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�]Z´Î̄�uº°p¯�/uº°p¯�0�yz]±Zd�Y�yu�±Z�z��(¿%º«ºÀ¯vÀ�Y ±ÈÀ-�0d�Yv¸]�aZ¤À¤pc�ºdÀd�³Y¹�b�Yv¸]�µv*�³Yu�¶¬lµ̄Z.�³Yuº¬�0*�|��±Yz¸cæèíèµyZ°��º��©Z��ç��ë�

��1DMDIL� %�� )DNKHUL� 7�� )DGDNDU� *K�� 3UHYDOHQFH� RI�6WHURLG�5HFHSWRUV� DQG�+(5��QHX� LQ�%UHDVW�&DQFHU�RI� :RPHQ� :KR� 5HIHU� WR� 2QFRORJ\� &HQWHUV� LQ�*XLODQ��)URP������WR�������� $EVWUDFW�%RRN�RI�7KH�UG� 5HJLRQDO� &RQIHUHQFH� RI� $VLDQ� 3DFLILF

2UJDQL]DWLRQ� IRU� &DQFHU� 3UHYHQWLRQ� �$32&3��������$SULO�������������� (DUO\� %UHDVW� &DQFHU� 7ULDOLVWV
� &ROODERUDWLYH�*URXS�� 7DPR[LIHQ� IRU� (DUO\� %UHDVW� &DQFHU�� DQ�2YHUYLHZ� RI� WKH� 5DQGRPLVHG� 7ULDOV�� /DQFHW� �������������������������$OOUHG�'&� +DUYH\� -0��%HUDUGR�0��&ODUN�*0��3URJQRVWLF�DQG�3UHGLFWLYH�)DFWRUV� LQ�%UHDVW�&DQFHU�E\ ,PPXQRKLVWRFKHPLFDO $QDO\VLV�� 0RG 3DWKRO�������������������
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��� 6FKHFKWHU�$/��6WHUQ�')��9DLG\DQDWKDQ�/�� HW� DO��7KH� 1HX� 2QFRJHQH�� DQ� (UE�%�5HODWHG� *HQH�(QFRGLQJ� D� ��������0U� 7XPRXU� $QWLJHQ�� 1DWXUH�����������������������6ODPRQ�'-��&ODUN�*0��:RQJ�6*��HW�DO��+XPDQ�%UHDVW�&DQFHU��&RUUHODWLRQ�RI�5HODSVH�DQG�6XUYLYDO�ZLWK� $PSOLILFDWLRQ� RI� WKH� +(5���QHX� 2QFRJHQH��6FLHQFH�����������������������%RUJ�$��7DQGRQ�$.��6LJXUGVVRQ�+��HW�DO��+(5���QHX� $PSOLILFDWLRQ� 3UHGLFWV� 3RRU� 6XUYLYDO� LQ�1RGH�3RVLWLYH�%UHDVW�&DQFHU���&DQFHU�5HV����������������������� :LQVWDQOH\� -�� &RRNH� 7�� 0XUUD\� *'� HW� DO�� 7KH�/RQJ� 7HUP� 3URJQRVWLF� 6LJQLILFDQFH� RI� &�(UE��� LQ�3ULPDU\�%UHDVW�&DQFHU��%U�-�&DQFHU������ ��������������� 3DWHUVRQ� 0&�� 'LHWULFK� .'�� 'DQ\OXN� -�� HW� DO��&RUUHODWLRQ�%HWZHHQ��(UE���$PSOLILFDWLRQ�DQG�5LVN�RI� 5HFXUUHQW� 'LVHDVH� LQ� 1RGH�1HJDWLYH� %UHDVW�&DQFHU��&DQFHU�5HV������ ����������������&ODUN�*0��0F*XLUH�:/�� )ROORZ�8S�6WXG\� RI�+(5���QHX� $PSOLILFDWLRQ� LQ� 3ULPDU\� %UHDVW�&DQFHU��&DQFHU�5HV������������������������ (OVWRQ� &:�� (OOLV� -2�� HW� DO�� � 3DWKRORJLFDO�3URJQRVWLF� )DFWRUV� LQ� %UHDVW� &DQFHU�� ,�� 7KH�9DOXH�RI�+LVWRORJLFDO�*UDGH�LQ�%UHDVW�&DQFHU��([SHULHQFH�)URP� D� /RQJ� 6WXG\� ZLWK� /RQJ�7HUP� )ROORZ�XS��+LVWRSDWKRORJ\����������������������$OOUHG�'&��+DUYH\�-0��%HUDUGR�0��&ODUN�*0��3URJQRVWLF�DQG�3UHGLFWLYH�)DFWRUV� LQ�%UHDVW�&DQFHU�E\� ,PPXQRKLVWRFKHPLFDO� $QDO\VLV�� 0RG� 3DWKRO��������������������� 7DYDVVROL� )$�� 'HYLOHH� 3�(GV��:RUOG� +HDOWK�2UJDQL]DWLRQ�&ODVVLILFDWLRQ� RI�7XPRXUV�� 3DWKRORJ\�DQG�*HQHWLFV�RI�7XPRXUV�RI�WKH�%UHDVW�DQG�)HPDOH�*HQLWDO�2UJDQV��/\RQ��,$5&�3UHVV�������������6ODPRQ�'-��*RGROSKLQ�:�� -RQHV�/$��+ROW�-$��:RQJ�6*��.HLWK�'(��/HYLQ�:-��6WXDUW�6*��8GRYH�-�� 8OOULFK� $�� � HW� DO�� � 6WXGLHV� RI� WKH� +(5���QHX�3URWR�2QFRJHQH� LQ� +XPDQ� %UHDVW� DQG� 2YDULDQ�&DQFHU��6FLHQFH������ ����������������� 3DXOHWWL� *�� *RGROSKLQ� :�� 3UHVV� 0)�� 6ODPRQ�'-��'HWHFWLRQ�DQG�4XDQWLWDWLRQ�RI�+(5���QHX�JHQH�$PSOLILFDWLRQ� LQ� +XPDQ� %UHDVW� &DQFHU� $UFKLYDO�0DWHULDO�8VLQJ�)OXRUHVFHQFH� LQ�6LWX�+\EULGL]DWLRQ��2QFRJHQH����������������������'H�3RWWHU�&5��6FKHOIKRXW�$0��HW�DO���7KH�1HX�3URWHLQ� DQG� %UHDVW� &DQFHU�� 9LUFKRZV� $UFK� ����������������������� 3DXOHWWL� *�� 'DQGHNDU� 6�� 5RQJ� +�� 5DPRV� /��3HQJ� +�� 6HVKDGUL� 5�� 6ODPRQ� '-�� $VVHVVPHQW� RI�0HWKRGV� IRU� 7LVVXH�EDVHG� 'HWHFWLRQ� RI� WKH� +(5���QHX�$OWHUDWLRQ� LQ�+XPDQ�%UHDVW�&DQFHU��D�'LUHFW�

&RPSDULVRQ� RI� )OXRUHVFHQFH� LQ� 6LWX� +\EULGL]DWLRQ�DQG�,PPXQRKLVWRFKHPLVWU\��-�&OLQ�2QFRO������������������������� 5HYLOOLRQ� )�� %RQQHWHUUH� -�� 3H\UDW� -3�� (5%%��2QFRJHQH�LQ�+XPDQ�%UHDVW�&DQFHU�DQG�,WV�&OLQLFDO�6LJQLILFDQFH��(XU�-�&DQFHU�����������������������3DLN�6��%U\DQW�-��3DUN�&��)LVKHU�%��7DQ�&KLX�(��+\DPV� '�� )LVKHU� (5�� /LSSPDQ� 0(�� :LFNHUKDP�'/�� :ROPDUN� 1�� HW� DO�� (UE%��� DQG� 5HVSRQVH� WR�'R[RUXELFLQ�LQ�3DWLHQWV�ZLWK�$[LOODU\�/\PSK�QRGH�3RVLWLYH�� +RUPRQH� 5HFHSWRU�1HJDWLYH� %UHDVW�&DQFHU��-�1DWO�&DQFHU�,QVW�������������������������&KDUL\DOHUWVDN�6��&KDUL\DOHUWVDN�6��&KHLUVLOSD�$��6XJDQR� .�� 2KNXUD� +�� ,PPXQRKLVWRFKHPLFDO�'HWHFWLRQ�RI�&�(UE%���2QFRSURWHLQ�LQ�3DWLHQWV�ZLWK�%UHDVW� &DQFHU�� -�0HG� $VVRF� 7KDL� ������ ���� ������������� 0D\� (�� 0RXULHVVH� +�� 0D\�/HYLQ� )�� 4LDQ� -)��0D\� 3�� 'HODUXH� -&�� � +XPDQ� %UHDVW� &DQFHU��,GHQWLILFDWLRQ� RI� 3RSXODWLRQV� ZLWK� D� +LJK� 5LVN� RI�(DUO\� 5HODSVH� LQ� 5HODWLRQ� WR� %RWK� 2HVWURJHQ�5HFHSWRU�6WDWXV�DQG�&�(UE%���2YHUH[SUHVVLRQ��%U�-�&DQFHU������������������������7DXFKHU�6��5XGDV� 0��0DGHU�50��HW�DO��'R�:H�1HHG� +(5���QHX� 7HVWLQJ� IRU� $OO� 3DWLHQWV� ZLWK�3ULPDU\� %UHDVW� &DUFLQRPD"�� &DQFHU� ������ �������������7DQGRQ�$.��&ODUN�*0��&KDPQHVV�*&��HW� DO���+HU���QHX� 2QFRJHQH� 3URWHLQ� DQG� 3URJQRVLV� LQ�%UHDVW�&DQFHU��-�&OLQ�2QFRO������������������� *XVWHUVRQ� %$�� *HOEHU� 5'�� *ROGKLUVFK� $�� HW�DO���3URJQRVWLF��-�&/LQ�2QFRO��������������������� 3DXOHWWL� *�� 'DQGHNDU� 6�� 5RQJ� +�� HW� DO���$VVHVVPHQW� RI� 0HWKRGV� IRU� 7LVVXH�%DVHG�'HWHFWLRQ�RI� WKH�+(5���QHX�$OWHUDWLRQ� LQ�+XPDQ�%UHDVW� &DQFHU�� D� 'LUHFW� &RPSDULVRQ� RI�)OXRUHVFHQFH� LQ� 6LWX� +\EULGL]DWLRQ� DQG�,PPXQRKLVWRFKHPLVWU\�� -� &OLQ� 2QFRO� ������ ������������� 3ULWFKDUG�.,��2
0DOOH\� )$��$QGUXOLV� ,�� HW� DO���3URJQRVWLF� DQG�3UHGLFWLYH�9DOXH�RI�+(5��1HX� LQ�D� 5DQGRPL]HG� 7ULDO� &RPSDULQJ� &0)� WR� &()� LQ�3UHPHQRSDXVDO� :RPHQ ZLWK� $[LOODU\� 1RGH�3RVLWLYH� %UHDVW� &DQFHU� �1&,&� &7*� 0$�����DEVWUDFW���3URF�$P�6RF�&OLQ�2QFRO�������������D����� +RII� (5�� 7XEEV� 55�� 0\OHV� -/�� 3URFRS� *:���+(5��QHX� $PSOLILFDWLRQ� LQ� %UHDVW� &DQFHU��6WUDWLILFDWLRQ�E\�7XPRU�7\SH�DQG�*UDGH��$P�-�&OLQ�3DWKRO�������������������������%HUJHU�8��:LOVRQ�3��0F&OHOODQG�5$��'DYLGVRQ�-�� &RRPEHV� 5&�� &RUUHODWLRQ� RI�,PPXQRF\WRFKHPLFDOO\� 'HPRQVWUDWHG� (VWURJHQ�5HFHSWRU�'LVWULEXWLRQ�DQG�+LVWRSDWKRORJLF�)HDWXUHV�
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LQ� 3ULPDU\� %UHDVW� &DQFHU�� +XP� 3DWKRO� ������ �������������������+DUWPDQQ�/&��,QJOH�-1��:ROG�/(��)DUU�*+�-U��*ULOO� -3��6X� -4��0DLKOH�1-��.URRN�-(��:LW]LJ�7(��5RFKH� 3&�� � 3URJQRVWLF� 9DOXH� RI� &�HUE%��2YHUH[SUHVVLRQ� LQ� $[LOODU\� /\PSK� 1RGH� 3RVLWLYH�%UHDVW� &DQFHU�� 5HVXOWV� IURP� D� 5DQGRPL]HG�$GMXYDQW� 7UHDWPHQW� 3URWRFRO�� &DQFHU� ������ ������������������� 6ODPRQ� '-�� &ODUN� *0��:RQJ� 6*�� /HYLQ�:-��8OOULFK� $�� 0F*XLUH� :/�� +XPDQ� %UHDVW� &DQFHU��&RUUHODWLRQ� RI� 5HODSVH� DQG� 6XUYLYDO� ZLWK�$PSOLILFDWLRQ�RI�WKH�+(5���QHX�2QFRJHQH��6FLHQFH��������������������

����6ODPRQ�'-��/H\ODQG�-RQHV�%��6KDN�6��)XFKV�+��3DWRQ� 9�� %DMDPRQGH� $�� )OHPLQJ� 7�� (LHUPDQQ�:��:ROWHU� -�� 3HJUDP�0�� HW� DO�� 8VH� RI� &KHPRWKHUDS\�3OXV� D� 0RQRFORQDO� $QWLERG\� $JDLQVW� +(5�� IRU�0HWDVWDWLF�%UHDVW�&DQFHU�WKDW�2YHUH[SUHVVHV�+(5���1�(QJO�-�0HG������������������������� +RUWREDJ\L� *1�� HW� DO�� 2YHUYLHZ� RI� WUHDWPHQW�5HVXOWV�ZLWK�7UDVWX]XPDE��+HUFHSWLQ��LQ�0HWDVWDWLF�%UHDVW�&DQFHU��6HPLQ�2QFRO����������������������0F.HDJH�.��3HUU\�&0��7UDVWX]XPDE��D�5HYLHZ�RI� ,WV� 8VH� LQ� WKH� 7UHDWPHQW� RI� 0HWDVWDWLF� %UHDVW�&DQFHU� 2YHUH[SUHVVLQJ� +(5��� 'UXJV� ������ �����������
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5HODWLRQVKLS�RI�+(5���:LWK�2WKHU�&OLQLFDO± 3DWKRORJLFDO�
'LDJQRVWLF�&ULWHULD�LQ�%UHDVW�&DQFHU�3DWLHQWV

1DMDIL�%��0'���)DNKHUL�7��0'���)DGDNDUH�VRJKHK�*K�0'��
$EVWUDFW,QWURGXFWLRQ��+(5���QHX� LV� D�PHPEUDQH�SURWHLQ� DQG� LW� LV� RQH�RI� WKH�GHWHUPLQLQJ�SURJQRVWLF� IDFWRUV�RI�EUHDVW�FDQFHU�2EMHFWLYH� 7KH� DLP� RI� WKH� VWXG\� ZDV� WR� LQYHVWLJDWH� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� H[SUHVVLRQ� RI� WKH� +(5���PHPEUDQH� SURWHLQ� DQG� FOLQLFDO� SDWKRORJLFDO� SDUDPHWHUV� VXFK� DV� VL]H�� GHJUHH� RI� WKH� WXPRU� GLIIHUHQWLDWLRQ��SUHVHQFH�RU�DEVHQFH�RI�O\PSKRYDVFXODU���LQYDVLRQ�DQG�LWV�UHODWLRQ�ZLWK�VWHURLG�KRUPRQH�DQG�3���VWDWXV�LQ�EUHDVW�FDQFHU�SDWLHQWV�0DWHULDOV�DQG�0HWKRGV�7KLV�GHVFULSWLYH�VWXG\�ZDV�GRQH�RQ�����FDVHV�RI�EUHDVW�FDQFHUV�UHIHUUHG�WR�WZR�FDQFHU�FHQWHUV� LQ� *LODQ� IURP� ����������� 3DWLHQWV¶� GHPRJUDSKLF� GDWD�� SDWKRORJLFDO� DQG� W\SH� RI� FOLQLFDO� WKHUDS\�ZHUH�JDWKHUHG� IURP� WKHLU� PHGLFDO� FKDUWV�� $OO� PHPEUDQH� VDPSOHV� WDNHQ� E\� ELRSV\� ZHUH� HPEHGGHG� LQ� SDUDIILQ� DQG�VWDLQHG� E\� KHPDWR[\OLQ�HRVLQ� WHFKQLTXH� DQG� ZHUH� HYDOXDWLRQ� E\� D� VHPL�TXDQWLWDWLYH� PHWKRG� RI� LPPXQRKLVWR�FKHPLVWHU\�IRU�+(5��SURWHLQ��3���DQG�VWHURLGDO�UHFHSWRU�5HVXOWV� $�WRWDO�RI�����RI�EUHDVW�FDQFHU�SDWLHQWV�KDG�SRVLWLYH�+(5��SURWHLQ��7KHUH�ZDV�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ� +(5�� SURWHLQ� DQG� 3��� SURWHLQ� H[SUHVVLRQ� �3 �������� 7KHUH� ZDV� D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ�SUHVHQFH�RI�+(5��SURWHLQ�DQG�DEVHQFH�RI�VWHURLG�UHFHSWRU�ZLWK�KLJK�JUDGH�WXPRU��JUDGH����3 �����DQG�DEVHQFH�RI�+(5�� DQG� SUHVHQFH� RI� VWHURLG� UHFHSWRU�ZLWK� ORZ�JUDGH� WXPRU� �JUDGH� ��� �3 ������ 7KHUH�ZDV� QR� FRUUHODWLRQ�EHWZHHQ�+(5��DQG�O\PSKRYDVFXODU�LQYDVLRQ�DQG�VL]H�RI�WXPRU�&RQFOXVLRQ��,Q� EUHDVW� FDQFHU� SDWLHQWV�� WKHUH� LV� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� SUHVHQFH� RI� +(5�� SURWHLQ� DQG�GHJUHH� RI� WXPRU� GLIIHUHQWLDWLRQ� DQG� LW� DOVR� FRUUHODWHV� ZLWK� SRRU� SURJQRVWLF� IDFWRUV� VXFK� DV� KRUPRQH� UHFHSWRU�QHJDWLYLW\�DQG�3���SRVLWLYLW\�
.H\�ZRUGV� %UHDVW�1HRSODVP��0HPEUDQH�3URWHLQV��5HFHSWRUV��6WHURLG


