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� )RU�HIIHFWLYH�WHDN�SODQWDWLRQ�PDQDJHPHQW��HDUO\�GHWHFWLRQ�V\VWHP�LQ�FRQWUROOLQJ�WHDN�PLVWOHWRH�UHTXLUHV�YDULRXV�
EDVLF�LQIRUPDWLRQ��LQFOXGLQJ�GHJUHH�RI �LQIHVWDWLRQ�DQG�DFFXUDF\�RI �WKH�VSHFLHV�QDPHV��0LVWOHWRH�LQIHVWDWLRQV�LQ�WHDN�
DQG�PLVWOHWRH�VSHFLHV�QDPH�KDYH�EHHQ�UHSRUWHG��EXW�WKHUH�DUH�VWLOO�SUREOHPV�LQ�LGHQWLI\LQJ�WKH�FRUUHFW�VSHFLHV�RU�
VXEVSHFLHV�GXH�WR�PRUSKRORJLFDO�VLPLODULW\�� �7KH�REMHFWLYH�RI �WKLV�VWXG\�ZDV�WR�FODULI\�WKH�VSHFLHV�LGHQWLW\�RI �KHPL�
SDUDVLWLF�PLVWOHWRH�SODQWV��ZKLFK�ZHUH�IRXQG�LQ�WHDN�&ORQDO�6HHG�2UFKDUG��&62��LQ�3DGDQJDQ��(DVW�-DYD�3URYLQFH��
,QGRQHVLD�XVLQJ�'1$�EDUFRGHV��6SHFLHV�LGHQWLILFDWLRQ�RI �WHDN�PLVWOHWRH�EDVHG�RQ�OHDI �PRUSKRORJLFDO�FKDUDFWHULVWLFV�
DQG�XQLYHUVDO�'1$�EDUFRGH�UHJLRQV��L�H��PDW.�DQG�UEF/��ZHUH�FDUULHG�RXW��7KH�UHVXOWV�VKRZHG�WKDW�WKH�&DQRQLFDO�
'LVFULPLQDQW� $QDO\VLV� �&'$�� FRXOG� GLIIHUHQWLDWH�'HQGURSKWKRH� SHQWDQGUD� DQG�0DFURVROHQ� WHWUDJRQXV� EDVHG� RQ� OHDI �
PRUSKRORJLFDO�FKDUDFWHULVWLFV��9DULDEOHV�KDYLQJ�KLJK�FRUUHODWLRQ�WR�GLVWLQJXLVK�ERWK�VSHFLHV�ZHUH�OHQJWK�RI �SHWLROH�� �
ZLGWK�RI �WKH�ZLGHVW�OHDI��QXPEHU�RI �VHFRQGDU\�OHDI �YHLQV��OHDI �EDVH�VKDSH��DVSHFW�UDWLR��IRUP�IDFWRU�DQG�SHULPHWHU�UDWLR�
RI � GLDPHWHU�� � 7KH� UHVXOWV� RI � � '1$� EDUFRGLQJ� VKRZHG� WKDW� WKH� WZR� '1$� EDUFRGH� UHJLRQV� SUHVHQWHG� JRRG� �
DPSOLILFDWLRQ�DQG�VHTXHQFH�UHVXOWV��%RWK�'1$�EDUFRGH�UHJLRQV�VXFFHVVIXOO\�GLIIHUHQWLDWHG�WZR�VSHFLHV�L�H��'��SHQWDQGUD�
DQG�0��WHWUDJRQXV�ZKLFK�EHORQJ�WR�/RUDQWKDFHDH�IDPLO\�DQG�KDYH�VLPLODU�OHDI �PRUSKRORJLFDO�FKDUDFWHULVWLFV��7KRVH�
UHJLRQV�ZHUH�DOVR�DEOH�WR�LGHQWLI\�9LVFXP�DUWLFXODWXP�DQG�RWKHU�VSHFLHV�EHORQJLQJ�WR�6DQWDODFHDH�IDPLO\��7KHVH�UHVXOWV�
VXJJHVWHG� WKDW� WKH� WZR�'1$�UHJLRQV�FRXOG�EHFRPH�UHFRPPHQGHG�XQLYHUVDO�'1$�EDUFRGH� IRU� LGHQWLI\LQJ� WHDN�
PLVWOHWRH��

� .H\ZRUGV��&ORQDO�6HHG�2UFKDUG��'1$�EDUFRGH��PDW.���UEF/��WHDN�PLVWOHWRH
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�&RUUHVSRQGLQJ�DXWKRU ��V ]QOGHJ#\DKRR�FRP

,1752'8&7,21

0LVWOHWRH� LQIHVWDWLRQ� LQ� WKH� &ORQDO� 6HHG�
2UFKDUG��&62��RI �3HUXP�3HUKXWDQL��LQ�3DGDQJDQ�
WHDN� SODQWDWLRQ� IRUHVWV� FDXVHV� WKH� GHFUHDVH� RQ�
TXDQWLW\� DQG� TXDOLW\� RI � VHHG� DQG� ZRRG�
SURGXFWLRQ�� 0LVWOHWRH� LQIHVWDWLRQ� OHYHO� LQ� &62�
3DGDQJDQ�ZDV�UHSRUWHG�E\�0XWWDTLQ�HW�DO���������
E\�GHVFULELQJ�WKH�UDWLR�RI �LQIHFWHG�WUHHV�WR�WKH�WRWDO�
QXPEHU� RI � WUHHV� DV� DVVHVVHG� LQ� 2EVHUYDWLRQ�
6DPSOH�3ORW��263���7KH�UDWLRV�ZHUH�GLYLGHG�LQWR�
VHYHUDO�UDQJHV�L�H�����UDQJH�RI ������²������LQGLFDWLQJ�
OLJKW�LQWHQVLW\�ZKLFK�FRUUHVSRQGHG�WR�705�YDOXH�

�7UXH�0LVWOHWRH� 5DWLQJ�� RI � ����� ²� ����� �UDWKHU�
OLJKW��� ��� UDQJH� RI � ����� ²� ����� LQGLFDWLQJ� OLJKW�
UDWKHU� PRGHUDWH� ZKLFK� FRUUHVSRQGHG� WR� 705�
YDOXH�RI �������������OLJKW�UDWKHU�PRGHUDWH���DQG����
UDQJH� RI � ����� ²� ����� LQGLFDWLQJ� KHDY\� LQWHQVLW\�
ZKLFK�FRUUHVSRQGHG�WR�705�YDOXH�RI ������²������
�OLJKW�UDWKHU�PRGHUDWH��� �7RWDO�705�YDOXH�ZDV�LQ�
WKH�UDQJH�RI � ������²������� �7KHUH�ZDV�QR�KHDY\�
LQWHQVLW\��705���²����
3UHYHQWLYH� SDUDVLWHV� FRQWURO� SURJUDP� LQ�

3HUXP� 3HUKXWDQL� DUH� FDUULHG� RXW� WKURXJK� HDUO\�
GHWHFWLRQ�V\VWHP�WR�DQWLFLSDWH�WKH�ZLGHVSUHDG�RI �
WKH�SDUDVLWHV��7KH�ILUVW�DWWHPSW�WR�DVVHVV�SDUDVLWH�
DWWDFN� SDWWHUQV� DQG� GLVWULEXWLRQ� LQ� VDPSOHG�
FRPSDUWPHQWV�RI �WHDN�VWDQGV�DQG�D�&ORQDO�6HHG�
2UFKDUG��&62��ZDV�FRQGXFWHG�E\�0XWWDTLQ� �HW�DO�
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WKH�WUHDWPHQW�RI �FHUWDLQ�GLVHDVHV�VKRXOG�KDYH�D�
VSHFLILF�EDUFRGH�'1$�PDUNHU� WR�JXDUDQWHH� WKH�
FRUUHFWQHVV�RI �PHGLFDO�WUHDWPHQW��.ZDQGD� ��HW�DO
������� $OVR�� 3XUXVKRWKDPDQ� � ������� DQG�HW� DO�
0LVKUD� ��������DIILUP�WKDW�'1$�EDUFRGLQJ�LV�HW�DO�
DQ� HIILFLHQW� DQG� DXWKHQWLF� WRRO� WR� GLIIHUHQWLDWH�
PHGLFLQDO�SODQW�
6HYHUDO�VWXGLHV�VKRZHG�WKDW�UEF/��ULEXODVH������

ELSKRVSKDWH� FDUER[\ODVH�� DQG� PDW.� �PDWXUDVH� .��
UHJLRQV�DUH�WKH�WZR�ORFXV�EDUFRGH�JHQHUDOO\�XVHG�
LQ�SODQWV�GXH�WR�WKHLU�HDVLQHVV�LQ�VHTXHQFLQJ�DQG�
KLJK� DPSOLILFDWLRQ� IRU� PDQ\� SODQW� VSHFLHV�
�+ROOLQJVZRUWK�HW�DO���������7KXV��WKH�REMHFWLYH�RI �
WKLV� VWXG\�ZDV�PDLQO\� WR� FODULI\� WKH� LGHQWLW\� RI �
KHPL�SDUDVLWLF� PLVWOHWRH� SODQW�� ZKLFK� DUH� QRZ�
IRXQG� LQ� WHDN� &ORQDO� 6HHG� 2UFKDUG� �&62��
3DGDQJDQ��3HUXP�3HUKXWDQL��(DVW�-DYD�3URYLQFH��
,QGRQHVLD��XVLQJ�'1$�EDUFRGHV�

0$7(5,$/6�$1'�0(7+2'6

3ODQW�0DWHULDOV

� /HDI � VDPSOHV� �\RXQJ� RU� ROG� OHDYHV�� RI �
PLVWOHWRH� WKDW� JURZ�RQ� EUDQFK� RU� WZLJ� RI � WHDN�
FURZQ�ZHUH�FROOHFWHG�IURP�FRPSDUWPHQWV�RI �WHDN�
VWDQGV�LQ�3DGDQJDQ�&ORQDO�6HHG�2UFKDUG��&62���
7KRVH� FRPSDUWPHQWV� ZHUH� DVVLJQHG� DV�
2EVHUYDWLRQ�6DPSOH�3ORW��263��DQG�2EVHUYDWLRQ�
0HDVXUHPHQW�3ORW��203���)RXU�203V�����[����
P�IRU�HDFK�SORW��ZHUH�HVWDEOLVKHG�LQVLGH�WKH�263�
XQLWV� WKDW�ZHUH� FODVVLILHG�EDVHG�RQ� WKH� OHYHO�RI �

�������� ,Q� DGGLWLRQ�� GRPLQDQW�PLVWOHWRH� VSHFLHV�
KDYH� DOVR� EHHQ� LGHQWLILHG�� +RZHYHU�� FRUUHFW�
LGHQWLILFDWLRQ� RI � WKH� VSHFLHV� LV� VWLOO� SUREOHPDWLF�
GXH�WR�PRUSKRORJLFDO�VLPLODULWLHV��+DVDQEDKUL� �HW�DO�
������� UHSRUWHG� WKDW� WKHUH� ZHUH� WZR� PLVWOHWRH�
VSHFLHV� RI � � DQG�6FXUUXOD� SDUDVLWLFD 'HQGURSKWKRH�
SHQWDQGUD�EHORQJLQJ�WR�/RUDQWKDFHDH�IDPLO\�LQ�WKH�
WHDN� SODQWDWLRQ� RI � .UDQGHJDQ� 5DQJHU� 5HVRUW��
%HJDO�)RUHVW�6XE�'LVWULFW��1JDZL�)RUHVW�'LVWULFW��
+RZHYHU�� LW� LV� TXLWH� GLIILFXOW� WR� GLVWLQJXLVK�
PLVWOHWRH� VSHFLHV� LQ� WKH� ILHOG�� &XUUHQWO\�� WKH�
LGHQWLILFDWLRQ�LV�EDVHG�RQ�D�UHIHUHQFH�WR�KHUEDULXP�
FROOHFWLRQ�ZKLFK�XVXDOO\�UHTXLUHV�FRPSOHWH�SDUWV�
RI � SODQWV�� ,Q� FHUWDLQ� FDVHV�� OHDYHV� DUH� WKH� RQO\�
DYDLODEOH�SDUW�RI �WKH�SODQWV�WKDW�FDQ�EH�XVHG�IRU�
LGHQWLILFDWLRQ�� 7KLV� VLWXDWLRQ� FRXOG� OHDG� WR�
LQFRUUHFW�FODVVLILFDWLRQ�RI �WKH�WDUJHWHG�PLVWOHWRH�
VSHFLHV�� 6SHFLHV� LGHQWLILFDWLRQ� EDVHG� RQ�
PRUSKRORJLFDO�FKDUDFWHULVWLFV�IUHTXHQWO\�UHVXOWHG�
WR�LQFRUUHFW�LGHQWLILFDWLRQ�GXH�WR�FU\SWLF�VSHFLHV�
SKHQRPHQRQ� DQG� VSHFLHV� VLEOLQJV�� 7KLV�
SKHQRPHQRQ�FDQ�FDXVH�V\QRQ\PRXV�VXEVWLWXWLRQ�
LQ�WKH�QDPH�RI �WKH�VSHFLHV�RU�YLFH�YHUVD�
7KLV�VWXG\�ZDV�FDUULHG�RXW�E\�HPSOR\LQJ��'1$�

EDUFRGH�PHWKRG� WR� FRPSOHPHQW� WKH� WUDGLWLRQDO�
SODQW� LGHQWLILFDWLRQ��7KLV�PHWKRG� LV�PRUH� UDSLG�
DQG� DFFXUDWH� WKDQ� WKH� PRUSKRORJLFDO� PDUNHU��
8VXDOO\�� '1$� EDUFRGLQJ� LV� EDVHG� RQ� VKRUW�
VHTXHQFHV� �������ES�� �9DOHQWLQL� ������ WKDW� FDQ�
LGHQWLI\�DQG�FKDUDFWHUL]H�GLIIHUHQW�VSHFLHV�ZKLFK�
FDQQRW�EH�GLVWLQJXLVKHG�PRUSKRORJLFDOO\��7XGJH�
�������0RUHRYHU��HDFK�PLVWOHWRH�VSHFLHV�WKDW�KDV�
SRWHQWLDO�DV�PHGLFLQDO�SODQW�DQG�LV�ZLGHO\�XVHG�IRU�
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)LJXUH����'HVLJQ�RI �263�DQG�203�SRVLWLRQV�LQ�DQ�263�XQLW��PRGLILHG�IURP�&5&����())RU76��'UHVFKHU�HW�DO��������
0XWWDTLQ�HW�DO�������

� �1RWH��������������� ��QXPEHU�RI �HDFK�203��UHVSHFWLYHO\���&� �FRQWURO��/� �ORZ��0� �PHGLXP��+� �KLJK�

'1$�EDUFRGH�FKDUDFWHUL]DWLRQ�RI �PLVWOHWRH�LQIHVWDWLRQ�LQ�WHDN�²�0XWWDTLQ�HW�DO�
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SDUDVLWH�DWWDFNV�L�H��ORZ��PHGLXP��KLJK�DQG�FRQWURO�
�QR�SDUDVLWH�DWWDFNV���%DUEX��������,I �WKHUH�ZHUH�
QR�VDPSOHV�REWDLQHG�IRU�WKH�DVVLJQHG�FULWHULD��WKH�
VDPSOH�FROOHFWLRQ�ZDV�WKHQ�FRQGXFWHG�DURXQG�WKH�
FRUUHVSRQGLQJ�203��,Q�WKLV�VWXG\��263�DQG�203�
ZHUH�GHVLJQHG�E\�PRGLI\LQJ�SORWV�SUHVHQWHG�LQ�WKH�
JXLGHOLQHV� RI � ())RU76�&5&���� SURMHFW�
�'UHVFKHU� � ������ �)LJ�� �� 	� ���� 0ROHFXODU�HW� DO�
DQDO\VLV�ZDV�FDUULHG�RXW�LQ�WKH�/DERUDWRU\�RI �3ODQW�
%LRWHFKQRORJ\�� &HQWHU� RI � 5HVHDUFK� %LRORJLFDO�
5HVRXUFHV�DQG�%LRWHFKQRORJ\��,QVWLWXW�3HUWDQLDQ�
%RJRU� �,3%�� DV� ZHOO� DV� LQ� WKH� /DERUDWRU\� RI �
*HQHWLFV� DQG� )RUHVWU\� 0ROHFXODU�� 6LOYLFXOWXUH�
'HSDUWPHQW��)DFXOW\�RI �)RUHVWU\��,3%�

/HDI �0RUSKRORJ\

� %DVHG� RQ� D� SUHOLPLQDU\� VWXG\� RI � WKH� YRXFKHU�
VSHFLPHQ� LGHQWLILFDWLRQ� RQ� WHDN� PLVWOHWRH� LQ� WKH�
ILHOG� DQG� YHULILFDWLRQ� WKURXJK� WKH� KHUEDULXP�
LGHQWLILFDWLRQ� LQ� +HUEDULXP� %RJRULHQVH� �%2���
5HVHDUFK� &HQWHU� IRU� %LRORJ\� /,3,�� %RJRU��
WKUHH� VSHFLHV� ZHUH� NQRZQ�� QDPHO\� 'HQGURSKWKRH�
SHQWDQGUD� �/RUDQWKDFHDH��� 0DFURVROHQ� WHWUDJRQXV�

�/RUDQWKDFHDH��DQG�9LVFXP�DUWLFXODWXP��6DQWDODFHDH�X�
,Q� WKLV� VWXG\�� ��� LQGLYLGXDO� OHDI � VDPSOHV� ZHUH�
FROOHFWHG� IRU� '�� SHQWDQGUD�� 7KLUW\� VHYHQ� �����
VDPSOHV� �RI �0��WHWUDJRQXV�ZHUH�FROOHFWHG�IURP�ILYH�
KRVW� WUHHV� �VXE�203V�� LQ� ��� 203V� IRU� IXUWKHU�
LGHQWLILFDWLRQ� RI � OHDI � PRUSKRORJ\�� 6SHFLPHQV�

FROOHFWHG�IRU�HDFK�RI �'��SHQWDQGUD�DQG�0��WHWUDJRQXV�
ZHUH� WZLJV� LQ�ZKLFK� HDFK� WZLJ� KDV� WKUHH� WR� ILYH�
PLVWOHWRH� OHDYHV�� 7KH� VSHFLPHQV� ZHUH� GLUHFWO\�
VWHULOL]HG�E\�VZDEELQJ�����HWKDQRO�RQWR�WKH�OHDYHV�
XVLQJ�FRWWRQ�EDOOV�� �7KH�VWHULOL]HG�VSHFLPHQV�ZHUH�
WKHQ� FRYHUHG� ZLWK� QHZVSDSHU�� � (DFK� VWHULOL]HG�
VSHFLPHQ� ZDV� WDJJHG� XVLQJ� D� KDQJLQJ� ODEHO��
,QIRUPDWLRQ� ZULWWHQ� RQ� WKH� KDQJLQJ� ODEHO� ZDV�
VHTXHQWLDO� QXPEHU� RI � WKH� VDPSOH�� QDPH� RI �
PLVWOHWRH� VSHFLHV�� VDPSOLQJ� GDWH� DQG� VHTXHQWLDO�
QXPEHU�RI �WKH�KRVW�WUHH�
� /HDI � PRUSKRORJ\� LGHQWLILFDWLRQ� ZDV�
FRQGXFWHG�DW�XQLW�VDPSOH�RI �WKUHH�OHDYHV�KDYLQJ�
VXIILFLHQW�SKHQRW\SH�LQ�UHIHUHQFH�WR�.UHPHU�HW�DO��
������� ZLWK� VHYHUDO� PRGLILFDWLRQV� IROORZLQJ�
VLPSOLILHG�SURFHGXUHV�RI �*HPERQJ���������:X�HW�
DO����������(OOLV�HW�DO���������DQG�.DGLU�HW�DO����������
0HDVXUHG� YDULDEOHV� IRU� HDFK� OHDI � VDPSOHV�ZHUH�
GLPHQVLRQDO�FKDUDFWHULVWLFV�VXFK�DV�ODPLQD�OHQJWK�
�//���SHWLROH�OHQJWK��3/���WKH�ZLGWK�RI �WKH�ZLGHVW�
SDUW�RI �OHDI ��:/���WKH�OHQJWK�RI �WKH�ODUJHVW�OHDI �WR�
WKH�EDVH�RI �WKH�OHDI ��/%���DUFK�RI �OHDI �YHLQV��6'���
DQJOH�EHWZHHQ�WKH�PLGYHLQ�ZLWK�WKH�ULJKW�RU�OHIW�
EUDQFK�RI �OHDI �YHLQV��7KH�QXPEHU�RI �VHFRQGDU\�
OHDI �YHLQV��19��ZDV�DOVR�UHFRUGHG��7KH�QXPEHU�
RI �OHDYHV��1/��ZDV�QRW�XVHG�DV�YDULDEOHV�LQ�WKLV�
VWXG\��EHFDXVH�WKH�FDOFXODWLRQ�RI �WKH�QXPEHU�RI �
PLVWOHWRH�OHDYHV�ZDV�LQFRQVLVWHQW�GXH�WR�WKH�ORVV�
RI �VRPH�OHDYHV�

)LJXUH���� 'HVLJQ�RI �VXE�263V�LQ�DQ�263�XQLW��'UHVFKHU�HW�DO��������0XWWDTLQ�HW�DO�� ��������$��%��&��'��(�DQG���������������DV�
RUGHU�RI �FROXPQ�DQG��URZ�RI �VXE�263V
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� 2WKHU�REVHUYHG�YDULDEOHV�ZHUH�DSH[�VKDSH��$6��
DQG�EDVH�VKDSH��%6���ZKLFK�ZHUH�REVHUYHG�ZLWK�
YLVXDO�DVVHVVPHQW�IURP���WR����(OOLV�HW�DO���������
&DOFXODWHG�YDULDEOHV�ZHUH������OHDI �DUHD��/$���ZKLFK�
ZDV�FDOFXODWHG�XVLQJ�WKH�HOOLSVH�DUHD�IRUPXOD��ó�[�
�������[� �:/�[�//������ OHDI�FLUFXPIHUHQFH� �/&���
ZKLFK� ZDV� FDOFXODWHG� XVLQJ� WKH� HOOLSVH�
FLUFXPIHUHQFH�IRUPXOD��ó�[��������[��:/���//������
DVSHFW� UDWLR� �$5��� � GHILQHG� DV� WKH� UDWLR� RI � OHDI�
OHQJWK�DQG�ZLGWK�WKDW�LV�XVHG�WR�HVWLPDWH�WKH�VKDSH�
RI �WKH�OHDI �EODGH�����IRUP�IDFWRU��))���GHVFULEHV�
WKH�VKDSH�RI �OHDI�WKH�URXQGQHVV�RI�WKH�OHDI �EODGH��
ZKLFK� IRUP� IDFWRU� �))�� ZDV� FDOFXODWHG� E\� WKH�

�
IRUPXOD�� �°� [� /$�/& �� �X� SHULPHWHU� UDWLR� RI �
GLDPHWHU��35���GHWHUPLQHV�WKH�RYDOQHVV�RI�WKH�OHDI��
ZKLFK�FDQ�EH�FDOFXODWHG�E\�WKH�IRUPXOD��/&�:/�
�:X�HW�DO��������
� 7KH����OHDI �PRUSKRORJLFDO�YDULDEOHV�ZHUH�WKHQ�
DQDO\]HG� XVLQJ� WKUHH� GLIIHUHQW� PXOWLYDULDWH�
DQDO\VHV�� QDPHO\� 3ULQFLSDO� &RPSRQHQW� $QDO\VLV�
�3&$���&DQRQLFDO�'LVFULPLQDQW�$QDO\VLV��&'$���
0XOWLSOH� &RUUHVSRQGHQFH� $QDO\VLV� �0&$��
�.UHPHU�HW�DO��������$QZDU�������RI �WKH�6366����
SURJUDP� �6366� ,QF��������� �)XUWKHUPRUH�� W�WHVW�
DQDO\VLV�ZDV�SHUIRUPHG�RQ�WKH�DYHUDJH�RI �WKH����
YDULDEOHV� RI �'�� SHQWDQGUD� DQG�0�� WHWUDJRQXV� XVLQJ�
0LQLWDE����VRIWZDUH��0LQLWDE�,QF��������

'1$�%DUFRGH

� )RU� '1$� EDUFRGH�� WKUHH� UHSOLFDWLRQV� ZHUH�
DSSOLHG� DQG� DQDO\]HG� IRU� ERWK� PDW.� DQG� UEF/�
UHJLRQV� RI � '�� SHQWDQGUD�� � 0�� WHWUDJRQXV� DQG� 9��
DUWLFXODWXP��UHVSHFWLYHO\��7KXV��WKHUH�ZHUH�QLQH�KRVW�
WUHHV��7KHUH�ZHUH����VDPSOHV�H[DPLQHG�IRU�'1$�
EDUFRGH� DQDO\VLV� �7DEOH� ���� )RU� HDFK� PLVWOHWRH�
VSHFLHV��D�VDPSOH�XQLW�FRQVLVWHG�RI � WKUHH� OHDYHV��
7KRVH�OHDYHV�ZHUH�GLUHFWO\�VWHULOL]HG�E\�VZDEELQJ�
����HWKDQRO�RQWR� WKH� OHDYHV�XVLQJ�FRWWRQ�EDOOV�� �
(DFK�VDPSOH�XQLW�ZDV�WKHQ�FXW�LQWR�SLHFHV�RI ���[���
FP�� �7KH�FXWWLQJV�RI �HDFK�VDPSOH�XQLW�ZHUH�WKHQ�

SXW�LQVLGH�D�WHD�EDJ�RI ���[���FP���2QH�WHD�EDJ�ZDV�
GHVLJQDWHG�IRU�RQH�VDPSOH�XQLW���6LOLFD�JHO�JUDQXOHV�
ZHUH�SXW�LQVLGH�WKH�UHVSHFWLYH�WHD�EDJV�WR�NHHS�WKH�
VDPSOHV� GULHG� LQ� ILHOG� FRQGLWLRQ� �)D]HND]� HW� DO��
������� 7KUHH� WHD� EDJV� UHSUHVHQWLQJ� WKH� WKUHH�
UHSOLFDWLRQV� IRU� HDFK�PLVWOHWRH� VSHFLHV� IRU� HDFK�
'1$�PDUNHU�ZHUH�SXW� LQWR�RQH�DLUWLJKW�SODVWLF�
EDJ� ZKLFK� ZDV� WKHQ� ODEHOHG� DFFRUGLQJ� WR� WKH�
VDPSOH� FRGH�� 7KH� VDPSOH� FRGH� FRQVLVWHG� RI �
VHTXHQWLDO�QXPEHU�RI �VDPSOH��QDPH�RI �PLVWOHWRH�
VSHFLHV��VDPSOLQJ�GDWH�DQG�VHTXHQWLDO�QXPEHU�RI �
WKH� KRVW� WUHH�� 6XEVHTXHQWO\�� DOO� VDPSOHV� ZHUH�
FDUHIXOO\� SDFNHG� DQG� WUDQVSRUWHG� WR� WKH�
ODERUDWRU\�IRU�'1$�H[WUDFWLRQ�
� 7RWDO�JHQRPLF�'1$�ZDV�H[WUDFWHG�IURP�HDFK�
VDPSOHG�OHDI �XVLQJ�'1HDV\�3ODQW�0LQL�.LW�SURWRFRO�
�KWWS���ZZZ�TLDJHQ�FRP�� ZLWK� FDWDORJ� QXPEHU�
������ 7ZR� '1$� EDUFRGH� UHJLRQV� �PDW.� DQG�
UEF/���ZKLFK�DUH�UHFRPPHQGHG�DV�XQLYHUVDO�'1$�
EDUFRGHV� IRU� ODQG� SODQWV�� ZHUH� XVHG� IRU� 3&5�
DPSOLILFDWLRQ� �+ROOLQJVZRUWK� HW� DO�� ������� 7KH�
3&5� DPSOLILFDWLRQ� ZDV� FDUULHG� RXW� XVLQJ� 3&5�

70
PDFKLQH�RI �$%�$SSOLHG�%LRV\VWHP�9HULWL �7KHUPDO�
&\FOHU� �ZZZ�DSSOLHGELRV\VWHP�FRP��� 3ULPHU�
VHTXHQFHV�XVHG�LQ�WKLV�VWXG\�DUH�VKRZQ�LQ�7DEOH���
� 7KH�SURFHVV�RI �3&5�EHJLQV�ZLWK�WKH�GLOXWLRQ�
RI �'1$�DQG�SULPHU��)LUVWO\��'1$�H[WUDFW�ZDV�
GLOXWHG� ���� WLPHV� XVLQJ� GRXEOH�GLVWLOOHG� ZDWHU�
�%LGHVW�� ZDWHU��� 6HFRQGO\�� SULPHU� GLOXWLRQ� ZDV�
FRQGXFWHG� E\� GLUHFWO\� WDNLQJ� ��� �/� RI � KLJK�
FRQFHQWUDWHG� .�DQG� /�SULPHUV��UHVSHFWLYHO\��PDW UEF
ZKLFK�ZDV�WKHQ�DGGHG�ZLWK�����/�QXFOHDVH�IUHH�
ZDWHU��6XEVWDQFH�FRPSRVLWLRQ�IRU�3&5�UHDFWLRQ�
FRQVLVWHG� RI � ���� �/�+ 2�� ���� �/� JUHHQ� JR� WDT��

PDVWHU�PL[�� ���� �/� SULPHU� )� DQG� 5� DQG� �� �/�
GLOXWHG�'1$� �)D]HND]� � ������� 7KH� '1$�HW� DO�
DPSOLILFDWLRQ� UHVXOWV� ZHUH� VHQW� WR� *HQHWLND�
6FLHQFH� ,QGRQHVLD� �KWWS���ZZZ�EDVH�DVLD�FRP��
IRU�DXWRPDWHG�VHTXHQFLQJ��$GGLWLRQDO� VHTXHQFH�
GDWD�RI � .�DQG� /�UHJLRQV�IRU�HDFK�VSHFLHV�PDW UEF
LQFOXGLQJ�2XW�*URXS�ZHUH�FROOHFWHG�IURP�1&%,�

7DEOH�����/LVW�RI �OHDI �VDPSOHV�RI �WHDN�PLVWOHWRH�XVHG�LQ�WKLV�VWXG\

1R�� 6SHFLHV �

1XPEHU �RI �VDPSOHV�FROOHFWHG�IRU �

/HDI �PRUSKRORJ\�

FKDUDFWHULVWLFV �
GHWHUPLQDWLRQ �

'1$�EDUFRGH �GHWHUPLQDWLRQ �

PDW. � UEF/ �

�� 'HQGURSKWKRH�SHQWDQGUD � �� � � � � �

�� 0DFURVROHQ�WHWUDJRQXV � �� � � � � �
�� 9LVFXP�DUWLFXODWXP � � � � � � �

���

'1$�EDUFRGH�FKDUDFWHUL]DWLRQ�RI �PLVWOHWRH�LQIHVWDWLRQ�LQ�WHDN�²�0XWWDTLQ�HW�DO�



7DEOH����'LIIHUHQFHV�LQ�PRUSKRORJLFDO�FKDUDFWHULVWLFV�RI �OHDI �VDPSOHG�IURP�WKUHH�VSHFLHV�RI �WHDN�PLVWOHWRH

*HQ%DQN� GDWDEDVH� �1DWLRQDO� &HQWHU� IRU�
%LRWHFKQRORJ\� ,QIRUPDWLRQ�� �KWWS���ZZZ�QFEL��
QOP�QLK�JRY�� DQG� %2/'� 6\VWHP� �KWWS����
EROGV\VWHPV�RUJ���
� '1$� VHTXHQFHV� L�H�� WKH� OHQJWK� RI � VHTXHQFH�
GDWD� �ES�� DQG� QXFOHRWLGH� FRPSRVLWLRQ� ZHUH�
FKHFNHG� YLVXDOO\�� HGLWHG� PDQXDOO\� EDVHG� RQ�
FKURPDWRJUDP� DQG� DOLJQHG� PDQXDOO\� XVLQJ�
&OXVWDO:�LPSOHPHQWHG�LQ�0(*$������SURJUDP�
�7DPXUD� HW� DO�� ������� 6HTXHQFH� GDWD� ZHUH� WKHQ�
DQDO\]HG� XVLQJ� %/$67� LQ� 1&%,� GDWDEDVH� WR�
LGHQWLI\�WKH�WKUHH�WDUJHWHG�VSHFLHV��)XUWKHUPRUH��
EDUFRGLQJ�JDS�DQG�SK\ORJHQ\�WUHHV�ZHUH�FKHFNHG�
XVLQJ�0(*$������SURJUDP��3K\ORJHQ\�WUHHV�ZHUH�

FRQVWUXFWHG�XVLQJ�1HLJKERU�-RLQLQJ��1-��PHWKRG�
ZLWK� ������ UHSOLFDWHV� RI � ERRWVWUDS� EDVHG� RQ�
.LPXUD���SDUDPHWHU��.�3��GLVWDQFH�

5(68/76�$1'�',6&866,21

&KDUDFWHULVWLF�RI �/HDI �0RUSKRORJ\

� 5HVXOWV� RI � VSHFLHV� LGHQWLILFDWLRQ� EDVHG� RQ�
REVHUYDWLRQ� DQG� OHDI � GLPHQVLRQ� PHDVXUHPHQW�
VXSSRUWHG� E\� VWDQGDUG� UHIHUHQFH� DQG� FRPSOHWH�
LGHQWLW\� YHULILFDWLRQ� XVLQJ� KHUEDULXP� VSHFLPHQ�
DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH�����1XFOHRWLGH�VHTXHQFH�RI �WKH�SULPHUV�XVHG�LQ�WKLV�VWXG\

1R�� 5HJLRQ� 3ULPHU�QDPH � 6HTXHQFH ���·�² ��·� �

/HQJWK �RI �
3&5�

SURGXFW�

�ES� �

7HPSHUDWXUH �
�R&� �

5HIHUHQFH

�� PDW.�

>PDW.��)� �

PDW.��5@�

)��$$*$7*&&7&77&777*&$7
�
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0DUD]]L�HW�

DO� �������
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�

UEF/
�

>UEF/�EDU3��)�
�

UEF/�EDU3�
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�
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'HY
�

HW�DO��
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0RUSKRORJLFDO� /RUDQWKDFHDH � 6DQWDODFHDH �

FKDUDFWHULVWLFV� 'HQGURSKWKRH�SHQWDQGUD� 0DFURVROHQ�WHWUDJRQXV� 9LVFXP�DUWLFXODWXP �� � � �
��
/HDI �DUUDQJHPHQW

�
OHDYHV�DOWHUQDWH�DQG� �
VPDOO� OHDYHV�VXERSSRVLWH�

OHDYHV�RSSRVLWH
�

OHDYHV �UXGLPHQWHU�DQG�
UHVHPEOH� VPDOO�EUDFWHD��
OHDYHV�DOWHUQDWH�DQG�
VXERSSRVLWH �

/HDI �OHQJWK� ����������FP � ����������FP � ����������FP �
/HDI �ZLGWK� ����������FP � ����������FP � ����������FP �
3HWLROH�OHQJWK�� ����������FP � ����������FP � � �
$PRXQW�RI �VHFRQGDU\�
YHLQV�

��������� � ���������� � �
�

6KDSH�RI �OHDI �EDVH�� GHYHORSHG�URXQGHG�
�VFDOH� ���������� �

URXQGHG �
�VFDOH����������� �

VOLJKWO\�FRQYH[
�

6KDSH�RI �OHDYHV��
�DVSHFW�UDWLR��

OHQJWKZLVH �
�VFDOH ����������� �

OHQJWKZLVH �
�VFDOH ����������� �

VSDWXODWH �

6KDSH�RI �OHDI �URXQGHG�
�IRUP�IDFWRU��

URXQG�
����������� �

VOLJKWO\�URXQG�
����������� �

��������
�

/HDI �RYDOQHVV
��

�SHULPHWHU�UDWLR�RI �
GLDPHWHU�

�

VOLJKWO\�RYDO
�

�����������
�

RYDO
�

�����������
�

YHU\�RYDO
�

�����������
�
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9DULDWLRQ�LQ�/HDI �0RUSKRORJ\

� ,Q� WKLV� VWXG\�� WKH� WKUHH�PXOWLYDULDWH� DQDO\VHV�

�3&$��0&$��DQG�&'$��ZHUH�FRQGXFWHG�XVLQJ�WKH�

ILUVW�V\QWKHVLV�YDULDEOHV��ZKLFK�ZHUH�H[SHFWHG�WR�

FRQWULEXWH� WKH� KLJKHVW� UDWH� RI � WRWDO� YDULDQFH��

IROORZHG� E\� WKH� VHFRQG� V\QWKHVLV� YDULDEOHV�� DV�

SUHVHQWHG�LQ�7DEOH���

� 7DEOH� �� VKRZV� WKDW� WKH� WKUHH� PXOWLYDULDWH�
DQDO\VHV� �3&$��0&$�� DQG� &'$�� ZHUH� DEOH� WR�
H[SODLQ� PRUH� WKDQ� ���� RI � WKH� WRWDO� YDULDQFH��
UHSUHVHQWLQJ� WKH� ZLGH� GLVWULEXWLRQ� RI � OHDI �
PRUSKRORJ\� JURXSLQJ� RI � '�� SHQWDQGUD� DQG�0��
WHWUDJRQXV� �/RUDQWKDFHDH��� )XUWKHUPRUH�� WKH�
UHVXOWV�RI �WKUHH�PXOWLYDULDWH�DQDO\VHV��3&$��0&$��
DQG�&'$��DUH�VKRZQ�LQ�)LJXUH���

�
7RWDO�YDULDQFH�H[SODLQHG�E\�HDFK�PXOWLYDULDWH�DQDO\VLV���� ��

3&$ � 0&$ � &'$ �
6\QWKHVLV�YDULDEOH� �� ����� � ����� � ��� �
6\QWKHVLV� YDULDEOH� �� ����� � ����� � �

7RWDO� ����� � ����� � ��� ������������������

)LJXUH��� 5HVXOWV�RI �PXOWLYDULDWH�DQDO\VLV� �D��VFDWWHU�SORW�RI �3&$�� �E��KLVWRJUDP�RI �3&$�� �F��VFDWWHU�SORW�RI �0&$�� �G��
KLVWRJUDP�RI �0&$�DQG��H��KLVWRJUDP�RI �&'$

� �1RWH���$� ��'��SHQWDQGUD���%� �0��WHWUDJRQXV�

� � � ������������������

7DEOH��� 3URSRUWLRQ�RI �WRWDO�YDULDQFH�H[SODLQHG�E\�WKH�ILUVW�DQG�VHFRQG�V\QWKHVLV�YDULDEOH�RI �WKUHH�PXOWLYDULDWH�DQDO\VHV��3&$��
0&$��&'$��LQ�JURXSLQJ�'��SHQWDQGUD�DQG�0��WHWUDJRQXV

���

'1$�EDUFRGH�FKDUDFWHUL]DWLRQ�RI �PLVWOHWRH�LQIHVWDWLRQ�LQ�WHDN�²�0XWWDTLQ�HW�DO�



� 5HVXOWV� RI � WKHVH� WKUHH� PXOWLYDULDWH� DQDO\VHV�
VKRZHG�WKDW�RQO\�&'$�DQDO\VLV�FRXOG�GLIIHUHQWLDWH�
'�� SHQWDQGUD� DQG� 0�� WHWUDJRQXV� EDVHG� RQ� OHDI �
PRUSKRORJLFDO� FKDUDFWHULVWLFV��)LJXUH��E� DQG��G�
�3&$�DQG�0&$���KRZHYHU��VKRZ�WKDW�WKHUH�ZHUH�
VRPH�VDPSOHV��ZKLFK�ZHUH�QRW�LQFOXGHG�LQ�WKH�'��
SHQWDQGUD� DQG� 0�� WHWUDJRQXV� JURXSV�� 7KRVH� DUH�
XQVWDEOH� DV� WUDQVLWLRQ� JURXS� EHWZHHQ� WKH� WZR�
PLVWOHWRH� VSHFLHV�� %DVHG� RQ� FRUUHODWLRQ� DQDO\VLV�
EHWZHHQ� WKH� OHDI � GLPHQVLRQDO� YDULDEOH� DQG� WKH�
V\QWKHVLV����JOREDO�DQDO\VLV��RI �'��SHQWDQGUD�DQG�0��
WHWUDJRQXV� �/RUDQWKDFHDH��� LW� ZDV� IRXQG� RXW� WKDW�
YDULDEOHV� KDYLQJ� KLJK� FRUUHODWLRQ� WR� GLVWLQJXLVK�
ERWK� VSHFLHV� XVLQJ� &'$� DQDO\VLV� ZHUH� ORQJ�
SHWLROH�� ZLGWK� RI � WKH� ZLGHVW� OHDI�� QXPEHU� RI �
VHFRQGDU\�OHDI �YHLQV��OHDI �EDVH�VKDSH��DVSHFW�UDWLR��
IRUP�IDFWRU�DQG�SHULPHWHU�UDWLR�RI �GLDPHWHU��)LJ��
�H��

&KDUDFWHULVWLFV� RI � /HDI � 9DULDEOHV� IRU� � � � � � � � � � � � � �
%��QFOUBOESB�DQG�.��UFUSBHPOVT

� 5HVXOWV�RI �W�WHVW�IRU�HDFK�OHDI �PRUSKRORJLFDO�
YDULDEOH�RI �'��SHQWDQGUD�DQG�0��WHWUDJRQXV�VKRZHG�
WKDW�VHYHUDO�YDULDEOHV�KDYLQJ�VLJQLILFDQW�GLIIHUHQFH�
ZHUH�3/��19��%6��$5��))��35��S���������DQG�:/� �
�S����������

'1$�%DUFRGH�

$PSOLILFDWLRQ�DQG�VHTXHQFH�UHVXOWV
� 2EWDLQLQJ�RSWLPXP�DQQHDOLQJ�WHPSHUDWXUH�LV�
QHFHVVDU\� LQ� RUGHU� WR� JHW� D� VXFFHVVIXO� 3&5�
DPSOLILFDWLRQ� SURFHVV�� 7KLV� VWXG\� LQGLFDWHG� WKDW�

R
DQQHDOLQJ� WHPSHUDWXUH� RI � ��� &� ZDV� WKH� EHVW�
WHPSHUDWXUH�IRU�PDW.�DQG�UEF/��ZKLFK�VKRZHG�D�
YHU\�FOHDU�VLQJOH�EDQG�ZKHQ�YLVXDOL]HG�E\�DJDURVH�
JHO�� 7KLV� WHPSHUDWXUH� ZDV� ORZHU� WKDQ� WKH�
WHPSHUDWXUH� VXJJHVWHG� E\� 6WRHFNOH� HW� DO�� �������

R
IRU�PDW.�DQG�UEF/�PDUNHUV��ZKLFK�ZDV���� &�DQG�

R
��� &�� UHVSHFWLYHO\�� 7KH� UHVXOWV� VKRZHG� WKDW� ���

VDPSOHV� ZHUH� VXFFHVVIXOO\� DPSOLILHG� DQG�

VHTXHQFHG�ZLWK�SULPHUV�PDW.�DQG�UEF/X�+RZHYHU��
RQH�VDPSOH�FRXOG�QRW�EH�ZHOO�DPSOLILHG�LQ�PDW.�

IRU��9LVFXP�DUWLFXODWXPX

'1$�DQDO\VLV�DQG�QXFOHRWLGH�EDVH�FRPSRVLWLRQ
� 6L]H�RI �PDW.�DQG�UEF/�UHJLRQV�ZHUH�����²�����
ES�DQG�����²�����ES��UHVSHFWLYHO\��7DEOH����� �7KH�
UHVXOW�RI �VHTXHQFH�EDVHV�VKRZHG�WKDW�WKH�DYHUDJH�
SHUFHQWDJH�RI �QXFOHRWLGHV�&���*�RQ�WKH�WKUHH�WHDN�
PLVWOHWRH�VSHFLHV�ZDV���������������0RUHRYHU��LW�LV�
NQRZQ� WKDW� PDW.� UHJLRQ� KDV� D� ORQJHU� DYHUDJH�
VHTXHQFH�OHQJWK�WKDQ�UEF/�UHJLRQ��6WXG\�UHSRUWHG�
E\� 7UDQJ� HW� DO�� ������� VKRZHG� WKDW� VHTXHQFH�
DOLJQPHQW� FDQ� EH� XVHG� IRU� H[DPLQLQJ� WKH�
HYROXWLRQ� SURFHVV� IURP� WKH� FRPPRQ� DQFHVWRU��
DQG� WKXV�� FDQ� EH� XVHG� IRU� WKH� WKUHH�PLVWOHWRHV�
VSHFLHV�LQ�WKH�SUHVHQW�VWXG\��7KH�VHTXHQFH�OHQJWK�
GLIIHUHQFH� LV� KHOSIXO� DV� HDUO\� LGHQWLILFDWLRQ� IRU�
VSHFLHV�GLIIHUHQFH�DQG�FRUUHODWHG�ZLWK�GLIIHUHQFHV�
LQ�WKH�FRPSRVLWLRQ�RI �QXFOHRWLGH�EDVHV��'LFN�	�
.UHVV� ������� &DOFXODWLRQ� RI � EDVH� VXEVWLWXWLRQ�
DPRQJ�WKUHH�VSHFLHV�LQ�WKH�VDPH�IDPLO\�ZDV�GRQH�
DIWHU�VHTXHQFH�DOLJQPHQW��,Q�WKLV�VWXG\��DQ�DYHUDJH�
VHTXHQFH�OHQJWK�RI �UEF/�UHJLRQ�ZDV�����������ES��
7KLV�YDOXH�ZDV�KLJKHU�WKDQ�WKH�OHQJWK�UHSRUWHG�E\�
.ZDQGD� HW� DO�� ������� ZKR� XVHG� WKH� VDPH� UEF/�
UHJLRQ�� EXW� GLIIHUHQW� SULPHU� EDVH� SDLUV� ��
�
$7*7&$&&$&$$$&$*$*$&7$$$*&��
�
DQG� �
�*7$$$$7&$$*7&&$&&5&*��
���
VKRZLQJ� ���� ES� IRU� /RUDQWKDFHDH� IDPLO\� �'��
SHQWDQGUD�� '�� ODQRVD�� 6FXUUXOD� DWURSXUSXUHD�� 0��
FRFKLQFKLQHQVLV��0��EUDGLVLDQXV��+HOL[DQWKHUD�SDUDVLWLFD��
DQG� 6DQWDODFHDH� IDPLO\� �9�� DUWLFXODWXP� DQG� 9��
RYDOLIROLXP��

%DUFRGLQJ�JDS
� %DUFRGLQJ� JDS� LV� GHILQHG� ZKHQ� WKH�
LQWHUVSHFLILF�GLYHUVLW\�LV�KLJKHU�WKDQ�LQWUDVSHFLILF�
GLYHUVLW\�� ,GHDO�EDUFRGH�RI �JHQHWLF� ORFXV�FDQ�EH�
GHWHUPLQHG� E\� ORRNLQJ� DW� VPDOOHU� LQWUDVSHFLILF�

7DEOH�����6HTXHQFH�OHQJWK��ES��LQ�PDW.�DQG�UEF/�IRU�WKH�WKUHH�VWXGLHG�PLVWOHWRH�VSHFLHV

1R�� 6SHFLHV �
������������������PDW. � ��������������������UEF/ �

QD � ESE � Q � ES �
�� '��SHQWDQGUD � � � ������������� � � � ������������� �
�� 0��WHWUDJRQXV � � � ������������� � � � ������������� �
�� 9��DUWLFXODWXP � � � �������� � � � ������������� �

� 0HDQ� � ����� � � ��� �
D ��

1RWH�� Q � ��QXPEHU�RI �VHTXHQFH��H[FHSWLRQ��RI ���VDPSOH�ZKLFK�FRXOG�QRW�EH��DPSOLILHG�ZHOO�LQ�PDW.�IRU��9LVFXP�DUWLFXODWXP
E

� ES � ��EDVH�SDLU

���
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GLYHUVLW\� FRPSDUHG� WR� WKH� LQWHUVSHFLILF� GLYHUVLW\�
�/DKD\H� HW� DO�� ������� 2Q� VHTXHQFH� WRWDO�� JDS� LV�
PDUNHG� ZLWK� GRWWHG� OLQH� GXH� WR� LQVHUWLRQ� RU�
GHOHWLRQ�� 9DULDQFH� RI � LQWUDVSHFLILF� DQG�
LQWHUVSHFLILF�PXVW�EH�FRPSDUHG�GHSHQGLQJ�RQ�WKH�
GHWHUPLQHG�EDUFRGH�RI �JHQHWLF�ORFXV��7DPXUD�HW�
DO���������7KXV��EDUFRGLQJ�JDS�EHWZHHQ�LQWUD�DQG�
LQWHUVSHVLILF� GLYHUVLWLHV� ZDV� GHWHUPLQHG� XVLQJ�
JUDSKLF�DQG�GLVWULEXWLRQ�RI �LQWUD�DQG�LQWHUVSHVLILF�
GLYHUVLWLHV RQ .LPXUD���SDUDPHWHU� �.�3��� �
GLVWDQFH�
� *HQHUDOO\��7DEOH���VKRZV�WKDW�WKH�DYHUDJH�YDOXH�
RI � LQWHUVSHFLILF� GLVWDQFHV� DUH� KLJKHU� WKDQ�
LQWUDVSHFLILF� GLVWDQFHV� LQ� DFFRUGDQFH� ZLWK�
SUHYLRXV� VWXG\� RI � � /DKD\H� HW� DO�� �������� � 7KH�
SUHVHQW� VWXG\� VKRZHG� WKDW� WKH�DYHUDJH�YDOXH�RI �
LQWHUVSHFLILF� DQG� LQWUDVSHFLILF� GLVWDQFHV� ZHUH�
KLJKHU� IRU� WKH� PDW.� UHJLRQ� WKDQ� WKDW� IRU� UEF/�
UHJLRQ��)XUWKHUPRUH��WKH�LQWUDVSHFLILF�YDULDWLRQ�RI �
PDW.�UHJLRQ�IRU�/RUDQWKDFHDH�ZDV��������VOLJKWO\�
GLIIHUHQW� IURP� 6DQWDODFHDH� ��������� ,QWUDVSHFLILF�
YDULDWLRQ� RI � UEF/� UHJLRQ� IRU� /RUDQWKDFHDH� ZDV�
������ DQG� VOLJKWO\� GLIIHUHQW� IURP� 6DQWDODFHDH�
��������� ,QWHUVSHFLILF� YDULDWLRQV� RI �PDW.� UHJLRQ�
ZHUH� ������ DQG� ������ IRU� /RUDQWKDFHDH� DQG�
6DQWDODFHDH�� UHVSHFWLYHO\�� 2Q� WKH� RWKHU� KDQG��
LQWHUVSHFLILF�YDULDWLRQV�RI �UEF/�UHJLRQ�ZHUH�������

DQG� ������ IRU� /RUDQWKDFHDH� DQG� 6DQWDODFHDH��
UHVSHFWLYHO\�� 9DOXH� RI� LQWHUVSHFLILF� GLVWDQFHV� RI �
UEF/� UHJLRQ� IRU� /RUDQWKDFHDH� DQG� 6DQWDODFHDH�
UHSRUWHG� LQ� WKLV� VWXG\� ZHUH� VLPLODU� WR� WKH�
UHVXOWV� UHSRUWHG�E\�.ZDQGD� HW� DO�� ��������ZKLFK�
ZDV���������������
� 7KH� SUHVHQW� VWXG\� VKRZHG� WKDW� QXFOHRWLGH�
YDULDWLRQV�LQ�LQWUDVSHFLILF�DQG�LQWHUVSHFLILF�VSHFLHV�
ZHUH� DSSOLFDEOH� ZKHQHYHU� WKH� WDJV� ZHUH�
FRPSDUHG�� $QDO\VLV� RI � LQWUD� DQG� LQWHUVSHFLILF�
GLVWDQFHV�VKRZHG�D�EDUFRGLQJ�JDS�LQ�6DQWDODFHDH�

�9�� DUWLFXODWXP�� XVLQJ�PDW.� UHJLRQ� �)LJX� ��� DQG�
/RUDQWKDFHDH�XVLQJ�UEF/�UHJLRQ��)LJ������+RZHYHU��
WKH�ILQGLQJ�RI �EDUFRGLQJ�JDS�XVLQJ�JHQHWLF�ORFXV�
RI �PDW.�DQG�UEF/�VWLOO�QHHGV�LPSURYHG�DFFXUDF\�E\�
LQFUHDVLQJ�WKH�QXPEHU�RI �VDPSOHV�
� $FFRUGLQJ�WR�/LX�HW�DO����������WKH�PRUH�RYHUODS�
RFFXUV� EHWZHHQ� LQWUDVSHFLILF� DQG� LQWHUVSHFLILF�
GLVWDQFHV��WKH�OHVV�HIIHFWLYH�RI �EDUFRGH�UHJLRQ�WKDW�
FDQ�EH�FKRVHQ�DV�D�FDQGLGDWH�'1$�EDUFRGH�GXH�WR�
WKH�FRQGLWLRQ�RI�WKH�UHJLRQ��2QO\�WKH�UHJLRQ�WKDW�
KDV� D� VPDOOHU� LQWUDVSHFLILF� YDULDWLRQ� WKDQ�
LQWHUVSHFLILF�FDQ�EH�D��FDQGLGDWH�'1$�EDUFRGH��,Q�
WKH� FDVH� RI � LQWHUVSHVLILF� YDULHW\��PDW.� DQG� UEF/�
UHJLRQV�XVHG�LQ�WKLV�VWXG\�IRU�/RUDQWKDFHDH�DQG�
6DQWDODFHDH� ZHUH� FRQVLGHUHG� WR� KDYH� JRRG�
GLVWLQFWLYH�DELOLW\��DV�VKRZQ�IURP�WKH�JDS�

7DEOH�������$YHUDJH�YDOXH�RI �LQWUDVSHFLILF�DQG�LQWHUVSHFLILF�GLVWDQFHV�FDOFXODWHG�XVLQJ�D�.LPXUD���SDUDPHWHU�PRGHO

)DPLO\�
$YHUDJH�RI �LQWUDVSHFLILF�GLVWDQFH � $YHUDJH�RI ��LQWHUVSHFLILF�GLVWDQFH �
PDW.� UEF/ � PDW. � UEF/ �

/RUDQWKDFHDH� ����������� � ����������� � ����������� � ����������� �
6DQWDODFHDH� ����������� � ����������� � ����������� � ����������� �

����
1RWH� 'DWD�DUH�SUHVHQWHG�DV�PHDQ�6'

)LJXUH���� 'LVWLEXWLRQV�RI �LQWUDVSHFLILF�.�3�DQG�LQWHUVSHFLILF�.�3�LQ�PDW.�UHJLRQ� �VKRZLQJ�EDUFRGLQJ�JDS�LQ�6DQWDODFHDH�
IDPLO\
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3K\ORJHQHWLF�$QDO\VLV

� 7KH�DLP�RI �SK\ORJHQHWLF�DQDO\VLV�LV�WR�FRQILUP�
WKH�NLQVKLS�RI �LQGLYLGXDO�VDPSOHV��,W�LV�H[SHFWHG�
WKDW�WKH�LQGLYLGXDO�VDPSOHV�FDQ�EH�JURXSHG�EDVHG�
RQ�WD[RQRPLFDO�VLPLODULW\��DW�WKH�VSHFLHV��JHQXV�RU�
IDPLO\�OHYHOV�DQG�EH�FRQILUPHG�ZLWK�KLJK�YDOXH�RI �
&RQVLVWHQF\� ,QGH[� �&,��� 7KH� SUHVHQW� VWXG\�
VKRZHG� WKDW� SUHOLPLQDU\� UHVXOWV� RI � %/$67

VHTXHQFHV�PDWFKHG�ZLWK�WKH�VDPH�'1$�VHTXHQFH�
RU� KDV� D� FORVH� UHVHPEODQFH� WR� WHDN� PLVWOHWRH�
VSHFLHV��7DEOH����
� 5HVXOWV� RI � VSHFLHV� LGHQWLILFDWLRQ� FRQGXFWHG�
XVLQJ� %/$67� DQDO\VLV� �7DEOH� ��� ZHUH� GLIIHUHQW�
IURP�UHVXOWV�RI �VSHFLHV�LGHQWLILFDWLRQ�FRQGXFWHG�
EDVHG�RQ�PRUSKRORJLFDO�FKDUDFWHULVWLFV��7DEOH�����
IRU� H[DPSOH� 'HQGURSKWKRH� FXUYDWD� �7DEOH� ��� LV

7DEOH����,GHQWLILFDWLRQ�UHVXOWV�RI �WHDN�PLVWOHWRH�XVLQJ�'1$�EDUFRGH

1R�� &RGHD� 5HJLRQ �
%/$67 �DQDO\VLV �

UHVXOW �
,GHQWLILFDWLRQ

����
$FFHVVLRQ�FRGH�

�1&%,� �

�� '�� PDW. � 'HQGURSKWKRH�FXUYDWD � �� � (8�������� �
� � UEF/ � 'HQGURSKWKRH�SHQWDQGUD � ��� � +4�������� �
�� 0�� PDW. � 0DFURVROHQ�FRFKLQFKLQHQVLV � �� � .3�������� �
� � UEF/ � 0DFURVROHQ�FRFKLQFKLQHQVLV � �� � +4�������� �
�� 9�� PDW. � 9LVFXP�DUWLFXODWXP � �� � ()�������� �
� � UEF/ � 9LVFXP�DUWLFXODWXP � �� � .)�������� �
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� �
UEF/ � 'HQGURSKWKRH�SHQWDQGUD

�
���

�
+4��������

�
�� 0�� PDW. � 0DFURVROHQ�FRFKLQFKLQHQVLV � �� � .3�������� �

� �
UEF/ � 0DFURVROHQ�FRFKLQFKLQHQVLV

�
��

�
+4��������

�
�
�

9�
�

PDW. � 9LVFXP�DUWLFXODWXP
�

��
�

()��������
�

� �
UEF/

�
9LVFXP�OLTXLGDPEDULFROD

�
��

�
*4��������

�
�
�

'�
�

PDW.
�

'HQGURSKWKRH�FXUYDWD
�

��
�

(8��������
�

� �
UEF/

�
'HQGURSKWKRH�SHQWDQGUD

�
���

�
+4��������

��
�

0�
�

PDW.
�

0DFURVROHQ�FRFKLQFKLQHQVLV
�

��
�

.3��������
�

� �
UEF/

�
0DFURVROHQ�FRFKLQFKLQHQVLV

�
��

�
+4��������

��
�

9�
�

PDW.E

�
9LVFXP�DUWLFXODWXP

�
�
�

�
�UEF/ 9LVFXP�OLTXLGDPEDULFROD �� (4��������

� D
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)LJXUH��� 'LVWLEXWLRQV�RI �LQWUDVSHFLILF�.�3�DQG�LQWHUVSHFLILF�.�3�LQ�UEF/�UHJLRQ�VKRZLQJ�EDUFRGLQJ�JDS�LQ�/RUDQWKDFHDH�
IDPLO\
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%,27523,$�9RO�����1R���������



GLIIHUHQW� �IURP� �'HQGURSKWKRH�SHQWDQGUD��7DEOH�����
9LVFXP�OLTXLGDPEDULFROD��7DEOH����LV�GLIIHUHQW��IURP�
9LVFXP�DUWLFXODWXP��7DEOH����� �7DEOH���DOVR�VKRZV�
GLIIHUHQW�VSHFLHV�QDPH�IURP�WKH�VDPSOHV��L�H��'��
DQG�'��DW�PDW.�UHJLRQ� �DQG� �9��DQG�9��DW�UEF/�
UHJLRQ�� 'HJUHH� RI � DFFXUDF\� RI � VSHFLHV�
LGHQWLILFDWLRQ�XVLQJ�%/$67�DQDO\VLV�LV�SUHVHQWHG�
LQ�7DEOH���

� $QDO\VLV�RI �'1$�EDUFRGH�XVLQJ�PDW.�UHJLRQ�
FRXOG� LGHQWLI\� '�� SHQWDQGUD� XS� WR� VSHFLHV� OHYHO�
�RQH�LQGLYLGXDO��ZLWK�KRPRORJ\�YDOXH�RI �����DQG�
XS�WR�JHQXV�OHYHO��WZR�LQGLYLGXDOV��ZLWK�KRPRORJ\�
YDOXH� RI � �����PDW.� UHJLRQ� FRXOG� DOVR� LGHQWLI\�
0��WHWUDJRQXV�XS�WR�JHQXV�OHYHO��WKUHH�LQGLYLGXDOV��
ZLWK� KRPRORJ\� YDOXH� RI � ����� EXW� FRXOG� QRW�
LGHQWLI\�0�� WHWUDJRQXV� XS� WR� VSHFLHV� OHYHO� GXH� WR�
XQDYDLODEOH�VHTXHQFH�GDWD�RI �0��WHWUDJRQXV�LQ�WKH�
*HQ� %DQN� GDWDEDVH� DQG� %2/'� V\VWHP� ZKLFK�
ZHUH� XVHG� DV� WKH� UHIHUHQFHV�� )XUWKHUPRUH�� WKLV�
UHJLRQ�FRXOG�LGHQWLI\�9��DUWLFXODWXP�XS�WR�VSHFLHV�
OHYHO� �WZR� LQGLYLGXDOV�� ZLWK� KRPRORJ\� YDOXH� RI �
����
� 2Q�WKH�RWKHU�KDQG��DQDO\VLV�RI �'1$�EDUFRGH�
XVLQJ�UEF/�UHJLRQ�FRXOG�LGHQWLI\�'��SHQWDQGUD� � � �XS�
WR�VSHFLHV�OHYHO��WKUHH�LQGLYLGXDOV��ZLWK�KRPRORJ\�
YDOXH� RI � ������0�� WHWUDJRQXV� XS� WR� JHQXV� OHYHO�
�WKUHH�LQGLYLGXDOV��ZLWK�KRPRORJ\�YDOXH�RI �����
DQG� 9�� DUWLFXODWXP� XS� WR� VSHFLHV� OHYHO� � � � � � � � � � � � � � � � � � � �

�RQH�LQGLYLGXDO��DQG�JHQXV�OHYHO��WZR�LQGLYLGXDOV��
ZLWK� WKH� VDPH�KRPRORJ\�YDOXHV�RI ������7KXV��
7DEOH� �� VKRZV� WKH� GHJUHH� RI � VLPLODULW\�
�KRPRORJ\�� REWDLQHG� IURP� %/$67� DQDO\VLV�
KDYLQJ�KRPRORJ\�YDOXHV�UDQJHG�IURP����WR�������
6FLHQWLILF�QDPHV�RI �WKH�WKUHH�PLVWOHWRH�VSHFLHV�DUH�
OLVWHG�LQ�WKH�3ODQW�/LVW��KWWS���ZZZ�WKHSODQWOLVW��
RUJ��LQ�ZKLFK�'HQGURSKWKRH�SHQWDQGUD�KDV�
DFFHSWHG
�
VWDWXV� ZLWK� FRQILGHQFH� OHYHO� 

�� 0DFURVROHQ�
WHWUDJRQXV�KDV�
XQUHVROYHG
�VWDWXV�ZLWK�FRQILGHQFH�
OHYHO� 
��9LVFXP� DUWLFXODWXP� KDV� 
DFFHSWHG
� VWDWXV�
ZLWK�FRQILGHQFH�OHYHO�

�
� 7DEOH���DOVR�VKRZV�WKDW�'1$�EDUFRGLQJ�XVLQJ�
PDW.� DQG� UEF/� UHJLRQV� LV� PRUH� DFFXUDWH� WR�
GLVWLQJXLVK� VDPSOHV� XS� WR� JHQXV� DQG� VSHFLHV�
OHYHOV�FRPSDUHG�WR�PRUSKRORJLFDO�FKDUDFWHULVWLFV��
+RZHYHU�� WKH� SUHVHQW� VWXG\� VKRZHG� WKDW�PDW.�
UHJLRQ� KDV� EHWWHU� DELOLW\� WR� GLVFULPLQDWH� WKDQ�
UEF/� � UHJLRQ�� 7KLV� ILQGLQJ� LV� FRQVLVWHQW� ZLWK�
VWXGLHV� UHSRUWHG� E\�+ROOLQJVZRUWK� HW� DO�� �������
DQG� 1RYLDQW\� �������� UEF/� UHJLRQ� KDV� KLJK�
DPSOLILFDWLRQ� VXFFHVV� DQG� LV� � HDVLO\� VHTXHQFHG�
IRU� PDQ\� VSHFLHV�� 2Q� WKH� RWKHU� KDQG�� PDW.�
UHJLRQ� LV� GLIILFXOW� WR� DPSOLI\�� EXW� KDV� KLJK�
DFFXUDF\�WR�GLVWLQJXLVK�XS�WR�VSHFLHV�OHYHO��.RFK�
HW� DO�� ������ 7UDQJ� � HW� DO�� ������� � 7KH� SUHVHQW�
VWXG\� VKRZHG� WKDW� DPSOLILFDWLRQ� RI � VDPSOH� 9��
ZDV�QRW�VXFFHVVIXOO\�FRQGXFWHG�XVLQJ�PDW.�UHJLRQ�
�7DEOH����

7DEOH����'HJUHH�RI �DFFXUDF\�RI �VSHFLHV�LGHQWLILFDWLRQ�EDVHG�RQ�PDW.�DQG�UEF/�UHJLRQV�XVLQJ�%/$67�DQDO\VLV
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)LJXUH���� 3K\ORJHQ\�WUHH�EDVHG�RQ�PDW.�UHJLRQ�DW�IDPLO\�OHYHO�XVLQJ�1HLJKERU�-RLQLQJ��1-��WUHH�PHWKRG
� �1RWH����D��/RUDQWKDFHDH�IDPLO\���E��6DQWDODFHDH�IDPLO\��*%� ��*HQ%DQN��2*� �2XW�JURXS�

� 6WXG\LQJ� IDPLO\� RI � FHUWDLQ� VSHFLHV� FDQ� EH�
H[SODLQHG�E\�UHFRQVWUXFWLQJ�SK\ORJHQ\�WUHH�RI �WKH�
IDPLO\�� �,Q�WKH�FODGRJUDP��VSHFLHV�EHORQJ�WR�RQH�
IDPLO\� DUH� ORFDWHG� LQ� DQ� DGMDFHQW� FODGH�� � 6PDOO�
FODGH�LV�VXVSHFWHG�RI �KDYLQJ�YHU\�VPDOO�GLIIHUHQFHV�
LQ� EDVH� VHTXHQFH� �=XD]R� 	� $JQDUVRQ� �������
3K\ORJHQHWLF� WUHHV� RI � /RUDQWKDFHDH� DQG�
6DQWDODFHDH�IDPLOLHV�DUH�SUHVHQWHG�LQ�)LJXUH���DQG�
��� %RWK� ILJXUHV� VKRZ� FRQVLVWHQF\� YDOXH� RI �
ERRWVWUDS� WKDW� GLYHUVH� RQ� HYHU\� ORFXV� RI �
SK\ORJHQ\�WUHH��PDW.�UHJLRQ�KDV�ERRWVWUDS�YDOXH�
UDQJH�RI ����²�����IRU�/RUDQWKDFHDH�IDPLO\�DQG�
UDQJH� RI � ��� ²� ���� IRU� 6DQWDODFHDH� IDPLO\�� UEF/�
UHJLRQ�KDV�ERRWVWUDS�YDOXH�UDQJH�RI ����²�����IRU�
/RUDQWKDFHDH�IDPLO\�DQG�UDQJH�RI ����²�����IRU�

6DQWDODFHDH� IDPLO\�� � +LJKHU� ERRWVWUDS� YDOXH�
LQGLFDWHV� KLJKHU� VWDELOLW\� RI � SK\ORJHQ\� WUHH�
EUDQFK�
� PDW.�DQG� UEF/� UHJLRQV�RI � WKH� WKUHH� VDPSOHV�
RI � WKH� UHVSHFWLYH�'�� SHQWDQGUD� DQG�0�� WHWUDJRQXV�
�/RUDQWKDFHDH�� IRUP� VHSDUDWH� FODGHV� RI � ERWK�

VSHFLHV� DQG� LW� LV� FDOOHG� PRQRSK\OHWLFX� 7KH� VDPH�
UHVXOW� LQWHUSUHWDWLRQ� FDQ� DOVR� EH� DSSOLHG� RQ�
WKH� WZR� VDPSOHV� RI �9�� DUWLFXODWXP� �6DQWDODFHDH��

ZKLFK� LQFOXGHG� DV� PRQRSK\OHWLFX� )LJXUH� �D� 	�
�D� VKRZV� WKDW� '�� SHQWDQGUD� DQG� 0�� WHWUDJRQXV�
IRUP�VHSDUDWH� FODGHV�� �7KHVH� ILJXUHV� DOVR� VKRZ�
WKDW� WKH� WZR� PLVWOHWRH� VSHFLHV� ZHUH� WUXO\�
GLIIHUHQW� VSHFLHV� EDVHG� RQ� ERWK�PDW.� DQG� UEF/�
UHJLRQV�������������

���

�D�

�E�
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)LJXUH��� 3K\ORJHQ\�WUHH�EDVHG�RQ�UEF/�UHJLRQ�DW�IDPLO\�OHYHO�XVLQJ�1HLJKERU�-RLQLQJ��1-��WUHH�PHWKRG
� �1RWH����D��/RUDQWKDFHDH�IDPLO\���E��6DQWDODFHDH�IDPLO\��*%�� ��*HQ%DQN��2*� �2XW�JURXS�

&21&/86,216

� '1$�EDUFRGLQJ� JDS� UHVXOWV� REWDLQHG� LQ� WKLV�
VWXG\�VKRZHG�WKDW�PDW.�DQG�UEF/�UHJLRQV�KDG�DQ�
DYHUDJH�YDOXH�RI �LQWHUVSHFLILF�GLVWDQFHV�WKDW�ZHUH�
KLJKHU� WKDQ� LQWUDVSHFLILF� RQH�� 7KH� UHVXOWV�
VXJJHVWHG� WKDW� WKRVH� UHJLRQV� FRXOG� EH� DFFXUDWH�
FDQGLGDWHV� RI � '1$� EDUFRGH� IRU� GLVWLQJXLVKLQJ�
WKH�WZR�PLVWOHWRH�VSHFLHV�L�H��'HQGURSKWKRH�SHQWDQGUD�
DQG� 0DFURVROHQ� WHWUDJRQXV� KDYLQJ� VLPLODU� OHDI �
PRUSKRORJLFDO� FKDUDFWHULVWLFV� DQG� EHORQJLQJ� WR�
/RUDQWKDFHDH� IDPLO\�� 7KHVH� UHJLRQV� FRXOG� DOVR�
LGHQWLI\� 9LVFXP� DUWLFXODWXP� DQG� RWKHU� VSHFLHV�
EHORQJLQJ� WR� 6DQWDODFHDH� IDPLO\��$SSOLFDWLRQ� RI �
PDW.� DQG� UEF/� UHJLRQV� ZDV� DEOH� WR� GLVWLQJXLVK�
WKRVH� WKUHH�PLVWOHWRH� VSHFLHV� XS� WR� VSHFLHV� DQG�
JHQXV�OHYHOV�

$&.12:/('*(0(176

� 7KLV� VWXG\� ZDV� IXQGHG� E\�',3$� 6($0(2�
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31/7�,,,�������� 7KH� DXWKRUV� WKDQN� 0U�
6XZDUQR��+HDG� RI � 5HVHDUFK� DQG�'HYHORSPHQW�
&HQWHU�3HUKXWDQL�DQG�WKH�WHFKQLFDO�VWDII �IRU�WKHLU�
NLQG�DVVLVWDQFH�LQ�VDPSOH�FROOHFWLRQV�

5()(5(1&(6

$QZDU�$����������9DULDVL�PRUIRORJL�GDXQ�GDQ�VHNXHQV�,76��
SDGD� MHOXWXQJ� GDUDW� �'\HUD� FRVWXODWD� �0LT��+RRN�I��
GDQ� MHOXWXQJ� UDZD� �'\HUD� SRO\SK\OOD� �0LT��� 6WHHQLV��
>0DVWHU� 7KHVLV@�� %RJRU� �,'��� ,QVWLWXW� 3HUWDQLDQ�
%RJRU�

%DUEX�&�� ������� �,PSDFW�RI �ZKLWH�PLVWOHWRH��9LVFXP�DOEXP�
VVS�� $ELHWLV�� LQIHFWLRQ� RQ� QHHGOHV� DQG� FURZQ�
PRUSKRORJ\�RI �6LOYHU�ILU��$ELHV�DOED�0LOO����1RW�%RW�
+RUWL�$JURER�������������

'HY�6$��0XUDOLGKDUDQ�(0��6XMDQDSDO�3��%DODVXQGDUDQ�0��
������,GHQWLILFDWLRQ�RI �PDUNHW�DGXOWHUDQWV� LQ�(DVW�
,QGLDQ�VDQGDOZRRG�XVLQJ�'1$�EDUFRGLQJ��$QQ�)RU�
6FL�������²���

'LFN� &:�� .UHVV� :-�� ������ 'LVVHFWLQJ� WURSLFDO� SODQW
GLYHUVLW\�ZLWK�IRUHVW�SORWV�DQG�D�PROHFXODU�WRRONLW��
-�%LRVFL�����������
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'1$�EDUFRGH�FKDUDFWHUL]DWLRQ�RI �PLVWOHWRH�LQIHVWDWLRQ�LQ�WHDN�²�0XWWDTLQ�HW�DO�



'UHVFKHU�-��5HPEROG�.��$OOHQ�.��%HFNVFKlIHU�3��%XFKRUL�
'�� &ORXJK� <�� «�� 6FKHX� 6�� ������ (FRORJLFDO� DQG�
VRFLR�HFRQRPLF� IXQFWLRQV� DFURVV� WURSLFDO� ODQG�XVH�
V\VWHPV� DIWHU� UDLQIRUHVW� FRQYHUVLRQ�� � 3KLO�� 7UDQV��
5�� 6RF�� %� �������������� GRL�� ���������
UVWE�����������

(OOLV�%��'RXJODV�&'��/HR�-+��.LUN�5-��-RKQ�'0��3HWHU�:��
6FRWW�/:����������0DQXDO�RI �OHDI �DUFKLWHFWXUH��,WKDFD�
�86���&RUQHOO�8QLYHUVLW\�3UHVV������S�

)D]HND]�$-��.X]PLQD�0/��1HZPDVWHU�6*��+ROOLQJVZRUWK�
30�� � ������ � '1$� EDUFRGLQJ� PHWKRGV� IRU� ODQG�
SODQWV�� � 0HWKRGV� 0RO� %LRO� ������������ GRL��
�����������������������������

*HPERQJ�7��������0RUIRORJL�7XPEXKDQ��<RJ\DNDUWD��,'���
*DGMDK�0DGD�8QLYHUVLW\�3UHVV������S�

+DVDQEDKUL�6��0DUVRQR�'M��+DUGLZLQRWR�6��6DGRQR�5���������
,QIHVWDWLRQ� RI � PLVWOHWRH� RQ� VHYHUDO� DJHV� RI � WHDN�
SODQWDWLRQ� LQ� %HJDO� )RUHVW� 6XE�'LVWULFW�� 1JDZL�
)RUHVW�'LVWULFW�� (DVW� -DYD�� -��+XPDQ� DQG�(QYLURQ�
��������������

+ROOLQJVZRUWK�30��)RUUHVW�//��6SRXJH�-/��+DML�EDEDHL�0��
5DWQDVLQJKDP�6��YDQ�GHU�%DQN�0��&KDVH�0:��&RZDQ�
56��(ULFNVRQ�'/��)DD]HNDV�$-�HW�DO�� ������� �'1$�
EDUFRGH�IRU�ODQG�SODQWV�� �3URF�1DWO�$FDG�6FL�86$�
������������

+ROOLQJVZRUWK�30��*UDKDP�6:��/LWWOH�'3����������&KRRVLQJ�
DQG� XVLQJ� D� SODQW� '1$� EDUFRGH�� 3ORV� 2QH�
�����H������

.DGLU�$��/XNLWR�(��$GKL�6��,QVDS�6��������([SHULPHQWV�RI �
]HUQLNH� PRPHQWV� IRU� OHDI � LGHQWLILFDWLRQ�� -$7,7�
������������

.RFK�0$��&DORQMH�0��*RQJ�:���������1RQ�&RGLQJ�QXFOHDU�
'1$� PDUNHUV� LQ� 3K\ORJHQHWLFV� UHFRQVWUXFWLRQ��
3ODQW�6\VW�(YRO�������������

.UHPHU� $�� 'XSRXH\� -/�� 'HDQV� -'�� &RWWUHOO� -�� &VDLNO� 8��
)LQNHOGH\� 5�� «�� %DGHDX� 9�� ������ /HDI �
PRUSKRORJLFDO� GLIIHUHQWLDWLRQ� EHWZHHQ� 4XHUFXV�
URERXU� DQG�4XHUTXV� SHWUDHD� LV� VWDEOH� DFURVV� ZHVWHUQ�
(XURSHDQ� PL[HG� 2DN� VWDQGV�� $QQ� )RU� 6FL� ���
�������

.ZDQGD�1��.RZLW�1��5XQJODZDQ�6��7DZDWFKDL�7��$UXQUDW�&���
������ �0HGLFLQDO� SDUDVLWLF� SODQWV� RQ�GLYHUVH� KRVWV�
ZLWK�WKHLU�XVDJHV�DQG�EDUFRGHV��-�1DW�0HG������������
$YDLODEOH� IURP�� � KWWS���NSL�PVX�DF�WK�XSORDG��
DJBWRUBUHIBE\YDO�DJB��BLQB�����B���������SGI�GRL
��������V������������������5HWULHYHG�RQ����0DUFK�
�����

/DKD\H�5��9DQ�GHU�%0��%RJDULQ�'��:DUQHU� -��3XSXOLQ�)��
*LJRW� *��0DXULQ�2�� 'XWKRLW� 6�� %DUUDFORXJK� 7*��
6DYRODLQHQ�9�� �������'1$�EDUFRGLQJ�WKH�IORUDV�RI �
ELRGLYHUVLW\�KRWVSRWV��3URF��1DWO��$FDG��6FL��8�6�$�� �
��������������

/LX�-��0ROOHU�0��*DR�/0��=KDQJ�'4��/L�'-�� ������� �'1$�
EDUFRGLQJ�IRU�WKH�GLVFULPLQDWLRQ�RI �(XULVLDQ�\HZV�
�7D[XV� /��� 7D[DFHDH�� DQG� GLVFRYHU\� RI � FU\SWLF�
VSHFLHV�� 0RO� (FRO� 5HVRXU� ������� ��²�����
GRL���������M����������������������

0DUD]]L� %��(QGUHVV� 3.�� GH�4XHLUR]� /3��&RQWL� (�� ������
3K\ORJHQHWLF� UHODWLRQVKLSV� ZLWKLQ� VHQQD�
�/HJXPLQRVDH�� &DVVLLQDH�� EDVHG� RQ� WKUHH�
FKORURSODVW�'1$�UHJLRQV��SDWWHUQV�LQ�WKH�HYROXWLRQ�
RI �IORUDO�V\PPHWU\�DQG�H[WUDIORUDO�QHFWDULHV��$P�-�
%RW���������������

0LVKUD�3��.XPDU�$��1DJLUHGG\�$��0DQL�'1��6KXNOD�$.��
7LZDUL�5��6XQGDUHVDQ�9���������'1$�EDUFRGLQJ��DQ�
HIILFLHQW�WRRO�WR�RYHUFRPH�DXWKHQWLFDWLRQ�FKDOOHQJHV�
LQ�WKH�KHUEDO�PDUNHW��3ODQW�%LRWHFK�-������������

0LQLWDE� ,QF�� ������ �0HHW�0LQLWDE� ��� IRU�:LQGRZV��86��
0LQLWDE�,QF�

0XWWDTLQ� =�� %XGL� 6:5��:DVLV� %�� 6LUHJDU� ,=�� &RUU\DQWL�� �
�������$VVHVVLQJ�LQWHQVLW\�RI �PLVWOHWRH�LQIHVWDWLRQ�LQ�
WHDN�FORQDO�VHHG�RUFKDUG��&62��3DGDQJDQ��(DVW�-DYD���
3URFHGLD�(QYLURQPHQWDO�6FLHQFHV������������ �GRL��
��������M�SURHQY�������������

1RYLDQW\�/����������.DUDNWHULVDVL�'1$�EDUFRGH�SDGD�OLPD�
MHQLV� SRKRQ� ODQJND� GL� 37�� 5HVWRUDVL� (NRVLVWHP�
,QGRQHVLD� �-DPEL�� >0DVWHU� 7KHVLV@�� � %RJRU� �,'���
,QVWLWXW�3HUWDQLDQ�%RJRU�

3XUXVKRWKDPDQ�1��1HZPDVWHU�6*��5DJXSDWK\�6��6WDOLQ�1��
6XUHVK�'��$UXQUDM�'5��«� ��3DUDQL�0�� ������� �$�
WLHUHG�EDUFRGH� DXWKHQWLFDWLRQ� WRRO� WR�GLIIHUHQWLDWH�
PHGLFLQDO�&DVVLD� VSHFLHV� LQ� ,QGLD��*HQHW�0RO�5HV�
��������������

6366�,QF�� ������� �6366�6WDWLVWLFV�%DVH������8VHU
V�*XLGH�� �
&KLFDJR��86���6366�,QF�

6WRHFNOH�0<��*DPEOH�&&��.LUSHNDU�5��<RXQJ�*��$KPHG�6��
/LWWOH�'3�� �������&RPPHUFLDO� WHDV�KLJKOLJKW�SODQW�
'1$� EDUFRGH� LGHQWLILFDWLRQ� VXFFHVVHV� DQG�
REVWDFOHV���6FL�5HS�����������

7DPXUD�.�� 6WHFKHU�*��3HWHUVRQ�'��)LOLSVNL�$��.XPDU� 6�� �
������ � 0(*$��� 0ROHFXODU� HYROXWLRQDU\�
JHQHWLFV� DQDO\VLV� YHUVLRQ� ����� � 0RO� %LRO� (YRO�
����������

7UDQJ� 173�� 'XF� 10�� 6LQK� 19�� 7ULHVW� /�� ������ �
$SSOLFDWLRQ� RI � '1$� EDUFRGLQJ� PDUNHUV� WR� WKH�
LGHQWLILFDWLRQ� RI �+RSHD� VSHFLHV�� *HQHW��0RO�� 5HV��
��������������

7XGJH� &�� � ������ 7KH� YDULHW\� RI � OLIH�� D� VXUYH\� DQG� D�
FHOHEUDWLRQ� RI � DOO� WKH� FUHDWXUHV� WKDW� KDYH� HYHU�
OLYHG���1HZ�<RUN��86���2[IRUG�8QLYHUVLW\�3UHVV������
S�

9DOHQWLQL� $�� 3RPSDQRQ� )�� 7DEHUOHW� 3�� � ������ � '1$�
EDUFRGLQJ� IRU� (FRORJLVWV�� � 7UHQGV� (FRO� (YRO�
������������

:X�6*��)RUUHVW�6%��(ULF�<;��<X�;XDQ�:��<L�)DQ�&��4LDR�
/LDQJ� ;�� ������ $� OHDI � UHFRJQLWLRQ� DOJRULWKP� IRU�
SODQW� FODVVLILFDWLRQ� XVLQJ� SUREDELOLVWLF� QHXUDO�
QHWZRUN�� ,Q� VLJQDO� SURFHVVLQJ� DQG� ,QIRUPDWLRQ�
WHFKQRORJ\��������

=XD]R� ;9�� $JQDUVRQ� ,�� � ������ 6KDUN� WDOHV�� D�PROHFXODU�
VSHFLHV�OHYHO�SK\ORJHQ\�RI �VKDUNV��6HODFKLPRUSKD��
&KRQGULFKWK\HV��� �6DQ�-XDQ� �35���'HSDUWPHQW�RI �
%LRORJ\��8QLYHUVLW\�RI �3XHUWR�5LFR�
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