
7UDQVODWLRQDO�DQG�5RWDWLRQDO�'LIIXVLRQ�RI�*OREXODU�3URWHLQ�LQ�
&RQFHQWUDWHG�3RO\PHU�6ROXWLRQ�
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�

3ULQFHWRQ 8QLYHUVLW\��3ULQFHWRQ��1-��������
�,QWURGXFWLRQ�
� 7KH WUDQVSRUW� RI� SURWHLQV� LQ� SRO\PHU� VROXWLRQV� DQG� JHOV� SOD\V� DQ� LPSRUWDQW� UROH� LQ� PDQ\�
DSSOLFDWLRQV� DQG� SURFHVVHV�� VXFK� DV� HQ]\PDWLF� GHJUDGDWLRQ� RI� ILOWHU� FDNH� LQ� RLO� LQGXVWU\�� SURWHLQ� GUXJ�
GHOLYHU\� LQ� WLVVXH�� ELRVHSDUDWLRQ� DQG�HWF���� 7KH�SURWHLQ� LQ� WKH�SRO\PHU�PDWUL[�XQGHUJRHV� WZR� W\SHV�RI�
PRWLRQV�� WUDQVODWLRQDO� GLIIXVLRQ�� ZKLFK� LV� WKH� FHQWHU� RI� PDVV� PRWLRQ� LQ� D� PDFURVFRSLF� VFDOH� DQG�
URWDWLRQDO� GLIIXVLRQ��ZKLFK� LV� WKH� ORFDO� G\QDPLFV� LQ� D�PLFURVFRSLF� VFDOH��0DQ\� WHFKQLTXHV� KDYH� EHHQ�
H[SORUHG�WR�PHDVXUH�WUDQVODWLRQDO�GLIIXVLRQ�DQG�D�YDULHW\�RI�WKHRUHWLFDO�PRGHOV�KDYH�EHHQ�GHYHORSHG��,Q�
FRQWUDVW� OHVV�ZRUN� KDV� EHHQ� IRXQG� WR� VWXG\� URWDWLRQDO�GLIIXVLRQ�RI�SURWHLQV� LQ�SRO\PHU� VROXWLRQV�ERWK�
H[SHULPHQWDOO\�DQG�WKHRUHWLFDOO\��2XU�LGHD�LV�WR�ODEHO�WKH�SURWHLQ�ZLWK���)��ZKLFK�FDQ�GLIIHUHQWLDWH�SURWHLQ�
IURP SRO\PHU�EDFNJURXQG�LQ�105�VSHFWUXP��7UDQVODWLRQDO�DQG�URWDWLRQDO�GLIIXVLRQ�RI�SURWHLQV�ZLOO�EH�
VWXGLHG�E\�3XOVHG�)LHOG�*UDGLHQW���)�105�DQG�7� DQG�7� UHOD[DWLRQ�RI���)���([SHULPHQW�
��� 3)*�105�H[SHULPHQW�

3XOVHG� ILHOG� JUDGLHQW� ��)�105� H[SHULPHQW� ZDV� FRQGXFWHG� RQ�9DULDQ�105���� DW� ��r ����&��
'LIIXVLRQ�H[SHULPHQW�ZDV�SHUIRUPHG�ZLWK�'ESSVWH�SXOVH�VHTXHQFH��7KH�JUDGLHQW�RI�XS�WR���*�FP�ZDV�
XVHG��7KH�GXUDWLRQ�RI�SXOVH�ZDV�FRQWUROOHG�WR�EH��PV�WR��PV�IRU�YDULRXV�VDPSOHV�DQG�GLIIXVLRQ�GHOD\�ZDV�
LQ WKH� UDQJH� RI� ��PV� WR� ���PV�� 5DGLR� IUHTXHQF\� SXOVH� ZLGWKV� XVHG� IRU� D� ���� QXWDWLRQ� DQJOH� ZHUH�
FDOLEUDWHG� IRU�HDFK�VDPSOH�EHIRUH�FDUU\LQJ�RXW�GLIIXVLRQ�PHDVXUHPHQW��7R� LPSURYH� WKH� VLJQDO� WR�QRLVH�
UDWLR�� ORQJ�DFFXPXODWLRQ� WLPH�ZDV�XVHG� WR�HQVXUH� WKH� VLJQDO� WR�QRLVH� UDWLR�DERYH�������7KH�QXPEHU�RI�
VFDQV�ZDV�EHWZHHQ����WR������7\SLFDOO\����GDWD�SRLQWV�DW�YDU\LQJ�JUDGLHQW�FXUUHQW�ZHUH�WDNHQ�IRU�HDFK�
VDPSOH��7KH�GLIIXVLRQ�FRHIILFLHQW�ZHUH�REWDLQHG�E\�D�QRQOLQHDU��ZHLJKWHG��OHDVW�VTXDUHV�ILW�RI�WKH�105�
VLJQDO�WR �� H[S> � � � � ��@F$ $ ,J 'J G G � ' � �
�� 7� DQG�7� UHOD[DWLRQ�VWXG\�)OXRULQH� 7� DQG� 7� UHOD[DWLRQ� VWXG\� ZHUH� DOVR� FRQGXFWHG� RQ� WKH� VDPH� 105� DSSDUDWXV� IRU�
GLIIXVLRQ� PHDVXUHPHQW� DW� ��r ����&�� 6WG�K� DQG� FSPJW�� VHTXHQFHV� ZHUH� XVHG� IRU� 7�� DQG� 7��
PHDVXUHPHQW��UHVSHFWLYHO\��7KH�UHOD[DWLRQ�RI�IOXRULQH�VLJQDO�DW����SSP�ZDV�VWXGLHG�XS�WR���V�IRU�7��DQG�
��PV IRU�7�� 5DGLR�IUHTXHQF\�SXOVH�ZLGWKV�XVHG�IRU�D�����QXWDWLRQ�DQJOH�ZHUH�FDOLEUDWHG�IRU�HDFK�VDPSOH�EHIRUH�FDUU\LQJ�RXW�GLIIXVLRQ�PHDVXUHPHQW��7R�LPSURYH�WKH�VLJQDO�WR�QRLVH�UDWLR��ORQJ�DFFXPXODWLRQ�WLPH�
ZHUH�XVHG�WR�HQVXUH�WKH�VLJQDO�WR�QRLVH�UDWLR�DERYH������7KH�QXPEHU�RI�VFDQV�ZDV�EHWZHHQ����WR��������
GDWD� SRLQWV� DW� YDULRXV� GHFD\� WLPH� ZHUH� PHDVXUHG� DQG� WKH� GHFD\HG� VLJQDO� LQWHQVLW\� ZDV� ILW� WR�
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5HVXOWV�DQG�'LVFXVVLRQ�
���7UDQVODWLRQDO�GLIIXVLRQ�RI�RYDOEXPLQ�LQ�+\GUR[\OSURS\O�*XDU�

$FFRUGLQJ� WR� HIIHFWLYH� PHGLXP� WKHRU\�� WKH� EDFNJURXQG� SRO\PHU� VROXWLRQ� LV� WUHDWHG� DV�
KRPRJHQHRXV� %ULQNPDQ� IOXLG� ZLWK� K\GURG\QDPLF� VFUHHQLQJ� OHQJWK� � 8QGHU� WKLV� DVVXPSWLRQ�� WKH�
WUDQVODWLRQDO�DQG�URWDWLRQDO�GLIIXVLRQ�FRHIILFLHQWV�ZHUH�FDOFXODWHG�E\�6RORPHQWVHY��� ZKR�VKRZHG�WKDW���������������������������������������������������������������
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,Q )LJXUH����ZH�FRPSDUH�RXU�H[SHULPHQWDO�GDWD�ZLWK�WKH�GLIIXVLRQ�FRHIILFLHQW�FDOFXODWHG�IURP�HIIHFWLYH�
PHGLXP�WKHRU\��EOXH� OLQH��DQG�WKH�FRQILQHG�GLIIXVLRQ�RI�D�VLQJOH�SDUWLFOH� LQVLGH�D�F\OLQGULFDO�SRUH��UHG�
OLQH����
�

)LJXUH��7UDQVODWLRQDO�GLIIXVLRQ�FRHIILFLHQW�DV�D�IXQFWLRQ�RI�PHVK�VL]H�RI�+3*�VROXWLRQ��&RPSDUH�H[SHULPHQWDO�UHVXOWV�ZLWK�HIIHFWLYH�PHGLD�WKHRU\��7KH�SURWHLQ�UDGLXV�XVHG�LQ�WKLV�FDOFXODWLRQ�LV��QP��%OXH�OLQH�LV�IURP�HIIHFWLYH�PHGLXP�WKHRU\��JUHHQ�SRLQWV�DUH�IURP�H[SHULPHQWDO�PHDVXUHPHQW�DQG�UHG�OLQH�LV�IURP�FRQILQHG�GLIIXVLRQ�RI�SDUWLFOH�LQ�F\OLQGHU�
�
�� 5RWDWLRQDO�GLIIXVLRQ�RI�RYDOEXPLQ�LQ�+\GUR[\OSURS\O�*XDU����

5RWDWLRQDO� FRUUHODWLRQ� WLPH� LV� D� QLFH� LQGLFDWRU� IRU� WKH� RYHUDOO� URWDWLRQDO� GLIIXVLYLW\� RI�
PDFURPROHFXOH��7� DQG�7� DUH�ERWK�SRO\QRPLDO�IXQFWLRQV�RI�FRUUHODWLRQ�WLPH� F

�� %\�PHDVXULQJ�7� DQG�7�� URWDWLRQDO� FRUUHODWLRQ� WLPH� DQG� URWDWLRQDO� GLIIXVLRQ� FRHIILFLHQW� FDQ� EH� FDOFXODWHG�� 7KH� HIIHFWLYH�PHGLXP� SUHGLFWLRQV� FDOFXODWHG� IURP� (TXDWLRQ� �� ZLWK� 5 �QP� DUH� FRPSDUHG� ZLWK� H[SHULPHQWDO�
PHDVXUHPHQW�RI�URWDWLRQDO�GLIIXVLRQ�FRHIILFLHQW�LQ�)LJXUH����
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)LJXUH���5RWDWLRQDO�GLIIXVLRQ�FRHIILFLHQW�DV�D�IXQFWLRQ�RI�PHVK�VL]H�RI�+3*�VROXWLRQ��&RPSDUH�H[SHULPHQWDO�UHVXOWV�ZLWK�HIIHFWLYH�PHGLD�WKHRU\�
,Q� 'DQLHO¶V� ZRUN�� WKH\� SURSRVHG� WKDW� WKH� LQGLYLGXDO� SURWHLQ� PROHFXOH� LV� H[SRVHG� WR� WKH� IXOO�

FRVROYHQW��SRO\PHU��FRQFHQWUDWLRQ��EXW�IHHOV�RQO\�D�IUDFWLRQ�RI�LWV�K\GURG\QDPLF�LQWHUDFWLRQ���
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$ SRZHU�ODZ�OLNH�(TXDWLRQ���EHVW�ILWV�WKHLU�H[SHULPHQWDO�GDWD��T�LV�WKH�SDUDPHWHU�WKDW�FKDUDFWHUL]HV�WKH�
UHGXFWLRQ�RI�K\GURG\QDPLF� LQWHUDFWLRQ�IHOW�E\� WKH�SURWHLQ��+HUH�ZH� LQWURGXFH� WKLV�SRZHU� ODZ�DSSURDFK�
LQWR�RXU�GLVFXVVLRQ��:KHQ�5� � WKH�WUDFHU�SDUWLFOH�RQO\�IHHOV�WKH�VROYHQW¶V�YLVFRVLW\�DQG�

�

URW
URW
W
W LV�D�ZHDN�

IXQFWLRQ� RI� � :KHQ� 5� LV� FRPSDUDEOH� WR� RU� PXFK� VPDOOHU� WKDQ� � WKH� WUDFHU� IHHOV� D� IUDFWLRQ� RI�
K\GURG\QDPLF� LQWHUDFWLRQ� RI� WKH� SRO\PHU� VROXWLRQ� DQG� WKH� SRZHU� ODZ� DV� (TXDWLRQ� �� LV� DSSOLFDEOH�� ,Q�
)LJXUH����E\�ILWWLQJ�WKH�H[SHULPHQWDO�GDWD�LQ�WKLV�UDQJH�WR�WKH�SRZHU�ODZ��ZH�ILQG�WKH�UHGXFWLRQ�IDFWRU�T�LV�
����� ZKLFK�FRPSDUHV�ZHOO�ZLWK�WKH�T�YDOXH�LQ�'DQLHO¶V�ZRUN���
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)LJXUH���5RWDWLRQDO�FRUUHODWLRQ�WLPH�DV�D�IXQFWLRQ�RI�UHODWLYH�YLVFRVLW\�
�
&RQFOXVLRQV��

:H�SUHVHQWHG�H[SHULPHQWDO�GDWD�IRU�WUDQVODWLRQDO�DQG�URWDWLRQDO�GLIIXVLRQ�FRHIILFLHQW�RI�SURWHLQ�LQ�
K\GUR[\OSURS\O�*XDU�VROXWLRQ�E\���) 105�DQG�H[SHULPHQWDO�UHVXOWV�ZHUH�FRPSDUHG�ZLWK�6WRNHV�(LQVWHLQ�
(TXDWLRQ�DQG�HIIHFWLYH�PHGLXP�WKHRU\��7KH�VWURQJ�GHYLDWLRQ�RI� WUDQVODWLRQDO�GLIIXVLRQ�FRHIILFLHQW�IURP�
WKH�6WRNHV�(LQVWHLQ�(TXDWLRQ� LQGLFDWHV� WKDW� WKH� LQ� WKH� OHQJWK�VFDOH�RI�SURWHLQ�VL]H�WKH�SURWHLQ�PROHFXOH�
IHHOV� LQKRPRJHQHLW\�RI� WKH�PDWUL[�SRO\PHU��5RWDWLRQDO�GLIIXVLRQ� FRHIILFLHQW� LV� IRXQG� WR� VWD\� UHODWLYHO\�
FRQVWDQW�ZKHQ�WKH�WUDFHU�VL]H�LV�PXFK�VPDOOHU�WKDQ�WKH�PHVK�VL]H�RI�SRO\PHU�PDWUL[��:KHQ�WKH�SURWHLQ�
VL]H� LV� FRPSDUDEOH� WR� WKH� PHVK� VL]H� RI� SRO\PHU� VROXWLRQ�� SURWHLQV� RQO\� IHHO� D� IUDFWLRQ� RI� WKH�
K\GURG\QDPLF� LQWHUDFWLRQ� RI� SRO\PHU� PDWUL[� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� URWDWLRQDO� GLIIXVLRQ�
FRHIILFLHQW� DQG� PDFURVFRSLF� YLVFRVLW\� REH\V� SRZHU� ODZ�� 6FDOLQJ� DSSURDFK� LV� WDNHQ� WR� H[SODLQ� WKH�
UHODWLRQVKLS� EHWZHHQ� WUDQVODWLRQDO� GLIIXVLRQ� DQG� URWDWLRQDO� GLIIXVLRQ�� ,Q� ORZ� SRO\PHU� FRQFHQWUDWLRQ�
UDQJH�IUHH�URWDWLRQ���URWDWLRQDO�GLIIXVLRQ�LV�QRW�KLQGHUHG�E\�SRO\PHU�PDWUL[��ZKLOH�WUDQVODWLRQDO�GLIIXVLRQ�
LV�VORZHG�GRZQ�PXFK�GXH�WR�WKH�H[LVWHQFH�RI�SRO\PHU�FKDLQV��,Q�WKH�KLJK�SRO\PHU�FRQFHQWUDWLRQ�UDQJH�
�FRQVWUDLQHG�URWDWLRQ���ERWK�GLIIXVLRQ�SURFHVVHV�DUH�VLJQLILFDQWO\�LPSHGHG�E\�SRO\PHU�PDWUL[�DQG�FRXSOHG�
WRJHWKHU�LQ�WKH�VWUHWFKHG�H[SRQHQWLDO�IRUP��:H�SURSRVH�KRSSLQJ�PHFKDQLVP�GRPLQDWHV�WKH�WUDQVODWLRQDO�
GLIIXVLRQ�SURFHVV��7KLV�DOVR�H[SODLQV�ZK\�WKH�URWDWLRQDO�GLIIXVLRQ�DFWV�DV�WKH�DFWLYDWLRQ�HQHUJ\�WHUP�LQ�WKH�
FRXSOLQJ� IXQFWLRQ�� ,Q� WKH� IXWXUH�� ZH� ZLOO� IXUWKHU� TXDQWLI\� WKH� WUDQVODWLRQDO� GLIIXVLRQ� DQG� URWDWLRQDO�
GLIIXVLRQ�EHKDYLRU�DV�ZHOO�DV�WKH�UHODWLRQVKLS�RI�WKHVH�WZR�LQ�WKH�WUDQVLWLRQ�UDQJH�EHWZHHQ�³IUHH´�URWDWLRQ�
DQG�³FRQVWUDLQHG´�URWDWLRQ���
�$FNQRZOHGJHPHQW� :H JUDWHIXOO\� DFNQRZOHGJH� +DOOLEXUWRQ� (QHUJ\� 6HUYLFHV� ,QF�� IRU� ILQDQFLDO�
VXSSRUW���
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1RWH��:H�GRQ¶W� LQFOXGH� DOO� WKH� GHWDLOV� KHUH�� EXW� D�PRUH� FRPSOHWH� YHUVLRQ� RI� WKLV� SDSHU� LV� EHLQJ�
SUHSDUHG�WR�VXEPLW�DV�D�MRXUQDO�SDSHU�DQG�LV�DYDLODEOH�XSRQ�UHTXHVW���
�
5HIHUHQFH�
��� -��/��&RIIPDQ��(��1��/LJKWIRRW�DQG�7��:��5RRW��3URWHLQ�GLIIXVLRQ�LQ�SRURXV�FKURPDWRJUDSKLF�PHGLD�
VWXGLHG�E\�SURWRQ�DQG�IOXRULQH�3)*�105��-RXUQDO�RI�3K\VLFDO�&KHPLVWU\�%�����������������������
�
�� -��%HUJHU��0��5HLVW��-��0��0D\HU��2��)HOW��1��$��3HSSDV�DQG�5��*XUQ\��6WUXFWXUH�DQG�LQWHUDFWLRQV�LQ�
FRYDOHQWO\�DQG�LRQLFDOO\�FURVVOLQNHG�FKLWRVDQ�K\GURJHOV�IRU�ELRPHGLFDO�DSSOLFDWLRQV��(XURSHDQ�-RXUQDO�RI�
3KDUPDFHXWLFV�DQG�%LRSKDUPDFHXWLFV������������������
�
�� $�7D\DO��&KHPLFDO�(QJLQHHULQJ��1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\��5DOHLJK��1&���������
�
�� 5��-DLQ��1��+��6KDK��$��:��0DOLFN�DQG�&��7��5KRGHV��&RQWUROOHG�GUXJ�GHOLYHU\�E\�ELRGHJUDGDEOH�
SRO\�HVWHU��GHYLFHV��'LIIHUHQW�SUHSDUDWLYH�DSSURDFKHV��'UXJ�'HYHORSPHQW�DQG�,QGXVWULDO�3KDUPDF\��
������������������
�
�� 5��.��-DLQ��'HOLYHU\�RI�PROHFXODU�DQG�FHOOXODU�PHGLFLQH�WR�VROLG�WXPRUV��-RXUQDO�RI�&RQWUROOHG�
5HOHDVH������������������
�
�� <��(��6RORPHQWVHY�DQG�-��/��$QGHUVRQ��5RWDWLRQ�RI�D�VSKHUH�LQ�%ULQNPDQ�IOXLGV��3K\VLFV�RI�)OXLGV��
�������������������
�
�� +��%UHQQHU�DQG�/��-��*D\GRV��&RQVWUDLQHG�%URZQLDQ�0RYHPHQW�2I�6SKHULFDO�3DUWLFOHV�,Q�&\OLQGULFDO�
3RUHV�2I�&RPSDUDEOH�5DGLXV���0RGHOV�2I�'LIIXVLYH�$QG�&RQYHFWLYH�7UDQVSRUW�2I�6ROXWH�0ROHFXOHV�,Q�
0HPEUDQHV�$QG�3RURXV�0HGLD��-RXUQDO�2I�&ROORLG�$QG�,QWHUIDFH�6FLHQFH��������������������
�
�� 'DYLG�*�*DGLDQ��1XFOHDU�PDJQHWLF�UHVRQDQFH�DQG�LWV�DSSOLFDWLRQV�WR�OLYLQJ�V\VWHPV��'HSDUWPHQW�RI�
%LRFKHPLVWU\��8QLYHUVLW\�RI�2[IRUG�&ODUHQGRQ�3UHVV��2[IRUG���������
�
�� '��/DYDOHWWH��&��7HWUHDX��0��7RXUEH]�DQG�<��%ORXTXLW��0LFURVFRSLF�YLVFRVLW\�DQG�URWDWLRQDO�GLIIXVLRQ�
RI SURWHLQV�LQ�D�PDFURPROHFXODU�HQYLURQPHQW��%LRSK\VLFDO�-RXUQDO����������������������
�
�


