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'HSDUWPHQW�RI �%LRORJ\��)DFXOW\�RI �6FLHQFH�DQG�7HFKQRORJ\��&KLDQJ�0DL�5DMDEKDW�8QLYHUVLW\�
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� $�FRPSDULVRQ�RI �EHQWKLF�GLDWRPV�LQ�WKH�3LQJ�5LYHU�DQG�LWV�WULEXWDULHV��LQFOXGLQJ�WKH�0DH�+DR�DQG�0DH�/XDQJ�
6WUHDPV�LQ�0DH�7DHQJ�'LVWULFW�RI �&KLDQJ�0DL�3URYLQFH��7KDLODQG�ZDV�LQYHVWLJDWHG�LQ�$XJXVW�DQG�1RYHPEHU������DW�
WKUHH�ORFDWLRQV�LQ�HDFK�ZDWHU�ERG\��7KH�KLJKHVW�DEXQGDQFH�RI �EHQWKLF�GLDWRPV�ZDV�IRXQG�LQ�WKH�3LQJ�5LYHU������
VSHFLHV���IROORZHG�E\�0DH�+DR������VSHFLHV��DQG�0DH�/XDQJ�6WUHDPV�����VSHFLHV���UHVSHFWLYHO\��7KH�PRVW�DEXQGDQW�
VSHFLHV�IRXQG�LQ�WKH�3LQJ�5LYHU�ZHUH�3ODQRWKLGLXP�ODQFHRODWXP��1LW]VFKLD�SDOHD��1DYLFXOD�FU\SWRWHQHOOD�DQG�6HPLQDYLV�VWULJRVD��
7KH�PRVW�DEXQGDQW�VSHFLHV�IRXQG�LQ�WKH�0DH�+DR�6WUHDP�ZHUH�1LW]VFKLD�SDOHD��6HPLQDYLV�VWULJRVD��6XULUHOOD�VSOHQGLGD�DQG�
6HOODSKRUD�SXSXOD��7KH�PRVW�DEXQGDQW�VSHFLHV�IRXQG�LQ�WKH�0DH�/XDQJ�6WUHDP�ZHUH�1DYLFXOD�FU\SWRWHQHOOD��'LDGHVPLV�
FRQWHQWD��.DUD\HYLD�REORQJHOOD�DQG�$FKQDQWKHV�EUHYLSHV��$GGLWLRQDOO\��$PSKLSOHXUD�OLQGKHLPHUL�*UXQRZ�ZDV�LGHQWLILHG�DV�D�
QHZO\�UHFRUGHG�VSHFLHV�IRU�7KDLODQG��7KLV�VWXG\�GHWHUPLQHG�WKDW�WKH�3LQJ�5LYHU�DQG�0DH�+DR�6WUHDP�ZHUH�VLPLODU�
ERGLHV�RI �ZDWHU�ZKHQ�FRPSDUHG�ZLWK�WKH�0DH�/XDQJ�6WUHDP�LQ�WHUPV�RI �EHQWKLF�GLDWRP�GLYHUVLW\�DQG�ZDWHU�TXDOLW\��,Q�
DGGLWLRQ��LQGLFDWRU�VSHFLHV�RI �WROHUDQFH�DQG�VHQVLWLYLW\�WR�RUJDQLF�SROOXWLRQ�ZHUH�IRXQG��

� .H\ZRUGV��'LYHUVLW\�LQGH[��:DWHU�TXDOLW\��&OXVWHU�DQDO\VLV��$PSKLSOHXUD�OLQGKHLPHUL
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%HQWKLF�GLDWRPV�DUH�XQLFHOOXODU�DQG�HXNDU\RWLF�
PLFURRUJDQLVPV� DQG�KDYH�EHHQ�FODVVLILHG� LQ� WKH�
'LYLVLRQ� %DFLOODULRSK\WD�� 7KH\� DUH� WKH� PRVW�
FRPPRQ�JURXS�RI �DOJDH� WKDW�DUH� IRXQG� LQ� ORWLF�
HFRV\VWHPV� �6WRHUPHU� 	� 6PRO� ������� ,Q� WKH�
QRUWKHUQ�SDUW�RI �7KDLODQG��RQO\�D�IHZ�VWXGLHV�KDYH�
IRFXVHG�RQ�WKH�EHQWKLF�GLDWRP�GLYHUVLW\�RI �ZDWHU�
ERGLHV�RI �WKLV�DUHD�DQG�WKHVH�LQFOXGH��3LQJ�5LYHU�
�/HHODKDNULHQJNUDL�	�3HHUDSRUQSLVDO��������<RP�
5LYHU��<DQD� ��������DQG�:DQJ�5LYHU��1DNNDHZ�HW�DO�
HW�DO���������,Q�&KLDQJ�0DL��RQO\�WZR�VWXGLHV�KDYH�
IRFXVHG�RQ�WKHVH�WULEXWDULHV��7KH�ILUVW�RQH�IRFXVHG�
RQ�WKH�0DH�6D�6WUHDP�DW�0DH�5LP�'LVWULFW�DQG�ZDV�
FRQGXFWHG�E\�3HHUDSRUQSLVDO� ���������DQG�WKH�HW�DO�
VHFRQG�VWXG\�IRFXVHG�RQ�WKH�0HD�/X�DQG�7RQJ�7D�
6WUHDPV� LQ� &KLDQJ� 'DR� 'LVWULFW� DQG� ZDV�
FRQGXFWHG� E\� /HHODKDNULHQJNUDL� �������� 7KHUH�

KDYH� EHHQ� QR� RWKHU� UHSRUWV� DFFRUGLQJO\� RQ�
EHQWKLF�GLDWRP�GLYHUVLW\� LQ�DUHDV�RI �0DH�7HDQJ�
'LVWULFW� 7KLV�GLVWULFW� LV� WKH�� � ODUJHVW�GLVWULFW� LQ�

WK
�

&KLDQJ� 0DL� 3URYLQFH�� ZKLFK� LV� ORFDWHG� LQ� WKH�
QRUWK�RI �7KDLODQG��7KLV�DUHD� LV�FRPSULVHG�RI �D�
YDULHW\�RI �JHRJUDSKLFDO�FKDUDFWHULVWLFV�DQG�KDV�DQ�
DOWLWXGH�RI �EHWZHHQ����������PHWHUV�DERYH�VHD�
OHYHO��7KH�DUHD�KDV�PDQ\�WULEXWDULHV�WKDW�UHVXOW�LQ�D�
EURDG�GLYHUVLW\�RI �RUJDQLVPV��0DH�+DR�DQG�0DH�
/XDQJ�6WUHDPV DUH�WZR�RI WKH�PDMRU�WULEXWDULHV�LQ�� �
0DH�7DHQJ�'LVWULFW�DQG�UXQ�WKURXJK�6DQ�3D�<DQJ�
DQG�3D�3DH�6XE�GLVWULFWV��UHVSHFWLYHO\��:LWK�UHJDUG�
WR� WKLV� ORFDWLRQ�� GLIIHUHQFHV� ZHUH� LGHQWLILHG� LQ�
WHUPV� RI � WKH� JHRJUDSKLFDO� FKDUDFWHULVWLFV� DQG�
XWLOL]DWLRQ�SXUSRVHV�RI � WKH� VDPSOLQJ�DUHDV��7KH�
UHVXOWV�RI �WKLV�VWXG\�DUH�WKH�ILUVW�UHSRUW�RQ�EHQWKLF�
GLDWRP� GLYHUVLW\� DQG� WKH� ILUVW� FRPSDULVRQ� RI �
EHQWKLF�GLDWRP�GLVWULEXWLRQ�LQ�WKH�3LQJ�5LYHU�DQG�
LWV� WULEXWDULHV� LQ�0DH�7DHQJ�'LVWULFW� RI �&KLDQJ�
0DL� 3URYLQFH�� 7KDLODQG�� $GGLWLRQDOO\�� FHUWDLQ�
UHOHYDQW�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI �WKH�ZDWHU�
KDYH�EHHQ�SUHVHQWHG�
�&RUUHVSRQGLQJ�DXWKRU��EDQNB����#KRWPDLO�FRP
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6WXG\�DUHDV

� 7KH�VWXG\�DUHDV�ZHUH�ORFDWHG�LQ�WKH�&KR�/DH��
6DQ�3D�<DQJ�DQG�3D�3DH�6XE�GLVWULFWV��ZKLFK�ZHUH�
ORFDWHG� LQ� 0DH� 7DHQJ� 'LVWULFW� RI � &KLDQJ� 0DL�
3URYLQFH�� 6DPSOHV� ZHUH� FROOHFWHG� IURP� 0DH�
/XDQJ�DQG�0DH�+DR�6WUHDPV��DV�ZHOO�DV�WKH�3LQJ�
5LYHU��DQG�ZHUH�UHSUHVHQWDWLRQDO�RI �WKH�GLIIHUHQW�
FKDUDFWHULVWLFV� RI � HDFK� VWUHDP� LQ� WHUPV�RI � VL]H��
JHRJUDSKLF� ORFDWLRQ�� DOWLWXGH� DQG� XWLOL]DWLRQ�
SXUSRVHV� RI � WKH� VDPSOLQJ� DUHDV�� 6DPSOHV� ZHUH�
FROOHFWHG�LQ�$XJXVW�DQG�1RYHPEHU�RI ������IURP�
WKUHH� VDPSOLQJ� VLWHV� SHU� VWUHDP�� 7KH� GHWDLOV� RI �
HDFK�VDPSOLQJ�VLWH�DUH�VKRZQ�LQ�7DEOH���DQG�)LJ����
��

%HQWKLF�GLDWRPV�VWXG\

� %HQWKLF� GLDWRPV� ZHUH� VWXGLHG� IROORZLQJ� WKH�
PHWKRGV�RI �5HQEHUJ���������9LOEDVWH��������DQG�
.HOO\� HW� DO�� ��������7KH�EHQWKLF�GLDWRP� VDPSOHV�
ZHUH� FROOHFWHG� IURP� DUHDV� FRPSULVHG� RI � ORRVH�
SHEEOHV�WR�FREEOHV�RU�IURP�KDUG�VXEVWUDWHV�VXFK�DV�
EDPERR� VWLFNV�� DTXDWLF� SODQWV� DQG� DUWLILFLDO�
VXEVWUDWHV�LQ�RUGHU�WR�SURGXFH���UHSOLFDWHV�DW�HDFK�
VDPSOLQJ�VLWH��7KH�FHQWULIXJDWLRQ�RI �WKH�VDPSOHV

ZDV�GRQH�DW�������USP�IRU����PLQXWHV�WR�LVRODWH�
GLDWRP�FHOOV�IURP�WKH�JUDYHO�DQG�VDQG��6DPSOHV�
ZHUH�FOHDQHG�E\�WKH�FRQFHQWUDWHG�DFLG�GLJHVWLRQ�
PHWKRG� LQ� ERLOLQJ� +12 � DQG� SHUR[LGH�� 7KH��

FOHDQHG�VDPSOHV�ZHUH�PRXQWHG�LQ�1DSKUD[��DQG�
SKRWRJUDSKHG�DW�D�PDJQLILFDWLRQ�RI �����;�XQGHU�
DQ� 2O\PSXV� 1RUPDVNL� OLJKW� PLFURVFRSH�� 7KH�
VDPSOHV�ZHUH�LGHQWLILHG�DQG�FRXQWHG�DFFRUGLQJ�WR�
WKH� NH\V�RI �.UDPPHU�	�/DQJH�%HUWDORW� �������
����������D������E���/DQJH�%HUWDORW���������.HOO\�
	�+DZRUWK��������DQG�*XLU\�	�*XLU\���������7KH�
UHODWLYH� DEXQGDQFH� RI � WKH� EHQWKLF� GLDWRPV�ZDV�
WKHQ�LQGLFDWHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�V\VWHP��
��  � SUHVHQW�� ��  � DEVHQW� DQG� 
�  � GRPLQDQW�
DFFRUGLQJ� WR� /HHODKDNULHQJ� 	� 3HHUDSRUQSLVDO�
�������

:DWHU�TXDOLW\�VWXG\

� :DWHU� VDPSOHV� ZHUH� FROOHFWHG� IRU� ILHOG� DQG�
ODERUDWRU\� PHDVXUHPHQWV� LQ� WHUPV� RI � WKH�
IROORZLQJ� YDOXHV�� S+�� FRQGXFWLYLW\�� GLVVROYHG�
R[\JHQ� �'2��� %2' �� QLWUDWH� QLWURJHQ� �12 ���� �

�
DPPRQLXP�QLWURJHQ��1+ ��DQG�VROXEOH�UHDFWLYH��

SKRVSKRUXV� �653��� $OO� RI � WKHVH�PHDVXUHPHQWV�
ZHUH� PHDVXUHG� DFFRUGLQJ� WR� WKH� VWDQGDUG�
PHWKRGV� IRU� WKH� H[DPLQDWLRQ� RI � ZDWHU� DQG�
ZDVWHZDWHU��(DWRQ�HW�DO��������

���
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7DEOH���6DPSOLQJ�VLWHV�DQG�WKHLU�WRSRJUDSK\ �

6DPSOLQJ�VLWH� *36��/DW�/RQJ�� $OWLWXGH��P�� 8WLOL]DWLRQ�

&KR�/DH�VXE�GLVWULFW� � � �
3LQJ�ULYHU��� 1������·�����µ�

(������·�����µ�
���� 0L[�DJULFXOWXUDO� DQG�FLW\�

3LQJ�ULYHU��� 1������·�����µ��
(� �����·�����µ�

���� 0L[�DJULFXOWXUDO� DQG�FLW\�

3LQJ�ULYHU��� 1������·�����µ��
(������·�����µ�

���� 0L[�DJULFXOWXUDO� DQG�FLW\�

6DQ�3D�<DQJ�VXE �GLVWULFW� � � �
0DH�+DR�VWUHDP��� 1������·�����µ��

(������·�����µ�

���� 3DGG\�ILHOG�DQG�YLOODJH�

0DH�+DR�VWUHDP��� 1������·�����µ��
(������·�����µ�

���� 3DGG\�ILHOG�DQG�YLOODJH�

0DH�+DR�VWUHDP��� 1������·�����µ��
(������·�����µ�

���� 3DGG\�ILHOG�DQG�YLOODJH�

3D�3DH�VXE�GLVWULFW� � � �
0DH�/XDQJ�VWUHDP��� 1��� ��·�����µ��

(��� ��·�����µ�

���� �� )RUHVW� DQG�KLOO�WULEH�YLOODJH��

0DH�/XDQJ�VWUHDP��� 1� �� ��·�����µ��
(��� ��·�����µ�

���� )RUHVW� DQG�YLOODJH�

0DH�/XDQJ�VWUHDP��� 1��� ��·�����µ��
(��� ��·�����µ�

���� )RUHVW� DQG�YLOODJH�
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� $�WRWDO�RI �RQH�KXQGUHG�DQG�QLQHW\�WZR�VSHFLHV�
RI �EHQWKLF�GLDWRPV�ZHUH�IRXQG�IURP�0DH�+DR�
DQG�0DH�/XDQJ�6WUHDPV�DQG�WKH�3LQJ�5LYHU�LQ�0DH�
7DHQJ�'LVWULFW�RI �&KLDQJ�0DL�3URYLQFH��7DEOH�����
0RVW�RI �WKH�EHQWKLF�GLDWRP�VSHFLHV�IRXQG�LQ�WKLV�
VWXG\�ZHUH�DFNQRZOHGJHG�DV�D�FRPPRQ�VSHFLHV�
WKDW� FRXOG� EH� IRXQG� LQ� ORWLF� HFRV\VWHPV�
WKURXJKRXW� 7KDLODQG�� KRZHYHU�� $PSKLSOHXUD�

OLQGKHLPHUL� *UXQRZ� �)LJ�� ��� ZDV� IRXQG� WR� EH� D�
QHZO\� UHFRUGHG� VSHFLHV� IRU� 7KDLODQG� ZKHQ�
FRPSDUHG�ZLWK�WKH�UHOHYDQW�SXEOLVKHG�UHFRUGV�RI

6WDWLVWLFDO�VWXG\

� &OXVWHU�DQDO\VLV�RI �EHQWKLF�GLDWRPV�DQG�ZDWHU�
TXDOLW\� JURXSLQJ� ZHUH� GRQH� E\� VLPLODULW\�
FRHIILFLHQW� �+DPPHU� HW� DO��������� � 3K\VLFDO� DQG�
FKHPLFDO�ZDWHU�TXDOLW\�YDOXHV�DUH�H[SUHVVHG�DV�WKH�
0HDQ�6WDQGDUG� 'HYLDWLRQ� �6'��� 7KH� GDWD� ZDV�
DQDO\]HG� XVLQJ� RQH�ZD\� DQDO\VLV� RI � YDULDQFH�
�$129$�� IROORZLQJ� 'XQFDQ
V� 0XOWLSOH� 5DQJH�
7HVW� �'057�� DW� D� ��� OHYHO� RI � VLJQLILFDQFH�� ,Q�
DGGLWLRQ��WKH�VSHFLHV�GLYHUVLW\�LQGH[��+
��DQG��(��
RI � WKH� EHQWKLF� GLDWRPV� ZHUH� GHWHUPLQHG� DQG�
FDOFXODWHG�IROORZLQJ�WKH�6KDQQRQ�'LYHUVLW\�,QGH[�
�2GXP�	�%DUUHWW��������

���

%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����

�$�

�

�%�

�

)LJXUH���0DS�VKRZLQJ�ORFDWLRQ�RI �&KLDQJ�0DL�3URYLQFH�DQG�WKH�&KR�/DH��6DQ�3D�<DQJ�DQG�3D�3DH�VXE�GLVWULFWV�LQ�0DH�7DHQJ�
GLVWULFW�

)LJXUH� �0DS�VKRZLQJ�ORFDWLRQ�RI �WKH�WKUHH�VDPSOLQJ�VLWH LQ� 0DH�+DR�VWUHDP 0DH�/XDQJ�VWUHDP� V� 3LQJ�ULYHU��$��� ��%��DQG� ��&���



7KDLODQG��/HZPDQRPRQW�HW�DO��������3HNWKRQJ�	�
3HHUDSRUQSLVDO� ������ 6XSKDQ� 	� 3HHUDSRUQSLVDO�
������/HHODKDNULHQJNUDL�	�3HHUDSRUQSLVDO� ������
<DQD�HW�DO��������1DNNDHZ�HW�DO���������,Q�DGGLWLRQ��
WKH� QHZO\� UHFRUGHG� VSHFLHV� ZDV� LGHQWLILHG� RQO\�
RQFH�LQ�WKH�XSVWUHDP�DUHD�RI �0DH�/XDQJ�6WUHDP��
ZKLFK�ZDV�D�KLJK�DOWLWXGH�ORFDWLRQ�DQG�KDG�D�ORZ�
OHYHO� RI � FRQGXFWLYLW\�� 7KLV� ZDV� VLPLODU� WR� WKH�
ILQGLQJV� WKDW� ZHUH� UHSRUWHG� LQ� WKH� VWXGLHV�
FRQGXFWHG� LQ� %UD]LO� E\� /RER� HW� DO�� ������� DQG�
3HUHVLQ� HW� DO�� �������� ZKR� IRXQG� $PSKLSOHXUD�
OLQGKHLPHUL�LQ�VWUHDPV�ZLWK�ORZ�OHYHOV�RI �QXWULHQWV�
DQG� ZKLFK� FRXOG� EH� FKDUDFWHUL]HG� DV� EHLQJ�
LQGLFDWHG�E\�VSHFLHV�WKDW�GLVSOD\�D�PHGLXP�OHYHO�RI �
WROHUDQFH�WR�HXWURSKLFDWLRQ�
� $�WRWDO�RI �RQH�KXQGUHG�DQG�IRUW\�WZR�VSHFLHV�
RI �EHQWKLF�GLDWRPV�ZHUH�IRXQG�LQ�WKH�3LQJ�5LYHU��
7KH� KLJKHVW� DEXQGDQFH� ZDV� IRXQG� GXULQJ� WKH�
PRQWK�RI �6HSWHPEHU�����������VSHFLHV���IROORZHG�
E\�WKH�PRQWK�RI �$XJXVW�����������VSHFLHV���7KH�
PRVW� DEXQGDQW� VSHFLHV� IRXQG� LQ� WKH�3LQJ�5LYHU�
ZHUH� 1LW]VFKLD� SDOHD�� 3ODQRWKLGLXP� ODQFHRODWXP��

1DYLFXOD� FU \SWRWHQHO OD ��&RFFRQHLV� SODFHQWXOD ��

$FKQDQWKLGLXP� H[LJXXP��6HPLQDYLV� VWULJRVD��&\PEHOOD�
WXUJLGXOD�DQG�1DYLFXOD� JHUPDLQLL�� $� WRWDO� RI � RQH�
KXQGUHG� DQG� WKLUW\�WZR� VSHFLHV� RI � EHQWKLF�
GLDWRPV�ZHUH�IRXQG�LQ�WKH�0DH�+DR�6WUHDP��7KH�
KLJKHVW� DEXQGDQFH�ZDV� IRXQG� LQ� WKH�PRQWK� RI �
6HSWHPEHU� ����� ����� VSHFLHV��� IROORZHG� E\� WKH�
PRQWK� RI � $XJXVW� ����� ���� VSHFLHV��� 7KH�PRVW�
DEXQGDQW�VSHFLHV�IRXQG�LQ�WKH�0DH�+DR�6WUHDP�
ZHUH� 1LW]VFKLD� SDOHD��6HOODSKRUD� SXSXOD�� 6HPLQDYLV�
VWULJRVD�� *\URVLJPD� DFXPLQDWXP�� 1LW]VFKLD� GLVVLSDWD��
1DYLFXOD�FU\SWRWHQHOOD��6XULUHOOD�VSOHQGLGD�DQG�3ODFRQHLV�
GLFHSKDOD�� $� WRWDO� RI � QLQHW\� VSHFLHV� RI � EHQWKLF�

GLDWRPV�ZHUH� IRXQG� LQ� WKH�0DH�/XDQJ�6WUHDP��
7KH�KLJKHVW�DEXQGDQFH�ZDV�IRXQG�LQ�WKH�PRQWK�
RI �6HSWHPEHU����������VSHFLHV���IROORZHG�E\�WKH�
PRQWK�RI �$XJXVW� ����� ���� VSHFLHV���7KH�PRVW�
DEXQGDQW�VSHFLHV�IRXQG�LQ�WKH�0DH�/XDQJ�6WUHDP�
ZHUH� 1DYLFXOD� FU\SWRWHQHOOD�� � 1DYLFXOD� V\PPHWULFD��
3LQQXODULD� FUXFLIRUPLV�� 'LDGHVPLV� FRQWHQWD�� 1DYLFXOD�
VFKURHWHUL�� $FKQDQWKHV� REORQJHOOD�� *RPSKRQHPD� FOHYHL��
1DYLFXOD� SK\OOHSWD�� $FKQDQWKHV� EUHYLSHV� DQG�
$FKQDQWKLGLXP� PLQXWLVVLPXP�� 6RPH� RI � WKH�
GRPLQDQW�GLDWRP�VSHFLHV�IRXQG�LQ�WKLV�VWXG\�DUH�
VKRZQ� LQ� )LJ�� ��� ,Q� DGGLWLRQ�� VRPH� GRPLQDQW�
GLDWRP�VSHFLHV�RI �WKH�3LQJ�5LYHU�DQG�0DH�+DR�
6WUHDP�ZHUH�FRQVLGHUHG�WR�EH�SRWHQWLDO�LQGLFDWRU�
VSHFLHV�GLVSOD\LQJ�WROHUDQFH�WR�RUJDQLF�SROOXWLRQ��
ZKLOH�VRPH�GRPLQDQW�GLDWRP�VSHFLHV�RI �WKH�0DH�
/XDQJ� 6WUHDP� ZHUH� FRQVLGHUHG� WR� EH� SRWHQWLDO�
LQGLFDWRU�VSHFLHV�GLVSOD\LQJ�VHQVLWLYLW\�WR�RUJDQLF�
SROOXWLRQ��9DQ�'DP�HW�DO��������5RWW�HW�DO��������
3RWDSRYD� � &KDUOHV� ������$OPHLGD� HW� DO�� ������	
6HJXUD�*DUFtD� HW� DO�� ������ /HHODKDNULHQJNUDL� �	
3HHUDSRUQSLVDO�������1RJD�HW�DO��������/RER�HW�DO��
������� 7KH� UHVXOWV� RI � 6KDQQRQ
V� GLYHUVLW\�
LQGH[� DORQJ� ZLWK� YDOXHV� RI � HYHQQHVV� DQG� WKH�
QXPEHUV�RI �EHQWKLF�GLDWRPV�DUH�VKRZQ�LQ�7DEOH�
���7KH�VDPSOLQJ�VLWHV�RI �WKH�0DH�/XDQJ�6WUHDP�
ZHUH� ORFDWHG� DW� D� KLJK� DOWLWXGH�� ZKHUH� D� ORZ�
OHYHO� RI � QXWULHQWV� ZHUH� IRXQG� GLVSOD\LQJ� ORZ�
YDOXHV�LQ�WHUPV�RI �WKH�GLYHUVLW\�LQGH[�DQG�VSHFLHV�
ULFKQHVV��7KLV�ILQGLQJ�ZDV�VLPLODU�WR�WKH�ILQGLQJV�
RI �VWXGLHV�FRQGXFWHG�LQ�6RXWKHUQ�%UD]LO��&KQHFN�
H W � D O � � ����� � DQG� 1RU WKHUQ� 7KD L ODQG�
�/HHODKDNULHQJNUDL��������ZKLFK�IRXQG�ORZ�YDOXHV�
LQ� WHUPV� RI � WKH� GLYHUVLW\� LQGH[� DQG� VSHFLHV�
ULFKQHVV�DW�WKH�XSVWUHDP�VLWHV�
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7DEOH���6SHFLHV�OLVW�DQG�GLVWULEXWLRQ�RI �EHQWKLF�GLDWRPV�LQ�3LQJ�ULYHU��0DH�+DR�DQG�0DH�/XDQJ�VWUHDPV�



���
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7DEOH���&RQWLQXHG
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7DEOH���&RQWLQXHG
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7DEOH���&RQWLQXHG

1RWHV���� �SUHVHQW���� �DEVHQW��
� �GRPLQDQW��6LWH���6LWH���6LWH���LQ�$XJXVW���6LWH���6LWH���6LWH���LQ�1RYHPEHU�

)LJXUH��� /LJKW�PLFURJUDSKV�RI �GRPLQDQW�EHQWKLF�GLDWRPV�LQ�3LQJ�ULYHU��0DH�+DR�DQG�0DH�/XDQJ�VWUHDPV�DQG�QHZ�UHFRUG�



EHQWKLF�GLDWRPV�RI �7KDLODQG��$ ����VFDOH�EDU� �����P�



� �$ ��$PSKLSOHXUD�OLQGKHLPHUL���%��*\URVLJPD�DFXPLQDWXP���&��6XULUHOOD�VSOHQGLGD���'��1LW]VFKLD�GLVVLSDWD���(��1LW]VFKLD�SDOHD��
�)�� $FKQDQWKHV� EUHYLSHV�� �*�� 1DYLFXOD� FU\SWRWHQHOOD�� �+�� &\PEHOOD� WXUJLGXOD�� �,�� 6HPLQDYLV� VWULJRVD�� �-�� 3ODQRWKLGLXP� �
ODQFHRODWXP�� �.��6HOODSKRUD� SXSXOD�� �/��*RPSKRQHPD� FOHYHL�� �0��&RFFRQHLV� SODFHQWXOD�� �1��$FKQDQWKLGLXP� H[LJXXP�� �2��
.DUD\HYLD�REORQJHOOD
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%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����

7DEOH���6KDQQRQ
V�GLYHUVLW\�LQGH[�DQG�HYHQQHVV�RI �EHQWKLF�GLDWRPV�LQ�WKH�3LQJ�ULYHU��0DH�+DR�DQG�0DH�/XDQJ�VWUHDPV

)LJXUH���&OXVWHU�DQDO\VLV�RI �EHQWKLF�GLDWRPV�GLYHUVLW\�JURXSLQJ�E\�'LFH
V�VLPLODULW\�FRHIILFLHQW�

� 7KH�FOXVWHU�DQDO\VLV�RI �EHQWKLF�GLDWRP�GLYHUVLW\�
JURXSLQJ� ZDV� FRPSOHWHG� XVLQJ�'LFH
V� VLPLODULW\�
FRHIILFLHQW� DQG� LV� SUHVHQWHG� LQ� )LJ�� ��� 7KH�
GHQGURJUDP�FOHDUO\�VKRZV�WKDW�DOO�VDPSOLQJ�VLWHV�
ZHUH� JURXSHG� LQWR� WZR� PDLQ� FOXVWHUV� DW� ����
VLPLODULW\��$OO�VDPSOLQJ�VLWHV�RI �WKH�3LQJ�5LYHU�DQG�
0DH�+DR�6WUHDP�ZHUH�LQ�*URXS���DQG�DOO�VDPSOLQJ�
VLWHV�RI �0DH�/XDQJ�6WUHDP�ZHUH�LQ�*URXS����7KH�
FOXVWHU� DQDO\VLV� RI � ZDWHU� TXDOLW\� JURXSLQJ� E\�
:DUG
V�PHWKRG�ZLWK�VTXDUHG�(XFOLGHDQ�GLVWDQFHV�

�)LJ�����SUHVHQWHG�VLPLODU�UHVXOWV�LQ�WHUPV�RI �WKH�
EHQWKLF� GLDWRP� GLYHUVLW\� FOXVWHUV�� ZKLFK� FOHDUO\�
VKRZHG� WKDW� EHQWKLF� GLDWRP� GLYHUVLW\� ZDV�
FRUUHODWHG� ZLWK� WKH� ZDWHU� TXDOLW\� IDFWRUV��
$GGLWLRQDOO\��WKH�FRUUHODWLRQ�RI �ZDWHU�TXDOLW\�E\�
$129$�SURYHG� WR�EH� VLJQLILFDQWO\� GLIIHUHQW� DW�
WKH�GLIIHUHQW�VDPSOLQJ�VLWHV��7DEOH�����SDUWLFXODUO\�
ZLWK�UHJDUG�WR�WKH�PHDVXUHPHQWV�RI �FRQGXFWLYLW\�
RI � 0DH� /XDQJ� 6WUHDP� ZKHUH� ORZ� OHYHOV� ZHUH�
UHFRUGHG�DW�DOO�RI �WKH�VDPSOLQJ�VLWHV��



)LJXUH��� &OXVWHU� DQDO\VLV� RI � SK\VLFDO� DQG� FKHPLFDO� ZDWHU� TXDOLW\� JURXSLQJ� E\�:DUG
V�PHWKRG�ZLWK� VTXDUHG�(XFOLGHDQ�
GLVWDQFHV�
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1RWHV��9DOXHV�H[SUHVVLQJ�WKH�0HDQ�6'�IROORZHG�E\�VLPLODU�OHWWHUV�LQ�D�FROXPQ�GR�QRW�GLIIHU��VLJQLILFDQWO\�DW�S�������3� �3LQJ�5LYHU��0+� �0DH�+DR��0/� �
0DH�/XDQJ

RUJDQLF� SROOXWLRQ�� ZKLOH� SRWHQWLDO� LQGLFDWRU�
VSHFLHV�LQ�WHUPV�RI �VHQVLWLYLW\�WR�RUJDQLF�SROOXWLRQ�
ZHUH�LGHQWLILHG�LQ�0DH�/XDQJ�6WUHDP�

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

� 7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WKH�2IILFH�RI �
WKH�+LJKHU�(GXFDWLRQ�&RPPLVVLRQ��2+(&��DQG�
WKH� +LJKHU� (GXFDWLRQ� 5HVHDUFK� 3URPRWLRQ�
�+(53�� IRU� SURYLGLQJ� ILQDQFLDO� VXSSRUW�� DV�

�ZHOO� DV WKH� 'HSDUWPHQW� RI � %LRORJ\�� )DFXOW\� RI �
6FLHQFH� DQG� 7HFKQRORJ\�� &KLDQJ� 0DL� 5DMDEKDW�
8QLYHUVLW\� IRU� SURYLGLQJ� WKH� H[FHOOHQW� UHVHDUFK�
IDFLOLWLHV�
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&21&/86,216

� 2XU�ILQGLQJV�VKRZHG�WKDW�WKH�3LQJ�5LYHU�DQG�LWV�
WULEXWDULHVZHUH�IRXQG�WR�EH�VLJQLILFDQWO\�GLIIHUHQW��

LQ� WHUPV�RI � EHQWKLF� GLDWRP�GLYHUVLW\� DQG�ZDWHU�
TXDOLW\�� 7KLV� ZDV� HVSHFLDOO\� WUXH� LQ� 0DH� /XDQJ�
6WUHDP��ZKLFK�ZDV� IRXQG� WR�KDYH� ORZ�YDOXHV� LQ�
WHUPV� RI � WKH� GLYHUVLW\� LQGH[� DQG� ULFKQHVV��
$PSKLSOHXUD�OLQGKHLPHUL�ZHUH�IRXQG�WR�EH�D�QHZO\�
UHFRUGHG�VSHFLHV�IRU�7KDLODQG�LQ�WKLV�VWUHDP��7KH�
3LQJ�5LYHU�DQG�0DH�+DR�6WUHDP�ZHUH�VLPLODU�LQ�
WHUPV� RI � EHQWKLF� GLDWRP� GLYHUVLW\� DQG� ZDWHU�
TXDOLW\�� )XUWKHUPRUH�� WKLV� VWXG\� LGHQWLILHG� WKH�
SRWHQWLDO�LQGLFDWRU�VSHFLHV�LQ�WKH�3LQJ�5LYHU�DQG�
0DH� +DR� 6WUHDP� WKDW� GLVSOD\HG� WROHUDQFH� WR�



5()(5(1&(6

$OPHLGD�6)3��&UDYHLUR�6&��&DODGR�$-��������2Q�WKH�LGHQWLW\�
DQG� GLVWULEXWLRQ� LQ� QRUWKHUQ� 3RUWXJDO� RI � WKUHH�
*RPSKRQHPD� VSHFLHV� FXUUHQWO\� PLVLGHQWLILHG� DV�
*RPSKRQHPD�FOHYHL��'LDWRP�5HV��������������

(DWRQ�$'��&OHVFHUL�/6��5LFH�(:��*UHHQEHUJ�$(��)UDQVRQ�
0$+�� � 6WDQGDUG� 0HWKRGV� IRU� WKH�ûùùþ �

([DPLQDWLRQ�RI �:DWHU�DQG�:DVWHZDWHU�� � �HGLWLRQ��
VW

û

:DVKLQJWRQ� '&�� $PHULFDQ� 3XEOLF� +HDOWK�
$VVRFLDWLRQ��$3+$��

*XLU\�0'��*XLU\�*0�>,QWHUQHW@��������
�$OJDH%DVH
��:RUOG�
ZLGH�HOHFWURQLF�SXEOLFDWLRQ��1DWLRQDO�8QLYHUVLW\�RI �
,UHODQG��*DOZD\��>XSGDWHG������$SULO�����FLWHG������
0DUFK���@��$YDLODEOH�IURP��ZZZ�DOJDH�EDVH�RUJ�

+DPPHU� ��� +DUSHU� '$7�� 5\DQ� 3'�� ������ 3$67��
3DOHRQWRORJLFDO� VWDWLVWLFV� VRIWZDUH� SDFNDJH� IRU�
HGXFDWLRQ� DQG� GDWD� DQDO\VLV�� 3DODHRQWRO� (OHFWURQ�
����������

.HOO\�0*��+DZRUWK�(<��������3K\OXP�%DFLOODULRSK\WD��,Q��
-RKQ�'0��:KLWWRQ�%$��%URRN�$-��7KH�)UHVK�:DWHU�
$OJDH� )ORUD� RI � WKH�%ULWLVK� ,VOHV��$Q� ,GHQWILFDWLRQ�
*XLGH� WR� )UHVKZDWHU� DQG� 7HUUHVWULDO� $OJDH��
&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV��S��������

.HOO\�0*��&D]DXERQ�$��&RULQJ�(��'HOO
8RPR�$��(FWRU�/��
*ROGVPLW� %�� *XDVFK�+�� +�UOLPDQQ� -�� -DUOPDQ� $��
.DZHFND�%��.ZDQGUDQV�-��/DXJDVWH�5��/LQGVWU¡P�$��
3HUHVLQ�'��7RUJDQ�/&��6FKXO]�8+��&URVVHWWL�/��������
6WUXFWXUH�RI � SRWDPRSODQNWRQ� DORQJ� D� JUDGLHQW� RI �
SUHVHUYDWLRQ� RI � ULSDULDQ� YHJHWDWLRQ� LQ� VXEWURSLFDO�
VWUHDPV��$QDLV�GD�$FDGHPLD�%UDVLOHLUD�GH�&LrQFLDV�
��������������

.UDPPHU�.��/DQJH²%HUWDORW�+��������%DFLOODULRSK\FHDH����
7HLO��1DYLFXODFHDH �� ,Q��(WWO�+��*HUORII �-��+H\QLJ�+��
0ROOHQKDXHU� '�� V�� 6�VVZDVVHUIORUD� YRQ�HGLWRU
0LWWHOHXURSD�� %DQG� ����� 6WXWWJDUW�� *XVWDY� )LVKHU�
9HUODJ�

.UDPPHU�.��/DQJH²%HUWDORW�+�� %DFLOODULRSK\FHDH�����������
7HLO��%DFLOODULDFHDH��(SLWKHPLDFHDH�DQG�6XULUHOODFHDH��
,Q��(WWO�+��*HUORII � -�� +H\QLJ�+��0ROOHQKDXHU�'��
HGLWRUV�� 6�VVZDVVHUIORUD� YRQ� 0LWWHOHXURSD�� %DQG�
�����6WXWWJDUW��*XVWDY�)LVKHU�9HUODJ�

.UDPPHU�.��/DQJH²%HUWDORW�+������D��%DFLOODULRSK\FHDH�����
7HLO��&HQWUDOHV��)UDJLODULDFHDH�DQG�(XQRWLDFHDH��,Q��
(WWO�+��*HUORII �-��+H\QLJ�+��0ROOHQKDXHU�'�� V��HGLWRU
6�VVZDVVHUIORUD� YRQ� 0LWWHOHXURSD�� %DQG� �����
6WXWWJDUW��*XVWDY�)LVKHU�9HUODJ�

.UDPPHU�.��/DQJH²%HUWDORW�+������E��%DFLOODULRSK\FHDH��
���7HLO��$FKQDQWKDFHDH��,Q��(WWO�+��*HUORII �-��+H\QLJ�
+�� 0ROOHQKDXHU� '�� V�� 6�VVZDVVHUIORUD� YRQ�HGLWRU
0LWWHOHXURSD�� %DQG� ����� 6WXWWJDUW�� *XVWDY� )LVKHU�
9HUODJ�

/HHODKDNULHQJNUDL�3��3HHUDSRUQSLVDO�<�� ������'LYHUVLW\�RI �
EHQWKLF�GLDWRPV�LQ�VL[�PDLQ�5LYHUV�RI �7KDLODQG��,QW�-�
$JU�%LRO �������²����

/HHODKDNULHQJNUDL�3��3HHUDSRUQSLVDO�<��������(YDOXDWLRQ�RI �
WKH� WURSKLF� EHQWKLF� GLDWRP� LQGH[� LQ� VRPH� PDLQ�
ULYHUV�RI �7KDLODQG��$GY�(QYLURQ�%LRO ��������������

/HHODKDNULHQJNUDL�3��������'LYHUVLW\�RI �IUHVKZDWHU�EHQWKRV�
LQ� WKH� HFRWRXULVP� DUHD� DW�&KLDQJ�'DR�'LVWULFW� LQ�
&KLDQJ�0DL� 3URYLQFH�� 7KDLODQG�� %LRGLYHUV� -� ������
�������

3HHUDSRUQSLVDO�<��3HNWKRQJ�7��:DL\DND�3��3URPNXWNDHZ�6��
������ 'LYHUVLW\� RI � 3K\WRSODQNWRQ� DQG� %HQWKLF�
$OJDH�LQ�0DH�6D�6WUHDP��'RL�6XWKHS²3XL�1DWLRQDO�
3DUN��&KLDQJ�0DL��1DW�+LVW�%XOO�6LDP�6RF ������������
���

/DQJH�%HUWDORW� +�� ������ 'LDWRPV� RI � (XURSH�� 6WXWWJDUW��
.RHOW]�6FLHQWLILF�%RRNV�

/HLWDR�0��0DUYDQ�3��3DGLViN�-��3LSS�(��3U\JLHO�-��5RWW�(��
6 DED W H U � 6� � 'DP� + � � 9 L ] L Q H W � -� � � ��� � �
5HFRPPHQGDWLRQV�IRU�URXWLQH�VDPSOLQJ�RI �GLDWRPV�
IRU� ZDWHU� TXDOLW\� DVVHVVPHQWV� LQ� (XURSH�� -� $SSO�
3K\FRO �������²����

5RWW� (�� 3ILVWHU� 3�� 3LSS� (�� ������ 8VH� RI � 'LDWRPV� IRU�
(QYLURQPHQWDO�0RQLWRULQJ��,QQVEUXFN��,QVWLWXW�I�U�
%DWDQLN�GHU�8QLYHUVLWlW�,QQVEUXFN�

/HZPDQRPRQW�.��:RQJUDW�/��6XSDQZDQLG�&��������$OJDH�
LQ� 7KDLODQG�� %DQJNRN�� ,QWHJUDWHG� 3URPRWLRQ�
7HFKQRORJ\�&2���/WG�

/RER� ($�� &DOOHJDUR� 9/0��+HUPDQ\� %*'��:HW]HO� &$��
2OLYHLUD� 0$�� ������ 8VH� RI � HSLOLWKLF� GLDWRPV� DV�
ELRLQGLFDWRUV�IURP�ORWLF�V\VWHPV�LQ�VRXWKHUQ�%UD]LO�
ZLWK� VSHFLDO� HPSKDVLV� RQ� HXWURSKLFDWLRQ�� $FWD�
/LPQRO�%UDV ��������������

/RER�($��6FKXFK�0��+HLQULFK�&*��&RVWD�$%��'�SRQW�$��
:HW]HO� &(�� (FWRU� /�� ������ 'HYHORSPHQW� RI � WKH�
7URSKLF� :DWHU� 4XDOLW\� ,QGH[� �7:4,�� IRU�
VXEWURSLFDO� WHPSHUDWH� %UD]LOLDQ� ORWLF� V\VWHPV��
(QYLURQ�0RQLW�$VVHVV ����������������

1DNNDHZ�6��3HNNRK�-��3HHUDSRUQSLVDO�<��������'LYHUVLW\�RI �
EHQWKLF�GLDWRPV�DQG�UHODWLRQVKLS�ZLWK�VRPH�DVSHFW�
RI �ZDWHU�SURSHUWLHV�LQ�WKH�:DQJ�5LYHU��7KDLODQG��,QW�
-�$SSO�(QYLURQ�6FL���������������

1RJD� 7�� .RFKPDQ� 1�� 3HV]HN� á�� 6WDQHN�7DUNRZVND� -��
3DM
F]HN�$��������'LDWRPV��%DFLOODUULRSK\FHDH�� LQ�
5LYHUV� DQG� VWUHDP� DQG� RQ� FXOWLYDWHG� VRLOV� RI � WKH�
3RGNDUSDFLH�5HJLRQ�LQ�WKH�\HDUV�����²������-�(FRO�
(QJ ��������²����

2GXP�(3��%DUUHWW�*:��������)XQGDPHQWDO�RI �(FRORJ\��� �
WK

HGWLRQ��3KLODGHOSKLD��:�%��6DXQGHUV�

3HNWKRQJ�7���3HHUDSRUQSLVDO�<��������)LIW\�RQH�QHZ�UHFRUG�
VSHFLHV�RI �IUHVKZDWHU�GLDWRPV�LQ�7KDLODQG��&KLDQJ�
0DL�-�6FL��������������

3RWDSRYD� 0�� &KDUOHV� ')�� ������ 'LDWRP� PHWULFV� IRU�
PRQLWRULQJ�HXWURSKLFDWLRQ�LQ�5LYHUV�RI �WKH�8QLWHG�
6WDWHV��(FRO�,QGLFDW �����²����

5HQEHUJ�,��������$�SURFHGXUH�IRU�SUHSDULQJ�ODUJH�VHWV�RI �
GLDWRP�VOLGHV�IURP�VHGLPHQW�FRUHV��-�3DOHROLPQRO ����
��²���

%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����%HQWKLF�'LDWRPV�LQ�3LQJ�5LYHU�DQG�7ULEXWDULHV�����

���



6FKQHFN� )�� 7RUJDQ� /&�� 6FKZDU]EROG� $�� ������ (SLOLWKLF�
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