WLRQ�E\���Ü�����IURP�WKH�PD[LPXP�YDOXH�
1R� VWUHQJWK� GLIIHUHQFHV� KDYH� EHHQ� UH�

YHDOHG�EHWZHHQ�WKH�VDPSOHV�PDGH�IURP�FU\V�
WDOV� JURZQ� E\� +'&� DQG� .\URSRXORV� WHFK�
QLTXH�� SHUKDSV� GXH� WR� VLPLODU� VWUXFWXUH
FKDUDFWHULVWLFV�RI�WKH�FU\VWDOV�
:KHQ�FRQVLGHULQJ�WKH�IUDFWXUH�OLQHV��WKH

VDPSOHV� KDYH� EHHQ� IRXQG� WR� FOHDYH� PDLQO\
DORQJ� ^���

BB
�`� DQG� ^���

BB
�`� SODQHV� �)LJ������$W

WKH� FOHDYDJH� DORQJ� WKH� ^���
BB
�`� SODQHV�� WKH

FUDFNV� DUH� SURSDJDWHG� DORQJ� WKH� WZLQQLQJ

SODQHV� WKDW� DUH� REVHUYHG� SUHGRPLQDQWO\� DW
KLJKHVW� VWUDLQLQJ� UDWHV� FRUUHVSRQGLQJ� WR� WKH
IOH[XUH�VWUDLQLQJ�FRQGLWLRQV�RI�VDSSKLUH�VDPSOH�
7KXV��WKH�KLJK�WHPSHUDWXUH�DQQHDOLQJ�DW�

PRVSKHUH� WKDW� GHILQHV� WKH� VWRLFKLRPHWULF
FRPSRVLWLRQ�LQIOXHQFHV�FRQVLGHUDEO\�WKH�PH�
FKDQLFDO� FKDUDFWHULVWLFV� RI� VDSSKLUH�� 7KH
YDFXXP�DQQHDOLQJ�HQKDQFHV�WKH�VWUHQJWK�E\
��Ü����� DV� FRPSDUHG� WR� WKH� LQLWLDO� VWDWH�
7KH�IOH[XUDO�VWUHQJWK�RI�VDSSKLUH�DIWHU�VXF�
FHVVLYH�DQQHDOV�LQ�YDFXXP�DQG�K\GURJHQ�LQ�
FUHDVHV�E\���Ü������7KH�XOWLPDWH�VWUHQJWK
RI� SROLVKHG� VDPSOHV� DQQHDOHG� LQ� K\GURJHQ
H[FHHGV�E\����WR������WKDW�RI�JURXQG�RQHV
GXH�WR�PLQLPL]DWLRQ�RI�GHIHFW�VXUIDFH� OD\HU
GXULQJ� WKH� VDPSOH� SROLVKLQJ� DQG� WR� FRUUH�
VSRQGLQJ� UHGXFWLRQ� LQ� WKH� VL]H� DQG� DPRXQW
RI�PLFURFUDFNV��7R� HQKDQFH� WKH� VWUHQJWK�RI
VDSSKLUH� DUWLFOHV�� WKH�PHFKDQLFDO� WUHDWPHQW
VKRXOG�EH� IROORZHG�E\�KLJK�WHPSHUDWXUH�DQ�
QHDOLQJ�

)LJ�����8OWLPDWH� VWUHQJWK�V� RI�VDSSKLUH�VDP�
SOHV� XQGHU� ��SRLQW� IOH[XUH� DV� GHSHQGLQJ� RQ
WKH� VXUIDFH� VWDWH� DQG� DQQHDOLQJ� DWPRVSKHUH�
$�� WKH� LQLWLDO� VWDWH�� %�� JURXQG� VDPSOHV� DQ�
QHDOHG� LQ� YDFXXP�� &�� JURXQG� VDPSOHV� DQ�
QHDOHG� VXFFHVVLYHO\� LQ�YDFXXP�DQG� LQ�K\GUR�
JHQ��'�� VDPSOHV�JURXQG�DGGLWLRQDOO\��(�� SRO�
LVKHG� VDPSOHV� DQQHDOHG� LQ� YDFXXP�� +�
SROLVKHG� VDPSOHV� DQQHDOHG� VXFFHVVLYHO\� LQ
YDFXXP�DQG�LQ�K\GURJHQ�

)LJ����� ��3RLQW� IOH[XUH� WHVWLQJ� VFKHPH� IRU� D
VDSSKLUH�EDU��

)LJ����� %UHDNLQJ� OLQH� DW� VHSDUDWLRQ� RI� D� VDS�
SKLUH�EDU�LQWR�SDUWV��
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5HIHUHQFHV
� ���(�5�'REURYLQVND\D�� /�$�/LWYLQRY�� 9�9�3LVK�

FKLN��(QF\FORSDHGLD�RI�6DSSKLUH��,QVW��IRU�6LQ�
JOH� &U\VWDOV� 3XEO��� .KDUNLY� ������� >LQ
5XVVLDQ@�

� ���-�%�:DFKWPDQ�� -U�� DQG� /�+�0D[ZHOO�� -��$P�
&HUDP��6RF������������������

� ���(�$�-DFNPDQ�� -�3�5REHUWV�� 3KLO��0DJ��� ���
������������

� ���5�/�*HQWLOPDQ��(�$�0DJXLUH��+�6�6WDUUHWW�HW
DO���-��$P��&HUDP������������������

� ���'�&�+DUULV��LQ��3URF��63,(�&RQI��:LQGRZ�DQG
'RPH�7HFKQRORJLHV�DQG�0DWHULDOV��9,���������
�������

� ���3URFHGXUH� RI� )OH[XUH� 8OWLPDWH� 6WUHQJWK� 'H�
WHUPLQDWLRQ�� '678� ��������� 'HU]KVWDQGDUW
8NUDLQ\��.\LY��������>LQ�8NUDLQLDQ@�

� ���-�.YDSLO��.ULVWDOO�XQG�7HFKLN������N����������

lºÎãÒmº°�L�¹L�mÒ�ËÓÓ«�äL�Óº°�L�°È¹ÁL¯�
2�{�{ºãº�ÒÓ����k��Ò�mÒÓºm����{�vã
ÓLÓ

�¯Ë�°�ÈmãËÓº�¯ËÏ�ã	�È�Ò�mÒm�ËÓÓ«�m¹ãÒm���È}Ò²��Ë²Óºãº�L�ÓÒ²�ÁÈ}�º¯Lm�«}�°Ë¯Ë�º�
mÒ�Ë�mL�¹Èã���È�äË²ÈÓL�ÓÈ�º­¯º­}È�ÓÈ�äL�ÓL°�	�°È¹ÁL¯���{ÒÏÓÈ�ËÓÓ«�äËÎL�äL�Óº°�L�¹¯Ò
�º�Ò¯Ò�º�}ºmºä��Ï�ÒÓÈÓÓL�¹¯ºmº�Òãº°«�mL�¹ºmL�Óº��º�¼m¯º¹Ë®°	}º�º�°�ÈÓ�È¯���(1�����
������� ÏÈ� °²Ëäº
� )RXU�SRLQW�����SRLQW� IOH[XUH�� �º}ÈÏÈÓº�� �º� mÒ°º}º�Ëä¹Ë¯È��¯ÓÒ®
mL�¹Èã� �� ¯LÏÓÒ²� °Ë¯Ë�ºmÒ�È²�� mÒÏÓÈ�È
�Ò� °�Ë²�ºäË�¯Ò�ÓÒ®� °}ãÈ��� m¹ãÒmÈ¼� ÓÈ� äË�
²ÈÓL�ÓL�²È¯È}�Ë¯Ò°�Ò}Ò�°È¹ÁL¯���

|�9�9RORVK\Q�HW�DO����3RWHQWLDOLWLHV�IRU�VDSSKLUH����

��� )XQFWLRQDO�PDWHULDOV�������������


