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%LRVWUDWLJUDSK\��0LFURIDFLHV�DQG�VHGLPHQWDU\�HQYLURQPHQW�RI�RI�WKH�2OLJR�0LRFHQH�VHTXHQFH��$VPDUL�)RUPDWLRQ��LQ�&KLGDQ�DUHD��=DJURV�%DVLQ��VRXWKZHVW�,UDQ��
1DUJHV�0RQMH]L� � 0DKQD]�3DUYDQHK�1HMDG�6KLUD]L�� 0RKVHQ�'DYRXGL�1H]KDG�

�

�(PSLULFDO�VFLHQFHV�'HSDUWPHQW��,VODPLF�$]DG�8QLYHUVLW\�'H]IXO�%UDQFK��'H]IXO��,UDQ����'HSDUWPHQW�RI�*HRORJ\��3D\DPH�1RRU�8QLYHUVLW\��32�%2;������������7HKUDQ��,UDQ����� �1DWLRQDO�,UDQLDQ�GULOOLQJ�&RPSDQ\��$KZD]��,UDQ��
�

$EVWUDFW��7KH� IRUDPLQLIHUV�ELRVWUDWLJUDSKLF� VWXG\� LQ�&KLGDQ�DUHD� OHG� WR� UHFRJQLWLRQ�RI���ELR]RQHV�� ,Q� WKLV� VWXG\��HLJKW�GLIIHUHQW�PLFURIDFLHV�W\SHV�KDYH�EHHQ�UHFRJQL]HG��7KHVH�FDUERQDWH�PLFURIDFLHV�EHORQJLQJ�WR��RSHQ�PDULQH��$���EDU�VKRDO��%���ODJRRQ��&��DQG�WLGDO�IODW��'���7KH�GHSRVLWLRQDO�HQYLURQPHQW�RI�WKH�$VPDUL�)RUPDWLRQ�LV�LQWHUSUHWHG�DV�D VKDOORZ�FDUERQDWH�UDPS��>1DUJHV�0RQMH]L� 0DKQD]� 3DUYDQHK�1HMDG� 6KLUD]L� 0RKVHQ�'DYRXGL� 1H]KDG�� %LRVWUDWLJUDSK\��0LFURIDFLHV�
DQG� VHGLPHQWDU\� HQYLURQPHQW� RI� RI� WKH� 2OLJR�0LRFHQH� VHTXHQFH� �$VPDUL� )RUPDWLRQ�� LQ� &KLGDQ� DUHD��=DJURV� %DVLQ�� VRXWKZHVW� ,UDQ�� /LIH� 6FL� -� �����������������@� �,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�����.H\�ZRUGV� $VPDUL�)RUPDWLRQ��=DJURV��&KLGDQ��*DFKVDUDQ��3DEGHK��=DJURV��,UDQ��

,QWURGXFWLRQ�7KH�2OLJRFHQH�0LRFHQH�$VPDUL� )RUPDWLRQ� LV� IDPRXV�DV� WKH� PRVW� SUROLILF� RLO� SURGXFLQJ� VHTXHQFHV� LQ� WKH�=DJURV� EDVLQ� LQ� WKH� VRXWKZHVW� RI� ,UDQ�� ,W� KDV� EHHQ�UHFRJQL]HG� WKDW� VRPH� RI� WKH� ULFKHVW� RLO� ILHOGV� LQ� WKH�0LGGOH� (DVW� RFFXU� LQ� WKH� \RXQJHU� &HQR]RLF� URFNV� RI�LUDQ� DQG� ,UDT�$OD� HW� DO��� ������ EH\GRXQ� HW� DO��� �������7KH� FDUERQDWH� URFNV� RI� WKH� $VPDUL� )RUPDWLRQ� KDYH�EHHQ�ZHOO�VWXGLHG��/DFDVVDJQH��������6H\UDILDQ��������9D]LUL��0RJKDGDP�HW�DO����������7KH�$VPDUL�)RUPDWLRQ�ZDV�GHSRVLWHG�LQ�WKH�2OLJRFHQH�0LRFHQH� VKDOORZ� PDULQH� HQYLURQPHQW� RI� WKH� =DJURV�IRUODQG�EDVLQ��$ODYL��������DQG�LV�EHVW�GHYHORSHG�LQ�WKH�'H]IXO� HPED\PHQW� ]RQH� �D� SDUW� RI� .KX]HVWDQ�3URYLQFH��� /LWKRORJLFDOO\�� WKH� $VPDUL� )RUPDWLRQ�FRQVLVWV�RI�����P�RI�OLPHVWRQH�EHGV��PRWLHL����������,Q� WKH� VRXWK� RI� WKH� 'H]IXO� HPED\PHQW�� LWV� OLWKRORJ\�FKDQJHV� WR� D� PL[HG� VLOLFLFODVWLF�� FDUERQDW� GHSRVLW�FRQVLVWLQJ�RI�FDUERQDWH�EHGV�ZLWK�VHUYHUDO�LQWHUYDOV�RI�VDQGVWRQH�� VDQG\� OLPHVWRQH� DQG� VKDOH�� 7KLV� IDFLHV� LV�DWWULEXWHG� WR� WKH� $KZD]� 6DQGVWRQH� 0HPEHU� �0RWLHL���������0RVW� RI� WKH� VWXGLHV� RI� WKH� $VPDUL� IRUPDWLRQ� LQ� WKLV�EDVLQ�DUH�UHODWHG�WR�VXEVXUIDFH�GDWD��ZKLOH�WKLV�VWXG\�LV�IRFXVHG�RQ�DQ�RXWFURS��7KH�PDLQ�REMHFWLYHV�RI� WKLV� UHVHDUFK�ZHUH� IRFXVHG� RQ�ELRVWUDWLJUDSK\�RI�WKH�$VPDUL�)RUPDWLRQ�LQ�&KLGDQ�DUHD��6:�,UDQ����
0HWKRGV�$QG�0DWHULDOV��7KLV�SDSHU� LV� WKH� ILUVW� UHSRUW�RQ� WKH�ELRVWUDWLJUDSK\�RI�WKH�$VPDUL�IRUPDWLRQ�DW�WKH�&KLGDQ�DUHD��7ZR�VHFWLRQV�

RI� WKH�$VPDUL� )RUPDWLRQ�ZHUH�PHDVXUHG� EHG� E\� EHG��DQG�VHGLPHQWRORJLFDOO\�LQYHVWLJDWHG��)RVVLOV�DQG�IDFLHV�FKDUDFWHULVWLFV�ZHUH�GHVFULEHG�LQ�WKLQ�VHFWLRQV�IURP�����VDPSOHV�� /LPHVWRQH� FODVVLILFDWLRQ� IROORZHG� WKH�'XQKDP� ������� DQG� (PEU\� DQG� .ORYDQ� �������QRPHQFODWXUH�V\VWHP��)RUDPLQLIHUV� QDPHG� EDVH� RQ� $GDPV� DQG� %XUJHRLV���������/RHEOLFK�DQG�7DSSDQ����������6DPSOHV� ZHUH� FROOHFWHG� IURP� DQ� RXWFURS� LQ� WKH�.KX]HVWDQ� 3URYLQFH� �&KLGDQ� DUHD��� ZKLFK� LV�UHSUHVHQWDWLYH� RI� WKH� HQWLUH� WKLFNQHVV� RI� WKH� $VPDUL�)RUPDWLRQ�� 7KLQ� VHFWLRQV� ZHUH� VWDLQHG� WR� GLVWLQJXLVK�FDOFLWH�DQG�GRORPLWH��7KH� IRUDPLQLIHUDO� DVVHPEODJHV� RI� WKH� $VPDUL�)RUPDWLRQ�FRQVLVW�RI�YDULRXV�LPSHUIRUDWH�DQG�SHUIRUDWH�IRUPV��7KLV�IDXQD�LV�D�JRRG�WRRO�IRU�ELRIDFLHV�DQDO\VLV��UHFRJQLWLRQ�RI�SDOHRHFRORJ\�DQG�OLWKRVWUDWLJUDSK\���
3UHYLRXV�6WXGLHG��7KH� $VPDUL� )RUPDWLRQ� ZDV� QDPHG� DV� D� &UHWDFHRXV�(RFHQH� LQWHUYDO� E\� %XVN� DQG� 0D\R� �������� LW� ZDV�GHILQHG� DV� DQ� 2OLJRFHQH� 1XPPXOLWLF� OLPHVWRQH��5LFKDUGVRQ���������/HHV��������FRQVLGHUHG�WKH�DJH�RI�WKH� $VPDUL� )RUPDWLRQ� DV� 2OLJRFHQH�� 0LRFHQH�� +H�FKRVH� WKH� W\SH�VHFWLRQ� LQ�7DQJH�JROH� WRUVK�� ORFDWHG� LQ�VRXWKHDVW� 0DVMHG� VROHLPDQ� �6:� ,UDQ��� DQG� EDVHG� RQ�OLWKRORJ\� IHDWXUHV� GLYLGHG� LW� LQWR� WKH� IROORZLQJ� WKUHH�PHPEHUV�IURP�EDVH�WR�WRS��7KH�ORZHU�$VPDUL��PLGGOH�$VPDUL� DQG� XSSHU� $VPDUL�� -DPHV� DQG� :\QG� �������FDUULHG� RXW� WKH� ILUVW� VWXG\� RI� WKH� ELRVWUDWLJUDSKLF�SURSHUWLHV�RI� WKLV� IRUPDWLRQ��$QG� UHYLHZHG�E\�$GDPV�
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DQG� %XUJHRLV� ������� GHVLJQHG� IRXU� DVVHPEODJHV� RI�$VPDUL�)RUPDWLRQ�LQGLFDWLQJ�2OLJR�0LRFHQH�DJH��5HFHQWO\�SXEOLVKHG� UHVHDUFK�RQ� WKH�$VPDUL�)RUPDWLRQ�DUH��6H\UDILDQ��������6H\UDILDQ� HW�DO��� ������6H\UDILDQ�HW� DO��� ����� DQG� 9D]LUL� 0RJKDGGDP� HW� DO��� ������3DUYDQHK�1HMDG�HW�DO����������
3DOHRJHRJUDSKLF�+LVWRU\��7KH�VRXWKZHVWHUQ�PDUJLQDO�DFWLYH�IROG�EHOW�RI�,UDQ��WKH�=DJURV�� LV� IRUPHG� RQ� WKH� QRUWKHDVWHUQ� PDUJLQ� RI� WKH�$UDELDQ�FRQWLQHQWDO�FUXVW��WKH�JHRORJLFDO�KLVWRU\�RI�WKH�=DJURV� EHOW� LV� VLPSO\� PDUNHG� E\� UHODWLYHO\� TXLHW�VHGLPHQWDWLRQ� FRQWLQXLQJ� IURP� ODWH� 3UHFDPEULDQ� WR�0LRFHQH� WLPH�� 7KH� VHGLPHQWDWLRQ� ZDV� RI� SODWIRUP�FRYHU�W\SH� LQ�WKH�3DOHR]RLF��PLRJHRV\QFOLQDO�IURP�WKH�

0LGGOH� 7ULDVVLF� WR� 0LRFHQH�� DQG� V\QRURJHQLF� ZLWK�FRQJORPHUDWHV� LQ� /DWH� 0LRFHQH�3OHLVWRFHQH� WLPHV��-DPHV� DQG�:\QG�� ������ 6WRFNOLQH�� ������ %HUEHULDQ��������7KH� EHOW� ZDV� IROGHG� GXULQJ� 3OLR�SOHLVWRFHQH�RURJHQLF�PRYHPHQWV��7KH�=DJURV� 3DOHRJHQH� VXFFHVVLRQ�FDQ�EH�GLYLGHG� LQWR�WZR� F\FOHV� �6H\UDILDQ�� ������� 7KH� ILUVW� LV� WKH� MDKUXP�F\FOH��'DWLQJ�IURP�3DOHRFHQH�WR�2OLJRFHQH�WLPHV��7KLV�F\FOH� FRPSULVHV� WKH� GHHS� 3DEGHK� )RUPDWLRQ��FRQWDLQLQJ� RI� PDUO�� VKDOH� DQG� PDUO\� OLPHVWRQH�� DQG�VKDOORZ� -DKUXP� )RUPDWLRQ� �GRORPLWLF� OLPHVWRQH� DQG�OLPHVWRQH���7KH�VHFRQG�F\FOH�LV�WKH�2OLJRFHQH�WR�HDUO\�PLGGOH�0LRFHQH�$VPDUL�F\FOH��2YHUDOO��WKH�$VPDUL�)RUPDWLRQ�FDQ�EH�FRQVLGHUHG�DV�D�ODWH� WUDQVJUHVVLRQ� LQ� WKH� =DJURV� EDVLQ� �
0RWLHL����������
$VPDUL�)RUPDWLRQ��2OLJRFHQH�(DUO\�0LRFHQH���7KH�IRUPDWLRQ�LQ�.KX]HVWDQ�SURYLQFH��,UDQ��FRQVLVW�RI����� P� RI� WKLFN�� ZHOO�EHGGHG� OLPHVWRQHV� ZLWK� VKHOO\�KRUL]RQV�� ,Q� WKH� $KZD]� DQG�0DQVXUL� ILHOGV� WKH� EDVDO�WKLUG� FRQVLVWV� RI� FDOFDUHRXV� VDQGVWRQH� DQG� VDQG\�OLPHVWRQH� ZLWK� PLQRU� VKDOHV�� FRUUHVSRQGLQJ� WR� WKH�$KZD]�0HPEHU�UHSRUWHG�E\�-DPHV�DQG�:\QG���������$OWKRXJK� WKH�EDVH�RI� WKH�$VPDUL� )RUPDWLRQ� VHHPV� WR�EH�FRQIRUPDEO\�RYHUO\LQJ�WKH�3DEGHK�)RUPDWLRQ�LQ�WKH�)DUV� 3URYLQFH�� LW� LV� GLDFKURQRXV� LQ� /XUHVWDQ� DQG�.KX]HVWDQ�3URYLQFHV��7KH�UHYHUVH�LV�WUXH�RI�WKH�WRS�RI�WKH�IRUPDWLRQ��ZLWK�D�FRQIRUPDEOH��FRQWDFW�ZLWK�WKH�RYHUO\LQJ�*DFKVDUDQ�)RUPDWLRQ�LQ�WKH�ODWWHU�WZR�UHJLRQV�EXW�D�GLDFKURQRXV�UHODWLRQVKLS�LQ�WKH�)DUV�SURYLQFH�� ,Q�VRXWKHDVWHUQ� ,UDQ� WKH�$VPDUL�JUDGHV�LQWR� WKH� PDUOV� RI� WKH� XSSHUPRVW� SDUW� RI� WKH� 3DEGHK�)RUPDWLRQ�� DV� UHYHDOHG� E\� ZHOOV� GULOOHG� RQ� 4HVKP�,VODQG�6(�,UDQ���7KH� ORZHU� SDUW� RI� WKH� IRUPDWLRQ� KDV� EHHQ� GDWHG� DV�&KDWWLDQ�5XSHOLDQ� E\� (DPHV� HW� DO�� ������� DQG� WKH�PLGGOH� DQG� XSSHU� SDUWV� DV� HDUO\� 0LRFHQH�� 7KH�2OLJRFHQH�WR�HDUOLHVW�0LRFHQH�$VPDUL�OLPHVWRQHV�KDYH�

DOVR�EHHQ�HQFRXQWHUHG�LQ�WKH�VXEVXUIDFH�LQ�WKH�RIIVKRUH�QRUWKHUQ� (PLUDWHV� DQG� LQ� DQ� RXWFURS� RQ� -DEDO� +DILW��$EX�GKDEL��FORVH�WR�WKH�2PDQ�0RXQWDLQV��$OVKDUKDQ�HW�DO�����������*HRORJLFDO�6HWWLQJ��7KH�=DJURV�0RXQWDLQV�DUH�VLWXDWHG�ZLWKLQ�WKH�1(�SDUW�RI�WKH�VRXWKHUQ�QHRWHWK\V�RFHDQ��*HRJUDSKLFDOO\� WKH� =DJURV� 0RXQWDLQV� EHORQJ� WR� WKH�$OSLDQ�+LPDOD\DQ� FKDLQ�� EXW� FOHDUO\� GR� QRW� ILW� LQWR�PRGHOV�IRU�WKH�$OSV�RU�+LPDOD\DV��7DNLQ���������6RPH�RI�WKHVH�GLIILFXOWLHV�ZHUH�GLVFXVVHG�E\�6WRFNOLQ���������ZKR�FRQFOXGHG�WKDW�,UDQ�KDG�D�SHFXOLDU�W\SH�RI�$OSLDQH�WHFWRQLFV��7KH�6WXG\� DUHD� LV� ORFDWHG� LQ�.KX]HVWDQ�SURYLQFH�� ����NP�IURP�$KZD]�DQG�HDVW�RI�%DJKPDOHN��)LJXUH�����,W�LV�PHDVXUHG�LQ�GHWDLO�DW�1���Û��� ��Ý���(���Û��� ��Ý�DW�VXUIDFH��,Q�WKLV�DUHD��WKH�$VPDUL�)RUPDWLRQ�LV�FRQVLVWV�RI�����P�RI� WKLFN� DQG� FUHDP� WKLQ�PHGLXP�EHGGHG� OLPHVWRQHV�DQG� FDOFDUHRXV� PDUO� WKDW� WKH� XSSHU� SDUW� RI� $VPDUL�)RUPDWLRQ� DUH� GLYLGHG� LQWR� WZR� SDUWV� E\� FRUDO�OLPHVWRQH����
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)LJXUH����/RFDWLRQ�DQG�JHRORJLFDO�PDS�RI�WKH�VWXG\�DUHD��
�

'LVFXVVLRQ�$QG�5HVXOWV�%LRVWUDWLJUDSK\��%LRVWUDWLJUDSKLF� FULWHULD� RI� WKH� $VPDUL� )RUPDWLRQ�ZHUH� HVWDEOLVKHG� E\� $GDPV� DQG� %RXUJHRLV� ��������$GDPV� DQG� %RXUJHRLV� ������� GHVLJQHG� IRXU�DVVHPEODJH� ]RQHV� IRU� WKH� $VPDUL� )RUPDWLRQ� �7DEOH�����5HFHQWO\��/DXUVHQ�HW�DO��������KDYH�HVWDEOLVKHG�D�QHZ� ELR]RQDWLRQ� IRU� WKH� $VPDUL� )RUPDWLRQ� �)LJXUH�����%DVHG�RQ�WKLV�ELR]RQDWLRQ��WKH�VHGLPHQWV�DVFULEHG�WR�WKH�0LRFHQH��$TXLWDQLDQ��DUH� LQ�IDFW�ODWH�2OLJRFHQH��FKDWWLDQ�LQ�DJH�7KLV�ZDV�SURYHG�E\�WKH�DSSOLFDWLRQ�RI�VWURQWLXP�LVRWRSH�VWUDWLJUDSK\���)URP�EDVH� WR� WRS���� IRUDPLQLIHUDO� DVVHPEODJHV�ZHUH�GHWHUPLQHG�LQ�VWXG\�DUHD��)LJXUH���������$VVHPEODJH���FRQVLVW�RI�0HDQGURSVLQD�LUDQLFD�(OSKLGLXP�VS� ���(OSKLGLXP�VS� ����'HQGULWLQD�UDQJL���0LRJ\SVLQD�VS���%LJHQHULQD�VS���6FKOXPEHUJHULQD�VS���9DOYXOLQLG�VS�����4XLQTXHORFXOLQD� VS��� 0LOLROLG�� 3HQHURSOLV� VS���7ULORFXOLQD� WULJRQXOD��� 'LVFRUELV� VS��� 5HXVHOOD� VS���

5RWDOLD� VS��� $PPRQLD� VS��� $VWHULJHULQD� VS���$PSKLVWHJLQD�VS���$FHUYXOLQD�VS����7KLV�IDXQD�FRUUHVSRQGV�WR�WKH�0LRJ\SVLQD��(OSKLGLXP�VS�� ���3HQHURSOLV� IDUVHQVLV� $VVHPEODJH� =RQH� RI�/DXUVHQ� HW� DO�������� DQG� (OSKLGLXP� VS���� ±�0LRJ\SVLQD� $VVHPEODJH� VXE]RQH� RI� $GDPV� DQG�ERXUJHRLV��������DQG�LQGLFDWH�D�$TXLWDQLDQ�DJH������� IRUDPLQLIHUD� RI� DVVHPEODJH� �� LQFOXGH� %RUHOLV�PHOR� FXUGLFD�� %RUHOLV� PHOR�� 0HDQGURSVLQD� LUDQLFD��0HDQGURSVLQD� DQDKHQVLV�� 0LRJ\SVLQD� VS���0LRJ\SVLQRLGHV�VS���'HQGULWLQD�UDQJL��3HQHURSOLV�VS���3HQHURSOLV� HYROXWXV��� %LJHQHULQD� VS���6FKOXPEHUJHULQD� VS��� 9DOYXOLQLG� VS�� ���4XLQTXHORFXOLQD� VS���0LOLROLG��� 3\UJR� VS��� 6SLUROLQD�VS��� 7ULORFXOLQD� WULFDULQDWD�� 7ULORFXOLQD� WULJRQXOD��'LVFRUELV�VS���5HXVHOOD�VS���5RWDOLD�VS���(OSKLGLXP�VS��� $PPRQLD�VS���$PSKLVWHJLQD�VS���$FHUYXOLQD�VS����7KHVH� IRUDPLQLIHUD� DUH� FRUUHODWHG�ZLWK�%RUHOLV�PHOR�FXUGLFD�� %�� PHOR� PHOR� DQG� %RUHOLV� PHOR� JURXS��0HDQGURSVLQD�LUDQLFD�$GDPV�DQG�ERXUJHRLV���������7KHUHIRUH�� WKH� DVVHPEODJH� LV� DWWULEXWHG� WR� WKH�%XUGLJDOLDQ�EDVHG�RQ�WKH�FRQWHQW�RI�IRUDPLQLIHUV���
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)LJXUH����%LR]RQDWLRQ�RI�$VPDUL�)RUPDWLRQ�LQ�FKLGDQ�DUHD���
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7DEOH���� &RPSDULVRQ�LGHQWLILHG�ELR]RQHV�RI�$VPDUL�)RUPDWLRQ�LQ�&KLGDQ�DUHD�ZLWK�$GDPV�	�%RXUJHRLV���������/DXUVHQ�HW�DO����������

0LFURIDFLHV�7\SHV�$QG�)DFLHV�,QWHUSUHWDWLRQ��(LJKW� PLFURIDFLHV� ZHUH� GHILQHG� IURP� WKH� $VPDUL�)RUPDWLRQ� �&KLGDQ� DUHD� DW� %DJKHPDOHN�� 6:� ,UDQ���ZKLFK� ZHUH� JURXSHG� LQWR� IRXU� IDFLHV� DVVRFLDWLRQV�UHSUHVHQWLQJ�VXEHQYLURQPHQWV���
7LGDO�IODW�)DFLHV�
'��/LPHPXGVWRQH��

7KH�PLFURIDFLHV� PDLQO\� FRQVLVWV� RI�PLFULWH�� ODFNLQJ�ODPLQDWLRQ� DQG� ZLWK� UDUH� ELRWXUEDWLRQ�� ,Q� VRPH�SDUWV�PRXOGV�RI�HYDSRUDWHV�DUH�REVHUYHG��,Q�VRPH�WKLQ�VHFWLRQV�TXDUW]�JUDLQV�DUH�YLVLEOH��)LJXUH��D���6LPLODU�SUHVHQW�GD\� FRQGLWLRQV� DUH� VHHQ� LQ� KRW� DQG� GU\�FDUERQDWH� SODWIRUPV� ZLWK� KLJK� HYDSRUDWLRQ�� VXFK� DV�WKH�3HUVLDQ�*XOI��7XFNHU�DQG�:ULJKW���������2EVHUYDWLRQV� LQGLFDWH� WKDW� WKLV� PLFURIDFLHV� LV�GHSRVLWHG� LQ� DQ� XSSHU� WLGDO� IODW� WR� VXSUDWLGDO�HQYLURQPHQW���
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)LJXUH� ��� 0LFURIDFLHV� W\SHV� LQ� WKH� &KLGDQ� DUHD�� D�� OLPHPXGVWRQH�� PLFURIDFLHV� '�� E�� 0LOLROLG�� 'LVFRUELV�:DFNHVWRQH�PLFURIDFLHV� &��� F�� %LRFODVW� ��0LOLROLG� 3DFNVWRQH��PLFURIDFLHV� &��� G�� %LRFODVW�� 5RWDOLD�:DFNHVWRQH��PLFURIDFLHV�&���H�%LRFODVW���3HORLGDO���0LOLROLG�*UDLQVWRQH��PLFURIDFLHV�&���I��&RUDO�%RXQGVWRQH��PLFURIDFLHV�%���J��%LRFODVW� �&RUDOOLQDFHD�:DFNHVWRQH��PLFURIDFLHV� %��� K�� ,QWUDFODVW� ��0LOLROLG� �� %LRFODVW� 3DFNVWRQH� ±�:DFNHVWRQH��PLFURIDFLHV�$���
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/DJRRQ�)DFLHV��
&���0LOLROLG��'LVFRUELV�:DFNHVWRQH�7KH� PDLQ� IHDWXUH� RI� WKH� PLFURIDFLHV� LV� D� UHODWLYHO\�ODUJH�DPRXQW�RI�VKHOO�IUDJPHQWV�LQ�WKH�PDWUL[��PDLQO\�FRPSULVLQJ� 'LVFRUELV� VKHOOV�� $OVR�� RWKHU� VKHOO�IUDJPHQWV� �ELYDOYHV��HFKLQRGHUPV��DQG�PLOLROLGV�FDQ�EH� VHHQ� �)LJXUH� �E��� 7KLV� PLFURIDFLHV� LV� DVVRFLDWHG�ZLWK�WKH�ODJRRQ�RI�DQ�LQWHUQDO�UDPS��)O�JHO����������
&���%LRFODVW���0LOLROLG�3DFNVWRQH��3RUFHODQHRXV� IRUDPLQLIHUD� �)LJXUH� �F�� DUH� WKH� PDLQ�FRQVWLWXHQWV� RI� WKLV� PLFURIDFLHV�� (FKLQRGHUPV� DQG�ELYDOYHV� GHEULV� DUH� SUHVHQW� LQ� VPDOO� TXDQWLWLHV�� 7KH�H[LVWHQFH� RI� SRUFHODQHRXV� IRUDPLQLIHUD� DQG�PLFURIDFLHV�W\SH�SDFNVWRQH�LV�UHODWHG�WR�D�ORZ�HQHUJ\�ODJRRQ�HQYLURQPHQW��)O�JHO����������
&���%LRFODVW���5RWDOLD�:DFNHVWRQH��7KH� PDLQ� FRQVWLWXHQW� PLFURIDFLHV� DUH� 5RWDOLD��HFKLQRGHUPV� DQG� ELYDOYHV� GHEULV� �)LJXUH� �G���%LRGLYHUVLW\� LV� ORZ�� 7KH� PLFURIDFLHV� KDV� EHHQ�DVVRFLDWHG�ZLWK�D�ODJRRQ�RI�WKH�LQWHUQDO�UDPS��%X[WRQ�DQG�3HGOH\���������
�
&���%LRFODVW���3HORLGDO���0LOLROLG�*UDLQVWRQH��3HORLG�DQG�IRUDPLQLIHUD�VXFK�DV�PLOLROLGV��)LJXUH��H��DUH� WKH� PDLQ� FRQVWLWXHQWV�� (FKLQRGHUPV� GHEULV� DQG�LQWUDFODVW�FRQWHQWV�DUH� ORZ��0LOLROLGV�OLYH� LQ�VKDOORZ�VDOLQH� WR� K\SHUVDOLQH� ZDWHUV� �*HOO�� �������&RQVLGHULQJ� WKH� DYDLODEOH� DOORFKHPHV�� JUDLQVWRQH�WH[WXUH�� LQWUDFODVWV� DQG� ORZ� IRUDPLQLIHUD� GLYHUVLW\��WKLV�PLFURIDFLHV�LV�DVVRFLDWHG�ZLWK�DQ�LQQHU�UDPS�DQG�D UHODWLYHO\�OLPLWHG�HQYLURQPHQW�ZLWK�KLJK�HQHUJ\���
%DUULHU�)DFLHV��
%���&RUDO�%RXQGVWRQH��7KLV� PLFURIDFLHV� LV� IRUPHG� E\� WKH� JURZWK� RI� FRUDO�QHWZRUNV� �)LJXUH��I��� (FKLQRGHUPV�GHEULV��PLOLROLGV�DQG�UDUHO\�0LRJ\SVLQRLGHV�FDQ�EH�VHHQ��7KH�VNHOHWRQ�VSDFH� RI� FRUDO� LV�PDLQO\� ILOOHG� E\� VSDULWH� DQG� UDUHO\�PLFULWH�� 7KLV� IDFLHV� LV� IRUPHG� LQ� SDWFK� UHHIV� DQG�UHSUHVHQWV� WKH�PLG� �� UDPS�HQYLURQPHQW� �%X[WRQ�DQG�3HGOH\����������
%���%LRFODVW���&RUDOOLQDFHD�:DFNHVWRQH��7KH� PDLQ� FRPSRQHQWV� RI� WKLV� PLFURIDFLHV� LQFOXGHG�IUDJPHQWV� RI� FRUDOOLQDFHDQV�� EU\R]RDQV�� ELYDOYHV��

HFKLQRGHUPV� DQG� EHQWKLF� IRUDPLQLIHUD��0LRJ\SVLQRLGHV�� 5RWDOLD�� 'LVFRUELV��� 7KH� PDWUL[�FRQVLVWV�PDLQO\� RI�PLFULWH�� 5HG� DOJDH� DUH� GLVFRLGDO��3DWFK�UHHI�FRUDOV�DUH� DOVR�REVHUYHG��)LJXUH��J���7KH�PLFURIDFLHV�LV�HTXLYDOHQW�WR�PLFURIDFLHV���UHSRUWHG�E\�%X[WRQ� DQG� 3HGOH\� ������� DQG� LV� DVVRFLDWHG� ZLWK� D�PLG���UDPS�HQYLURQPHQW���2SHQ�PDULQH�)DFLHV��
$�� ,QWUDFODVW� �� 0LOLROLG� �� %LRFODVW� 3DFNVWRQH� ±�:DFNHVWRQH��7KH� ELRFODVWLF� FRQWHQW� RI� WKLV�PLFURIDFLHV� LV�PDLQO\��FRPSRVHG� RI� DOJDO� FUXVW� GHEULV� �)LJXUH� �K���HFKLQRGHUPV�� ELYDOYHV� DQG� IRUDPLQLIHUD� �PLOLROLGV�DQG� OHVVHU� QXPEHUV� RI� 0LRJ\SVLQRLGHV�� 5RWDOLD��'LVFRUELV���LQWUDFODVWV�DUH�DOVR�VHHQ��7KH�PLFURIDFLHV�WH[WXUH� LV�JUDLQ� VXSSRUWHG��&RQVLGHULQJ� WKH�GLYHUVLW\�RI� H[LVWLQJ� DOORFKHPHV�� HYLGHQFH� RI� ELRFODVWLF�VPDVKLQJ� DQG� GLVWXUEDQFH�� DQG� WKH� SUHVHQFH� RI�PLFULWH�� WKLV� PLFURIDFLHV� LV� DWWULEXWHG� WR� DQ�HQYLURQPHQW� WKDW� ZDV� VRPHWLPHV� KLJK� HQHUJ\��FDXVLQJ� VPDVKLQJ� DQG� GLVUXSWLRQ� RI� DOORFKHP�� DQG�VRPHWLPHV� ORZ� HQHUJ\� �OHDGLQJ� WR� WKH� PLFULWH�FDUERQDWH�EHWZHHQ�DOORFKHPHV���)O�JHO���������7KHVH�DUH�W\SLFDO�FRQGLWLRQV�RI�WKH�PLG��UDPS���
6HGLPHQWDU\�(QYLURQPHQW�,Q�7KH�6WXGLHG�6HFWLRQ��$IWHU� VWXG\LQJ� WKH� WKLQ� VHFWLRQV� DQG� LGHQWLI\LQJ� WKH�PLFURIDFLHV��D� IDFLHV�SURILOH�ZDV�FRQVWUXFWHG��)LJXUH�����7KH�ODFN�RI�UHZRUNHG�VHGLPHQW�DQG�ODFN�RI�IDOOLQJ�DQG� VOLGLQJ� IDFLHV� LQGLFDWHV� D� JHQWOH� VORSH�GHSRVLWLRQDO� HQYLURQPHQW� GXULQJ� GHSRVLWLRQ� DQG�VKRZV� WKDW� $VPDUL� )RUPDWLRQ� ZDV� GHSRVLWHG� LQ� D�VKDOORZ� FDUERQDWH� SODWIRUP� ZLWK� D� JHQWOH� VORSH��'HSRVLWLRQ�RI�WKH�$VPDUL�)RUPDWLRQ�LQ�WKH�VWXG\�DUHD�VWDUWHG�ZLWK�PLFURIDFLHV� UHODWHG� WR� WKH�PLGGOH� UDPS�HQYLURQPHQW� DQG� WUDQVJUHVVHG� WR� EHDFK� IDFLHV� DV�ZDWHU� GHSWK� GHFUHDVHG�� $FFRUGLQJO\�� WKH� $VPDUL�)RUPDWLRQ�LQ�WKH�&KLGDQ�DUHD�ZDV�PDLQO\�GHWHUPLQHG�E\� WKH� LQWHUQDO� UDPS� FKDUDFWHULVWLFV�� ,Q�RWKHU�ZRUGV��PRVW�RI� WKH�$VPDUL�)RUPDWLRQ�VHGLPHQWDU\� URFNV� LQ�WKH�VWXG\�DUHD�ZHUH�GHSRVLWHG�RQ�WKH�LQQHU�UDPS��&RQVLGHULQJ� WKH� W\SH� RI� FDUERQDWH� VHGLPHQWV�SURGXFHG� DQG� WKH� PDLQ� ORFDWLRQV� RI� VHGLPHQW�DFFXPXODWLRQ� LQ� WKH� VWXG\� VHFWLRQ�� D� UHFRQVWUXFWHG�VHGLPHQWDU\�PRGHO�LV�SURYLGHG�LQ�)LJXUH�����
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)LJXUH����)DFLHV�YDULDWLRQ�DQG�ELRGLYHUVLW\�LQ�WKH�&KLGDQ�DUHD��
�
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)LJXUH����6HGLPHQWDU\�PRGHO�RI�WKH�$VPDUL�)RUPDWLRQ��&KLGDQ��%DJKPDOHN��DUHD�
�
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&RQFOXVLRQV��7KH� $VPDUL� )RUPDWLRQ� LQ� WKH� VWXG\� DUHD� LV�FRPSRVHG�RI�OLPHVWRQH��DQG�DOVR�WKH�XSSHU�SDUW�RI�$VPDUL�)RUPDWLRQ� LV�GLYLGHG� LQWR� WZR� VHFWLRQV�E\�OLPHVWRQH�FRQWDLQLQJ�FRUDO��IRUDPLQLIHUV� ELRVWUDWLJUDSKLF� VWXG\� RI� WKH� $VPDUL�)RUPDWLRQ�&KLGDQ�VHFWLRQ���OHG�WR�UHFRJQLWLRQ�RI���ELR]RQHV��LQFOXGLQJ����� 0LRJ\SVLQD�� (OSKLGLXP� VS�� ���3HQHURSOLV�IDUVHQVLV�$VVHPEODJH�=RQH��$TXLWDQLDQ�����%RUHOLV�PHOR�FXUGLFD��%��PHOR�PHOR�$VVHPEODJH�=RQH��%XUGLJDOLDQ��7KH�PLFURIDFLH�VWXG\�EDVHG�RQ�IRUDPLQLIHUV� OHG� WR�UHFRJQLWLRQ� RI� HLJKW� FDUERQDWH�PLFURIDFLHV� EHORQJ�WR�IRXU�VXEHQYLURQPHQWV��7KH� GHSRVLWLRQDO� HQYLURQPHQW� RI� WKH� $VPDUL�)RUPDWLRQ� LV� LQWHUSUHWHG� DV� D� VKDOORZ� FDUERQDWH�SODWIRUP� ZLWK� D� ORZ� VORSH�� 7KH� PRVW� SDUW� RI� WKH�$VPDUL� )RUPDWLRQ� LQ� WKH� &KLGDQ� DUHD� ZDV�GHSRVLWHG�LQ�DQ�LQQHU�UDPS�HQYLURQPHQW���
$FNQRZOHGJPHQWV��:H� ZLVK� WR� H[SUHVV� RXU� JUDWLWXGH� WR� 'U�� +RUPR]�*KDODYDQG��0DQDJHU�RI�1DWLRQDO�,UDQLDQ�6RXWK�2LO�&RPSDQ\��1,62&��$KZD]�,UDQ���
�
5()(5(1&(6����� $GDPV� 7'�� %RXUJHRLV� )�� ������ $VPDUL�ELRVWUDWLJUDSK\� JHRORJ\� DQG� H[SORUDWLRQ�GLYLVLRQ��5HS��1R��������1DWLRQDO�,UDQLDQ�2LO�&RPSDQ\�������� $OD�0$��.LQJKRUQ�55)��5DKPDQ�0� ��������2UJDQLF� JHRFKHPLVWU\� DQG� VRXUFH� URFN�FKDUDFWHULVWLFV� RI� WKH� =DJURV� 3HWUROHXP�SURYLQFH�� VRXWKZHVW� ,UDQ�� -�� 3HWUROHXP�*HRO���� ���������� $ODYL�0�� ������ 5HJLRQDO� VWUDWLJUDSK\� RI� WKH�=DJURV� IROG�WKUXVW� EHOW� RI� ,UDQ� DQG� LWV�SURIRUHODQG�HYROXWLRQ��$P��-��6FL�� ���� �������� $OVKDUKDQ� $6�� 1DULQ� $�(�0�� ������ 7HUWLDU\�RI� WKH� $UDELDQ� *XOI�� 6HGLPHQWRORJ\� DQG�K\GURFDUERQ� SRWHQWLDO��3DODHRJHRJUDSK\�3DODHRFOLPDWRORJ\� DQG�3DODHRHFRORJ\� (OVHYLHU������������������� %HUEHULDQ� 0�� ������ &RQWULEXWLRQ� WR� WKH�6HLVPRWHFWRQLFV� RI� ,UDQ� �SDUW� ,,��� *HRORJLFDO�6XUYH\�RI�,UDQ�������� %H\GRXQ� =�5��� +XJKHV� &ODUNH�� 0�:���6WRQHOH\�� 5�� ������ 3HWUROHXP� LQ� WKH� =DJURV�EDVLQ�� D� ODWH� 7HUWLDU\� IRUHODQG� EDVLQ�RYHUSULQWHG� RQWR� WKH� RXWHU� HGJH� RI� DYDVW�K\GURFDUERQ� ULFK� 3DOHR]RLF�� 0HVR]RLF�SDVVLYH�PDUJLQVKHOI�� ,Q��5�:��0DFTXHHQ�DQG�'�$�� /HFNLH� �(GLWRUV��� )RUHODQG� %DVLQV� DQG�

)ROG� %HOWV�� $P�� $VVRF�� RI� 3HWUROHXP�*HRORJLVWV�%XOOHWLQ��������������� ���� %XVN��+�*���0D\R��+�7���������6RPH�QRWHV�RQ�WKH� JHRORJ\� RI� WKH� 3HUVLDQ� RLO� ILHOG�� -��3HWURRJ\�DQG�7HFKQRO� ������������� %X[WRQ�� 0�:�1��� 3HGOH\�� +�0��� ������ $�VWDQGDUGL]HG� PRGHO� IRU� 7HWK\DQ� 7HUWLDU\�FDUERQDWH� UDPSV�� -�� *HRO�� 6RFLDW\�� /RQGRQ������������������� 'XQKDP�� 5�-��� ������ &ODVVLILFDWLRQ� RI�FDUERQDWH� URFNV� DFFRUGLQJ� WR� GHSRVLWLRQDO�WH[WXUH�� $P�� $VVRF�� 3HWUROHXP� *HRORJLVWV�%XOOHWLQ� ����������������� (DPHV�� )�(��� %DQQHU�� )�7��� %ORZ�� :�+���&ODUNH�� :�-��� ������ )XQGDPHQWDOV� RI� 0LG��7HUWLDU\� 6WUDWLJUDSKLFDO� &RUUHODWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV���������� (PEU\�� $�)��� .ORYDQ�� -�(��� ������ $EVROXWH�ZDWHU� GHSWK� OLPLWV� RI� ODWH� 'HYRQLDQ�SDOHRHFRORJLFDO� ]RQHV�� *HRO�� 5XQGVFK��� ������������������ )O�JHO�� (��� ������ 0LFURIDFLHV� RI� &DUERQDWH�5RFNV�� $QDO\VLV�� ,QWHUSUHWDWLRQ� DQG�$SSOLFDWLRQ��1HZ�<RUN��6SULQJHU�9HUODJ����������� *HHO�� 7��� ������ 5HFRJQLWLRQ� RI� VWUDWLJUDSKLF�VHTXHQFHV� LQ� FDUERQDWH� SODWIRUP� DQG� VORSH�GHSRVLWV�� (PSULFDO� PRGHO� EDVHG� RQ�PLFURIDFLHV�DQDO\VLV�RI�3DOHRJHQH�GHSRVLWV�LQ�VRXWKHDVWHUQ� 6SDLQ�� 3DODHRJHRJUDSK\��3DODHRFOLPDWRO�� DQG� 3DODHRHFRO������ ���������,UDQ�DQG�LWV�SURIRUHODQG�HYROXWLRQ��$P��-��6FL������������������ -DPHV��*�$���:\QG��-�*���������6WUDWLJUDSKLF�QRPHQFODWXUH� RI� ,UDQLDQ� RLO� FRQVRUWLXP�DJUHHPHQW� DUHD�� $P�� $VVRF�� RI� 3HWUROHXP�*HRORJLVWV�%XOOHWLQ� �������������������� /DFDVVDJQH��5�0���������$VPDUL�VHGLPHQWDU\�(QYLURQPHQW� RI� VRXWKZHVW� ,UDQ�� ,UDQLDQ� 2LO�2SHUDWLQJ� &RPSDQLHV�� *HRORJ\� DQG�([SORUDWLRQ�'LYLVLRQ��3DOHRQWRO��'HSDUWPHQW��SS��������� /DXUVHQ�� *�� 9��� 0RQLEL�� 6��� $OODQ�� 7� �/���3LFNDUG�� 1�� $�� +��� +RVVHLQH\�� +� ��� 9LQFHQW��%���+DPRQ��<���9DQ�%XFKHP��)��6������ /HHV� *�0��� ������ 7KH� UHVHUYRLU� URFNV� RI�3HUVLDQ� RLO� ILHOGV�� $PHULFDQ� $VVRFLDWLRQ� RI�3HWUROHXP�*HRORJLVWV�%XOOHWLQ� ������������������ /RHEOLFK�� $�� 5��� DQG� 7DSSDQ�� +��� ������)RUDPLQLIHUDO� JHQHUD� DQG� WKHLU� FODVVLILFDWLRQ��9DQ�1RVWUDQG�5HLQKROG�&RPSDQ\��1HZ�<RUN����������� 0RWLHL�� +��� ������ 6WUDWLJUDSK\� RI� =DJURV�� LQ�+XVKPDQG]DGHK�� $�� �HG��� 7UHDWLVH� RQ� WKH�*HRORJ\�RI�,UDQ��7HKUDQ��*HRORJLVW�6XUYH\�RI�,UDQ���������� 3DUYDQHK� 1HMDG� 6KLUD]L�� 0��� 'DYRXGL�1H]KDG�� 0��� DQG� *KDODYDQG�� +��� ������0LFURIDFLHV�DQG�VHGLPHQWDU\�HQYLURQPHQW�RI�WKH� 2OLJR�0LRFHQH� VHTXHQFH� �$VPDUL�)RUPDWLRQ�� LQ� .KX]HVWDQ� VXE�EDVLQ�� =DJURV�
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%DVLQ�� VRXWKZHVW� ,UDQ�� ,QWHUQDWLRQDO�5HVHDUFK� -RXUQDO� RI� *HRORJ\� DQG� 0LQLQJ��,5-*0�� �� ������
���� 5LFKDUGVRQ��5�.��� ������7KH�JHRORJ\�DQG�RLO�PHDVXUHV� RI� VRXWK� ZHVW� 3HUVLD�� -�� ,QVW��3HWUROHXP�7HFKQRO� ��� ����������
���� 6H\UDILDQ�� $��� ������ 0LFURIDFLHV� DQG�GHSRVLWLRQDO� HQYLURQPHQWV� RI� $VPDUL�)RUPDWLRQ� DW� 'HKGH]� DUHD� �D� FRUUHODWLRQ�DFURVV� &HQWUDO� =DJURV� EDVLQ��&DUERQDWH� DQG�(YDSRUDWHV� ������������������� 6H\UDILDQ�� $��� +DPHGDQL�� $��� ������0LFURIDFLHV� DQG� SDOHRHQYLURQPHQWDO�LQWHUSUHWDWLRQ�RI�WKH�ORZHU�$VPDUL�)RUPDWLRQ��2OLJRFHQH���1RUWKFHQWUDO�=DJURV�EDVLQ�� ,UDQ��1HXHV� -DKUEXFK� )XU� *HRORJLH� 8QG�3DODRQWRORJLH�$EKDQGOXQJHQ� ������������

���� 6H\UDILDQ��$���9D]LUL�0RJKDGGDP��+���7RUDEL��+��� ������ %LRVWUDWLJUDSK\� RI� WKH� $VPDUL�)RUPDWLRQ��%UXMHQ�DUHD��-��6FL��,VODPLF�5HS�RI�,UDQ� �� ����������� 6WRFNOLQ�� -��� ������ 6WUXFWXUDO� KLVWRU\� DQG�WHFWRQLFV� RI� ,UDQ�� D� UHYLHZ�� $P�� $VVRF�� RI�3HWUROHXP� *HRORJLVWV� %XOOHWLQ� ��������������������� 7DNLQ�� 0��� ������ ,UDQLDQ� JHRORJ\� DQG�FRQWLQHQWDO� GULIW� LQ� WKH�0LGGOH� (DVW��1DWXUH�������������������� 7XFNHU�� (��� :ULJKW�� 3��� ������ &DUERQDW�VHGLPHQWRORJ\��%ODFNZHOO��2[IRUG���������� 9D]LUL� 0RJKDGGDP�� +��� .LPLDJDUL�� 0���7HKHUL�� $��� ������ 'HSRVLWLRQDO� HQYLURQPHQW�DQG� VHTXHQFH� VWUDWLJUDSK\� RI� WKH� 2OLJR��0LRFHQH� $VPDUL� )RUPDWLRQ� LQ� 6:� ,UDQ��6SULQJHU�9HUODJ� �����������

�����������
�


