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7KH�LQÀXHQFH�RI�WKUHH�GLPHQVLRQDO�GHIHFWV�RQ�WKH�PRUSKRORJ\�RI�GLDPRQG�GLVVROXWLRQ�LQ�ZDWHU�

FRQWDLQLQJ�FDUERQDWH�PHOWV�ZDV�VWXGLHG�DW�D�SUHVVXUH�RI�����*3D�DQG�D�WHPSHUDWXUH�RI������sK2*<%&05*
D�%$56�PXOWL�DQYLO�DSSDUDWXV��([SHULPHQWV�RQ�VWDJH�E\�VWDJH�GLVVROXWLRQ�ZHUH�SHUIRUPHG�IRU�IRXU�
'>#E)1*%10,F.,&E*B&-H#0B*E(1%,->%6*?0&,&->*E(1%,->%*F-B*J#>1E.0,(&E*%,(<E,<(.*#@*,F.*@-E.%2*%,(#05*%,(-&0%2*
EORFN� VWUXFWXUH��QXPHURXV�PLFURWZLQV�� DQG�PLFURLQFOXVLRQV�� ,W� KDV�EHHQ�HVWDEOLVKHG� WKDW� WKH�PDLQ�
UHOLHI�IHDWXUHV�RI�SDUWO\�GLVVROYHG�GLDPRQG�FU\VWDOV�DUH�VKLHOG�VKDSHG�ODPLQDH�DQG�QHJDWLYH�WULJRQV�RQ�
UHPQDQWV�RI�^���`�IDFHV��GHHS�HWFK�FKDQQHOV��UHFWLOLQHDU�VWHSV�RQ�PLFURWZLQV��DQG�KLOORFNV�RQ�URXQGHG�
VXUIDFHV��7KH�SURGXFHG�GLVVROXWLRQ�IRUPV�KDYH�VKDJUHHQ�RU�EORFN�W\SH�URXQGHG�VXUIDFHV��7KH�PDLQ�
HOHPHQW�RI�WKH�UHOLHI�DUH�KLOORFNV��7KHLU�VKDSH�LV�FRQWUROOHG�E\�WKH�RULHQWDWLRQ�RI�WKH�VXUIDFH�RQ�ZKLFK�
WKH\�DUH�ORFDOL]HG��)RU�QDWXUDO�URXQGHG�GLDPRQGV�LW�LV�IRXQG�WKDW�WKH�GLVVROXWLRQ�GURS�OLNH�KLOORFNV�RQ�
,F.*%<(@-E.%*-(.*->%#*(.>-,.B*,#*%,(#05*>-,,&E.*%,(-&0%*#EE<((&05*&0*,F.*E(1%,->%6*LF.*.%,-'>&%F.B*(.>-,&#0*
EHWZHHQ�WKH�GLVVROXWLRQ�KLOORFNV�DQG�GLDPRQG�GHIRUPDWLRQ�FDQ�EH�XVHG�IRU�WKH�UHFRQVWUXFWLRQ�RI�WKH�
SRVW�JURZWK�KLVWRU\�RI�QDWXUDO�GLDPRQGV�DV�ZHOO�DV�IRU�WKH�SUHOLPLQDU\�HYDOXDWLRQ�RI�WKHLU�TXDOLW\�
5#)6'(-*7&M&-H#0B*B&%%#><,&#02*E(1%,->*H#(JF#>#512*B.@.E,*#@*E(1%,->%2*B&%%#><,&#0*F&>>#E)%

5%9'-&4:95-%
1DWXUDO� URXQGHG�GLDPRQGV� GHPRQVWUDWH� D�ZLGH� YDULHW\� RI�

%<(@-E.*%,(<E,<(.%6*+#H.*E(1%,->%*F-$.*H-E(#%E#J&E->>1*%H##,F2*
JORVV\�VXUIDFHV��2WKHUV�VKRZ�RQ�WKHLU�VXUIDFHV�VSHFLILF�IHDWXUHV��
LQFOXGLQJ�VHUUDWH�DQG�VKLHOG�VKDSHG�ODPLQDH��GURS�OLNH�KLOORFNV��
VWULDWLRQV�� UXWV�� DQG�PDQ\� RWKHU� SDWWHUQV� �.XNKDUHQNR� ������
2UORY�������5RELQVRQ��������7KHUH�LV�QR�GRXEW�WKDW�WKH�URXQGHG�
@#(H*#@*0-,<(->*B&-H#0B*E(1%,->%* &%* -* (.%<>,* #@*B&%%#><,&#0* &0*
ZDWHU�FRQWDLQLQJ�NLPEHUOLWLF�PHOW��0RRUH�DQG�/DQJ�������2UORY�
������5RELQVRQ�������*XUQH\� HW� DO�� ������.R]DL� DQG�$ULPD�
������.KRNKU\DNRY� DQG�3DO\DQRY� ������ ������ )HGRUWFKRXN�
HW�DO���������7KHUHIRUH�WKH�GHWDLOV�RI�WKH�PLFUR�UHOLHI�RI�QDWXUDO�
B&-H#0B*E(1%,->%*(.@>.E,*@&(%,*#@*->>*,F.*E#0B&,&#0%*#@*B&%%#><,&#0*
&0*0-,<(->*J(#E.%%.%6*G,*,F.*%-H.*,&H.2*B&-H#0B*EF-(-E,.(&%,&E->>1*
E#0,-&0%*$-(&#<%*%,(<E,<(->*&HJ.(@.E,&#0%*(-05&05*@(#H*J#&0,*,#*
WKUHH�GLPHQVLRQDO�GHIHFWV��7KH�GLVVROXWLRQ�DW�WKH�GHIHFWV�RXWFURSV�
SURFHHGV�LQ�D�GLIIHUHQW�ZD\�WKDQ�IRU�SHUIHFW�VXUIDFHV��+HLPDQQ�
�������$V�D�UHVXOW��WKH�PLFUR�UHOLHI�HOHPHQWV�PD\�IRUP��ZKLFK�WR�D�
JUHDWHU�H[WHQW�UHIOHFW�WKH�IHDWXUHV�RI�WKH�UHDO�VWUXFWXUH�RI�GLDPRQG�
FU\VWDOV�UDWKHU�WKDQ�WKH�GLVVROXWLRQ�FRQGLWLRQV��7KLV�TXHVWLRQ�KDV�
QRW�EHHQ�DGHTXDWHO\�H[SORUHG�VR�IDU��2QO\�IRU�VRPH�PLFUR�UHOLHI�
.>.H.0,%*#@*0-,<(->*(#<0B.B*B&-H#0B%2*,F.&(*(.>-,&#0*,#*,F.*(.->*
%,(<E,<(.*F-%*'..0*B.,.(H&0.B6*?,*&%*.%,-'>&%F.B*,F-,*,(&5#0%*#0*
^���`�IDFHV�DUH�ORFDWHG�DW�WKH�GLVORFDWLRQ�RXWFURSV��/DQJ��������
,W�LV�VKRZQ�WKDW�WKH�LQWHUVHFWLQJ�VWULDWLRQ�LV�UHODWHG�WR�WKH�EDQGV�
RI�SODVWLF�GHIRUPDWLRQV��5RELQVRQ�������DQG�UKRPELF�SDWWHUQV�
RI�WKH�HWFKLQJ�FKDQQHOV�WR�WKH�VXUIDFH�FUDFNV��2UORY��������7KH�

QDWXUH� RI�PDQ\�RWKHU�ZLGHO\� DEXQGDQW�PLFUR�UHOLHI� HOHPHQWV�
-0B*%<(@-E.*%E<>J,<(.%*F-%*0#,*'..0*E>-(&@&.B*1.,6*LF.*%E-(E&,1*#@*
H[SHULPHQWDO�GDWD�RQ�WKLV�VXEMHFW�LV�SDUWO\�GXH�WR�WKH�IDFW�WKDW�LQ�
PRVW�FDVHV�RQO\�KLJK�TXDOLW\�GLDPRQG�FU\VWDOV�ZHUH�XVHG�LQ�WKH�
GLVVROXWLRQ�H[SHULPHQWV��.R]DL�DQG�$ULPD�������.KRNKU\DNRY�
DQG�3DO\DQRY�������)HGRUWFKRXN�HW�DO���������)XUWKHUPRUH��PRVW�
RI�SUHYLRXV�H[SHULPHQWDO�ZRUNV�RQ�GLDPRQG�GLVVROXWLRQ�ZHUH�
@#E<%.B*H-&0>1*#0*,F.*.@@.E,*#@*E#0B&,&#0%*-0B*E#HJ#%&,&#0*#@*
,F.*H.B&<H*#0*B&%%#><,&#0*H#(JF#>#516

,Q� WKH� SUHVHQW� VWXG\�ZH� KDYH� H[SORUHG� WKH� GLVVROXWLRQ� RI�
%10,F.,&E* B&-H#0B%* #@* '>#E)* %,(<E,<(.6*LF.* %J.E&@&E* @.-,<(.%*
#@*B&%%#><,&#0*%<(@-E.%*#@*H#%-&E*E(1%,->%*-(.*.%,-'>&%F.B6*?,*&%*
VKRZQ�WKDW�WKH�RULJLQ�RI�WKH�GURS�OLNH�KLOORFNV�RQ�GLDPRQG�WHW�
UDKH[DKHGUD�LV�UHODWHG�WR�WKH�RFFXUUHQFH�RI�VWURQJ�ORFDO�VWUDLQV�
&0*,F.*B&-H#0B*>-,,&E.6
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,Q�WKH�H[SHULPHQWV�ZH�VWXGLHG�VWDJH�E\�VWDJH�GLVVROXWLRQ�RI�IRXU�EORFN\�FU\VWDOV�

RI�V\QWKHWLF�GLDPRQG�ZHLJKWLQJ�IURP�����WR������PJ��)LJ������7KH�GLDPRQG�FU\VWDOV�
ZHUH�JURZQ�E\�WKH�WHPSHUDWXUH�JUDGLHQW�PHWKRG�LQ�WKH�1L�N.8�&�V\VWHP�ZLWK�QLWUR�
JHQ�FRQWHQW�IURP������WR�����DW���3DO\DQRY�HW�DO���������$�GHWDLOHG�LQYHVWLJDWLRQ�
RI�WKHVH�FU\VWDOV�ZDV�SHUIRUPHG�LQ��3DO\DQRY�HW�DO���������,W�ZDV�VKRZQ�WKDW�WKH�
E(1%,->%*F-B*-*J#>1E.0,(&E*%,(<E,<(.*#@*,F.*@-E.%2*%,(#05*%,(-&0%2*'>#E)*%,(<E,<(.2*
QXPHURXV�PLFURWZLQV� DQG�PLFURLQFOXVLRQV��6XFK�FKDUDFWHULVWLFV� DUH� W\SLFDO� IRU�
PDQ\�QDWXUDO�GLDPRQG�FU\VWDOV��&U\VWDO�QR����������PJ��KDV�VPDOO�̂ ���`�IDFHV��)LJ��
�D���$SSUR[LPDWHO\�RQH�WKLUG�RI�WKH�FU\VWDO�KDV�IODW�IDFHV��DQG�WKH�UHVW�VXUIDFH�LV�
EORFN\�ZLWK�QXPHURXV�PLFURWZLQV��&U\VWDO�QR����������PJ��KDV�RQO\�^���`�IDFHV�
�)LJ���G���7KH�VXUIDFH�H[KLELWV�ODUJH�EORFNV�DQG�WZLQQLQJ�LQWHUJURZWKV��&U\VWDOV�
QR����������PJ��DQG�QR����������PJ��DUH�RI�RFWDKHGUDO�KDELW��7KHVH�FU\VWDOV�KDYH�D�
URXJK�UHOLHI�ZLWK�QXPHURXV�WULJRQDO�EORFNV�DQG�GHSUHVVLRQV��)LJV���J�DQG��M���$OO�
E(1%,->%*E#0,-&0.B*H&E(#&0E><%&#0%*#@*H.,->*E-,->1%,6*LF.*-H#<0,*#@*H&E(#&0E><�
VLRQV�LQ�WKH�FU\VWDOV�LQFUHDVHV�ZLWK�WKH�GHJUHH�RI�WKHLU�EORFNLQHVV�IURP�FU\VWDO�QR��
��WR�FU\VWDO�QR�����)URP�WKH�LQIUDUHG�DEVRUSWLRQ�PHDVXUHPHQWV�LW�ZDV�IRXQG�WKDW�
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