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)LJXUH�1R����� *HRORJLFDO�VWUXFWXUHV�RI�WKH�&RORPELDQ�1: ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵ

)LJXUH�1R����� *HQHUDOL]HG�JHRORJLFDO�PDS�RI�WKH�SURMHFW�DUHD� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬ

)LJXUH�1R����� ,GHQWLILHG�JHR�WKUHDWV�LQ�WKH�SURMHFW�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮ

)LJXUH�1R����� 0DS�IUDJPHQW�RI�VHLVPLF�WKUHDW�LQ�&RORPELD� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰ

)LJXUH�1R����� /RFDO�JHRORJ\͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱ

)LJXUH�1R����� *HRPRUSKRORJLFDO�XQLWV�SUHVHQW�LQ�WKH�SURMHFW�DUHD� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭ

)LJXUH�1R����� 'HOWDV�FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�GRPLQDQW�SURFHVV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮ

)LJXUH�1R����� 0RXWK�RI�D�ULYHU�ZLWK�IOXYLDO�SUHGRPLQDQFH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϰ

)LJXUH�1R����� 0RXWK�RI�D�ULYHU�GRPLQDWHG�E\�ZDYHV��WR�WKH�OHIW�WKH�ZDYHV�DUULYH�
SHUSHQGLFXODU�WR�WKH�FRDVW��RQ�WKH�ULJKW�WKH�ZDYHV�DUULYH�REOLTXHO\�LQGXFLQJ�DQ�RQVKRUH�
GULIW�� ϰϲ

)LJXUH�1R������ 0RUSK�G\QDPLF�SURFHVVHV�WKDW�DFW�RQ�WKH�JHRIRUPV�LQ�WKH�VWXG\�DUHD�ϰϴ

)LJXUH�1R������ 'HOWD�HYROXWLRQ�EHWZHHQ�����������SHULRG� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϰ

)LJXUH�1R������ :HGJH�VHGLPHQW�EHWZHHQ�WKH�ULJKW�EDQN�RI�WKH�/HyQ�5LYHU�DQG�WKH�VHD�
WKDW�KDV�EHHQ�VKDSHG�E\�WKH��VSXU��HIIHFW�RI�WKH�EDU�RQ�WKH�ULJKW�EDQN�RI�WKH�ULYHU� ͘͘͘͘͘͘͘͘ ϱϱ

)LJXUH�1R������ 2IIVKRUH�PRYHPHQWV�� 3KRWR����� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϲ

)LJXUH�1R������ 2IIVKRUH�PRYHPHQWV�IURP������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϳ

)LJXUH�1R������ %DWK\PHWULF�DQG�HOHYDWLRQ�PRGHO�RI�WKH�VWXG\�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϵ

)LJXUH�1R������ %DWK\PHWULF�DQG�HOHYDWLRQ�PRGHO�RI�WKH�VWXG\�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϬ

)LJXUH�1R������ 2QVKRUH�/DQGVFDSH�8QLWV�LQ�WKH�SURMHFW�VWXG\�DUHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϳ

)LJXUH�1R������ 2IIVKRUH�DQG�2QVKRUH�/DQGVFDSH�8QLWV�LQ�WKH�SURMHFW�VWXG\�DUHD ͘͘͘͘͘ ϲϴ

)LJXUH�1R������ /DQGVFDSH�YLVLELOLW\�DQDO\VLV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϭ

)LJXUH�1R������ 9LVXDO�TXDOLW\�RI�WKH�/DQGVFDSH�8QLWV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϲ

)LJXUH�1R������ 6FHQLF�LQWHUHVW�SODFHV�ORFDWLRQ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϴ

)LJXUH�1R������ 2IIVKRUH�ERWWRP�ODQGVFDSH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϲ
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)LJXUH�1R������� 6RLO�&DUWRJUDSKLF�8QLWV��DOVR�.QRZQ�DV�8&6��LQ�WKH�,QIOXHQFH�$UHD�RI�
WKH�SURMHFW ϴϴ

)LJXUH������ 3RWHQWLDO�ODQG�XVH�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϴ

)LJXUH������ 3ULPDU\�ODQG�XVH�DQG�HFRQRPLF�DFWLYLW\�LQ�WKH�PXQLFLSDOLW\�RI�7XUER ͘͘ ϵϵ

)LJXUH������ &XUUHQW�ODQG�XVH�ZLWKLQ WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϬ

)LJXUH����� /DQG�XVH�]RQLQJ�RI�WKH�PXQLFLSDOLW\�RI�7XUER ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϵ

)LJXUH������ &RQIOLFWV�GXH�WR�ODQG�XVH�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH ͘͘͘͘͘͘͘͘͘͘ ϭϭϭ

)LJXUH����� 'LDJUDP�RI�WKH�ULYHUV�WKDW�IORZ�LQWR�WKH�*XOI�RI�8UDEi ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϯ

)LJXUH����� $YHUDJH�PRQWKO\�IORZ�RI�WKH�/HyQ�5LYHU�DW�WKH�%DUUDQTXLOOLWD�DQG�
9LOODUWHDJD�VWDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϱ

)LJXUH����� $YHUDJH�PRQWKO\�IORZ�RI�WKH�/HyQ�5LYHU�DW�WKH�%DUUDQTXLOOLWD�VWDWLRQ�
�VWDWLVWLFV�����������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϱ

)LJXUH����� $QQXDO�F\FOH�RI�GDLO\�IORZ�UDWHV�RI�WKH�/HyQ�5LYHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϲ

)LJXUH����� 1XHYD�&RORQLD�FDQDO ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϭϴ

)LJXUH������ $UHDV�VXVFHSWLEOH�WR�IORRGLQJ�LQ�WKH�*XOI�RI�8UDEi͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϬ

)LJXUH������ 6SDWLDO�GLVWULEXWLRQ�RI�WKH�SURILOHV�PHDVXUHG�LQ�WKH�GHOWD�RI�WKH�/HyQ�
5LYHU ϭϮϮ

)LJXUH������ 6DOLQLW\�PHDVXUHPHQWV�LQ�WKH�GHOWD�RI�WKH�/HyQ�5LYHU��$��GU\�VHDVRQ��%��
ZHW�VHDVRQ��&��GU\�VHDVRQ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϯ

)LJXUH������/RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW�PRQLWRULQJ�VWDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϱ

)LJXUH�1R������ 3RWHQWLDO�+\GURJHQ�UHVXOWV± VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϴ

)LJXUH����� 7HPSHUDWXUH�UHVXOWV�± VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϵ

)LJXUH����� 'LVVROYHG�R[\JHQ�UHVXOWV�± VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϬ

)LJXUH����� ��'LVVROYHG�R[\JHQ�VDWXUDWLRQ�UHVXOWV� VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϭ

)LJXUH����� &RQGXFWLYLW\�UHVXOWV� VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϮ

)LJXUH����� $FLGLW\�DQG�DONDOLQLW\�UHVXOWV� VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϯ

)LJXUH����� &DOFLXP�KDUGQHVV�DQG�WRWDO�KDUGQHVV�UHVXOWV� VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϰ

)LJXUH����� 7UXH�FRORU�UHVXOWV�± VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϱ

)LJXUH����� 7XUELGLW\�DQG�7RWDO�6XVSHQGHG�6ROLGV�UHVXOWV� VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϲ

)LJXUH�1R������ 6HGLPHQWDEOH�6ROLGV�DQG�7RWDO�'LVVROYHG�6ROLGV�UHVXOWV� VXUIDFH�ZDWHU
ϭϯϳ

)LJXUH����� %2'��&2'± VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϯϵ
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)LJXUH����� 7RWDO�3KRVSKRUXV�UHVXOWV�� VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϬ

)LJXUH����� 7RWDO�&ROLIRUPV�DQG�(�FROL�UHVXOWV�± VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϭ

)LJXUH����� 7UDFH�0HWDOV�± VXUIDFH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϯ

)LJXUH�1R������ ,&$�:DWHU�4XDOLW\�,QGH[ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϬ

)LJXUH����� 3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[��,$&$/��� $YHUDJH�\HDU͘ ϭϱϭ

)LJXUH����� 3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[��,$&$/��� 'U\�\HDU ͘͘͘͘͘͘͘͘͘ ϭϱϮ

)LJXUH����� /RFDWLRQ�RI�5('&$0�PRQLWRULQJ�VWDWLRQV� LQODQG�DQG�VHD�ZDWHU�TXDOLW\
ϭϱϱ

)LJXUH����� S+��5DLQ\�DQG�GU\�VHDVRQ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϵ

)LJXUH����� &RQGXFWLYLW\��5DLQ\�DQG�GU\�VHDVRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϬ

)LJXUH����� 7HPSHUDWXUH�± 5DLQ\�DQG�'U\�6HDVRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϭ

)LJXUH����� 'LVVROYHG�2[\JHQ�± 5DLQ\�DQG�'U\�6HDVRQ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϮ

)LJXUH����� %LRFKHPLFDO�2[\JHQ�'HPDQG�± 5DLQ\�DQG�'U\�6HDVRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϯ

)LJXUH����� 7RWDO�6XVSHQGHG�6ROLGV�± 5DLQ\�DQG�'U\�6HDVRQ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϱ

)LJXUH����� 7RWDO�DQG�7KHUPRWROHUDQW�&ROLIRUPV�± UDLQ\�DQG�GU\�VHDVRQV ͘͘͘͘͘͘͘͘͘͘͘ ϭϲϳ

)LJXUH����� 7UDFHV�RI 0HWDOV� UDLQ\�DQG�GU\�VHDVRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϲϵ

)LJXUH����� ,&$�:DWHU�4XDOLW\�,QGH[� UDLQ\�DQG�GU\�VHDVRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϭ

)LJXUH����� ,QGH[�RI�6HD�DQG�&RDVWDO�:DWHU�4XDOLW\� UDLQ\�DQG�GU\�VHDVRQV͘͘͘͘͘͘ ϭϳϯ

)LJXUH����� ,&$0�,QGH[�RI�0DULQH�DQG�&RDVWDO�:DWHU�4XDOLW\�LQ�WKH�*XOI�RI�8UDEi
ϭϳϰ

)LJXUH����� $PRXQWV�RI�IDWV�DQG�RLOV�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϲ

)LJXUH������$PRXQWV�RI�WRWDO�K\GURFDUERQV�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϳ

)LJXUH����� 7UDFHV�RI�FRSSHU�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϵ

)LJXUH����� 7UDFHV�RI�FKURPLXP�LQ�LQODQG�VHGLPHQW͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϬ

)LJXUH������7UDFHV�RI�]LQF�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϭ

)LJXUH������7UDFHV�RI�]LQF�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϮ

)LJXUH������7UDFHV�RI�SKHQROV�LQ�LQODQG�VHGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϯ

)LJXUH����� :DWHU�SRLQWV��VXUIDFH�FRQFHVVLRQV�DQG�ZDWHU�GLVFKDUJLQJ�DXWKRUL]HG�E\�
&RUSRXUDEi ϭϴϲ

)LJXUH����� *HRORJLFDO�PDS�FUHDWHG�EDVHG�RQ�SODWHV���������������������������%��
���������������������������DQG�����DW����������VFDOH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϰ
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)LJXUH����� 7HFWRQLF�GLDJUDP�RI�WKH�8UDEi�UHJLRQ��VKRZLQJ�WKH�8UDPLWD�)DXOW�͘͘ ϭϵϱ

)LJXUH�1R������ /RFDWLRQ�RI�SLH]RPHWHUV��ZHOOV�DQG�(57�LQ�WKH�DUHD�RI�LQIOXHQFH� ͘͘͘͘ ϭϵϳ

)LJXUH����� 5HFRUG�5HJLV&8B6(9B��8QLEDQ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϬ

)LJXUH����� /LWKRVWUDWLJUDSKLF�UHFRUG�LQ�SLH]RPHWHU��(GJDU�6LOYD�)DUP�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϭ

)LJXUH����� /LWKRVWUDWLJUDSKLF�UHFRUG�LQ�SLH]RPHWHU��%DQDFRO�ODQG���1XHYD�&RORQLD�
ϮϬϮ

)LJXUH����� ,VRUHVLVWLYLW\�PDS�DW�D�GHSWK�RI���P�LQ�WKH�8UDEi�DUHD���0RGLILHG�͘͘͘ ϮϬϱ

)LJXUH����� ,VRUHVLVWLYLW\�PDS�DW�D�GHSWK�RI����P�LQ�WKH�8UDEi�DUHD���0RGLILHG� ϮϬϲ

)LJXUH������ %DVH�PDS�RI�WKH�TXDWHUQDU\�DTXLIHU�LQ�WKH�8UDEi�DUHD���0RGLILHG� ͘͘͘͘ ϮϬϳ

)LJXUH������ 0DS�RI�WKH�URRI�RI�WKH�WHUWLDU\�DTXLIHU�LQ�WKH�8UDEi�DUHD�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϴ

)LJXUH������ /LQH���± ���0RGLILHG�	�6HFWRUL]HG�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϵ

)LJXUH������ /LQH�16����0RGLILHG�	�6HFWRUL]HG��͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϭϬ

)LJXUH����� 5H0,�VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�'�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϭ

)LJXUH����� 5H0,�VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�(�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϭϮ

)LJXUH������ 5H0,�VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�(����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϯ

)LJXUH������ 5H0,�VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�(����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϰ

)LJXUH������ 5H0,�VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�(����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϱ

)LJXUH������ 5H0, VKHDU�ZDYH�YHORFLW\�FURVV�VHFWLRQ��3URILOH�(����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϲ

)LJXUH������ 5HIOHFWLRQ�SURILOH�$�± � ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϳ

)LJXUH������ 5HIOHFWLRQ�SURILOH�%�± � ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϴ

)LJXUH������ 5HIOHFWLRQ�SURILOH�%�± � ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϵ

)LJXUH������ 5HIOHFWLRQ�SURILOH�%�± � ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϭϵ

)LJXUH������ 5HIOHFWLRQ�SURILOH�&�± �͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϭ

)LJXUH������ /RFDWLRQ�RI�JHRSK\VLFDO�JURXQG�SURILOHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϮ

)LJXUH������� /RFDWLRQ�RI�JHRSK\VLFDO�JURXQG�SURILOHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϯ

)LJXUH������� 0RQLWRULQJ�PHDVXUHPHQWV�RI�SLH]RPHWULF�OHYHOV�WDNHQ�E\�(GLILFD�
&RORPELD�LQ�WKH�SURMHFW�DUHD�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϰ

)LJXUH������� /RFDWLRQ�RI�JURXQG�K\GURJHRORJLFDO�SURILOHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϴ

)LJXUH������� +\GURJHRORJLFDO�FURVV�VHFWLRQ�$�$�RI�WKH�DUHD�RI�LQIOXHQFH� IORZ�
GLUHFWLRQ�WRZDUGV�WKH�*XOI�RI�8UDEi�LQ�GLUHFWLRQ�RI�DUURZ��0RGLILHG� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϵ
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)LJXUH��������+\GURJHRORJLFDO�FURVV�VHFWLRQ�%�%�RI�WKH�DUHD�RI�LQIOXHQFH� IORZ�GLUHFWLRQ�
WRZDUGV�WKH *XOI�RI�8UDEi�LQ�GLUHFWLRQ�RI�DUURZ��0RGLILHG�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϯϬ

)LJXUH������� %ORFN�'LDJUDP�LQ�=RQH�RI�,QIOXHQFH�, ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϭ

)LJXUH������� %ORFN�'LDJUDP�LQ�=RQH�RI�,QIOXHQFH�,, ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϯϮ

)LJXUH������� 'LDJUDP�RI�WKH�*2'�PHWKRG�IRU�HYDOXDWLQJ�LQWULQVLF�YXOQHUDELOLW\�͘͘͘͘ Ϯϯϯ

)LJXUH������� 9XOQHUDELOLW\�PDS�RI�WKH�*XOI�RI�8UDEi��/RZ�YXOQHUDELOLW\�VKRZQ�LQ�SLQN�
DQG�PHGLXP�YXOQHUDELOLW\�VKRZQ�LQ�UHG���'UDVWLF�PRGHO�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϱ

)LJXUH������ 0DS�DQG�EDWK\PHWU\�RI�WKH�&DULEEHDQ�6HD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϵ

)LJXUH������ 6HD�VXUIDFH�WHPSHUDWXUH��667�IRU�WKH�&RORPELDQ�%DVLQ�EHWZHHQ������
DQG������ ϮϰϮ

)LJXUH������ *HRJUDSKLFDO�GLVWULEXWLRQ�RI�VHD�VXUIDFH�WHPSHUDWXUHV�IRU�IRXU�FOLPDWLF�
VHDVRQV�D��'HF�)HE�E��0DU�0D\��&��-XQ�$XJ�G��6HS�1RY͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϯ

)LJXUH������ 0DLQ�VXUIDFH�FXUUHQWV�LQ�DQG�EH\RQG�WKH�&DULEEHDQ�6HD��WKH�1RUWK�
%UD]LO�&XUUHQW��&1%���1RUWK�(TXDWRULDO�&XUUHQW��&(1���6RXWK�&DULEEHDQ�&XUUHQW��V&&���
1RUWK�&DULEEHDQ�&XUUHQW��Q&&��DQG�WKH�'DULHQ�&RXQWHU�&XUUHQW��&&'���7KH�FLUFOHV�
UHSUHVHQW�DQWL�F\FORQLF��UHG��DQG�F\FORQLF��EOXH��FXUUHQWV��7KH�JUH\VFDOH�LV�EDWK\PHWU\�
�P�� Ϯϰϰ

)LJXUH������ 1DXWLFDO�&KDUW���� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϴ

)LJXUH������� 'HWDLOHG�EDWK\PHWU\�RI�WKH�ODQGILOO�DUHD��FXUUHQW�FRQGLWLRQV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϵ

)LJXUH������ ,QLWLDO�*HQHUDO�,QWHUSRODWHG�%DWK\PHWU\ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϱϬ

)LJXUH������ 'HWDLOHG�EDWK\PHWU\�RI�WKH�GHVLJQ�RI�GUHGJLQJ�LQ�WKH�GRFN�DQG�ODQGILOO�
DUHD Ϯϱϭ

)LJXUH������ 'HWDLOHG�EDWK\PHWU\�RI�WKH�GHVLJQ�RI�GUHGJLQJ�LQ�WKH�GRFN�DQG�ODQGILOO�
DUHD ϮϱϮ

)LJXUH������ /RFDWLRQ�RI�WKH�%DUUDQTXLOOD�EXR\ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱϯ

)LJXUH������ +V�GDWD�VHULHV�IURP�WKH�%DUUDQTXLOOD�EXR\�RYHU�WKH�SHULRG�EHWZHHQ�
0DUFK���UG�������DQG�$SULO���WK������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱϰ

)LJXUH������ +LVWRJUDP�RI�+V�IUHTXHQF\��IRU�WKH�GDWD�REWDLQHG�IURP�WKH�%DUUDQTXLOOD�
EXR\� Ϯϱϱ

)LJXUH������ 7S�GDWD�VHW�IURP�WKH�%DUUDQTXLOOD�EXR\��RYHU�WKH�SHULRG�EHWZHHQ�0DUFK�
��UG������DQG�$SULO���WK������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱϲ

)LJXUH������ 7S�IUHTXHQF\�KLVWRJUDP�IRU�WKH�GDWD�REWDLQHG�IURP�WKH�%DUUDQTXLOOD�EXR\
Ϯϱϳ

)LJXUH������ &LUFXODU�VZHOO�JUDSK ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϱϴ
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)LJXUH�1R������� D��*HQHUDO�0HVK�DQG�E��'HWDLO�XVHG�WR�UHDFK�WKH�VWXG\�DUHD�ZLWK�PRGHO
6:$1� ϮϲϬ

)LJXUH�1R�������&DVH����+V �����P�7S ���V�'LU 11(�± ,QLWLDO�&RQGLWLRQ��ZLWKRXW�
VSLOODJH�RI�PDWHULDO��JHQHUDO�PHVK� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϭ

)LJXUH�1R�������&DVH����+V ����P�7S ���V�'LU 11(�± ,QLWLDO�FRQGLWLRQ��QR�PDWHULDO�
GLVFKDUJH��GHWDLO PHVK��'HHS�6XUI��� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϲϮ

)LJXUH�1R�������&DVH����0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ 1�± ,QLWLDO�
&RQGLWLRQ��ZLWKRXW�SURMHFWV��*HQHUDO�PHVK��/RFDO�VXUI� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϰ

)LJXUH�1R�������&DVH����0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ� 1�± ,QLWLDO�
&RQGLWLRQ���ZLWKRXW�SURMHFWV���'HWDLO�PHVK��/RFDO�6XUI� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϱ

)LJXUH�1R�������&DVH���D�+V ����P�7S ���V�'LU 11(�± )LQDO�&RQGLWLRQ��:LWK�SURMHFWV��
JHQHUDO�PHVK� Ϯϲϲ

)LJXUH�1R�������&DVH���D�+V ����P�7S ���V�'LU 11(�± )LQDO�&RQGLWLRQ��:LWK�SURMHFWV��
GHWDLO�PHVK��'HHS�VXUI�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϳ

)LJXUH�1R�������&DVH���D�0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ (1(�±)LQDO�
&RQGLWLRQ��ZLWK�SURMHFWV��*HQHUDO�PHVK����/RFDO�VXUI� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϴ

)LJXUH�1R�������&DVH���D�0DJQLWXGH�RI�WKH�ZLQG ����P�V��'LUHFWLRQ 1�±)LQDO�FRQGLWLRQ��
ZLWK�SURMHFWV��GHWDLO�PHVK��/RFDO�VXUI� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϲϵ

)LJXUH�1R�������:DYH�KHLJKW�GLIIHUHQFHV�EHWZHHQ�WKH�LQLWLDO�FRQGLWLRQ�DQG�WKH�ILQDO�
FRQGLWLRQ��IRU�WKDW PDWWHU ���+V ����P�7S ���V�'LU 11(� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϳϬ

)LJXUH�1R�������:DYH�KHLJKW�GLIIHUHQFHV�EHWZHHQ�WKH�LQLWLDO�FRQGLWLRQ�DQG�WKH�ILQDO�
FRQGLWLRQ��IRU�WKDW�PDWWHU ���0DJQLWXGH�RI�WKH�ZLQG ����P�V��'LUHFWLRQ 1� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳϭ

)LJXUH�1R�������:DYH�GLUHFWLRQ�GLIIHUHQFHV�EHWZHHQ�WKH�FXUUHQW�FRQGLWLRQ�DQG�IXWXUH�
FRQGLWLRQ� ϮϳϮ

)LJXUH�1R���������0DLQ�ZDYH�PRGHOLQJ�SURFHVVHV�RI�;EHDFK� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳϰ

)LJXUH�1R���������%DWK\PHWULHV�DQG�GRPDLQ�EHIRUH�DQG�DIWHU�SURMHFWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳϱ

)LJXUH�1R���������'LVWULEXWLRQ�RI�WKH�VZHOO�FRQGLWLRQ�EHIRUH�SURMHFWV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϳϲ

)LJXUH�1R���������'LVWULEXWLRQ�RI�WKH�ZDYHV�ZLWK�SLOHV�DQG�ERWWRP�FKDQJHV�E\�GUHGJLQJ�
Ϯϳϳ

)LJXUH��1R������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘([DPSOH�RI�PHVK�V �OHIW��DQG�PHVK�=��ULJKW��
ϮϴϮ

)LJXUH�1R�������0HVKHV�IRU�WKH�GLVWULEXWLRQ�RI�FXUUHQWV��)���PHVK�RQ�EDWK\PHWU\�ZLWK�WKH�
FXUUHQW�FRQGLWLRQ�IRU�H[WUHPH�ZDYHV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴϯ

)LJXUH�1R������� &XUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV��&DVH�����:LQG�PDJQLWXGH� �
����P���V��'LUHFWLRQ� �1�� ,QLWLDO�FRQGLWLRQ��QR�SURMHFWV��GHWDLO�PHVK��/RFDO�VXUI� ͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴϰ
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)LJXUH�1R�������&XUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV��&DVH�����:LQG�PDJQLWXGH� �
����P���V��'LUHFWLRQ� �1�� )LQDO�FRQGLWLRQ��ZLWK�SURMHFWV��GHWDLO�PHVK��/RFDO�VXUI� ͘͘͘͘͘͘͘͘͘͘ Ϯϴϱ

)LJXUH�1R������� /RFDWLRQ�DQG�JHRPHWULF�FRQILJXUDWLRQ�RI�WKH�ODQGILOO�DUHD� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴϳ

)LJXUH�1R�������:DYHOHQJWK�IRU�GLIIHUHQW�GHSWKV��IRU�WKH�LQLWLDO�FRQGLWLRQ�RI�WKH�ODQGILOO�Ϯϴϵ

)LJXUH�1R������� /RFDWLRQ�RI�WKH�SRLQW�ZKHUH�WKH�KDUPRQLF�FRPSRQHQWV�RI�73;2�ZHUH�
REWDLQHG� Ϯϵϰ

)LJXUH�1R�������6HULHV�RI�DVWURQRPLFDO�WLGH�IRU�WKH�SRLQW�FORVHVW�WR�WKH�VWXG\�DUHD�͘͘͘͘ Ϯϵϱ

)LJXUH�1R�������$YHUDJH�OHYHO�RI�VHD�OHYHO�DW�WKH�SRLQW�FORVHVW�WR�WKH�VWXG\�DUHD��D��
'LVWULEXWLRQ�IXQFWLRQ�DQG�E��GHQVLW\�IXQFWLRQ� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵϲ

)LJXUH�1R������� 6LJQLILFDQW�HYHQWV�WKDW�KDYH�DIIHFWHG�WKH�&RORPELDQ�&DULEEHDQ��,QVXODU�
DQG�&RQWLQHQWDO��EHWZHHQ������� ����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵϴ

)LJXUH�1R������� +XUULFDQH�,UHQH
V�WUDMHFWRU\ ������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵϵ

)LJXUH�1R������� 7UDMHFWRU\�RI�+XUULFDQH�-RDQ ������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϬ

)LJXUH�1R������� 7KH�WUDMHFWRU\�RI�+XUULFDQH�%UHW ������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϭ

)LJXUH�1R������� 7UDMHFWRU\�RI�+XUULFDQH�&HVDU ������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϮ

)LJXUH�1R������� /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�PDULQH�VHGLPHQW�VDPSOLQJ�VWDWLRQV ͘͘͘͘ ϯϬϯ

)LJXUH�1R������� ��3RWHQWLDO�EHKDYLRU�RI�+\GURJHQ�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϴ

)LJXUH�1R������� 7HPSHUDWXUH�%HKDYLRU�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϵ

)LJXUH�1R������� 'LVVROYHG�2[\JHQ�%HKDYLRU�± 0DULQH�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϬ

)LJXUH�1R������� ��'LVVROYHG�2[\JHQ�6DWXUDWLRQ�� 0DULQH�:DWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϭ

)LJXUH�1R������� %HKDYLRU�&RQGXFWLYLW\ ± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϮ

)LJXUH�1R������� $FLGW\�DQG�$ONDOLQLW\�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϯ

)LJXUH�1R������� 7RWDO�+DUGQHVV�%HKDYLRU�DQG�&DOFLXP�+DUGQHVV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϰ

)LJXUH�1R������� 7UXH�&RORU�%HKDYLRU�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϱ

)LJXUH�1R������� 7XUELGLW\�EHKDYLRU�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϲ

)LJXUH�1R������� %HKDYLRU�'%2��'42± 0DULQH�:DWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϳ

)LJXUH�1R������� 7RWDO�3KRVSKRU�%HKDYLRU�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϭϴ

)LJXUD�1R�������%HKDYLRU�6ROLGV�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϬ

)LJXUH�1R������� %HKDYLRU�7RWDO�FROLIRUPV�DQG�(�FROL�± 0DULQH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϭ

)LJXUH�1R������� 0HWDO�%HKDYLRU�± 0DULQH�:DWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϮ

)LJXUH�1R�������0HWDO�%HKDYLRU�± 0DULQH�:DWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϯ
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&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH�1R������� &KORURSK\OO�%HKDYLRU�± 0DULQH�:DWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϯ

)LJXUH�1R������� 0DULQH�DQG�&RDVWDO�:DWHU�4XDOLW\�,QGH[�± 0&:4, ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϮ

)LJXUD�1R��������&RQWHQW�3HUFHQWDJH��JUDQXORPHWULF͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϱ

)LJXUH�1R�������%HKDYLRU�*UDQXORPHWU\�0HVK�1�����SDUWLFOHV�JUHDWHU�WKDQ������PLFURQV�
*UDYHO ϯϯϲ

)LJXUH�1R��������0HVK�1������3DUWLFOHV�EHWZHHQ�����DQG������PLFURQV��YHU\�WKLFN�VDQGV�
ϯϯϳ

)LJXUH�1R��������0HVK�1����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��WKLFN�VDQGV�DQG�
PHGLXP�VDQGV� ϯϯϴ

)LJXUH�1R��������0HVK�1�����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��)LQH�VDQGV�͘͘ ϯϯϵ

)LJXUH�1R������� 0HVK�1�������3DUWLFOHV�EHWZHHQ������DQG�����PLFURQV��YHU\�ILQH�VDQGV�
ϯϯϵ

)LJXUH�1R��������0HVK������/LPR�DQG�FOD\� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϬ

)LJXUH�1R��������3+�EHKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϭ

)LJXUH�1R������� 7RWDO�RUJDQLF�FDUERQ�EHKDYLRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϮ

)LJXUH�1R������� 7RWDO�K\GURFDUERQV�EHKDYLRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϯ

)LJXUH�1R��������)DWV�DQG�RLOV�EHKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϱ

)LJXUH�1R��������9RODWLOH�$FLG�6XOSKLGH�%HKDYLRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϲ

)LJXUH�1R��������&KURPH�EHKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϳ

)LJXUH�1R��������=LQF�%HKDYLRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϴ

)LJXUH�1R��������&RPSRUWDPLHQWR�0HUFXULR ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϵ

)LJXUH�1R������� /HDG�%HKDYLRU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϬ

)LJXUH�1R� �����&RSSHU�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϭ

)LJXUH�1R��������&KURPH�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϮ

)LJXUH�1R��������$UVHQLF�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϯ

)LJXUH�1R��������%DULXP�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϰ

)LJXUH�1R��������1LFNHO�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϱ

)LJXUH�1R��������6HOHQLXP�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϲ

)LJXUH�1R��������6LOYHU�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϳ

)LJXUH�1R��������7RWDO�1LWURJHQ�%HKDYLRU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϱϴ

)LJXUH�1R��������/RFDWLRQ�RI�SHUIRUDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲϮ
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)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 7HPSHUDWXUH�EHKDYLRU
ϯϳϰ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 3+�EHKDYLRU
ϯϳϱ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ %HKDYLRU�RI�$UVHQLF
ϯϳϲ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ &RSSHU�%HKDYLRU
ϯϳϳ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ &KURPH�EHKDYLRU
ϯϳϴ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 0HUFXU\�EHKDYLRU
ϯϴϬ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 1LFNHO�%HKDYLRU
ϯϴϭ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ /HDG�&RPSDULVRQ
ϯϴϮ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 9RODWLOH�$FLG�6XOILGH�%HKDYLRU
ϯϴϯ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ 7RWDO�2UJDQLF�&DUERQ�%HKDYLRU��72&�
ϯϴϰ

)LJXUH�1R�������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ =LQF�%HKDYLRU
ϯϴϱ

)LJXUH�1R������� *HRWHFKQLFDO�=RQLQJ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϴϵ

)LJXUH�1R������� *HQHUDO�FLUFXODWLRQ�LQ�WKH�(DUWK
V�DWPRVSKHUH��7KH�+DGOH\�VXEWURSLFDO�
FHOO��WKH�)HUUHOO�FHOO�DQG�WKH�SRODU�FHOO��7KH�WUDGH�ZLQGV�DUH�VKRZQ�FRPLQJ�IURP�WKH�
VXEWURSLFDO�ODWLWXGHV�EORZLQJ�WRZDUGV�WKH�(FXDGRU��EHLQJ�PRGLILHG�WRZDUGV WKH�:HVW�E\�
WKH�WHUUHVWULDO�URWDWLRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵϮ

)LJXUH�1R������� 0RYHPHQW�RI�WKH�,QWHUWURSLFDO�&RQYHUJHQFH�=RQH��,7&=���D��:LQG�
VHDVRQ��'HFHPEHU�0DUFK���E��7UDQVLWLRQ��$SULO�-XO\���F��:HW�RU�UDLQ\�VHDVRQ��$XJXVW�
1RYHPEHU�� ϯϵϰ

)LJXUH�1R������� /DQJ�DULGLW\�LQGH[�GLDJUDP��FKDUDFWHUL]DWLRQ�RI�WKH�FOLPDWH�LQ�WKH�*XOI�RI�
8UDEi�UHJLRQ ϯϵϲ

)LJXUH�1R�������$YHUDJH�UDLQIDOO�LQ�WKH�*XOI�RI�8UDEi������������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵϳ

)LJXUH�1R������� 'LVWULEXWLRQ�RI�SUHFLSLWDWLRQ�LQ�WKH�$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵϴ

)LJXUH�1R�������'LVWULEXWLRQ�RI�KXPLGLW\�GD\V�SHU�PRQWK��ZLWK�UDLQIDOO�������PP��LQ�WKH�
$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵϵ
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)LJXUH�1R������� 0D[LPXP�DQG�PLQLPXP�WHPSHUDWXUHV������������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬϬ

)LJXUH�1R������� 'LVWULEXWLRQ�RI�GD\WLPH�WHPSHUDWXUH�LQ�WKH�$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘ ϰϬϭ

)LJXUH�1R�������:LQG�URVH�GU\� ZHW�VHDVRQV���0DWXQWXJR�6WDWLRQ�*XOI�RI�8UDEi�͘͘͘͘͘͘͘ ϰϬϮ

)LJXUH�1R������� )UHTXHQF\�RI�ZLQG�VSHHG�GXULQJ�WKH�OHVV�UDLQ\�VHDVRQ��0DWXQWXJR�
VWDWLRQ��*XOI�RI�8UDEi�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬϯ

)LJXUH�1R������� )UHTXHQF\�RI�ZLQG�VSHHG�GXULQJ�WKH�UDLQ\�VHDVRQ��0DWXQWXJR�VWDWLRQ��
*XOI�RI�8UDEi� ϰϬϰ

)LJXUH�1R�������'LVWULEXWLRQ�RI�ZLQG�VSHHG�LQ�WKH�$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬϱ

)LJXUH�1R������� 'LVWULEXWLRQ�RI�VRODU�EULJKWQHVV�LQ�WKH�$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬϲ

)LJXUH�1R�������'LVWULEXWLRQ�RI�UHODWLYH�KXPLGLW\�LQ�WKH�$WUDWR�5LYHU�EDVLQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬϳ

)LJXUH�1R������� $QQXDO�WRWDO�HYDSRUDWLRQ��PP��PXOWL�\HDU�DYHUDJH������������͘͘͘͘͘͘͘ ϰϬϴ

)LJXUH�1R������� 6LJQLILFDQW�HYHQWV�WKDW�KDYH�DIIHFWHG�WKH�&RORPELDQ�&DULEEHDQ��,QVXODU�
DQG�&RQWLQHQWDO��EHWZHHQ������� ����͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϬ

)LJXUH�1R������� +XUULFDQH�,UHQH
V�WUDMHFWRU\�������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϭ

)LJXUH�1R������� +XUULFDQH�-RDQ
V�WUDMHFWRU\������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϮ

)LJXUH�1R������� +XUULFDQH�%UHW
V�WUDMHFWRU\�������͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϯ

)LJXUH�1R������� +XUULFDQH�&HVDU
V�WUDMHFWRU\������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϰ

)LJXUH�1R������� /RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϳ

)LJXUH�1R������� :LQGV�URVH��VWXG\�DUHD�$SDUWDGR�&RORPELD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϰ

)LJXUH�1R������� )UHTXHQF\�GLVWULEXWLRQ�RI�ZLQG�FODVVHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϱ

)LJXUH�1R������� ,QIRUPDWLRQ�RI�WKH PHWHRURORJLFDO�GDWD�DYDLODEOH�IRU�WKH�VWXG\�DUHD ͘ ϰϮϳ

)LJXUH�1R������� 3URMHFW�SODQ��YLDGXFW�3XHUWR�%DKtD�&RORPELD�'H�8UDEi�6�$� ͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϵ

)LJXUH�1R������� 3DUWLFXODWH�PDWHULDO�PRGHOLQJ�UHVXOW��30���LQ�WKH�VWXG\�DUHD�͘͘͘͘͘͘͘͘͘͘͘ ϰϯϭ

)LJXUH�1R�������1LWURJHQ�2[LGHV��PRGHOLQJ�UHVXOW��12[�LQ�WKH�VWXG\�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϮ

)LJXUH�1R������� 6XOIXU�'LR[LGH�PRGHOLQJ�UHVXOW��62��LQ�WKH�VWXG\�DUHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϯ

)LJXUH�1R�������&DUERQ�0RQR[LGH�PRGHOLQJ�UHVXOW��&2�LQ�WKH�VWXG\�DUHD�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϰ

)LJXUH�1R������� /RFDWLRQ�RI�HQYLURQPHQWDO�QRLVH�PRQLWRULQJ�SRLQWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϳ

)LJXUH�1R������� (QYLURQPHQWDO�QRLVH�GXULQJ�WKH�GD\��PRQLWRULQJ�SRLQWV�5��DQG�5� ͘͘ ϰϰϵ

)LJXUH�1R������� (QYLURQPHQWDO�QRLVH�DW�QLJKW�WLPH��PRQLWRULQJ�SRLQWV�5��DQG�5�͘͘͘͘͘͘ ϰϰϵ

)LJXUH�1R������� (QYLURQPHQWDO�QRLVH�GXULQJ�WKH�GD\��PRQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱϬ
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)LJXUH�1R������� (QYLURQPHQWDO�QRLVH�DW�QLJKW�WLPH��PRQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱϭ

)LJXUH�1R�������(QYLURQPHQWDO�QRLVH�DW�QLJKW�WLPH��PRQLWRULQJ�SRLQW�5�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱϮ

)LJXUH�1R������� (QYLURQPHQWDO�QRLVH�DW�QLJKW�WLPH��PRQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱϯ

)LJXUH�1R������� .DOPDU�HTXLSPHQW�75���L���75���L�7UDQVSRUW�YHKLFOH�WKDW�ZLOO�WUDQVLW�
WKH�YLDGXFW� ϰϱϲ

)LJXUH�1R������� .DOPDU�(TXLSPHQW�75���L���75���L�7UDQVSRUW�YHKLFOH�WKDW�ZLOO�WUDQVLW�
WKH�YLDGXFW� ϰϱϳ

)LJXUH�1R������� 6RXQG�SUHVVXUH�OHYHOV��HVWLPDWHG�IRU�YHKLFXODU�WUDIILF�RI�WKH�YLDGXFW�RI�
WKH�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�3URMHFW�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϭ

)LJXUH�1R������� 6RXQG�SUHVVXUH�OHYHOV�GHWDLO��HVWLPDWHG�IRU�YHKLFXODU�WUDIILF�E\�WKH�
9LDGXFW�RI�WKH�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�SURMHFW� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϮ

)LJXUH�1R������� /RFDWLRQ�RI�VFHQDULRV�WR�EH�PRGHOHG ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϰ

)LJXUH�1R������� 9HKLFXODU�ELIXUFDWLRQ�RQ�VFHQDULR�, ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϲ

)LJXUH�1R������� :LQG�5RVH͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϵ

)LJXUH�1R������� 1RLVH�0DS�*HQHUDWHG�E\�&DGQD$�� 5DVWHU�)RUPDW��6FHQDULR�,��&DGQD$�
ϰϳϮ

)LJXUH�1R������� 1RLVH�0DS�LQ�1RLVH�$UHDV�*HQHUDWHG�E\�&DGQD$��6FHQDULR�,��&DGQD$
ϰϳϯ

)LJXUH�1R������� 1RLVH�0DS�LQ�³$UHDV�RI�(TXDO�6RXQG�/HYHO�6HSDUDWLRQ����G%��IRUPDW�
ϰϳϰ

)LJXUH�1R������� 1RLVH�PDS�LQ��(TXDO�6RXQG�/HYHO�6HSDUDWLRQ�/LQHV��IRUPDW��6FHQDULR�,��
1LJKW�6FKHGXOH��&DGQD$� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϳϲ

)LJXUH�1R������� 1RLVH�0DS�*HQHUDWHG�E\�&DGQD$�� 5DVWHU�)RUPDW��6FHQDULR�,,��
&DGQD$� ϰϳϴ

)LJXUH�1R������� )LJXUH����1RLVH�0DS�LQ�1RLVH�$UHDV�*HQHUDWHG�E\�&DGQD$��6FHQDULR�,,��
&DGQD$� ϰϳϵ

)LJXUH�1R������� 0DS�RI�1RLVH�LQ��$UHDV�RI�(TXDO�6RXQG�/HYHO�6HSDUDWLRQ����G%��)RUPDW�
ϰϴϬ

)LJXUH�1R������� 1RLVH�PDS�LQ��(TXDO�6RXQG�/HYHO�6HSDUDWLRQ�/LQHV��IRUPDW��6FHQDULR�,,��
'D\WLPH�6FKHGXOH�&DGQD$ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴϭ

)LJXUH�1R������� 1RLVH�PDS�LQ��(TXDO�6RXQG�/HYHO�6HSDUDWLRQ�/LQHV��IRUPDW��6FHQDULR�,,��
1LJKW�6FKHGXOH�&DGQD$ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴϮ

)LJXUH�1R������� 1RLVH�0DS�LQ��$UHDV�RI�(TXDO�6RXQG�/HYHO�6HSDUDWLRQ����G%��)RUPDW�
ϰϴϯ
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)LJXUH�1R������� 1RLVH�0DS�LQ��$UHDV�RI�(TXDO�6RXQG�/HYHO�6HSDUDWLRQ����G%��)RUPDW�
ϰϴϰ

)LJXUH�1R������� ,GHQWLILFDWLRQ�RI�&DGDVWUDO�%ORFNV�DQG�QRLVH�PHDVXUHPHQW�SRLQWV͘͘͘͘ ϰϴϲ

)LJXUH�1R������� /RFDWLRQ�RI�WKH�12$$�EXR\V��ZLWK�ZKRVH�GDWD�WKH�PRGHO�ZDV�FDOLEUDWHG
ϱϬϬ

)LJXUH�1R�������6LWHV�ZLWK�LQIRUPDWLRQ�UHODWHG�WR�ZDYHV�IURP�WKH�:DYH:DWFK,,,70 SURMHFW��
7KH�SRLQW�::B%DUUDQTXLOOD�FRUUHVSRQG�WR�WKH�VHULHV�RI�:DYH:DWFK,,,70 WKDW�ZDV�XVHG�WR�
FDOLEUDWH�WKH�GDWD�RI�WKH�PRGHO�ZLWK�WKH�GDWD�RI�WKH�%DUUDQTXLOOD�EXR\�DQG�WKH�SRLQW�
::B*2/)2�LV�WKH�VHULHV�XVHG�WR�REWDLQ�WKH�DYHUDJH�UHJLPH�LQ�LQGHILQLWH�GHSWKV�͘͘͘͘͘͘ ϱϬϭ

)LJXUH�1R�������:DYH:DWFK�,970�PRGHO�GDWD�DQG�GDWD�IURP�WKH�%DUUDQTXLOOD�EXR\�IRU�
WKH�EXR\
V�UHJLVWUDWLRQ�SHULRG��0DUFK����������WR�'HFHPEHU����������� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϮ

)LJXUH�1R�������5HODWLRQ�EHWZHHQ�WKH�VLJQLILFDQW�ZDYH�KHLJKW�RI�WKH�%DUUDQTXLOOD�%XR\�
DQG�WKH�VLJQLILFDQW�ZDYH�KHLJKW�LQ�WKH�YLUWXDO�EXR\�REWDLQHG�E\�WKH�:DYH:DWFK,,,70 PRGHO�
DW�WKH��������
:��������
1�SRLQW� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϯ

)LJXUH�1R�������:DYH:DWFK,,,70 PRGHO�GDWD��UHG��DQG�GDWD�IURP�WKH�%DUUDQTXLOOD�EXR\�
�EOXH��IRU�WKH�EXR\
V�UHJLVWUDWLRQ�SHULRG�EHWZHHQ�0DUFK����������DQG�'HFHPEHU���������

ϱϬϰ

)LJXUH�1R�������&RUUHFWHG�GDWD�VHULHV�IRU +V��DW������
����1�������
����: ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϱ

)LJXUH�1R�������&RUUHFWHG�GDWD�VHULHV�IRU�7S��DW������
����1�������
���: ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϲ

)LJXUH�1R������� )UHTXHQF\�KLVWRJUDP�IRU�+V�:DYH:DWFK,,,70�������
����1�������
���:��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϳ

)LJXUH�1R������� )UHTXHQF\�KLVWRJUDP�IRU�+V�:DYH:DWFK,,,70�����¶��´1�����¶�´:� ͘͘͘ ϱϬϴ

)LJXUH�1R�������:DYH�URVH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϵ

)LJXUH�1R�������$QQXDO�ZLQG�F\FOH�DW�WKH�7XUER�VWDWLRQ�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭϯ

)LJXUH�1R���������/RFDWLRQ�RI�PHDVXULQJ�VWDWLRQV�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭϰ

)LJXUH�1R���������6ZHOO�PHDVXUHPHQW�FDPSDLJQ� )HEUXDU\�DQG�0DUFK������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭϱ

)LJXUH�1R�������6WXG\�DUHD��WDNHQ�IURP�WKH�XQLRQ�RI�QDXWLFDO�FKDUWV��͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭϲ

)LJXUH�1R�������0HDQ�VZHOO�5RVH�DQG�GLUHFWLRQDO�RFFXUUHQFH�SUREDELOLW\�WDEOH� ͘͘͘͘͘͘͘͘͘͘ ϱϮϭ

)LJXUH�1R�������+V�YV��7S�&RUUHODWLRQ�IRU�WKH�%DUUDQTXLOOD�EXR\� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϮϮ

)LJXUH�1R�������%DVH�EDWK\PHWU\��REWDLQHG�IURP�WKH�QDXWLFDO�FKDUWV�����DQG���� ͘͘͘͘͘ ϱϮϰ

)LJXUH�1R�������'HWDLOHG�EDWK\PHWU\�RI�WKH�SURSRVHG�DUHD�IRU�WKH�GXPSLQJ�RI�PDWHULDO�
IURP�WKH�GUHGJLQJ�ZRUNV�RI�3XHUWR�%DKtD�&RORPELD�'H�8UDEi�DQG�GHWDLOHG�EDWK\PHWU\�RI�
WKH�SRUW�DUHD� ϱϮϱ
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7DEOH�1R����� /DQGVFDSH�XQLWV�IRU�WKH�SURMHFW�VWXG\�DUHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϲϲ

7DEOH�1R����� /RFDWLRQ�RI�QDYLJDEOH�ZDWHUZD\V��WUDLOV�DQG�ZDWHU�QHWZRUN ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϬ

7DEOH�1R����� 5HVXOWV�RI�ODQGVFDSH�YLVLELOLW\�DQDO\VLV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϬ

7DEOH�1R����� 5HVXOWV�RI�WKH�FODVVLILFDWLRQ�RI�WKH�9LVXDO�4XDOLW\�RI�WKH�/DQGVFDSH�8QLWV�
IRU�WKH�SURMHFW�VWXG\�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϯ

7DEOH�1R����� $UHDV�RI�VFHQLF�LQWHJULW\�FODVVLILFDWLRQ�IRU�WKH�SURMHFW�VWXG\�DUHD ͘͘͘͘͘͘͘͘ ϳϰ

7DEOH�1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�WKH�VLWH�RI�VFHQLF�LQWHUHVW�� SRLQW�W\SH ͘͘ ϳϳ

7DEOH�1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�VLWHV�RI�ODQGVFDSH�LQWHUHVW�� W\SH�DUHD͘ ϳϳ

7DEOH�1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�VLWHV�RI�ODQGVFDSH�LQWHUHVW�� OLQHDO ͘͘͘͘͘͘͘͘ ϳϳ

7DEOH�1R������ /HJHQG�RI�VRLOV�LQ�WKH�LQIOXHQFH�DUHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϵ

7DEOH�1R������� $JURORJLFDO�FODVVHV�DQG�VXEFODVVHV�RI�WKH�VRLO�FDUWRJUDSKLF�XQLWV�RI�WKH�
LQIOXHQFH�DUHD�RI�WKH�SURMHFW͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϱ

7DEOH������ &XUUHQW�ODQG�XVH�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϬ

7DEOH������ &RQIOLFWV�GXH�WR�ODQG�XVH�LGHQWLILHG�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH
ϭϭϬ

7DEOH����� 5LYHU�V\VWHP�RI�WKH�*XOI�RI�8UDEi��IORZ�DQG�DUHD�RI�WKH�ULYHUV¶�FDWFKPHQW�
DUHDV ϭϭϯ

7DEOH����� /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW�PRQLWRULQJ�VWDWLRQV ͘͘͘ ϭϮϰ

7DEOH����� 5HVXOWV�RI�WKH�PHDVXUHPHQW�RI�YDOXHV�LQ�VLWX� LQODQG�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϲ

7DEOH����� 9DOXHV�DQDO\]HG�LQ�ODERUDWRU\� VXUIDFH�ZDWHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϮϲ

7DEOH����� &RPSDULVRQ�RI�UHVXOWV�ZLWK�VWDQGDUGV�6WDWLRQ�$��DQG�$� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϱ

7DEOH����� &RPSDULVRQ�RI�UHVXOWV�DJDLQVW�IRUHLJQ�UHIHUHQFH�UHJXODWLRQV͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϲ

7DEOH����� :DWHU�4XDOLW\�,QGH[�± 6WDWLRQ�$� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϴ

7DEOH����� :DWHU�4XDOLW\�,QGH[�± 6WDWLRQ�$� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϰϴ

7DEOH����� /DQJHOLHU�,QGH[�5HVXOW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϬ

7DEOH����� ,&20,�,QGH[�5HVXOWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϯ

7DEOH����� ,&202�,QGH[�5HVXOWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϯ

7DEOH����� ,&2686�,QGH[�5HVXOWV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϰ
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7DEOH����� 5HVXOWV�IURP�5('&$0�VWDWLRQV�IRU�WKH�UDLQ\�DQG�GU\�VHDVRQV�LQ�%DKtD�
&RORPELD�DQG�WKH�/HyQ�5LYHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϱϲ

7DEOH������� ,QWHUQDWLRQDO�ZDWHU�TXDOLW\�FULWHULD�IRU�WKH�FRQVHUYDWLRQ�RI�IORUD�DQG�IDXQD
ϭϲϵ

7DEOH����� ,&$�5HVXOWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϭ

7DEOH����� ,&$0�5HVXOWV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϮ

7DEOH������5HVXOWV�RI�3K\VLFRFKHPLFDO�3DUDPHWHUV�± ,QODQG�6HGLPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϳϱ

7DEOH������&RPSDULVRQ�EHWZHHQ�WKH�UHVXOWV�REWDLQHG�DQG�UHJXODWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϯ

7DEOH����� 5HFRUG�RI�&RQFHVVLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϲ

7DEOH����� 5HFRUG�RI�'LVFKDUJH͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϲ

7DEOH����� +\GULF�LQGLFDWRUV�IRU�WKH�/HyQ�5LYHU�K\GURJUDSKLF�VXEDUHD�IRU�DYHUDJH�
DQG�GU\�K\GURORJLFDO�FRQGLWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϵ

7DEOH����� &RQWDPLQDWLQJ�ORDGV�RI�%2'��&2'�DQG�&2'�%2'͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϴϵ

7DEOH����� 'DWD�DQG�QRPHQFODWXUH�IURP�DSSOLFDEOH�WHVWV�DQG�UHFRUGV�LQ�WKH�DUHD�
LQIOXHQFH�� 0DJQD±6LUJDV�FRRUGLQDWHV��RULJLQ�%RJRWi��0RGLILHG� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϲ

7DEOH����� 7\SLFDO�HOHFWULFDO�UHVLVWLYLW\�YDOXHV͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϴ

7DEOH����� 5HFRUG�RI�HOHFWULFDO�UHVLVWLYLWLHV�IURP�H[LVWLQJ�WHVWV�DQG H[SORUDWLRQV�LQ�
WKH�DUHD�RI�LQIOXHQFH͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϵϵ

7DEOH����� )RUPDWLRQ�IDFWRU�FRUUHODWLRQV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϮ

7DEOH����� 5HVLVWLYLW\�DQG�HOHFWULFDO�FRQGXFWLYLW\�YDOXHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϯ

7DEOH����� 7KLFNQHVV�RI�WKH�DTXLIHU�LQ�WKH�DUHD�RI�LQIOXHQFH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϯ

7DEOH����� 3RURVLW\�FRUUHODWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϯ

7DEOH����� 3RURVLW\�DQG�UHODWLYH�SRURVLW\�RI�WKH�OLWKRJUDSKLF�XQLW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϰ

7DEOH����� 6XPPDU\�RI�WKH�DTXLIHU�SURSHUWLHV�LQ�WKH�DUHD�RI�LQIOXHQFH��EDVHG�RQ�
9(6�PHDVXUHPHQW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϬϰ

7DEOH������ 9XOQHUDELOLW\�FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�*2'�PHWKRG͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϯϰ

7DEOH������ 5HVXOWV�RI�WKH�HYDOXDWLRQ�RI�WKH�DTXLIHUV¶�LQWULQVLF�YXOQHUDELOLW\��*2'�Ϯϯϰ

7DEOH����� 'HVFULSWLRQ�RI�667�VHULHV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϰϭ

7DEOH�1R������ &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�WKH�DYHUDJH�UHJLPH�RQ�VLWH�͘͘͘͘͘͘͘ Ϯϱϵ

7DEOH�1R������ &DVH�VHOHFWHG�WR�HVWLPDWH�WKH�FXUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV�
Ϯϴϯ

7DEOH�1R������ 'DWD�RI�WKH�iUHD�RI�WKH�ODQGILOO ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴϳ
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7DEOH�1R������ 7RWDO�YROXPH�RI�GUHGJHG�PDWHULDO ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϴϵ

7DEOH�1R������ *HRPHWULF�FRQILJXUDWLRQ�RI�WKH�ODQGILOO ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϵϬ

7DEOH�1R������ 7LGDO�KDUPRQLF�FRPSRQHQWV��REWDLQHG IURP�73;2͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ Ϯϵϯ

7DEOH�1R������ &ODVVLILFDWLRQ�RI�7URSLFDO�&\FORQHV�DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ�
VFDOH Ϯϵϳ

7DEOH�1R������ /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�PDULQH�VHGLPHQW�VDPSOLQJ�VWDWLRQV ͘͘͘͘ ϯϬϯ

7DEOH�1R������ 5HVXOWV�RI�PHDVXUHPHQW�RI�SDUDPHWHUV�LQ�VLWX�± $JXD�0DULQD͘͘͘͘͘͘͘͘͘͘ ϯϬϰ

7DEOH�1R������ 3DUDPHWHUV�DQDO\]HG�LQ�WKH�ODERUDWRU\�± $JXD�0DULQD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϬϱ

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�QRUP�± 3RLQW�$��� $��± $�� $�� ͘ ϯϮϰ

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�QRUP�± 3RLQW�$�� $��± $�͘͘͘͘͘͘͘͘͘͘͘ ϯϮϱ

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�IRUHLJQ�VWDQGDUGV�RI�UHIHUHQFH�� $���
$��� $��\�$� ϯϮϳ

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�IRUHLJQ�VWDQGDUGV�RI�UHIHUHQFH�± $���
$��\�$� ϯϮϴ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮϵ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϬ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϬ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϬ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϬ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϭ

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϭ

7DEOH�1R������ 5HVXOWV�PHDVXUHPHQW�RI�PDULQH�VHGLPHQW�SDUDPHWHUV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϯ

7DEOH�1R������ $YHUDJH�SDUWLFOH�VL]H�FRPSRVLWLRQ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϯϰ

7DEOH�1R������ 6WDQGDUGV�,64*�DQG�3(/�IURP�+3$V ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϰϰ

7DEOH�1R�������&RPSDULVRQ�RI�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�QRUP͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲϬ

7DEOH�1R������� &RRUGLQDWHV�RI�WKH�'ULOOLQJ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲϭ

7DEOH�1R�������� 5HVXOWV�RI�DQDO\VLV�RI�WKH�SK\VLFRFKHPLFDO�TXDOLW\�RI�GHHS�VHD�
VHGLPHQWV
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ϯϲϰ

7DEOH�1R�������� 9DOXHV�DVVRFLDWHG�ZLWK�$FWLRQ�/HYHOV���DQG���LQ�WKH�6SDQLVK�VWDQGDUG
ϯϲϲ

7DEOH�1R�������� &('(;�FDWHJRU\�IRU�GUHGJHG�PDWHULDO�EDVHG�RQ�WKH�FRQFHQWUDWLRQ�RI�
SROOXWDQWV ϯϲϴ

7DEOH�1R�������� &RPSDULVRQ�RI�UHVXOWV�LQ�3)��ZLWK�WKH�6SDQLVK�VWDQGDUG�DQG�
FODVVLILFDWLRQ�RI�WKH�UHVXOW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϲϴ

7DEOH�1R�������� &RPSDULVRQ�RI�UHVXOWV�LQ�3)��ZLWK�WKH�6SDQLVK�VWDQGDUG�DQG�
FODVVLILFDWLRQ�RI�WKH�UHVXOW� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϳϬ

7DEOH�1R�������� &RPSDULVRQ�RI�UHVXOWV�LQ�3)���ZLWK�WKH�6SDQLVK�VWDQGDUG�DQG�
FODVVLILFDWLRQ�RI�WKH�UHVXOW� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϳϮ

7DEOH�1R������ &KDUDFWHUL]DWLRQ�RI�DUWHVLDQ�ZDWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵϬ

7DEOH�1R������ &ODVVLILFDWLRQ�RI�7URSLFDO�&\FORQHV�DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ
VFDOH ϰϬϵ

7DEOH�1R������ /RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϲ

7DEOH�1R������ 0D[LPXP�SHUPLVVLEOH�OHYHOV�IRU�FULWHULD�SROOXWDQWV�LQ�LPPLVVLRQ�DLU͘͘ ϰϭϳ

7DEOH�1R������ :HDWKHU�FRQGLWLRQV�GXULQJ�DLU�TXDOLW\�PRQLWRULQJ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϴ

7DEOH�1R������ 6XPPDU\�RI�763�PRQLWRULQJ�LQ�LPPLVVLRQ�DLU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϵ

7DEOH�1R������ 6XPPDU\�RI�30���PRQLWRULQJ�LQ�LPPLVVLRQ�DLU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϭϵ

7DEOH�1R������ 6XPPDU\�RI�12��PRQLWRULQJ�LQ�LPPLVVLRQ�DLU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϬ
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7DEOH�1R������ 6XPPDU\�RI�62��PRQLWRULQJ�LQ�LPPLVVLRQ�DLU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϭ

7DEOH�1R������ 6XPPDU\�RI�&2�PRQLWRULQJ�LQ�LPPLVVLRQ�DLU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϮϭ

7DEOH�1R������� $YHUDJLQJ�SHULRGV�RI�SROOXWDQWV�GXULQJ�PRGHOLQJ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϬ

7DEOH�1R������� 7RWDO�FRQFHQWUDWLRQV�RI�WKH�DUHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϱ

7DEOH�1R������� &RRUGLQDWHV�RI�HQYLURQPHQWDO�QRLVH�PRQLWRULQJ�SRLQWV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϳ

7DEOH�1R������� :HDWKHU�FRQGLWLRQV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϰϯ

7DEOH�1R��������(QYLURQPHQWDO�QRLVH�PHDVXUHPHQW�UHVXOWV�DQG�FRUUHFWLRQV��QRQ�ZRUNLQJ�
GD\ ϰϰϱ

7DEOH�1R������� &RQVROLGDWHG�HQYLURQPHQWDO�QRLVH�UHVXOWV��PRQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘ ϰϰϴ

7DEOH�1R������� &RQVROLGDWHG�HQYLURQPHQWDO�QRLVH�UHVXOWV��PRQLWRULQJ�SRLQW 5� ͘͘͘͘͘͘͘ ϰϱϬ

7DEOH�1R������� &RQVROLGDWHG�HQYLURQPHQWDO�QRLVH�UHVXOWV��PRQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘ ϰϱϭ

7DEOH�1R������� 0D[LPXP�SHUPLVVLEOH�VWDQGDUG�RI�QRLVH�HPLVVLRQ�OHYHOV�H[SUHVVHG�LQ�
GHFLEHOV�G%��$ ϰϱϴ

7DEOH�1R������� (TXLYDOHQW�DYHUDJH�OHYHOV�RI�HQYLURQPHQWDO�QRLVH͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϱϵ

7DEOH�1R������� 0RGHOLQJ�UHVXOWV�RI�H[SHFWHG�QRLVH�OHYHOV�DW�GLIIHUHQW�GLVWDQFHV�RI�
2SHUDWLRQ�RI�WKH�9LDGXFW�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��FRPSDUHG�ZLWK�SHUPLVVLEOH�
OLPLWV ϰϱϵ

7DEOH�1R������� 9HKLFOH�FDSDFLW\�EHWZHHQ�5tR�*UDQGH�� 1XHYD�&RORQLD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϲϱ

7DEOH�1R������� 3UHGLFWLRQ�RI�YHKLFXODU�IORZ�1XHYD�&RORQLD�� 3XHUWR�%DKtD�&RORPELD�'H�
8UDEi ϰϲϴ

7DEOH�1R������� &ODVVLILFDWLRQ�RI�VHFWLRQV��VFHQDULRV�,�DQG�,,� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϳϬ

7DEOH�1R������� &RORU�&ODVVLILFDWLRQ�RI�WKH�OHYHOV�RI�H[FHVV�VRXQG�SUHVVXUH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴϲ

7DEOH�1R������� &RPSDULVRQ�RI�6RXQG�3UHVVXUH�/HYHO�E\�FDGDVWUDO�EORFNV�IRU�WKH�
VFHQDULRV���\����6&��\�6&�� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϴϳ

7DEOH�1R������� &RPSDULVRQ�RI�FDOFXODWHG�VRXQG�SUHVVXUH�OHYHOV��&DGQD$��YV��
0HDVXUHG�OHYHOV ϰϵϱ

7DEOH�1R������� 9DOXHV�RI�FRHIILFLHQWV�D�DQG�E�LQ�WKH�UHJUHVVLRQ�D��[�A�E�IRU�PHDQ�YDOXHV�
RI�+V� ϱϬϯ
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7DEOH�1R������ 9DOXHV�RI�FRHIILFLHQWV�D�DQG�E�LQ�WKH�UHJUHVVLRQ�D��[�A�E�IRU�PHDQ YDOXHV�

RI�+V�E ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬϵ

7DEOH�1R������ 7XUER�VWDWLRQ�LQIRUPDWLRQ�RI�ZLQG�RFFXUUHQFH�SUREDELOLW\� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϭϬ

7DEOH�1R������ &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�DYHUDJH�UHJLPH�RQ�VLWH� ͘͘ ϱϮϮ

7DEOH�1R������ &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�DYHUDJH�ZRUNVLWH�UHJLPH�ϱϮϯ
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3KRWR�1R����� 1DWXUDO�PRXWK�RI�WKH�&DQDO�RQ�WKH�OHIW�EDQN�RI�/HyQ�5LYHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϮ

3KRWR�1R����� 'DP�RQ�WKH�ULJKW�EDQN�RI�WKH�/HyQ�5LYHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϳ

3KRWR�1R����� /RQJLWXGLQDO�EDU�RI�WKH�/HyQ�5LYHU��SDUWLDOO\�FRYHUHG�E\�ZDWHU� ͘͘͘͘͘͘͘͘͘͘͘ ϯϴ

3KRWR�1R����� 'HOWDLF�SODLQ��ULJKW�EDQN�IURP�WKH�&DQDO�WR�WKH�VHD ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵ

3KRWR�1R����� &DQDO�DVSHFW�RI�WKH�VHD��QHDU�WKH�PRXWK�RI�WKH�/HyQ�ULYHU� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϯϵ

3KRWR�1R����� 1DUURZ�VDQG\�EHDFK� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϬ

3KRWR�1R����� 0RXWK�RI�WKH�/HRQ�5LYHU�DSSHDUDQFH�LQ������ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϬ

3KRWR�1R����� /HyQ�5LYHU�'HOWD��6HGLPHQW�GHSRVLWV�DUH�GLVWULEXWHG�SHUSHQGLFXODU�WR�
WKH�FRDVW� ϱϭ

3KRWR�1R����� &RORQL]HG�LVOHWV�ZLWK�PDQJURYH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϱϯ
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3KRWR�1R������ 1XHYD�&RORQLD�&DQDO�-HWW\ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϳϵ

3KRWR�1R������ 0RXWK�RI�1XHYD�&RORQLD�&DQDO�WR�/HyQ�5LYHU ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϬ

3KRWR�1R������ 0RXWK�RI�/HyQ�5LYHU�WR�%DKtD�&RORPELD�DQG�DQFKRUDJH�DUHD͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϭ

3KRWR�1R������ 0DQJURYH �3URWHFWHG�)RUHVW�5HVHUYH�IURP�WKH�:HWODQGV�EHWZHHQ�
6XULTXL�DQG�/HRQ�ULYHUV� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϮ

3KRWR�1R������ 7UDLOV�DQG�SDWKZD\�1XHYD�&RORQLD�WRZQVKLS� %DKtD�GH�&RORPELD�3RUW�RI�
8UDEi�3URMHFW ϴϯ

3KRWR�1R������ &XOWXUDO�VLWHV�LQ�WKH�WRZQVKLS�RI�1XHYD�&RORQLD�� 0XQLFLSDOLW\�RI�7XUERϴϰ

3KRWR�1R������� 2YHUYLHZ�RI�WKH�LQIOXHQFH�DUHD�RI�WKH�SURMHFW ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϴϳ

3KRWR�1R�������7KLQ�WH[WXUHV�VRLOV�ZLWK�GHSRVLWV�RI�RUJDQLF�PDWWHU͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϬ

3KRWR�1R������� 6RLOV�EHORQJLQJ�WR�/D�+RQGD�$VVRFLDWLRQ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϮ

3KRWR�1R������� &UDEV�LQ�0DQJURYH�&RYHUDJH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϵϰ

3KRWR������ ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ�ZLWKLQ�WKH�SURMHFW¶V�
DUHD�RI�LQIOXHQFH� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϭ

3KRWR������ &OHDQ�JUDVVODQG�GHGLFDWHG�WR�OLYHVWRFN�IDUPLQJ�LQ�WKH�SURMHFW¶V�DUHD�RI�
LQIOXHQFH ϭϬϮ

3KRWR������� )RUHVW�SODQWDWLRQ�RI�7HFWRQD�JUDQGLV ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϯ

3KRWR������ 5LSDULDQ�IRUHVW�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϰ

3KRWR������ 3DOP�JURYH�GHGLFDWHG�WR�WKH�SURWHFWLYH�IRUHVW�XVH�W\SH ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϱ

3KRWR������ +LJK�VHFRQGDU\�YHJHWDWLRQ�FRYHU�ZLWKLQ�WKH�DUHD�RI�VWXG\ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϭϬϲ

3KRWR�1R������� 7KH�%DQDFRO�FRPSDQ\�MHWW\�DUHD�DORQJ�WKH�1XHYD�&RORQLD�FDQDO͘͘͘͘͘͘ ϭϬϳ

3KRWR����� 3LH]RPHWHU�LQVWDOOHG�RQ�ODQG� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϲ

3KRWR������ 3LH]RPHWHU�LQVWDOOHG�LQ�WKH�VHD�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϮϮϲ

3KRWRJUDSK�1R������ 0RQLWRULQJ�SRLQW�5� ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϯϵ

3KRWRJUDSK�1R������ 0RQLWRULQJ�3RLQW�± 5�͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ ϰϰϬ
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0DS�&RGH 7KHPDWLF

02'B/$B372B$17B��B*HRORJLD *HRORJ\

02'B/$B372B$17B��B*HRPRUSKRORJ\ *HRPRUSKRORJLFDO�XQLWV

02'B/$B372B$17B��B 0RUSKRG\QDPLFV 0RUSK�G\QDPLFV

02'B/$B372B$17B��B 6XVFHSWLELOLW\ (URVLYH�SURFHVVHV�VXVFHSWLELOLW\

02'B/$B372B$17B��B0'7 'LJLWDO�WHUUDLQ�PRGHO

02'B/$B372B$17B��B /DQGVFDSH /DQGVFDSH�8QLW

02'B/$B372B$17B��B 9LVLELOLW\ /DQGVFDSH�9LVLELOLW\

02'B/$B372B$17B��B 4XDOLW\/DQGVFDSH 9LVXDO�4XDOLW\�RI�WKH�/DQGVFDSH

02'B/$B372B$17B��B6RLOV 6RLO�&DUWRJUDSKLF�8QLWV

02'B/$B372B$17B��B3RWHQWLDO8VH 3RWHQWLDO�8VH�RI�6RLO

02'B/$B372B$17B��B&XUUHQW8VDJH &XUUHQW�/DQG�8VDJH

02'B/$B372B$17B��B8VDJH&RQIOLFW /DQG�8VDJH�&RQIOLFW

02'B/$B372B$17B��B+\GURORJ\ +\GURORJ\

02'B/$B372B$17B��B:DWHU6HGLPHQW :DWHU�DQG�VHGLPHQW�TXDOLW\�6DPSOLQJ

02'B/$B372B$17B��B+\GURJHRORJ\ +\GURJHRORJ\

02'B/$B372B$17B��B:DYH%RWWRPB, :DYHV %RWWRP � ,QLWLDO�FRQGLWLRQ�� &DVH��

02'B/$B372B$17B��B :DYHV%RWWRP B) :DYHV %RWWRP � ,QLWLDO�FRQGLWLRQ�� &DVH���

02'B/$B372B$17B��B/RFDO:DYHVB, /RFDO�ZDYHV ± ,QLWLDO FRQGLWLRQ�� &DVH �

02'B/$B372B$17B��B /RFDO:DYHV B) /RFDO�ZDYHV � )LQDO�FRQGLWLRQ� &DVH �D

02'B/$B372B$17B��B6WUHDPV,
6WUHDPV�GXH�WR�EUHDNDJH�RI�WKH�/RFDO�ZDYHV�
� ,QLWLDO�&RQGLWLRQ

02'B/$B372B$17B��B6WHDPV)
6WUHDPV�GXH�WR�EUHDNDJH�RI�WKH�/RFDO�ZDYHV�
� )LQDO�&RQGLWLRQ

02'B/$B372B$17B��B *HRWHFKQLFV *HRWHFKQLFV

02'B/$B372B$17B��B$LU1RLVH
$LU�TXDOLW\�DQG�HQYLURQPHQWDO�QRLVH�
0RQLWRULQJ

02'B/$B372B$17B��B1RLVH(�B'
1RLVH�PRGHOLQJ�� 6FHQDULR���'D\WLPH�
,VRIRQHV

02'B/$B372B$17B��B1RLVH(�B1 1RLVH�PRGHOLQJ�� 6FHQDULR���1LJKW�,VRIRQHV
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02'B/$B372B$17B��B1RLVH(�B'
1RLVH�PRGHOLQJ�� 6FHQDULR���'D\WLPH�
,VRIRQHV

02'B/$B372B$17B��B1RLVH(�B1 1RLVH�PRGHOLQJ�� 6FHQDULR���1LJKW�,VRIRQHV

02'B/$B372B$17B��B(FRVLVWHPD 2QVKRUH��FRDVWDO�DQG�RIIVKRUH�HFRV\VWHPV

/,67�2)�$77$&+0(176

$WWDFKPHQW ������:DWHU�TXDOLW\�DQG�VHGLPHQWV

$WWDFKPHQW�������*HRWHFKQLFV�)LQDO�5HSRUW

$WWDFKPHQW�������7UDQVLWB6WXG\B3XHUWR�$QWLRTXLD

$WWDFKPHQW�������$LU�TXDOLW\�DQG�QRLVH
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�� &+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($

7KLV�FKDSWHU�SUHVHQWV�WKH�FKDUDFWHUL]DWLRQ�RI� WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�
HQYLURQPHQW RI�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��LQ�DFFRUGDQFH�ZLWK�WKH�WHUPV�RI�
UHIHUHQFH�IRU�WKH�UHVHDUFK RI�WKH�(QYLURQPHQWDO�,PSDFW�6WXG\�� (,$�LQ�FRQVWUXFWLRQ�RU�
H[SDQVLRQ�DQG�RSHUDWLRQ�SURMHFWV��RI�PDULWLPH�SRUWV�RI�JUHDW�GHSWK��00�,1$������WKH�
0HWKRGRORJ\� IRU� WKH� HQYLURQPHQWDO� VWXGLHV� SUHVHQWDWLRQ� �0$9'7�� ������ DQG� WKH�
0DQXDO� RI� HQYLURQPHQWDO� HYDOXDWLRQ� RI WKH� (QYLURQPHQW� DQG� 6XVWDLQDEOH�
'HYHORSPHQW 0LQLVWU\ ± �$OVR�NQRZQ�DV�0$'6���

��� $ELRWLF�HQYLURQPHQW

7KH�IROORZLQJ�DUH�WKH�UHVXOWV�RI�WKH�DELRWLF�HQYLURQPHQW�FKDUDFWHUL]DWLRQ�IRU�HDFK�RI�
WKH� FRPSRQHQWV� WKDW� PDNH� XS� WKH� HQYLURQPHQW� LQ� DFFRUGDQFH� ZLWK� WKH� VSHFLILF�
PHWKRGRORJLHV� RI� HDFK� RI� WKH� GLVFLSOLQHV�� ZKLFK� ZHUH� GHVFULEHG� LQ� &KDSWHU� ��
*HQHUDOLWLHV��ZLWK WKH�DLP�RI�REWDLQ�D�EDVHOLQH�RI�WKH�LQIOXHQFH�DUHD�RI�WKH�SURMHFW��

����� *HRORJ\

7KH� JHRORJLFDO� FKDUDFWHULVWLFV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� SRWHQWLDO� XVHV� RI� WKH�
WHUULWRU\�VLQFH�LW�LV�GHWHUPLQDQW�LQ�WKH�W\SHV�RI�VRLOV��WKH�QDWXUDO�WKUHDWV�WKDW�PD\�DULVH��
WKH PLQHUDO�UHVRXUFHV�DQG�WKH�PRUSKRORJ\�RI�WKH�UHJLRQ�

,Q�WKLV�FKDSWHU��D�GHVFULSWLRQ�RI�WKH�SUHGRPLQDQW�W\SHV�RI�URFN�DW�WKH�UHJLRQDO�DQG�ORFDO�
OHYHOV�LV�JLYHQ��DV�ZHOO�DV�WKHLU�VSDWLDO�GLVSRVLWLRQ�DQG�WKH�VWUXFWXUDO�IHDWXUHV��ZKLOH�LQ�
)LJXUH�1R������DQG�RQ WKH�JHRORJLFDO�PDS�02'B/$B372B$17B��B*HRORJ\�� WKHLU�
VSDWLDO�GLVSRVLWLRQV�DUH�SUHVHQWHG�

x 5HJLRQDO�*HRORJ\�

7KH�UHVHDUFK�DUHD�LV�ORFDWHG�LQ�WKH�SDUW�RI�WKH�&RORPELDQ�&DULEEHDQ�WKDW�FRUUHVSRQGV�
WR�D�SODWH�PDUJLQ�EDVLQ��RI�&HQR]RLF�DJH��VWUXFWXUHG�LQ�WZR�DGMDFHQW�EHOWV�RU�IROGHG�
EHOWV��WKH�6DQ�-DFLQWR�)ROGLQJ�%HOW�DFFUHWHG�WR�WKH�1RUWK�PDUJLQ�RI�&RORPELD�LQ�WKH�
3DOHRJHQH�DQG�WKH�6LQ~�)ROGHG�%HOW��ZKLFK�VHHPV�WR�KDYH�EHHQ�HPSODFHG�DORQJ�WKH�
ZHVWHUQ�PDUJLQ�RI�WKH�6DQ�-DFLQWR�%HOW�DQG�LWV�SUREDEOH�DJH�LV�QHRJHQLF��0RVW�RI�WKH�
6DQ� -DFLQWR� EHOW� HPHUJHV� RIIVKRUH�� WKH� QRUWKHUQ� SRUWLRQ� LV� XQGHU� WKH� VHD�� 7KH�
VRXWKHUQ�SRUWLRQ�RI� WKH�6LQ~ %HOW�VXUIDFHV�RIIVKRUH��ZKLOH�WZR�WKLUGV�RI� WKH�EHOW�DUH�
RIIVKRUH��6LQ~�EHOW� URFNV�DUH�PRVWO\� IURP�WKH�0LRFHQH�WR� WKH�5HFHQW��DFFRUGLQJ WR�

� 1$7,21$/�+<'52&$5%216�$*(1&<��$1+��*HRORJLFDO�&DUWRJUDSK\�DQG�6WUXFWXUDO�0RGHOLQJ�RI�WKH�8UDEi�DQG�6LQ~�6DQ�
-DFLQWR�%DVLQV�EDVHG�RQ�WKH�,QWHUSUHWDWLRQ�RI�5HPRWH�6HQVLQJ�,PDJHV�DQG�6HLVPLF�0RQLWRULQJ������
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'XTXH�&DUR��� 'XH� WR� WKHVH� FKDUDFWHULVWLFV�� LW� LV� FRQVLGHUHG� WKDW� WKH� EHOW� RI� 6LQ~�
FRUUHVSRQGV�WR�D�ODWHU�SKDVH�RI�DFFUHWLRQ�RI�RFHDQLF�FUXVW�WKDW�FRQWLQXHV�WRGD\�DQG�
ZKRVH�PRVW� UHSUHVHQWDWLYH� IHDWXUH� LV� WKH� SUHVHQFH� RI� LQWHQVH� GLDSLULVP� DQG�PXG�
YROFDQLVP��

7KH�PRUSKRORJLFDO�H[SUHVVLRQ�RI�WKH�6LQ~�)ROGHG�%HOW�LV�OHVV�SURPLQHQW�WKDQ�WKDW�RI�
6DQ� -DFLQWR�� ,Q� WKH� 6LQ~� )ROGHG� %HOW�� DV� ZHOO� DV� LQ� WKH� VRXWKHUQ� DQG� QRUWKHUQ�
FXOPLQDWLRQ�RI�WKH�6DQ�-DFLQWR�%HOW��ODUJH�V\QFOLQDOV�DUH�GHYHORSHG�LQ�UHODWLRQ�WR�WKH�
JUHDWHU� WKUXVWV�� WKHVH� VWUXFWXUHV�� E\� WKHLU� FKDUDFWHULVWLFV�� UHSUHVHQW� ORQJLWXGLQDO�
VLQNLQJ�EDVLQV��

7KH�ZHVWHUQ�IODQN�RI�WKH�VWXG\�DUHD�LV�ORFDWHG�LQ�WKH�QRUWKHUQ�GHSDUWPHQW�RI�&KRFR��
LW�LV�NQRZQ�DV�WKH�8UDEi�&KRFRDQR�DQG�FRPSULVHV�IURP�VRXWK�WR�QRUWK�IURP�&HUUR�(O�
&XFKLOOR�� RQ� WKH� ERUGHU� EHWZHHQ� WKH� GHSDUWPHQWV� RI�&KRFy� DQG�$QWLRTXLD�� WR� WKH�
PXQLFLSDOLW\�RI�$FDQGt��WKDW�LQ�WKH�ZRUN�RI�*HRWHF� ,W�LV�NQRZQ�DV�WKH�%DXGy�YROFDQLF�
FRPSOH[��EXW�IRU�LWV�GHVFULSWLRQ�WKH�IRUPDO�XQLWV�RI�WKH�FRPSOH[�RI�6DQWD�&HFLOLD�� /D�
(TXLV�DQG�%DWROLWR�GH�0DQGH�DUH�XVHG��ZKLFK�DUH�SDUW�RI�D�YROFDQLF�DUFK�FDOOHG�6XWDWD�
$UFK��'DEHLED�$UFK�RU�0DQGp�$UFK��ORFDWHG�LQ�D�FRW�DUHD��

Ǧ /LWKRORJ\

7KH�OLWKRORJLFDO�GHVFULSWLRQ�WKDW�LV�PDGH�EHORZ�LV�WDNHQ�IURP�WKH�PXQLFLSDO�327��WKH�
GHVFULSWLRQV RI� WKH� OLWKRORJLFDO�XQLWV�ZLOO�EH� UHODWHG� WR� WKH�JHRPRUSKRORJLFDO�0DFUR�
XQLWV�

� /LWKRORJ\� LQ� WKH�JHRPRUSKRORJLFDO�PDFUR�VWDWH�RI�0RXQWDLQ�UDQJH DQG�
)RRWKLOOV�

6HGLPHQWDU\�7HUWLDU\�URFNV�RI�PDULQH�RULJLQ �7���

7KLV�XQLW�HPHUJHV�WR�WKH�(DVW�RI�WKH�0XQLFLSDOLW\��,WV�GHSRVLW�HQYLURQPHQW�LV�PDULQH��
$FFRUGLQJ� WR� WKH� SODFHV� PDSSHG� E\� ,1*(20,1$6� �QRZ� &RORPELDQ� *HRORJLFDO�

� '848(�&$52�� +�� *HRWHFWRQLFV� DQG� HYROXWLRQ� RI� WKH� &RORPELDQ� 1RUWKZHVW� 5HJLRQ� *HRORJLFDO� %XOOHWLQ�� ,1*(20,1$6��
9ROXPH�����1R����%RJRWi�����
� *8=0$1�*��*g0(=���(���/���6(55$12��%���(��*HRORJ\�RI�WKH�%HOWV�RI�6LQ~��6DQ�-DFLQWR��DQG�:HVWHUQ�(GJH�RI�WKH�/RZHU�
0DJGDOHQD�9DOOH\��6FDOH�������������,1*(20,1$6�����
� *(27(&��*HRORJ\�RI�WKH�6LQX�6DQ�-DFLQWR�%HOW�3ODWHV��������������3XHUWR�(VFRQGLGR�����/RULFD�����0XODWRV�����&DQDOHWHV��
���0RQWHUtD� ���1HFRFOt�����6DQ�3HGUR�GH�8UDED�����3ODQHWD�5LFD��7XUER����DQG����7LHUUD�$OWD��5HSRUW�,��������,1*(20,1$6��
����
� ,EtG�
� *21=$/(=��+��*HRORJLFDO�0DS�RI�WKH�'HSDUWPHQW�RI�$QWLRTXLD��([SODQDWRU\�0HPRU\�,1*(20,1$6��0DS�VFDOH������������
����
� &2/20%,$1�*(2/2*,&$/�6(59,&(��6*&��.12:1�%()25(�$6�,1*(20,1$6���(YDOXDWLRQ�RI�JURXQGZDWHU�LQ�WKH�8UDEi�
UHJLRQ�����
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6HUYLFH� � 6*&��� LW� LV� FRPSRVHG� RI� D� VHTXHQFH� RI� VDQGVWRQHV�� PXGVWRQHV� DQG�
DUFLOOLWHV��ORFDOO\�FDUERQDWHG�

6HGLPHQWDU\�7HUWLDU\�URFNV�RI�2QVKRUH�RULJLQ��7���

7KH�URFNV�IRXQG�DUH�VDQGVWRQHV��FRQJORPHUDWHV��VLOWVWRQHV�DQG�DUFLOOLWHV��GHSRVLWHG�
LQ�DQ 2QVKRUH HQYLURQPHQW�RI�IOXYLDO�WR�WUDQVLWLRQDO�QDWXUH��LQ�ZKLFK�PHGLXP�WR�KLJK�
HQHUJ\� UHJLPHV�DUH� DOWHUQDWHG ZLWK� SHULRGV�RI� WUDQTXLOLW\�� WKH� URFNV� RI�3OLRFHQH� WR�
8SSHU�+RORFHQH�DJH�ZHUH�JURXSHG�DV�WKH�&RUSD��3DMXLO�DQG�)ORUHVDQWR�)RUPDWLRQV�
LQ�WKH�IROORZLQJ�VHWV�

6DQGVWRQHV�DQG�PXGVWRQHV��7�$���*UD\�\HOORZ�VDQGVWRQHV��ZLWK�D�WKLQ�WR�PHGLXP�
JUDLQ��FRPSRVHG�RI�TXDUW]��EDVDOWV��EODFN�FKHUW��ZKLFK�DUH�LQWHUEHGGHG�ZLWK�OD\HUV�RI�
IULDEOH��SDOH�EOXH�JUD\�PXGVWRQH�

6DQGVWRQHV� DQG� FRQJORPHUDWHV� �7�%��� 7KH� VDQGVWRQHV� KDYH� WKH� VDPH�
FKDUDFWHULVWLFV� RI� WKH� 7�$� VHW�� ZLWK� WKH� GLIIHUHQFH� WKDW� WKH\� DUH� LQWHUEHGGHG� ZLWK�
FRQJORPHUDWH� OD\HUV� IRUPHG� E\� TXDUW]� DQG� EDVDOWV� LQ� D� VDQG\� PDWUL[�� 7KH�
FRQJORPHUDWHV�DUH�PDGH�XS�RI�IUDJPHQWV�RI�TXDUW]��FKHUW�DQG�YROFDQLF�URFN��EDVDOWV���
LQ�D�JUD\LVK�\HOORZ�VDQG�PDWUL[��RI�PHGLXP�WR�FRDUVH�JUDLQ�

/RGROLWKV� ZLWK� FRQJORPHUDWH� OHQVHV� �7�&��� &RPSRVHG� E\� GLVFRQWLQXRXV� OD\HUV� RI�
EOXH�JUD\�PXGVWRQH� LQWHUVSHUVHG�ZLWK�GLVFRQWLQXRXV OD\HUV�RI�FRQJORPHUDWHV��7KLV�
VHW�HPHUJHV�RQ�WKH�ZHVWHUQPRVW�IODQN�RI�WKH�$ELEH�0RXQWDLQ�UDQJH��IRUPLQJ�WKH�ORZ�
KLOOV�WKDW�OLH�DORQJ�WKH�-XUDGy�7XUER�KLJKZD\�

7KHVH�XQLWV�FRQWDLQ�VRPH�DUHDV��SDUW�RI�WKH�ORZHU�SDUW�RI�5tR�*UDQGH��ZLWK�DEXQGDQW�
RUJDQLF�PDWWHU�DQG�VHPL�SURFHVVHG�VKHOOV�IRU�WUDQVSRUW�SXUSRVHV�

� /LWKRORJ\� LQ� WKH� JHRPRUSKRORJLFDO� XQLW�� DOOXYLDO� SODLQ� DQG� FRDVWDO�
FRPSOH[�

4XDWHUQDU\�VHGLPHQWV��4��

7KH� TXDWHUQDU\� LQ� WKH�PXQLFLSDOLW\� LV� FRPSRVHG� RI� GHSRVLWV� RI�PDULQH�� DOOXYLDO� RU�
FROOXYLDO� RULJLQ� WKDW� PDNH� XS� IDQV�� WHUUDFHV�� FRQHV� RI� GHMHFWLRQ�� DOOXYLXPV� DQG�
EHDFKHV��ZKLFK�DUH�UHODWHG�WR�WKH�G\QDPLFV�RI�WKH�PDLQ�ULYHUV�DQG�WKH�JUHDW�DOOXYLDO�

� ,EtG�

� &2/20%,$�081,&,3$/,7<�2)�785%2��������2S��&LW�
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SODLQ�RI�0XWDWi�7XUER��2Q�WKHVH�GHSRVLWV�DUH�ORFDWHG�WKH�SRUW�SURMHFW��WKH�KHDG�DQG�
PXFK�RI�WKH�SODQWDLQ�DQG�EDQDQD�FURSV�RI�WKH�0XQLFLSDOLW\�

,Q�WKH�IDQ�DUHD�WKH�VORSHV�UHDFK������,W� LV�FRQVWLWXWHG�LQ�GHSWK�E\�VDQGVWRQHV�DQG�
JUDYHOV�RI�VLOWVWRQH��1HDU�WKH�VXUIDFH�WKHVH�PDWHULDOV�KDYH�ZHDWKHUHG�WR�FOD\V��,Q�WKH�
*XDGXDOLWR�5LYHU EDVDO�PDWHULDOV�FRQVLVW�RI�SHEEOHV�DQG�JUDYHOV�RI�ZHOO�FHPHQWHG�
DQG�URXQGHG�VDQGVWRQHV��ZUDSSHG�LQ�D�PDWUL[�RI�ILQH�VDQG���

$FFRUGLQJ�WR�WKH�GHVFULSWLRQ�RI�WKH�OLWKRORJLFDO�XQLWV��WKHUH�DUH�QR�TXDUULHV�LQ�WKH�DUHD�
QHDU�WKH�SURMHFW�WKDW�FDQ�VXSSO\�KDUG�URFNV��LJQHRXV��YROFDQLF�RU�PHWDPRUSKLF�URFNV���
DV�WKH�RQHV�WKH�SURMHFW�ZLOO�UHTXLUH�GXULQJ�WKH�FRQVWUXFWLRQ�SKDVH��7KH�LQIUDVWUXFWXUH�
SURMHFWV� WKDW�KDYH�EHHQ�FDUULHG�RXW� LQ� WKH�DUHD�KDYH�REWDLQHG�WKH�PDWHULDOV�RI� WKH�
&DUHSD�DQG�&XUUXODR�ULYHUV�DQG� WKH�FRQVWUXFWLRQ�PDWHULDOV�RI� WKH� ORPHULRV�V\VWHP�
WKDW�DUH�PDGH�XS�RI�VHGLPHQWDU\�URFNV��8QLW�7����DOWKRXJK�IURP�WKLV�ODVW�VRXUFH�WKH�
6LHYH LV�VPDOOHU��UHDFKLQJ�RQO\�DYHUDJH�JUDYHOV�

� 6WUXFWXUDO�IHDWXUHV

7KH�VWUXFWXUDO� IHDWXUHV�DUH� UHODWHG� WR� WKH�GHIRUPDWLRQV�VXIIHUHG�E\� WKH� URFN�VWUDWD�
SURGXFW�RI�HIIRUWV��PRYHPHQWV�RU�WKH�IRUP�DQG�HQYLURQPHQWV�RI�GHSRVLWLRQ��RIIVKRUH��
IOXYLDO��ODFXVWULQH��HWF����7KH�8UDEi�UHJLRQ�DQG�LQ�JHQHUDO�DOO�RI�WKH�&RORPELDQ�1RUWK�
:HVW� LV� VXEMHFW� WR� WKH� HIIHFW� RI� DFWLYH� IDXOWV� �VHH� )LJXUH� 1R�� ����� DQG� VWURQJ�
GHIRUPDWLRQV�GXH� WR� WKH� LQIOXHQFH�RI�DW� OHDVW� WKUHH� WHFWRQLF�SODWHV�DQG�WZR�EORFNV��
1D]FD� SODWH�� &DULEEHDQ� SODWH�� 6RXWK� $PHULFD� SODWH�� 3DQDPD� EORFN� DQG� $QGHDQ�
EORFN���

7KH�VWXG\�DUHD�LV�IUDPHG�UHJLRQDOO\�ZLWKLQ�WKH�6LQ~�%HOW��ZKLFK�LQFOXGHV�$ELEH
V�DQG�
3DORPDV�DQWLFOLQRULXPV�LQVLGH�WKH�RQVKRUH�DQG�WKH�RIIVKRUH�SODWIRUP�DV�ZHOO�DV�WKH�
RQVKRUH�VORSH��7KLV�EHOW�LV�PDGH�XS�RI�YHU\�SURQRXQFHG�QDUURZ�DQWLFOLQHV��VHSDUDWHG�
E\�EURDG�DQG�VPRRWK�V\QFOLQHV��7RZDUGV�WKH�1RUWK�WKHVH�VWUXFWXUHV�DUH�JHQHUDOO\�FXW�
E\�GRPH�VWUXFWXUHV�RI�PXG�YROFDQRHV�JLYLQJ�WKH�LPSUHVVLRQ�WKDW�WKH�IROGLQJ�KDG�EHHQ�
IRUPHG�E\�WKLV�W\SH�RI�HYHQWV��:LWKLQ�WKLV�VHULHV�RI�V\QFOLQHV�DQG�DQWLFOLQHV�ZH�FDQ�
PHQWLRQ�WKH�7XODSD�V\QFOLQH�DQG�WKH�&D\PDQ�DQWLFOLQH��ORFDWHG�QRUWK�HDVW�DQG�QRUWK�
RI�WKH�PXQLFLSDO�KHDG�RI�7XUER�UHVSHFWLYHO\��ZKRVH�D[HV�KDYH�D�JHQHUDO�GLUHFWLRQ�RI�
1�6��������

$QRWKHU� W\SH�RI�VWUXFWXUDO� IHDWXUH�DUH� IDXOWV��2QH�RI� WKH�PRVW�RXWVWDQGLQJ�� ORFDWHG�
HDVW� RI� WKH�PXQLFLSDOLW\� RI� 7XUER� LV� WKH� $SDUWDGy� )DXOW� �UHJLRQDOO\� NQRZQ� DV� WKH�

�� 25*$1,=$7,21�2)�$0(5,&$1�67$7(6��'DULpQ�3URMHFW��6WXG\�IRU WKH�RULHQWDWLRQ�RI�WKH�LQWHJUDWHG GHYHORSPHQW�RI�WKH�
&RORPELDQ�'DULpQ�UHJLRQ��0HGHOOtQ�����������S�
�� (675$'$��%��(��&KDUDFWHUL]DWLRQ�VWXGLHV�RI�DQ�HDUWKTXDNH�VRXUFH�DFFRUGLQJ�WR�LWV�LPSRUWDQFH�IRU�WKH�FLW\�RI�0HGHOOLQ��7KHVLV�
ZRUN �*HRORJLFDO�(QJLQHHULQJ���1DWLRQDO�8QLYHUVLW\��)DFXOW\�RI�0LQHV��0HGHOOtQ�����������S�
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8UDPLWD�IDXOW���ZKLFK�LV�DSSUR[LPDWHO\����NP�HDVW�RI�WKH�SURMHFW��VHH�)LJXUH�1R��������
SUHVHQWV�D�JHQHUDO�DGGUHVV�16 WR�1��:�DQG�GLSV�WR�WKH�HDVW�EHWZHHQ����DQG������
7KLV�IDXOW�IRUPV�WKH�FRQWDFW�EHWZHHQ�XQLWV�7��DQG�7��DQG�H[WHQGV�IURP�WKH�VRXWK�RI�
$SDUWDGy�WR�QHDU�WKH�PRXWK�RI�WKH�&DLPiQ�9LHMR�5LYHU��*LYHQ�WKH�GHIRUPDWLRQV�IRXQG�
LQ� WKH� LQIOXHQFH� DUHD� RI� WKH� IDXOW�� FRQFHQWUDWLRQ� RI� VPDOO� DOLJQHG� PRYHPHQWV��
FRQFHQWUDWLRQ�RI�GLDFODVHV��WRSRJUDSKLF�DQG�GUDLQDJH�JXLGHOLQHV��WKHUH�LV�D�SRVVLELOLW\�
WKDW�LW�PD\�KDYH�UHFHQW�DFWLYLW\��D�VLWXDWLRQ�WKDW�FRXOG�UHSUHVHQW�D�WKUHDW�WR�WKH�SURMHFW�
GXH�WR�WKH�SUREDEOH�RFFXUUHQFH�RI�D�VHLVPLF�HYHQW��7KH�6DQ�-RVp�IDXOW��WR�WKH�HDVW�RI�
WKLV��LV�SDUW�RI�WKH�VDPH�IDXOW�V\VWHP����

7KHUH�DUH�DOVR�RWKHU�IDXOWV�DQG�JXLGHOLQHV�ZLWK�D�JHQHUDO�GLUHFWLRQ�1�6��ZKLFK�PD\�
KDYH�DQ�LQIOXHQFH�RQ�WKH�PXQLFLSDOLW\�EXW�RQ�ZKLFK�QR�VWXGLHV�RI�QHRWHFWRQLFV�KDYH�
EHHQ�FDUULHG�RXW�WKDW�GHPRQVWUDWH�LWV�UHFHQW�DFWLYLW\��LQ�WKH�ODVW��������\HDUV���7KLV�LV�
WKH�FDVH�RI� WKH�6DQ�3HGUR��0XUUt�0XWDWi��(O�$JXLOD�DQG�0XULQGy� IDXOWV��7KH� ODWWHU�
UHODWHG�WR�WKH�HDUWKTXDNH�WKDW�RFFXUUHG�LQ�2FWREHU������ZLWKLQ�WKH�PXQLFLSDOLW\�RI�WKH�
VDPH�QDPH�

�� ,167,787(�2)�5(*,21$/�678',(6��8UDEi�GHYHORSPHQW�SODQ�ZLWK�HPSKDVLV�RQ�WKH�HQYLURQPHQW��0HGHOOtQ��8QLYHUVLW\�RI�
$QWLRTXLD�������
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)LJXUH 1R����� *HRORJLFDO�VWUXFWXUHV�RI�WKH�&RORPELDQ�1:
6RXUFH��0RGLILHG�IURP�*21=È/(=��

�� *21=È/(=� ������ÏS��&LW�
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)LJXUH 1R����� *HQHUDOL]HG�JHRORJLFDO�PDS�RI�WKH�SURMHFW�DUHD�
6RXUFH��0RGLILHG�RI�&RORPELDQ�*HRORJLFDO�6HUYLFH�%HIRUH�NQRZQ�DV�,1*(20,1$6��������

$FFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�WKH�,QWHUQDWLRQDO�6WUDWHJ\�IRU�'LVDVWHU�5HGXFWLRQ� �
,6'5��JHRORJLFDO�WKUHDWV�DUH

3URFHVVHV�RU�WHUUHVWULDO�QDWXUDO�SKHQRPHQD��ZKLFK�PD\�FDXVH�ORVV�RI�OLIH�RU�PDWHULDO�
GDPDJH�� LQWHUUXSWLRQ�RI�VRFLDO�DQG�HFRQRPLF�DFWLYLW\�RU�HQYLURQPHQWDO�GHJUDGDWLRQ��
7KH� JHRORJLFDO� WKUHDW� LQFOXGHV� LQWHUQDO� RQVKRUH� �HQGRJHQRXV�� RU� WHFWRQLF� RULJLQ�
SURFHVVHV��VXFK�DV�HDUWKTXDNHV��WVXQDPLV��JHRORJLFDO�IDXOW�DFWLYLW\��YROFDQLF�DFWLYLW\�
DQG�HPLVVLRQV��DV�ZHOO�DV�H[WHUQDO��H[RJHQRXV��SURFHVVHV�VXFK�DV�PDVV�PRYHPHQWV��
ODQGVOLGHV�� URFN� IDOOV�� DYDODQFKHV�� VXUIDFH� FROODSVHV�� OLTXHIDFWLRQ�� H[SDQVLYH� VRLOV��

�� &2/20%,$1�*(2/2*,&$/�6(59,&(��������2S�&LW��
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RIIVKRUH�ODQGVOLGHV�DQG�VXEVLGHQFH��*HRORJLFDO�WKUHDWV�FDQ�EH�VLPSOH��VHTXHQWLDO�RU�
FRPELQHG�LQ�WKHLU�RULJLQ�DQG�HIIHFWV���

7R�DFKLHYH�SURMHFW�VDIHW\��LW�LV�QHFHVVDU\�WR�LGHQWLI\�WKH�JHRORJLFDO�WKUHDWV�WKDW�FRXOG�
RFFXU�LQ�WKH�SURMHFW�DUHD��DQG�IRUPXODWH�VWUDWHJLHV�DQG�PHDVXUHV�WR�DGGUHVV�WKHP��
HLWKHU� WKURXJK�SUHYHQWLRQ�ZRUN��PLWLJDWLRQ�RI� WKHLU� LPSDFW�RU�DFWLRQV� WR� UHYHUVH� WKH�
HIIHFWV�

$FFRUGLQJ�WR�WKH�JHRORJLFDO�IUDPHZRUN�RI�WKH�DUHD�ZKHUH�WKH�SURMHFW�LV�ORFDWHG��IORRG�
WKUHDWV�� FRDVWDO� HURVLRQ�� ODWHUDO� VFRXU�� VOXGJH� GLDSLULVP� DQG� HDUWKTXDNHV� ZHUH�
LGHQWLILHG��VHH�)LJXUH�1R������DQG�3KRWR�1R������

Ǧ 7KUHDW�E\�IORRG

7KH�DUHD�ZKHUH�WKH�SRUW�IDFLOLWLHV�ZLOO�EH�HVWDEOLVKHG�LV�ERXQGHG�E\�WKH�/HyQ�5LYHU��LW�
LV�WRSRJUDSKLFDOO\�YHU\�ORZ��EDGO\�GUDLQHG�DQG�DOVR�DIIHFWHG�E\�WKH�GDLO\�IOXFWXDWLRQV�
RI�WKH�WLGHV��D�IORRG�FRXOG�RFFXU�LQ�D�K\SRWKHWLFDO�VFHQDULR�ZKHUH�WKH�/HyQ�5LYHU IORRG�
RFFXUV�GXULQJ�D�KLJK�WLGH��7KLV�WKUHDW�LV�FRQVLGHUHG�DYHUDJH��VLQFH�WKH�VLWH�ZKHUH�WKH�
IDFLOLWLHV�ZLOO�EH�EXLOW�LV�VHSDUDWHG�IURP�WKH�/HyQ�5LYHU�E\�WKH�SUHVHQFH�RI�D�KLJK�GDP�
WKDW�SURWHFWV�LW�IURP�SRVVLEOH�IORRGLQJ��,Q�WKH�DGMDFHQW�DUHDV�WR�WKH�FRDVW�DV�ZHOO�DV�
WKH�QDWXUDO�DQG�DUWLILFLDO�GUDLQDJHV�D�KLJK�IORRG�WKUHDW�ZDV�DVVLJQHG�

Ǧ 7KUHDW�E\�EUHDNLQJ�WKH�OHIW�EDQN�RI�WKH�ULYHU

'UHGJLQJ�RSHUDWLRQV� LQ�DGGLWLRQ� WR�PDLQWDLQLQJ�QDYLJDWLRQ��DOVR�KDYH� WKH�VHGLPHQW�
ORDG�WKDW�UHDFKHV�WKH�&DQDO DW�VHD��LQ�WKH�HYHQW�WKDW�VXFK�RSHUDWLRQV�DUH�VXVSHQGHG��
LW� LV� OLNHO\� WKDW� WKH�PRXWK� RI� WKH� &DQDO IRUPV� D� EDU� RI� VHGLPHQW� WKDW� LQWHUUXSWV� LWV�
FRPPXQLFDWLRQ�ZLWK�WKH�VHD��LQ�WKLV�VLWXDWLRQ�WKH�ULYHU�DQ�RSHQLQJ�ZRXOG�SUREDEO\�EH�
PDGH RQ�WKH�VRXWKHUQ�VLGH�ZKLFK�LV�WKH�PRVW�IUDJLOH�DUHD��VHH�)LJXUH�1R��������DQG�LQ�
�����WKH�/HRQ�5LYHU�QDWXUDOO\�IRUPHG�D�VPDOO�&DQDO RQ�WKH�OHIW�EDQN�WKDW�VHUYHV�DV�D�
VSLOOZD\��VHH�)LJXUH�1R������DQG�3KRWR�1R��������WKLV�FDQDO LV�VWLOO�RSHQ�DQG�ZRXOG�EH�
FRQWULEXWLQJ� WR� WKH� VHGLPHQWDU\� SURFHVVHV� WKDW� RFFXU� RQ� WKH� VRXWKHUQ� VLGH� RI� WKH�
FRDVWOLQH��WKH�WKUHDW� LV�FRQVLGHUHG�DYHUDJH��VLQFH�WKH�SURMHFW�FRXOG�QRW�SRVVLEO\�EH�
DIIHFWHG�LI�WKH�ULYHU�IRUPHG�D�FDQDO DORQJ�LWV�OHIW�EDQN�WKURXJK�ZKLFK�DOPRVW�DOO�RI�LWV�
IORZ�IORZHG��WKHUH�DUH�WZR�UHDVRQV�KHUH�FRQVLGHUHG�����FRQGLWLRQV�ZRXOG�EH�H[SHFWHG�
WR�UHWXUQ�WR�WKRVH�WKDW�H[LVWHG�EHIRUH�WKH�GHYLDWLRQ�RI�WKH�PRXWK�RI�WKH�ULYHU��ZKHUH�
WKH�VHGLPHQWV�ZRXOG�EH�WUDQVSRUWHG�E\�WKH�FRDVWDO�GULIW�LQ�WKH�11(�662�DQG ���)RU�

�� (675$7(*,$� ,17(51$&,21$/� 3$5$� /$� 5('8&&,Ï1� '(� '(6$675(6� (,5'�� >(Q� /tQHD@�
�KWWS���ZZZ�HLUG�RUJ�HVS�WHUPLQRORJLD�HVS�KWP!�>&RQVXOWDGR�����MXOLR������@�
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WKH�GLVWDQFH�RI�WKH�DUHD�RI�EHUWKLQJ�RI�WKH�VKLSV�ORFDWHG���NLORPHWHUV�IURP�WKH�FRDVW�

)LJXUH 1R����� ,GHQWLILHG�JHR�WKUHDWV�LQ�WKH�SURMHFW�DUHD
6RXUFH��$TXD�	�7HUUD�FRQVXOWRUHV�$VRFLDGRV 6�$�6�������

3KRWR 1R����� 1DWXUDO�PRXWK�RI�WKH�&DQDO�RQ�WKH�OHIW�EDQN�RI�/HyQ�5LYHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV 6�$�6�������

� 7KUHDW�E\�ODWHUDO�VFRXU
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,W�LV�D�UHSHWLWLYH�SURFHVV�ZKHUH�WKH�ULYHU�WULHV�WR�H[SDQG�LWV�ZDWHUZD\V DQG�WKH�HQHUJ\�
LV� XVHG� LQ� SURFHVVHV� RI� ODWHUDO� HURVLRQ�� DFKLHYLQJ� GLYDJDWLRQ�� DQG� PHDQGHU�
GHYHORSPHQW��2Q�WKH�ULJKW�EDQN�RI�WKH�/HRQ�5LYHU�LQ�WKH�VHFWLRQ�LPPHGLDWHO\�EHORZ�
WKH�PRXWK�RI�WKH�1XHYD�&RORQLD�FDQDO��VHH�)LJXUH�1R��������D�ODWHUDO�VFRXULQJ�SURFHVV�
LV�FXUUHQWO\�RFFXUULQJ�WKDW�LV�DIIHFWLQJ�WKH�ORW�ZKHUH�LW�LV�ORFDWHG��WKH\�ZLOO�HVWDEOLVK�WKH�
SRUW�IDFLOLWLHV��7KLV�WKUHDW�LV�FRQVLGHUHG�WR�EH�KLJK��VLQFH�LW�LV�DFWLYH�DQG�RFFXUV�LQ�WKH�
DUHD�RI�GLUHFW�LQIOXHQFH�RI�WKH�SURMHFW�

Ǧ 7KUHDW�E\�PXG�GLDSLULVP�

7KH�SKHQRPHQRQ�RI�PXG�GLDSLULVP�LV�TXLWH�FRPPRQ�LQ�WKH�DUHD�RI�WKH�6LQ~�DQG�6DQ�
-DFLQWR�EHOWV��,Q�WKLV�DUHD��GLDSLULVP�DSSHDUV�DV�WKH�PRVW�LPSRUWDQW�GHIRUPLQJ�IDFWRU��
0XFK�RI�WKH�DUHD�LV�FRYHUHG�E\�PXG�VSLOOV�IURP�FXUUHQW�YROFDQRHV�DQG�SUH�H[LVWLQJ�
YROFDQRHV��DOUHDG\�HURGHG�RU�DVOHHS��7KH�SURMHFW�DUHD�LV�ORFDWHG�WR�WKH�ZHVW�RI�VDLG�
EHOWV��)LJXUH�1R�������VR�WKHUH�LV�YHU\�ORZ�SUREDELOLW\�RI�WKH�RFFXUUHQFH�RI�D�PXG�GLDSLU�
LQ�WKH�SURMHFW�DUHD

Ǧ 6HLVPLF�WKUHDW��

,Q�JHQHUDO�WHUPV��VHLVPLF�KD]DUG�LV�XQGHUVWRRG�DV�WKH�SUREDELOLW\�WKDW�DQ�HDUWKTXDNH�
RI� D� FHUWDLQ� PDJQLWXGH� ZLOO� RFFXU� LQ� DQ� DUHD� LQ� D� IXWXUH� SHULRG�� ORFDO� FRQGLWLRQV�
GHWHUPLQH� WKH� SRVVLELOLW\� RI� VXUIDFH� EUHDNDJH� GXH� WR� IDXOWV�� VRLO� OLTXHIDFWLRQ� DQG�
ODQGVOLGHV��%HFDXVH�WKH�PDLQ�FDXVHV�RI�HDUWKTXDNHV�DUH�IDXOWV��ZKLFK�DUH�VWUXFWXUHV�
RI�KXQGUHGV�RI�NLORPHWHUV��WKHVH�FDQ�DIIHFW�ODUJH�UHJLRQV�

7R�WKLV�HIIHFW��LQ�WKH�VHFWLRQ��6WUXFWXUDO�IHDWXUHV���LW�ZDV�LQGLFDWHG�WKDW�$SDUWDGy�)DXOW�
�8UDPLWD )DXOW��LV�DSSUR[LPDWHO\����NP�HDVW�RI�WKH�SURMHFW��7KH�HIIHFWLYH�DFFHOHUDWLRQ�
SHDN� �$D�� FRUUHVSRQGV�� WR� WKH� KRUL]RQWDO� DFFHOHUDWLRQV� RI� WKH� GHVLJQ� HDUWKTXDNH�
FRQWHPSODWHG� LQ� WKH�&RORPELDQ�6WDQGDUGV�RI�'HVLJQ�DQG�&RQVWUXFWLRQ�(DUWKTXDNH�
5HVLVWDQW� �165������ WKHVH DFFHOHUDWLRQV� KDYH� D� SUREDELOLW\� RI� EHLQJ� H[FHHGHG� E\�
����LQ�D�ODSVH�RI����\HDUV��7KH�YDOXH�$D�LV�D�SDUDPHWHU�XVHG�WR�GHILQH�WKH�VHLVPLF�
GHVLJQ� ORDGV� UHTXLUHG� E\� WKH� UHJXODWLRQV� RI� 5HVLVW� (DUWKTXDNH� &RQVWUXFWLRQV�� ,Q�
)LJXUH�1R������LW�FDQ�EH�QRWLFHG�WKDW�WKH�LQIOXHQFH�DUHD�LV�LQ�D�KLJK�WKUHDW�ILHOG�GXH�WR�
HDUWKTXDNHV�
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)LJXUH 1R����� 0DS�IUDJPHQW�RI�VHLVPLF�WKUHDW�LQ�&RORPELD�
6RXUFH��7(&72&/8%������ �

x /RFDO�*HRORJ\

7KH� ORFDO�*HRORJ\� LV�FRPSRVHG�RI�XQLQVROLGDWHG�4XDWHUQDU\�GHSRVLWV�RI�DOOXYLDO�RU�
FROOXYLDO�RULJLQ��DUUDQJHG�LQ�WKH�IORRG�SODLQV�RI�WKH�/HyQ�5LYHU�DQG�LWV�WULEXWDULHV�WKDW�
RULJLQDWH�RQ�WKH�ZHVWHUQ�VORSHV�RI�WKH�$ELEH 0RXQWDLQ�5DQJH

Ǧ $OOXYLDO�GHSRVLWV��4DO�

7KH�DOOXYLDO�GHSRVLWV��4DO� DUH�IRUPLQJ�DOOXYLDO�WHUUDFHV��EDUV��DOOXYLXP��EHDFKHV�RU�
IORRGSODLQV��DUH�FRQVWLWXWHG�E\�VHGLPHQWV�RI�PHGLXP� WR� ILQH� WH[WXUHV�VXFK�DV�VLOWV��
FOD\V��VDQGV��RQ�WKH�VKRUH�RI�WKH�/HRQ�5LYHU�\RX�FDQ�VHH�GHFRPSRVLQJ�RUJDQLF�PDWWHU�

Ǧ � 5HFHQW�IOXYLDO�PDULQH GHSRVLWV��4IP��DQG�UHFHQW�PDULQH�GHSRVLW��4P�

6SHFLILFDOO\� LQ�WKH�GLUHFW�LQIOXHQFH�DUHD�RI�WKH�SURMHFW��WKHUH�DUH UHFHQW�IOXYLDO�PDULQH
GHSRVLWV��4IP��DQG�UHFHQW�PDULQH�GHSRVLWV��4P��WKDW�KDYH�EHHQ�PDGH�XS�RI�PL[HG�

�� 7(&72&/8%������ >(1� /Ë1($@� �KWWSV���WHFWRFOXE�����ZLNLVSDFHV�FRP�7HFWRQLFD�GH�3ODFDV�$SOLFDGD�D�&RORPELD!�
> &RQVXOWDGR�MXOLR� ��������@
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IOXYLDO� DQG� PDULQH� FRQWULEXWLRQV�� FRPSRVHG� RI� VLOW�� FOD\V�� ILQH� VDQGV� DQG� RUJDQLF�
VOXGJH�

,Q�)LJXUH�1R�������WKH�GLVWULEXWLRQ�RI�WKH�OLWKRORJLFDO�XQLWV�LQ�WKH�DUHD�RI�GLUHFW�LQIOXHQFH�
RI�WKH�SURMHFW�FDQ�EH�DSSUHFLDWHG�

)LJXUH 1R����� /RFDO�JHRORJ\
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

����� *HRPRUSKRORJ\

7KH�]RQH�RI�GLUHFW� LQIOXHQFH�RI� WKH�SURMHFW� LV� IUDPHG�LQ�WKH�IORRGSODLQV�RI� WKH�/HyQ
5LYHU� WKH� VXUIDFH� KDV� D� IODW� WRSRJUDSK\��ZKRVH� ORFDO� UHOLHI� GRHV�QRW� H[FHHG� RQH�
PHWHU��DUH�WKH�UHVXOW�RI�WKH�DFFXPXODWLRQ�RI�VHGLPHQWV�RI�UHFHQW�DJH�WKDW�KDYH�EHHQ�
WUDQVSRUWHG�E\�WKH�GUDLQDJHV�WKDW�UXQ�DORQJ�WKH�ZHVWHUQ�IODQN�RI�WKH�$ELEH�0RXQWDLQ�
5DQJH
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x *HRPRUSKRORJLFDO�XQLWV

7KH�PRUSK�G\QDPLF SURFHVVHV�WKDW�RFFXU�LQ�WKH�DUHD�KDYH�VKDSHG�WKH�GLIIHUHQW�IRUPV�
RI�UHOLHI��:LWKLQ�WKHVH�SURFHVVHV�DUH�WKH�IRUPDWLRQ�RI�WKH�$ELEH 0RXQWDLQ�5DQJH��WKH�
GHSRVLWLRQ� RI� VHGLPHQWV� LQ� RIIVKRUH DQG� RQVKRUH HQYLURQPHQWV� DQG� WKH�PRGHOLQJ�
HIIHFW�RI�WKH�ULYHUV�

,Q� WKH� SURMHFW� DUHD� WKHUH� LV� FXUUHQWO\� D� VWURQJ� LQWHUDFWLRQ� EHWZHHQ� DQWKURSRJHQLF�
DFWLYLW\�DQG�RFHDQLF�DQG�IOXYLDO�SURFHVVHV��WKH�FRPELQDWLRQ�RI�WKHVH�SURFHVVHV�DGGHG�
WR�WKH�FOLPDWH��KDV�UHVXOWHG�LQ�WKH�FXUUHQW�JHRPRUSKRORJ\�RI�WKH�DUHD��VHH�)LJXUH�1R��
��� DQG�WKH�PDS���02'B/$B372B$17B��B*HRPRUSKRORJ\���

Ǧ $OOXYLDO�SODLQ�RI�WKH�/HyQ�5LYHU

,Q� WKH� GDWD� PRGHO� RI� WKH� $1/$�� LW� FRUUHVSRQGV� WR� WKH� DFWLYH� IORRGSODLQ� RI� WKH�
PHDQGHULQJ�5LYHU��LW�LV�D�SODLQ�EXLOW�E\�WKH�/HyQ�5LYHU�WKDW�SDVVHV�WKURXJK�WKH�VWXG\�
DUHD�DQG�SUHVHQWV�D�PHDQGULIRUP�%HKDYLRU�� 7KH�SRUW� IDFLOLWLHV�ZLOO� EH�EXLOW RQ� WKLV�
JHRPRUSKRORJLFDO�XQLW��WKH�DOOXYLDO�SODLQ�LV�FKDUDFWHUL]HG�E\�SUHVHQWLQJ�D�IODW��VOLJKWO\�
SHUPHDEOH� UHOLHI� WKDW� UHPDLQV� ZDWHUORJJHG�PRVW� RI� WKH� \HDU�� 7KH� DOOXYLDO� SODLQ� LV�
IRUPHG�E\ IOXYLDO�VHGLPHQWV�RI�UHFHQW�DJH�FRPSRVHG�RI�VLOWV�DQG�FOD\V�WKDW�KDYH�D�
KLJK�FRQWHQW�RI�RUJDQLF�PDWWHU�

7KH�PRUSK�G\QDPLF SURFHVVHV� WKDW�DFW�RQ� WKH�DOOXYLDO�SODLQ�XQLW�KDYH�DOORZHG� WKH�
GHYHORSPHQW�RI�WKH�IROORZLQJ�JHRIRUPV�

1DWXUDO�'DPV� $�QDWXUDO�GDP�LV�D�QDUURZ�DQG�HORQJDWHG�VHGLPHQWDU\�GHSRVLW�WKDW�LV�
ORFDWHG� RQ� WKH� PDUJLQV� RI� WKH� ULYHUV�� UHVXOWLQJ� IURP� WKH� GHSRVLW� RI� WKH� PDWHULDOV�
GUDJJHG�E\�WKH�ULYHUV�DW�WKH�HGJH�RI�LW�GXULQJ�WKH�IORRGV��WKLV�SURJUHVVLYHO\�FDXVLQJ�
WKH�HOHYDWLRQ�RI�WKH�ULYHUEDQN��/HRQ�ULYHU�GDPV DUH�PDGH�XS�RI�YHU\�ILQH�VDQG��VLOW�DQG�
FOD\��WRSRJUDSKLFDOO\�FRUUHVSRQG�WR�WKH�KLJKHVW�DUHDV�ZLWKLQ�WKH�DOOXYLDO�SODLQ�RI�WKH�
ULYHU��,Q�WKH�SURMHFW�DUHD��WKH�QDWXUDO�GDPV KDYH�DQ�DSSUR[LPDWH�ZLGWK�RI����P�

,Q� WKH� /HyQ� 5LYHU� GUHGJLQJ� RSHUDWLRQV� KDYH� EHHQ� FDUULHG� RXW� SHULRGLFDOO\� IRU�
DSSUR[LPDWHO\� ��� \HDUV�� WKH� PDWHULDOV� H[WUDFWHG� IURP� WKH� ULYHUEHG� KDYH� EHHQ�
GHSRVLWHG�LQ�WKH�DUHDV�VXUURXQGLQJ�WKH�ULYHU��IRUPLQJ�DUWLILFLDO�DQG�QDWXUDO�PL[HG�GDPV
�VHH�3KRWR�1R��������WKLV�LV�WKH�FDVH�RI�WKH�SURSHUW\ ZKHUH�WKH�SRUW�IDFLOLWLHV�ZLOO�EH�
EXLOW�� ZKHUH� PDWHULDOV� REWDLQHG� E\� WKH� GUHGJLQJ� DFWLYLWLHV� KDYH� EHHQ� GHSRVLWHG��
LPSURYLQJ�WKHLU�GUDLQDJH�FRQGLWLRQ�D�OLWWOH��ZKLFK�KDV�DOORZHG�WKH�GHYHORSPHQW�RI�WKH�
OLYHVWRFN�DFWLYLW\�
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3KRWR 1R����� 'DP�RQ�WKH�ULJKW�EDQN�RI�WKH�/HyQ�5LYHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

0HDQGHU�EDUV��7KH\�DUH�HORQJDWHG�DQG�FXUYHG�JHRIRUPV�WKDW�IRUP�RQ�WKH�LQQHU�HGJH�
RI� WKH� PHDQGHUV�� WKURXJK� WKH� VXFFHVVLYH� GHSRVLWLRQ� RI� UHODWLYHO\� WKLFN� DOOXYLXPV�
�VDQGV�DQG�VLOWV���*HQHUDOO\��WKH�PHDQGHU�EDUV�DUH�VWDEOH�VWD\LQJ�WKURXJKRXW�WKH�\HDU�
UHJDUGOHVV�RI�ZKHWKHU�WKH�VHDVRQ�LV�GU\�RU�UDLQ\

/RQJLWXGLQDO�EDUV��,Q�WKH�/HyQ�5LYHU�GXULQJ�WKH�GU\�VHDVRQ�WKH�H[FHVV VHGLPHQWDWLRQ�
DORQJ�LWV�FKDQQHO�LV�PDQLIHVWHG�LQ�WKH�IRUPDWLRQ�RI�VHGLPHQW�EDUV�WKDW�DUH�DUUDQJHG�
SDUDOOHO�WR�WKH�ULYHU�EDQNV��VHH�3KRWR�1R��������LQ�WKH�PRXWK�QHDUE\�DUHD�DW�ORZ�WLGH��
WKH�ORQJLWXGLQDO�EDUV�FDQ�EH�VHHQ�DQG�XVXDOO\�GLVDSSHDU�ZLWK�WKH�DUULYDO�RI�WKH�UDLQ\�
VHDVRQ�ZKHQ�WKH�ULYHU�OHYHOV�LQFUHDVH�
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3KRWR 1R����� /RQJLWXGLQDO�EDU�RI�WKH�/HyQ�5LYHU��SDUWLDOO\�FRYHUHG�E\�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV 6�$�6�������

Ǧ /HyQ 5LYHU�'HOWD

7KH�SURFHVVHV�WKDW�RFFXU�DW�WKH�PRXWK�RI�WKH�/HyQ�5LYHU�DUH�YHU\�FRPSOH[�VLQFH�LQ�
WKLV DUHD RFHDQLF�� IOXYLDO��ZLQG�DQG�DQWKURSLF�DJHQWV�DUH� LQWHUDFWLQJ��DV�D� UHVXOW�RI�
LQWHUDFWLRQ�DGGHG�WR�WKH�KLJK�DPRXQW�RI VHGLPHQW�ORDG�WKDW�WKH�/HyQ�ULYHU�GHOLYHUV�WR�
WKH�VHD�DW�LWV�PRXWK��DQ�LQWHQVH�VHGLPHQWDU\�SURFHVV�LV�JHQHUDWHG�WKDW�KDV�UHVXOWHG�
LQ� WKH� IRUPDWLRQ� RI� D� GHOWD�� ZKLFK� JUDGXDOO\� LQFUHDVHV� LWV� GLPHQVLRQV� DQG�PRYHV�
WRZDUGV�WKH�VHD��WKH�GUHGJLQJ�DFWLYLWLHV�WKDW�DUH�FDUULHG�RXW�SHULRGLFDOO\�LQ�WKH DUHD�
KDV�DOORZHG�WR�PDLQWDLQ�QDYLJDWLRQ� WKURXJK�WKLV�ERG\�RI�ZDWHU��EXW� LW�KDV�QRW�EHHQ�
SRVVLEOH�WR�VWRS�LWV�DGYDQFH�WRZDUGV�WKH�VHD�

:LWK�WKH�FXUUHQW�VHGLPHQWDU\�G\QDPLFV�DW�WKH�PRXWK�RI�WKH�/HyQ�5LYHU��WKH�ODQGVFDSH��
WKH�2QVKRUH�HQYLURQPHQW�DQG� WKH�EDWK\PHWULF�FRQILJXUDWLRQ�RI� WKH�VHD�KDYH�EHHQ�
DIIHFWHG��FDXVLQJ�GLIILFXOWLHV�LQ�QDYLJDWLRQ�RSHUDWLRQV�

0RUSKRORJ\�RI�WKH�/HyQ�5LYHU�'HOWD

'HOWDLF�SODLQ�HPHUJHG��,W�UHSUHVHQWV�WKH�HPHUJHG�SDUW�RI�WKH�GHOWD��VHH�3KRWR�1R��
������ LV� FXW� E\� D� &DQDO WKDW� FRQQHFWV� WKH� /HyQ� ULYHU� ZLWK� WKH� VHD�� LV�PDGH� XS� RI�
PDWHULDOV�RI�RIIVKRUH � DOOXYLDO�RULJLQ��WKHVH�DUH�SRRUO\�GUDLQHG�PDUVK\�DUHDV�
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3KRWR 1R����� 'HOWDLF�SODLQ��ULJKW�EDQN�IURP�WKH�&DQDO�WR�WKH�VHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

&DQDO�WR�WKH�VHD��,W�LV�D�QDYLJDEOH�ZDWHUZD\�WKDW�FRQQHFWV�WKH�/HyQ�5LYHU�ZLWK�WKH�
VHD��VHH�3KRWR�1R��������,W�ZDV EXLOW DUWLILFLDOO\ LQ�������7KH�PDWHULDOV�WUDQVSRUWHG�E\�
WKLV�ERG\�RI�ZDWHU�DUH�GHSRVLWHG�LQ�WKH�PRVW�SUR[LPDO�SDUW�RI�WKH�GHOWD�IURQW�

3KRWR 1R����� &DQDO�DVSHFW�RI�WKH�VHD��QHDU�WKH�PRXWK�RI�WKH�/HyQ�ULYHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

'HOWD�IURQW��,W�FRUUHVSRQGV�WR�WKH�VKDOORZ�PDULQH�DUHD�WKDW�ERUGHUV�WKH�GHOWDLF�SODLQ��
ZKHUH�D�ODUJH�SDUW�RI�WKH�VHGLPHQWV�FDUULHG�E\�WKH�FDQDO WR�WKH�VHD�DUH�DFFXPXODWHG

8QGHUZDWHU�GHOWD�SODLQ��7KH�VHGLPHQWV�WUDQVSRUWHG�E\�WKH�RQVKRUH�GULIW�DV�ZHOO�DV�
WKH�PDWHULDOV�IURP�WKH�GUHGJLQJ�DFWLYLW\�LQ�WKH�&DQDO�WR�WKH�VHD��DUH�GHSRVLWHG�RQ�WKH�
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DUHDV�ORFDWHG�RQ�ERWK�EDQNV�RI�WKLV�ZDWHU ERG\��ZKHUH�WKH\�KDYH�JUDGXDOO\�IRUPHG�
H[WHQVLYH�VKDOORZ�VXEDTXDWLF DUHDV�ZLWK�ORZHU�GHSWKV�WR�RQH�PHWHU�

6DQG\�EHDFKHV��7KLV�JHRIRUP�DSSHDUV�LQ�WKH�VRXWKZHVW�ERUGHU�LQ�ZKLFK�WKH�GHOWD�
PDUNV�OLPLW�ZLWK�WKH�RQVKRUH�FRPSOH[��LW�LV�D�YHU\�VWDEOH�DUHD�ZKHUH�WKH�SURFHVVHV�
VHHP�WR�KDYH�UHDFKHG�D�G\QDPLF�HTXLOLEULXP��LW�LV�DERXW QDUURZ�EHDFKHV�IURP ��WR�
�P�ZLGH�IRUPHG�E\�ILQH�VDQGV�DQG�VLOWV��VHH�3KRWR�1R��������7KH�EHDFKHV�FKDQJH�
IURP�RQH�FOLPDWH�WR�DQRWKHU��VR�LQ�WKH�UDLQ\�VHDVRQ�ZKHQ�WKH�ZDYH�HQHUJ\�LV�ORZ�LQ�
WKH�JXOI��WKH�EHDFK�IDFH�LV�ZLGHU�DQG�UHWDLQV�PRUH�VDQG�WKDQ�GXULQJ�WKH�GU\�VHDVRQ�����

3KRWR 1R����� 1DUURZ�VDQG\�EHDFK�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH� IROORZLQJ� LV�D�EULHI�H[SODQDWLRQ�RI� WKH�PRVW�FRPPRQ� W\SHV�RI�GHOWDV�DQG� WKHLU�
RULJLQV�WR XQGHUVWDQG�WKH�/HyQ�5LYHU�'HOWD�

�� 9(/È648(=��&��\�-��5$9(��'LQiPLFD�FRVWHUD�\�JHRPRUIROyJLFD�HQ�HO�*ROIR�GH�8UDEi�$QWLRTXHxR��6HFWRU�%RFD�7DUHQD�±
(VSLJD�GH�7XUER��7UDEDMR�GH�JUDGR��8QLYHUVLGDG�1DFLRQDO��)DFXOWDG�GH�0LQDV��0HGHOOtQ������������S�
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)LJXUH 1R����� *HRPRUSKRORJLFDO�XQLWV�SUHVHQW�LQ�WKH�SURMHFW�DUHD�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7\SHV�RI�GHOWDV ������

:KHQ�WKH�ULYHUV�IORZ�LQWR�WKH�VHD��WKH�ULYHU�FXUUHQWV�GHFHOHUDWH�VKDUSO\��GXH�WR�WKH�
GLVSHUVLRQ�RI� WKH� IORZ� LQ�D�ZDWHU� YROXPH�RI�FRQVLGHUDEO\�JUHDWHU�SURSRUWLRQV��7KLV�
SURFHVV� FDXVHV� VHGLPHQWDWLRQ� RI�PRVW� RI� WKH� VHGLPHQWV� FDUULHG� E\� WKH� ULYHU�� WKLV�
SURFHVV�RI�VHGLPHQWDWLRQ�EXLOGV�WKH�VWUXFWXUH�RI�WKH�GHOWD�

7KH�PRUSKRORJ\�RI�WKH�FRDVWV��DQG�SDUWLFXODUO\�RI�WKH�GHOWDV��YDULHV�DFFRUGLQJ�WR�WKH�
UHODWLYH�LPSRUWDQFH�RI�WKUHH�IDFWRUV�

��>2Q�/LQH@��KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV��GHOWDV�SDJH��KWPO!��>/DVW�FKHFNHG -XO\ �������@�
�� &2/(0$1��-�0��'HOWDV��3URFHVVHV�RI�'HSRVLWLRQ�DQG�0RGHOV�IRU�([SORUDWLRQ��,QWHUQDWLRQDO�+XPDQ�5HVRXUFHV�'HYHORSPHQW�
&RUSRUDWLRQ��%RVWRQ�������S������
�� /21*+,7$12��6���&2/(//$��$� *HRPRUSKRORJ\��VHGLPHQWRORJ\�DQG� UHFHQW�HYROXWLRQ�RI� WKH�DQWKURSRJHQLFDOO\�PRGLILHG�
6LPHWR�5LYHU�GHOWD�V\VWHP��6HGLPHQWDU\�*HRORJ\���� �������SS����±����
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7KH�LPSRUWDQFH�RI�FRQWULEXWLRQV�DQG�IOXYLDO�SURFHVVHV�

7KH�HQHUJ\�RI�WKH�ZDYHV�

7KH�RQH�RI�WKH�WLGHV�

(DFK�W\SH�RI�GHOWD�LV�FKDUDFWHUL]HG�E\�D�GLIIHUHQW�PRUSKRORJ\�DV�ZHOO�DV�E\�GLIIHUHQW�
JHRPHWULHV�DQG�SURSHUWLHV�RI�WKH�VDQG\�ERGLHV��$FWXDOO\�� LQ�PRVW�GHOWDV�� WKH�IDFLHV�
UHYHDO�FRPELQHG�LQIOXHQFHV�RI�WKH�WKUHH�IDFWRUV�

)LJXUH 1R����� 'HOWDV�FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�GRPLQDQW�SURFHVV�
6RXUFH� 2Q�/LQH �KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV��GHOWDV�SDJH��KWPO!��>/DVW�FKHFNHG�RQ�R������

����@�

'HOWDV�ZLWK�IOXYLDO�SUHGRPLQDQFH

7KHVH� GHOWDV�ZHUH� WKH� ILUVW� VWXGLHG�� WKDQNV� WR� WKH� QXPHURXV�ZRUNV� VWDUWHG� LQ� WKH�
����V�RQ� WKH�0LVVLVVLSSL�GHOWD��)RU�D� ORQJ� WLPH��VDLG�GHOWD�ZDV�FRQVLGHUHG�DV� WKH�
W\SLFDO�H[DPSOH�RI�GHOWD��DQG�DOO�WKH�RWKHUV�ZHUH�FRPSDUHG ZLWK�WKLV�RQH�

0RUSKRORJ\��7KH�GHOWDV�ZLWK�IOXYLDO�SUHYDOHQFH�DUH�JHQHUDOO\�OREHG��PRUH�FRPPRQ��
ZKHQ�WKH\�DFFXPXODWH�LQ�VKDOORZ�RQVKRUH DUHDV��RU�HORQJDWHG�ZKHQ�WKH\�DUH�EXLOW�LQ�
GHHSHU�ZDWHUV�� IRU�H[DPSOH�RQ� WKH�HGJH�RI� WKH� RQVKRUH SODWIRUP��0RVW�RI� WKH�ROG�
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GHOWDV�VHHP�WR�EH�UDWKHU�OREHG��'HVSLWH�WKHLU�PRUSKRORJLFDO�GLIIHUHQFHV��WKHVH�GHOWDV�
KDYH�FRPPRQ�VHGLPHQWRORJLFDO�FKDUDFWHULVWLFV�

'LVWULEXWDU\�FDQDOV��7KH\� IRUP�D�EUDQFKHG�QHWZRUN� IURP�WKH�PDLQ� ULYHU�� WKH\�DUH�
DOVR�QDUURZ�DQG�RI�ZHDN�6LQXRVLW\��ZKLFK�FRQWUDVWV�ZLWK�WKH�PDLQ�ULYHU��RIWHQ�PRUH�
PHDQGHULQJ��:KHQ�WKH�ULYHU�FKDQJHV�FRXUVH�DQG�OHDYHV�D�GLVWULEXWDU\�FDQDO��WKH�ODWWHU�
LV�ILOOHG�E\�IOXYLDO�VDQGV��ZKLFK�IRUP�D�QDUURZ�DQG�HORQJDWHG�ERG\�ZLWK�WKLFNQHVVHV�
WKDW�UHDFK�������P�DQG�D�PD[LPXP�ZLGWK�RI���WR���NP��$�FKDUDFWHULVWLF�VHTXHQFH�RI�
FDQDO LV�WKDW�WKLV�KDV DQ�HURVLYH�EDVH��D�ILOOLQJ�RI�FOHDQ�VDQGV�ZLWK�REOLTXH�VWUDWLILFDWLRQ�
DQG�ILQLVKHV�E\�ILQHU�GHSRVLWV��VXFK�DV�FOD\V�DQG�ILQH�VDQGV�ZLWK�ULSSOHV�RI�VWHDP DQG�
WUDFHV�RI�URRWV�

,QWHU�FDQDO�DUHDV�7KH�GLVWULEXWDU\�FKDQQHOV�DUH�ERUGHUHG�E\�KLOOV��FRQVWUXFWHG�E\�WKH�
GHSRVLW�RI�VLOW\�DQG�VDQG\�VHGLPHQWV�LQ�VXVSHQVLRQ��GXULQJ�IORRG�RYHUIORZV��7KH�,QWHU�
FDQDO�DUHDV�DUH�WRSRJUDSKLFDOO\�ORZHU�DQG�IRUP�VZDPSV�RU�ED\V��'XULQJ�WKH�IORRGV��
WKH\� UHFHLYH�FOD\�VHGLPHQWV� WKDW�DOWHUQDWH�ZLWK�VDQG\�EHGV��7KHVH�FRPH�IURP� WKH�
VSUHDGLQJ�RI�FRDUVH�PDWHULDO�FDUULHG�E\�WKH�ZDWHU�WKDW�OHDYHV�WKH�FDQDO RI�WKH�ULYHU�
GXULQJ�IORRGV��WKURXJK�JDSV��6DLG�GHSRVLWV�RI�ZDWHU�UHOHDVH�FDQ�IRUP�VDQG\�IDQV�RI�
VHYHUDO�WHQV��RU�HYHQ�KXQGUHGV�RI�NP� RI�VXUIDFH

0RXWK�EDUV��7KH\�DUH�GHSRVLWHG� LQ�WKH�PRXWKV�RI� WKH�GLVWULEXWDU\�FDQDOV� WKH\�DUH�
VDQG\�ERGLHV�LQ�WKH�VKDSH�RI�D�IDQ�WKDW�SURJUDP�RYHU�WKH�FOD\V�RI�WKH�SURGHOWD��7KH�
UHVXOWLQJ�VHTXHQFH�LV�JUDLQ\�DQG�JUDGXDO��7KH�VDQGV�RI�WKHVH�EDUV�DUH�JHQHUDOO\�GLUWLHU�
DQG�WKLQQHU�WKDQ�WKRVH�RI�WKH�FDQDOV��EXW�WKH\�KDYH�D�ZLGHU�JHRJUDSKLF�DUHD��VHYHUDO�
.P���:LWK�D�SRZHU�IURP���WR�������P
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)LJXUH 1R����� 0RXWK�RI�D�ULYHU�ZLWK�IOXYLDO�SUHGRPLQDQFH�
6RXUFH��2Q�/LQH@��KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV��GHOWDV�SDJH��KWPO!��>/DVW�FKHFNHG�-XO\ ����

����@�

'HOWDV�ZLWK�SUHGRPLQDQFH�RI�WLGHV

0RUSKRORJ\��,W�LV�FKDUDFWHUL]HG�E\�HVWXDULQH�GLVWULEXWLRQ�FDQDOV��ZLGHQLQJ�PRXWK��WKH�
IOXYLDO�PRXWKV� DUH� QDUURZ��� ERUGHUHG� E\� WLGDO� FOD\� SODLQV� �WLGDO� ILDW��PXG� ILDW��� DQG�
XSVWUHDP�PHDQGHULQJ�FKDQQHOV

'LVWULEXWHG� FKDQQHOV�� 7KH\� JHQHUDOO\� ODFN� PDUJLQDO� KLOOV�� LQ� WKH� FKDQQHO� VDQGV�
DFFXPXODWH��RIWHQ�LQ�WKH�IRUP�RI�PHDQGHU�EDUV��7KHVH�GHSRVLWV�DUH�PRUH�H[WHQVLYH�
WKDQ�WKRVH�RI�WKH�ULYHU�GHOWDV

,QWHUODFLDO� DUHDV� RI� GHOWDLF� SODLQ� 7KH\� DUH� FRQVWLWXWHG� E\� WLGDO� VLOW\� SODLQV� DQG�
VZDPSV��,Q�DUHDV�ZLWK�VHPL�DULG�FOLPDWH��HYDSRULWHV�DUH�IRXQG�

0RXWKV��7KH�VDQG�LV�GHSRVLWHG�LQ�WKH�IRUP�RI�WLGDO�EDUV��ZKRVH�VKDSH�GHSHQGV�RQ�
WKH�DFWLRQ�RI�WKH�HEE�DQG�IORZ�VWUHDPV��WKH\ DUH�VRPHWLPHV�HORQJDWHG��VRPHWLPHV�
OREHG�� 7KH\� FRQWDLQ� VWUHDP ILJXUHV� ZLWK� RSSRVLWH� VHQVHV� WUDQVODWLQJ� WKH� RSSRVLWH�
GLUHFWLRQV�RI� WKH�HEE�DQG�IORZ��7KH\�SURJUDP�RQ� WKH�PDULQH�FOD\V�RI� WKH�SURGHOWD��
IRUPLQJ�JUDGDWLRQDO�EDVHG�JUDGDWLRQ�VHTXHQFHV�

7KH� FKDUDFWHULVWLFV� RI� WKHVH� GHOWDV� DUH� LQGXFHG� E\� WKH� WLGHV�� ZKLFK� JHQHUDWH� WKH�
UHZRUNLQJ�RI�WKH�VHGLPHQWV�E\�DOWHUQDWLYH�DQG�F\FOLF�VWUHDPV��7KLV�FRQWLQXRXV�DFWLRQ�
FRQWUDVWV�ZLWK�WKH�PRUH�VXGGHQ�DQG�FDWDVWURSKLF�HYHQWV�RI�WKH�UDLQ IORRGV��DQG�LW�LV�
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UHIOHFWHG�E\�WKH�SUHVHQFH�RI�UHSHDWHG�OD\HUV�RI�WLGDO�F\FOHV��RI�FOD\H\�ODPLQDWLRQV�LQ�
WKH�VDQGV��DQG�E\�VLJPRLGDO�VWUDWLILFDWLRQV�

)LJXUH ��� 0RXWK�RI�D�ULYHU�ZLWK�ZDYHV�SUHGRPLQDQFH
6RXUFH� 2Q�/LQH@��KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV��GHOWDV�SDJH��KWPO!��>/DVW�&KHFNHG�-XO\������

����@�

'HOWDV�ZLWK�ZDYHV�SUHGRPLQDQFH

:KHQ�WKH�ZDYHV�DUULYH�REOLTXHO\�ZLWK�UHVSHFW�WR�WKH�FRDVWOLQH��UHIUDFWLYH��GLIIUDFWLRQ�
DQG�UHIOHFWLRQ�HIIHFWV SURGXFH�D�SDUDOOHO�VWUHDP�WR�WKH�FRDVWOLQH�EHWZHHQ�WKH�ZDYH
]RQH�DQG�WKH�VKRUH�NQRZQ�DV�RQVKRUH GULIW��)LJXUH�1R��������7KH�VSHHG�RI�WKH�GULIW�LV�
PLQLPDO�RXWVLGH�WKH�DUHD�RI�WKH�ZDYH��ZKLFK�FOHDUO\�VKRZV�WKDW�LW�LV�LQGXFHG�E\�WKH�
ZDYHV�DQG�FDQQRW EH�DWWULEXWHG�WR�RFHDQ�VWUHDPV RU�WLGDO�VWUHDPV��7KHVH�VWUHDPV
DUH�DEOH�WR�WUDQVSRUW�ODWHUDOO\��VRPHWLPHV�RYHU�ORQJ�GLVWDQFHV��VHGLPHQWV�FDUULHG�WR�
WKH�FRDVW�E\�ULYHUV�

7KH�ZDYHV�DUH�IHOW�PRVW�RI�DOO�LQ�WKH�RXWHU�SDUW�RI�WKH�GHOWD�SODLQ�DQG�WKH�GHOWD�IURQW��
,Q�WKHVH�DUHDV��WKH�WXUEXOHQFH�RI�WKH�EUHDNHU�DQG�WKH�VHHVDZ RI�WKH�ZDYHV�SUHYHQW�
WKH�GHSRVLWLRQ�RI�WKLQ VHGLPHQWV��ZKLFK�DUH�GLVSHUVHG�WRZDUGV�WKH�VHD��DQG�FDXVHV�
WKH�FRQWLQXRXV�UHZRUNLQJ�RI�WKH�UDLQ VDQGV�DQG�WKHLU�ODWHUDO�WUDQVSRUW��LI�WKHUH�LV�DQ
RQVKRUH GULIW

0RUSKRORJ\��,W�LV�DUFKHG��WKH�RQVKRUH GULIW�WUDQVSRUWV�PRVW�RI�WKH�IOXYLDO�VDQG�RXW�RI�
WKH�PRXWKV��IRUPLQJ�FRDVWDO�FRUGV�DQG�EHDFKHV��,I�WKH�DFWLRQ�RI�WKH�ZDYHV�LV�ZHDNHU��
WKH� EHDFK� FRUGV� DUH� QRW� DWWDFKHG� WR� WKH� FRDVW�� DQG� IRUP� FRDVWDO� FRUGV� WKDW� OLPLW�
ODJRRQV�

'LVWULEXWDU\�FDQDOV� ,I�WKH�DFWLRQ�RI�WKH�ZDYHV�LV�YHU\�VWURQJ��WKH�GHOWD�ZLOO�RQO\�KDYH�
IHZ�PDMRU�GLVWULEXWDULHV��VLQFH�WKH�OLWWRUDO�FRUGV�FRYHU�WKH�VHFRQGDU\�FDQDOV�
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,QWHUFDQDO� DUHDV RI� GHOWDLF� SODLQ�� 7KH\� DUH� DOPRVW� HQWLUHO\� FRQVWLWXWHG� E\� EHDFK�
VDQGV��FXW�E\�WKH�GLVWULEXWDU\�FKDQQHOV��,I�WKH�DFWLRQ�RI�WKH�ZDYHV�LV�VPDOOHU��WKH�GHOWDLF�
SODLQ�LV�PDGH�XS�RI�ODJRRQ�RU�VZDPS�VKDOHV�GHSRVLWHG�EHKLQG�WKH�VDQG\�FRUGV�

0RXWK� EDUV�� 7KH\� DUH� VOLJKWO\� GHYHORSHG�� VLQFH� WKH� VDQG� LV� UHZRUNHG� DQG�
WUDQVSRUWHG��7KH�PDLQ�FKDUDFWHULVWLFV�RI�WKH�GHOWDV�GRPLQDWHG�E\�WKH�ZDYHV�DUH�WKH�
SUHVHQFH� RI� EHDFK� DQG� DQWH�EHDFK� VDQGV�� RUJDQL]HG� LQ� SURJUDGLQJ FRUGV�� 7KHVH�
GHSRVLWV�FDQ�EH�YHU\�H[WHQVLYH�DQG�DUH�SDUDOOHO�WR�WKH�FRDVW��ZKLOH�LQ�WKH�RWKHU�GHOWDV��
WKH� VDQG\� ERGLHV� KDYH� PDMRU� D[HV� SHUSHQGLFXODU� WR� WKH� FRDVW� �WLGDO� EDUV�� IOXYLDO�
FKDQQHOV���7KH�FDQDO�PRXWKV�DUH�PRUH�VFDUFH��EXW�WKH\�FDQ�FXW�WKH�EHDFK�VHTXHQFHV��
6HGLPHQWDU\�ILJXUHV�DWWHVW�WR�WKH�DFWLRQ�RI�ZDYHV�DQG�VWRUPV�REOLTXH�ODPLQDWLRQV�LQ�
PDPHORQV��+&6���JUDGDWLRQDO�EDVHG FODVVLILHG�OD\HUV��V\PPHWULFDO�ULSSOHV�RI�ZDYHV��
HWF�

)LJXUH 1R����� 0RXWK�RI�D�ULYHU�GRPLQDWHG�E\�ZDYHV��WR�WKH�OHIW�WKH�ZDYHV�DUULYH�SHUSHQGLFXODU�WR�
WKH�FRDVW��RQ�WKH�ULJKW�WKH�ZDYHV�DUULYH�REOLTXHO\�LQGXFLQJ�DQ�RQVKRUH�GULIW��

6RXUFH��2Q�/LQH@��KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV��GHOWDV�SDJH��KWPO!��>/DVW�FKHFNHG�-XO\������
����@����

Ǧ /LWWRUDO�SODWIRUP�

7KH� VXEPDULQH� UHOLHI� RI� WKH� &DULEEHDQ� LV� GHILQHG� E\� WKH� FKDUDFWHUL]DWLRQ� DQG�
LGHQWLILFDWLRQ�RI�WKH�JHRIRUPV�DFFRUGLQJ�WR�WKH�WRSRQ\P\�FRQVLJQHG�LQ�WKH�EDWK\PHWULF�
FKDUWV�RI�WKH�',0$5��7KH�FRQWLQHQWDO�VKHOI�LV�LQ�WKH�DUHD�DGMDFHQW�WR�WKH�ODQG�DUHD�RI�

�� >2Q�/LQH@��KWWS���IOXLGRV�HLD�HGX�FR�KLGUDXOLFD�DUWLFXORVHV�IOXMRHQFDQDOHV�GHOWDV�SDJH��KWPO!�>/DVW�&KHFNHG�-XO\����������@
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WKH� FRQWLQHQW��ZKLFK� H[WHQGV� IURP� WKH� ORZ�ZDWHU� OLQH� WR� D� GHSWK� LQ�ZKLFK� WKHUH� LV�
XVXDOO\�D�PDUNHG�LQFUHDVH�RI�WKH�VORSHV�WRZDUGV�WKH�RFHDQ�GHSWKV�

7KH�VWXG\�DUHD�RI�WKH�SURMHFW�LV�ORFDWHG�RQ�WKH�R�VKHOI�RI�WKH�&RORPELDQ�&DULEEHDQ��
ZKLFK� KDV� D� OHQJWK� RI� ������ NP FXW� E\� D� VHULHV� RI� FDQ\RQV� WKDW� H[WHQG� DOPRVW�
SHUSHQGLFXODU�WR�WKH�FRDVWOLQH�DQG�EHDU�VRPH�UHODWLRQ�WR�WKH�PDLQ�RQVKRUH�IDXOWV�����

7KH�FRDVWDO�SODWIRUP�RI�WKH�VWXG\�DUHD�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�GLVFKDUJHV�RI�WKH�
$WUDWR�5LYHU��ZKLFK�LQFOXGHV�WKH�LQQHU�SDUW�RI�WKH�*XOI�RI�8UDEi�ZKHUH�WKH�SURMHFW�LV�
ORFDWHG��ZKLFK�LV�FKDUDFWHUL]HG�DV�D�VDQG\�SODWIRUP�DQG�VDQG\�PXG����

x '\QDPLFV�RI�SURFHVVHV�

,Q�RUGHU�WR�NQRZ�WKH�LQWHQVLW\�RI�WKH�G\QDPLFV�RI�WKH�PRUSK�VHGLPHQWDU\ SURFHVVHV�
�HURVLYH� DQG� VHGLPHQWDU\�� WKDW� DFW� RQ� WKH� GLIIHUHQW� JHRPRUSKRORJLFDO� XQLWV�� D�
PXOWLWHPSRUDO�DQDO\VLV�ZDV�FDUULHG�RXW�ZLWK� WKH�KHOS RI�DHULDO� SKRWRV�RI� WKH� ,*$&�
EHWZHHQ WKH�\HDUV������DQG�������ZKLFK�ZHUH JHRUHIHUHQFHG��DHULDO�SKRWRV�RI�WKH�
SURMHFW�DUHD�WDNHQ�LQ�������*RRJOH�(DUWK�LPDJHV�EHWZHHQ������DQG�������VXUYH\V�
RI� WKH�FRDVWOLQH�IURP������������DQG������� ,Q�)LJXUH�1R�������� LW�FDQ�EH�VHHQ� WKH
JHRIRUPV LQ�ZKLFK WKH�PDLQ�PRUSK�G\QDPLF SURFHVVHV�DUH�SUHVHQWHG

Ǧ 5DLQ�3URFHVVHV

7KH�FRXUVH�RI�WKH�/HRQ�5LYHU�ZDWHUV�KDV�UHPDLQHG�ZLWK�YHU\�IHZ�FKDQJHV�IURP������
WR�������GHVSLWH�WKH� LQWHUYHQWLRQV� LW�KDV�EHHQ�VXEMHFWHG�WR�DQG�WKH� LQFUHDVH�LQ�WKH�
VHGLPHQW�ORDG��KRZHYHU�RQ�WKH�ULJKW�PDUJLQ�LQ�WKH�VHFWLRQ�WKDW�LV�ORFDWHG�LPPHGLDWHO\�
DIWHU� GRZQVWUHDP� IURP� WKH� PRXWK� RI� 1XHYD� &RORQLD FDQDO� WKHUH� LV� FXUUHQWO\� D�
VFRXULQJ� SURFHVV� WKDW� LV� DIIHFWLQJ� WKH� SURSHUW\ ZKHUH� WKH� SRUW� IDFLOLWLHV� ZLOO� EH�
HVWDEOLVKHG�� WKLV�VFRXULQJ�SURFHVV�KDV�FDXVHG�D�ZLGHQLQJ�RI� WKH�K\GUDXOLF�VHFWLRQ�
WKDW�SDVVHG����P�LQ������WR�����P�WRGD\��)LJXUH�1R�������

�� +<'52/2*<�� 0(7(252/2*<� $1'� (19,5210(17$/� 678',(6 167,787(� � ,'($0�� $*867Ë1� &2'$==,�
*(2*5$3+,&$/� ,167,787(� ,*$&�� ,167,787(� 2)� 5(6($5&+� 2)� %,2/2*,&$/� 5(6285&(6� $/(;$1'(5� 921�
+80%2/'7� � ,DY+�� ,167,787(�2)� 0$5,1(� $1'� &2$67$/� ,19(67,*$7,216� -26e�%(1,72�9,9(6� '(� $1'5(,6� �
,19(0$5� $0$=21�,167,787(�)25�6&,(17,),&�5(6($5&+ 6,1&+,��,�6,1&+,��(19,5210(17$/�5(6($5&+�2)�7+(�
3$&,),&�,167,787(�-+21�921�1(80$1�� ,,$3��&RQWLQHQWDO��FRDVWDO�DQG�PDULQH�HFRV\VWHPV�RI�&RORPELD��1DWLRQDO�3ULQWLQJ�
RI�&RORPELD��%RJRWi�'�&������������S������FDUWRJUDSKLF�VKHHWV��,6%1������������������
�� ,ELG�
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)LJXUH 1R������ 0RUSK�G\QDPLF SURFHVVHV�WKDW�DFW�RQ�WKH�JHRIRUPV�LQ�WKH�VWXG\�DUHD�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KLV�FKDQJH�LQ�WKH�GLPHQVLRQV�RI�WKH�FDQDO�DIIHFWV�WKH�SURFHVVHV�LQ�WKLV�VHFWLRQ�RI�
WKH�ULYHU��FDXVLQJ�D�VWURQJ�VHGLPHQWDU\�SURFHVV�RQ�WKH�OHIW�EDQN��ZKHUH�D�VHGLPHQW�
EDU�KDV�EHHQ�IRUPHG��$�K\GUDXOLFDOO\�HIILFLHQW�VHFWLRQ�PDLQWDLQV�D�EDODQFH�EHWZHHQ�
WKH�IORZ�DQG�WKH�DPRXQW�RI�VHGLPHQW�WKDW�WKH�VWUHDP LV�FDSDEOH�RI�WUDQVSRUWLQJ��WKLV�
W\SH�RI�VHFWLRQ�LV�DFKLHYHG�ZKHQ�WKH�GLPHQVLRQV�RI�WKH�VHFWLRQ�UHDFK�WKH�PLQLPXP�
ZLGWK�� GHSWK�UDWLR��VLQFH�WKH�UDWLR�EHWZHHQ�WKH�GLPHQVLRQV¶ GHSWK�DQG�ZLGWK�RI�WKH�
VHFWLRQ� DJDLQVW� LWV� WUDQVSRUW� FDSDFLW\� DUH� LQYHUVHO\� SURSRUWLRQDO�� DV� WKH� VHFWLRQ�
EHFRPHV�ZLGHU�RU�GHHSHU�LWV�WUDQVSRUW�FDSDFLW\�ZLOO�GHFUHDVH�

Ǧ &KDQJHV�LQ�WKH�GHOWD�PRUSKRORJ\

$FFRUGLQJ� WR� WKH� LQIRUPDWLRQ� SURYLGHG� E\� WKH� $VVRFLDWLRQ� RI� %DQDQD� *URZHUV� RI�
&RORPELD�� $8*85$��LQ������WKH�PRXWK�RI�WKH�/HyQ�5LYHU��ZKLFK�KDG�D�SUHGRPLQDQW�
GLUHFWLRQ�WR�WKH�6RXWK�DQG�ZDV�GLYHUWHG�WRZDUGV�D�1RUWKZHVW�GLUHFWLRQ�WR�LPSURYH�WKH�
QDYLJDELOLW\�FRQGLWLRQV�RI�WKH�EDQDQD�ERQJRV��LQ�3KRWR�1R������WKH�DSSHDUDQFH�RI�WKH�
PRXWK�RI�WKH�ULYHU�/HyQ�IRU�WKH�\HDU������FDQ�EH�VHHQ��WKH�EDQDQD�ERQJR�VHHQ�LQ�WKH�
3KRWR�ZRXOG� VKRZ� WKH� GLUHFWLRQ� RI� WKH� ULYHU� WR� UHDFK� WKH� VHD�� ZKLOH� WKH� FRDVWOLQH�
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LQGLFDWHV�WKDW�WKH�VHGLPHQW�ORDG�IURP�WKH�ULYHU�ZDV�GLVWULEXWHG�LQ�HORQJDWHG�EDUV�WR�
WKH�VRXWK�DQG�SDUDOOHO�WR WKH�FRDVW��WDNLQJ�LQWR�DFFRXQW�WKLV�%HKDYLRU�DQG�DFFRUGLQJ�
WR�WKH�SUHYLRXVO\�H[SODLQHG�LQ�WKH�VHSDUDWH��7\SHV�RI�GHOWDV���LW�FDQ�EH�DIILUPHG�WKDW�
EHIRUH� WKH�GHYLDWLRQ�RI� WKH�PRXWK�RI� WKH�/HyQ ULYHU LQ������� WKH�GHOWD�SUHVHQWHG�D�
PRUSKRORJ\�RI�D�GHOWD� WKDW� LV�FRQWUROOHG�E\� WKH�ZDYHV��ZKLFK�GLVWULEXWHG� LWV� ORDG�RI�
WKLUVW� ,PSODQWV� LQ�HORQJDWHG�EDUV� WR� WKH�VRXWK�DQG�SDUDOOHO� WR� WKH�FRDVW��D� UHOHYDQW�
DVSHFW�LQ�WKH�VWUHDP PRUSKRORJ\�RI�WKH�GHOWD�LV�WKDW�LW�LV�D UDLQ�LQIOXHQFHG�GHOWD��ZKLFK�
GLVWULEXWHV� LWV�VHGLPHQW� ORDG�SUHIHUHQWLDOO\� LQ�D�SHUSHQGLFXODU�GLUHFWLRQ� WR� WKH�FRDVW�
�VHH�3KRWR�1R������� WKH� DQWKURSLF� LQWHUYHQWLRQ� WKDW� KDV� EHHQ� FDUULHG� RXW�ZLWK� WKH�
GUHGJLQJ�RSHUDWLRQV�KDV�IRUFHG�LW�WR�UHPDLQ�ZLWK�D�VLQJOH�FDQDO��$GGLWLRQDOO\��QRWH�WKH�
�QR]]OH��HIIHFW�RI�WKH�VHGLPHQW�SOXPH�LQ�IURQW�RI�WKH�FKDQQHO�PRXWK

7KH�H[LVWHQFH�RI�D�VLQJOH�FKDQQHO�LV�H[SODLQHG�EHFDXVH�LW�LV�QRW�WKH�FDVH�RI�RQH�RI�D�
IUHH�GHOWD�LQ�ZKLFK�WKH�VHGLPHQWDU\�SURFHVVHV�RFFXU�QDWXUDOO\��LW LV�D�GHOWD�VXEMHFWHG�
WR�GUHGJLQJ�WR�PDLQWDLQ�DQ�HIILFLHQW�K\GUDXOLF�VHFWLRQ�IRU�QDYLJDWLRQ�DQG�HIILFLHQF\�LW�
ZRXOG�QRW�EH�DFKLHYHG�LI�WKH�IORZ�ZHUH�GLVSHUVHG�E\�VHYHUDO�FKDQQHOV��KRZHYHU�WKH�
IDFW�WKDW�WKHUH�DUH RQO\�RQH�FKDQQHO�SRWHQWDWHV WKH�FRQFHQWUDWLRQ�RI�VHGLPHQWV�LQ�LWV�
PRXWK��DOORZLQJ�DFFUHWLRQ�SURFHVVHV�WR�EH�JHQHUDWHG�WRZDUGV�WKH�VHD�
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3KRWR 1R����� 0RXWK�RI�WKH�/HRQ�5LYHU�DSSHDUDQFH�LQ������
6RXUFH� $LU 3KRWR ,*$&�����
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3KRWR 1R����� /HyQ�5LYHU�'HOWD��6HGLPHQW�GHSRVLWV�DUH�GLVWULEXWHG�SHUSHQGLFXODU�WR�WKH�FRDVW��
6RXUFH��*RRJOH�(DUWK�,PDJH�1RYHPEHU �������

x (YROXWLRQ�RI�WKH�/HyQ�5LYHU�'HOWD

7KH�PDLQ�FKDQJHV�WKDW�WKLV�ERG\�RI�VHGLPHQW�KDV�H[SHULHQFHG�DUH�WKH�IROORZLQJ�

Ǧ 'LVWULEXWLRQ�RI�WKH�GHOWD�WRZDUGV�WKH�VHD

$IWHU� WKH�GHYLDWLRQ�RI� WKH�PRXWK�RI� WKH� ULYHU�� WKH�VHGLPHQWDU\�SURFHVVHV� WKDW�ZHUH�
LQLWLDOO\�FRQFHQWUDWHG�LQ�WKH�PRXWK�RI�WKH�ULYHU�KDYH�EHHQ�JUDGXDOO\�WUDQVIHUUHG�\HDU�
DIWHU�\HDU�WRZDUGV�WKH VHD GLUHFWLRQ��GXULQJ�D�SHULRG�RI����\HDUV�FRXQWHG�IURP������
WR�������WKH�ERG\�RI�VHGLPHQW�KDV�PRYHG�DSSUR[LPDWHO\������P��WKLV�UHSUHVHQWV DQ�
DQQXDO�UDWH�RI�����P��,Q�WKH�DUHD�ORFDWHG�LQ�IURQW�RI�WKH�FDQDO�PRXWK�LV�ZKHUH�WKH�GHOWD�
UHFRUGV� LWV� ODUJHVW� GLVSODFHPHQWV� WR� WKH� VHD�� GXULQJ� WKH� SHULRG� ����� � ������ WKLV�
GLVSODFHPHQW�ZDV�����P��ZKLFK�LV�WKH�HTXLYDOHQW�WR����P DQQXDOO\��VHH�)LJXUH�1R��
�������ZKLFK�JLYHV� LW�DQ�HORQJDWHG�VKDSH��7KH�H[SODQDWLRQ�RI�ZK\�WKH�GHOWD PRYHV�
SHUSHQGLFXODU�WR�WKH�FRDVW� LQ� WKH�GLUHFWLRQ�RI� WKH�VHD�� LV�SUREDEO\�GXH�WR� WKH� FDQDO�
FKDQQHOLQJ�VHGLPHQWV�WRZDUGV� LWV�PRXWK�DFWLQJ�DV�D�QR]]OH��VHH�)LJXUH�1R���������
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RQFH�WKH�VHGLPHQWV�UHDFK�WKH�PRXWK�WKHVH�FRQWLQXH�WKHLU�ZD\�WKURXJK�WKH�VHD��ZKHUH�
WKH\�EHJLQ�WR�VHWWOH�

Ǧ &RQIRUPDWLRQ�RI�VKDOORZ�DUHDV

7KH� VHGLPHQWV� WUDQVSRUWHG�E\� WKH� RQVKRUH�GULIW� DV�ZHOO� DV� WKH�PDWHULDOV� IURP� WKH�
GUHGJLQJ�DFWLYLW\�LQ�WKH�&DQDO�WR�WKH�VHD��DUH�GHSRVLWHG�RQ�WKH�DUHDV�ORFDWHG�RQ�ERWK�
EDQNV�RI� WKLV�ERG\�RI�ZDWHU��ZKHUH� WKH\�KDYH�JUDGXDOO\� IRUPHG�H[WHQVLYH�VKDOORZ�
VXEDTXDWLF� DUHDV� ZLWK� ORZHU� GHSWKV�� WR� RQH�PHWHU� �XQGHUZDWHU� GHOWDLF� SODLQ�� DQG�
HPHUJHG�PDUVK\�DUHDV�DORQJ�WKH�&DQDO�WR�WKH�VHD��ZKLFK�KDYH�EHHQ�FRORQL]HG�E\�
YHJHWDWLRQ��LQ�)LJXUH�1R�������LW�FDQ�EH�REVHUYHG�WKDW�WKH�OLPLWV�RI�WKHVH�DUHDV�ZHUH�
HVWDEOLVKHG� E\� WKH� EDWK\PHWULHV� FDUULHG� RXW� LQ� WKH� \HDUV� ����� DQG� ������ 7KH�
H[SDQVLRQ�UDWH�RI�WKHVH�VKDOORZ�ODWHUDOV�LV�OHVV�WKDQ�WKH�GLVSODFHPHQW�WKDW�RFFXUV�LQ�
WKH�IURQWDO�SDUW�RI�WKH�GHOWD��KHQFH�WKLV�VHGLPHQW�ERG\�KDV�DQ�HORQJDWHG�VKDSH�

Ǧ 6HGLPHQWDU\�SURFHVVHV

%HIRUH� WKH� GLYHUVLRQ� RI� WKH� ULYHU� PRXWK�� VHGLPHQWDU\� SURFHVVHV� ZHUH� RI� OHVVHU�
PDJQLWXGH�� WR� WKLV� HIIHFW� LQ� WKH� VWXG\� FDUULHG� RXW� IRU� 81,%$1� E\� 6$'(& ���� LW� LV�
DIILUPHG�WKDW�WKH�/HyQ�ULYHU�GRHV�QRW�IRUP�D�GHOWD�DQG�WKDW WKH�ZDWHUFRXUVHV�WKDW�IORZ�
WR�WKH�VRXWK�RI�WKH�&RORPELD�%D\�GR�QRW�IRUP�GHOWDV�EXW�WKHLU�VHGLPHQWV�DUH�VFDWWHUHG�
E\�WKH�VHD��OLNHZLVH�DIILUPV�LQ�VDLG�VWXG\�WKDW�WKH�PRUSKRORJ\�DW�WKH�PRXWK�RI�WKH�/HyQ�
ULYHU�UHPDLQHG�DOPRVW�XQFKDQJHG�GXULQJ�WKH�SHULRG�EHWZHHQ������DQG������

:LWK� WKH�GHYLDWLRQ�RI� WKH� ULYHU�PRXWK�� WKH�FXUUHQWV�RI� WKH� ULYHU� WKDW�KDYH�D�6(�12�
GLUHFWLRQ�PHHW�WKH�RQVKRUH�GULIW�FXUUHQWV�WKDW�KDYH�D�SUHGRPLQDQW�GLUHFWLRQ�11(�662��
DV�D�FRQVHTXHQFH�WKHUH�LV�D�SDUWLDO�VSHHG�FDQFHOODWLRQ�RI�WKH LQYROYHG�VWUHDPV�LQ�WKLV�
HQFRXQWHU��LQ�VXFK�D�ZD\�WKDW�WKH�UHVXOWLQJ�FXUUHQW�SUHVHQWV�D�VSHHG�WKDW�ZRXOG�QRW
EH�FRPSOHWHO\�DEOH�WR�WUDQVSRUW�WKH�FRPELQHG�VHGLPHQW�ORDG�RI�WKH�ULYHU�DQG�WKH�GULIW��
D�VLWXDWLRQ�WKDW�ZRXOG�FDXVH�WKH�GHSRVLWLRQ�RI�SDUW�RI�WKH�VHGLPHQW ORDG��DV�WKHUH�LV�
RQO\�RQH�FDQDO LW�SRWHQWLDWHV�WKH�FRQFHQWUDWLRQ�RI�VHGLPHQW�LQ�\RXU�PRXWK��DOORZLQJ�
SURFHVVHV�RI�DFFUHWLRQ�WR�WKH�VHD�WR�EH�JHQHUDWHG�

,Q�DGGLWLRQ�WR�WKH�GHYLDWLRQ�RI�WKH�PRXWK��VHGLPHQWDU\�SURFHVVHV�KDYH�EHHQ�IDYRUHG�
E\�WKH�LQFUHDVH�LQ�WKH�VHGLPHQW�ORDG�FRPLQJ�IURP�WKH�/HRQ�5LYHU�EDVLQ��SUHYLRXVO\�
WKH�ZDWHU�FRXUVHV�WKDW�GHVFHQG�IURP�WKH�$ELEH�PRXQWDLQ�UDQJH�DQG�WKDW�IORZ�LQWR�WKH�
/HyQ�ULYHU��GHSRVLWHG�PRVW�RI�WKH�PDWHULDOV�WKH\�WUDQVSRUWHG�LQ�WKHLU�IORRG�SODLQV��7KH�
/HRQ�5LYHU��RQ�WKH�RWKHU�KDQG��SUHVHQWHG�D�G\QDPLF�GRPLQDWHG�E\�WKH�RYHUIORZV�IURP�

�� $(52)272*5$0(75,&�6(59,&(�2)�&2/20%,$�� 6$'(&��*HRPRUSKRORJLFDO�6WXG\�RI�WKH�6HFWRU� WKDW�,QFOXGHV�WKH�
)LQDO�&RXUVH�RI�/HyQ��&XUUXODR�DQG 7XUER ULYHUV��DV�ZHOO�DV�LWV�2XWIDOO�LQ�WKH�*XOI�RI�8UDEi�������
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ZKLFK� WKH� VHGLPHQWV� DOVR� DFFXPXODWHG� LQ� LWV� IORRGSODLQ�� ,Q� VXFK� D� ZD\� WKDW� DQ�
LPSRUWDQW�IUDFWLRQ�RI�WKH�VHGLPHQWDU\�ORDG�FRPLQJ�IURP�WKH�EDVLQ�ZDV�GHSRVLWHG�LQ�
WKH�IORRGSODLQ�RI�WKH�ULYHU�ZLWKRXW�UHDFKLQJ�WKH�VHD��%XW�ZLWK�WKH�FRQVWUXFWLRQ�RI�YHLQV
RQ�WKH�EDQNV�RI�WKH�ULYHUV�DQG�GUDLQDJH�ZRUNV��LW�LV�DYRLGHG�WKDW�WKHVH�GLVFKDUJH�WKHLU�
VHGLPHQW�ORDG�RQ�WKH�IORRGSODLQ��RQ�WKH�RWKHU�KDQG�WKH�FKDQJHV�LQ�WKH�YHJHWDO�FRYHU�
ZKHUH� WKH�QDWXUDO� IRUHVWV�KDYH�EHHQ� UHSODFHG�E\�SDVWXUHV� IRU� OLYHVWRFN�DQG�FOHDQ�
FURSV�� ZKLFK� JHQHUDWH� HURVLYH� SURFHVVHV� UHSUHVHQWLQJ� D� JUHDWHU� YROXPH� RI�
VHGLPHQWV�

$FFRUGLQJ� WR� WKH� DERYH�� LW� LV� H[SHFWHG� WKDW� WKH� VHGLPHQWDU\� SURFHVVHV� DORQJ� WKH�
FRXUVH�RI�WKH�/HyQ 5LYHU DQG�LWV�GHOWD�ZLOO�FRQWLQXH�WR�RFFXU��VLQFH�WKH�FRQGLWLRQV�WKDW�
JDYH�ULVH�WR�WKHVH�SURFHVVHV�DUH�VWLOO�SUHVHQW�

Ǧ &RDVWDO�HURVLRQ�SURFHVVHV��

%DVLFDOO\� LW� LV� WKURXJKRXW� WKH� ZKROH� GHOWD� ZKHUH� VHGLPHQWDU\� SURFHVVHV� RFFXU��
KRZHYHU�RQ�WKH�VRXWKHUQ�VLGH�RI�WKH�&DQDO�WR�WKH�VHD�LUUHJXODULWLHV�LQ�WKH�FRQWRXU�RI�
WKH�FRDVWOLQH�DQG�WKH�SUHVHQFH�RI�LVOHWV�WKDW�KDYH�EHHQ�FRORQL]HG�E\�PDQJURYHV��VHH�
3KRWR�1R��������ZRXOG�EH�LQGLFDWLQJ�WKH�SUHVHQFH�RI�HURVLYH�SURFHVVHV��KRZHYHU�ZKHQ�
FRPSDULQJ�WKH�*RRJOH�(DUWK�LPDJH�RI������ZLWK�WKH�DHULDO�SKRWR�RI�WKH�SURMHFW�DUHD��
DV�ZHOO�DV�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�ILHOG��LW�ZDV�GHWHUPLQHG�WKDW�FXUUHQWO\�LQ�
WKH�VRXWKHUQ�VHFWRU�RI�WKH�FRDVWOLQH�VHGLPHQWDU\�SURFHVVHV�DUH�SUHVHQWHG��VHH�)LJXUH�
1R�������DQG�PDS�02'B/$B372B$17B��B6XVFHSWLELOLW\���

3KRWR 1R����� &RORQL]HG�LVOHWV�ZLWK�PDQJURYH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH 1R������ 'HOWD�HYROXWLRQ�EHWZHHQ ��������� SHULRG�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ $FFUHWLRQ�SURFHVVHV

7KH�SURFHVVHV�WKDW�RFFXU� LQ�WKH�GHOWD�DOVR�DIIHFW� WKH�IURQWDO�SDUW�RI� WKH�/HRQ�5LYHU�
IORRGSODLQ�DQG�WKH�FRDVWOLQH��ERXQGDU\�EHWZHHQ�WKH�ULJKW�PDUJLQ�RI�WKH�&DQDO�DQG�WKH�
VHD�KDV�IRUPHG�D�ZHGJH�VKDSHG�DUHD��VHH�)LJXUH�1R��������ZKRVH�H[WHQVLRQ�LV����
KHFWDUHV��LWV�IRUPDWLRQ�FDQ�EH�H[SODLQHG�FRQVLGHULQJ�WKH�HPHUJLQJ�GDPV�WKDW�DUH�RQ�
ERWK�EDQNV�RI�WKH�&DQDO���ZKLFK�ZRXOG�IXQFWLRQ�LQ�D�PDQQHU�VLPLODU�WR�D�VSXU��WKDW�LV�
WR�VD\�UHWDLQLQJ�SDUW�RI�WKH�VHGLPHQWV�WUDQVSRUWHG�E\�WKH�FRDVWDO�GULIW��DQG�VLQFH�WKH�
SUHGRPLQDQW� GLUHFWLRQ� DORQJ� WKH� \HDU� RI� WKH� FRDVWDO� GULIW� LV� 1(�62�� FXUUHQWO\� WKH�
SURFHVVHV�RI�$FFUHWLRQ�FRQWLQXH�DFWLYH�
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)LJXUH 1R������ :HGJH�VHGLPHQW�EHWZHHQ�WKH�ULJKW�EDQN�RI�WKH�/HyQ�5LYHU�DQG�WKH�VHD�WKDW�KDV�
EHHQ�VKDSHG�E\�WKH��VSXU��HIIHFW�RI�WKH�EDU�RQ�WKH�ULJKW�EDQN�RI�WKH�ULYHU�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 0RUSKRORJ\�DQG�HYROXWLRQ�RI�WKH�FRDVWOLQH

7KH�VKDSH�RI�WKH�FRDVWOLQH�LV�DQ�LQGLFDWRU�RI�WKH�PRUSK�G\QDPLF SURFHVVHV�EHWZHHQ�
WKH�VHD�DQG�WKH�FRQWLQHQW��WKH�FRDVW�OLQHV�ORFDWHG�RQ�WKH�1RUWK�PDUJLQ�RI�WKH�&DQDO�WR�
WKH�VHD��DUH�VPRRWK�DQG�FRQWLQXRXV��UHIOHFWLQJ�FRQVWDQW�FRQGLWLRQV�RI�D�SURFHVV�DV�
2YHU�WLPH��DFFRUGLQJ�WR�WKH�DYDLODEOH� LQIRUPDWLRQ�REWDLQHG�IURP�WKH�WUDFLQJV�RI� WKH�
FRDVWOLQHV�IURP�WKH�\HDU������WR�WKH�SUHVHQW��LW�FDQ�EH�VHHQ�WKDW�WKLV SDUW�RI�WKH�FRDVW�
KDV�EHHQ�VKDSHG�E\�D�VHGLPHQWDU\�SURFHVV��SHUKDSV�DXJPHQWHG� RU RULJLQDWHG�E\�
KXPDQ� LQWHUYHQWLRQ�� WR� GDWH�� DV� D� FRQVHTXHQFH� RI� WKLV� SURFHVV� VLQFH� ����� WKH�
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FRDVWOLQH�KDV�H[SHULHQFHG�D�WUDQVJUHVVLRQ�RI�DSSUR[LPDWHO\�����P��WKLV�LV�DQ�DYHUDJH�
DQQXDO� UDWH� RI� ��P� �VHH� )LJXUH� 1R�� ����� DQG� WKH� PDS
02'B/$B372B$17B��B0RUSKRG\QDPLFV��

)LJXUH 1R������ 2IIVKRUH�PRYHPHQWV�� 3KRWR�����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

2Q�WKH�RWKHU�KDQG��WKH�PRUSKRORJ\�ZLWK�WKH�LUUHJXODULWLHV�LQ�WKH�FRQWRXU�RI�WKH�FRDVW�
OLQH�ORFDWHG�RQ�WKH�VRXWK�VLGH�RI�WKH�&DQDO�WR�WKH�VHD�ZLWK�LQOHWV�DQG�RXWOHWV�DQG�WKH�
SUHVHQFH�RI�LVOHWV�WKDW�KDYH�EHHQ�FRORQL]HG�E\�PDQJURYHV��VHH�3KRWR�1R��������ZRXOG
LQGLFDWH� WKH�RFFXUUHQFH�RYHU� WLPH�RI�ERWK�VHGLPHQWDU\�DQG�HURVLYH�SURFHVVHV�� WKH�
UHVXOW�RI� WKHVH�SURFHVVHV�VKRZ�D�FRDVWOLQH�ZKHUH� WUDQVJUHVVLRQ�RU�PDULQH�HURVLRQ�
KDYH� UHPDLQHG� LQ� G\QDPLF� HTXLOLEULXP�� KRZHYHU� DW� SUHVHQW�� DFFRUGLQJ� WR� WKH�
LQIRUPDWLRQ� DYDLODEOH� DQG� FRPSDULQJ� WKH� LPDJH� REWDLQHG� IURP� WKH� *RRJOH� (DUWK�
VHUYHU�RI������ZLWK�WKH�$HULDO�3KRWR�RI�WKH�SURMHFW�DUHD��LW�FDQ�EH�FRQFOXGHG�WKDW�D�
VHGLPHQWDU\�SURFHVV�ZRXOG�EH�SUHVHQW��WKH�SRVVLEOH�VRXUFH�RI�VHGLPHQWV�ZRXOG�EH�
WKH�QDWXUDO�FDQDO�PHQWLRQHG�DERYH��
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)LJXUH�1R�������VKRZV�WKH�HYROXWLRQ�RI�WKH�FRDVWOLQH�VLQFH�������

)LJXUH 1R������ 2IIVKRUH�PRYHPHQWV�IURP������
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x %RWWRP PRUSKRORJ\

Ǧ %RWWRP�PRUSKRORJ\�DUHD�RI�GHHSHQLQJ�GUHGJLQJ�

7KH�PRUSKRORJ\�RI�WKH�ERWWRP LQ�WKH�SURMHFW�DUHD�LV�FRQWUROOHG�E\�UDLQ�FRQWULEXWLRQV�
DQG�RFHDQLF�G\QDPLFV��7KH�VHDEHG� LV�FRPSRVHG�RI�D� WKLFN� OD\HU�RI� UHFHQW�PXGG\�
VHGLPHQWV�UHVWLQJ�RQ�VHGLPHQWDU\�URFNV�RI�WKH�WHUWLDU\��WKH�UHFHQW�VHGLPHQWV�FRPH�
IURP�WKH�ULYHUV�WKDW�IORZ�LQWR�WKH�*XOI�RI�8UDEi��WKH�$WUDWR�5LYHU�LV�WKH�RQH�ZLWK�WKH�
ODUJHVW�YROXPH�RI�VHGLPHQWV��IROORZHG�E\�WKH�/HyQ�5LYHU��ZKLOH�WKH�6XULTXL�5LYHU�LV�
FRQVLGHUHG�LPSRUWDQW�GXH�WR�LWV�SUR[LPLW\�WR�WKH�SURMHFW�DUHD�

�
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)LJXUH�1R�������DQG�)LJXUH�1R�������UHSUHVHQW�WKH�EDWK\PHWULF�FRQIRUPDWLRQ�RI�WKH�
VWXG\�DUHD��REWDLQHG�IURP�WKH�EDWK\PHWULF�VXUYH\�FDUULHG�RXW�LQ�0D\�������ZKHUH�WKH�
PDLQ�EDWK\PHWULF�FKDUDFWHULVWLFV�RI�WKH�LQIOXHQFH�DUHD�RI�WKH�SURMHFW�FDQ EH�REVHUYHG��
WKH�EDWK\PHWULF�OHYHOV�VKRZ D�PRQRWRQRXV�LQFUHDVH�LQ�WKH�6(�1: GLUHFWLRQ��UHDFKLQJ�
���P�GHSWK�DSSUR[LPDWHO\���NP�DZD\�IURP�WKH�FXUUHQW�FRDVWOLQH�VSHFLILFDOO\� LQ� WKH�
DUHD�ZKHUH�WKH�GRFN ZLOO�EH�EXLOW��ZKLOH�LQ�WKH�SHUSHQGLFXODU�GLUHFWLRQ�WKDW�LV�6:�1(��
WKH�OHYHOV�DUH�FRQVWDQW��WKLV�ERWWRP�FRQILJXUDWLRQ�UHVHPEOHV�DQ�LQFOLQHG�SODQH��ZLWK�D�
VORSH�RI��������HTXLYDOHQW��������,Q�WKH�1RUWKHDVW�VHFWRU�LQ�IURQW�RI�WKH�PRXWK�RI�WKH�
&DQDO�WR�WKH�VHD��WKH�LVREDWKV�KDYH�D�FRQYH[�VKDSH�WRZDUGV�WKH�VHD�LQGLFDWLQJ�WKH�
SUHVHQFH�RI�VHGLPHQWDU\�SURFHVVHV��7RZDUGV�WKH�H[WUHPH�6RXWKHDVW��WKH� LVREDWKV
H[KLELW�D�FRQFDYLW\� WRZDUGV� WKH�VHD��UHIOHFWLQJ� WKH�HURVLRQDO�FRQGLWLRQV�RI� WKH�DUHD�
LQGLFDWHG� DERYH��� SRVVLEO\� RULJLQDWHG� E\� D� GHILFLW� RI� VHGLPHQWV� LQ� WKH� DUHD�� 7KH�
EDWK\PHWULF� FRQIRUPDWLRQ� IRU� GLVWDQFHV� JUHDWHU� WKDQ� �� NLORPHWHUV� IURP� WKH� FRDVW�
VKRZV�TXDVL�VWUDLJKW�LVREDWKV LQGLFDWLQJ�WKDW�WKH�PRUSK�VHGLPHQWDU\�SURFHVVHV�DUH�
LQ�G\QDPLF�HTXLOLEULXP��6HH�PDS�02'B/$B372B$17B��B0'7�

Ǧ %RWWRP�PRUSKRORJ\�DUHD�RI�GXPSLQJ

7KH�PRUSKRORJ\�RI�WKH�VHDEHG�LQ�WKH�VRXWKHUQ�SDUW�RI� WKH�*XOI�RI�8UDEi��IRUPV�DQ�
HORQJDWHG�GHSUHVVLRQ�LQ�WKH�1RUWKHDVW��ZLWK�GHSWKV�WKDW�UHDFK�����P�LQ�WKH�GHHSHVW�
]RQH� ORFDWHG� VRXWKHDVW� RI� /HRQFLWR� DUP� RI� WKH� $WUDWR� 5LYHU�� VDLG� GHSUHVVLRQ� LV�
HQFORVHG�IRU�DOO�LWV�VLGHV�H[FHSW�IRU�LWV�QRUWKHUQ�VLGH��WKH�LVREDWKV WKDW�GHPDUFDWH�WKLV�
GHSUHVVLRQ�DUH�HOOLSWLFDO�ZLWK�WKHLU�PDMRU�D[HV�RULHQWHG�LQ�WKH�1(�GLUHFWLRQ�

7KH�VORSHV�RQ�WKH�HDVWHUQ�VLGH�VKRZ�YHU\�VPRRWK�DQG�PRQRWRQRXV�VORSHV�RI�������
RU���������RQ�LWV�VRXWKHUQ�VLGH�WKH�VORSH�LV�VOLJKWO\�KLJKHU�ZLWK�������RU���������ZKLOH�
RQ�WKH�ZHVW�VLGH�LQ�IURQW�RI�(O�/HRQFLWR�DUP�RSHQLQJ�RI�WKH�$WUDWR�5LYHU��WKH�VORSHV�
VKRZ�WKHLU�KLJKHVW�VORSHV�UHDFKLQJ������RU������� WKLV�PD\�EH�GXH�WR�D�SURFHVV�RI�
DFFUHWLRQ�RI�WKH�FRQWLQHQW�WRZDUGV�WKH�VHD�DV�D�UHVXOW�RI�WKH�LQWHQVH�VHGLPHQWDWLRQ�
WKDW�RFFXUV�LQ�WKLV�VHFWRU

7KH� VKDSH� RI� WKH� LVREDWKV� GRHV� QRW� DOORZ� WR� FRQFOXGH� ZLWK� FHUWDLQW\� DERXW� WKH�
SUHVHQFH�RU�QRW�RI�VHGLPHQWDU\�RU�HURVLYH�SURFHVVHV��KRZHYHU�WKH�HOOLSWLFDO�VKDSH�RI�
WKH�LVREDWKV�ZLWK�WKHLU�PDMRU�D[LV�RULHQWHG�LQ�WKH�1(�GLUHFWLRQ�FRXOG�EH�LQGLFDWLQJ�WKH�
SUHVHQFH�RI�D�VWUXFWXUDO�FRQWURO��0XULQGR�IDXOW��

7KH�DUHD�WKDW�KDV�EHHQ�VHOHFWHG�DV�D�GXPSLQJ��VHH�)LJXUH�1R�������DQG�)LJXUH�1R��
������ KDV� D� GHSWK� DW� LWV� HDVWHUQ� HQG� RI� ���� P� DQG� RQ� WKH� ZHVW� VLGH� RI� ���� P�
DSSUR[LPDWHO\��WKH�PRUSKRORJ\�RI�WKH�ERWWRP�LV�UHSUHVHQWHG�E\�DQ�DOPRVW�IODW VXUIDFH��
ZLWK�D�VORSH�QRW�KLJKHU�WKDQ���������RU������WKDW�VORSHV�LQ�WKH�6((�� 1::�GLUHFWLRQ��
6LQFH�WKLV�VORSH LV�PXFK�VPDOOHU�WKDQ�WKH�DQJOH�RI�UHSRVH�RI�WKH�VHGLPHQWV��WKHUH�LV�
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QR�SRVVLELOLW\�WKDW�WKHVH� RQFH�GHSRVLWHG�RQ�WKH�VHDEHG�DUH�JRLQJ�WR�PRYH�WR�DQRWKHU�
SRLQW�IURP�ZKHUH�WKH\�ZHUH�GHSRVLWHG�

)LJXUH 1R������ %DWK\PHWULF�DQG�HOHYDWLRQ�PRGHO�RI�WKH�VWXG\�DUHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH 1R������ %DWK\PHWULF�DQG�HOHYDWLRQ�PRGHO�RI�WKH�VWXG\�DUHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x /DQGVFDSH�XQLW�

7KH�VWXG\�DUHD�RI�WKH�SURMHFW��LV�ORFDWHG�LQ�DQ�LQWHU�$QGHDQ�)RVWRV�*HRORJ\��$WUDWR��
&DXFD��0DJGDOHQD���LQ�D�W\SH�RI�PRUSKRJHQHWLF�5DLQ 'HSRVLWLRQDO�HQYLURQPHQW�WKDW�
EHORQJV�WR�D�/DQGVFDSH�RI�/DFXVWULQH�5DLQ 3ODLQ��3B)B���DQG�D�W\SH�RI�IODW�IORRG�UHOLHI�
DQG�WHUUDFH�ZLWK�SUHGRPLQDQW�URFNV�RI�ODFXVWULQH�DOOXYLDO�GHSRVLWV��EHDFK�GHSRVLWV�DV�
ZHOO�DV�DUFLOOLWHV DQG�VDQGVWRQHV��

5DLQ�/DFXVWULQH�3ODLQ�/DQGVFDSH��3B)B����

�� $*867Ì1�&2'$==,�*(2/2*,&$/�,167,787(�� ,*$&��*HQHUDO�6XUYH\�RI�6RLOV�DQG�/DQG�=RQLQJ��$QWLRTXLD 'HSDUWPHQW��9ROXPH�
���%RJRWi��,PSUHQWD�1DFLRQDO�GH�&RORPELD������������S�
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7KH�5DLQ�/DFXVWULQH�3ODLQ�/DQGVFDSH�DQG�UDLQ�GHOWD�LV�ORFDWHG�LQ�WKH�ZHVWHUQ�ORZ�SDUW�
RI�WKH�'HSDUWPHQW�RI�$QWLRTXLD��IRUPHG�E\�4XDWHUQDU\�VHGLPHQWDU\�URFNV�ZLWK�VPDOO�
LJQHRXV�LQWUXVLRQV�YHU\�ORFDOL]HG�LQ�IOXYLRGHOWDLF�IORRGSODLQV���

x &RQFOXVLRQV

7KH�]RQH�RI�GLUHFW� LQIOXHQFH�RI� WKH�SURMHFW� LV� IUDPHG�LQ�WKH�IORRGSODLQV�RI� WKH�/HyQ
5LYHU�� WKH� VXUIDFH� KDV� D� IODW� WRSRJUDSK\��ZKRVH� ORFDO� UHOLHI� GRHV�QRW� H[FHHG� RQH�
PHWHU��DUH�WKH�UHVXOW�RI�WKH�DFFXPXODWLRQ�RI�VHGLPHQWV�RI�UHFHQW�DJH�WKDW�KDYH�EHHQ�
WUDQVSRUWHG�E\�WKH�GUDLQDJHV�WKDW�UXQ�DORQJ�WKH�ZHVWHUQ�IODQN�RI�WKH�$ELEH�0RXQWDLQ
5DQJH

,Q�WKH�DUHD��WKH�OLWKRORJLFDO�XQLWV�DUH�DOO�RI�WKH�VHGLPHQWDU\�W\SH��LW�LV�IRU�WKLV�UHDVRQ�
WKDW�WKHUH�DUH�QRW�KDUG�URFN�TXDUULHV�WKDW�VXSSO\�FRQVWUXFWLRQ�PDWHULDOV�WR�WKH�SURMHFW�
LQ�LWV�VXUURXQGLQJV��WKH�QHDUHVW�VRXUFHV�DUH�DVVRFLDWHG�ZLWK�WKH�ULYHUV�DQG�FDQ�VXSSO\�
GUDJ�PDWHULDOV�

7KH�$SDUWDGy�)DXOW��8UDPLWD�)DXOW���LV�DSSUR[LPDWHO\����NP�HDVW�RI�WKH�SURMHFW�

,Q�DFFRUGDQFH�ZLWK�WKH�JHRORJLFDO�IUDPHZRUN�RI�WKH�DUHD�ZKHUH�WKH�SURMHFW�LV�ORFDWHG��
WKUHDWV�ZHUH� LGHQWLILHG�E\� IORRGLQJ��E\�RSHQLQJ� LQ� WKH� OHIW� EDQN�RI� WKH� ULYHU�� ODWHUDO�
VFRXU��VOXGJH�GLDSLULVP�DQG�HDUWKTXDNHV�

7KH�SURMHFW�DUHD�VKRZV�D�KLJK�WKUHDW�GXH�WR�HDUWKTXDNHV�

&XUUHQWO\��D�SURFHVV�RI�ODWHUDO�VFRXU�LV�DIIHFWLQJ�WKH�SURSHUW\ ZKHUH�WKH�SRUW�IDFLOLWLHV�
ZLOO�EH�HVWDEOLVKHG��7KLV�WKUHDW��EHFDXVH�RI�EHLQJ DFWLYH�DQG�RFFXUULQJ LQ�WKH�LQIOXHQFH�
DUHD�RI WKH�SURMHFW� LV�FRQVLGHUHG�KLJK�

,Q�WKH�SURMHFW�DUHD�WKHUH�LV�DOVR�D�VWURQJ�LQWHUDFWLRQ�EHWZHHQ�DQWKURSLF�DFWLYLW\�DQG�
RFHDQLF�DQG�IOXYLDO�SURFHVVHV�DW� WKH�PRPHQW�� WKH�FRPELQDWLRQ�RI� WKHVH�SURFHVVHV�
DGGHG�WR�WKH�FOLPDWH��KDV�UHVXOWHG�LQ�WKH�FXUUHQW�JHRPRUSKRORJ\�RI�WKH�DUHD�

7KH� XQLWV� RI� WKH� DOOXYLDO� SODLQ� RI� WKH� /HyQ� 5LYHU� DQG� WKH� ULYHU� GHOWD�� DQG� WKHLU�
FRUUHVSRQGLQJ�JHRIRUPV��ZHUH�LGHQWLILHG JHRPRUSKRORJLFDOO\�

7KH�PRXWK�RI�WKH�/HyQ�5LYHU�ZDV�GLYHUWHG�LQ������LQ�RUGHU�WR�PDNH�QDYLJDWLRQ�HDVLHU��
KRZHYHU�WKLV�GHYLDWLRQ�JDYH�ULVH�WR�D�VWURQJ�VHGLPHQWDU\�SURFHVV�WKDW�LV�VWLOO�DFWLYH��
ZKLFK�KDV�UHVXOWHG�LQ�D�PRGLILFDWLRQ�RI�WKH�ODQGVFDSH��WKH�EDWK\PHWULF�FRPSRVLWLRQ LQ�
WKH�VHD�DQG�WKHUHIRUH�DIIHFWLQJ�QDYLJDWLRQ��
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7KH�GHOWD�RI /HyQ�ULYHU�KDV�EHHQ�JUDGXDOO\�PRYLQJ�\HDU�DIWHU�\HDU�WRZDUGV�WKH�VHD��
GXULQJ�D�SHULRG�RI����\HDUV�FRXQWHG�IURP������WR�������WKH�ERG\�RI�VHGLPHQWV�KDV�
PRYHG�DSSUR[LPDWHO\������P��

,W�LV�OLNHO\�WKDW�LI�WKH�GUHGJLQJ�RSHUDWLRQV�DUH�VXVSHQGHG��/HyQ�ULYHU�FDQ�FKDQJH�LWV�
PRXWK�VKRZLQJ�DQ�RSHQLQJ�RQ�LWV�OHIW�EDQN��ZKLFK�LV�WKH�PRVW�IUDJLOH�DUHD�

7KH�EDWK\PHWULF�FRQILJXUDWLRQ�RI�WKH�VHDIORRU�IRUPV�ODUJH�DUHDV�ZLWK�D�YHU\�PRGHUDWH�
LQFOLQDWLRQ�� ZKLFK� DOORZV� WKH� GLVSRVDO� RI� GUHGJHG� PDWHULDOV� ZLWKRXW� IRUPLQJ�
SURWXEHUDQFHV��RU�WKDW�WKRVH�DUH�JRLQJ�WR�VOLGH�

x 5HFRPPHQGDWLRQV

6LQFH�WKH�SURMHFW�DUHD�LV�LQ�KLJK�WKUHDW�GXH�WR�HDUWKTXDNHV��LW�LV�UHFRPPHQGHG�WKDW�
WKH�FRQVWUXFWLRQV�EH�FDUULHG�RXW�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�&RORPELDQ�5HVWUXFWXULQJ�
(DUWKTXDNH�5HVLVWDQFH��165������ZKLFK�LQGLFDWHV�WKH�EXLOGLQJV�FRQGLWLRQV�VR�WKDW�WKH�
VWUXFWXUDO�UHVSRQVH�WR�DQ�HDUWKTXDNH�LV�IDYRUDEOH�

)RUPXODWH�WKH�VWUDWHJLHV�DQG�SHUWLQHQW�PHDVXUHV�WKDW�DOORZ�WR�PLWLJDWH�DQG�FRQWURO�D�
SKHQRPHQRQ�RI�ODWHUDO�VFRXU�WKDW�LV�DIIHFWLQJ�WKH�SURSHUW\ ZKHUH�WKH�SRUW�IDFLOLWLHV�ZLOO�
EH�HVWDEOLVKHG�

%HDU�LQ�PLQG�WKDW�WKH�/HyQ�5LYHU�FDQ�EUHDN�WKURXJK�LWV�OHIW�EDQN�DQG�LWV�PRXWK�FDQ�EH�
YHU\�FORVH�WR�WKH�DUHD�ZKHUH�WKH�YLDGXFW�ZLOO�EH�EXLOW�

����� /DQGVFDSH

7KH�$UHD�RI�,QIOXHQFH�RI�WKH�3URMHFW�LV�LQ�D�/DQGVFDSH�RI��/DFXVWULQH�)OXYLDO�3ODLQ���

ZLWK� D� W\SH� RI� IODW� UHOLHI� PDGH� E\ IORRGV� DQG� WHUUDFHV� ZLWK� SUHGRPLQDQW� URFNV�
FRPSRVHG� E\ GHSRVLWV� RI� EHDFKHV� DQG�4XDWHUQDU\� VHGLPHQWV ZLWK� VPDOO� LJQHRXV�
LQVWUXFWLRQV�

7KH�SURMHFW� LV�SDUW�RI� WKH�FRDVWDO�]RQH�RI� WKH�*XOI�RI�8UDEi� ZLWK�DQ�RQVKRUH�VWULS��
ZKRVH� FRDVWOLQH� LV� DSSUR[LPDWHO\� ���� NP RI� ERUGHU�� FKDUDFWHUL]HG� PRVWO\� E\� D�
JHRPRUSKRORJ\� DVVRFLDWHG� ZLWK� ORZ� DQG� VZDPS\� FRDVWV�� ZKLFK� EULQJV� WRJHWKHU
ODQGVFDSHG� HOHPHQWV� RI� DOOXYLDO� DQG RQVKRUH� SODLQV�� IORRG� DQG�PDQJURYH�� ZLWK� D�
KRUL]RQWDO� WR�VOLJKWO\� LQFOLQHG�DQG�ZKRVH�RULJLQV�DUH�DVVRFLDWHG�ZLWK�VHGLPHQWDWLRQ�
DQG�HURVLRQ�SURFHVVHV��7KH�JXOI�LV�SDUW�RI�WKH�'DULHQ�UHJLRQ�RI�&RORPELD��ZKLFK�KDV�
FRQGLWLRQV�RI�KLJK�KXPLGLW\��JUHDW�GLYHUVLW\�DQG�IOXYLDO�GHSUHVVLRQV

�� *(2*5$3+,&�,167,787(�$*867Ë1�&2'$=,� �,*$&��*HQHUDO�6XUYH\�RI�6RLOV�DQG�/DQG�=RQLQJ��$QWLRTXLD 'HSDUWPHQW��
9ROXPH������DQG����%RJRWD��1DWLRQDO�3ULQWLQJ�RI�&RORPELD������������S��'%��,*$&��������
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7KH�JHRPRUSKRORJ\�XQLWV�RI�WKH�SURMHFW�KDYH�FKDUDFWHULVWLFV�RI�HURVLYH�DQG�DFFUHWLYH�
UHJLPHV��LV�FRPSULVHG�E\�DOOXYLDO�SODLQV�QDPHG�LQ�7XUER�327�������� DV�$OOXYLDO�3ODLQ�
0DFUR�XQLW ORFDWHG�LQ�WKH�IORRG�SODLQV�RI�WKH�$WUDWR�� /HyQ�5LYHU�LQ�WKH�:HVWHUQ�VHFWRU�
RI�WKH�PXQLFLSDOLW\�ZKLFK LV�DOVR�DVVRFLDWHG�WR�WKH�VHGLPHQWDU\�FRQWULEXWLRQV�RI�WKH�
ULYHUV�DQG�WKH�&RDVWDO�&RPSOH[�0DFUR�XQLW ZKLFK�FRPSULVHV�D�QDUURZ�VWULS�SDUDOOHO�WR�
WKH�FRDVWOLQH� LQ ZKLFK WKHUH� LV�RFHDQLF� LQIOXHQFH DQG� �ZKHUH� LV�DOVR� LQIOXHQFHG�E\�
DJHQWV�VXFK�DV�UDLQ��ZLQG�DQG DQWKURSLF��DQG�LWV FRPELQDWLRQ�UHVXOWV�LQ�WKH�FXUUHQW�
FRQILJXUDWLRQ�RI� WKH�FRDVWOLQH��GLYLGLQJ� LW� LQWR�WKH�IROORZLQJ�VHFWRUV��&DLPiQ�1XHYR�
/HyQ 5LYHU�6HFWRU��ZKLFK�KDV�D�OHQJWK�RI����NLORPHWHUV��LQ�ZKLFK�ORZ�FRDVWV�RI�QDUURZ�
EHDFKHV�DUH�FRPELQHG�ZLWK�IDOVH�FOLIIV��/HyQ�5LYHU�� 0DULUUtR %D\�6HFWRU WKDW�KDV�D�
OHQJWK�RI����NLORPHWHUV�ZKLFK�OLPLWV�WKH�DUHD�RI�%DKtD�&RORPELD�ZLWK�QDUURZ�EHDFKHV�
�����P���0DULUUtR %D\��%RFD�7DUHQD�6HFWRU�ZKLFK�LV�FKDUDFWHUL]HG�E\�WKH�GHOWD�VKDSHG�
GLJLWDWH IRUPHG�DW�WKH�PRXWK�RI�WKH�$WUDWR�5LYHU��ZKHUH�WKH�ED\V�WKDW�DUH�IRUPHG��PDNH�
WRJHWKHU�D�FRDVWOLQH�RI�DURXQG�����NP

x /DQGVFDSH�8QLWV�

7KH�JHQHUDO�ODQGVFDSH�XQLWV�ZLWK�VHFRQGDU\�LQIRUPDWLRQ�DW�D�VFDOH�RI������������DQG�
GHWDLOHG�DW�����������VFDOH�ZLWK�VHFRQGDU\�DQG�SULPDU\� LQIRUPDWLRQ� LQ�WKH�ILHOG�DUH�
SUHVHQWHG�EHORZ��

Ǧ /DQGVFDSH�8QLWV�� *HQHUDO�6FDOH������������

$FFRUGLQJ�WR�WKH�7XUER�327�PDGH�LQ�������WKUHH����������������VFDOH�ODQGVFDSH XQLWV�
QDPHG�$OOXYLDO�3ODLQ�ZLWK�:HWODQGV��2IIVKRUH 3ODLQ�ZLWK�:HWODQGV�DQG�EDQDQD�UDQJHV�
DUH�SUHVHQWHG�LQ�WKH�LQWHUYHQWLRQ�DUHD�RI�WKH�SURMHFW��VHH�)LJXUH 1R������

$OOXYLDO�3ODLQ�ZLWK�:HWODQGV��WKH\�SUHVHQW�YHU\�IODW�WRSRJUDSKLHV��ZLWK�IORRG�SODLQV�
IRUPHG�E\�WKH�RYHUIORZ�RI�WKH�ULYHUV��YHU\�WKLQ VHGLPHQWV�RI�SUHGRPLQDQW�DOOXYLDO�RULJLQ�
ZLWK� KLJK� FRQWHQW� RI� RUJDQLF� PDWWHU�� SDWFKHV� RI� IRUHVWV�� LW� VKRZV� DQ DQWKURSLF�
LQWHUYHQWLRQ�LQ�WKH�HDVWHUQ�VHFWRU�RI�WKH�XQLW�LQ�WKH�VXUURXQGLQJV�RI�WKH�/HRQ�5LYHU��
KLJK� VHGLPHQWDWLRQ� SURGXFW� RI� HURVLYH� SURFHVVHV� XSVWUHDP�� LW� DOVR� VKRZV D�
SUHFLSLWDWLRQ� RI� WKH� DUHD� RI� ������ PP�\HDU� DQG� $IUR�&RORPELDQ� LQKDELWDQWV�
SUHGRPLQDQFH��ZKLFK�DUH�SURYLGHG IURP�WKH�ILVKLQJ�UHVRXUFH�DQG�H[WUDFWLRQ�RI�ZRRG��
ZKDW� PDNHV� WKHP� D� SRSXODWLRQ� ZKLFK� LV� GHSHQGHQW� RQ� WKH� HQYLURQPHQWDO� RIIHU��
WKHUHIRUH��LW�LV�DQ�HFRORJLFDOO\�IUDJLOH�DQG�D�VWUDWHJLF�HQYLURQPHQW�IRU�WKH�VXEUHJLRQ�

2IVKRUH�3ODLQV�ZLWK�:HWODQGV��FRPSULVHV�DSSUR[LPDWHO\�RQH�NLORPHWHU�LQODQG�IURP�
WKH�FRDVWOLQH�ZKHUH�WKHUH�LV�DQ�HFRV\VWHP�GHILQHG�E\�WKH�VHD�DLU�VRLO�LQWHUDFWLRQ�ZLWK�

�� &2/20%,$��081,&,3,2�'(�785%2��3ODQ�GH�2UGHQDPLHQWR�7HUULWRULDO��GLDJQyVWLFR�ItVLFR�DPELHQWDO��7XUER��������/LEUR����
3DUWH�������S�
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D�UDLQIDOO�RI�������PP�\HDU��7KHUH�DUH�QDUURZ�EHDFKHV��EHWZHHQ���DQG���P�ZLGH���
EHKLQG� WKH� EHDFKHV� WKHUH� DUH� DUHDV� IORRGHG� ZLWK� RUJDQLF� PDWHULDO�� WKHUH� LV� D�
YHJHWDWLRQ�RI�PDQJURYH�VSHFLHV�PL[HG�ZLWK�IHUQ��SDOP�WUHHV�DQG�IORRGHG�SDVWXUHV��
'HVSLWH�WKH�IDFW�WKDW WKDW�WKH�PDQJURYH�LV�IRUELGGHQ�� LW�KDV EHHQ�XVHG�IRU�IXHOZRRG�
FRQVXPSWLRQ��FRDO�PDQXIDFWXULQJ��SROHV��VKDOORZV��SLOHV� FRQVWUXFWLRQ��DPRQJ�RWKHUV�
ZKLFK KDV�LQYROYHG�WKH�DOWHUDWLRQ�RI�PDQJURYH�UHJHQHUDWLRQ�G\QDPLFV�

%DKtD�&RORPELD LV�VWURQJO\�LQIOXHQFHG�E\�WKH�VHGLPHQWV�PDLQO\�FRPLQJ�IURP�WKH�/HyQ�
5LYHU��ZKLFK�KDV�VWURQJO\�DIIHFWHG�WKH�EDWK\PHWULHV��FRQVWLWXWLQJ�D�OLPLWDWLRQ�IRU�WKH�
GUDIW�RI�WKH�VKLSV�WKDW�DSSURDFK�WKH�DUHD�VLQFH�LW�LV�DQ�DUHD�ZKHUH�WKHVH�YHVVHOV�DUH�
DQFKRUHG�IRU�H[SRUW�RI�EDQDQD�SURGXFHG�LQ�WKH�DUHD��VR D�FRQVWDQW�GUHGJLQJ�EHFRPHV�
QHFHVVDU\�DW� WKH�PRXWK�RI� WKH� ULYHU� WR�HQVXUH� WKH�QDYLJDELOLW\�RI� WKH�VDPH� IRU� WKH�
IOXYLDO�PDULQH WUDQVLW�RI�WKH�%DQDQD�&RQYR\

%DQDQD�UDQJHV��KDYH D�UDLQIDOO�UDWH�RI�������WR�������PP�\HDU�ZLWK�QR�SODQW�FRYHU��
UDLQIDOO�FRXSOHG�ZLWK�EDQDQD�DFWLYLW\�LQ�WKLV�VHFWRU�ZKHUH�WKH�DUHDV�RI�ULYHU�UHPRYDO�
DUH�QRW�UHVSHFWHG��VWUHDPV DUH�GLYHUWHG�DQG�FDQDOV DUH�PDGH�WKDW�HQG�XS�EHLQJ�D�
FRQGXLW�IRU�WKH�VHGLPHQWV��ZKLFK�FDXVHG�D�VHULRXV�SUREOHP�RI�ODWHUDO�HURVLRQ�DW WKH�
PDUJLQV�RI�WKH�ULYHUV��DIIHFWLQJ�WKH�FURSV�DQG�LQIUDVWUXFWXUH�VHWWOHG�RQ�WKHP��7KHVH�
IDFWRUV��DGGHG� WR� WKH�SUHGRPLQDQW� ORZ�VORSHV��SURGXFH�D�KLJK� IORRG� WKUHDW� IRU� WKH�
DUHDV�QHDU�WKH�ULYHUEDQNV
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)LJXUH 1R��/DQGVFDSH�XQLWV�� VFDOH�����������
6RXUFH��327��������

Ǧ /DQGVFDSH�XQLWV�� 'HWDLOHG�VFDOH����������

7KH�XQLWV�RI�WKH�ODQGVFDSH�DUH�JHRJUDSKLFDO�DUHDV�ZLWK�D�GLIIHUHQWLDWHG�VWUXFWXUDO��IXQFWLRQDO�RU�SHUFHSWXDO�FRQILJXUDWLRQ��XQLTXH�
DQG� VLQJXODU�� DFFRUGLQJ� WR� WKH�FKDUDFWHULVWLFV� WKDW� GHILQH� LW� DIWHU� D� ORQJ�SHULRG�RI� WLPH��7KH\�DUH� LGHQWLILHG�E\� WKHLU� LQWHUQDO�
FRKHUHQFH�DQG�WKHLU�GLIIHUHQFHV�ZLWK�UHVSHFW�WR�WKH�RWKHU�FRQWLJXRXV�XQLWV��WKDW�LV��WKH�ODQGVFDSH�XQLWV�DUH�DUHDV�RI�WKH�WHUULWRU\�

WKDW�KDYH�D�GLIIHUHQWLDWHG�ODQGVFDSH�FKDUDFWHU��ZKLFK�KDV�EHHQ�LQIOXHQFHG�E\�QDWXUDO�RU�DQWKURSLF�IDFWRUV����

$V�PHQWLRQHG DERYH�� WKH� ODQGVFDSH� XQLWV� IRU� WKH� SURMHFW�ZHUH� LGHQWLILHG� IURP� WKH�
VXSHUSRVLWLRQ�RI�OD\HUV�RI�WKH�GRPLQDQW�HFRORJLFDO�IDFWRUV�WKDW�DIIHFW�WKH�VWUXFWXUH�DQG�
IXQFWLRQDO� DWWULEXWHV� RI� WKH� HFRV\VWHP�VXFK�DV� JHRPRUSKRORJ\�� GUDLQDJH�QHWZRUN��

�� &2/20%,$��081,&,3$/,7<�2)�785%2��7HUULWRULDO�DUUDQJHPHQW�SODQQLQJ��3URVSHFWLYH�SKDVH 0DS� /DQGVFDSH�XQLWV�6FDOH�
������������7XUER������
�� *(1(5$/,7$7� 9$/(1&,$1$� � 5HJLRQDO� 0LQLVWU\� RI� ,QIUDVWUXFWXUH�� 7HUULWRU\� DQG� (QYLURQPHQW�� 0HWKRGRORJLFDO� JXLGH�
/DQGVFDSH�VWXG\��9DOHQFLD�6SDLQ��5HJLRQDO�0LQLVWU\�RI�,QIUDVWUXFWXUH��7HUULWRU\�DQG�(QYLURQPHQW�(GLWRULDO������������S��,6%1�
�����������������
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&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($
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>0HGHOOtQ@������

YHJHWDWLRQ�FRYHU�DQG�DUWLILFLDO�WHUULWRULHV��ZLWK�WKH�KHOS�RI�WKH�*HRJUDSKLFDO�,QIRUPDWLRQ�
6\VWHP�� 6,*�WRRO�

7KH�PHWKRGRORJ\�WR�REWDLQ�WKH�OLPLWV�RI�HDFK�XQLW�RI�WKH�ODQGVFDSH��ZDV�SUHVHQWHG�LQ�
WKH�FKDSWHU�RI�*HQHUDOLWLHV�RI�WKH�SUHVHQW�VWXG\�IRU�WKH�0RGLILFDWLRQ�RI�(QYLURQPHQWDO�
/LFHQVH� IRU� WKH�3URMHFW�RI� FRQVWUXFWLRQ DQG�2SHUDWLRQ�RI�D�VROLG� EXON�FDUJRHV 3RUW�
7HUPLQDO�LQ�%DKtD�&RORPELD

7KH� VWXG\� DUHD� LV� ORFDWHG� LQ� D� WRSRJUDSK\� RI� WKH� SODLQV� ZKLFK� JHQHUDWHV� OHVV�
YDULDWLRQV�LQ�WKH�UHOLHI��WKH�UHVXOWV�RI�WKH�XQLWV�RI�WKH�ODQGVFDSH�ZHUH�YHU\�LQIOXHQFHG�
E\�WKH�JHRPRUSKRORJ\�FRPSULVHG�E\�DOOXYLDO�SODLQV�DV�ZHOO�DV�HPHUJHG�GHOWD�SODLQV�
DQG� YHJHWDWLRQ� FRYHU�� WKHVH� FULWHULD� EHLQJ� WKRVH� ZKR� FRQWULEXWHG� WKH� PRVW� LQ�
LGHQWLI\LQJ�WKH�W\SH�RI�ODQGVFDSH�XQLWV�IRU�WKH�SURMHFW�

$V�D�UHVXOW�����/DQGVFDSH�8QLWV�ZHUH�LGHQWLILHG�LQ�WKH�VWXG\�DUHD�RI�WKH�SURMHFW��ZKLFK�
DUH� SUHVHQWHG� LQ� 7DEOH� 1R�� ����� )LJXUH� 1R�� ����� DQG� )LJXUH� 1R�� ����� �VHH� PDS�
02'B/$B372B$17B��BODQGVFDSH��� RI�ZKLFK�� WKH� RQH� WKDW� SUHVHQWHG� WKH� ODUJHVW�
ODQGVFDSH�XQLW�DUHD�ZDV�WKH�VR�FDOOHG�%�/D��$OOXYLDO�SODLQ�IRUHVWV��� IROORZHG�E\�WKH�
ODQGVFDSH�XQLW�6HD �2IIVKRUH�ZDWHU��DQG�WKH�RQHV�RI�VPDOOHU�DUHD� WKH�$V�/D�XQLWV�
�VHWWOHPHQWV�LQ�DOOXYLDO�SODLQ��DQG�%� 'Q��1DWXUDO�'DP )RUHVW���

7DEOH 1R����� /DQGVFDSH�XQLWV�IRU�WKH�SURMHFW�VWXG\�DUHD
1R�
/DQGVFDSH�
8QLWV

>�E�^��W��hE/d EKD�E�>�dhZ� �Z��;ŚĂͿ

� )RUHVWV�LQ�QDWXUDO�GRFN %�'Q ���
� )RUHVWV�LQ�DOOXYLDO�SODLQ %�/D �����
� )RUHVWV�LQ�WKH�GHOWDLF�SODLQ�HPHUJHG %�/GH ���
� &URSV�LQ�DOOXYLDO�SODLQ &�/D ����
� ,QGXVWULHV�LQ�DOOXYLDO�SODLQ ,�/D ���
� 6HD 0DU �����
� 3DVWXUHV�LQ�DOOXYLDO�SODLQ 3�/D ����
� 3DVWXUHV�LQ�HPHUJHG�GHOWDLF�SODLQ 3�/GH ���
� 5LYHU 5LR ����
�� +HUEDFHRXV�YHJHWDWLRQ�LQ�DOOXYLDO�SODLQ 9�/D ����
�� +HUEDFHRXV�YHJHWDWLRQ�LQ�HPHUJHG�GHOWDLF�SODLQ 9�/GH ���
�� 8UEDQL]HG�DUHDV =X ����
�� 8UEDQL]HG�DUHDV�LQ�WKH�DOOXYLDO�SODLQ =X�/D ���

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH 1R������ 2QVKRUH�/DQGVFDSH�8QLWV�LQ�WKH�SURMHFW�VWXG\�DUHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�62/,'�
%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�

785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH �� RI ���

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH 1R������ 2IIVKRUH�DQG�2QVKRUH�/DQGVFDSH�8QLWV�LQ�WKH�SURMHFW�VWXG\�DUHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 'HVFULSWLRQ�RI�WKH�SURMHFW�ZLWKLQ�WKH�ODQGVFDSH�FRPSRQHQW�RI�WKH�VWXG\�DUHD

7KH�VWXG\�DUHD�RI�WKH�SURMHFW�LV�IUDPHG�LQ�VHYHUDO�ODQGVFDSH�XQLWV�LQ�WKH�RQVKRUH DQG�
RIIVKRUH DUHD�� ZLWK� D� PHGLXP� FDSDFLW\� RI� FKDQJHV� DEVRUSWLRQ� GXH� WR� WKH�
SUHGRPLQDQFH� RI� D� YHJHWDWLYH� FRYHU� LQ� LW� FRQVWLWXWHG� E\�PDQJURYH� DQG� JDOOHU\� RU�
ULSDULDQ�IRUHVW��,W�KDV�EHHQ�LQWHUYHQHG��,Q�DGGLWLRQ��WKH\�DUH�PRVWO\�IORRG�DUHDV��VLQFH�
D�ODUJH�SHUFHQWDJH�RI�WKH�ODQGVFDSH�XQLWV�DUH�SUHVHQW�LQ�D�JHRPRUSKRORJ\�RI�DOOXYLDO�
SODLQ�DQG�HPHUJHG�GHOWDLF�SODLQ��ZKLFK�KDYH�D�VORSH�EHWZHHQ��� � ����7KH�JUHDWHU�
IUDJLOLW\�RI�WKH�FXUUHQW�ODQGVFDSH�LV�GXH�WR�WKH�SRVVLEOH�PRGLILFDWLRQV�WKDW�DUH�PDGH�WR�
WKH�JHRIRUPV�ZLWK�WKH�ZRUNV�RI�WKH�SURMHFW

7KH�SURMHFW�ZRUNV��2QVKRUH�7HUPLQDO��WKDW�ZLOO�EH�EXLOW�PRVWO\�LQYROYHV�WKH�ODQGVFDSH�
XQLW� 3�/D� �3DVWXUHV� LQ� DOOXYLDO� SODLQ�� DQG� ORZHU� SURSRUWLRQ� RI� 9�/D� �KHUEDFHRXV�
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YHJHWDWLRQ� LQ�DOOXYLDO�SODLQ���ZKLFK�DUH�XQLWV� WKDW�KDYH�EHHQ� LQWHUYHQHG� E\�PHQ�IRU�
GLIIHUHQW�HFRQRPLF�DFWLYLWLHV�VXFK�DV�FURSV�DQG�OLYHVWRFN��ZKHUH�WKH�SURMHFW�ZLOO�QRW�
LQWHUYHQH�ODUJH�DUHDV�RI�QDWXUDO�YHJHWDWLRQ�FRYHUDJH��KRZHYHU��WKH�LQIUDVWUXFWXUH�WKDW�
ZLOO�EH�EXLOW�LQ�WKH�VWXG\�DUHD�ZLOO�FKDQJH�WKH�SHUFHSWLRQ�RI�WKH�FXUUHQW�ODQGVFDSH�LQ�
WKH�SRSXODWLRQ��

)RU� WKH�FRQVWUXFWLRQ�RI� WKH�YLDGXFW��D�VWULS�RI�PDQJURYH�IRUHVW�YHJHWDWLRQ��ZKLFK� LV�
SDUW�RI�WKH�ODQGVFDSH�XQLW�%�/GH��GHOWDLF�IRUHVW�LQ�WKH�'HOWD�HPHUJHG��DQG�LQ�WXUQ�RI�
WKH� 3URWHFWHG� )RUHVW� 5HVHUYH� RI� WKH�:HWODQGV EHWZHHQ� 6XULTXt� DQG� /HyQ� ULYHUV��
VKRXOG� EH� LQWHUYHQHG�� ,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� WKHUH� DUH� FXUUHQWO\� LQWHUYHQHG�
VHFWRUV�ZLWKLQ� WKH� UHVHUYH��ZKLFK�KDV� UHGXFHG� WKH�TXDOLW\�RI� WKH� ODQGVFDSH�GXH� WR�
DQWKURSLF�DFWLRQV�

7KH� FRQVWUXFWLRQ� RI� WKH�'RFN� �RIIVKRUH WHUPLQDO�� LQ�%DKtD�&RORPELD�� WKH� MHWW\�� WKH�
EULGJH�DQG�FDWFKPHQW�RQ� WKH�/HyQ�5LYHU��FDQ�DOWHU� WKH� ODQGVFDSH�GXH� WR� WKH�QHZ�
LQIUDVWUXFWXUH� LQ� WKH� SURMHFW� DUHD� DQG� WKH� SRVVLEOH� WHPSRUDU\� DIIHFWDWLRQ� RI�
SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�FRQWDPLQDWLRQ�LQ�WKH�ERGLHV�RI�:DWHU�

2Q�WKH�RWKHU�KDQG��WKH�PDULQH�ODQGVFDSH��VHD�ODQGVFDSH�XQLW��LQ�WKH�GXPS�DUHD�ZLOO�
EH�VOLJKWO\� FKDQJHG�GXH� WR� WKH�GLVSRVLWLRQ�RI� WKH�GUHGJLQJ�PDWHULDO� WR�GHHSHQ� WKH�
PDQHXYHULQJ�DUHDV�DQG�WKH�DFFHVV�FKDQQHO�WR�WKH�SRUW�LQ�%DKtD�&RORPELD��VLQFH�LW�
ZLOO� EH� LQFUHDVHG� WKH� EDWK\PHWU\� LQ� DQ� DXWKRUL]HG� DUHD� IRU� WKDW� SXUSRVH�� ZLWKRXW�
H[FHHGLQJ�WKH�PLQLPXP�KHLJKW�IRU�WKH�QDYLJDELOLW\�RI�WKH�YHVVHOV�LQ�WKH�*XOI�RI�8UDEi�

x /DQGVFDSH�YLVLELOLW\�DQDO\VLV

7KH� DQDO\VLV� RI� WKH� ODQGVFDSH� YLVLELOLW\�� UHIHUV� WR� WKH� FODULW\� RU� GHJUHH� RI� RSWLFDO�
SHUFHSWLRQ�WKDW�REVHUYHUV�KDYH�LQ�IURQW�RI�WKH�ODQGVFDSH�LQ�WKH�VWXG\�DUHD��ZKHUH�WKH�
KXPDQ�YDOXHV�WKDW�UHIHU�WR�WKH�UHODWLRQVKLS�LPSRUWDQFH�RI�WKH�SRSXODWLRQ�RI�WKH�VFHQLF�
VLWHV�DQG�WKH�VHQVLWLYLW\�RI�WKHVH�VLWHV�ZLWK�UHVSHFW�WR�WKH�KRUL]RQWDO�GLVWDQFH�RI�WKH�
REVHUYHUV� WKDW� WUDYHO� DORQJ� WKH� WUDLOV�� ZDWHUZD\V� DQG� ZDWHU� QHWZRUN�� ,W� LV� ZRUWK�
PHQWLRQLQJ� WKDW� WKH� WRSRJUDSK\� RI� WKH� DUHD� ZDV� QRW� FRQVLGHUHG�� VLQFH� WKH�
JHRPRUSKRORJ\�EHORQJV�WR SODLQV�ZLWK�OLWWOH�YDULDWLRQ�LQ�DOWLWXGHV��

7R� WKLV�H[WHQW�� WR�SURFHHG�ZLWK� WKH�DQDO\VLV�RI�YLVLELOLW\�RI� WKH� ODQGVFDSH�� WKH� WUDLOV�
ZHUH� LGHQWLILHG�� WKH� H[LVWLQJ� URDG� FRQQHFWLQJ� WKH� 1XHYD� &RORQLD� WRZQVKLS WR� WKH�
SURMHFW�VLWH��WKH�1XHYD�&RORQLD�FDQDO�WR�WKH�PRXWK�ZLWK�WKH�/HyQ�5LYHU�DQG�WKH�/HyQ�
5LYHU LWVHOI��WKH�PRXWK�WR�%DKtD�&RORPELD��VLQFH�WKH\�DUH�WKH�VLWHV�ZLWK�JUHDWHU�WUDQVLWV�
E\�WKH�REVHUYHUV�RI�WKH�LQIOXHQFH�DUHD��IURP�ZKLFK�D�YLVLELOLW\�DQDO\VLV�ZDV�FDUULHG�RXW�
DFFRUGLQJ�WR�WKH�GLVWDQFHV�GHILQHG�LQ�WKH�PHWKRGRORJ\��DW�����P�������P�DQG�PRUH�
WKDQ������P��REWDLQLQJ�DV�D�UHVXOW� WKH�DUHDV�FODVVLILHG� LQ�WKH�QHDU��PLGGOH�DQG�IDU�
SODQHV��DV�SUHVHQWHG�LQ�7DEOH�1R������DQG�)LJXUH�1R�������
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7DEOH 1R����� /RFDWLRQ�RI�QDYLJDEOH�ZDWHUZD\V��WUDLOV�DQG�ZDWHU�QHWZRUN
'HVFULSWLRQ /HQJWK

:DONLQJ�WUDLOV �����
:DONLQJ�WUDLOV �����
:DONLQJ�WUDLOV �����
:D\�WR 1XHYD�&RORQLD�WRZQVKLS ± %DKtD�&RORPELD�8UDEi 3RUW �������
1XHYD�&RORQLD &DQDO �������
/HyQ�5LYHU��IURP�WKH�FRQIOXHQFH�RI 1XHYD�&RORQLD &DQDO WR�%DKtD�
&RORPELD�

�������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

)URP�WKH�WUDQVLW�RI�WKH�REVHUYHUV�ZKLFK�FDQ�EH�LQ DQ\�SDUW�RI�WKH�WUDLOV��URDGV��FDQDO�
DQG�ULYHU��WKH�DUHDV�ZLWK�JUHDWHU�DQG�OHVV�YLVLELOLW\�ZHUH�JHQHUDWHG�IURP�WKH�SRLQW�RI�
YLHZ�RI�WKH�REVHUYHUV�SDVVLQJ�WKURXJK�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��FODVVLILHG�
ZLWK�D�YLVXDO�VFDOH�ZLWK�KRUL]RQWDO�GLVWDQFHV�DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�VKRZQ LQ�
WKH�FKDSWHU�RI�*HQHUDOLWLHV�RI�WKH�SUHVHQW�VWXG\

7KH�UHVXOWV�REWDLQHG�IRU�WKH�DUHD�RI� LQIOXHQFH�RI�WKH�SURMHFW�ZHUH�LQIOXHQFHG�E\�WKH�
JHRPRUSKRORJ\�RI�WKH�DUHD��ZKLFK�LV�FRPSULVHG�RI�DOOXYLDO�SODLQV�DQG�HPHUJHG�GHOWDLF�
SODLQV�ZKHUH�WKHUH�DUH�QR�UHSUHVHQWDWLYH�YDULDWLRQV�LQ�WKH�DOWLWXGH�RI�WKH�ODQG��ZKLFK�
LPSOLHV�JUHDWHU�KRUL]RQWDO�YLVLELOLW\�LQ�WKH�VWXG\�DUHD��WKHUHIRUH��WKH�UHVXOWV�ZLWK�PRUH�
DUHD� ZHUH� FODVVLILHG� LQ� WKH� IDU� SODQH� UHSUHVHQWHG� LQ� DQ� DUHD� RI� ������ +D�� IRU� DQ�
DYHUDJH�SODQH�LW�ZDV�UHSUHVHQWHG�E\�������+D�DQG�LQ�D�FORVH�SODQH�ZKLFK�LV�WKH�DUHD�
WKDW�REVHUYHUV� DW�D�GLVWDQFH�RI�OHVV�WKDQ�����P��KDYH D�YLVXDO�UHSUHVHQWHG�LQ�DQ�DUHD�
RI�������+D��DV�FDQ�EH�VHHQ�LQ�7DEOH�1R������DQG�)LJXUH�1R��������VHH�PRUH�GHWDLO�LQ�
02'B/$B372B$17B��B9LVLELOLW\�

7DEOH 1R����� 5HVXOWV�RI�ODQGVFDSH�YLVLELOLW\�DQDO\VLV

9LVXDO�6FDOH 'HVFULSWLRQ 1RPHQFODWXUH
$UHD�
�+D�

)DU�SODQH +RUL]RQWDO�GLVWDQFH�JUHDWHU�WKDQ�������P 3O �����
0HGLXP�SODQH +RUL]RQWDO�GLVWDQFHV!�����P�� �������P 3P �����

&ORVH�SODQH +RUL]RQWDO�GLVWDQFHV�� �����P 3F �����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�62/,'�
%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�

785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH �� RI ���

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH 1R������ /DQGVFDSH�YLVLELOLW\�DQDO\VLV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 9LVXDO�TXDOLW\�RI�WKH�ODQGVFDSH

7KH�TXDOLW\�RI�D�ODQGVFDSH�LV�XQGHUVWRRG�E\��WKH�GHJUHH�RI�H[FHOOHQFH�RI�WKLV�RQH� LWV�
PHULW�QRW�WR�EH�DOWHUHG��GHVWUR\HG�RU�RWKHUZLVH��LWV�PHULW�VR�WKDW�LWV�HVVHQFH�DQG�LWV�
FXUUHQW�VWUXFWXUH�LV�SUHVHUYHG���/DQGVFDSH��OLNH�DQ\�RWKHU�HOHPHQW��KDV�DQ�LQWULQVLF�
YDOXH��DQG�LWV�TXDOLW\�FDQ�EH�GHILQHG�LQ�WHUPV�RI�LWV�LQWULQVLF�YLVXDO�TXDOLW\��WKH�TXDOLW\�
RI�WKH�GLUHFW�YLHZV�WKDW�FDQ�EH�VHHQ�IURP LW��DQG�WKH�VFHQLF�KRUL]RQ�WKDW�IUDPHV�LW��WKDW�
LV�� LW� LV�WKH�VHW�RI�YLVXDO�DQG�HPRWLRQDO�FKDUDFWHULVWLFV�WKDW�TXDOLI\�WKH�EHDXW\�RI�WKH�
ODQGVFDSH����

�� &,6285&(6��3��7KH�9LVXDO�4XDOLW\�RI�7HUULWRULDO�8QLWV��$SSOLFDWLRQ�WR�WKH�7LpWDU�ULYHU�YDOOH\��'RFWRUDO�7KHVLV�(�7�6��RI�,QJ� GH�
0RQWHV��3RO\WHFKQLF�8QLYHUVLW\��0DGULG������
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)RU�WKH�DVVHVVPHQW�RI�WKH�YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH��WKH�PHWKRGRORJ\�LQGLFDWHG�
E\�0RQWR\D�HW�DO�� ZDV�XVHG��ZLWK�PRGLILFDWLRQ� LQ� WKH� VFDOH� RI� TXDOLILFDWLRQ�RI� WKH�
SURSRVHG�FULWHULD��ZKLFK�ZHUH�FRQVLGHUHG�DSSOLFDEOH�IRU�WKH�DQDO\VLV�RI�YLVXDO�TXDOLW\
DQG�ZHUH�DOVR�SUHVHQWHG�LQ�WKH�FKDSWHU�RQ�*HQHUDOLWLHV�RI�WKH�SUHVHQW�VWXG\

7KH�OD\HUV�ZHUH�PDGH�ZLWK�WKHLU�UHVSHFWLYH�DVVHVVPHQW�DFFRUGLQJ�WR�WKH�FULWHULD�IRU�
WKH�DELRWLF�DQG�ELRWLF�QDWXUDO�IRUPDWLRQV�VXFK�DV�WKH�SK\VLRJUDSKLF�TXDOLW\�FRPSULVHG�
E\� WKH� DOWLWXGH� DVVHVVPHQW�� WKH� TXDOLW\� RI� WKH� YHJHWDWLRQ� FRYHU� FRPSULVHG� E\� WKH�
GLYHUVLW\� RI� IRUPDWLRQV� RI� WKH� YHJHWDWLRQ� FRYHU�ZKLFK� LV� TXDOLILHG� DFFRUGLQJ� WR� WKH�
YHJHWDWLRQ�FRYHUDJH�RI�WKH�VWXG\�DUHD�DV�DJULFXOWXUDO�WHUULWRULHV��KHUEDFHRXV�DQG���RU�
VKUXE� YHJHWDWLRQ� DQG� WKH� SUHVHQFH� RI� IRUHVWV�� WKH� DEVHQFH� RU� SUHVHQFH� RI�ZDWHU��
DGGLWLRQDOO\��DUWLILFLDO�IRUPDWLRQV�ZHUH�FRQVLGHUHG�DV�WKH�GHJUHH�RI�KXPDQL]DWLRQ�DV�
WKH�SUHVHQFH�RI�URDGV�DQG�XUEDQ�FHQWHUV�

6XEVHTXHQWO\�� WKH� OD\HUV� ZHUH� VXSHULPSRVHG� E\� PHDQV� RI� WKH� *HRJUDSKLF�
,QIRUPDWLRQ�6\VWHP�� *,6�WRRO�DQG�FDWHJRUL]HG�DFFRUGLQJ�WR�WKH�VFDOH�RI�YDOXHV�DQG�
DQ�DGMXVWPHQW�ZDV�PDGH�LQ�WKH�VXP�RI�WKH�FULWHULD�LQ�RUGHU�WR�EDODQFH�WKH�UHVXOW�ZKHQ�
WKHUH�DUH�FULWHULD�WKDW�GR�QRW�DSSO\�WR�DOO�ODQGVFDSH�XQLWV��ZKLFK�ZHUH�FODVVLILHG�LQWR�
ILYH�����FODVVHV�IRU�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�LQ�WHUPV�RI�YLVXDO�TXDOLW\�DQG�
VFHQLF�LQWHJULW\��DV�SUHVHQWHG�LQ�7DEOH 1R����� \�7DEOH 1R�������

�� 02172<$�� 5D\PXQGR��� 3$',//$�� -RUJH��� 67$1)25'�� 6HUJLR�� $VVHVVPHQW RI� WKH� TXDOLW\� DQG� YLVXDO� IUDJLOLW\� RI� WKH�
ODQGVFDSH�LQ�WKH�9DOOH\�RI�=DSRWLWOiQ�GH�ODV�VDOLQDV��3XHEOD��0H[LFR���������,Q��%XOOHWLQ�RI�$�*�(��1R������S������� ����
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7DEOH 1R����� 5HVXOWV�RI�WKH�FODVVLILFDWLRQ�RI�WKH�9LVXDO�4XDOLW\�RI�WKH�/DQGVFDSH�8QLWV�IRU�WKH�SURMHFW�VWXG\�DUHD

/DQGVFDSH�
8QLW
,'

(19,5210(17$/�&5,7(5,$

&ULWHULD�
HYDOXDWLRQ

&ULWHULD�
3HUFHQWDJH

7RWDO�
:HLJKWHG

9,68$/�48$/,7<
$OWLWXGH

9HJHWDEOH�
FRYHU

&XUUHQW�
ODQG�
XVH

3UHVHQFH�
RI�:DWHU

5RDGV
8UEDQ�
QXFOHL

%�'Q � � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

%�/D
� � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

� � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

%�/GH � � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

&�/D � � � � � � �� ���� ���� 0RGHUDWH��PLOGO\�DOWHUHG�

,�/D � � � � � � � ��� ��� 9HU\�ORZ��YHU\�DOWHUHG�

0DU � � � � � � �� ��� ���� 9HU\�KLJK��8QDOWHUHG�

3�/D � � � � � � �� ���� ���� 0RGHUDWH��PLOGO\�DOWHUHG�

3�/GH � � � � � � �� ���� ���� 0RGHUDWH��PLOGO\�DOWHUHG�

5LR � � � � � � �� ��� ���� 9HU\�KLJK��8QDOWHUHG�

9�/D
� � � � � � �� ���� ���� 0RGHUDWH��PLOGO\�DOWHUHG�

� � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

9�/GH � � � � � � �� ���� ���� +LJK��,W�VHHPV�8QDOWHUHG�

=X � � � � � � � ��� ��� 9HU\�ORZ��YHU\�DOWHUHG�

=X�/D � � � � � � � ��� ��� /RZ��0RGHUDWHO\�DOWHUHG�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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7DEOH 1R����� $UHDV�RI�VFHQLF�LQWHJULW\�FODVVLILFDWLRQ�IRU�WKH�SURMHFW�VWXG\�DUHD

6&(1,&�,17(*5,7< 120(1&/$785( $5($��KD�

9HU\�ORZ��YHU\�DOWHUHG� 0E ����

/RZ��0RGHUDWHO\�DOWHUHG� % ���

0RGHUDWH��PLOGO\�DOWHUHG� 0 �����

+LJK��,W�VHHPV�8QDOWHUHG� $ �����

9HU\�KLJK��8QDOWHUHG� 0D �����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

$FFRUGLQJ�WR�WKH�UHVXOWV�SUHVHQWHG�LQ�7DEOH�1R������RI�WKH�FODVVLILFDWLRQ�RI�ODQGVFDSH�
XQLWV�LQ�WHUPV�RI�YLVXDO�TXDOLW\�DQG�VFHQLF�LQWHJULW\�LQ�7DEOH�1R�������WKH�IROORZLQJ�LV�
D�GHVFULSWLRQ�RI�WKH�UHVXOWV�IRU�WKH�DUHD�RI�VWXG\�RI�WKH�SURMHFW��$GGLWLRQDOO\��WKH�UHVXOWV�
RI� WKH� TXDOLILFDWLRQ� RI� WKH� ODQGVFDSH� XQLWV� LQ� )LJXUH� 1R�� ����� DQG� LQ� WKH� PDS�
02'B/$B372B$17B��B4XDOLW\/DQGVFDSH DUH�JUDSKLFDOO\ VKRZQ�

&ODVV� ,�� EHORQJV� WR� YLVXDO� TXDOLW\� VFHQLF� LQWHJULW\ ZKHQ� LW� LV� YHU\� ORZ�� 7KLV�
FODVVLILFDWLRQ� EHORQJV� WR� WKH� KLJKO\� DOWHUHG�SURMHFW� DUHDV�ZLWK� YHU\� KRPRJHQHRXV�
FKDUDFWHULVWLFV�DQG�OLWWOH�KDUPRQ\�LQ�WKH�HQYLURQPHQW��ZKLFK�ZHUH�YDOXHG�EHWZHHQ���
� �� UHSUHVHQWHG� LQ� ����� KD�� 7KH� ODQGVFDSH� XQLWV� LQFOXGHG� LQ� WKLV� FODVV� DUH� =X�
�8UEDQL]HG�$UHDV��DQG�,�/D��$OOXYLDO�3ODLQV�,QGXVWULHV���7KH�UHVXOW�LV�LQ�DJUHHPHQW��
VLQFH�WKHVH�XQLWV�DUH�WKH�PRVW�LQWHUYHQHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��VLQFH�
WKH\�DUH WKH�DUHDV�ZKHUH�WKH�XUEDQ�VHWWOHPHQWV�RI�WKH�1XHYD�&RORQLD�WRZQVKLS DQG�
WKH�LVRODWHG�GZHOOLQJV�RI�WKH�(O�&DQDO�GLVWULFW�DQG�WKH�EDQDQD�LQGXVWULHV�DUH�ORFDWHG�

&ODVV� ,, EHORQJV� WR� WKH� YLVXDO� TXDOLW\� RU� VFHQLF� LQWHJULW\� ZKHQ� LW� LV� ORZ�� 7KLV�
FODVVLILFDWLRQ� EHORQJV� WR� WKH� DUHDV� RI� WKH� SURMHFW�PRGHUDWHO\� DOWHUHG�ZLWK� QDWXUDO�
HOHPHQWV�ZLWK�OLWWOH�KDUPRQ\�ZLWK�WKH�HQYLURQPHQW�DQG�EHFRPHV�PRQRWRQRXV�DV�D�
ZKROH��ZKLFK�ZHUH�YDOXHG�EHWZHHQ!!���� ���UHSUHVHQWHG�LQ�����KD��7KH�ODQGVFDSH�
XQLW�WKDW�EHORQJV�WR�WKLV�FODVVLILFDWLRQ�LV�=X�/D��8UEDQL]HG�DUHDV�LQ�WKH�DOOXYLDO�SODLQ���
7KH\� DUH� DUHDV� WKDW� DUH� LQWHUYHQHG� E\� LVRODWHG� GZHOOLQJV�� ORFDWHG� LQ� YHU\� IODW�
JHRPRUSKRORJ\� DQG� OLWWOH� DOWLPHWULF� YDULDWLRQ�� ZKLFK� LV� LQIOXHQFHG� E\� WKH� FRQVWDQW�
IORRGV�E\�WKH�VDPH�QDWXUDO�FKDUDFWHULVWLFV�RI�WKH�DUHD�

&ODVV�,,, EHORQJV�WR�WKH�YLVXDO�TXDOLW\�RU�VFHQLF�LQWHJULW\�ZKHQ�LW�LV�PRGHUDWH��7KLV�
FODVVLILFDWLRQ�� ZKLFK� EHORQJV� WR� WKH� VOLJKWO\� DOWHUHG� SURMHFW� DUHDV�� ZDV� YDOXHG�
EHWZHHQ!����� ����UHSUHVHQWHG�������KD��7KH�ODQGVFDSH�XQLWV�LQFOXGHG LQ�WKLV�FODVV�
DUH� &�/D� �$OOXYLDO� 3ODLQV� &URSV��� 3�/D� �$OOXYLDO� 'HOWD� 3ODLQV� 3DVWXUHV��� 3�/GH�
�([WUXGHG� 'HOWDLF� 3ODLQV� 3DVWXUHV�� DQG� 9�/D� �$OOXYLDO� 3ODLQV� +HUEDFHRXV�
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9HJHWDWLRQ�� 7KH\� DUH� DUHDV� LQWHUYHQHG� E\�PDQ� LQ� VPDOOHU� SURSRUWLRQ�� ZKLFK� DUH�
EDVLFDOO\�GHVWLQHG�IRU�FURSV��KHUEDFHRXV�YHJHWDWLRQ�DQG�SDVWXUHV�

&ODVV�,9 EHORQJV�WR�WKH�YLVXDO�TXDOLW\�RU�VFHQLF�LQWHJULW\�ZKHQ�LW�LV�KLJK��7KHVH�RQHV�
DUH� WKH� DUHDV� RI� WKH� SURMHFW� WKDW� VHHP�XQDOWHUHG�ZHUH� YDOXHG� EHWZHHQ!� ��� � ���
UHSUHVHQWHG� RQ� ������ KD�� 7KH� ODQGVFDSH� XQLWV� LQFOXGHG� LQ� WKLV� FODVV� DUH� %�'Q�
�1DWXUDO�'DP )RUHVWV��� %�/D� �$OOXYLDO� 3ODLQ�)RUHVWV��� %�/GH� �)RUHVWV� LQ� (PHUJHG�
'HOWD�3ODLQ���9�/D��$OOXYLDO�3ODLQV�+HUEDFHRXV�9HJHWDWLRQ��DQG�9�/GH��+HUEDFHRXV�
YHJHWDWLRQ�LQ�WKH�GHOWDLF�HPHUJHG�YDOOH\���7KH\�FRUUHVSRQG�WR�D�KLJK�YLVXDO�TXDOLW\�
GXH�WR�WKH�KDUPRQ\�RI�WKH�HOHPHQWV�ZLWK�WKH�HQYLURQPHQW�DQG�WKH�FXUUHQW�VWDWH�RI�
WKH�VDPH��VLQFH�WKH\�DUH�IRUHVWHG�DUHDV�FRYHUHG�E\�PDQJURYH�FRYHU�RU�JDOOHU\�RU�
ULSDULDQ� IRUHVWV�ZLWK� FRQVHUYDWLRQ� XVH�DFWLYLW\� DQG� UHFRYHU\�ZLWK VRPH� GHJUHH�RI�
LQWHUYHQWLRQ�RU�OHVV�FRQVHUYHG�QDWXUDO�VWDWH�

&ODVV�9 EHORQJV�WR�WKH�YLVXDO�TXDOLW\�RU�VFHQLF�LQWHJULW\�ZKHQ�LW�LV�YHU\�KLJK��:KLFK�
DUH�WKH�DUHDV�RI�WKH�8QDOWHUHG�SURMHFW�ZHUH�YDOXHG�EHWZHHQ!����� ���UHSUHVHQWHG�LQ�
������ KD�� 7KH� ODQGVFDSH� XQLWV� LQFOXGHG� LQ� WKLV� FODVV� DUH� 6HD �6HD�� LQ� %DKtD�
&RORPELD�DQG�5LYHU �5LYHU��LQ�WKH�/HyQ�5LYHU��WKHVH�DUHDV�EHLQJ�WKH�EHVW�IURP�WKH�
SRLQW�RI�YLHZ�RI�YLVXDO�TXDOLW\�GXH�WR�WKH�KDUPRQ\�RI�WKH�HOHPHQWV�DQG�WKH�FXUUHQW�
VWDWH�RI�FRQVHUYDWLRQ�LQ�ZKLFK�LW�LV�IRXQG��ZKLFK�FRXQW�RQ�WKH�EDQNV�ZLWK�WKH�SUHVHQFH�
RI�PDQJURYHV�EHORQJLQJ�WR�WKH�3URWHFWHG�)RUHVW�5HVHUYH�RI�WKH�:HWODQGV�EHWZHHQ�
WKH�6XULTXt�DQG�/HyQ�ULYHUV��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�WKH�UDWLQJ�LV�YHU\�KLJK�EHFDXVH�
WKH�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�TXDOLW\�RI�WKH�ZDWHUV�RI�WKH�ULYHU�DQG�WKH�VHD�
ZHUH�QRW�FRQVLGHUHG��ZKLFK�DUH�WXUELGLW\�ZDWHUV�GXH�WR�WKH�DFWLYLW\�RI�WKH�GUHGJLQJ�RI�
WKH� /HyQ� 5LYHU� DQG� WKH� 1XHYD� &RORQLD� &DQDO�� WKH� QDYLJDELOLW\� RI� WKH� VDPH� DQG�
JXDUDQWHHG IOXYLDO�PDULQH�WUDQVLW�RI�WKH�%DQDQD�&RQYR\�
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)LJXUH 1R������ 9LVXDO�TXDOLW\�RI�WKH�/DQGVFDSH�8QLWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 3ODFHV�RI�VFHQLF�LQWHUHVW�

$V�D�UHVXOW�RI�WKH�ILHOG�WULSV�DQG�LQIRUPDWLRQ�SURYLGHG�E\�WKH�FRPPXQLW\�RI�WKH�SURMHFW�
VWXG\�DUHD��RQH�����VLWH�ZDV VHOHFWHG�DW�WKH�1XHYD�&RORQLD�&DQDO�-HWW\��W\SH�DUHD�
WKUHH�����VHFWRUV�DW� WKH�PRXWK�RI�WKH�1XHYD &RORQLD�&DQDO� WR�WKH�/HyQ�5LYHU�� WKH�
PRXWK�RI�WKH�/HyQ�5LYHU�WR�WKH�*XOI�RI�8UDEi�DV�ZHOO DV�WKH�YHJHWDWLYH�FRYHU�RI�WKH�
PDQJURYH�DQG�RI�OLQHDU�W\SH�WKH�IRRWSDWKV DQG�WKH�H[LVWHQW�URXWH�IURP 1XHYD�&RORQLD�
WR� WKH�SRUW DV�SODFHV�RI�VFHQLF� LQWHUHVW�RU�VFHQLF�DWWUDFWLRQV��ZKLFK�DUH� ORFDWHG� LQ�
GLIIHUHQW�VHFWRUV�RI�WKH�VWXG\�DUHD�RI�WKH�SURMHFW�

7KH�FODVVLILFDWLRQ�RI�WKH�VFHQLF�DWWUDFWLRQV�RU�VLWHV�RI�VFHQLF�LQWHUHVW��ZDV�PDGH�LQ�
DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�WKH�FKDSWHU�RI�*HQHUDOLWLHV�LQ�WKH�ODQGVFDSH�LWHP��
ZKLFK�HVWDEOLVKHV�WKH�FODVVHV�LQ�ZKLFK�WKH�VLWHV�ZLWK�VFHQLF�DWWUDFWLRQV�FDQ�EH�IRXQG
LQ�DFFRUGDQFH�ZLWK� WKH� LPSRUWDQFH�RI� WKH� ODQGVFDSH�EDVHG�RQ�KXPDQ�SHUFHSWLRQ��
K\GURORJLFDO� FKDUDFWHULVWLFV�� FRQVHUYDWLRQ� VWDWXV�� YHJHWDWLRQ� FRYHU� DQG� ODQG� XVH��
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VXEGLYLGHG� LQWR� WKUHH� ���� FODVVHV��'HWHULRUDWHG��&RPPRQ�RU� W\SLFDO� DQG�6LQJXODU��
(DFK�VFHQLF�DWWUDFWLRQ�ZDV�LGHQWLILHG� LQ� WKHLU�FRUUHVSRQGLQJ�XQLW�RI� ODQGVFDSH�DQG�
WKH�LPSRUWDQFH�LW�KDV�LQ�LWV�HQYLURQPHQW�DV�ZHOO�DV WKH�SRVLWLYH�DWWULEXWHV�WKH\�HYRNH�
LQ�SHRSOH�

7DEOH�1R������ WR�7DEOH�1R������DQG�)LJXUH�1R�������VKRZ� WKH� ORFDWLRQ�RI�VLWHV�RI�
VFHQLF� LQWHUHVW� RU� VFHQLF� DWWUDFWLRQV�� VHFWRUV� ZKHUH� WKH\� DUH� ORFDWHG� DQG� WKHLU�
FODVVLILFDWLRQ���

7DEOH 1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�WKH�VLWH�RI�VFHQLF�LQWHUHVW�� SRLQW�W\SH

1R��6LWHV 3ODFH�RI�WKH�VLWH
&ODVVLILFDWLRQ�RI�WKH�

VFHQLF�DWWUDFWLRQ

3ODQ�FRRUGLQDWHV�
0DJQD�6LUJDV�
2ULJLQ�%RJRWi

&ODVV 1RPHQFODWXUH ; <

6�
1XHYD�&RORQLD�&DQDO�

-HWW\�
'HWHULRUDWHG 'W ���������� ������������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7DEOH 1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�VLWHV�RI�ODQGVFDSH�LQWHUHVW�� W\SH�DUHD

1R��6LWHV� 3ODFH�RI�WKH�VLWH

&ODVVLILFDWLRQ�RI�WKH�
VFHQLF�DWWUDFWLRQ

$UHD �KD�
3ODQ�FRRUGLQDWHV�0DJQD�
6LUJDV�2ULJLQ�%RJRWi

&ODVV 1RPHQFODWXUH ; ; <

6�
0RXWK�RI�WKH�&DQDO�1XHYD�
&RORQLD�WR�WKH�/HyQ�5LYHU

&RPPRQ�
RU�W\SLFDO

&P ��� ���������� ������������

6�
0RXWK�RI�WKH�/HyQ�5LYHU�WR�
WKH�*XOI�RI�8UDEi

6LQJXODU 6J �� ���������� ������������

6�

0DQJORYHU �3URWHFWHG�
)RUHVW�5HVHUYH�RI�WKH�
:HWODQGV�EHWZHHQ�WKH�
6XULTXt�DQG�/HyQ�ULYHUV�

6LQJXODU� 6J ��� ���������� ������������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7DEOH 1R����� /RFDWLRQ�DQG�FODVVLILFDWLRQ�RI�VLWHV�RI�ODQGVFDSH�LQWHUHVW�� OLQHDO��

3ODFH�RI�WKH�VLWH
&ODVVLILFDWLRQ�RI�WKH�VFHQLF�

DWWUDFWLRQ
/HQJWK

&ODVV 1RPHQFODWXUH P

$FFHVV�URXWH�RI�WKH�1XHYD�&RORQLD�
WRZQVKLS WR�WKH�%DKtD�&RORPELD SRUW�RI�

8UDEi�3URMHFW

&RPPRQ� RU
W\SLFDO &P�3 �������

6HGHURV
&RPPRQ� RU�
W\SLFDO

&P�6 �����

6HGHURV
&RPPRQ� RU�
W\SLFDO

&P�6 �����

6HGHURV
&RPPRQ R�
W\SLFDO

&P�6 �����

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH 1R������ 6FHQLF�LQWHUHVW�SODFHV�ORFDWLRQ
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�IROORZLQJ�LV�D�GHVFULSWLRQ�RI�WKH�PRVW�UHOHYDQW�VLWHV�RI�LQWHUHVW�LQ�WKH�VWXG\�DUHD�
DQG�WKH�FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�FODVV�DV�SUHVHQWHG�LQ�7DEOH�1R��������

Ǧ 6�B'W��'HWHULRUDWHG��� 1XHYD�&RORQLD &DQDO -HWW\±1XHYD�&RORQLD�WRZQVKLS�

7KLV�VLWH�LV�UHFRJQL]HG�LQ�WKH�1XHYD�&RORQLD�WRZQVKLS�DV�WKH�PDLQ�MHWW\�IRU�SXEOLF�XVH�
LQ�WKH�DUHD��VHH�3KRWR�1R���������ZKLFK�LV�WKH�SODFH�ZKHUH�WKH�ERDWV�DUH�GRFNHG�DQG�
WKH�HPEDUNDWLRQ�RI� WKH�SRSXODWLRQ�ZKRVH HFRQRPLF DFWLYLW\� LV� ILVKLQJ� WDNHV�SODFH��
7KHVH�SHRSOH SHUIRUP�WKHLU�WDVNV�LQ�%DKtD�&RORPELD��7KH�XQLW�RI�WKH�ODQGVFDSH�WR�
ZKLFK�LW�EHORQJV�LV�&SB/D��&HQWHU�SRSXODWHG�LQ�DOOXYLDO�SODLQ�

$GGLWLRQDOO\�� DW� WKH� MHWW\� WKH� W\SH�RI� IOXYLDO�PDULQH WUDQVSRUW� �EDQDQD�FRQYR\�� WKDW�
FDUULHV� RXW� WKH� WUDQVIHU� RI� EDQDQD� H[SRUW� SURGXFWV� SURGXFHG� LQ� WKH� DUHD� WR� WKH�
DQFKRUDJH�DUHD�DXWKRUL]HG�E\�',0$5�IRU�WKH�YHVVHOV FDQ�EH�REVHUYHG��WKDW�LV WKH�
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SODFH�LQ�ZKLFK�WKH�ORDG�RI�WKH�SURGXFWLRQ�RI�WKH�&RQYR\�WR�WKH�6KLS�PDQHXYHUV�WDNH�
SODFH�

,W� LV�ZRUWK�PHQWLRQLQJ�� WKDW� WKH�VLWH� LV�D�SODFH ZLWK� WRXULVW�SRWHQWLDO�EXW� LWV�FXUUHQW�
FRQGLWLRQV�DUH�QRW�WKH�EHVW��WKHUH�ZDV�DFFXPXODWLRQ�RI�ZDWHU�EXFKRQ�GXFNZHHG�DQG�
RUGLQDU\�VROLG�ZDVWH��FDXVLQJ�D�YLVXDO�GHWHULRUDWLRQ�DQG�XQSOHDVDQW�RGRUV�IRU�SHRSOH�
ZKR�FLUFXODWH�LQ�WKH�DUHD��WKHUHIRUH��LW�ZDV�FODVVLILHG�LQ�WKH�'HWHULRUDWHG FODVV��'W��

� �

� �
3KRWR 1R������ 1XHYD�&RORQLD�&DQDO -HWW\

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 6�B&P��&RPPRQ�RU�7\SLFDO��0RXWK�RI�WKH�1XHYD�&RORQLD�&DQDO�WR�WKH�/HyQ�
5LYHU�

,W�LV�IUDPHG�LQ�WKH�IORRG�SODLQ�RI�WKH�/HyQ�5LYHU�DQG�LW�ZDV�FRQVLGHUHG�DQ�DUHD�RI�
VFHQLF�LQWHUHVW��GXH�WR�WKH�VWDWH�LQ�ZKLFK�WKH�PRXWK�RI�WKH�1XHYD�&RORQLD�&DQDO�
PHHWV�WKH�/HyQ 5LYHU��ZKLFK�KDV�JDOOHU\�DQG�RU�ULSDULDQ�IRUHVWV�LQ�D�VHFWLRQ�RI�WKH�
FDQDO FKDQQHO�DQG�LQ�DQRWKHU�VHFWRU�ZLWK�FOHDQ�SDVWXUHV��ZKLFK�PDNHV�LW�D�VFHQLF�
DWWUDFWLRQ� IRU� WKH� VWDWH� RI� FRQVHUYDWLRQ� LQ� ZKLFK� LW� LV� ORFDWHG�� 7KH� XQLW� RI� WKH�
ODQGVFDSH�WR�ZKLFK�LW�EHORQJV�LV�FDOOHG�5LYHU �/HyQ 5LYHU�
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7KH�VHFWRU�SUHVHQWV�D�QDWXUDO�ODQGVFDSH�ZLWK�ZRRGHG�VSDFHV��KRZHYHU�WKH�VWDWH�RI�
WKH�ZDWHU�TXDOLW\�LV�QRW�WKH�EHVW��VLQFH�LW�VKRZV�KLJK�WXUELGLW\�ZKLFK�LV�LQIOXHQFHG�E\�
WKH�VHGLPHQWDU\�PDWHULDO�GUDJJLQJ�RI� WKH�/HyQ�5LYHU�DQG�DGGLWLRQDOO\� WKH�FDQDO� LV�
GUHGJHG�FRQVWDQWO\�WR�PDLQWDLQ�WKH�QDYLJDELOLW\ RI�LW��7KH�REMHFWLYH�RI�WKH�QDYLJDELOLW\�
RI�WKH�FDQDO�LV�WR�JXDUDQWHH�WKH�IOXYLDO�PDULQH WUDQVLW�RI�WKH�EDQDQD�FRQYR\V��ZKLFK�
LV�D�W\SLFDO�HFRQRPLF�DFWLYLW\�RI�WKH�DUHD��DV�SUHVHQWHG�LQ�3KRWR�1R�������

7R�WKLV�H[WHQW��WKH�PRXWK�RI�WKH�1XHYD�&RORQLD�&DQDO�WR�WKH�/HyQ�5LYHU�LV�W\SLFDO�LQ�
PDQ\�UHJLRQV�RI�WKH�FRXQWU\��WKHUHIRUH�LW�ZDV�FODVVLILHG�LQ�WKH�&RPPRQ�RU�7\SLFDO
FODVV�

3KRWR 1R������ 0RXWK�RI�1XHYD�&RORQLD�&DQDO�WR�/HyQ�5LYHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 6�B6J� �6LQJXODU��0RXWK� RI� WKH� /HyQ� 5LYHU� LQ� WKH� &DULEEHDQ� 6HD� � %DKtD�
&RORPELD�

7KH�PRXWK�RI�WKH�/HRQ�5LYHU�WR�WKH�VHD�KDV�D�IODW�WRSRJUDSK\��LW�LV�DQ�DUHD�ZKHUH�
\RX�FDQ�VHH�WKH�FRQIOXHQFH�RI�WKH�FRQWLQHQWDO�ZDWHU ZLWK�WKH�6HD�:DWHU��JHQHUDWLQJ�
D�FKDQJH� LQ� ODQGVFDSH�WHUPV��VLQFH� WKH�GLIIHUHQFH� LQ�IORZ��ZDWHU� WXUELGLW\��ZDYHV��
IOXYLDO�DQG�PDULQH�WUDQVSRUW�DV�WKH�YHVVHOV�WKDW�DQFKRU�LQ�WKH�DXWKRUL]HG�VHFWRU�DQG�
WKH�DWWDFN�RI�WKH�FRQYR\�WR�WKH�YHVVHO FDQ�EH�VHHQ��WKLV RQH�EHORQJV WR�WKH�ODQGVFDSH�
XQLWV 5LYHU �/HyQ 5LYHU��DQG�6HD �6HD�:DWHU���VHH�3KRWR�1R������

$FFRUGLQJ� WR� WKH�327�RI� WKH�PXQLFLSDOLW\� RI� 7XUER�� ������ WKLV� DUHD� LV� LPSRUWDQW�
EHFDXVH� LW� LV�D�VHFWRU�RI�FRQIOXHQFH�EHWZHHQ�PDULQH�DQG�FRQWLQHQWDO�ZDWHUV��DQG�
HYHU\WKLQJ� WKDW� HQWDLOV� LQ� HFRORJLFDO� WHUPV�� LV� WKH� EDVH� RI� WKH� OLYHOLKRRG� RI� $IUR�

�� &2/20%,$��081,&,3,2�'(�785%2��3ODQ�GH�2UGHQDPLHQWR�7HUULWRULDO��������2S�FLW��
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&RORPELDQ�FRPPXQLWLHV�DVVRFLDWHG�ZLWK�WKH�IOXYLDO�DQG�PDULWLPH DFWLYLWLHV DQG�LQ�WKH�
PLGGOH�RI�LW��WR�WKH�PDQJURYH��VWUDWHJLF�HFRV\VWHP��IUDJLOH��H[KDXVWHG�DQG�IRXQGDWLRQ�
RI�FXOWXUDO�UHSUHVHQWDWLRQV�RI�WKH�$IUR�&RORPELDQ�FRPPXQLWLHV�

&XUUHQWO\�� DW� WKH�PRXWK� RI� WKH� ULYHU� WR� WKH� VHD� WKHUH� DUH� ODUJH� DPRXQWV� RI�ZRRG�
IORDWLQJ�DQG�WUDSSHG�LQ�WKH�VHGLPHQW��GXH�WR�WKH�ORZ�OHYHO�RI�ZDWHU�WKDW�SUHVHQWV�DW�
WKH�PRXWK��IRUPHG�E\�WKH�GHOWDLF�HPHUJHG�DQG�XQGHUZDWHU�SODLQ�ERUGHULQJ�D�GHOWD�
IURQW�WR�WKH�VHD�

7KHUHIRUH��WKH�PRXWK�RI�WKH�/HyQ�5LYHU�LQ�WKH�&DULEEHDQ�6HD�� %DKtD�&RORPELD�ZDV�
FDWHJRUL]HG�LQ�WKH�6LQJXODU FODVV��EHFDXVH�LW�LV D VFHQLF�DWWUDFWLYH�ZLWK�D GLIIHUHQW
ODQGVFDSH�IURP�WKH�RWKHUV�VKRZQ LQ�WKH�VWXG\�DUHD�RI�WKH�SURMHFW�

3KRWR 1R������ 0RXWK�RI�/HyQ�5LYHU�WR�%DKtD�&RORPELD�DQG�DQFKRUDJH�DUHD
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 6���6LQJXODU�RU�W\SLFDO��0DQJURYH��3URWHFWHG�)RUHVW�5HVHUYH�RI�WKH�:HWODQGV�
EHWZHHQ�WKH�6XULTXt�DQG�/HyQ�ULYHUV�
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7KH�XQLWV�RI� WKH�%�/GH� ODQGVFDSH��HPHUJHG�GHOWDLF�SODLQ�IRUHVW���9�/GH��HPHUJHG�
KHUEDFHRXV� YHJHWDWLRQ� LQ� WKH� GHOWDLF� SODLQ�� DQG� 3�/GH� �HPHUJHG� GHOWDLF� SODLQ�
SDVWXUHV��LGHQWLILHG�LQ�WKH�LQIOXHQFH DUHD�RI�WKH�SURMHFW��DUH�SDUW�RI�WKH�DUHD�RI�7KH�
3URWHFWHG�)RUHVW�5HVHUYH�RI� WKH�:HWODQGV�EHWZHHQ� WKH�6XULTXt� DQG�/HyQ� ULYHUV��
ZKLFK�PDNHV�LW�D�VFHQLF�DWWUDFWLRQ�IURP�WKH�SRLQW�RI�YLHZ�RI�FRQVHUYDWLRQ��SURWHFWLRQ�
DQG�HFRORJLFDO�LPSRUWDQFH��DUH�ZHWODQGV�ORFDWHG�LQ�WKH�*XOI�RI�8UDEi�LQ�WKH�7URSLFDO�
+XPLG�)RUHVW�]RQH�RI�OLIH��WKLV�LV�ORFDWHG�QRUWK�ZHVW�RI�WKH�'HSDUWPHQW�RI�$QWLRTXLD��
FRPSULVLQJ�WKH�FRDVWDO�PXQLFLSDOLWLHV�RI�7XUER�DQG�1HFRFOt��7KH�DUHD�LV�GRPLQDWHG�
E\�ZHWODQGV�RU�PDUVKHV��ZKHUH�WKH�YHJHWDWLRQ�NQRZQ�DV�SDQJDQDOHV��DUUDFDFKDOHV�
VWDQGV�RXW�LQ�DVVRFLDWLRQ�ZLWK�D�VPDOO�PDQJURYH�VZDPS�DW�WKH�PRXWK�RI�WKH�ULYHU�WR�
%DKtD�&RORPELD�

,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�WKH�DUHD�ZKHUH�WKH�SURMHFW�LV ORFDWHG�RQ�WKH�OHIW�EDQN�RI�
WKH�/HyQ�5LYHU�DW�WKH�PRXWK�RI�%DKtD�&RORPELD��VKRZV�DQ�DUHD�ZLWK�GHIRUHVWDWLRQ�RI�
WKH� PDQJURYH� DQG� WKH� SUHVHQFH� RI� JUDVVHV� DQG� KHUEDFHRXV� YHJHWDWLRQ� LQ� WKH�
ODQGVFDSH�XQLWV�9��/GH��+HUEDFHRXV�YHJHWDWLRQ�LQ�HPHUJHG�GHOWDLF�SODLQ��DQG�3�/GH�
�3DVWXUHV�LQ�HPHUJHG�GHOWDLF�SODLQ�����

3KRWR 1R������ 0DQJURYH��3URWHFWHG�)RUHVW�5HVHUYH�IURP�WKH�:HWODQGV�EHWZHHQ�6XULTXL�DQG�/HRQ�
ULYHUV�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ &P� �&RPPRQ� RU� 7\SLFDO�� 7UDLOV� DQG� WUDFN� IURP� 1XHYD� &RORQLD� � %DKtD�
&RORPELD�3RUW�RI�8UDEi�3URMHFW�6LWH

7KH�H[LVWLQJ� URDG�DQG� WUDLOV� LQ� WKH�SURMHFW� VWXG\�DUHD�DUH� LQ�DQ�DOOXYLDO� SODLQ�ZLWK�
YHJHWDO�FRYHU�RI�FOHDQ�JUDVVHV��SODQWDLQ DQG�EDQDQD�SODQWDWLRQV�DQG�D�GLVFRQWLQXRXV�
XUEDQ�IDEULF��,W�ZDV�FRQVLGHUHG�DV�VFHQLF�DWWUDFWLRQV�GXH�WR�WKH�FXUUHQW�VWDWH�RI�WKH�
VDPH�� VLQFH� LQ� LWV� VXUURXQGLQJV� LW� LV� IRXQG�ZLWK�SODQW� FRYHULQJV�DQG�D� &DQDO WKDW�
FRQQHFWV�WKH�1XHYD�&RORQLD�&DQDO LQ�WKH�VHWWOHPHQW�RI�WKH�9HUHGD�HO�&DQDO�DUHD��
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XVHG�IRU�LWV�HFRQRPLF�DFWLYLW\��6LQFH WKH\�DUH�VR�ORQJ��WKH\�FURVV�VHYHUDO�ODQGVFDSH�
XQLWV� VXFK� DV� $V�/D� �$OOXYLDO� SODLQ� VHWWOHPHQW��� 9�/D� �+HUEDFHRXV� YHJHWDWLRQ� LQ�
DOOXYLDO�SODLQ���%�/D��$OOXYLDO�SODLQ�IRUHVW���3�/D��$OOXYLDO�SODLQ�SDVWXUHV���&�/D��&URSV�
LQ�DOOXYLDO�SODLQ��DQG�&S�/D��&HQWHU�SRSXODWHG�LQ�DOOXYLDO�SODLQ�

7KHVH� OLQHDU� ODQGVFDSHV� DUH� FRUULGRUV� ZLWK� ORZ� YHKLFXODU� WUDIILF� ZKLFK� PDNHV� LW�
DWWUDFWLYH�IRU�WKH�FRPPXQLW\�XVLQJ�LW�IRU�WKH�GLVSODFHPHQW�DV�D�UHFUHDWLRQDO�DUHD�DQG�
HFRORJLFDO�ZDONV��LW�ZDV�FDWHJRUL]HG�LQ�WKH�&RPPRQ�RU�W\SLFDO FODVV�EHFDXVH�LW�LV�D�
YHU\�IUHTXHQW�ODQGVFDSH�LQ�WKH�DUHD���

3KRWR 1R������ 7UDLOV�DQG�SDWKZD\�1XHYD�&RORQLD�WRZQVKLS� %DKtD�GH�&RORPELD�3RUW�RI�8UDEi�
3URMHFW

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 3HUFHSWLRQ� RI� FRPPXQLWLHV� DV� UHIHUHQWV� RI� WKHLU� SK\VLFDO� HQYLURQPHQW� LQ�
FXOWXUDO�WHUPV�

7KH�VWXG\�DUHD�HQFRPSDVVHG�E\�WKH�YLOODJH�(O�&DQDO�DQG�1XHYD�&RORQLD�WRZQVKLS�
DW�WKH�PXQLFLSDOLW\�RI�7XUER�DUH�ORFDWHG�LQ�WKH�8UDEi�$QWLRTXHxR��ZKLFK�LV�DQ�DUHD�
WKDW�KDV�EHHQ�FKDUDFWHUL]HG�E\�FXOWXUDO�GLYHUVLW\��VLQFH�WKH�SRSXODWLRQ�LV�FRPSRVHG�

RI�GLYHUVH�PLJUDWRU\�SURFHVVHV�DQG�DOVR�E\ WKH�PL[WXUH�RI�WKH�3DLVD DQG�LWV�
FXVWRPV��WKH�&KRFRDQR��WKHU�SHRSOH�RI�WKH�FRDVWDO�SDUW�RI�WKH�FRXQW\�DQG RI�RWKHU�
GHSDUWPHQWV�DQG�WKH�DIUR�GHVFHQGDQW DQG�LQGLJHQRXV�HWKQLF�JURXSV��ZKLFK�KDYH�

JHQHUDWHG�D�ZKROH�QHZ�VHWWLQJ�RI VSHFLILF�FXOWXUDO�SUDFWLFHV�WKDW�HQULFK�WKH�
PXOWLHWKQLF�DQG�PXOWLFXOWXUDO�PDQLIHVWDWLRQV�WKDW�DUH�WKHUH�

7KHUH�DUH�QR�UHFRJQL]HG�ODQGVFDSH�VLWHV�DW�WKH�PXQLFLSDO�OHYHO��EXW�WKH�SRSXODWLRQ�
KDV� DV� FXOWXUDO� UHIHUHQFHV� VLWHV� ZKHUH� WKH\� FDQ� SHUIRUP� GLIIHUHQW� UHFUHDWLRQDO�
DFWLYLWLHV�� FXOWXUDO� HQWHUWDLQPHQW�� SDUWLHV� IRU� WKH� LQWHJUDWLRQ� RI� WKH� SRSXODWLRQ� DQG�
IDPLO\�VSDFHV��VXFK�DV�WKH�)XWVDO ILHOGV�WKDW�DUH�LQ�WKH�(GXFDWLRQDO�,QVWLWXWLRQ�1XHYD�
&RORQLD�&DULEEHDQ�EUDQFK DQG�(GXFDWLRQDO�,QVWLWXWLRQ���WK 1RYHPEHU��.LQGHUJDUWHQ��
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FKLOGUHQ
V�SOD\JURXQG��VRFFHU� ILHOG�� FKXUFKHV�DQG� WKH�1HZ�&RORQLD�3XEOLF�/LEUDU\�
�VHH�3KRWR�1R�������

3KRWR 1R������ &XOWXUDO�VLWHV�LQ�WKH�WRZQVKLS�RI�1XHYD�&RORQLD�� 0XQLFLSDOLW\�RI�7XUER
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 2IIVKRUH�EDFNJURXQG�ODQGVFDSH

7KH�VWXG\�FRQGXFWHG�E\�,'($0�HW�DO�������� ����GHILQHV�WKH�PDULQH�ODQGVFDSH�DV�DQ�
H[WHQVLRQ�RI� WKH� VHDEHG�� SHUFHLYHG� LQ�D� VSDWLDO� DQG� WHPSRUDO� FRQWH[W��ZKLFK� KDV�
SDUWLFXODU� FKDUDFWHULVWLFV� EDVHG� RQ� LWV� VWUXFWXUH� RU� PDULQH� JHRIRUPV�� IRU� LWV�
FODVVLILFDWLRQ�WKH�VWXG\�LQFRUSRUDWHG�WKH�JXLGHOLQHV�SURSRVHG�E\�WKH�ZRUNLQJ�JURXS�
RI�0DULQH�(FRUHJLRQV�RI�WKH�:RUOG��0(2:���EHFDXVH�LW�LV�D�UHODWLYHO\�UHFHQW� WRSLF�
DQG�PDQ\�WHUPV�FDQ�EH�DPELJXRXV�

$�SDUW�RI�WKH�SURMHFW�LV�ORFDWHG�LQ�WKH�RIIVKRUH DUHD��VXFK�DV�WKH�GXPS�IRU�WKH�GLVSRVDO�
RI� GUHGJHG� PDWHULDO�� WKH� PDQHXYHULQJ� DUHD� IRU� ERDWV�� WKH� PDULQH� GRFN�� DFFHVV�
FKDQQHO�DQG�WKH�YLDGXFW��ZKLFK�DUH�IUDPHG�ZLWKLQ�WKH�SURYLQFH�RI�WKH�&DULEEHDQ�6HD��

�� ,'($0��������2QVKRUH��FRDVWDO�DQG�2IIVKRUH�HFRV\VWHPV�RI�&RORPELD��2S�FLW��
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LQ�WKH�&DULEEHDQ�(FR]RQH�FRQWLQHQWDO�VKHOI�ZLWK�D�ODQGVFDSH�RI�VDQG\�SODWIRUP�DQG�
VDQG\�PXG�SODWIRUP�RI�WKH�$WUDWR�(FRUHJLRQ��VHH�)LJXUH�1R���������

$WUDWR�(FRUHJLRQ��6DQG\�SODWIRUP���SD�DW��DQG�VDQG\�PXG�SODWIRUP���SR�DW�

7KH�$WUDWR�(FRUHJLRQ� LV�VWURQJO\� LQIOXHQFHG�E\� WKH�GLVFKDUJHV�RI� WKH�$WUDWR�5LYHU�
ORFDWHG�WR�WKH�1RUWKZHVW�RI�WKH�SURMHFW��7KH�ZDWHUV�RI�WKLV�VHFWRU�DUH�OLWWOH�DJLWDWHG��
WXUELG�DQG�RI�UHGXFHG�VDOLQLW\�E\�WKH�LQIOXHQFH�RI�WKH�RQVKRUH�WULEXWDULHV�SUHVHQW�LQ�
WKH�%D\��7KH�SODWIRUP�KDV�D�SUHGRPLQDQFH�RI�VDQG\�PXG���SR�DW���ZLWK�VDQG\�VWULSV�
QHDU� WKH� FRDVW� ��SD�DW��� 7KH� FRDVW� LV� ORZ�� JRRGO\� IODQNHG� E\� VZDPSV� ZLWK� ZHOO�
GHYHORSHG YHJHWDWLRQ��ZKHUH�FRYHUDJHV�ZLWK�PDQJURYH�DQG�VHFRQGDU\�YHJHWDWLRQ
FDQ�EH�VHHQ�
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)LJXUH 1R������ 2IIVKRUH�ERWWRP�ODQGVFDSH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������GH�,19(0$5 ��

����� 6RLOV�DQG�ODQG�XVH

6RLO�LV�WKH�UHVXOW�RI�WKH�LQWHUDFWLRQ�RI�IRUPDWLYH�IDFWRUV�VXFK�DV�FOLPDWH��UHOLHI��SDUHQW�
PDWHULDO�� RUJDQLVPV� DQG� WLPH�� DQG� RI� IRUPDWLRQ� SURFHVVHV� VXFK� DV� ZHDWKHULQJ��
OHDFKLQJ�� VDOLQL]DWLRQ�� DPRQJ� RWKHUV�� 7KHUHIRUH�� WKH� NQRZOHGJH� RI� WKH� VRLOV�
FRQVWLWXWHV�WKH�GHFLVLYH�VWHS�WR�GHWHUPLQH�WKH�SRWHQWLDO��WKH�DSWLWXGH��WKH�UHVWULFWLRQV�
DQG�WKH� OLPLWDWLRQV�IRU�WKH�PXOWLSOH�XVH�RI� WKH� ODQGV��)RU�WKH�FDVH�RI� WKH� LQIOXHQFH�
DUHD� RI� WKH� SURMHFW�� WKH� PDLQ� IDFWRUV� IRUPLQJ� WKH� VRLO� FRUUHVSRQG� WR� WKH� SDUHQW�
PDWHULDO�� WKH�JHRPRUSKV�RI� WKH� ODQG��3KRWR�1R��������DQG�WKH�FOLPDWH��7KH�VRLO� LV�

�� ,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6�� ,'($0��,167,7872�*(2*5È),&2�
$*867Ë1�&2'$==,�� ,*$&��,167,787(�2)�5(6($5&+�2)�%,2/2*,&$/�5(6285&(6�$/(;$1'(5�921�+80%2/'7�
� ,DY+�� ,167,787(�2)� 0$5,1(� $1'� &2$67$/� ,19(67,*$7,216� -26e� %(1,72� 9,9(6� '(� $1'5(,6� � ,19(0$5��
,167,7872�$0$=Ï1,&2�'(� ,19(67,*$&,21(6�&,(17Ë),&$6�6,1&+,� �,�6,1&+,�� ,167,787(�2)� (19,5210(17$/�
5(6($5&+�2)�7+(�3$&,),&�-+21�921�1(80$1�� ,,$3��2QVKRUH��FRDVWDO�DQG�RIIVKRUH HFRV\VWHPV�RI�&RORPELD��6KHHW�
���RI�����6FDOH������������ >2QOLQH@��KWWS���ZZZ�LQYHPDU�RUJ�FR�SRUWDOBROG�QRWLFLDV�MVS"LG ����	LGFDW ���!� >/DVW�FKHFNHG
����-XO\������@



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�62/,'�
%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�

785%2

3DJH �� RI ���

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

WKXV� GHWHUPLQLQJ� IRU� WKH� GHYHORSPHQW� RI� VRPH� RI� WKH� PRVW� LPSRUWDQW� HFRQRPLF�
DFWLYLWLHV�LQ�WKH�DUHD��VXFK�DV�DJULFXOWXUH�DQG�OLYHVWRFN�

3KRWR 1R������ 2YHUYLHZ�RI�WKH�LQIOXHQFH�DUHD�RI�WKH�SURMHFW
6RXUFH��3,2�6�$�6��3XHUWR�%DKtD�&RORPELD�GH�8UDEi�6�$�

7KH�FDUWRJUDSKLF�XQLWV�RI�WKH�VRLOV�LGHQWLILHG�LQ�WKH�LQIOXHQFH DUHD�RI�WKH�SURMHFW��VHH�
)LJXUH�1R�������DQG�PDS�02'B/$B372B$17B��B6RLOV��DUH� ORFDWHG�RQ� WKH�YHU\�
KXPLG�ZDUP DQG�KXPLG ZDUP�FOLPDWH�DQG�DUH�GHVFULEHG�LQ�WKH�VRLO�OHJHQG��ZKLFK�LV�
SUHVHQWHG�LQ�WKH�7DEOH�1R������
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)LJXUH 1R������ 6RLO�&DUWRJUDSKLF�8QLWV �DOVR�.QRZQ�DV�8&6��LQ�WKH�,QIOXHQFH�$UHD�RI�WKH�
SURMHFW

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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7DEOH 1R����� /HJHQG�RI�VRLOV�LQ�WKH�LQIOXHQFH�DUHD
'HVFULSWLRQ 7D[RQRP\

:HDWKHU /DQGVFDSH 5HOLHI�W\SH
6KDSH� RI�
WKH�ODQG

/LWKRORJ\�
DQG�RU�
VHGLPHQWV

2UGHU
6XE�
RUGHU

%LJ�JURXS 6XE�JURXS 1DPH�8&6 6\PERORJ\ 3KDVHV
$UHD�
�+D�

:DUP��
YHU\�
KXPLG

3ODLQ� )ORRG�SODQH 5LYHU� IORRG�
DFWLYH� SODQ�
RI�0HQGULF

'HSRVLWV� RI�
RUJDQLF�
PDWWHU� ZLWK�
ILQH�
VHGLPHQWV�

+LVWRVRO +HPLVWV� +DSORKHPLVWV�
+\GULF�
+DSORKHPLVWV�

%,+$2�
&2162&,$7,21

%, D �����

0L[HG� DOOXYLDO�
VHGLPHQWV�
DQG�ODFXVWULQH�
FXUUHQW� DQG�
UHFHQW

(QWLVRO $TXHQWV� )OXYDTXHQWV
)OXYDTXHQWLF�
(QGRDTXHSWV

/$� +21'$�
$662&,$7,21�

/+ D �����

:DUP�
ZHW

$OOXYLDO�SODLQ 7HUUDFHV
0L[HG� DOOXYLDO�
VHGLPHQWV

,QFHSWLVRO 8GHSWV (XWUXGHSWV
)OXYDTXHQWLF�
(XWUXGHSWV

&$5(3$�
&2162&,$7,21

&( D ����

0DULQH�SODLQ�
DQG�IOXYLDO�
PDULQH

7LGH�SODQH

)OXYLDO�
PDULQH�
GHOWDLF�
SODQH��GHOWD

0L[HG�
GHSRVLWV� �VLOW�
DQG� VDQG��
PL[HG� ZLWK�
RUJDQLF�
PDWWHU�

(QWLVRO $TXHQWV )OXYDTXHQWV
7\SLF�
)OXYDTXHQWV

-(77<
&2162&,$7,21

(0 D ����

8UEDQ�$UHD��3RSXODWHG�&HQWHU�� 1HZ�&RORQLD� =8 ����

:DWHU�%RG\��/HyQ�5LYHU� &$ ����

6RXUFH��,*$&��DGDSWHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6����������
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x 6RLOV�RI�WKH�ODFXVWULQH�IOX[�SODLQ�DQG�DOOXYLDO�SODLQ�ORFDWHG�LQ�D�YHU\�KXPLG�ZDUP�
FOLPDWH

7KHVH�VRLOV�KDYH�EHHQ�GHYHORSHG�RQ�D�VLQJOH�W\SH�RI�UHOLHI�FODVVLILHG�DV�IORRGSODLQ��
ZLWK�VORSHV�YDU\LQJ�LQ�SHUFHQWDJH�IURP���� ���VOLJKWO\�IODW��ZLWK�DOWLWXGHV�EHWZHHQ����
���P��WKH�FOLPDWH�LV�YHU\�KXPLG�ZDUP��LW�FRUUHVSRQGV�WR�WKH�]RQH�RI�OLIH�DFFRUGLQJ�WR�
+ROGULGJH�WR�7URSLFDO�+XPLG�)RUHVW��EK�7��

,Q� JHQHUDO�� WKH�SDUHQWDO�PDWHULDOV� WKDW� KDYH�JLYHQ� ULVH� WR� WKH� VRLOV FRUUHVSRQG� WR�
XQDOLJQHG�TXDWHUQDU\�GHSRVLWV�RI�DOOXYLDO�DQG���RU�FROOXYLDO�RULJLQ��WKH\�DUH�FRQVWLWXWHG�
E\�VHGLPHQWV�RI�ILQH�WH[WXUHV�VXFK�DV�VLOWV�DQG�FOD\V��RQ�WKH�EDQNV�RI�WKH�/HyQ�ULYHU�
GHFRPSRVLQJ�RUJDQLF�PDWWHU�FDQ�EH�DSSUHFLDWHG��3KRWR�1R���������7KH�JHRIRUP�LV�
VXEMHFW�WR�IORRGLQJ�DQG�SURORQJHG�ZDWHUORJJLQJ��FORVHO\�UHODWHG�WR�WKH�ZLQWHU�VHDVRQ

3KRWR 1R������ 7KLQ WH[WXUHV�VRLOV ZLWK�GHSRVLWV�RI�RUJDQLF�PDWWHU
6RXUFH $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ %LKDR�&RQVRFLDWLRQ �%O�

7KH� XQLW� LV� JHRPRUSKRORJLFDOO\� ORFDWHG� LQ� WKH� SODLQ� RI� ODFXVWULQH� DQG�DOOXYLDO� UDLQ
RULJLQ�DQG�WKH�W\SH�RI�UHOLHI�LV�WKH�IORRGSODLQ��7KH�UHOLHI�LV�IODW�WR�VOLJKWO\�IODW��ZLWK�VORSHV�
ORZHU� WKDQ� ���� 7KH� XQLW� LV� DIIHFWHG� E\� SHULRGLF� DQG� SURORQJHG� IORRGLQJ� DQG�
ZDWHUORJJLQJ��6RLOV�KDYH�GHYHORSHG�IURP�ILQH�DOOXYLXPV�DQG�FXOPLQDWLRQV�RI�RUJDQLF
PDWWHU��WKH\�DUH�VXSHUILFLDO��OLPLWHG�E\�WKH�IOXFWXDWLQJ�SKUHDWLF�OHYHO�WKDW�UHPDLQV�QHDU�
WKH� VXUIDFH�� WKH� WH[WXUHV� DUH� PHGLXP� DQG� ILQH� DQG� WKH� IHUWLOLW\� LV� KLJK�� 7KLV�
FDUWRJUDSKLF�XQLW�ZLWKLQ�WKH�VWXG\�DUHD�FRQVHUYHV�QDWXUDO�YHJHWDWLRQ��ZLWK�VSHFLHV�RI�
SDOP��(XWHUSH�ROHUDFHD���IHUQ��$FURVWLFKXP�DXUHXP��DQG�&DQQD�LQGLFD��IRUPLQJ�WKH�
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SDOP�FRYHU�DOVR�FDOOHG��1DLGL]DOHV���7KLV�VRLOV XQLW�FRYHUV�DQ�DUHD�RI�������KHFWDUHV�
ZLWKLQ�WKH�LQIOXHQFH�DUHD RI�WKH�SURMHFW�

7KH�FRQVRFLDWLRQ�LV�PDGH�XS�RI�����+\GULF�+DSORKHPLVWV�VRLOV��WKHUH�DUH�LQFOXVLRQV�
RI�7\SLF�(QGRDTXHQWV��������WKH�UHPDLQLQJ����DUH�SOD\�RQ DUHDV�

,W�LV�UHSUHVHQWHG�E\�WKH�SKDVH�

%,D��%LKDR�FRQVRFLDWLRQ��IODW�SKDVH

Ǧ /D�+RQGD�$VVRFLDWLRQ��/+�

7KLV�XQLW�DSSHDUV�LQ�WKH�ODQGVFDSH�RI�WKH�$OOXYLDO�3ODLQ�RYHUIORZLQJ�WKH�/HyQ�5LYHU��
ZKLFK�UXQV�WKURXJK�D�IODW�SODLQ��ZKLFK�FDXVHV�IORRGLQJ�GXH�WR� ODWHUDO�RYHUIORZ�DQG�
GHWHUPLQHV�D� VHOHFWLYH� VHGLPHQWDWLRQ�SDWWHUQ��ZKLFK� OHDGV� WR� WKH� IRUPDWLRQ�RI�DQ�
LQFLSLHQW�QDWXUDO�GDP�DQG�DQ�H[WHQVLYH�EDVLQ�RU�GHFDQWDWLRQ�EXFNHW��ODFXVWULQH��ZLWK�
RUJDQLF�PDWHULDOV�DQG�FOD\�PLQHUDOV�

6RLOV�KDYH�EHHQ�GHYHORSHG�IURP�UHFHQW�DQG�FXUUHQW�KHWHURPHWULF�DOOXYLXPV��WKH\�DUH�
YHU\� VKDOORZ� WR� PRGHUDWHO\� GHHS�� OLPLWHG� E\� IOXFWXDWLQJ� ZDWHU� WDEOH�� SRRU WR�
LPSHUIHFWO\�GUDLQHG��DIIHFWHG�E\�SHULRGLF�IORRGLQJ�

0RVW�RI� WKHVH� ODQGV�ZLWKLQ� WKH� LQIOXHQFH�DUHD� LV XVHG�IRU�SDVWXUHV�ZLWK�QDWXUDO�RU�
SODQWHG�SDVWXUHV��FRQVHUYLQJ�QDWXUDO�YHJHWDWLRQ�RQ�WKH�EDQNV�RI�WKH�/HyQ�5LYHU�DQG�
WKH�1XHYD�&RORQLD�FDQDO��FRYHULQJ�DQ�DUHD�RI�������KHFWDUHV��3KRWR�1R��������

7KH� $VVRFLDWLRQ� LV� IRUPHG� E\� WKH� )OXYDTXHQWLF� (QGRDTXHSWV� ������� $TXLF�
8GLIXYHQWV�������DQG�$HULF�)OXYDTXHQWV�������VRLOV�

7KH�SKDVH�ZDV�GHOLPLWHG��

/+D��+RQGD�$VVRFLDWLRQ��IODW�SKDVH�



02',),&$7,21�72�7+(�(19,5210(17$/�/,&(16(�)25�
7+(�352-(&7�72�&216758&7�$1'�23(5$7(�$�62/,'�
%8/.�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�785%2

3DJH �� RI ���

*$7��������&$�$0�3,2��� 5HYLVLRQ�� %

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

3KRWR 1R������ 6RLOV�EHORQJLQJ�WR�/D�+RQGD�$VVRFLDWLRQ
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x )ORRUV�RI�WKH�DOOXYLDO�SODLQ�LQ�ZDUP�KXPLG�FOLPDWH

7KH�VRLOV� LQ�WKLV�FOLPDWH�DUH� ORFDWHG�FRQWLQXRXVO\�WR�WKH�WRZQ�FHQWHU�RI� WKH�1XHYD�
&RORQLD WRZQVKLS�� ZLWKLQ� WKH� LQIOXHQFH DUHD� $W� WKH� KHLJKW� RI� �� WR� ��� PDVO��
WHPSHUDWXUH�KLJKHU�WKDQ����&�DQG�SUHFLSLWDWLRQ�RI�������WR������PP��LW�LV�FODVVLILHG�
LQ� WKH� 7URSLFDO� 5DLQIRUHVW� �+ROGK�� OLIH� ]RQH� �EK�7��� 7KH� W\SH� RI� UHOLHI� LQFOXGHV�
IORRGSODLQV�DQG�WHUUDFHV��LQ�VOLJKWO\�IODW�UHOLHI�ZLWK�VORSHV�������ZLWK�IUHTXHQW�IORRGLQJ�
DQG� ZDWHUORJJLQJ GXULQJ� WKH� ZLQWHU� VHDVRQ�� 7KH� VRLOV� KDYH� EHHQ� FDXVHG� E\�
KHWHURPHWULF�DOOXYLXP�

Ǧ &DUHSD�&RQVRFLDWLRQ��&(�

7KH�XQLW�RFFXSLHV�WKH�ODQGVFDSH�RI�SODLQ�RI�DOOXYLDO�RULJLQ�DQG�ODFXVWULQH�IOX[�DQG�WKH�
W\SH�RI�WHUUDFH�UHOLHI��ZLWK�VORSHV�RI�OHVV�WKDQ�����7KH�SDUHQW�PDWHULDO�WKDW�JLYHV�ULVH�
WR�WKH�VRLO�LV�FRPSRVHG�RI�PL[HG�DOOXYLXPV��WKH\�DUH�PRGHUDWHO\�ZHOO�GUDLQHG�WR�SRRUO\�
GUDLQHG�� RI� WKLQ WR� PHGLXP� WH[WXUHV�� PRGHUDWHO\� GHHS� WR� VKDOORZ� DQG� PRGHUDWH�
IHUWLOLW\�

7KHVH� VRLOV� ZLWKLQ� WKH� VWXG\� DUHD� DUH� GHGLFDWHG� WR� VHPL�LQWHQVLYH� OLYHVWRFN� ZLWK�
QDWXUDO� DQG� LQWURGXFHG�SDVWXUHV�� SODQWDLQ DQG�EDQDQD� FURSV�DUH� REVHUYHG� LQ� WKH�
DGMDFHQW� SURSHUWLHV� WR� WKH� WRZQ� FHQWHU�RI� WKH�1XHYD�&RORQLD�GLVWULFW�� 7KH�QDWXUDO�
YHJHWDWLRQ� LV� FRQVHUYHG� LQ�D�PLQLPDO�SURSRUWLRQ� WKLV�XQLW� FRYHUV�DQ�DUHD�RI������
KHFWDUHV

7KH� FRQVRFLDWLRQ� LV� FRPSRVHG� E\� ���� RI� VRLOV� ZLWK� KLJK� VDWXUDWLRQ� RI� EDVHV�
�)OXYDTXHQWLF� (XWUXGHSWV�� DQG� LQ� ���� IRU� SRRUO\� GUDLQHG� VRLOV� �)OXYDTXHQWLF�
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(QGRDTXHSWV��� LQFOXVLRQV� DUH� IRUPHG� E\� 9HUWLF� (QGRDTXHSWV� ������ DQG 7\SLF�
8GRUWKHQWV�������

,W�LV�UHSUHVHQWHG�ZLWK�WKH�SKDVH��

&(D��&DUHSD�&RQVRFLDWLRQ��IODW�SKDVH

x 6RLOV�RI�PDULQH�SODLQ�DQG�PDULQH�IOXYLXP�LQ�KXPLG�ZDUP�FOLPDWH

7KLV�XQLW� LV� ORFDWHG�QHDU� WKH� FRDVW�RI� WKH�&DULEEHDQ�6HD�� LQ� WKH�GHOWDV�RI� XQLW� LV�
ORFDWHG�LQ�KXPLG�ZDUP�FOLPDWH� LW LV�IRUPHG�E\�PDULQH�PRUSKRJHQHWLF�HQYLURQPHQWV��
IOXYLDO�PDULQH�� ODFXVWULQH� DQG� DOOXYLDO� IOXYLXP�� EHORQJLQJ� WR� WKH� UHOLHI� W\SH� RI� WLGDO�
SODQH��,W�KDV�DQ�DOWLWXGH�WKDW�YDULHV�EHWZHHQ��� � ���PDVO��WHPSHUDWXUH�KLJKHU�WKDQ�
���&�DQG�SUHFLSLWDWLRQ�RI�������WR�������PP

Ǧ -HWW\�&RQVRFLDWLRQ��(0�

7KLV�XQLW�LV�ORFDWHG�QHDU�WKH�FRDVW�RI�WKH�&DULEEHDQ�6HD��LQ�%DKtD�&RORPELD��LQ�WKH�
GHOWD�RI�WKH�/HyQ�5LYHU�DQG�LQ�VHFWRUV� WKDW�DUH�IDU�IURP�WKH�FRDVWOLQH��EXW�ZLWK�WKH�
LQIOXHQFH� RI� VDOW� ZDWHU�� ,Q� KXPLG� ZDUP� FOLPDWH�� ZLWKLQ� WKH� OLIH� ]RQHV� �+ROGULGJH��
WURSLFDO�PRLVW�IRUHVW��EK�7���

7KH�7LGDO�3ODQH�RFFXS\� ORZ�DQG�VZDPS\�DUHDV� WKDW�RFFXU�QHDU� WKH�FRDVW� OLQH�RI�
%DKtD�&RORPELD�ZLWK�WKH�LQIOXHQFH�RI�VDOW�ZDWHUV��&RYHUHG�E\�PDQJURYH�YHJHWDWLRQ�
DQG� DUHDV� WKDW� KDYH� EHHQ� KLJKO\� LQWHUYHQHG� WR� EHFRPH� SDGGRFNV� ZLWK� SODQWHG�
SDVWXUHV�IRU�OLYHVWRFN�XVH��7KLV�XQLW�RI�ODQG�KDV�DQ�DUHD�RI������KHFWDUHV�ZLWKLQ�WKH�
LQIOXHQFH�DUHD�RI�WKH�SURMHFW�

7KHVH�DUHDV�DUH�FRQWLQXRXVO\�IORRGHG�E\�WKH�UK\WKP�RI�WKH�WLGHV�DQG�WKH�VRLOV�WKDW�
DUH�IRUPHG�DV�D�UHVXOW�RI�PDULQH�IOX[�VHGLPHQWDWLRQ�RI�RUJDQLF�PDWHULDO�DQG�PLQHUDOV�
FRPSRVHG� RI� FOD\V� DQG� VLOWV� VWURQJO\� PL[HG� DQG� VXEMHFWHG� WR� VHGLPHQWDWLRQ�
SURFHVVHV��7KH�UHVXOWLQJ� ODQGIRUPV�DUH�PDUVKHV��PDQJURYHV��DQG�VZDPS\�DUHDV�
�ODJRRQ�GHSRVLWV���7KH�UHOLHI�LV�IODW�DQG�VOLJKWO\�IODW��ZLWK�VORSHV�������7KH\�DUH�IODW�
FRQFDYH�VXUIDFHV� WKDW� UHPDLQ� IORRGHG�E\� WKH�HEE�DQG� IORZ�RI� WKH� WLGHV�DQG�KDYH�
K\GURSKLOLF�YHJHWDWLRQ�FRYHU� 7KHVH�DUHDV�DUH�FRQWLQXRXVO\�IORRGHG�E\�WKH�UK\WKP�RI�
WKH�WLGHV�DQG�WKH�VRLOV�WKDW�DUH�IRUPHG�DV�D�UHVXOW�RI�PDULQH�IOX[�VHGLPHQWDWLRQ�RI�
RUJDQLF� PDWHULDO� DQG� PLQHUDOV� FRPSRVHG� RI� FOD\V� DQG� VLOWV� VWURQJO\� PL[HG� DQG�
VXEMHFWHG� WR� VHGLPHQWDWLRQ� SURFHVVHV�� 7KH� UHVXOWLQJ� ODQGIRUPV� DUH� PDUVKHV�
�PDQJURYHV��DQG�VZDPS\�DUHDV��ODJRRQ�GHSRVLWV���7KH�UHOLHI�LV�IODW�DQG�VOLJKWO\�IODW��
ZLWK�VORSHV�������7KH\�DUH�IODW�FRQFDYH�VXUIDFHV�WKDW�UHPDLQ�IORRGHG�E\�WKH�HEE�DQG�
IORZ�RI�WKH�WLGHV�DQG�KDYH�K\GURSKLOLF�YHJHWDWLRQ�FRYHU��
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7KHVH�VRLOV�KDYH�HYROYHG�IURP�PLQHUDO�DQG�RUJDQLF�VHGLPHQWV�RI�IOXYLDO�DQG�PDULQH�
RULJLQ��WKH\�DUH�YHU\�VXSHUILFLDO��ZLWK�YHU\�SRRU�QDWXUDO�VZDPS\�GUDLQDJH�DQG�GR�QRW�
VKRZ� SHGRJHQHWLF� GHYHORSPHQW�� ,Q� WKH� PLQHUDO� OD\HUV�� ILQH� WH[WXUHV� GRPLQDWH��
VRPHWLPHV�ZLWK�D�VDQG\�VXEVWUDWH��7KH�GRPLQDQW�YHJHWDWLRQ�LV�WKH�PDQJURYH��ZKLFK�
LV�VXEMHFW�WR�KHDY\�H[SORLWDWLRQ��DOVR�VSHFLHV�RI�DUUDFDFKR��DHQHDV��ORWXV�DQG�ZDWHU�
K\DFLQWK�DUH�REVHUYHG��7KHVH�DUHDV�DUH�D�UHIXJH�IRU�FUDEV��3KRWR�1R���������MDLEDV�
DQG�RWKHU�ZLOGOLIH�VSHFLHV��

3KRWR 1R������ &UDEV�LQ�0DQJURYH�&RYHUDJH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�FDUWRJUDSKLF�XQLW�LV�PDGH�XS�RI�7\SLF�)OXYDTXHQWV�VRLOV�E\������WKH�UHPDLQLQJ�
����FRUUHVSRQGLQJ�WR�+HPLF�+DSORIEULVWV�VRLOV�

7KH�GHOLPLWHG�SKDVH�LV��

(0D��&RQVRFLDWLRQ -HWW\��IODW�SKDVH�

x &DSDFLW\�DQG�SRWHQWLDO�XVH�RI�WKH�VRLO

7KH�PRVW�LPSRUWDQW�REMHFWLYH�RI�WKH�DJURORJLFDO�DQDO\VLV�RI�WKH�ODQGV��DIWHU�NQRZLQJ�
WKH� VRLOV� RI� DQ� DUHD� DQG� WKH� GLVWULEXWLRQ� SDWWHUQ� LQ� WKH� VSDWLDO� GLPHQVLRQ�� LV� WKH�
GHILQLWLRQ�RI�WKH�FDSDFLW\�RI�XVH�DQG�PDQDJHPHQW�RI�WKH�ODQG�LQ�VXFK�ZD\�WKDW�WKH�
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DJULFXOWXUDO� GHYHORSPHQW�� OLYHVWRFN� DQG� IRUHVWU\�� DV� ZHOO� DV� DFWLRQV� DLPHG� DW� WKH�
FRQVHUYDWLRQ��SUHVHUYDWLRQ�RU�UHVWRUDWLRQ�RI�WKH�QDWXUDO�HQYLURQPHQW��DUH�H[HFXWHG�LQ�
DFFRUGDQFH�ZLWK�WKH�DSWLWXGH�DQG�SURWHFWLRQ�UHTXLUHPHQWV�ZKHQ�WKH\�DUH�YXOQHUDEOH�
WR�WKH�DFWLRQ�RI�HQYLURQPHQWDO�IDFWRUV�DQG�KXPDQ�DFWLYLW\�

7KH�V\VWHP�RI�ODQG�FODVVLILFDWLRQ�E\�FDSDFLW\�RI�XVH�JURXSV�WKH�VRLO�XQLWV�WKDW�KDYH�
WKH�VDPH�SK\VLFDO�DQG�FKHPLFDO�OLPLWDWLRQV��IRU�WKHLU�XVH�DQG�UHVSRQG��WKHUHIRUH��WR�
VLPLODU�PDQDJHPHQW�SUDFWLFHV��7KH�V\VWHP�LV�VWUXFWXUHG�LQ�VXFK�D�ZD\�WKDW�DV�WKH�
FODVV� LQFUHDVHV� E\� DJURORJLFDO� FDSDFLW\�� WKH� SRWHQWLDO� RI� WKH� VRLO� WR� SURGXFH�
GHFUHDVHV��DQG�WKH�QHHG�WR�FRQVHUYH�DQG�SURWHFW�WKH�VRLO�UHVRXUFH�LQFUHDVHV�

,Q�7DEOH�1R�������WKH�FODVVHV�DQG�WKH�DJURORJLFDO�VXEFODVVHV�DUH�UHODWHG�WR�WKH�VRLO�
FDUWRJUDSKLF� XQLWV� �8&6�� WKDW�PDNH� XS� WKH� DUHD� RI� LQIOXHQFH� RI� WKH� SURMHFW�� 7KH�
SRWHQWLDO� XVH� RI� WKH� DUHD� RI� LQIOXHQFH� RI� WKH� SURMHFW� LV� SUHVHQWHG� RQ� WKH� PDS�
02'B/$B372B$17B��B8VR3RWHQFLDO�

7DEOH 1R������ $JURORJLFDO�FODVVHV�DQG�VXEFODVVHV�RI�WKH�VRLO�FDUWRJUDSKLF�XQLWV�RI�WKH�LQIOXHQFH�DUHD
RI�WKH�SURMHFW

8&6 3KDVHV 1DPH�8&6 &ODVV 6XEFODVVHV 0DLQ�OLPLWDWLRQV�RI�XVH 3RWHQWLDO�XVH

&( D
&$5(3$�

&2162&,$7,21
�V �V��

/RZ�FRQWHQW�RI�RUJDQLF�PDWWHU�DQG�
SKRVSKRUXV

�&636���VHPL�� SHUPDQHQW�
DQG�VHPL�� LQWHQVLYH�FURSV��
:LWK�FRPPHUFLDO�FURSV�VXFK�
DV�EDQDQD��EDQDQD��FRFRD��
ULFH��RLO�SDOP�DQG�IUXLW�WUHHV�

DQG�IRU�OLYHVWRFN�ZLWK�
LPSURYHG�SDVWXUHV�

/+ D
$662&,$7,21�/$�

+21'$
�KV �KV��

)UHTXHQW�IORRGV�RI�ORQJ�GXUDWLRQ��
VXSHUILFLDO�SKUHDWLF�OHYHO��DQG�YHU\�

SRRU�GUDLQDJH�

�3,6���,QWHQVLYH�DQG�VHPL�
LQWHQVLYH�JUD]LQJ��/LYHVWRFN�
ZLWK�LPSURYHG�SDVWXUHV�DQG���

RU�ULFH�FURSV

(0 $
3,(5�

&2162&,$7,21
�K �K��

)ORRGV�RU�IUHTXHQW�ORQJ�WHUP�
IORRGLQJ�,QIOXHQFH�RI�WLGHV��YHU\�
SRRU�GUDLQDJH��KLJK�ZDWHU�WDEOH� �)S���)RUHVWU\�SURWHFWRU��

&RQVHUYDWLRQ�DQG�SURWHFWLRQ�
RI�WKH�GLYHUVLW\�RI�WKH�IDXQD�

DQG�IORUD%O D
%,+$2�

&2162&,$7,21
�K �K��

)ORRGLQJ�RU�IUHTXHQW�ORQJ�WHUP�
IORRGLQJ��YHU\�SRRU�GUDLQDJH�+LJK�

JURXQG OHYHO��YHU\�VKDOORZ�
HIIHFWLYH�GHSWK�

6RXUFH��,*$&��DGDSWHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 6XEFODVV �V����&636�

,W�LQFOXGHV�WKH�&HD�XQLW�RI�WKH�&DUHSD�FRQVRFLDWLRQ��ZLWK�D�ZDUP�KXPLG�FOLPDWH�RI�
UHOLHI�WHUUDFHV��7KH�GRPLQDQW�VRLOV�KDYH GHYHORSHG�IURP�PL[HG�DOOXYLDO�VHGLPHQWV��
DUH�GHHS��ZHOO�GUDLQHG��ILQH�WH[WXUH��PRGHUDWHO\�DFLGLF�UHDFWLRQ�DQG�PRGHUDWH�WR�KLJK�
IHUWLOLW\�
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7KHVH�ODQGV�KDYH�VOLJKW�OLPLWDWLRQV�GXH�WR�PRGHUDWH�DFLGLW\��ORZ�SKRVSKRUXV�FRQWHQW�
DQG�RUJDQLF�PDWWHU�DQG�SRRUO\�GLVWULEXWHG�UDLQV�WKDW�FDXVH�WUDXPDV�WR�FRPPHUFLDO�
FURSV�

7KHVH�VRLOV�DUH�VXLWDEOH� IRU� LQWHQVLYH�DQG�VHPL� � LQWHQVLYH�DJULFXOWXUH��)LJXUH�1R��
������ZLWK�FRPPHUFLDO�FURSV�VXFK�DV�EDQDQDV��SODQWDLQV��FRFRD��ULFH��SDOP�RLO�DQG�
IUXLW� WUHHV�DQG�IRU� OLYHVWRFN�ZLWK� LPSURYHG�SDVWXUHV��0RVW�RI� WKHVH�ODQGV�DOORZ�WKH�
XVH�RI�DJULFXOWXUDO�PDFKLQHU\��UHTXLUH�DJURQRPLF�SUDFWLFHV�VXFK�DV�WKH�DSSOLFDWLRQ�
RI� IHUWLOL]HU� DFFRUGLQJ� WR� WKH� FRQWHQW�RI� QXWULHQWV� LQ� WKH� VRLO� DQG� WKH� QHHGV�RI� WKH�
UHVSHFWLYH� FURS�� 7KH�PDQDJHPHQW� RI� SDVWXUHV� DQG� OLYHVWRFN� PXVW� EH� EDVHG� RQ�
SURYHQ�WHFKQRORJLFDO�SULQFLSOHV��

Ǧ 6XEFODVV��KV����3,6�

7KLV�VXEFODVV�FRUUHVSRQGV�WR�D�YHU\�KXPLG�ZDUP�FOLPDWH�� LW� LV�IRUPHG�E\�WKH�/+D�
VRLO�XQLW�RI� WKH�+RQGD�DVVRFLDWLRQ��RFFXSLHV� WKH�JHRPRUSKRORJLFDO�SRVLWLRQ�RI� WKH�
IORRGSODLQ�RI�WKH�DOOXYLDO�SODLQ�RI�WKH�/HyQ�5LYHU�DQG�WKH�1XHYD�&RORQLD�FDQDO�

7KH�UHOLHI�LV�IODW��ZLWK�VORSHV�WKDW�GR�QRW�H[FHHG����VXSSRUWV�SHULRGLF�IORRGLQJ�RI�ORQJ�
GXUDWLRQ�� 6RLOV� ZKLFK� KDYH� GHYHORSHG� IURP�DOOXYLXP� DUH� YHU\� VKDOORZ�� OLPLWHG� E\�
IOXFWXDWLQJ�ZDWHU�WDEOH��LPSHUIHFW�WR�SRRUO\�GUDLQHG��PRGHUDWHO\�DFLG�WR�VOLJKWO\�DFLGLF�
UHDFWLRQ�DQG�PRGHUDWH�IHUWLOLW\��

7KH�OLPLWDWLRQV�DUH�JLYHQ�E\�H[FHVV�PRLVWXUH�WKDW�DIIHFW�WKHVH�ODQGV�IRU�ORQJ�SHULRGV�
RI�WKH�\HDU��PDNLQJ�WKH�SRWHQWLDO�XVH�RI�WKHVH�VRLOV�OLPLWHG�WR�LQWHQVLYH�DQG�VHPL��
LQWHQVLYH�JUD]LQJ�ZLWK�LPSURYHG�SDVWXUHV�DV�ORQJ�DV�WKH�ODQG�LV�QRW�IORRGHG�RU�WKH�
FURS�RI�ULFH��)LJXUH�1R��������
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Ǧ 6XEFODVV��K����)S�

7KH� VRLOV� WKDW�PDNH� XS� WKLV� VXEFODVV� FRUUHVSRQG� WR� WKH� (0D� SKDVH� RI� WKH� -HWW\�
&RQVRFLDWLRQ�ORFDWHG�LQ�KXPLG�ZDUP�FOLPDWH��LW�RFFXSLHV WKH�SRVLWLRQ�RI�WLGDO�SODQH�
QH[W� WR�WKH�FRDVW�RI� WKH�&DULEEHDQ�6HD�LQ�%DKtD�&RORPELD�DQG�LQ�WKH�GHOWD�RI� WKH�
/HyQ� 5LYHU� DQG� VHFWRUV� IDU� IURP� WKH� FRDVW� EXW� ZLWK� LQIOXHQFH� RI� VDOW� ZDWHU� 7KLV�
VXEFODVV�KDV�D�VHYHUH�OLPLWDWLRQ�GXH�WR�WKH�IUHTXHQW�DQG�SURORQJHG�IORRGV�FDXVHG�E\�
WKH� DFWLRQ� RI� WKH� WLGHV�� 'XH� WR� WKH� VHYHUH� OLPLWDWLRQ�� GXH� WR� WKH� H[FHVVLYH� DQG�
SHUPDQHQW� KXPLGLW\� FDXVHG� E\� WKH� VXUIDFH� SKUHDWLF� OHYHO�� WKHVH� ODQGV� DUH� QRW�
VXLWDEOH� IRU� DJULFXOWXUDO� RU� IRUHVWU\� RSHUDWLRQV�� WKHUHIRUH�� WKH\� PXVW� GHGLFDWH�
WKHPVHOYHV�WR�WKH�FRQVHUYDWLRQ�DQG�SURWHFWLRQ�RI�WKH�GLYHUVLW\�RI�WKH�H[LVWLQJ�IDXQD�
DQG�IORUD��PDLQO\�WKH�PDQJURYHV��)LJXUH�1R��������

Ǧ 6XEFODVV��K����)S�

7KLV�VXEFODVV�FRUUHVSRQGV�WR�WKH�%,DL�SKDVH�RI�WKH�%LKDR�&RQVRFLDWLRQ��ORFDWHG�LQ�
WKH�YHU\�KXPLG�ZDUP�FOLPDWH��RFFXSLHV�WKH�JHRPRUSKRORJLFDO�SRVLWLRQ�RI�IORRGSODLQ�
LQ�WKH�SODLQ�ODQGVFDSH�

7KH�UHOLHI�LV�IODW�DQG�VOLJKWO\�IODW�ZLWK�VORSHV�OHVV�WKDQ�����6RLOV�KDYH�EHHQ�GHYHORSHG�
IURP�WKLQ�VHGLPHQWV�DQG�RUJDQLF�PDWWHU GHSRVLWV��WKH\�DUH�YHU\�VKDOORZ�DQG�OLPLWHG�
E\�WKH�ZDWHU�WDEOH��WKH�QDWXUDO�GUDLQDJH�LV�SRRU�WR�PDUVK\�WH[WXUHV ZKLFK�DUH PHGLXP�
DQG�WKLQ��EXULHG�E\�D�OLWWOH�GHFRPSRVHG RUJDQLF�PDWHULDO��IHUWLOLW\�LV�KLJK��

7KLV� VXEFODVV� KDV� VHYHUH� OLPLWDWLRQV� IRU� QDWXUDO GUDLQDJH� DQG� DOPRVW� SHUPDQHQW�
VXUIDFH�ZDWHU� WDEOH��0RVW�RI� WKHVH� ODQGV�FRQVHUYH� WKH�QDWXUDO� YHJHWDWLRQ�� ILQGLQJ�
VSHFLHV� RI� DUUDFDFKR�� SDOPV�� EXFKRQ�� FRUWDGHUDV�� IHUQV�� JUDPDORWH�� ELKDR� DQG�
SODWDQLOOR��DPRQJ�RWKHUV��'XH�WR�WKH�VHYHUH�OLPLWDWLRQ�WKDW�WKH�XQLW�SUHVHQWV�GXH�WR�
H[FHVV�PRLVWXUH��WKHVH�ODQGV�PXVW�EH�GHGLFDWHG�WR�WKH�FRQVHUYDWLRQ�RI�WKH�H[LVWLQJ�
IDXQD�DQG�IORUD��)LJXUH�1R��������
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&$3����B7'(1*�2.�)
>0HGHOOtQ@������

3RWHQWLDO�ODQG�XVH 3URMHFW

3URWHFWLYH�IRUHVW��)S� $UHD�RI�LQIOXHQFH

,QWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ �3LV�

6HPL�LQWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ��&VS�

)LJXUH����� 3RWHQWLDO�ODQG�XVH�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

x /DQG�XVH

/DQG�XVH� LV�DVVRFLDWHG�ZLWK�D�YDULHW\�RI�FKDUDFWHULVWLFV� UHJDUGLQJ�JHRPRUSKRORJ\�
DQG�FRYHU��DQG�WR�D�ODUJH�H[WHQW�GHSHQGV�RQ�WKH�DUHD¶V�HQYLURQPHQWDO�HQGRZPHQW�
DQG� WKH� VRFLR�HFRQRPLF� VLWXDWLRQ� RI� WKH� SRSXODWLRQ� WKDW� VXUURXQGV� LW�� ,Q� JHQHUDO�
WHUPV��WKHVH�IDFWRUV�GHWHUPLQH�WKH�PHWKRGV�DQG�SUDFWLFHV�LQYROYHG�LQ�LWV�XVH���
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&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

$FFRUGLQJ�WR�WKH�/DQG�8VH�3ODQ��/83��IRU�WKH�PXQLFLSDOLW\�RI�7XUER���� WKH�FXUUHQW�
XVH�RI�DQG�SULPDU\�HFRQRPLF�DFWLYLW\�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�LV�DJULFXOWXUH�
IRU�EDQDQD�DQG�SODQWDLQ FXOWLYDWLRQ��,W�LV�ERUGHUHG�WR�WKH�VRXWK�E\�ZHWODQG�DUHDV��DV�
VKRZQ�LQ�)LJXUH������

)LJXUH����� 3ULPDU\�ODQG�XVH�DQG�HFRQRPLF�DFWLYLW\�LQ�WKH�PXQLFLSDOLW\�RI�7XUER�
6RXUFH��7XUER�/83���������

)ROORZLQJ�WKH�FUHDWLRQ�RI�WKH�EDVH�OLQH�DQG�LQ�ILHOG�YHULILFDWLRQ��VL[�����ODQG�XVH�W\SHV�
ZHUH�IRXQG�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH��DV�VKRZQ�LQ�&XUUHQW�8VH

3URWHFWLYH�IRUHVW��)S� ,QWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ��3V� 3URMHFW

5HVWRUDWLRQ��5F� %RGLHV�RI�ZDWHU��&$� $UHD�RI�LQIOXHQFH

3URGXFWLRQ��3G� 8UEDQ�DUHD��=8�

�� &2/20%,$��081,&,3$/,7<�2)�785%2��3ODQ�GH�2UGHQDPLHQWR�7HUULWRULDO��/LEUR�GLDJQyVWLFR�LQWHJUDGR��/DQG�8VH�3ODQ��
+ROLVWLF�'LDJQRVWLF�+DQGERRN� 7XUER��������%RRN����3DUW�������S�

�� ,ELG�
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3URWHFWLRQ��3W� ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ��&63,�

)LJXUH� ���� DQG� 7DEOH� ������ )XUWKHU� GHWDLOV� FDQ� EH� IRXQG� LQ� WKH� PDS� HQWLWOHG�
02'B/$B372B$17B��B8VR$FWXDO�

&XUUHQW�8VH

3URWHFWLYH�IRUHVW��)S� ,QWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ��3V� 3URMHFW

5HVWRUDWLRQ��5F� %RGLHV�RI�ZDWHU��&$� $UHD�RI�LQIOXHQFH

3URGXFWLRQ��3G� 8UEDQ�DUHD��=8�

3URWHFWLRQ��3W� ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ��&63,�

)LJXUH����� &XUUHQW�ODQG�XVH�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI LQIOXHQFH�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

7DEOH����� &XUUHQW�ODQG�XVH�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH
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&XUUHQW�XVH &XUUHQW�XVH�W\SH .H\� $UHD��+D��

$JULFXOWXUH ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ� &63, ����

/LYHVWRFN ,QWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ� 3,6 ����

)RUHVWU\
3URGXFWLRQ 3G ����

3URWHFWLRQ 3W ����

&RQVHUYDWLRQ

3URWHFWLYH�IRUHVW )S �����

:DWHU�UHVRXUFHV 5K �����

5HVWRUDWLRQ 5F ����

,QGXVWULDO ,QGXVWULDO�RU�FRPPHUFLDO�DUHDV =LF ���

5HVLGHQWLDO
6HWWOHPHQW $V ���

3RSXODWLRQ�FHQWHU &S ����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

Ǧ ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ��&63,��

,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ�FRPSULVHV�FURS�W\SHV�ZKRVH�
SURGXFWLYH�OLIHF\FOH�ODVWV�IRU�EHWZHHQ�RQH�RU�WZR�\HDUV��:LWKLQ�WKH�SURMHFW¶V�DUHD�RI�
LQIOXHQFH�WKLV�XVH�W\SH�RFFXSLHV�DQ�DUHD�RI������KHFWDUHV��FRUUHVSRQGLQJ�WR�WKH�SORWV�
ZKLFK�ERUGHU�WKH�SRSXODWLRQ�FHQWHU�RI�1XHYD�&RORQLD���

,Q�WKLV�ORFDWLRQ��EDQDQD��SODQWDLQ�DQG�VRPH�IUXLW�FURSV�IRU�WKH�GRPHVWLF�XVH�RI�HDFK�
IDUP�ZHUH�IRXQG��VHH�3KRWR�������

3KRWR����� ,QWHQVLYH�SHUPDQHQW�DQG�VHPL�SHUPDQHQW�FXOWLYDWLRQ�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�
LQIOXHQFH�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������



02',),&$7,21�72�7+(�(19,5210(17$/�/,&(16(�)25�
7+(�352-(&7�72�&216758&7�$1'�23(5$7(�$�62/,'�
%8/.�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�785%2

3DJH ��� RI ���

*$7��������&$�$0�3,2��� 5HYLVLRQ�� %
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>0HGHOOtQ@������

Ǧ ,QWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ��3,6�

7KLV�ODQG�XVH�FRPSULVHV�WKRVH�DUHDV�ZKLFK�DUH�SULPDULO\�PDGH�XS�RI�FOHDQ�RU�ZRRGHG�
JUDVVODQG�� ZKHUH�PDQDJHPHQW� SUDFWLFHV� KLQGHU� WKH� SUHVHQFH� RU� GHYHORSPHQW� RI�
RWKHU�W\SHV�RI�FRYHU��:LWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�WKLV�XVH�W\SH�FRYHUV�DQ�
DUHD�RI����� KHFWDUHV��ORFDWHG�WKURXJKRXW�VDLG�DUHD��7KH�SORW�RI�ODQG�ZKHUH�WKH�ODQG�
WHUPLQDO�LV�LQWHQGHG�WR�EH�EXLOW�LV�PDLQO\�FRYHUHG�E\�QDWXUDO�JUDVVODQG��

7KHVH�DUHDV�DUH�ODUJHO\�GHGLFDWHG�WR�VHPL�LQWHQVLYH�OLYHVWRFN�IDUPLQJ�RQ�QDWXUDO�DQG�
LQWURGXFHG�JUDVVODQG�� WKH�SUHGRPLQDQW�JUDVV�VSHFLHV� IRXQG� WKHUH�DUH� SDUD JUDVV�
�%UDFKLDULD�DUUHFWD��XVHG�SULPDULO\�IRU�UDLVLQJ�EXIIDOR��DQG�VDWLQWDLO�JUDVV��,PSHUDWD��
XVHG�IRU� WUDGLWLRQDO� OLYHVWRFN�IDUPLQJ���7KHVH�JUDVVHV�DGDSW� WR�ZDWHUORJJHG�DUHDV�
VXFK�DV�WKH�IORRG�SODLQV�WKDW�PDNH�XS�WKH�DUHD�RI�VWXG\��ZKLFK�FRQWDLQ�ZDWHUORJJHG�
VRLOV�ZLWK�ZDWHU�VDWXUDWLRQ�SUREOHPV��6RPH�DTXDWLF�SODQWV�JURZ�LQ�WKHVH�DUHDV��VXFK�
DV�WKH�FRPPRQ�ZDWHU�K\DFLQWK��DUUDFDFKR �0RQWULFDUGLD�DUERUHVFHQV� DQG�WKH�ORWXV��
�3KRWR�������

3KRWR����� &OHDQ�JUDVVODQG�GHGLFDWHG�WR�OLYHVWRFN�IDUPLQJ�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������
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Ǧ 3URGXFWLRQ��3G�

7KLV�ODQG�XVH�W\SH�FRQVLVWV�RI�D�WHDN� �WHFWRQD�JUDQGLV� IRUHVW�SODQWDWLRQ�IRU�WLPEHU�
SURGXFWLRQ�DW�WKH�URWDWLRQ�DJH��DSSUR[LPDWHO\����\HDUV���'XULQJ�WKH�ILHOGZRUN�SKDVH�
WKLV�FURS�ZDV�LGHQWLILHG�WR�EH�DW�WKH�IHOOLQJ�VWDJH��)RU�WKLV�UHDVRQ�LW�RQO\�UHSUHVHQWV�D�
VPDOO�SDUW������Pð��RI�WKH�DUHD�RI�VWXG\��ORFDWHG�DGMDFHQW�WR�WKH�SRSXODWLRQ�FHQWHU�RI�
1XHYD�&RORQLD�DQG�WR�WKH�EDQDQD�DQG�SODQWDLQ�FURSV��DV�FDQ�EH�VHHQ�LQ�3KRWR� �����

3KRWR������ )RUHVW�SODQWDWLRQ�RI�7HFWRQD�JUDQGLV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

Ǧ 3URWHFWLRQ��3W�

7KLV� ODQG�XVH� W\SH�RFFXSLHV�DQ�DUHD�RI������KHFWDUHV�ZLWKLQ� WKH�SURMHFW¶V�DUHD�RI�
LQIOXHQFH��GHGLFDWHG�WR�WKH�SHUPDQHQW�SURWHFWLRQ�RI�ZDWHU�DQG�VRLO�UHVRXUFHV��7KHVH�
SHUWDLQ�WR�WKH�ULSDULDQ�IRUHVW�FRYHU�ORFDWHG�RQ�WKH�EDQNV�RI�WKH�/HyQ�5LYHU��WKH�1XHYD�
&RORQLD� FDQDO� �VHH� 3KRWR� ������ DQG� WKH� IORRG�SURQH� RU� GU\ODQG� SDVWXUHV� IRXQG�
WKURXJKRXW�WKH�DUHD�RI�LQIOXHQFH��
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3KRWR����� 5LSDULDQ�IRUHVW�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ 3URWHFWLYH�)RUHVW��)S�

7KLV�W\SH�RI�ODQG�XVH�FRYHUV�DQ�DUHD�RI�������KHFWDUHV��FRUUHVSRQGLQJ�WR�IRUHVW�FRYHU�
ZKLFK�DFWV�DV�D�UHIXJH�IRU�WKH�UHJLRQ¶V�IORUD�DQG�IDXQD�GXH�WR�LWV�OHYHO�RI�HFRORJLFDO�
FRQVHUYDWLRQ��([DPSOHV�LQ�WKH�DUHD�RI�VWXG\�LQFOXGH�PDQJURYH�DQG�SDOP�JURYH�FRYHU�
�3KRWR�������
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3KRWR����� 3DOP�JURYH�GHGLFDWHG�WR�WKH�SURWHFWLYH�IRUHVW�XVH�W\SH�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

Ǧ 5HVWRUDWLRQ��5F�

7KH�W\SH�RI�XVH�SHUWDLQV�WR�WKRVH�DUHDV�ZKRVH�SULPDU\�YHJHWDWLRQ�KDV�EHHQ�DOWHUHG�
RU�GHVWUR\HG��([DPSOHV�LQFOXGH�WKH�PDQJURYH�DUHDV�ZKLFK�KDYH�EHHQ�DOWHUHG�DQG��
E\�PHDQV�RI�VXFFHVVLRQDO�SURFHVVHV��D�SURFHVV�RI�UHVWRUDWLRQ�FRUUHVSRQGLQJ�WR�WKH�
PDQJURYH¶V� KLJK� VHFRQGDU\� YHJHWDWLRQ� KDV� EHJXQ�� 7KH� VDPH� RFFXUV� ZLWK� WKRVH�
DUHDV�WKDW�VKRZ�D�JUHDWHU�GHJUHH�RI�QDWXUDO�UHJHQHUDWLRQ��VXFK�DV�DUHDV�RI�VKUXE�
FRYHU�WKDW�DUH�LQ�WKH�SURFHVV�RI�UHFRYHULQJ�WKHLU�RULJLQDO�VWDWH�RI�ULSDULDQ�IRUHVWV��7KH�
DUHDV�LQ�D�VWDWH�RI�UHVWRUDWLRQ�DUH�GLVWULEXWHG�DFURVV�DQ�DUHD�RI������KHFWDUHV�DQG�
DUH�SULPDULO\�ORFDWHG�DORQJ�WKH�EDQNV�RI�ERGLHV�RI�ZDWHU��,W�VKRXOG�EH�PHQWLRQHG�WKDW�
GHVSLWH�EHLQJ�LQ�D�SURFHVV�RI�QDWXUDO�UHVWRUDWLRQ��WKH�KXPDQ�LQWHUYHQWLRQ�H[SHULHQFHG�
E\�WKHVH�DUHDV�FUHDWHV�D�JUHDW�GHDO�RI�SUHVVXUH�DQG�KLQGHUV�WKH�GHYHORSPHQW�RI�WKH�
UHVWRUDWLRQ�SURFHVV����
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3KRWR����� +LJK�VHFRQGDU\�YHJHWDWLRQ�FRYHU�ZLWKLQ�WKH�DUHD�RI�VWXG\�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

Ǧ ,QGXVWULDO�RU�FRPPHUFLDO�DUHDV��=LF�

7KLV�W\SH�RI�XVH�UHODWHV�WR�WKRVH�DUHDV�ZLWK�DUWLILFLDO�LQIUDVWUXFWXUH�WKDW�DUH�XVHG�IRU�
FRPPHUFLDO� RU� LQGXVWULDO� DFWLYLWLHV� ZLWKLQ� WKH� DUHD� RI� VWXG\�� 7KHVH� FRQVWUXFWLRQV�
EHORQJ�WR�WKH�%DQDFRO�FRPSDQ\�DQG DUH�ORFDWHG�RQ�WKH�ULJKW�KDQG�EDQN�RI�WKH�1XHYD�
&RORQLD�FDQDO��RFFXS\LQJ�DQ�DUHD�RI�����KHFWDUHV�DFURVV�WZR�SLHFHV�RI�ODQG��2QH�LV�
GHGLFDWHG�WR�D�VWRUDJH�FHQWHU�IRU�WKH�VKLSSLQJ�RI�EDQDQDV�DQG�D�IXHO�VWDWLRQ�RSHUDWHV�
RQ�WKH�RWKHU��
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3KRWR�1R������ 7KH�%DQDFRO�FRPSDQ\�MHWW\�DUHD�DORQJ�WKH�1XHYD�&RORQLD�FDQDO�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

Ǧ 6HWWOHPHQW��$V�

7KLV�W\SH�RI�XVH�SHUWDLQV�WR�WKH�VHWWOHPHQW�RI�WKH�(O�&DQDO�YLOODJH��ORFDWHG��NP�DZD\�
IURP�WKH�WRZQ�FHQWHU�RI�1XHYD�&RORQLD�LQ�WKH�PXQLFLSDOLW\�RI�7XUER��,W�LV�DFFHVVHG�
YLD� DQ� XQSDYHG� URDG� RU� ZDWHUZD\� DQG� RFFXSLHV� DQ� DUHD� RI� �� KHFWDUHV�� 7KLV�
FRPPXQLW\� LV� VLWXDWHG� LQ� D� YXOQHUDEOH� DUHD� GXH� WR� WKH� LQFUHDVHG� WUDIILF� RI� KHDY\�
YHKLFOHV�KHDGLQJ�WR�WKH�SRUW¶V�ODQG�WHUPLQDO�VLWH��7KH�VHWWOHPHQW�LV�LQ�WKH�SURFHVV�RI�
EHLQJ�UHORFDWHG�WR�WKH�SRSXODWLRQ�FHQWHU�RI�1XHYD�&RORQLD��

Ǧ 3RSXODWLRQ�FHQWHU��&S�

7KLV�W\SH�RI�XVH�FRUUHVSRQGV�WR�WKH�SORW�RI�ODQG�ZKHUH�KRXVLQJ�LV�EHLQJ�EXLOW�IRU�WKH�
IXWXUH�UHORFDWLRQ�RI�WKH�FRPPXQLW\�EHORQJLQJ�WR�WKH�VHWWOHPHQW�RI�WKH�(O�&DQDO�YLOODJH�
DQG� WR� WKH�SRSXODWLRQ�FHQWHU�RI� WKH� WRZQ�RI�1XHYD�&RORQLD� LQ� WKH�PXQLFLSDOLW\� RI�
7XUER��$FFRUGLQJ�WR�WKH�ILJXUHV�UHFRUGHG�LQ�WKH������'$1(�FHQVXV����WKH�FRPPXQLW\�
KDV�D�SRSXODWLRQ�RI��������LQKDELWDQWV�DQG�RFFXSLHV�DQ�DUHD�RI������KHFWDUHV��

x &RQIOLFWV�GXH�WR�ODQG�XVH

&RQIOLFWV� GXH� WR� ODQG� XVH� VWHP� IURP� WKH� GLVFUHSDQF\� EHWZHHQ� WKH� ZD\� LQ� ZKLFK�
KXPDQV� DUH� FXUUHQWO\� XVLQJ� WKH� ODQG� DQG� WKH�ZD\� LQ�ZKLFK� LW� VKRXOG� EH�XVHG�� LQ�
DFFRUGDQFH�ZLWK�LWV�SRWHQWLDO��SXUSRVH�DQG�HQYLURQPHQWDO�UHVWULFWLRQV����

��'$1(��%ROHWtQ�&HQVR�*HQHUDO����� ������*HQHUDO�&HQVXV�%XOOHWLQ���3URILOH�RI�7XUER��$QWLRTXLD
�� $*867,1�&2'$==,�,167,787(��,*$&���&2/20%,$1�&25325$7,21�2)�$*5,&8/785$/�5(6($5&+��&2532,&$���
=RQLILFDFLyQ�GH�ORV�FRQIOLFWRV�GH�XVR�GH�ODV�WLHUUDV�GHO�SDtV��&DStWXOR�,9�8VR�$GHFXDGR�\�&RQIOLFWR�GH�8VR�GH�ODV�7LHUUDV�HQ�
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$FFRUGLQJ� WR� WKH� ODQG� XVH� ]RQLQJ� LQFOXGHG� LQ� WKH� /DQG� 8VH� 3ODQ� �/83�� IRU� WKH�
PXQLFLSDOLW\� RI� 7XUER���� WKH� SURMHFW¶V� DUHD� RI� LQIOXHQFH� IDOOV� ZLWKLQ� WKH� LQGXVWULDO�
GHYHORSPHQW��SRUW�DQG�VHUYLFH�]RQH��ZLWK�D�VPDOO�SDUW�RI� WKH�DUHD�RI�VWXG\� LQ� WKH�
FDWHJRU\�RI�FRQVHUYDWLRQ�DQG�HFRV\VWHP�UHVWRUDWLRQ��7KH�ODWWHU�FDWHJRU\�UHIHUV�WR�WKH�
SURWHFWLYH�IRUHVW�UHVHUYH�RI�WKH�ZHWODQGV�RI WKH�6XULTXt�DQG�/HyQ�ULYHUV��DV�VKRZQ�LQ�
)LJXUH�������*LYHQ�WKDW�WKH�DLP�RI�WKH�SURMHFW�LV�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�D�
PDMRU� PDULWLPH� SRUW�� LW� LV� LQ� DFFRUGDQFH� DQG� FRQVLVWHQW� ZLWK� WKH� XVHV� WKDW� DUH�
HVWDEOLVKHG�DQG�SHUPLWWHG�LQ�WKH�ODQG�XVH�]RQLQJ�GHWHUPLQHG�E\�WKH�/83�� IRU�WKH�
PXQLFLSDOLW\� RI�7XUER��7KH� ODQG� LV� FRQVLGHUHG� WR� EH�ZLWKRXW� FRQIOLFWV� RI� XVH�RU� LQ�
DGHTXDWH�XVH���$��

&RORPELD �=RQLQJ�RI�WKH�XVH�FRQIOLFWV�RQ�WKH�FRXQWU\¶V�ODQG��&KDSWHU�,9�$SSURSULDWH�8VH�DQG�8VH�&RQIOLFWV�RI�/DQG�LQ�&RORPELD��
%RJRWi��'�&�����������S�
�� &2/20%,$��081,&,3$/,7<�2)�785%2��������2S��&LW��
�� &2/20%,$��081,&,3$/,7<�2)�785%2��������2S��&LW�����S�
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)LJXUH����� /DQG�XVH�]RQLQJ�RI�WKH�PXQLFLSDOLW\�RI�7XUER�
6RXUFH��/83�IRU�WKH�PXQLFLSDOLW\�RI�7XUER��������

2QFH�DQDO\VLV�LV�FDUULHG�RXW�RI�WKH�FXUUHQW�XVH�DQG�UHFRPPHQGHG�SRWHQWLDO�XVH�RI�
WKH�ODQG�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH��FRQIOLFWV�VWHPPLQJ�IURP�ODQG�XVH�DUH�
WKHQ�FRQVLGHUHG��

:LWKLQ� WKH� SURMHFW¶V� DUHD�RI� LQIOXHQFH�� ������ �7DEOH������� RI� WKH� ODQG� LV�ZLWKRXW�
FRQIOLFWV� RI� XVH RU� LQ� DGHTXDWH� XVH� �$��� ,W� LV� FODVVLILHG� DV� VXFK� EHFDXVH� WKH�

�� ,ELG�
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GRPLQDQW�HQYLURQPHQWDO�HQGRZPHQW� LQ� WKH�DUHD� LV�FRKHUHQW�ZLWK� WKH�SRSXODWLRQ¶V�
GHPDQG�IRU�QDWXUDO�UHVRXUFHV����

/LNHZLVH��FRQIOLFWV�GXH�WR�VOLJKW�XQGHUXVH �6���ZHUH�LGHQWLILHG��ZKLFK�FRUUHVSRQG�WR�
���� RI�WKH�DUHD�RI�VWXG\��7KLV�UHIHUV�WR�WKRVH�DUHDV�ZKLFK�DUH�FXUUHQWO\�XVHG�IRU�
LQWHQVLYH�DQG�VHPL�LQWHQVLYH�JUD]LQJ�GHVSLWH�EHLQJ�ODQG�ZLWK�WKH�SRWHQWLDO�IRU�VHPL�
LQWHQVLYH� SHUPDQHQW� DQG� VHPL�SHUPDQHQW� FXOWLYDWLRQ�� $Q� DUHD� RI� WHDN� �7HFWRQD�
JUDQGLV��SODQWDWLRQ�ZDV�DOVR�LGHQWLILHG��ZKLFK�LV�HTXLYDOHQW�WR ����P� DQG�DW�WKH�IHOOLQJ�
VWDJH��$FFRUGLQJ�WR�ODQG�XVH�FDSDFLW\�LW�VKRXOG�EH�XVHG�IRU�VHPL�LQWHQVLYH�SHUPDQHQW�
DQG�VHPL�SHUPDQHQW�DJULFXOWXUDO�FXOWLYDWLRQ��IRU�ZKLFK�UHDVRQ�LW�LV�GHHPHG�WR�EH�LQ�
VHYHUH XQGHUXVH �6���

:LWKLQ�WKH�SLHFH�RI�ODQG�ZKHUH�WKH�ODQG�WHUPLQDO�LV�LQWHQGHG�WR�EH�EXLOW��D�FRQIOLFW�GXH�
WR�VHYHUH�RYHUXVH��2�� ZDV�IRXQG�ZKLFK�FRUUHVSRQGV�WR������RI�WKH�SURMHFW¶V�DUHD�
RI�LQIOXHQFH��7KLV�VWHPV�IURP�WKH�FRYHU�RI�WKH�DUHD�EHLQJ�FOHDQ�JUDVVODQG�DQG�WKH�
ODQG�XVH�SXUSRVH�EHLQJ�SURWHFWLYH�IRUHVW��GXH�WR�WKH�PRLVWXUH�RI�WKH�VRLO��,W�VKRXOG�EH�
FODULILHG�WKDW�WKH�H[LVWLQJ�JUDVVHV�RQ�WKLV�SLHFH�RI�ODQG�DQG�LQ�WKH�VXUURXQGLQJ�DUHD�
DUH�RI�QDWXUDO�RULJLQ��JURZ�LQ�IORRGSODLQ�ODQGVFDSHV�DQG�DGDSW�YHU\�ZHOO�WR�VRLOV�ZLWK�
SUREOHPV� RI� ZDWHUORJJLQJ�� /LNHZLVH�� WKHUH� LV� PLQLPDO� SUHVHQFH� RI� OLYHVWRFN� DQG�
SUHVVXUH�RQ�VRLO�UHVRXUFHV�LV�RI�OLWWOH�UHOHYDQFH��8VH�&RQIOLFW

$� 1R�FRQIOLFWV 6�� 6OLJKW�XQGHUXVH 3URMHFW

2�� 0RGHUDWH�RYHUXVH 6�� 6HYHUH�XQGHUXVH $UHD�RI�,QIOXHQFH

2�� 6HYHUH�RYHUXVH =8� 8UEDQ�$UHD

)LJXUH��������

%HVLGHV� WKDW�� DUHDV� FDWHJRUL]HG� DV�8UEDQ�$UHDV� �=8��ZHUH� LGHQWLILHG�� ZKLFK� DUH�
UHODWHG�WR�FXUUHQW�DQG�SRWHQWLDO�XVH�JLYHQ�WKDW�WKH\�DUH�DUHDV�FRQWDLQLQJ�VHWWOHPHQWV��
SRSXODWLRQ�FHQWHUV�DQG�LQGXVWULDO�DQG�FRPPHUFLDO�]RQHV���

7KH�W\SHV�RI�FRQIOLFWV�LGHQWLILHG�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�DUH�OLVWHG�LQ�7DEOH�������DORQJ�
ZLWK�WKHLU�DUHD�LQ�KHFWDUHV�DQG�DV�D�SHUFHQWDJH��8VH�&RQIOLFW�

%� 1R�FRQIOLFWV 6�� 6OLJKW�XQGHUXVH 3URMHFW

2�� 0RGHUDWH�RYHUXVH 6�� 6HYHUH�XQGHUXVH $UHD�RI�,QIOXHQFH

2�� 6HYHUH�RYHUXVH =8� 8UEDQ�$UHD
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)LJXUH� ���� VKRZV� WKH� VSDWLDO� GLVWULEXWLRQ� RI� HDFK� RI� WKHVH� FDWHJRULHV� �VHH�PDS�
HQWLWOHG�02'B/$B372B$17B��B&RQIOLFWR8VR��

7DEOH����� &RQIOLFWV�GXH�WR�ODQG�XVH�LGHQWLILHG�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH
7\SH�RI�FRQIOLFW 6\PERO $UHD��+D�� $UHD����

/DQG�ZLWKRXW�FRQIOLFW�RU�LQ�DGHTXDWH�XVH� $ ����� �����

&RQIOLFW�GXH�WR�VOLJKW�XQGHUXVH 6� ���� ����

&RQIOLFW�GXH�WR�VHYHUH�XQGHUXVH 6� ��� ����

&RQIOLFW�GXH�WR�VHYHUH�RYHUXVH� 2� ��� ����

8UEDQ�$UHD =8 ���� �����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

8VH�&RQIOLFW�

&� 1R�FRQIOLFWV 6�� 6OLJKW�XQGHUXVH 3URMHFW

2�� 0RGHUDWH�RYHUXVH 6�� 6HYHUH�XQGHUXVH $UHD�RI�,QIOXHQFH

2�� 6HYHUH�RYHUXVH =8� 8UEDQ�$UHD
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)LJXUH����� &RQIOLFWV�GXH�WR�ODQG�XVH�ZLWKLQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

����� +\GURORJ\

+\GURORJLFDO�FKDUDFWHUL]DWLRQ�LV�FDUULHG�RXW�IRU�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�ZLWK�WKH�
DLP�RI�FKDUDFWHUL]LQJ�WKH�DUHD�LQ�WHUPV�RI�WKH�DYDLODELOLW\�RI�VXUIDFH�ZDWHU�UHVRXUFHV��
7R�WKDW�HQG��WKH� OHQWLF�DQG�ORWLF�HFRV\VWHPV�SUHVHQW� LQ�WKH�DUHD�RI�LQIOXHQFH�ZHUH�
LGHQWLILHG��

x /HQWLF�DQG�ORWLF�V\VWHPV

Ǧ /HQWLF�V\VWHPV

7KH�OHQWLF�V\VWHPV�LQ�WKH�DUHD�RI�LQIOXHQFH�ZHUH�LGHQWLILHG�LQ�WZR�VWDJHV��7KH�ILUVW�
WRRN� SODFH� RYHU� WKH� VDWHOOLWH� LPDJH� LQ� RUGHU� WR� FDUU\� RXW� D� SULRU� LGHQWLILFDWLRQ� RI�
V\VWHPV�RI� WKLV� W\SH��7KH�VHFRQG�VWDJH� LQYROYHG� ILHOGZRUN�RU� YLVLWV� WR� WKH�SURMHFW�
DUHD��IRU�WKH�SXUSRVH�RI�FRUURERUDWLQJ�WKH�LQLWLDO�FDUWRJUDSKLF�GDWD��2QFH�WKHVH�WZR�
VWDJHV� KDG� EHHQ� FRPSOHWHG�� QR� QDWXUDO� OHQWLF� V\VWHPV� DVVRFLDWHG� ZLWK� FRDVWDO�
ODJRRQV� RU� LQWHUWLGDO� PDUVKHV� ZHUH� IRXQG�� /LNHZLVH�� QR� DUWLILFLDO� OHQWLF� V\VWHPV�
DVVRFLDWHG�ZLWK�SRQGV�RU�UHVHUYRLUV�ZHUH�IRXQG��

Ǧ /RWLF�V\VWHPV�

5HJLRQDOO\��WKH�ORWLF�V\VWHPV�SUHVHQW�LQ�WKH�DUHD�DUH�VKRZQ�LQ�

.H\�

9HKLFXODU�URXWHV

'UDLQDJH

)DUP

)LJXUH�������7KH�SURMHFW�LV�ORFDWHG�RQ�WKH�HDVW�EDQN�RI�WKH�/HyQ�5LYHU��DSSUR[LPDWHO\�
���NP�DZD\�IURP�LWV�HVWXDU\�LQ�%DKtD�&RORPELD�LQ�WKH�VRXWKHUQ�UHJLRQ�RI�WKH�*XOI�RI�
8UDEi�
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.H\�

9HKLFXODU�URXWHV

'UDLQDJH

)DUP

)LJXUH����� 'LDJUDP�RI�WKH�ULYHUV�WKDW�IORZ�LQWR�WKH�*XOI�RI�8UDEi
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�����������

��$5$Ô-2�,%$55$�	�$62&,$'26�6�$��(VWXGLR�GH�IDFWLELOLGDG�SDUD�HO�SXHUWR�GH�%DKtD�&RORPELD �)HDVLELOLW\�VWXG\�IRU�WKH�
%DKLD�&RORPELD�SRUW���$SULO���UG� �����
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7KH�*XOI�RI�8UDEi�UHFHLYHV�D�KLJK�ZDWHU�VXSSO\��ZKLFK�LV�GLUHFWO\�UHVSRQVLEOH�IRU�WKH�
VHGLPHQWDWLRQ�SURFHVVHV�WKDW�RFFXU�LQ�WKH�FDWFKPHQW�DUHD��,WV�WULEXWDULHV�PDNH�XS�D�
FRPSOH[�ULYHU�V\VWHP��FRQVLVWLQJ�SULPDULO\�RI����ULYHUV�ZKLFK�HPSW\�WKHLU�ZDWHUV�DW�
GLIIHUHQW�SRLQWV�LQ�WKH�*XOI�� �7DEOH�������

7DEOH����� 5LYHU�V\VWHP�RI�WKH�*XOI�RI�8UDEi��IORZ�DQG�DUHD�RI�WKH�ULYHUV¶�FDWFKPHQW�DUHDV
5LYHU $YHUDJH�IORZ��Pñ�V� &DWFKPHQW�DUHD��NPð�

$WUDWR �������� ������
/HyQ ����� �����
6XULTXt ����� ��
7XUER ���� ��
&DLPiQ�9LHMR ���� ��
&DLPiQ�1XHYR ���� ��
%REDO ���� ��
1HFRFOt ���� �
*XDGXDOLWR ���� �
&XUUXODR ���� �

6RXUFH��6(1(5��)HDVLELOLW\�VWXG\�IRU�WKH�GHYHORSPHQW�RI�WKH�SRUW�V\VWHP�LQ�8UDEi��������

7KH�ORWLF�V\VWHPV�RI�LQWHUHVW�LGHQWLILHG�IRU�WKH�DUHD�UHODWHG�WR�WKH�SURMHFW�DUH�WKH�/HyQ�
5LYHU��DV�D�QDWXUDO�ORWLF�V\VWHP��DQG�WKH�1XHYD�&RORQLD�FDQDO��DV�DQ�DUWLILFLDO�ORWLF�
V\VWHP���7KH�ORFDWLRQ�RI�WKH�K\GURJUDSKLF�QHWZRUN�WKDW�H[LVWV�LQ�WKH�DUHD�RI�LQIOXHQFH�
FDQ�EH�VHHQ�LQ�WKH�PDS�HQWLWOHG�02'B/$B372B$17B��B+LGURORJtD��%RWK�V\VWHPV�
DQG�WKHLU�PDLQ�FKDUDFWHULVWLFV�DUH�GHVFULEHG�EHORZ��

� /HyQ�5LYHU

7KH�/HyQ�5LYHU KDV�DQ�DSSUR[LPDWH�FDWFKPHQW�DUHD�RI������NPð��ZKLFK�JRHV�IURP�
LWV�VRXUFH�LQ�WKH�VRXWK�ZHVWHUQ�IRRWKLOOV�RI�WKH�$ELEH�PRXQWDLQV�WR�WKH�QRUWK�RI�WKH�
PXQLFLSDOLW\�RI�0XWDWi�� WR� LWV�PRXWK���NP�IXUWKHU�GRZQVWUHDP�LQ�%DKtD�&RORPELD��
7KH�ULYHUV�&DUHSD��$SDUWDGy��&KLJRURGy��=XQJR��9LMDJXDO�DQG�*UDQGH�IHHG�LQWR�LW��
DQG�QHDUO\� DOO� WKHVH� WULEXWDULHV� DUH� FKDUDFWHUL]HG�E\� WKH�SUHVHQFH�RI� YHU\� VLPLODU�
DOWLWXGLQDO�VHJPHQWDWLRQ��PDQLIHVWLQJ�LWVHOI�LQ�WKHLU�KHDGZDWHUV�DV�PRXQWDLQ�VWUHDPV�
ZLWK�WRUUHQWLDO�V\VWHPV�DQG�SRWHQWLDO�LQVWDELOLW\�LQ�WKHLU�FDQ\RQV��7KH\�FURVV�DUHDV�RI�
SODLQV�DQG�KLOOV��VKDSLQJ�QDUURZ�DOOXYLDO�YDOOH\V�LQ�WKH�IRRWKLOOV�RI�WKH�PRXQWDLQV��XQWLO�
WKH\� UHDFK� WKH� DOOXYLDO� SODLQ� RI� WKH� /HyQ� 5LYHU�� KHUH�� WKH\� GLYLGH� XS� LQWR� PDQ\�
EUDQFKHV��PDNLQJ�XS�D�KLJKO\�FRPSOH[�QHWZRUN���

�� 6(1(5��(VWXGLR�GH�YLDELOLGDG�GHO�GHVDUUROOR�GHO�VLVWHPD�SRUWXDULR�HQ�8UDEi �)HDVLELOLW\�VWXG\�IRU�WKH�GHYHORSPHQW�RI�WKH�
SRUW�V\VWHP�LQ�8UDEi��&RORPELD��������

�� &2/20%,$��081,&,3$/,7<�2)�785%2� 3ODQ�GH�2UGHQDPLHQWR�7HUULWRULDO��GLDJQyVWLFR�ItVLFR�DPELHQWDO �/DQG�8VH�3ODQ��
SK\VLFDO�DQG�HQYLURQPHQWDO�GLDJQRVLV�� 7XUER��������%RRN����3DUW����3DJH����
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,WV�PDLQ�FRXUVH�WDNHV�WKH�IRUP�RI�DQ�DUFK�WKDW�FXUYHV�DFURVV�WKH�DOOXYLDO�SODLQ��+HUH��
LW� EUHDNV� GRZQ� LQWR� QHWZRUNV� RI� YHU\� FRPSOH[� FKDQQHOV� ZKLFK� DUH� IDYRUDEOH� IRU�
K\GURSKLOLF�UHVRXUFHV�WKDW�IORZ�WKURXJK�D�ODUJH�SDUW�RI�WKH�7XUER�WHUULWRU\��RYHU�IORRG�
SODLQ�DQG�PDULQH�FRDVWDO�FRPSOH[�XQLWV���

7KH�ZDWHU�IORZ�GLVWULEXWLRQ�RI�WKH�/HyQ�5LYHU ZLWK�LWV�WULEXWDULHV�LV�ELPRGDO��,Q�WKH�UDLQLHVW�PRQWKV�RI�
UDLQLHVW�PRQWKV�RI�6HSWHPEHU�DQG�2FWREHU�HSLVRGHV�RI�RYHUIORZLQJ�DUH�UHFRUGHG�ZLWK�DYHUDJH�IORZ�
ZLWK�DYHUDJH�IORZ�UDWHV�RI�RYHU�����Pñ�V��H[FHHGLQJ�IRU�VHYHUDO�GD\V�WKH�FDSDFLW\�RI�WKH�FURVV�FXWWLQJ�
WKH� FURVV�FXWWLQJ� VHFWLRQV� ZKLFK� LV� EHWZHHQ� ���� DQG� ���� Pñ�V� LQ� WKH� DOOXYLDO� VHFWLRQ� RI� WKH�
RI� WKH�%DUUDQTXLOOLWD� VWDWLRQ��'XULQJ� WKH� SHULRG� RI� OHDVW� UDLQ�� EHWZHHQ� WKH�PRQWKV� RI� -DQXDU\� DQG�
-DQXDU\�DQG�0DUFK��IORZ�UDWHV�DUH�EHORZ����Pñ�V�ZLWK�D�PRQWKO\�PLQLPXP�RI����Pñ�V�LQ�0DUFK��VHH�
LQ�0DUFK��VHH�

)ORZ��Pñ�V� -DQXDU\����0DUFK����0D\����-XO\����6HSWHPEHU����1RYHPEHU

)LJXUH���������

:DWHU� \LHOG� GXULQJ� WKH� ILUVW� PRQWKV� RI� WKH� \HDU� LV� LQ� WKH� RUGHU� RI� ��� O�V�NPð�� LQ�
FRPSDULVRQ�ZLWK�ILJXUHV�H[FHHGLQJ�����O�V�NPð�LQ�WKH�ZHWWHVW�SHULRG��'XULQJ�WKH�ODWWHU�
SHULRG�� WKLV� LV� GXH� WR� WKH� HVWDEOLVKPHQW� RI� K\GURORJLFDO� FRQWLQXLW\� LQ� WKH� ZHWODQG�
V\VWHPV�RI�WKH�/RZHU�$WUDWR�5LYHU�DQG�WKH�/HyQ�5LYHU��WKXV�LQFUHDVLQJ�VXUIDFH�UXQRII�
LQ�WKH�FDWFKPHQW�DUHD���

7KH�DYHUDJH�DQQXDO�IORZ�RI�WKH�9LOODUWHDJD�5LYHU��XSSHU�SDUW�RI�WKH�/HyQ�5LYHU��LV����Pñ�V��ZKLOH�LQ�
Pñ�V��ZKLOH�LQ�%DUUDQTXLOOLWD�LW�VWDQGV�DW������Pñ�V��7KLV�PHDQV�WKDW�WKH�DYHUDJH�ZDWHU�\LHOG�IRU�WKH�
\LHOG�IRU�WKH�FDWFKPHQW�DUHD�YDULHV�EHWZHHQ�����DQG����O�V�NPð��ILJXUHV�ZKLFK�DUH�FRQVLGHUHG�WR�EH�
FRQVLGHUHG�WR�EH�KLJK��VHH�

)ORZ��Pñ�V� -DQXDU\����0DUFK����0D\����-XO\����6HSWHPEHU����1RYHPEHU

)LJXUH����� DQG� -�������)���������0 $��������0�����-�����-��������$�������6�������2�������1
'

)LJXUH���������

�� ,ELG��%RRN����&RPS�����%LRWLF���3DJH����
�� ,ELG�
�� ,ELG�
�� ,ELG�
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)ORZ��Pñ�V� -DQXDU\����0DUFK����0D\����-XO\����6HSWHPEHU����1RYHPEHU

)LJXUH����� $YHUDJH�PRQWKO\�IORZ�RI�WKH�/HyQ�5LYHU DW�WKH�%DUUDQTXLOOLWD�DQG�9LOODUWHDJD�
VWDWLRQV

6RXUFH��/83�7XUER���������

-�������)���������0 $��������0�����-�����-��������$�������6�������2�������1 '

)LJXUH����� $YHUDJH�PRQWKO\�IORZ�RI�WKH�/HyQ�5LYHU DW�WKH�%DUUDQTXLOOLWD�VWDWLRQ��VWDWLVWLFV�
����������

6RXUFH��,19(0$5�DQG�$QWLRTXLD�'HSDUWPHQWDO�*RYHUQPHQW��$WODV�RI�WKH�*XOI�RI�8UDEi���������

7KH������,1$7�VWXG\�UHJDUGLQJ�PLQLPXP�RU�GURXJKW�IORZV�HVWLPDWHV�WKDW�DW�WKH�SRLQW�
RI�WKH�%DUUDQTXLOOLWD�VWDWLRQ�WKH�/HyQ�5LYHU GULHV�XS�FRPSOHWHO\�RQFH�HYHU\����\HDUV��

�� &2/20%,$��081,&,3$/,7<�2)�785%2��/DQG�8VH�3ODQ��������2S��&LW�
�� -RVp�%HQLWR�GH�$QGUHLV�,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��,19(0$5��DQG�WKH�$QWLRTXLD�'HSDUWPHQWDO�*RYHUQPHQW��
$WODV�GHO�JROIR�GH�8UDEi��XQD�PLUDGD�DO�&DULEH�GH�$QWLRTXLD�\�&KRFy��6HULHV�GH�SXEOLFDFLRQHV�HVSHFLDOHV�Q���� �$WODV�RI�WKH�
*XOI�RI�8UDEi� $�JODQFH�DW�WKH�$QWLRTXLD�DQG�&KRFy�&DULEEHDQ���6DQWD�0DUWD������������SDJHV��,6%1������������������
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ZKHUHDV� WKH� DYHUDJH�PLQLPXP�ZKLFK� RFFXUV�ZLWK� D� UHWXUQ� SHULRG� RI� RQH� \HDU� LV�
DURXQG������Pñ�V�

7KH�DYHUDJH�PXOWLDQQXDO�IORZ�RI� WKH�/HyQ�5LYHU LV����P��V��D�ILJXUH�FDOFXODWHG�DW�
%DUUDQTXLOOLWD��,'($0���DV�WKLV�VWDWLRQ�LV�ORFDWHG�XSVWUHDP�IURP�WKH�ULYHU¶V�HVWXDU\��LW�
GRHV� QRW� FRQVLGHU� WKH� GLVFKDUJH� RI� WULEXWDULHV� VXFK� DV� WKH� &DUHSD�� &KLJRURGy��
$SDUWDGy�DQG�=XQJR��&DOFXODWLRQV�IRU�DYHUDJH�GDLO\�IORZ�UDWHV�HVWLPDWHG�E\�5ROGiQ�
�������DUH�GHWDLOHG�EHORZ��

)ORZ��Pñ�V�����-DQXDU\ $SULO -XO\ 2FWREHU -DQXDU\

)LJXUH����� $QQXDO�F\FOH�RI�GDLO\�IORZ�UDWHV�RI�WKH�/HyQ�5LYHU
6RXUFH��52/'$1������

7DNLQJ�WKH�SURMHFW¶V�FKDUDFWHULVWLFV�LQWR�DFFRXQW��ZKHUHE\�WKH�/HyQ 5LYHU�ZLOO�EH�XVHG�
IRU�WKH�FROOHFWLRQ�RI�VXUIDFH�ZDWHU�DQG�WKH�GLVSRVDO�RI�ZDVWH�ZDWHU��DQG�JLYHQ�WKH�
DEVHQFH�RI�GLUHFW�LQWHUYHQWLRQ�RQ�LWV�EDQNV��WKH�ZDWHUFRXUVH�LV�QRW�H[SHFWHG�WR�VKRZ�
DQ\�GHWHULRUDWLRQ�LQ�LWV�QDWXUDO�FRQGLWLRQV�ZLWK�UHJDUGV�WR�VHDVRQDOLW\�DQG�DUHDV�RI�
IORRGLQJ�

� 1XHYD�&RORQLD�&DQDO

7KH�1XHYD�&RORQLD�FDQDO�ZDV�FRQVWUXFWHG�LQ������E\�WKH�0DGHUDV�'HO�'DULpQ�WLPEHU�
FRPSDQ\�IRU�WKH�SXUSRVH�RI�WUDQVSRUWLQJ�WKH�PDWHULDO�UHVXOWLQJ�IURP�WKHLU�DFWLYLWLHV��
2YHU� WKH� FRXUVH� RI� WLPH� LI� KDV� EHHQ� XVHG� E\� D� YDULHW\� RI� FRPSDQLHV� IRU� WKH�
WUDQVSRUWDWLRQ RI�WLPEHU�DQG�IUXLW��EDQDQDV�IRU�H[SRUWDWLRQ���)UXWHUD�GH�6HYLOOD�ZDV�
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WKH� ILUVW� EDQDQD� FRPSDQ\� WR� RSHUDWH� RQ� WKH� FDQDO� DQG� LW� LV� FXUUHQWO\� XVHG� E\�
FRPSDQLHV�VXFK�DV�%DQDFRO�DQG�8QLEDQ�WR�VKLS�WKH�IUXLW��

7KH� RSHUDWLRQ� RI� WKH� 1XHYD� &RORQLD� FDQDO¶V� PDLQ� VRXUFH� RI� ZDWHU� UHFKDUJH� LV�
GHSHQGHQW�RQ� WKH� IORZ�RI�ZDWHU� IURP� WKH� /HyQ�5LYHU��7KH�FDQDO� LV�DSSUR[LPDWHO\�
��NP�ORQJ��ZLWK�D�ZLGWK�WKDW�YDULHV�IURP�D�PLQLPXP�RI���P�WR�D�PD[LPXP�RI���P�DW�
WKH�HVWXDU\�RI�WKH�/HyQ�5LYHU �

1XHYD &RORQLD�&DQDO

/HyQ�5LYHU

)ORZ�'LUHFWLRQ

3RSXODWLRQ�&HQWHU

3URMHFW

)LJXUH���������
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1XHYD�&RORQLD�&DQDO

/HyQ�5LYHU

)ORZ�'LUHFWLRQ

3RSXODWLRQ�&HQWHU

3URMHFW

)LJXUH����� 1XHYD�&RORQLD�FDQDO
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

x 0DULQH�DQG�FRDVWDO�V\VWHPV

7KH�FRDVWDO�PDULQH�HFRV\VWHPV�SUHVHQW�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�DUH�VKRZQ�
RQ�WKH�PDS�HQWLWOHG�02'B/$B372B$17B��B(FRVLVWHPD��
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x :DWHU�EDVLQV

$V�SUHYLRXVO\�PHQWLRQHG�� WKH�*XOI�RI�8UDEi� LV�PDGH�XS�RI� YDULRXV� ULYHUV��DPRQJ�
ZKLFK�WKH�PDLQ�RQHV�DUH�WKH�5LYHU�$WUDWR��/HyQ�5LYHU��5LYHU�6XULTXt�DQG�WKH�5LYHU�
7XUER��

$V�FDQ�EH�REVHUYHG�LQ�7DEOH����� WKH�5LYHU�$WUDWR�LV�WKH�PDLQ�WULEXWDU\�RI�WKH�*XOI�RI�
8UDEi�FDWFKPHQW�DUHD��6LWXDWHG�RQ�WKH�ZHVWHUQ�HGJH�RI�WKH�*XOI��LW�LV����NP�ORQJ�
ZLWK�D�GUDLQDJH�EDVLQ�RI�DSSUR[LPDWHO\��������NPð��7KH�DYHUDJH�DQQXDO�YROXPH�RI�
ZDWHU�WKDW�HQWHUV�WKH�*XOI�IURP�WKH�$WUDWR�LV�URXJKO\�������Pñ�V�

7KH�VHFRQG�PRVW�LPSRUWDQW�ULYHU�GXH�WR�LWV�YROXPH�DQG�QDYLJDELOLW\�LV�WKH�/HyQ�5LYHU��
IROORZHG�E\� WKH�6XULTXt�DQG��ZLWK� WKH� ORZHVW YROXPHV�� WKH�5LYHUV�7XUER��&DLPiQ��
%REDO��1HFRFOt��*XDGDOLWR�DQG�&XUUXODR�

'XULQJ�WKH�SHULRG�RI�OHDVW�UDLQ�WKH�IORZ�UDWH�RI�WKH�ULYHUV�GHFUHDVHV�DQG�WKH�SUHVHQFH�
RI�EHUPV�PHDQV�WKDW�WKH\�GR�QRW�GUDLQ�HDVLO\��7KH�PRXWKV�RI�VRPH�ULYHUV�FDQ�HYHQ�
EH�REVWUXFWHG��SRWHQWLDOO\�UHQGHULQJ�WKHLU�FRQWULEXWLRQ�QRQ�H[LVWHQW��

7KH�YROXPH�RI�SUHFLSLWDWLRQ�UHFHLYHG�E\�WKH�EDVLQV�RI�WKH�ULYHUV�WKDW�HPSW\�LQWR�WKH�
*XOI�RI�8UDEi�LV�GHWHUPLQHG�E\�WKH�ZHDWKHU��7KLV�KDV�D�GLUHFW�LQIOXHQFH�RQ�WKH�ULYHUV¶�
YROXPHV�DQG�RQ�WKH�DPRXQW RI�WHUULJHQRXV�PDWHULDO�GHSRVLWHG�LQ�WKH�*XOI�RI�8UDEi�
DQG�%DKtD�&RORPELD�

'XH� WR� WKH� ORFDWLRQ� DQG� FKDUDFWHULVWLFV� RI� WKH� SURMHFW� RQO\� RQH� ULYHU� EDVLQ� LV�
DVVRFLDWHG�ZLWK�LWV�DUHD�RI�LQIOXHQFH��EHLQJ�WKDW�RI�WKH�/HyQ�5LYHU��7KH�ORFDWLRQ�DQG�
GLVWULEXWLRQ� RI VDLG� EDVLQ� FDQ� EH� VHHQ� RQ� WKH� PDS� HQWLWOHG�
02'B/$B372B$17B��B+LGURORJLD�

x :HWODQG��0DUVK�DQG�0DQJURYH�&RPSOH[HV�

1R�ZHWODQGV�RU�PDUVKHV�DUH�IRXQG�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�DQG�GLUHFW�DUHDV�
RI� LQWHUYHQWLRQ�� +RZHYHU�� LW� VKRXOG� EH� SRLQWHG� RXW� WKDW� GXULQJ� WKH� UDLQ\� VHDVRQ�
IORRGHG�DUHDV�FDQ�DSSHDU���

$W�D�UHJLRQDO� OHYHO�D�3URWHFWLYH�:HWODQG�5HVHUYH�KDV�EHHQ�GHFODUHG�EHWZHHQ�WKH�
5LYHUV� /HyQ� DQG� 6XULTXt�� ORFDWHG� LQ� WKH� *XOI� RI� 8UDEi� LQ� WKH� QRUWK�ZHVW� RI� WKH�
$QWLRTXLD�GHSDUWPHQW��,Q�WHUPV�RI�PDQJURYHV��WKH�KLJK�GHQVH�PDQJURYH�HFRV\VWHP�
RI�+DORELRPD�'HO�&DULEH�KDV�EHHQ�LGHQWLILHG��ZKLFK�RFFXSLHV������KHFWDUHV�RI�WKH�
DUHD�RI�LQIOXHQFH���6HH�VHFWLRQ������
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x $UHDV�RI�IORRGLQJ

7KH� UHVXOWV� RI� JHRPRUSKRORJLFDO� FKDUDFWHUL]DWLRQ� VKRZ� WKDW� WKH� SURMHFW¶V� DUHD� RI�
LQIOXHQFH�LV�IUDPHG�E\�WKH�DOOXYLDO�IORRGSODLQV�RI�WKH�/HyQ�5LYHU��7KH�WRSRJUDSK\�RI�
WKH�VXUIDFH�LV�IODW��YHU\�ORZ�O\LQJ DQG�SRRUO\�GUDLQHG��,W�LV�DOVR�DIIHFWHG�E\�GDLO\�WLGDO�
IOXFWXDWLRQV�ZLWK�D� ORFDO� UHOLHI�RI�QR�PRUH� WKDQ�RQH�PHWHU�� WKH�UHVXOW�RI� WKH�UHFHQW�
DFFXPXODWLRQ�RI�VHGLPHQW�WKDW�KDV�EHHQ�WUDQVSRUWHG�E\�WKH�ZDWHU�VRXUFHV�WKDW�UXQ�
DORQJ�WKH�ZHVWHUQ�IODQN�RI�WKH�$ELEH�PRXQWDLQV��

7KH�DIRUHPHQWLRQHG�FKDUDFWHULVWLFV�PDNH�WKLV�DUHD�VXVFHSWLEOH�WR�IORRGLQJ�GXH�WR�D�
VZHOOLQJ� RI� WKH� /HyQ� 5LYHU�� ZKLFK� FRXOG� LQFUHDVH� WKH� FKDQFH� RI� IORRGLQJ� ZKHQ�
FRPELQHG�ZLWK�D�KLJK�WLGH��,Q�WKH�SURMHFW¶V�FDVH�WKLV�LV�FRQVLGHUHG�WR�EH�D�PHGLXP�
OHYHO�WKUHDW��DV�WKH�SLHFH�RI�ODQG�ZKHUH�WKH�IDFLOLWLHV�ZLOO�EH�EXLOW�LV�VHSDUDWHG�IURP�
WKH�/HyQ�5LYHU E\�D�KLJK�G\NH�ZKLFK�SURWHFWV�LW�IURP�SRWHQWLDO�IORRGLQJ��7KH�DUHDV�
DGMDFHQW�WR�WKH�FRDVW�DQG�WKH�QDWXUDO�DQG�DUWLILFLDO�GUDLQDJHV�KDYH�EHHQ�GHVLJQDWHG
DV�DW�KLJK�ULVN�RI�IORRGLQJ���6HH�VHFWLRQ��������

)XUWKHUPRUH�� DFFRUGLQJ� WR� DQDO\VLV� SUHVHQWHG� LQ� WKH� HDUO\� ZDUQLQJ� LQIRUPDWLRQ�
V\VWHP�RI�WKH�DUHD¶V�YXOQHUDELOLW\�DQG�VXVFHSWLELOLW\�WR�FOLPDWH�FKDQJH��)LJXUH������
7UHPDUFWRV�����WKH�8UDEi�UHJLRQ�LV�VLWXDWHG�LQ�DQ�DUHD�WKDW�LV�VXVFHSWLEOH�WR�IORRGLQJ�

�� 52'5Ë*8(=�0$+(&+$�� -�9���$5-21$�+,1&$3,e�� )���0872��7��� 85%,1$�&$5'21$�� -�1��� %(-$5$12�025$��3���
58,=�$*8'(/2�� &��� 'Ë$=� *5$1$'26�� 0�&��� 3$/$&,26�� (��� 025(12�� 0�,��� *Ï0(=�� $�� DQG� *(27+,1.,1*�
/7'$� ������ $UD� &RORPELD�� 6LVWHPD� GH� ,QIRUPDFLyQ� *HRJUiILFD� SDUD� HO� $QiOLVLV� GH� OD� *HVWLyQ� ,QVWLWXFLRQDO� (VWDWDO�
�0yGXOR 2WXV&RORPELD��\�OD�$IHFWDFLyQ�D�OD�%LRGLYHUVLGDG�6HQVLEOH�\�DO�3DWULPRQLR�&XOWXUDO��0yGXOR�7UHPDUFWRV�&RORPELD��
*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�IRU�DQDO\VLV�RI�VWDWH�LQVWLWXWLRQDO�PDQDJHPHQW��2WXV&RORPELD�0RGXOH��DQG�RI�WKH�HIIHFWV�
RQ�VHQVLWLYH�ELRGLYHUVLW\�DQG�FXOWXUDO�KHULWDJH��7UHPDUFWRV�&RORPELD�0RGXOH���9HUVLRQ��������������������&RQVHUYDWLRQ�
,QWHUQDWLRQDO�&RORPELD�DQG�WKH�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�0LQLVWU\� ,QIRUPDWLRQ�V\VWHP�DYDLODEOH�RQOLQH�
DW�KWWS���ZZZ�WUHPDUFWRVFRORPELD�RUJ��>$FFHVVHG�2FWREHU���WK������@�
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)LJXUH������ $UHDV�VXVFHSWLEOH�WR�IORRGLQJ�LQ�WKH�*XOI�RI�8UDEi
6RXUFH��7UHPDUFWRV��

x &KDQJHV�LQ�VDOLQLW\�DQG�WKH�SHQHWUDWLRQ�GLVWDQFH�RI�WKH�VDOW�ZHGJH�

7KH�VDOW�ZHGJH�LV�GHILQHG�DV�WKH�ERG\�RI�VDOW�ZDWHU�RI�JUHDW� OHQJWK�ZLWK�D�ZHGJH�
VKDSHG� FURVV�VHFWLRQ��ZKLFK� HQWHUV� LQODQG�HLWKHU� SHUPDQHQWO\� RU� WHPSRUDULO\� DQG�
GLVSODFHV�WKH�IUHVK�ZDWHU���7KH�IUHVK�ZDWHU�LV�IRXQG�LQ�WKH�VXUIDFH�OD\HU�DQG�IRUPV�D�
QDUURZ�OD\HU��DQG�PL[LQJ�LV�UHVWULFWHG�WR�D�QDUURZ�WUDQVLWLRQ�OD\HU�EHWZHHQ�WKH�IUHVK�
ZDWHU� �VXUIDFH�� DQG� WKH� VDOW� ZHGJH� RI� WKH� EHG�� � 7KH� 1DWLRQDO� +\GURORJLFDO� 3ODQ�
�3+1��� SRLQWV�RXW�WKDW�WKH�JHRPHWU\�RI�WKH�VDOW�ZHGJH�GHSHQGV�RQ�WKH�PRUSKRORJ\�
RI�WKH�ULYHUEHG��RQ�WKH�FLUFXODWLQJ�IORZ�DQG�RQ�WKH�VHD�OHYHO��

�� &LW��2S�
�� 1$7,21$/�+<'52/2*,&$/�3/$1��1+3��������(QYLURQPHQWDO�DQDO\VLV��0DGULG��6HSWHPEHU�����������S�
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7KH�SUHVHQFH�RI�D�VDOW�ZHGJH�FDQ�KDYH�D�YDULHW\�RI�HQYLURQPHQWDO�FRQVHTXHQFHV��
$PRQJ�RWKHU�DGYHUVH�HIIHFWV��LQ�HXWURSKLF�ZDWHUV�ZLWK�DQ�H[FHVV�RI�DOJDH�LW�FDQ�OHDG�
WR�DQR[LD��R[\JHQ�GHSOHWLRQ��RI�WKH�VHD�EHG��FDXVLQJ�DQLPDOV�WR�VXIIRFDWH�DQG�OLPLWLQJ�
WKH� OLIHVSDQ�RI�EDFWHULD�DQG�VRPH�RUJDQLVPV� WKDW�DUH�KLJKO\� UHVLVWDQW� WR�D� ODFN�RI�
R[\JHQ� �,EixH]� HW� DO��� ��������� 2Q� WKH� RWKHU� KDQG�� LQ� QRQ�HXWURSKLF� ZDWHUV� WKH�
SUHVHQFH� RI� D� VDOW� ZHGJH� UHSUHVHQWV� D� QDWXUDO� SKHQRPHQRQ� WKDW� VKRXOG� QRW� EH�
H[SHFWHG� WR� FDXVH� GDPDJH� WR� DGMDFHQW� DJULFXOWXUDO� ODQG� GXH� WR� VDOLQL]DWLRQ��
)XUWKHUPRUH�� VDOW� ZHGJHV� FDQ� DIIHFW� FRDVWDO� DTXLIHUV� DQG� OHDYH� WKHLU� ZDWHU�
XQVXLWDEOH�IRU�KXPDQ�FRQVXPSWLRQ��

$V�SDUW�RI�WKH�VWXG\�SHUIRUPHG�E\�ÈOYDUH]����WKUHH�����FDPSDLJQV�ZHUH�FDUULHG�RXW�WR�
PHDVXUH�YDULRXV�RFHDQRJUDSKLF�YDULDEOHV��LQFOXGLQJ�VDOLQLW\�SURILOHV�LQ�WKH�GHOWD�RI�
WKH�/HyQ�5LYHU �)LJXUH����� DQG�)LJXUH�������

�� ,%$f(=��&�1���35$7�$���&$1,&,2�$���&85&Ï��������(O�GHOWD�GHO�(EUR��XQ�VLVWHPD�DPHQD]DGR �7KH�(EUR�'HOWD��D�V\VWHP�
XQGHU�WKUHDW���&RDJUHW��%DNHD]��%LOEDR������
�� È/9$5(=� 6,/9$�� 2�� $�� ������0RGHODFLyQ� PRUIRGLQiPLFD� GH� GHVHPERFDGXUDV� D� HVFDOD� LQWUD�DQXDO �0RUSKRG\QDPLF�
PRGHOOLQJ�RI�HVWXDULHV�DW�DQ�LQWUD�DQQXDO�VFDOH���7KHVLV�SUHVHQWHG�DV�D�SDUWLDO�UHTXLUHPHQW�WR�REWDLQ�WKH�WLWOH�RI�0DVWHU�LQ�:DWHU�
5HVRXUFH� (QJLQHHULQJ�� 1DWLRQDO� 8QLYHUVLW\� RI� &RORPELD�� 0LQLQJ� )DFXOW\�� 6FKRRO� RI� *HRVFLHQFHV� DQG� WKH� (QYLURQPHQW��
0HGHOOtQ��&RORPELD�����S�
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&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH������ 6SDWLDO�GLVWULEXWLRQ�RI�WKH�SURILOHV�PHDVXUHG�LQ�WKH�GHOWD�RI�WKH�/HyQ�5LYHU
6RXUFH��ÈOYDUH]������

7KH� UHVXOWV� RI� WKHVH� VWXGLHV�ZLWK� UHJDUGV� WR� WKH� LQIOXHQFH� RI� WKH� VDOW� ZHGJH� DUH�
SUHVHQWHG�RYHUOHDI��
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Ǧ 'XULQJ�WKH�ILUVW�VWXG\��FDUULHG�RXW�LQ�WKH�GU\�VHDVRQ���WKH�KDORFOLQH�ZDV�IRXQG�
DW�DQ�HVWLPDWHG�GHSWK�RI���P��,Q�DGGLWLRQ��D�VWHHS�YHUWLFDO�JUDGLHQW�RI�VDOLQLW\�
ZDV�SUHVHQW��UDQJLQJ�IURP�VDOLQLW\�EHORZ���WR�ILJXUHV�UHDFKLQJ����LQ�OHVV�WKDQ�
RQH�PHWHU�RI�GHSWK�

Ǧ ,Q� WKH� VHFRQG� VWXG\� �FRUUHVSRQGLQJ� WR� WKH�ZHW� VHDVRQ��� WKH� KDORFOLQH�ZDV�
IRXQG� DW� VKDOORZHU� GHSWKV� �EHWZHHQ� ���P�� DQG� WKH� VDOLQLW\� YDOXHV� RQ� WKH�
VXUIDFH�UDQJHG�EHWZHHQ����DQG�����7KHVH�PHDVXUHPHQWV�DOVR�GHWHUPLQHG�
WKDW�WKH�VDOW�ZHGJH�H[WHQGV�DV�IDU�DV�WKH�SURGHOWD�RI�WKH�HVWXDU\�EXW�GRHV�QRW�
UHDFK�WKH�ULYHU�����

Ǧ 7KH� WKLUG� VWXG\�VKRZHG�YDOXHV�DQG�VDOLQLW\�SDWWHUQV� VLPLODU� WR� WKRVH� IRXQG�
GXULQJ�WKH�ILUVW�FDPSDLJQ��

)LJXUH������ 6DOLQLW\�PHDVXUHPHQWV�LQ�WKH�GHOWD�RI�WKH�/HyQ�5LYHU��$��GU\�VHDVRQ��%��ZHW�VHDVRQ��
&��GU\�VHDVRQ�

6RXUFH��$OYDUH]������
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����� :DWHU�4XDOLW\

6WDWLRQV�$��DQG�$��DUH�SRVLWLRQHG�DORQJ�WKH�/HyQ�5LYHU��$��LV�ORFDWHG�GRZQVWUHDP�
IURP� WKH� RXWOHW� RI� WKH� 1XHYD� &RORQLD� FDQDO� LQWR� WKH� /HyQ� 5LYHU�� DQG� $�� VLWV�
GRZQVWUHDP�IURP�WKH�EULGJH�WKDW�ZLOO�EH�EXLOW�RYHU�WKH�/HyQ�5LYHU��ZKLFK�IRUPV�SDUW�
RI�WKH�YLDGXFW�FRQQHFWLQJ�WKH�ODQG�WHUPLQDO�DQG�WKH�ZDWHU�WHUPLQDO���

Ǧ 6WDWLRQV�PRQLWRULQJ�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW

7DEOH����� VKRZV�WKH�0$*1$�6,5*$6�SODQDU�FRRUGLQDWHV��RULJLQ�%RJRWi��IRU�WKH�
VDPSOLQJ�VWDWLRQV�HVWDEOLVKHG�IRU�DQDO\]LQJ�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW�LQ�WKH�
SURMHFW¶V�DUHD�RI�VWXG\��7KH�ORFDWLRQ�RI�WKH�VWDWLRQV�LV�VKRZQ�LQ�)LJXUH����� DQG�FDQ�
EH� VHHQ� LQ� JUHDWHU� GHWDLO� RQ� WKH� PDS� HQWLWOHG�
02'B/$B372B$17B��B$JXD6HGLPHQWR�

7DEOH����� /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW�PRQLWRULQJ�VWDWLRQV�

,' 6WDWLRQ
0$*1$�6,5*$6�SODQDU�FRRUGLQDWHV��2ULJLQ�

%2*27È�
($67 1257+

$� /HyQ�5LYHU XSVWUHDP�VWDWLRQ ϳϬϲ͕ϯϮϳ͘ϯϯ ϭ͕ϯϲϴ͕ϲϳϭ͘ϰϵ
$� /HyQ�5LYHU GRZQVWUHDP�VWDWLRQ ϳϬϱ͕ϵϱϲ͘ϳϰ ϭ͕ϯϲϵ͕Ϭϵϱ͘Ϭϯ

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH����� /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�LQODQG�VHGLPHQW�PRQLWRULQJ�VWDWLRQV�

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 �������

Ǧ 5HVXOWV�REWDLQHG�UHJDUGLQJ�WKH�TXDOLW\�RI�LQODQG�ZDWHU�

7KH� SK\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� YDOXHV� �HYDOXDWHG� IRU� WKH� SXUSRVH� RI�
FKDUDFWHUL]LQJ�WKH�ERG\�RI�ZDWHU�WKDW�FRXOG�EH�DIIHFWHG�E\�WKH�GHYHORSPHQW�RI�WKH�
SURMHFW�� PDWFK� WKRVH� HVWDEOLVKHG� LQ� WKH� UHIHUHQFH� WHUPV� IRU� WKH� SURGXFWLRQ� RI�
(QYLURQPHQWDO� ,PSDFW� 6WXGLHV� �(,6�� LQ� SURMHFWV� WR� FRQVWUXFW�� H[WHQG� DQG� RSHUDWH�
PDMRU�PDULWLPH�SRUWV��0�0�,1$�������

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��5HVROXWLRQ�������-DQXDU\���WK���������
3RU�OD�FXDO�VH�DGRSWDQ�ORV�WpUPLQRV�GH�UHIHUHQFLD�SDUD�OD�HODERUDFLyQ�GHO (VWXGLR�GH�,PSDFWR�$PELHQWDO�± (,$��UHTXHULGR�SDUD�
HO�WUiPLWH�GH�OD�OLFHQFLD�DPELHQWDO�GH�ORV�SUR\HFWR�GH�FRQVWUXFFLyQ�R�DPSOLDFLyQ�\�RSHUDFLyQ�GH�SXHUWRV�PDUtWLPRV�GH�JUDQ�
FDODGR�\�VH�WRPD�RWUDV�GHWHUPLQDFLRQHV �$GRSWLQJ�WKH�UHIHUHQFH�WHUPV�IRU�WKH�SURGXFWLRQ�RI�(QYLURQPHQWDO� ,PSDFW�6WXGLHV�
UHTXLUHG�IRU�SURFHVVLQJ�WKH�HQYLURQPHQWDO�OLFHQVHV�RI�SURMHFWV�WR�FRQVWUXFW�RU�H[WHQG�DQG�RSHUDWH�PDMRU�PDULWLPH�SRUWV���%RJRWi�
'�&�������������S��
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7KH� UHVXOWV� RI� WKH� YDOXHV� WKDW� ZHUH� UHFRUGHG� LQ�VLWX� DQG� WKRVH� HYDOXDWHG� LQ� WKH�
ODERUDWRU\�DUH�SUHVHQWHG�EHORZ��

� 5HVXOWV�RI�LQ�VLWX�YDOXHV��

7DEOH����� VKRZV�WKH�UHVXOWV�RI�WKH�YDOXHV�WKDW�ZHUH�UHFRUGHG�LQ�VLWX�IRU�WKH�VWDWLRQV�
ORFDWHG�DORQJ�WKH�/HyQ�5LYHU�

7DEOH����� 5HVXOWV�RI�WKH�PHDVXUHPHQW�RI�YDOXHV�LQ�VLWX� LQODQG�ZDWHU�

6DPSOLQJ�
SRLQW

S+��XQLWV�
7HPSHUDWXUH�

��&�

'LVVROYHG�
2[\JHQ�
�PJ�/�

&RQGXFWLYLW\��
PV�FP

2[\JHQ�
VDWXUDWLRQ����

$� ���� ���� ���� ����� ����
$� ���� ���� ���� ����� ����

6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

� 5HVXOWV�DQDO\]HG�LQ�ODERUDWRU\�

7KH�UHVXOWV�RI�WKH�YDOXHV�ZKLFK�ZHUH�DQDO\]HG�LQ�ODERUDWRU\�IRU�WKH�VWDWLRQV�ORFDWHG�
DORQJ�WKH�/HyQ�5LYHU FDQ�EH�VHHQ�LQ�7DEOH������

7DEOH����� 9DOXHV�DQDO\]HG�LQ�ODERUDWRU\� VXUIDFH�ZDWHU�

9DOXHV
5HVXOWV

$� $�
$FLGLW\��PJ�&D&2��/ �� ��
$ONDOLQLW\��PJ�&D&2��/ �� ��

7UXH�FRORU��83& �� ��

%LRFKHPLFDO�R[\JHQ�GHPDQG��PJ�2��/ �� ���

&KHPLFDO�R[\JHQ�GHPDQG��PJ�2��/ ��� ���

&DOFLXP�KDUGQHVV��PJ�&D&2��/ �� ���

7RWDO�KDUGQHVV��PJ�&D&2��/ ��� ���

7RWDO�SKHQROV��PJ�SKHQRO��/ ������ ������

7RWDO�SKRVSKRUXV��PJ�3�/� ���� ����

)DWV�DQG�RLOV��PJ�)	2�/ ���� ����

7RWDO�QLWURJHQ��PJ�1�/ ����� �����

7RWDO�GLVVROYHG�VROLGV��PJ�7'6�/ ��� ���

6HGLPHQWDEOH�VROLGV��PO�/ ��� ����

7RWDO�VXVSHQGHG�VROLGV��PJ�766�/ ��� �����

7XUELGLW\��178 ��� ����
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9DOXHV
5HVXOWV

$� $�

7RWDO�&ROLIRUPV��103�����PO ����� ������

(VFKHULFKLD�&ROL��103�����PO ���� �����

7RWDO�EDULXP��PJ�0HWDO�/ ����� ����

7RWDO�FDGPLXP��PJ�0HWDO�/ ������ �����

7RWDO�FRSSHU��PJ�0HWDO�/ ����� �����

7RWDO�FKURPLXP��PJ�0HWDO�/ ����� ����

7RWDO�PHUFXU\��PJ�0HWDO�/ �������� ��������

7RWDO�QLFNHO��PJ�0HWDO�/ ����� �����

7RWDO�VLOYHU��PJ�0HWDO�/ ������� �������

7RWDO�OHDG��PJ�0HWDO�/ ����� �����

7RWDO�VHOHQLXP��PJ�0HWDO�/ ����� �����

7RWDO�DUVHQLF��PJ�0HWDO�/ ������ ������
7RWDO�]LQF��PJ�0HWDO�/ ���� ����
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

Ǧ $QDO\VLV�RI�LQODQG�ZDWHU�TXDOLW\�UHVXOWV�

$QDO\VLV� LV� SURYLGHG� EHORZ� RI� WKH� SK\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� YDOXHV�
UHFRUGHG�LQ�VLWX�DQG�LQ�ODERUDWRU\�IRU�VWDWLRQV�$��DQG�$���7KHVH�VWDWLRQV�DUH�ORFDWHG�
DORQJ�WKH�/HyQ�5LYHU GRZQVWUHDP�IURP�LWV�FRQIOXHQFH�ZLWK�WKH�1XHYD�&RORQLD�FDQDO��
DQG�DUH�WKH�FORVHVW�DUHDV�WR�WKH�SURMHFW¶V�FRQVWUXFWLRQ�ZRUN���

� 3RWHQWLDO�+\GURJHQ�±S+�XQLWV

7KH� ZDWHUV� RI� WKH� /HyQ� 5LYHU VKRZHG� VOLJKWO\� DFLGLF� FKDUDFWHULVWLFV�� ZKLFK� ZDV�
GHWHUPLQHG�E\�WKH�S+�YDOXHV�UHFRUGHG��FRUUHVSRQGLQJ�WR������DW�SRLQW�$��DQG������
DW�SRLQW�$���7KLV�LV�DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�ELFDUERQDWHV��ZKLFK�FDQ�DFW�DV�
DQ�DFLGLF�RU�EDVLF�VXEVWDQFH�GXH�WR�WKHLU�DPSKRWHULF�FKDUDFWHULVWLFV��

:LWK� UHJDUGV� WR�FRPSOLDQFH�ZLWK�'HFUHH������RI��������� WKH� UHSRUWHG�YDOXHV� IDOO�
ZLWKLQ� WKH� UDQJHV� HVWDEOLVKHG� LQ� $UWLFOHV� ������������ �&RQYHQWLRQDO� WUHDWPHQW� DQG�
TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�GRPHVWLF�FRQVXPSWLRQ��DQG��������������4XDOLW\�FULWHULD�
IRU� DJULFXOWXUDO� XVH��� +RZHYHU�� WKH� YDOXHV� DUH� RXWVLGH� WKH� UDQJHV� HVWDEOLVKHG� LQ�
$UWLFOHV� ������������ �'LVLQIHFWLRQ� DQG� TXDOLW\� FULWHULD� IRU� KXPDQ� DQG� GRPHVWLF�

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK����������,VVXLQJ�
WKH�6LQJOH�5HJXODWRU\�'HFUHH�RI�WKH�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�6HFWRU�� 6HFWLRQ����4XDOLW\�FULWHULD�IRU�WKH�
DOORFDWLRQ�RI�WKH�UHVRXUFH�� %RJRWi�'�&�������
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&$3����B7'(1*�2.�)
>0HGHOOtQ@������

FRQVXPSWLRQ�� DQG� ������������� �4XDOLW\� FULWHULD� IRU� WKH� FRQVHUYDWLRQ� RI� IORUD� DQG�
IDXQD����6HH�)LJXUH�1R��������

0LQLPXP�OLPLW� $UWLFOH����������������0D[LPXP�OLPLW� $UWLFOH������������«««�

0LQLPXP�OLPLW� $UWLFOH������������ 0D[LPXP�OLPLW� $UWLFOH������������

0LQLPXP�OLPLW� $UWLFOH������������ 0D[LPXP�OLPLW� $UWLFOH�������������

)LJXUH�1R������ 3RWHQWLDO�+\GURJHQ�UHVXOWV± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� �������ZLWK�UHVXOWV�IURP�6*6�6�$�6�������

� 7HPSHUDWXUH���&�

7KH�WHPSHUDWXUH�RI�ZDWHU� LV�RI�YLWDO� LPSRUWDQFH�LQ�WKH�GHYHORSPHQW�RI� WKH�YDULRXV�
SURFHVVHV� WKDW� WDNH�SODFH� LQ� LW��DQ� LQFUHDVH� LQ� WHPSHUDWXUH�DOWHUV� WKH�VROXELOLW\�RI�
VXEVWDQFHV��LQFUHDVLQJ�GLVVROYHG�VROLGV�DQG�GHFUHDVLQJ�JDVHV��)RU�HYHU\�LQFUHDVH�
RI� WHQ�GHJUHHV� WKH�DPRXQW�RI�ELRORJLFDO�DFWLYLW\�DSSUR[LPDWHO\�GRXEOHV��4��� ODZ���
DOWKRXJK�DERYH�D�FHUWDLQ�YDOXH�WKDW�LV�SDUWLFXODU�WR�HDFK�OLYLQJ�VSHFLHV�LW�KDV�D�OHWKDO�
HIIHFW�RQ�RUJDQLVPV�� �$Q�DEQRUPDO� LQFUHDVH� LQ�ZDWHU� WHPSHUDWXUH� WKDW�RFFXUV� IRU�
QRQ�FOLPDWLF� UHDVRQV� LV�XVXDOO\�FDXVHG�E\� WKH�GLVSRVDO�RI�ZDWHU�XVHG� LQ� LQGXVWULDO�
KHDW� H[FKDQJH� SURFHVVHV�� 7KH� WHPSHUDWXUH� ZDV� GHWHUPLQHG� E\� PHDQV� RI�
WKHUPRPHWU\�FDUULHG�RXW�LQ�VLWX���

�� $=1$� -,0(1(=�� $� �'HWHUPLQLQJ� WKH� SK\VLFR�FKHPLFDO� SDUDPHWHUV� RI� ZDWHU� TXDOLW\��� ������ >2QOLQH@�
�KWWS���RFZ�XF�P�HV�LQJHQLHULD�TXLPLFD�LQJHQLHULD�DPELHQWDO�RWURV�UHFXUVRV���25�)�����SGI!�>$FFHVVHG�RQ�$SULO���WK������@
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7KH� ZDWHU� WHPSHUDWXUH� RI� WKH� /HyQ� 5LYHU VKRZHG� D� VWDEOH� SDWWHUQ� DV� QR�PDMRU�
GLIIHUHQFHV�ZHUH�VHHQ�DW� WKH�PRQLWRULQJ�SRLQWV��ZLWK�YDOXHV�RI������&�DQG������&�
UHFRUGHG�DW�VWDWLRQV�$��DQG�$��UHVSHFWLYHO\��UXOLQJ�RXW�IHZ�WKHUPDO�DOWHUDWLRQV�WKDW�
FRXOG� LQFUHDVH� ZDWHU� WHPSHUDWXUH�� 7KH� YDOXHV� UHSRUWHG DUH� DVVRFLDWHG� ZLWK� WKH�
JHRJUDSKLFDO� ORFDWLRQ� RI� WKH� PRQLWRULQJ� SRLQWV�� ZLWK� UHJDUGV� WR� UHJXODWRU\�
FRPSOLDQFH��'HFUHH������RI������� GRHV�QRW�HVWDEOLVK�D�FRPSOLDQFH� OLPLW� IRU� WKH�
DOORFDWLRQ�RI�WKH�UHVRXUFH��VHH�)LJXUH�������

)LJXUH����� 7HPSHUDWXUH�UHVXOWV ± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� 'LVVROYHG�2[\JHQ

'LVVROYHG�R[\JHQ�LV�UHTXLUHG�IRU�PLFUR�RUJDQLVPV�DQG�RWKHU�IRUPV�RI�OLIH�WR�EUHDWKH��
DQG�PHDVXUHV�WKH�FDSDFLW\�RI�ZDWHU�WR�VXVWDLQ�DTXDWLF�OLIH��7KLV�YDULDEOH�LV�QHFHVVDU\�
WR� PHDVXUH� DQG� FRQWURO� R[\JHQ� OHYHOV� DQG� GLVFRYHU� WKH� VXUYLYDO� RI� VSHFLHV� DQG�
ELRORJLFDO�SURGXFWLRQ�SURFHVVHV��5HGXFWLRQV�EHORZ�WKH�VDWXUDWLRQ�SHUFHQWDJH�KDYH�
QHJDWLYH� HIIHFWV� RQ� WKH� ELRGLYHUVLW\�� JURZWK�� UHSURGXFWLRQ� DQG� DFWLYLW\� RI� WKHVH�
VSHFLHV�� 'LVVROYHG� R[\JHQ� GHWHUPLQHV� ZKHWKHU� DHURELF� RU� DQDHURELF� RUJDQLVPV�
SUHYDLO�LQ�GHJUDGDWLRQ�SURFHVVHV��ZKLFK�LQGLFDWHV�WKH�DELOLW\�RI�ZDWHU�WR�FDUU\�RXW�VHOI�
SXULILFDWLRQ�SURFHVVHV���

7KH�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ�LQ�WKH�/HyQ�5LYHU VKRZHG�YDULDEOH�EHKDYLRU��
D�FRQFHQWUDWLRQ�RI�����PJ�/�ZDV�UHFRUGHG�DW�VWDWLRQ�$���D�YDOXH�KLJKHU�WKDQ�WKDW�RI�
����PJ�/�UHFRUGHG�DW�VWDWLRQ�$���7KLV�UHSUHVHQWV�D�GLIIHUHQFH�RI��������DQG�LQ�WKH�

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17 0,1,675<��'HFUHH�������0D\���WK���������2S��&LW��
�� -26e�%(1,72�9,9(6�'(�$1'5(,6� ,167,787(�)25�0$5,1(�$1'�&2$67$/�5(6($5&+� �,19(0$5���0DQXDO�GH�
WpFQLFDV� DQDOtWLFDV� SDUD� OD� GHWHUPLQDFLyQ� GH� SDUiPHWURV� ILVLFRTXtPLFRV� \� FRQWDPLQDQWHV� PDULQRV �0DQXDO� RI� DQDO\WLFDO�
WHFKQLTXHV�IRU�GHWHUPLQLQJ�SK\VLFR�FKHPLFDO�SDUDPHWHUV�DQG�PDULQH�FRQWDPLQDQWV���(G��3UHFRORPEL� 6DQWD�0DUWD�������
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FDVH�RI�VWDWLRQ�$��SRWHQWLDOO\�LQGLFDWHV�WKH�HIIHFWV�RI�KLJK�FRQFHQWUDWLRQV�RI�RUJDQLF�
PDWWHU�ZKLFK�PLJKW�FRQVXPH�WKH�ZDWHU¶V�GLVVROYHG�R[\JHQ��$UWLFOH��������������RI�
'HFUHH� ����� RI� ������ HVWDEOLVKHV� D� PLQLPXP� YDOXH� RI� ���PJ�/� UHJDUGLQJ� WKH�
DOORFDWLRQ�RI�ZDWHU�IRU�WKH�FRQVHUYDWLRQ�RI�IORUD�DQG�IDXQD��6WDWLRQ�$��LV�WKHUHIRUH�LQ�
UHJXODWRU\�FRPSOLDQFH��ZKLFK� LV�QRW� WKH�FDVH�IRU�6WDWLRQ�$��ZKLFK�VKRZHG�EHORZ�
UHJXODWLRQ�FRQFHQWUDWLRQV��'LVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�EHORZ��PJ�/�PD\�EH�
XQDEOH�WR�VXVWDLQ�ILVK�OLIH�LQ�ERGLHV�RI�VXUIDFH�ZDWHU��VHH�)LJXUH�������

'LVVROYHG�R[\JHQ��PJ�/� 0LQLPXP�S+�OLPLW� $UWLFOH������������

)LJXUH����� 'LVVROYHG�R[\JHQ�UHVXOWV ± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

7KH�VDWXUDWLRQ�SHUFHQWDJH� LV� WKH�DPRXQW�RI�GLVVROYHG�R[\JHQ� LQ�ZDWHU�FRPSDUHG�
ZLWK� WKH� PD[LPXP� DPRXQW� WKDW� FDQ� EH� SUHVHQW� DW� WKH� VDPH� WHPSHUDWXUH�� 7KLV�
SHUFHQWDJH�GHSHQGV�RQ�WKH�ZDWHU�WHPSHUDWXUH�DQG�WKH�HOHYDWLRQ�RI�WKH�SODFH�ZKHUH�
WKH�ZDWHU�VDPSOH�LV�WDNHQ���

6DPSOLQJ�VWDWLRQ�$��JDYH�D�VDWXUDWLRQ�SHUFHQWDJH�RI�������ZKLOH�DW�VWDWLRQ�$��WKH�
SHUFHQWDJH�ZDV�ORZHU��7KH�VDWXUDWLRQ�SHUFHQWDJH�SDWWHUQ�LV�GLUHFWO\�SURSRUWLRQDO�WR�
WKH�FRQFHQWUDWLRQ�RI�GLVVROYHG�R[\JHQ��DW�VWDWLRQ�$��WKH�R[\JHQ�FRQFHQWUDWLRQ�ZDV�
ORZ�DQG WKHUHIRUH�D� ORZ�VDWXUDWLRQ�SHUFHQWDJH�RI�������ZDV�GHWHUPLQHG��'HFUHH�
�����RI������� GRHV�QRW�HVWDEOLVK�D�UHIHUHQFH�YDOXH�LQ�WKH�DIRUHPHQWLRQHG�DUWLFOHV��
EXW�VDWXUDWLRQV�EHORZ�����FDQ�FDXVH�RUJDQROHSWLF�DOWHUDWLRQV�RI�ZDWHU�� �VHH�)LJXUH�
������

�� ,ELG��
�� *$5&,$��1��0��0DFURLQYHUWHEUDGRV�DFXDWLFRV�FRPR�VLVWHPD�GH�HYDOXDFLRQ�GH�OD�FRQWDPLQDFLRQ�GHO�EDOQHDULR�KXUWDGR�
%XFDUDPDQJD�������
�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK���������2S��&LW�
�� 52',(5��-��:DWHU�$QDO\VLV��2PHJD��������
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2[\JHQ�6DWXUDWLRQ�3HUFHQWDJH
�!�����FULWHULD�HVWDEOLVKHG�E\�$UWLFOH����DQG���

��'LVVROYHG�2[\JHQ�6DWXUDWLRQ

)LJXUH����� ��'LVVROYHG�R[\JHQ�VDWXUDWLRQ UHVXOWV� VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� &RQGXFWLYLW\

'HWHUPLQLQJ�FRQGXFWLYLW\�HYDOXDWHV�WKH�DELOLW\�RI�ZDWHU�WR�FRQGXFW�HOHFWULF�FXUUHQWV��
ZKLFK� LV� DQ� LQGLUHFW� PHDVXUHPHQW� RI� WKH� QXPEHU� RI� LRQV� LQ� VROXWLRQ� �HVVHQWLDOO\�
FKORULGH��QLWUDWH��VXOSKDWH��SKRVSKDWH��VRGLXP��PDJQHVLXP�DQG�FDOFLXP����

,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�DQ\�FKDQJHV�WR�WKH�TXDQWLW\�RI�GLVVROYHG�VXEVWDQFHV��
RU� WR� WKH�PRELOLW\� DQG� YDOHQFH� RI� GLVVROYHG� LRQV�� ZLOO� UHVXOW� LQ� FRQGXFWLYLW\� EHLQJ�
DOWHUHG��)RU�WKDW�UHDVRQ��FRQGXFWLYLW\�YDOXHV�DUH�ZLGHO\�XVHG�ZKHQ�DQDO\]LQJ�ZDWHU�
LQ�RUGHU�WR�REWDLQ�D�TXLFN�HVWLPDWH�RI�LWV�GLVVROYHG�VROLGV�FRQWHQW����

7KH�UHVXOWV�SUHVHQWHG�IRU�WKH�/HyQ�5LYHU VKRZHG DQ�³DYHUDJH�WR�LQFUHDVHG´�� GHJUHH�
RI� PLQHUDOL]DWLRQ� DW� WKH� VWDWLRQV� ZKHUH� VDPSOHV� ZHUH� WDNHQ�� GXH� WR� FRQGXFWLYLW\�
YDOXHV�ZKLFK�ZHUH�GHWHUPLQHG�WR�EH�������P6�FP�DQG�������P6�FP�DW�VWDWLRQV�$��
DQG�$��UHVSHFWLYHO\��7KLV�LV�SULPDULO\�DQ�LQGLFDWRU�RI�WKH�SUHVHQFH�RI�GLVVROYHG�LRQV��

�� *2<(12/$��*XLOOHUPR��*XLD�SDUD�OD�XWLOL]DFLyQ�GH�ODV�9DOLMDV�9LDMHUDV �*XLGH�WR�WKH�XVH�RI�WUDYHOOLQJ�FDVHV��� 1HWZRUN�IRU�
3DUWLFLSDWLYH�(QYLURQPHQWDO�0RQLWRULQJ�RI�$TXDWLF�6\VWHPV��5('�0$36$�������
�� 520(52�� -�� 3DUiPHWURV� )LVLFRTXtPLFRV� �3K\VLFR�FKHPLFDO� SDUDPHWHUV��� ,Q 520(52�� -�� 7UDWDPLHQWR� GH� DJXDV�
5HVLGXDOHV �7UHDWPHQW RI�ZDVWH�ZDWHU���%RJRWD�������
�� 52',(5��-���������2S��&LW�
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FKORULGHV�DQG�VXOSKDWHV��ZKLFK�LQFUHDVH�ZDWHU¶V�DELOLW\�WR�FRQGXFW�HOHFWULFDO�FXUUHQWV��
'HFUHH������RI������� HVWDEOLVKHV�QR�UHJXODWLRQV�IRU�WKLV�YDOXH��

)LJXUH����� &RQGXFWLYLW\�UHVXOWV� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� 7RWDO�$FLGLW\�DQG�7RWDO�$ONDOLQLW\

7KH�DFLGLW\�RI�D�ZDWHU�VDPSOH�GHWHUPLQHV� LWV�DELOLW\� WR�QHXWUDOL]H�EDVHV��ZKHUHDV�
DONDOLQLW\� PHDVXUHV� LWV� DELOLW\� WR� QHXWUDOL]H� DFLGV�� ,Q� QDWXUDO� ZDWHUV�� WKH� SULPDU\�
VRXUFHV�RI�DFLGLW\�DUH�FDUERQ�GLR[LGH�RULJLQDWLQJ�IURP�WKH�DWPRVSKHUH�DQG�IURP�WKH�
EDFWHULDO� R[LGDWLRQ� RI� RUJDQLF� PDWWHU�� WKH�PLQHUDO� DFLGLW\� RI� LQGXVWULDO� ZDVWH� DQG�
GUDLQDJH�IURP�PLQHV�DQG�DFLG�UDLQ���

7KH�UHVXOWV�IRU�WKH�/HyQ�5LYHU JDYH�WRWDO�DONDOLQLW\�YDOXHV�RI����PJ�&D&2��/�DQG����
PJ�&D&2��/ IRU�VWDWLRQV�$��DQG�$��UHVSHFWLYHO\��$FLGLF�VXEVWDQFHV�ZHUH�IRXQG�WR�
H[LVW� LQ� VPDOOHU� SURSRUWLRQV� FRPSDUHG� WR� DONDOLQH� VXEVWDQFHV�� JLYLQJ� WRWDO� DFLGLW\�
UHVXOWV�RI����PJ�&D&2��/�DW VWDWLRQ�$��DQG����PJ�&D&2��/�DW�VWDWLRQ�$���VHH�)LJXUH�
������

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK���������2S��&LW�
�� +(15<�-��*/<11�DQG�+(,1.(�*$5<��:���(QYLURQPHQWDO�(QJLQHHULQJ��3UHQWLFH�+DOO��0H[LFR� ����� ��� S
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$FLGLW\ $ONDOLQLW\

)LJXUH����� $FLGLW\�DQG�DONDOLQLW\�UHVXOWV� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� 7RWDO�+DUGQHVV�DQG�&DOFLXP�+DUGQHVV�

6LJQLILFDQW�FRQFHQWUDWLRQV�ZHUH�UHFRUGHG�IRU�WKH�WRWDO�KDUGQHVV�RI�WKH�ZDWHUV�RI�WKH�
/HyQ�5LYHU��OHDGLQJ�WR�D�FODVVLILFDWLRQ�RI�³PRGHUDWHO\�KDUG´�����±����PJ�&D&2��/��
DQG�³YHU\�KDUG´������± ����PJ�&D&2��/�����ZLWK�FRQFHQWUDWLRQV�RI ����PJ�&D&2��/�
DQG� ���� PJ� &D&2��/� PHDVXUHG� DW� VWDWLRQV� $�� DQG� $�� UHVSHFWLYHO\�� � 7KH�
FRQFHQWUDWLRQV�RI�FDOFLXP�KDUGQHVV�ZHUH����PJ�&D&2��/��$���DQG�����PJ�&D&2��/�
�$���� SULPDULO\� OLQNHG� WR� WKH� SUHVHQFH� RI� FDOFLXP� DQG� PDJQHVLXP� VDOWV� DQG�
ELFDUERQDWHV�� LQ�DGGLWLRQ� WR�EDULXP�DQG�VWURQWLXP�GXH� WR� WKH�SUR[LPLW\�RI� WKH�VHD�
�)LJXUH� ������� � )XUWKHUPRUH�� WKHVH� ILJXUHV� ZHUH� QRW� FKHFNHG� DJDLQVW� &RORPELDQ�
UHJXODWLRQV� DV� QR� UHIHUHQFH� OLPLWV� IRU� WRWDO� DQG� FDOFLXP� KDUGQHVV� KDYH� EHHQ�
HVWDEOLVKHG��DFFRUGLQJ�WR�WKH�SURYLVLRQV�RI�'HFUHH������RI�������

�� 520(52��������2S� &LW�



02',),&$7,21�72�7+(�(19,5210(17$/�/,&(16(�)25�
7+(�352-(&7�72�&216758&7�$1'�23(5$7(�$�62/,'�
%8/.�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�785%2

3DJH ��� RI ���

*$7��������&$�$0�3,2��� 5HYLVLRQ�� %

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

&DOFLXP�+DUGQHVV 7RWDO�+DUGQHVV

)LJXUH����� &DOFLXP�KDUGQHVV�DQG�WRWDO�KDUGQHVV�UHVXOWV� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 7UXH�FRORU

7KH�ZDWHU¶V�SK\VLFDO�DSSHDUDQFH�VKRZHG�EURZQLVK�\HOORZ�FRORUDWLRQ��DQG�WUXH�FRORU�
DQDO\VLV�JDYH�YDOXHV�RI����DQG����83&�IRU�VWDWLRQV�$��DQG�$�� UHVSHFWLYHO\� �VHH�
)LJXUH�������
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7UXH�&RORU

7UXH�&RORU��83&� /LPLW� $UWLFOH������������ /LPLW� $UWLFOH������������

)LJXUH����� 7UXH�FRORU�UHVXOWV�± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� 7XUELGLW\�DQG�7RWDO�6XVSHQGHG�6ROLGV��

7XUELGLW\�LV�FDXVHG�E\�VXVSHQGHG�PDWHULDOV�VXFK�DV�FOD\��VLOW��RUJDQLF�DQG�LQRUJDQLF�
PDWWHU��SODQNWRQLF�RUJDQLVPV�DQG�RWKHU�PLFURRUJDQLVPV��,W�KDV�D�GLUHFW�LQIOXHQFH�RQ�
SURGXFWLYLW\�DQG�WKH�IORZ�RI�HQHUJ\�ZLWKLQ�HFRV\VWHPV��DQG�GHWHUPLQHV�WKH�GHJUHH�RI�
RSDFLW\�RI�ZDWHU��FDXVHG�E\�VXVSHQGHG�SDUWLFXODWH�PDWWHU��*LYHQ�WKDW�PDWHULDOV�WKDW�
FDXVH�WXUELGLW\�DUH�DOVR�UHVSRQVLEOH�IRU�WKH�ZDWHU�V�FRORU��WKH�FRQFHQWUDWLRQ�RI�WKHVH�
VXEVWDQFHV� GHWHUPLQH� WKH� WUDQVSDUHQF\� RI�ZDWHU� E\� OLPLWLQJ� WKH� SDVVDJH� RI� OLJKW�
WKURXJK�LW����

,Q� WKH� UHVXOWV� IRU� WKH� /HyQ�5LYHU WXUELGLW\� VWRRG�DW� ����178��D� YHU\� ORZ� YDOXH� LQ�
FRPSDULVRQ�ZLWK�WKDW�RI�VWDWLRQ�$��ZKLFK�ZDV�GHWHUPLQHG�WR�EH������83&��7KLV�LV�
OLQNHG�ZLWK�FRQFHQWUDWLRQV�RI�WRWDO�VXVSHQGHG�VROLGV�FRUUHVSRQGLQJ�WR�����PJ�/�DW�

�� 52/'$1�*��%LRLQGLFDFLyQ�GH�OD�FDOLGDG�GHO�DJXD�HQ�&RORPELD �%LRLQGLFDWLRQ�RI�ZDWHU�TXDOLW\�LQ�&RORPELD���8QLYHUVLW\�RI
$QWLRTXLD (GLWRULDO��0HGHOOtQ������
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VWDWLRQ�$��DQG�������PJ�/�DW�VWDWLRQ�$���ZKLFK�DUH�FRQQHFWHG�ZLWK�WKH�WUDQVSRUWDWLRQ�
RI� VHGLPHQWV� �PDLQO\� FOD\� DQG� VLOW�� E\� WKH� VWUHQJWK� RI� WKH� ULYHU¶V� FXUUHQW�� 7KLV�
VWDWHPHQW�FRQVLGHUV�WKH�IDFW� WKDW�VXVSHQGHG�VROLGV�UHGXFH�ZDWHU�WUDQVSDUHQF\�DV�
HOHFWURVWDWLF�UHSXOVLRQ�FDXVHV�WKHP�WR�UHPDLQ�VXVSHQGHG �VHH�)LJXUH��������

,W�VKRXOG�EH�PHQWLRQHG�WKDW��GXULQJ�WKH�VDPSOLQJ�SURFHVV�FDUULHG�RXW�RQ�WKH�/HyQ�
5LYHU��PDLQWHQDQFH�GUHGJLQJ�DFWLYLWLHV�ZHUH�WDNLQJ�SODFH�DW�VWDWLRQ�$���GRZQVWUHDP�
IURP� WKH� ULYHU�� WR� JXDUDQWHH� QDYLJDELOLW\� IRU� VKLSV� WUDQVSRUWLQJ� EDQDQDV� WR� WKH�
DQFKRUDJH�DW�%DKtD�&RORPELD�LQ�WKH�*XOI�RI�8UDEi���7KLV�IDFWRU�FRXOG�KDYH�FDXVHG�
WKH� YDULDWLRQV� LQ� FRQFHQWUDWLRQV� RI� ERWK� WRWDO� VXVSHQGHG� VROLGV� DQG� WXUELGLW\ ZLWK�
UHJDUGV�WR�VWDWLRQ�$���ZKLFK�LV�VLWXDWHG�XSVWUHDP�IURP�VWDWLRQ�$����

7RWDO�6XVSHQGHG�6ROLGV
7XUELGLW\

)LJXUH����� 7XUELGLW\�DQG�7RWDO�6XVSHQGHG�6ROLGV UHVXOWV� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6���������ZLWK�UHVXOWV�IURP�6*6�6�$�6 ������

� 6HGLPHQWDEOH�6ROLGV�DQG�7RWDO�'LVVROYHG�6ROLGV�

/RZ�FRQFHQWUDWLRQV�RI�VHGLPHQWDEOH�VROLGV�ZHUH�UHSRUWHG��RI�����PO�/�DW�VWDWLRQ�$��
DQG�����PO�/�DW�VWDWLRQ�$����:LWK�UHJDUGV�WR�VXVSHQGHG�VROLGV�D�QRWDEOH�GLIIHUHQFH�
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ZDV� REVHUYHG�� ZLWK� WKH� KLJKHVW� FRQFHQWUDWLRQ� ������� PJ�/�� EHLQJ� UHFRUGHG� IRU�
VWDWLRQ�$��FRPSDUHG�ZLWK�D�FRQFHQWUDWLRQ�RI�����PJ�/� IRU�VWDWLRQ�$���)LQDOO\�� WKH�
KLJKHVW� FRQFHQWUDWLRQV�RI� WRWDO� GLVVROYHG�VROLGV�ZHUH� UHFRUGHG�DW� VWDWLRQ�$�� �����
PJ�/���ZKLOH�FRQFHQWUDWLRQV�RI����PJ�/�ZHUH�UHFRUGHG�IRU�VWDWLRQ�$���VHH�)LJXUH�1R��
�������

$GGLWLRQDOO\��DQG�DV�PHQWLRQHG� LQ� WKH�SUHYLRXV�VHFWLRQ��GUHGJLQJ�DFWLYLWLHV�RQ� WKH�
/HyQ�5LYHU ZHUH�VHHQ�WDNLQJ�SODFH�FORVH�WR�WKH�ZDWHU�TXDOLW\�VDPSOLQJ�VLWH�DW�VWDWLRQ�
$���7KLV�LV�D�SRWHQWLDO�UHDVRQ�IRU�WKH�GLIIHUHQFH�LQ�FRQFHQWUDWLRQV�DW�ERWK�VWDWLRQV��

7RWDO�'LVVROYHG�6ROLGV �7'6� 6HGLPHQWDEOH�6ROLGV��66�

)LJXUH�1R������ 6HGLPHQWDEOH�6ROLGV�DQG�7RWDO�'LVVROYHG�6ROLGV UHVXOWV� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 7RWDO�3KHQROV�DQG�)DWV�DQG�2LOV�

)DWV�DQG�RLOV�DUH�RUJDQLF�FRPSRXQGV� WKDW�DUH�SULPDULO\�PDGH�XS�RI� IDWW\�DFLGV�RI�
DQLPDO�DQG�SODQW�RULJLQ��6RPH�RI� WKHLU�PRVW� UHSUHVHQWDWLYH�FKDUDFWHULVWLFV� LQFOXGH�
ORZ�GHQVLW\��ORZ�ZDWHU�VROXELOLW\�DQG�ORZ�RU�]HUR�ELRGHJUDGDELOLW\��$V�D�FRQVHTXHQFH��
LI�OHIW�XQFRQWUROOHG�WKH\�DFFXPXODWH�LQ�ZDWHU�DQG�IRUP�VFXP�RQ�WKH�VXUIDFH��7KH�HIIHFW�
RI�IDWV�DQG�RLOV�RQ�QDWXUDO�ZDWHU�LV�FDXVHG�E\�WKHLU�LQWHUIHUHQFH�ZLWK�WKH�H[FKDQJH�RI�
JDVHV�EHWZHHQ�ZDWHU�DQG�WKH�DWPRVSKHUH��7KH\�SUHYHQW�WKH�IUHH�SDVVDJH�RI�R[\JHQ�
LQWR�ZDWHU�DV�ZHOO�DV�WKH�SDVVDJH�RI�&2��IURP�ZDWHU�LQWR�WKH�DWPRVSKHUH��DQG�LQ�
H[WUHPH� FDVHV� FDQ� FRPELQH� ZLWK� ORZ� OHYHOV� RI� GLVVROYHG� R[\JHQ� WR� FDXVH� WKH�
DFLGLILFDWLRQ�RI�ZDWHU��LQ�DGGLWLRQ�WR�KLQGHULQJ�WKH�SHQHWUDWLRQ�RI�VXQOLJKW�����7KH�PDLQ�
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FRQWULEXWRU\� VRXUFHV� RI� IDWV� DQG� RLOV� DUH� KRXVHKROGV�� DXWRPRWLYH�ZRUNVKRSV�� WKH�
HQJLQHV�RI�VKLSV�DQG�PRWRUERDWV��PHDW�SURFHVVLQJ�SODQWV�DQG�WKH�RLO�DQG�FRVPHWLFV�
LQGXVWULHV����

$FFRUGLQJ�WKH�UHVXOWV�REWDLQHG�IRU�WKH�/HyQ�5LYHU SHUWDLQLQJ�WR�RUJDQLF�SDUDPHWHUV��
WKH�FRQFHQWUDWLRQV�RI�WRWDO�SKHQROV��IDWV�DQG�RLOV�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW�RI�WKH�
DQDO\WLFDO� WHFKQLTXH�HPSOR\HG��7KLV� LQGLFDWHV� WKDW� WKHVH� FRPSRXQGV�H[LVW� LQ� ORZ�
FRQFHQWUDWLRQV��JLYLQJ�UHVXOWV�RI�OHVV�WKDQ������PJ�/�IRU�WRWDO�SKHQROV�DQG�OHVV�WKDQ�
���PJ�/�IRU�IDWV�DQG�RLOV��

� &KHPLFDO�DQG�%LRFKHPLFDO�2[\JHQ�'HPDQG�

$OVR�NQRZQ�DV�ELRORJLFDO�R[\JHQ�GHPDQG��ELRFKHPLFDO�R[\JHQ�GHPDQG� �%2'�� LV�
QRUPDOO\� GHILQHG� DV� WKH� DPRXQW� RI� R[\JHQ� UHTXLUHG� E\� EDFWHULD� GXULQJ� WKH�
VWDELOL]DWLRQ�RI�RUJDQLF�PDWWHU�VXVFHSWLEOH�WR�GHFRPSRVLWLRQ��$�%2'�WHVW�LV�XVHG�WR�
GHWHUPLQH�WKH�SROOXWLQJ�SRZHU�RI�GRPHVWLF�DQG�LQGXVWULDO�ZDVWH�ZLWK�UHJDUGV�WR�WKH�
DPRXQW�RI�R[\JHQ�WKH\�UHTXLUH�ZKHQ�GLVFKDUJHG�LQWR�ZDWHUFRXUVHV�ZKHUH�DHURELF�
FRQGLWLRQV�H[LVW���

&KHPLFDO�R[\JHQ�GHPDQG�UHIHUV�WR�WKH�DPRXQW�RI�R[\JHQ�QHFHVVDU\�IRU�WKH�FKHPLFDO�
GHFRPSRVLWLRQ� RI� RUJDQLF� DQG� LQRUJDQLF� PDWWHU�� ,W� LV� RIWHQ� XVHG� WR� PHDVXUH�
FRQWDPLQDQWV�LQ�QDWXUDO�DQG�ZDVWH�ZDWHU��DQG�WR�HYDOXDWH�WKH�VWUHQJWK�RI�UHVLGXHV�
VXFK�DV�PXQLFLSDO�DQG�LQGXVWULDO�ZDVWH�ZDWHU���

$FFRUGLQJ� WKH� UHVXOWV� RI� VDPSOLQJ�� WKH� FKHPLFDO� R[\JHQ� GHPDQG� �&2'�� YDOXHV�
UHSRUWHG�IRU�VWDWLRQ�$��ZHUH�EHORZ����PJ�/��ZKLFK�LV�WKH�PLQLPXP�GHWHFWLRQ�OLPLW�RI�
WKH�WHFKQLTXH�XVHG��7KH�RSSRVLWH�RFFXUUHG�DW�VWDWLRQ�$���ZKHUH�WKH�YDOXH�JLYHQ�IRU�
WKH�SDUDPHWHU�ZDV�����PJ�2��/��7KH�%2'�WHVW� VKRZHG�WKH�VDPH�SDWWHUQ��UHFRUGLQJ�
���PJ�2��/�DW�VWDWLRQ�$��DQG�����PJ�2��/�DW�VWDWLRQ�$���ZKLFK�FRXOG�EH�DWWULEXWHG�
WR� KLJK� FRQFHQWUDWLRQV� RI� HDVLO\� ELRGHJUDGDEOH� RUJDQLF� FRPSRXQGV� DQG� RUJDQLF�
FRPSRXQGV� WKDW� UHTXLUH� R[LGDWLRQ�E\�PHDQV�RI� FKHPLFDO� VXEVWDQFHV� �VHH� )LJXUH�
������� � 7KH� YDULDWLRQV� LQ� FRQFHQWUDWLRQV� DW� ERWK� VWDWLRQV� FDQ� EH� OLQNHG� WR� WKH�
UHVXVSHQVLRQ�RI�VHGLPHQW�GXH�WR�GUHGJLQJ�DFWLYLWLHV�LQ�WKH�DUHD�RI�VWDWLRQ�$��RQ�WKH�
/HyQ� 5LYHU�� ZKLFK� FRXOG� EULQJ� DERXW� DQ� LQFUHDVH� LQ� FRQWDPLQDQWV� LQ� WKH� ZDWHU�
FROXPQ���

%2'�± &2'�

�� $5&(�$��/��6HULH�$XWRGLGDFWLFD�GH�PHGLFLyQ�GH�OD�FDOLGDG�GH�DJXD �$XWRGLGDFWLF�PHDVXUHPHQW�VHULHV�RI�ZDWHU�TXDOLW\���
&ROOHFWLRQ�DQG�&RQWURO�0DQDJHPHQW�RI�WKH�*HQHUDO�$GPLQLVWUDWLYH�6XEGLUHFWRUDWH�IRU�:DWHU��0H[LFR�������
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%LRFKHPLFDO�R[\JHQ�GHPDQG
&KHPLFDO�R[\JHQ�GHPDQG

)LJXUH����� %2'��&2'± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 7RWDO�3KRVSKRUXV

3KRVSKRUXV�LV�DQ�HVVHQWLDO�FRPSRQHQW�RI�WKH�ELRORJLFDO�F\FOH�LQ�ERGLHV�RI�ZDWHU�DQG��
JHQHUDOO\�VSHDNLQJ��LV�WKH�DJHQW�WKDW�OLPLWV�WKH�JURZWK�RI�DOJDH�DQG�DTXDWLF�SODQWV�LQ�
IUHVKZDWHU�ZHWODQGV��7KLV�PHDQV�WKDW�FRQFHQWUDWLRQV�RI�SKRVSKRUXV�FDQ�EH�XVHG�DV�
D�FULWHULRQ�WR�LGHQWLI\�SUREOHPV�RI�HXWURSKLFDWLRQ�LQ�ODNHV��ODJRRQV�RU�ULYHUV��DQG�WR�
GHWHUPLQH�WKH�HXWURSKLF�VWDWH�RI�D�ERG\�RI�ZDWHU���

7KH� WRWDO� SKRVSKRUXV� FRQFHQWUDWLRQV� UHSRUWHG� DW� VWDWLRQ� $�� ZHUH� ����PJ�/��
FRPSDUHG�ZLWK�����PJ�/�DW�VWDWLRQ�$���VHH�)LJXUH��������7KLV�FRXOG�SRWHQWLDOO\�EH�
OLQNHG�WR�WKH�DJULFXOWXUDO�DFWLYLW\�WKDW�WDNHV�SODFH�LQ�WKH�DUHD�XVLQJ�IHUWLOL]HUV��ZKHUH�
SKRVSKRUXV�FRQWDPLQDQWV�ERXQG�WR�VRLO�SDUWLFOHV�DUH�ZDVKHG�DZD\�E\�UXQ�RII����

7RWDO�3KRVSKRUXV

�� 81,9(56,7<�2)�&267$�5,&$��,Q 7URSLFDO�%LRORJ\�0DJD]LQH�������
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)LJXUH����� 7RWDO�3KRVSKRUXV�UHVXOWV�� VXUIDFH�ZDWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 7RWDO�DQG�)HFDO�&ROLIRUPV

$QDO\VLV�RI�WRWDO�FROLIRUP�EDFWHULD�DQG�(VFKHULFKLD�&ROL LGHQWLILHG�KLJK�SRSXODWLRQV�RI�
WKHVH�PLFURRUJDQLVPV�DW�WKH�VDPSOLQJ�VWDWLRQV��$V�(VFKHULFKLD�&ROL LV�SUHVHQW�LQ�WKH�
GLJHVWLYH�WUDFW�RI�ZDUP�EORRGHG�DQLPDOV�DQG�KXPDQ�EHLQJV�� WKLV� LV�DQ� LQGLFDWRU�RI�
UHFHQW�IHFDO�FRQWDPLQDWLRQ��

)LJXUH����� VKRZV�WKH�TXDQWLWLHV�RI�WKH�WZR�EDFWHULD�WKDW�ZHUH�LGHQWLILHG�DW�WKH�WZR�
VWDWLRQV�DORQJ� WKH�/HyQ�5LYHU��ZLWK�KLJKHU�FRQFHQWUDWLRQV� UHFRUGHG� IRU�VWDWLRQ�$��
WKDQ�IRU�VWDWLRQ�$���7KH�FRQFHQWUDWLRQ�RI�WRWDO�FROLIRUPV�VWRRG�DW��������103����PO�
DW�VWDWLRQ�$��DQG��������103����PO�DW�VWDWLRQ�$���/LNHZLVH��IHFDO�FROLIRUPV�ZHUH�
PRUH�SUHYDOHQW�DW�VWDWLRQ�$���ZLWK�FRQFHQWUDWLRQV�RI�������103����PO�FRPSDUHG�
ZLWK������103����PO�DW�VWDWLRQ�$���7KLV�LQGLFDWHV�WKDW�WKH�ZDWHUV�RI�WKH�/HyQ�5LYHU
VKRZ�SROOXWLRQ�FDXVHG�E\�XQWUHDWHG�GRPHVWLF�ZDVWH��ZKLFK�PDNHV�VHQVH�JLYHQ�WKDW�
WKH�/HyQ�5LYHU UHFHLYHV�WKH�GLVFKDUJH�RI�WKH�ULYHUV�3RUURVR��-XUDGy��0XWDWD���*XDSi�
�&KLJRURGy���&DUHSD��9LMDJXDO�� =XQJR��$SDUWDGR�DQG�*UDQGH��&RPPHUFLDO� H[SRUW�
DJULFXOWXUH�WDNHV�SODFH�RQ�WKH�SODLQV�RI�WKHVH�ULYHUV��JHQHUDWLQJ�WKH�KLJKHVW�DPRXQWV�
RI�GRPHVWLF�ZDVWH�RULJLQDWLQJ�IURP�KXPDQ�VHWWOHPHQWV����

:LWK� UHJDUG� WR� &RORPELDQ� UHJXODWRU\� FRPSOLDQFH� �'HFUHH� ����� RI� ��������� WKH�
DPRXQW�RI�WRWDO�FROLIRUPV�H[FHHGHG�WKH�YDOXHV�VWLSXODWHG�LQ�$UWLFOHV�������������ZLWK�
D�OLPLW�RI�������103����PO��&RQYHQWLRQDO�WUHDWPHQW�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�
DQG�GRPHVWLF�FRQVXPSWLRQ��� LQ�$UWLFOH�������������ZLWK�D� OLPLW�RI������103����PO�
�'LVLQIHFWLRQ�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�GRPHVWLF�FRQVXPSWLRQ��DQG�LQ�$UWLFOH�

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK���������2S�&LW�
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������������ZLWK�D�OLPLW�RI������103����PO��4XDOLW\�FULWHULD�IRU�DJULFXOWXUDO�XVH���7KLV�
LQGLFDWHV�WKDW�WKH�FRQYHQWLRQDO�WUHDWPHQW�DQG�GLVLQIHFWLRQ�RI�ZDWHU�RI�WKLV�W\SH�LV�QRW�
VXIILFLHQW�WR�PDNH�LW�VXLWDEOH�IRU�KXPDQ�FRQVXPSWLRQ��)RU�DJULFXOWXUDO�XVH��LW�FDQQRW�
EH�XVHG� IRU�GLUHFWO\� LUULJDWLQJ�VKRUW�VWHPPHG�YHJHWDEOHV�RU�DQ\� IUXLW� WKDW� LV�HDWHQ�
XQSHHOHG��$UWLFOH ��������������TXDOLW\�FULWHULD�IRU�WKH�FRQVHUYDWLRQ�RI�IORUD�DQG�IDXQD��
HVWDEOLVKHV� QR� OLPLW� IRU� WKLV� SDUDPHWHU�� ZKLFK� VXJJHVWV� WKDW� WKH� ZDWHU� FDQ� EH�
DOORFDWHG�IRU�WKLV�XVH��

7RWDO�&ROLIRUPV (VFKHULFKLD�&ROL
/LPLW� $UWLFOH������������ /LPLW� $UWLFOH������������
$UWLFOH������������

)LJXUH����� 7RWDO�&ROLIRUPV�DQG�(�FROL UHVXOWV ± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 7UDFHV�RI�+HDY\�0HWDOV

0HWDOV�DUH� LPSRUWDQW�FRQVWLWXHQWV� LQ�PDQ\� W\SHV�RI�ZDWHU��VRPH�DUH�FODVVLILHG�DV�
SROOXWLQJ�VXEVWDQFHV��EXW�D�QXPEHU�RI�WKHP�DUH�RI�JUHDW� LPSRUWDQFH�LQ�WKH�QRUPDO�
IXQFWLRQLQJ�RI�HFRV\VWHPV�DQG�WKH�JURZWK�RI�DOJDH���

6RPH�RI�WKH�SRWHQWLDOO\�PRVW�WR[LF�FKHPLFDO�FRPSRQHQWV�DUH�6E��$V��&G��&X��&U��+J��
1L��3E��6H�DQG�=Q��ZKLFK�HQWHU�WKH�ZDWHU�F\FOH�IURP�D�YDULHW\�RI�VRXUFHV��2QH�VXFK�
VRXUFH�LV�OLWKRJHQLF�RU�JHRFKHPLFDO�LQ�RULJLQ��DULVLQJ�IURP�PLQHUDOV�ZKLFK�DUH�ZDVKHG�
LQWR� ZDWHU� GXH� WR� HURVLRQ� RU� UDLQIDOO�� +RZHYHU�� WKH� JUHDWHVW� FRQFHQWUDWLRQ� LV� RI�
DQWKURSRJHQLF� RULJLQ� GXH� WR� KXPDQ� DFWLYLW\�� 0LQLQJ�� LQGXVWULDO� SURFHVVHV� DQG�
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GRPHVWLF�ZDVWH�DUH�VLJQLILFDQW�VRXUFHV�RI�SROOXWLRQ��FRQWULEXWLQJ�PHWDOV� WR� WKH�DLU��
ZDWHU�DQG��LQ�SDUWLFXODU VRLO���

7KH� ZDWHU� TXDOLW\� DQDO\VLV� RI� WKH� /HyQ� 5LYHU LQFOXGHG� WHVWLQJ� IRU� EDULXP�� WRWDO�
FDGPLXP��WRWDO�FRSSHU��WRWDO�FKURPLXP��WRWDO�PHUFXU\��WRWDO�QLFNHO��WRWDO�VLOYHU��WRWDO�
OHDG��WRWDO�VHOHQLXP��WRWDO�DUVHQLF�DQG�WRWDO�]LQF��9HU\�ORZ�FRQFHQWUDWLRQV�ZHUH�IRXQG�
RI�HDFK��LQ�WKH�RUGHU�RI�WKH�WUDFHV��

7KH�FRQFHQWUDWLRQV�RI�PHUFXU\��DUVHQLF�DQG�VLOYHU�IRXQG�ZHUH�EHORZ�WKH�GHWHFWLRQ�
OLPLW� RI� WKH� DQDO\WLFDO� WHFKQLTXH� XVHG� LQ� WKH� ODERUDWRU\�� 7KH� DQDO\VLV� JDYH�
FRQFHQWUDWLRQ�UHVXOWV�RI�OHVV�WKDQ���������PJ�/�IRU�PHUFXU\���������PJ�/�IRU�DUVHQLF�
DQG���������PJ�/�IRU�VLOYHU�

:LWK� UHJDUGV WR� UHJXODWRU\� FRPSOLDQFH�� WKH� YDOXHV� IRU� FDGPLXP��PHUFXU\�� QLFNHO��
VLOYHU�� OHDG�� DUVHQLF� DQG� ]LQF� FRPSO\� ZLWK� WKH� SURYLVLRQV� RI� $UWLFOHV� ������������
�&RQYHQWLRQDO�WUHDWPHQW�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�GRPHVWLF�FRQVXPSWLRQ���
�������������'LVLQIHFWLRQ�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�GRPHVWLF�FRQVXPSWLRQ��
DQG��������������4XDOLW\�FULWHULD�IRU�DJULFXOWXUDO�XVH��RI�'HFUHH������RI���������

7KH� DPRXQW� RI� FRSSHU� LV� LQ� FRPSOLDQFH� ZLWK� $UWLFOHV� ������������ ����� PJ�/� IRU�
FRQYHQWLRQDO� WUHDWPHQW�DQG�TXDOLW\�FULWHULD� IRU�KXPDQ DQG�GRPHVWLF�FRQVXPSWLRQ�
DQG������������������PJ�/�IRU�GLVLQIHFWLRQ�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�GRPHVWLF�
FRQVXPSWLRQ���KRZHYHU��GHVSLWH�VWDWLRQ�$��EHLQJ�LQ�FRPSOLDQFH��WKH�YDOXH�DW�VWDWLRQ�
$��H[FHHGV�WKH�OLPLW�SHUPLWWHG�LQ�$UWLFOH��������������4XDOLW\�FULWHULD�IRU�DJULFXOWXUDO�
XVH��

7KH�FRQFHQWUDWLRQV�RI�VHOHQLXP�FRPSO\�ZLWK�WKH�SURYLVLRQV�RI�$UWLFOHV������������������
PJ�/� IRU� FRQYHQWLRQDO� WUHDWPHQW� DQG� TXDOLW\� FULWHULD� IRU� KXPDQ� DQG� GRPHVWLF�
FRQVXPSWLRQ� DQG������������������PJ�/�IRU�GLVLQIHFWLRQ DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�
DQG�GRPHVWLF�FRQVXPSWLRQ���+RZHYHU��DW�VWDWLRQ�$��WKH�DPRXQW�H[FHHGV�WKH� OLPLW�
SHUPLWWHG� LQ�$UWLFOH�������������������PJ�/��IRU� OLYHVWRFN�XVH�ZLWK�D�UHVXOW�RI�������
PJ�/���

1R�UHIHUHQFH�YDOXH�LV�JLYHQ�IRU�WRWDO�FKURPLXP��7KH DOUHDG\�PHQWLRQHG�SUHVHQFH�RI�
SROOXWDQWV�FRXOG�EH�OLQNHG�WR�GRPHVWLF�DQG�LQGXVWULDO�GLVFKDUJH�LQWR�WKH�ERG\�RI�ZDWHU�
�VHH�)LJXUH�������

7KH�FRQFHQWUDWLRQV�RI�EDULXP�UHFRUGHG�ZHUH������DQG�����PJ�/�DW�VWDWLRQV�$��DQG�
$��UHVSHFWLYHO\��,Q�WHUPV�RI�FRPSOLDQFH�ZLWK�'HFUHH������RI���������EDULXP�OHYHOV�

�� 526$6� 52'5Ë*8(=�� +��(VWXGLR� GH� OD� FRQWDPLQDFLyQ� SRU� PHWDOHV� SHVDGRV� HQ� OD� FXHQFD� GHO� /OREUHJDW �6WXG\� LQWR�
FRQWDPLQDWLRQ�E\�KHDY\�PHWDOV�LQ�WKH�/OREUHJDW�EDVLQ���6SDLQ�������
�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK���������2S�&LW�
����&2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK���������2S� &LW��
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DW�VWDWLRQ�$��DUH� LQ�FRPSOLDQFH�ZLWK�$UWLFOHV��������������ZLWK�D� OLPLW�RI���PJ�/�IRU�
FRQYHQWLRQDO� WUHDWPHQW�DQG�TXDOLW\�FULWHULD� IRU�KXPDQ�DQG�GRPHVWLF�FRQVXPSWLRQ��
DQG��������������ZLWK�D�OLPLW�RI������PJ�/�IRU�GLVLQIHFWLRQ�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�
DQG�GRPHVWLF�FRQVXPSWLRQ���2Q�WKH�RWKHU�KDQG��WKH�YDOXHV�UHFRUGHG�DW�VWDWLRQ�$��
H[FHHG�WKH�UHJXODWRU\�OLPLWV�RI�WKH�DIRUHPHQWLRQHG�DUWLFOHV��ZKLFK�LQGLFDWHV�WKDW�WKH�
ZDWHU�DW�WKDW�ORFDWLRQ�FDQQRW�EH�DOORFDWHG�IRU�KXPDQ�XVH�ZLWKRXW�SULRU�WUHDWPHQW��

7RWDO�&DGPLXP 7RWDO�&RSSHU
7RWDO�%DULXP 7RWDO�&KURPLXP
7RWDO�1LFNHO 7RWDO�/HDG

)LJXUH����� 7UDFH�0HWDOV�± VXUIDFH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����ZLWK�UHVXOWV�IURP�6*6�6�$�6������

Ǧ &RPSDULVRQ�ZLWK�QDWLRQDO�DQG�LQWHUQDWLRQDO�ODZ��

5HVXOWV�ZHUH�FRPSDUHG�DJDLQVW�&RORPELDQ�ODZ��ZKLFK�HVWDEOLVKHV�SHUPLVVLEOH�ZDWHU�
TXDOLW\�OLPLWV�IRU�WKH�DOORFDWLRQ�RI�WKH�UHVRXUFH�IRU�GLIIHUHQW�XVHV��LQ�DFFRUGDQFH�ZLWK�
'HFUHH� ����� RI� �������� 7KLV� OHJLVODWLRQ� LV� D� 6LQJOH� 5HJXODWRU\� 'HFUHH� IURP� WKH�
(QYLURQPHQW� DQG� 6XVWDLQDEOH� 'HYHORSPHQW� VHFWRU�� LQ� &KDSWHU� ��� 6HFWLRQ� ��

�� ,ELG��
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�7UDQVLWLRQDO� SURYLVLRQV� IRU� XVHV� RI� ZDWHU� DQG� TXDOLW\� FULWHULD� IRU� LWV� XVHV��� LQ� WKH�
IROORZLQJ�DUWLFOHV�

� $UWLFOH��������������&RQYHQWLRQDO�WUHDWPHQW�DQG�TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�
GRPHVWLF�FRQVXPSWLRQ��

� $UWLFOH��������������'LVLQIHFWLRQ DQG�TXDOLW\�FULWHULD� IRU�KXPDQ�DQG�GRPHVWLF�
FRQVXPSWLRQ�

� $UWLFOH��������������4XDOLW\�FULWHULD�IRU�DJULFXOWXUDO�XVH��

� $UWLFOH���������������4XDOLW\�FULWHULD�IRU�WKH�FRQVHUYDWLRQ�RI�IORUD�DQG�IDXQD��

*LYHQ�WKDW�&RORPELDQ�ODZ�VHWV�QR�SHUPLVVLEOH�OLPLWV�IRU�VRPH�SDUDPHWHUV��VSHFLDO�
ZDWHU� TXDOLW\� DQDO\VLV� IRU� PHWDOV� ZDV� FDUULHG� RXW� XVLQJ� &DQDGLDQ�:DWHU� 4XDOLW\�
*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�DTXDWLF� OLIH����DQG�WKH�(QYLURQPHQWDO�4XDOLW\�DQG�
(IIOXHQW� 'LVFKDUJH� 6WDQGDUG�� :DWHU� 5HVRXUFH� ± %RRN� 9,� $SSHQGL[� �� �78/$6�
(FXDGRU���

�� &$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17� ± &&0(��&DQDGLDQ�ZDWHU� TXDOLW\� JXLGHOLQHV� IRU� WKH�
SURWHFWLRQ�RI�DTXDWLF� OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV� LQ�&DQDGD��3URFHGXUHV�IRU�
'HULYLQJ�1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV�� ,Q��&DQDGLDQ�HQYLURQPHQWDO� TXDOLW\� JXLGHOLQHV�� ������ >2QOLQH@� ��KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�6HSWHPEHU���WK������@
�� 35(6,'(17�2)�7+(�5(38%/,&�2)�(&8$'25��(19,5210(17�0,1,675<�2)�(&8$'25��([HFXWLYH�'HFUHH������
�0DUFK���VW����������5HJXODWLRQV�RI�WKH�HQYLURQPHQWDO�ODZ�IRU�SUHYHQWLQJ�DQG�FRQWUROOLQJ�SROOXWLRQ�DQG�LWV�WHFKQLFDO�ODZV���%RRN�
9,�$SSHQGL[�����(QYLURQPHQWDO�TXDOLW\�DQG�HIIOXHQW�GLVFKDUJH�ODZ��ZDWHU�UHVRXUFHV���4XLWR��������
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7DEOH����� &RPSDULVRQ�RI�UHVXOWV�ZLWK�VWDQGDUGV�6WDWLRQ�$��DQG�$�

$1È/<6,6

5HVXOWV
'HFUHH������RI�����

&RPSOLDQFH

$UW��
�����������

$UW��
�����������

$UW��
�����������

$UW��
������������

$� $�
&RQYHQWLRQDO�WUHDWPHQW�DQG�
TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�

GRPHVWLF�FRQVXPSWLRQ�

'LVLQIHFWLRQ�DQG�
TXDOLW\�FULWHULD�IRU�
KXPDQ�DQG�GRPHVWLF�
FRQVXPSWLRQ�

4XDOLW\�FULWHULD�IRU�
DJULFXOWXUDO�XVH

&RQVHUYDWLRQ�RI�
)ORUD�DQG�)DXQD

S+��XQLWV ���� ���� �����± ���� ����± ��� ����± ��� ����± ���

$��	�$��LQ�FRPSOLDQFH�ZLWK�$UW��
������������� ��������������QRW�LQ�
FRPSOLDQFH�ZLWK�$UW��������������

� ������������

'LVVROYHG�R[\JHQ��PJ�/ ���� ���� 1�6� 1�6� 1�6� ���
$��LQ�FRPSOLDQFH�� $��QRW�LQ�

FRPSOLDQFH

7UXH�&RORU��83& �� �� �� �� 1�(� 1�6�

$��LQ�FRPSOLDQFH�ZLWK�$UW��
������������� ������������

$��LQ�FRPSOLDQFH�ZLWK�$UW��
�������������QRW�LQ�FRPSOLDQFH�

ZLWK�$UW�������������
7RWDO�3KHQROV��PJ�/ ������ ������ ����� ����� 1�6� ����&/ 1�'�

)DWV�DQG�RLOV��PJ�)	2�/ ���� ���� 1�6� 1�6� 1�6� �����&/ 1�'�
7RWDO� FROLIRUPV� �103�����
PO

����� ������ ����� ���� ���� 1�6� 1RW�LQ�FRPSOLDQFH

7RWDO�%DULXP��PJ�0HWDO�/ ���� ���� ��� ��� 1�6� ����&/

$��LQ�FRPSOLDQFH�ZLWK�$UW��
������������� �����������

$��QRW LQ�FRPSOLDQFH�ZLWK�$UW��
������������� �����������

7RWDO� &DGPLXP�� PJ�
0HWDO�/

������ ����� ���� ���� ���� ����&/ ,Q�FRPSOLDQFH

7RWDO�&RSSHU��PJ�0HWDO�/ ���� ����� ��� ��� ��� ����&/ ,Q�FRPSOLDQFH

7RWDO�0HUFXU\��PJ�0HWDO�/
������
��

�������� ����� ����� 1�6� �����&/ ,Q�FRPSOLDQFH

7RWDO�1LFNHO��PJ�0HWDO�/ ���� ���� 1�6� 1�6� ��� �����&/ ,Q�FRPSOLDQFH
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$1È/<6,6

5HVXOWV
'HFUHH������RI�����

&RPSOLDQFH

$UW��
�����������

$UW��
�����������

$UW��
�����������

$UW��
������������

$� $�
&RQYHQWLRQDO�WUHDWPHQW�DQG�
TXDOLW\�FULWHULD�IRU�KXPDQ�DQG�

GRPHVWLF�FRQVXPSWLRQ�

'LVLQIHFWLRQ�DQG�
TXDOLW\�FULWHULD�IRU�
KXPDQ�DQG�GRPHVWLF�
FRQVXPSWLRQ�

4XDOLW\�FULWHULD�IRU�
DJULFXOWXUDO�XVH

&RQVHUYDWLRQ�RI�
)ORUD�DQG�)DXQD

7RWDO�6LOYHU��PJ�0HWDO�/
������

�
������� ���� ���� 1�6� �����&/ ,Q�FRPSOLDQFH

7RWDO�/HDG��PJ�0HWDO�/ ���� ���� ���� ���� ��� �����&/ ,Q�FRPSOLDQFH

7RWDO� 6HOHQLXP�� PJ�
0HWDO�/

���� ���� ���� ���� ���� �����&/

$��LQ�FRPSOLDQFH�ZLWK�$UW��
������������� �������������
�������������������$��QRW�LQ�

FRPSOLDQFH
7RWDO�$UVHQLF��PJ�0HWDO�/ ������ ������ ���� ���� ��� ����&/ ,Q�FRPSOLDQFH

7RWDO�=LQF��PJ�0HWDO�/ ���� ���� ���� ���� ��� �����&/ ,Q�FRPSOLDQFH
7KH�UHJXODWRU\�FULWHULD�IRU�WKH�PHWDOV�HVWDEOLVKHG�LQ�$UWLFOH��������������RI�'HFUHH������RI������DUH�SURYLGHG��+RZHYHU��QR�FRPSDULVRQ�ZDV�PDGH�DV�LW�RQO\�DSSOLHV�WR�ELRDVVD\V��
7KH�GHWHFWLRQ�OLPLW�RI�WKH�DQDO\WLFDO�WHFKQLTXH�LV�DERYH�WKH�UHJXODWRU\�OLPLW��DQG�WKHUHIRUH�LW�FDQQRW�EH�GHWHUPLQHG�ZKHWKHU�WKH�YDOXH�LV�LQ�FRPSOLDQFH�RU�QRW��
1�6���1RW�VSHFLILHG
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH����� &RPSDULVRQ�RI�UHVXOWV�DJDLQVW�IRUHLJQ�UHIHUHQFH�UHJXODWLRQV�

$1È/<6,6

5HVXOWV
78/$6�(QYLURQPHQWDO�4XDOLW\�DQG�

'LVFKDUJH�6WDQGDUG

&DQDGLDQ�/DZ�IRU�
3URWHFWLQJ�$TXDWLF�

/LIH
/RQJ�WHUP�

&203/,$1&(

$� $�
8VH��&RQVHUYDWLRQ�RI�)DXQD�DQG�)ORUD�

7RWDO�%DULXP��PJ�0HWDO�/ ���� ���� ��� 1�6� $��1RW�LQ�FRPSOLDQFH

7RWDO�&DGPLXP��PJ�0HWDO�/ ������ ����� ����� ������� 1RW�HVWDEOLVKHG�E\�&DQDGLDQ� ODZ�
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$��1RW�LQ�FRPSOLDQFH�ZLWK�78/$6
$��1RW�HVWDEOLVKHG

7RWDO�&RSSHU��PJ�0HWDO�/ ���� ���� ���� 1�6� 1RW�LQ�FRPSOLDQFH�ZLWK�78/$6

7RWDO�&KURPLXP��PJ�0HWDO�/ ���� ���� ���� 1�6� $��1RW�LQ�FRPSOLDQFH�ZLWK�78/$6��

7RWDO�0HUFXU\��PJ�0HWDO�/ �������� �������� ������ ��������
�
1RW� HVWDEOLVKHG� E\� 78/$6� DQG�
&DQDGLDQ�ODZ

7RWDO�1LFNHO��PJ�0HWDO�/ ���� ���� ����� 1�6� $��QRW�LQ�FRPSOLDQFH�ZLWK�78/$6
7RWDO�6LOYHU��PJ�0HWDO�/ ������� ������� ���� 1�6� ,Q�FRPSOLDQFH�ZLWK�78/$6

7RWDO�6HOHQLXP��PJ�0HWDO�/ ���� ���� ���� 1�6� $��QRW�LQ�FRPSOLDQFH�ZLWK�78/$6

7RWDO�$UVHQLF��PJ�0HWDO�/ ������ ������ ���� �����
,Q�FRPSOLDQFH�ZLWK�78/$6
1RW�HVWDEOLVKHG�E\�&DQDGLDQ� ODZ�


7RWDO�=LQF��PJ�0HWDO�/ ���� ���� ���� ��� 1RW�LQ�FRPSOLDQFH

 7KH�GHWHFWLRQ�OLPLW�RI�WKH�DQDO\WLFDO�WHFKQLTXH�LV�DERYH�WKH�UHJXODWRU\�OLPLW��DQG�WKHUHIRUH�LW�FDQQRW�EH�GHWHUPLQHG�ZKHWKHU�WKH�YDOXH�LV�LQ�FRPSOLDQFH�RU�QRW

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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Ǧ (QYLURQPHQWDO�4XDOLW\�,QGH[HV

$GGLWLRQDOO\��ZH�ZLOO�DQDO\]H�WKH�ZDWHU�TXDOLW\�RI�WKH�/HyQ�5LYHU XVLQJ�TXDOLW\�LQGH[HV�
VXFK�DV� WKH� ,&(�� WKH�VDWXUDWLRQ�RU�/DQJHOLHU� LQGH[�DQG� WKH�3RWHQWLDO�$OWHUDWLRQ�RI�
:DWHU�4XDOLW\�,QGH[��,$&$/��,&20,��,&202�DQG�,&268���ZKLFK�HPSOR\V�D�VLQJOH�
H[SUHVVLRQ�WR�GHWHUPLQH�ZDWHU�TXDOLW\�IURP�WKH�UHVXOWV�RI�VHYHUDO�SK\VLFRFKHPLFDO�
DQG�EDFWHULRORJLFDO�SDUDPHWHUV�ZKLFK�LQ�WKH�SDVW�ZHUH�DQDO\]HG�LQGLYLGXDOO\���

� (QYLURQPHQWDO�4XDOLW\�,QGH[�± ,&$�

7KH�,&$�LV�D�TXDOLW\�LQGLFDWRU�ZLWK�WKH�IXOO�WLWOH�RI�³,&$�16)�:DWHU�4XDOLW\�,QGH[´��DQG�
LV�RQH�RI�WKH�PRVW�FRPPRQO\�XVHG�LQGLFDWRUV�WR�GHWHUPLQH�WKH�TXDOLW\�RI�ERGLHV�RI�
VXUIDFH� ZDWHU�� 7R� WKDW� HQG�� ZH�PXVW� XVH� DQG� FRPELQH� VHYHUDO� SDUDPHWHUV�� WKH�
GLVVROYHG�R[\JHQ�SHUFHQWDJH��S+��%2'���WXUELGLW\�DQG�WRWDO�VROLGV��2WKHU�SDUDPHWHUV�
VXFK�DV�QLWUDWHV�DQG�SKRVSKDWHV�ZHUH�QRW�LGHQWLILHG��DQG�IHFDO�FROLIRUP�YDOXHV�ZHUH�
QRW�SUHVHQWHG�LQ�WKH�XQLWV�WKDW�WKH�FDOFXODWLRQ�UHTXLUHV��1HYHUWKHOHVV��WKH�LQGH[�ZDV�
FDOFXODWHG�XVLQJ�WKH�YDOXHV�DYDLODEOH�IRU�WKH�/HyQ�5LYHU��

7KH�ZDWHU�TXDOLW\� LQGH[�FDOFXODWLRQV�IRU�VWDWLRQV�$��DQG�$��RI�WKH�/HyQ�5LYHU DUH�
SUHVHQWHG�LQ�7DEOH����� DQG�7DEOH�������

7DEOH����� :DWHU�4XDOLW\�,QGH[�± 6WDWLRQ�$��
$�

3DUDPHWHU 5HVXOW 4XDOLW\�9DOXH :HLJKWLQJ ,QGH[�7RWDO

�� 6DWXUDWLRQ� RI� GLVVROYHG�
R[\JHQ

���� �� ����

��
3RRU�4XDOLW\

S+��8QLWV ���� �� ����

%2'���PJ�/ � �� ����

7XUELGLW\��178 ��� � ����

7RWDO�6ROLGV� ��� �� ����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6������

7DEOH����� :DWHU�4XDOLW\�,QGH[�± 6WDWLRQ�$�
$�

3DUDPHWHU 5HVXOW 4XDOLW\�9DOXH :HLJKWLQJ ,QGH[�7RWDO

�� 6DWXUDWLRQ� RI� GLVVROYHG�
R[\JHQ

���� �� ���� ��
9HU\�SRRU�
4XDOLW\

S+��8QLWV ���� �� ����

%2'���PJ�/ ��� � ����
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$�

3DUDPHWHU 5HVXOW 4XDOLW\�9DOXH :HLJKWLQJ ,QGH[�7RWDO

7XUELGLW\��178 ���� � ����

7RWDO�6ROLGV ����� �� ����
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6������

,Q�DFFRUGDQFH�ZLWK�WKH�,&(�:DWHU�4XDOLW\�,QGH[�YDOXHV�DQG�WKHLU�UHVSHFWLYH�FRORUV��SUHVHQWHG�LQ�WKH�
�SUHVHQWHG�LQ�WKH�PHWKRGRORJ\�VHFWLRQ�LQ�&KDSWHU�± *HQHUDO�RI�WKLV�VWXG\���WKH�ZDWHU�TXDOLW\�DW�
TXDOLW\�DW�VWDWLRQ�$��VWRRG�ZLWKLQ�WKH�������UDQJH�DQG ZDV�FODVVLILHG�DV�EHLQJ�RI�³SRRU�TXDOLW\´�
³SRRU�TXDOLW\´� 7KH�ZDWHU�TXDOLW\�DW�VWDWLRQ�$��ZDV�EHWZHHQ�WKH������UDQJH��FODVVLI\LQJ�LW�LQ�WKH�

FODVVLI\LQJ�LW�LQ�WKH�³YHU\�SRRU´ TXDOLW\�FDWHJRU\�� ,&$

([FHOOHQW�TXDOLW\
*RRG�TXDOLW\

,QGH[�UDQJH $YHUDJH�TXDOLW\
3RRU�TXDOLW\
9HU\�SRRU�TXDOLW\

6WDWLRQ

)LJXUH�1R��������

7KHVH�UHVXOWV�ZHUH�H[SHFWHG��JLYHQ�WKDW�LQ�WKH�DUHD�RI�VWXG\�WKH�/HyQ�5LYHU LV�D�ERG\�
RI�ZDWHU�DIIHFWHG�E\�KXPDQ�LQWHUYHQWLRQ��DQG�LV� LWVHOI�IHG�E\�VHYHUDO�ZDWHUFRXUVHV�
XSVWUHDP�IURP�WKH�VLWH�ZKHUH�WKH�VDPSOLQJ�WRRN�SODFH��7KLV�FRXOG�EH�OLQNHG�WR�WKH�
SUHVHQFH�RI�H[SRUW�DJULFXOWXUH�DQG�KXPDQ�VHWWOHPHQWV�FORVH�WR�WKH�ULYHU¶V�EDQNV�
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,&$
([FHOOHQW�TXDOLW\
*RRG�TXDOLW\

,QGH[�UDQJH $YHUDJH�TXDOLW\
3RRU�TXDOLW\
9HU\�SRRU�TXDOLW\

6WDWLRQ

)LJXUH�1R������ ,&$�:DWHU�4XDOLW\�,QGH[
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� �����

� 6DWXUDWLRQ�RU�/DQJHOLHU�,QGH[�

%HORZ��WKH�UHVXOWV�UHJDUGLQJ�S+��WHPSHUDWXUH��WRWDO�KDUGQHVV�DQG�WRWDO�DONDOLQLW\�DUH�
XVHG�DV�D�EDVLV�IRU�GHWHUPLQLQJ�WKH�/DQJHOLHU�,QGH[�IRU�ERWK�RI�WKH�VDPSOLQJ�VWDWLRQV�
DORQJ� WKH� /HyQ� 5LYHU �7DEOH� ������� � 7KH� LQGH[� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� WKH�
PHWKRGRORJ\�SUHVHQWHG�LQ�&KDSWHU��� *HQHUDO��

7DEOH����� /DQJHOLHU�,QGH[�5HVXOW

6WDWLRQ� S+� 7(03(5$785( 727$/�+$5'1(66 727$/�$/.$/,1,7< ,6/
&ODVVL�
ILFDWLRQ
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7HPS�
��&�

7HPSHUDWXUH�
&RHIILFLHQW���&

7RWDO��
+DUGQHV
V�PJ�/�

+DUGQHVV�
&RHIILFLHQW�
�PJ�/�

7RWDO��
$ONDOLQLW\�
�PJ�/�

$ONDOLQLW\�
&RHIILFLHQW�
�PJ�/�

$� ���� ����
������

���
������

��
������ �����

&RUURVLYH�
:DWHU

$� ���� ��
�����

���
�����

��
���� �����

&RUURVLYH�
:DWHU

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6� ����

$FFRUGLQJ�WR�WKH�FDOFXODWLRQ�SHUIRUPHG��WKH�ZDWHU�RI�WKH�/HyQ�5LYHU ZDV�FODVVLILHG�
DV�FRUURVLYH��ZKLFK�LV�FRKHUHQW�ZLWK�WKH�DFLGLF�S+�VKRZQ�DW�ERWK�VWDWLRQV�DQDO\]HG�
DORQJ�WKH�ZDWHUFRXUVH��

� 3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[��,$&$/�

7KH�1DWLRQDO�:DWHU�6WXG\�� HVWLPDWHV�WKH�3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[�
�,$&$/�� IRU� DYHUDJH� DQG� GU\� ZDWHU� FRQGLWLRQV�� UHSUHVHQWLQJ� WKH� UHVXOWV� RI� WKLV�
LQGLFDWRU�RI�SRWHQWLDO�SUHVVXUH�GXH�WR�TXDOLW\�FRQWDPLQDWLQJ� ORDGV�E\�K\GURJUDSKLF�
VXEDUHDV��,QIRUPDWLRQ�IURP�WKLV�VWXG\�ZDV�WDNHQ�DV�D�UHIHUHQFH�IRU�WKH�SURMHFW¶V�DUHD�
RI�VWXG\��

7KH�VWXG\�DUHD�LV�ORFDWHG�RQ�WKH�/HyQ�5LYHU��LQ�WKH�&DULEEHDQ�8UDEi�VXEDUHD��ZKLFK�
KDV�D�WRWDO�VXSSO\�RI�������ELOOLRQ�FXELF�PHWHUV��0P���LQ�DQ�DYHUDJH�\HDU�DQG�������
ELOOLRQ�FXELF�PHWHUV��0P���LQ�D�GU\�\HDU���$V�FDQ�EH�VHHQ�LQ�)LJXUH����� DQG�)LJXUH�
������WKH�3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[�JDYH�D�UHVXOW�RI�³KLJK´�IRU�ERWK�
GU\�DQG�DYHUDJH�\HDUV��7KLV� LV�RQH�RI� WKH�VXEDUHDV�XQGHU�JUHDWHVW�SUHVVXUH�IURP�
SROOXWDQWV�LQ�WKH�'HSDUWPHQW�RI�$QWLRTXLD��

�� ,167,787(� 2)� +<'52/2*<�� 0(7(252/2*<� $1'� (19,5210(17$/� 678',(6� �,'($0��� (19,5210(17��
+286,1*�$1'�7(55,725,$/�'(9(/230(17�0,1,675<��0$9'7��1DWLRQDO�:DWHU�6WXG\��%RJRWi�����������S��,6%1������
��������������VXE



02',),&$7,21�2)�7+(�(19,5210(17$/�/,&(16(�)25�
7+(�352-(&7�72�&216758&7�$1'�23(5$7(�$�%8/.�

62/,'6�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�785%2

3DJH ��� GH����

*$7��������&$�$0�3,2��� 5HYLVLRQ�� %

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH����� 3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[��,$&$/��� $YHUDJH�\HDU��
6RXUFH��(1$���������PRGLILHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� �����

�� ,ELG��
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)LJXUH����� 3RWHQWLDO�$OWHUDWLRQ�RI�:DWHU�4XDOLW\�,QGH[��,$&$/��� 'U\�\HDU��
6RXUFH��(1$������� PRGLILHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� ����

� &RQWDPLQDWLRQ�E\�0LQHUDOL]DWLRQ�,QGH[��,&20,��

7KH� ,&20,� &RQWDPLQDWLRQ� E\� 0LQHUDOL]DWLRQ� ,QGH[� LQFOXGHV� YDULDEOHV� VXFK� DV�
FRQGXFWLYLW\�� KDUGQHVV� DQG� DONDOLQLW\�� DQG� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� WKH�
PHWKRGRORJ\�SUHVHQWHG�LQ�&KDSWHU��� *HQHUDO�RI�WKLV�VWXG\��

7DEOH����� VKRZV�WKH�UHVXOWV�JLYHQ�E\�WKH�PLQHUDOL]DWLRQ�LQGH[��%RWK�VWDWLRQV�ZHUH�
FDWHJRUL]HG�DV�KDYLQJ� ³KLJK´�FRQWDPLQDWLRQ�E\�PLQHUDOL]DWLRQ��DQ�H[SHFWHG� UHVXOW�
JLYHQ� WKDW� WKH�DQDO\]HG�YDULDEOHV� VKRZHG�VLJQLILFDQW� FRQFHQWUDWLRQV��&RQGXFWLYLW\�
VKRZHG�DERYH�QRUPDO�FRQFHQWUDWLRQV�IRU�WKH�ORZHU�EDVLQ��LQ�WHUPV�RI�KDUGQHVV�WKH�
ZDWHU�ZDV�FODVVLILHG�DV�KDUG�DQG�YHU\�KDUG��DOEHLW�ZLWKLQ�SHUPLVVLEOH�OHYHOV�IRU�KXPDQ�
VXSSO\�����

�� ,ELG��
�� 5$0Ë5(=��$OEHUWR��9,f$��$OEHUWR�� �&RORPELDQ�/LPQRORJ\��FRQWULEXWLRQV�WR�NQRZOHGJH�DQG�VWDWLVWLFDO�DQDO\VLV���3ULQWHG� LQ�
&RORPELD�������
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7DEOH����� ,&20,�,QGH[�5HVXOWV
6WDWLRQ� ,&20,�,QGH[ &ODVVLILFDWLRQ
$� ���� +LJK������� ����
$� ���� +LJK������� ����

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6� ����

� &RQWDPLQDWLRQ�E\�2UJDQLF�0DWWHU�,QGH[��,&202�

7KH�,&202�&RQWDPLQDWLRQ�E\�2UJDQLF�0DWWHU�,QGH[�LQFOXGHV�YDULDEOHV�VXFK�DV�WKH�
SHUFHQWDJH�RI�GLVVROYHG�R[\JHQ�� WRWDO�FROLIRUPV�DQG�ELRFKHPLFDO�R[\JHQ�GHPDQG��
DQG�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�SUHVHQWHG�LQ�&KDSWHU����*HQHUDO��
RI�WKLV�VWXG\��

7KH�RUJDQLF�PDWWHU�LQGH[�UHVXOWV�REWDLQHG�IRU�WKH�VWDWLRQV�DORQJ�WKH�/HyQ�5LYHU DUH�
SUHVHQWHG�LQ�7DEOH�������'LIIHUHQW�FODVVLILFDWLRQV�ZHUH�JLYHQ�IRU�HDFK�VWDWLRQ��VWDWLRQ�
$��ZDV�GHWHUPLQHG�WR�KDYH�D�³PHGLXP´�OHYHO�RI�FRQWDPLQDWLRQ��DQG�VWDWLRQ�$��ZDV�
FODVVLILHG�DV�KDYLQJ�³YHU\�KLJK´�FRQWDPLQDWLRQ��7KLV�GLIIHUHQFH�PD\�EH�OLQNHG�WR�WKH�
LQIOXHQFH� RI� VXVSHQGHG� PDWHULDO� JHQHUDWHG� E\� PDLQWHQDQFH� GUHGJLQJ� DFWLYLWLHV�
�FDUULHG�RXW�WR�HQVXUH�WKDW�WKH�EDQDQD�IUHLJKW�WKDW�WUDYHOV�WKURXJK�WKH�DUHD�LV�DEOH�WR�
QDYLJDWH��RQ�WKH�/HyQ�5LYHU DW�WKH�WLPH�WKH�VDPSOHV�ZHUH�WDNHQ��7KH�GLIIHUHQFH�LQ�
OHYHOV�RI�FRQWDPLQDWLRQ�PD\�DOVR�EH�OLQNHG�WR�WKH�GLVFKDUJH�RI�XQWUHDWHG�GRPHVWLF�
ZDWHU�JHQHUDWHG�E\� WKH�KXPDQ�VHWWOHPHQWV�XSVWUHDP�IURP�WKH�VDPSOLQJ�VLWH��7KH�
/HyQ�LV�RQH�RI�WKH�ULYHUV�ZLWK�WKH�KLJKHVW�PLFURELDO�ORDG��UHSUHVHQWHG�E\�FROLIRUPV�
�����[����� W�\HDU��DQG�OLQNHG�WR�WKH�GLVFKDUJH�RI�GRPHVWLF�ZDVWH�ZDWHU�����

7DEOH����� ,&202�,QGH[�5HVXOWV
6WDWLRQ ,&202�,QGH[ &ODVVLILFDWLRQ
$� ���� 0HGLXP��!����� ����
$� ���� 9HU\�+LJK��!����� ��

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6������

� &RQWDPLQDWLRQ�E\�6XVSHQGHG�6ROLGV�,QGH[��,&2686��

7KH� &RQWDPLQDWLRQ� E\� 6XVSHQGHG� 6ROLGV� ,QGH[� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� WKH�
PHWKRGRORJ\�SUHVHQWHG�LQ�&KDSWHU����*HQHUDO��RI�WKLV�VWXG\��

,Q�DFFRUGDQFH�ZLWK�WKH�DERYH�� WKH�UHVXOWV�REWDLQHG�DW�WKH�VWDWLRQV�DORQJ�WKH�/HyQ�
5LYHU ZHUH�WKHQ�FKHFNHG��6WDWLRQ�$��VKRZHG�FRQFHQWUDWLRQV�RI�����PJ�/�DQG�VWDWLRQ�

�� -26e�%(1,72�9,9(6�'(�$1'5(,6�,167,787(�)25�0$5,1(�$1'�&2$67$/�5(6($5&+��,19(0$5���021,725,1*�
1(7:25.�)25�7+(�&216(59$7,21�$1'�3527(&7,21�2)�6($�$1'�&2$67$/�:$7(5�,1�&2/20%,$��5('&$0��
(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��0$'6���'LDJQyVWLFR�\�HYDOXDFLyQ�GH�OD�FDOLGDG�GH�ODV�
DJXDV�PDULQDV�\�FRVWHUDV�GHO�FDULEH�\�SDFLILFR�FRORPELDQRV��'LDJQRVLV�DQG�HYDOXDWLRQ�RI�WKH�TXDOLW\�RI�VHD�DQG�FRDVWDO�ZDWHU�
LQ�WKH�&RORPELDQ�3DFLILF�DQG�&DULEEHDQ���6DQWD�0DUWD������������S���,661������������
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>0HGHOOtQ@������

$�� JDYH� UHVXOWV� RI� ������� PJ�/�� � 7KHVH� UHVXOWV� ZHUH� FRPSDUHG� ZLWK� WKH� LQGH[�
FODVVLILFDWLRQ��ZKLFK�JLYHV�DQ�,&2686�LQGH[�RI���IRU�FRQFHQWUDWLRQV�KLJKHU�WKDQ�����
PJ�/��DQG�LQGLFDWH�WKDW� WKH�ZDWHU�KDV�³YHU\�KLJK´� OHYHOV�RI�VXVSHQGHG�VROLGV��VHH�
7DEOH� ������� � $JDLQ�� WKHVH� UHVXOWV� PD\� EH� OLQNHG� WR� WKH� PDLQWHQDQFH� GUHGJLQJ�
DFWLYLWLHV�WKDW�DUH�FRQVWDQWO\�FDUULHG�RXW�DORQJ�WKH�/HyQ�5LYHU WR�HQVXUH�QDYLJDELOLW\�
IRU�EDQDQD�IUHLJKW��DQG�WR�WKH�WUDQVSRUWDWLRQ�RI�VHGLPHQW�GXH�WR�HURVLYH�DFWLRQ�RQ�WKH�
ULYHU�EHG���

7DEOH����� ,&2686�,QGH[�5HVXOWV
6WDWLRQ� ,&202�,QGH[ &ODVVLILFDWLRQ
$� � 9HU\�+LJK��!����� ��
$� � 9HU\�+LJK��!����� ��

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV��6�$�6� ����

x 6HFRQGDU\�+LVWRULFDO� ,QIRUPDWLRQ�RQ� WKH�4XDOLW\� RI� ,QODQG�DQG�6HD�:DWHU�
�5('&$0�

)XUWKHUPRUH��LQ�RUGHU�WR�DVVHVV�WKH�TXDOLW\�RI�VHD�DQG�LQODQG�ZDWHU��GDWD�ZDV�WDNHQ�
IURP�ILYH�����PRQLWRULQJ�VWDWLRQV��VHH�)LJXUH������ EHORQJLQJ�WR�WKH�,QODQG�DQG�6HD�
:DWHU�4XDOLW\�1HWZRUN��5('&$0��RI�WKH�-RVp�%HQLWR�9LYHV�GH�$QGUpLV�&RDVWDO�DQG�
0DULQH�5HVHDUFK�,QVWLWXWH��,19(0$5�����2QH�RI�WKH�VWDWLRQV�ZDV�ORFDWHG�RQ�WKH�/HyQ�
5LYHU DQG�WKH�UHVW�ZHUH�DW�WKH�PRXWK�RI�WKH�/HyQ�5LYHU DQG�LQ�%DKtD�&RORPELD��

7KH�KLVWRULFDO�DYHUDJH�RI�WKH�GDWD�UHFRUGHG�DW�WKH�VWDWLRQV�GXULQJ�WKH�UDLQ\�DQG�GU\�
VHDVRQV� EHWZHHQ� ����� DQG� ����� �VHH� )LJXUH� ������ ZDV� FDOFXODWHG� LQ� RUGHU� WR�
FRPSDUH� WKH� KLVWRULFDO� EDFWHULRORJLFDO� DQG� SK\VLFRFKHPLFDO� FKDUDFWHULVWLFV� ZLWK�
WKRVH�UHFRUGHG�GXULQJ�WKH�VDPSOLQJ�FDPSDLJQ�KHOG�RQ�-XO\��WK DQG��WK��������7KH�
VWDWLRQV¶�ORFDWLRQ�FRRUGLQDWHV�DUH�LQFOXGHG�LQ�WKH�PHWKRGRORJ\�LQ�&KDSWHU����*HQHUDO�
RI�WKLV�HQYLURQPHQWDO�OLFHQVH�PRGLILFDWLRQ�VWXG\�

�� -26e�%(1,72�9,9(6�'(�$1'5(,6�,167,787(�)25�0$5,1(�$1'�&2$67$/�5(6($5&+��,19(0$5���021,725,1*�
1(7:25.�)25�7+(�&216(59$7,21�$1'�3527(&7,21�2)�6($�$1'�&2$67$/�:$7(5�,1�&2/20%,$��5('&$0��
>2QOLQH@���KWWS���VLDP�LQYHPDU�RUJ�FR�VLDP�UHGFDP�HVWDGLVWLFDV�LQGH[�MVS!�>$FFHVVHG�6HSWHPEHU���WK� ����@�
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&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH����� /RFDWLRQ�RI�5('&$0�PRQLWRULQJ�VWDWLRQV� LQODQG�DQG�VHD�ZDWHU�TXDOLW\�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

� +LVWRULFDO�5HVXOWV�

7KH�UHVXOWV�RI�WKH�KLVWRULFDO�DYHUDJHV�IURP�WKH�ILYH�����5('&$0�VWDWLRQV�IRU�ERWK�WKH�
UDLQ\�DQG�GU\�VHDVRQV�DUH�VKRZQ�RYHUOHDI�LQ�7DEOH�������7KH�VWDWLRQV�ZHUH�VHOHFWHG�
GXH�WR�WKHLU�EHLQJ�WKH�FORVHVW�WR�WKH�DUHD�ZKHUH�WKH�SURMHFW�ZLOO�EH�FDUULHG�RXW��
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*$7��������&$�$0�3,2���

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(
&$3����B7'(1*�2.�)
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7DEOH����� 5HVXOWV�IURP�5('&$0�VWDWLRQV�IRU�WKH�UDLQ\�DQG�GU\�VHDVRQV�LQ�%DKtD�&RORPELD�DQG�WKH�/HyQ�5LYHU

WĂƌĂŵĞƚĞƌ� hŶŝƚ�

^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϭϱ ^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϬϭ ^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϬϮ ^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϬϲ ^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϬϳ ^ƚĂƚŝŽŶ��ϬϱϬϬϯϬϰϲ
.P�XSVWUHDP�IURP�
WKH�/HyQ�5LYHU�

'*,���

0RXWK�RI�WKH�/HyQ�
5LYHU�'*,���

�)URQW��.P�DIWHU�
/HyQ�5LYHU �

'*,���

*XOI�RI�8UDEi�
'*���

*XOI�RI�8UDEi��
'*���

%DKtD�&RORPELD

tĞƚ�
ƐĞĂƐŽŶ�

�ƌǇ�
ƐĞĂƐŽŶ tĞƚ�ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

7HPSHUDWXUH 7(0 �& ����� ����� ����� ����� ����� ����� B �� B �� ����� ������

S+� S+ 8QLW� ���� ���� ���� ���� ���� ���� B ���� B � ����� ������

'LVVROYHG�2[\JHQ� '2 PJ�O ���� ���� ���� ���� ���� ���� B ���� B ��� ����� ������

7XUELGLW\ 785 178 ������ ����� ������ ������ ������ ����� B B B B ��� �������

&RQGXFWLYLW\ &21 P6�FP ����� �������� ����� �������� ����� ������ B ��� B �� ������ ������

6DOLQLW\ 6$/ ��RR ���� ���� ���� ���� ����� ���� B � B � ���� ���

%LRFKHPLFDO�2[\JHQ�
'HPDQG

%2' PJ�O ���� ���� ���� ���� ���� ���� B ���� B ���� ����� ����

1LWUDWHV 12� �J�O ����� ������ ������ ������ ������ ������ B ��� B ��� ����
�������

�

1LWULWHV 12� �J�O ����� ����� ����� ����� ������ ���� B B ��� ���

2UWKRSKRVSKDWHV 32� �J�O ������ ������ ������ ������ ����� ����� B � B ���� ������

$PPRQLXP 1+� �J�O ������ ������ ������ ������ ���� ������ B ����� B ��� ��� ������

7RWDO�6XVSHQGHG�
6ROLGV

766 PJ�O ������ ����� ������ ������ ������� ����� B B B � �� �����

'LVVROYHG�DQG�
'LVSHUVHG�
+\GURFDUERQV

''+ �J�O ���� ���� ���� ���� ���� ���� B B B B ������ ������

&DGPLXP &' �J�O ���� ���� ���� ���� ���� ���� B B B B ��� ����

/HDG 3% �J�O ����� ���� ���� ���� ����� ���� B ���� B ���� ���� �����

0HUFXU\ +* �J�O ���� ���� ���� ���� ���� ������� �����
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.P�XSVWUHDP�IURP�
WKH�/HyQ�5LYHU�

'*,���
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5LYHU�'*,���

�)URQW��.P�DIWHU�
/HyQ�5LYHU �

'*,���

*XOI�RI�8UDEi�
'*���

*XOI�RI�8UDEi��
'*���

%DKtD�&RORPELD

tĞƚ�
ƐĞĂƐŽŶ�

�ƌǇ�
ƐĞĂƐŽŶ tĞƚ�ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ
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�ƌǇ�
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tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

tĞƚ�
ƐĞĂƐŽŶ

�ƌǇ�
ƐĞĂƐŽŶ

,URQ )( �J�O ���� ���� ���� ���� ���� ���� B B B B ���� ������

7RWDO�&ROLIRUPV

&77
103��
���PO

������� �������� ��������� ������� �������� ������ B B B B �� �����

7KHUPRWROHUDQW�
&ROLIRUPV

&7(
103��
���PO

�������� �������� �������� �������� ������� ������ B B B B ���� ���

6RXUFH��5('&$0��

�� ,ELG�
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� $QDO\VLV�RI�:DWHU�4XDOLW\�5HVXOWV�IURP�5('&$0�6WDWLRQV�

$QDO\VLV� LV� SURYLGHG� EHORZ� RI� WKH� KLVWRULFDO� SK\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO�
SDUDPHWHUV�IRU�WKH�VWDWLRQ�RQ�WKH�/HyQ�5LYHU DQG�WKH�VWDWLRQV� LQ�%DKtD�&RORPELD��
7KHVH�VWDWLRQV�DUH�WKH�FORVHVW�WR�WKH�IDFLOLWLHV�WKDW�ZLOO�EH�EXLOW�IRU�WKH�SURMHFW��DQG�
WKHLU UHVXOWV� DUH� DQDO\]HG� WR� HQDEOH� FRPSDULVRQV� WR� EH� PDGH� EHWZHHQ� FXUUHQW�
FRQGLWLRQV�DQG�WKRVH�UHFRUGHG�LQ�SUHYLRXV�SHULRGV��

� S+�8QLWV

S+�FRQFHQWUDWLRQV�DW�DOO�WKH�VWDWLRQV�LQ�WKH�UDLQ\�DQG�GU\�VHDVRQV�SURYHG�WR�EH�YHU\�
VLPLODU�� ZLWK� DYHUDJH� S+� XQLWV� RI� ����� DQG� ����� UHVSHFWLYHO\�� $� PLQLPXP� S+�
FRQFHQWUDWLRQ�RI���ZDV�UHFRUGHG�LQ�WKH�UDLQ\�VHDVRQ�DQG�D�PD[LPXP�RI���XQLWV�ZDV�
UHFRUGHG�LQ�WKH�GU\�VHDVRQ���

:KHQ� WKHVH� FRQFHQWUDWLRQV� DUH� FRPSDUHG� DJDLQVW� 'HFUHH� ����� RI� �������� WKH�
UHSRUWHG� YDOXHV� IDOO� ZLWKLQ� WKH� UDQJHV� HVWDEOLVKHG� LQ� $UWLFOHV� ������������ DQG�
������������IRU�UHFUHDWLRQDO�SXUSRVHV�ZLWK�SULPDU\�DQG�VHFRQGDU\�FRQWDFW��DQG�$UWLFOH�
�������������IRU�IORUD�DQG�IDXQD�FRQVHUYDWLRQ�SXUSRVHV��7KLV�LQGLFDWHV�WKDW�WKH�ZDWHU�
LV�QRW�UHVWULFWHG�IRU�WKHVH�XVHV�DQG�VKRZV�QR�HIIHFW�RQ�WKH�DTXDWLF�ELRWD��VHH�)LJXUH�
������

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��'HFUHH�������0D\���WK�������� �,VVXLQJ�
WKH�6LQJOH�5HJXODWRU\�'HFUHH�RI� WKH�(QYLURQPHQWDO� DQG�6XVWDLQDEOH�'HYHORSPHQW�6HFWRU��� � 6HFWLRQ��� �4XDOLW\� FULWHULD� IRU�
DOORFDWLQJ�WKH�UHVRXUFH���%RJRWi�'�&�������
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eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
8QLGDGHV�GH�S+� �S+�XQLWV
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

0D[LPXP�OLPLW� $UWLFOH������������«����� 0LQLPXP�OLPLW� $UWLFOH������������
0LQLPXP�OLPLW� $UWLFOH������������ 0D[LPXP�OLPLW� $UWLFOH������������

0LQLPXP�OLPLW� $UWLFOH�������������

)LJXUH����� S+��5DLQ\�DQG�GU\�VHDVRQ��
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

� &RQGXFWLYLW\

$�UDLQ\�VHDVRQ�DYHUDJH�RI������P6�FP�ZDV�JLYHQ�IRU�WKH�VWDWLRQV� ORFDWHG�RQ�WKH�
/HyQ�5LYHU��([WUHPHO\�KLJK�FRQGXFWLYLW\�OHYHOV�ZHUH�VKRZQ�DW�WKHVH�VWDWLRQV�LQ�WKH�
GU\�VHDVRQ��ZLWK�DQ�DYHUDJH�RI���������P6�FP�DQG�D�PD[LPXP�YDOXH�RI����������
P6�FP�UHFRUGHG�DW�WKH�PRXWK�RI�WKH�/HyQ�5LYHU��

0HDQZKLOH�� WKH�DYHUDJH�FRQGXFWLYLW\�UHFRUGHG�DW� WKH�VWDWLRQV� LQ�WKH�*XOI�RI�8UDEi�
ZDV� ����P6�FP� GXULQJ� WKH� UDLQ\� VHDVRQ�� +RZHYHU�� GXULQJ� WKH� GU\� VHDVRQ� WKHUH�
SURYHG�WR�EH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�VWDWLRQV��WKH�VWDWLRQ�FORVHVW�WR�WKH�
PRXWK� RI� WKH� /HyQ� 5LYHU �&����������� NP� WR� WKH� IURQW�� VKRZHG� FRQGXFWLYLW\� RI�
�������P6�FP��ZKLOH�WKH�*XOI�RI�8UDEi�VWDWLRQV�'*�����'*����DQG�%DKtD�&RORPELD�
JDYH�FRQGXFWLYLW\�UHVXOWV�RI�������DQG�������P6�FP�UHVSHFWLYHO\��VHH�)LJXUH������

&RQGXFWLYLW\
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eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

)LJXUH����� &RQGXFWLYLW\��5DLQ\�DQG�GU\�VHDVRQ��
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

7KH�H[WUHPH�YDOXHV�UHFRUGHG�DW�WKH�VWDWLRQV�RQ�WKH�/HyQ�5LYHU GXULQJ�WKH�GU\�VHDVRQ�
FRXOG�EH�OLQNHG�WR�WKH�FRQWLQXRXV�PDLQWHQDQFH�GUHGJLQJ�DFWLYLWLHV�WKDW�DUH�FDUULHG�
RXW�WR�HQVXUH�WKDW�VKLSV�DUH�DEOH�WR�QDYLJDWH�WKH�/HyQ�5LYHU��7KHVH�DFWLRQV�FDXVH�
VHGLPHQW� WR� EHFRPH� UHVXVSHQGHG�� WKXV� SURGXFLQJ� KLJK� DPRXQWV� RI� VXVSHQGHG�
VROLGV�ZKLFK�LQ�WXUQ�KDYH�D�GLUHFW�EHDULQJ�RQ�FRQGXFWLYLW\�LQ�WKH�ZDWHU��

7KHUH�LV�DOVR�D�SRVVLELOLW\�WKDW�WKHVH�VSLNHV�LQ�FRQGXFWLYLW\�DUH�GXH�WR�VHQVRU�HUURU��LI�
RQH� EHDUV� LQ�PLQG� WKDW� WKH�PHDVXUHPHQWV� RI� WRWDO� VXVSHQGHG� VROLGV� ZHUH� ORZHU�
GXULQJ�WKH�SHULRG�ZKHQ�WKH�H[WUHPH�FRQGXFWLYLW\�YDOXHV�ZHUH�UHFRUGHG��

� 7HPSHUDWXUH

7KH�WHPSHUDWXUH�RI�WKH�VDPSOHV�WDNHQ�GXULQJ�WKH�UDLQ\�VHDVRQ�VKRZ�DQ�DYHUDJH�RI�
�����&� FRPSDUHG� ZLWK� DQ� DYHUDJH� RI� �����&� WDNHQ� GXULQJ� WKH� GU\� VHDVRQ�� 7KLV�

�� +DQQD�,QVWUXPHQWV�����������:KDW UHODWLRQVKLS H[LVWV EHWZHHQ�FRQGXFWLYLW\�DQG�WRWDO�GLVVROYHG�VROLGV"� $FFHVVHG�RQ�2FWREHU�
�VW��������DW�KWWS���ZZZ�KDQQDLQVW�HV�EORJ�FXDO�HV�OD�UHODFLRQ�H[LVWHQWH�HQWUH�OD�FRQGXFWLYLGDG�\�ORV�VROLGRV�WRWDOHV�GLVXHOWRV�
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GHPRQVWUDWHV�D�ODUJH�GHJUHH�RI�XQLIRUPLW\�LQ�ZDWHU�WHPSHUDWXUH�GXULQJ�ERWK�VHDVRQV��
7KH�PLQLPXP�YDOXH�RI�������&�ZDV�UHFRUGHG�LQ�WKH�UDLQ\�VHDVRQ�DQG�WKH�PD[LPXP�
YDOXH�UHFRUGHG�LQ�WKH�GU\�VHDVRQ�ZDV�������&��VHH�)LJXUH�������

,I�5('&$0�GDWD�LV�FRPSDUHG�WR�WKH�LQIRUPDWLRQ REWDLQHG�E\�6*6�ZKHQ�FDUU\LQJ�RXW�
PRQLWRULQJ�DW�VHYHQ�����SRLQWV�RI�WKH�*XOI�RI�8UDEi�LQ�������D�GLIIHUHQFH�RI�������&�
EHFRPHV�DSSDUHQW�ZLWK�UHJDUGV WR�WKH�DYHUDJH�ZDWHU�WHPSHUDWXUH�RI�������&��7KLV�
ILJXUH�ZDV�REWDLQHG�IURP�WKH�UHVXOWV�RI�WKH�ODERUDWRU\�WKDW�PRQLWRUHG�WKH�ZDWHU�TXDOLW\�
DQG�PDULQH�VHGLPHQW�LQ�WKH�DUHD��

7HPSHUDWXUH

eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

)LJXUH����� 7HPSHUDWXUH�± 5DLQ\�DQG�'U\�6HDVRQ�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

� 'LVVROYHG�2[\JHQ�

7KH�DYHUDJH�FRQFHQWUDWLRQV�RI�GLVVROYHG�R[\JHQ�UHFRUGHG�DW�WKH�5('&$0�VWDWLRQV�
RQ�WKH�/HyQ�5LYHU DQG�LQ�LWV�HVWXDU\�ZHUH����PJ�/�LQ WKH�GU\�VHDVRQ�DQG�����PJ�/�
LQ� WKH� UDLQ\� VHDVRQ�� $W� WKH� VWDWLRQV� ORFDWHG� LQ� WKH� *XOI� RI� 8UDEi� WKH� DYHUDJH�
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FRQFHQWUDWLRQV�IOXFWXDWH�EHWZHHQ������DQG�����PJ�/�LQ�WKH�GU\�DQG�UDLQ\�VHDVRQV�
UHVSHFWLYHO\���

$FFRUGLQJ� WR� WKH� TXDOLW\� FULWHULD� IRU� WKH� FRQVHUYDWLRQ� RI� IORUD� DQG� IDXQD� �$UWLFOH�
�������������� RI� 'HFUHH� ����� RI� ������� WKH� PLQLPXP� FRQFHQWUDWLRQ� RI� GLVVROYHG�
R[\JHQ� IRU� ERWK� ZDUP� IUHVK� ZDWHU� DQG� VHD� RU� HVWXDU\� ZDWHU� LV� ���PJ�/��:KHQ�
5('&$0� GDWD� LV� FRPSDUHG� ZLWK� WKHVH� FULWHULD� WKH� FRQFHQWUDWLRQV� RI� GLVVROYHG�
R[\JHQ�LQ�WKH�/HyQ�5LYHU DUH�VKRZQ�WR�EH�EHORZ�WKH�PLQLPXP�OHYHO��,Q�WKH�FDVH�RI�
WKH� *XOI� RI� 8UDEi�� WKH� FRQFHQWUDWLRQV� RI� GLVVROYHG� R[\JHQ� UHFRUGHG� H[FHHG� WKH�
PLQLPXP�OLPLW�GHILQHG�E\�&RORPELDQ�ODZ��VHH�)LJXUH�������

'LVVROYHG�2[\JHQ

eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

'LVVROYHG�2[\JHQ 0LQLPXP�OLPLW� $UWLFOH��������������'LVVROYHG�2[\JHQ
)LJXUH����� 'LVVROYHG�2[\JHQ�± 5DLQ\�DQG�'U\�6HDVRQ

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ
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� %LRFKHPLFDO�2[\JHQ�'HPDQG

7KH�DYHUDJH�%2'�GXULQJ�WKH�GU\�VHDVRQ�DW�WKH�VWDWLRQV�RQ�WKH�/HyQ�5LYHU VWDQGV�DW�
����PJ�/��GURSSLQJ� WR�����PJ�/�GXULQJ� WKH� UDLQ\� VHDVRQ��7KH�VWDWLRQV� ORFDWHG� LQ�
%DKtD�&RORPELD�JDYH�%2'�UHVXOWV�RI�����PJ�/�LQ�WKH�GU\�VHDVRQ�DQG�����PJ�/�LQ�
WKH�UDLQ\�VHDVRQ���7KH�ORZHVW�%2'�YDOXH�UHFRUGHG�ZDV�����PJ�/��FRUUHVSRQGLQJ�WR�
WKH�GU\�VHDVRQ���

)LJXUH����� VKRZV�WKH�GDWD�WDNHQ�IURP�5('&$0��H[FHSW�WKDW�ZKLFK�FRUUHVSRQGV�WR�
WKH�UDLQ\�VHDVRQ�DW�VWDWLRQV�'*�����DQG�'*�����LQ�WKH�*XOI�RI�8UDEi�

%LRFKHPLFDO�2[\JHQ�'HPDQG� %2'

eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

)LJXUH����� %LRFKHPLFDO�2[\JHQ�'HPDQG�± 5DLQ\�DQG�'U\�6HDVRQ�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ
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� 7RWDO�6XVSHQGHG�6ROLGV�� 766

7KH�766�UHFRUGHG�E\�WKH�VWDWLRQV��NP�EHIRUH�WKH�HVWXDU\�RI�WKH�/HyQ�5LYHU DQG�LQ�
LWV HVWXDU\�VKRZ�DYHUDJH�UDLQ\�VHDVRQ�YDOXHV�RI������PJ�/�FRPSDUHG�ZLWK�D�GU\�
VHDVRQ�DYHUDJH�RI� ������PJ�/��7KH�PD[LPXP�YDOXH�VWDQGV�DW������PJ�/� LQ� WKH�
UDLQ\�VHDVRQ��DQG�WKH�PLQLPXP�UHFRUGHG�ZDV������PJ�/�LQ�WKH�GU\�VHDVRQ��

,Q�WHUPV�RI�WKH�VWDWLRQV�ORFDWHG�LQ�WKH�*XOI�RI�8UDEi�DQG�%DKtD�&RORPELD�DUHD��GXULQJ�
WKH�GU\�VHDVRQ�WKHUH�ZDV�D�QRWLFHDEOH�GLIIHUHQFH�EHWZHHQ�WKH�VWDWLRQ�VLWXDWHG��NP�
LQ�IURQW�RI�WKH�HVWXDU\�RI�WKH�/HyQ�5LYHU �ZKHUH�766�FRQFHQWUDWLRQV�ZHUH������PJ�/��
DQG� WKH� RWKHU� VWDWLRQV� LQ� WKH� *XOI� �ZLWK� 766� FRQFHQWUDWLRQV� RI� ������ ����� DQG�
�����PJ�/���7KH�VDPH�SDWWHUQ�RFFXUV�GXULQJ�WKH�UDLQ\�VHDVRQ��ZLWK�WKH�VWDWLRQ�FORVH�
WR� WKH� HVWXDU\� RI� WKH� /HyQ� 5LYHU �&���������� VKRZLQJ� FRQFHQWUDWLRQV� RI�
�������PJ�/�� WKH� KLJKHVW� YDOXH� UHFRUGHG� DPRQJ� WKH�*XOI� VWDWLRQV��2Q� WKH�RWKHU�
KDQG��WKH�%DKtD�&RORPELD�VWDWLRQ��&����������VKRZHG�FRQFHQWUDWLRQV�RI���PJ�/��
7KH�ORZHVW�FRQFHQWUDWLRQ�ZDV�����PJ�/��UHFRUGHG�DW�VWDWLRQ�&���������GXULQJ�WKH�
GU\�VHDVRQ��

7KHVH�KLJK�766�YDOXHV��SULPDULO\�UHFRUGHG�DW�WKH�VWDWLRQV�RQ�WKH�/HyQ�5LYHU��LQ�LWV�
HVWXDU\� DQG� �NP� LQ� IURQW� RI� LWV� HVWXDU\�� PD\� EH� DVVRFLDWHG� ZLWK� WKH� FRQWLQXRXV�
PDLQWHQDQFH�GUHGJLQJ�DFWLYLWLHV�� DQG� WKH�HURVLYH�SURFHVVHV�DQG� WUDQVSRUWDWLRQ�RI�
VHGLPHQW�WKDW�WDNH�SODFH�DORQJ�WKH�ZDWHUFRXUVH��WR�ODWHU�EH�GLVSHUVHG�XSRQ�DUULYDO�LQ�
WKH�*XOI�RI�8UDEi���

7RWDO�6XVSHQGHG�6ROLGV
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eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�6WDWLRQV�

)LJXUH����� 7RWDO�6XVSHQGHG�6ROLGV�± 5DLQ\�DQG�'U\�6HDVRQ�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

� 7RWDO�DQG�7KHUPRWROHUDQW�&ROLIRUPV�

0LFURELRORJLFDO�PHDVXUHPHQWV�WDNHQ�DW�WKH�VWDWLRQV�ORFDWHG�RQ�WKH�/HyQ�5LYHU�� LWV�
HVWXDU\�DQG��NP� LQ� IURQW� RI� LWV�HVWXDU\� VKRZHG�SDUWLFXODUO\�KLJK� DPRXQWV�RI� WRWDO�
FROLIRUPV��&77���7KH�&77�YDOXHV�DW� WKH� WKUHH�DIRUHPHQWLRQHG�VWDWLRQV�GXULQJ� WKH�
UDLQ\� VHDVRQ�DYHUDJHG� �������103����PO��ZLWK� D�PD[LPXP� YDOXH� RI� ����������
103����PO�DW�VWDWLRQ�&���������DQG�D�PLQLPXP�YDOXH�RI���������103�����PO�DW�
VWDWLRQ�&����������

:LWK�UHJDUG�WR�WKH�GU\�VHDVRQ��DYHUDJH�FROLIRUP�OHYHOV�RI��������103����PO�ZHUH�
PHDVXUHG�DW� WKH�VDPH�VWDWLRQV��7KH�PD[LPXP�YDOXH�RI��������103����PO�ZDV�
UHFRUGHG� DW� VWDWLRQ� &��������� DQG� WKH� PLQLPXP� GU\� VHDVRQ� YDOXH� ZDV�
�����103����PO��PHDVXUHG�DW�VWDWLRQ�&���������
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1R� LQIRUPDWLRQ� RQ� WKLV� SDUDPHWHU� LV� DYDLODEOH� IRU� VWDWLRQV� &��������� DQG�
&��������� LQ� WKH�*XOI� RI�8UDEi�� 7KLV�PHDQV� WKDW� WKH� RQO\� LQIRUPDWLRQ� DYDLODEOH�
FRUUHVSRQGV�WR�VWDWLRQ�&����������ZKHUH�WRWDO�FROLIRUP�OHYHOV�RI������103����PO�
LQ�WKH�UDLQ\�VHDVRQ�DQG������103����PO�LQ�WKH�GU\�VHDVRQ�ZHUH�UHFRUGHG��7KHVH�
YDOXHV�DUH� VLJQLILFDQWO\� ORZHU� WKDQ� WKRVH� UHFRUGHG�DW� WKH�VWDWLRQV�DORQJ� WKH� /HyQ�
5LYHU��

,I�WKHVH�UHVXOWV�DUH�FRPSDUHG�DJDLQVW�$UWLFOHV��������������DQG�������������RI�'HFUHH�
����� RI� ������ UHJDUGLQJ� ZDWHU� TXDOLW\� FULWHULD� IRU� UHFUHDWLRQDO� SXUSRVHV� WKURXJK�
SULPDU\�DQG�VHFRQGDU\�FRQWDFW�UHVSHFWLYHO\��LW�LV�FOHDU�WKDW�WKH�PHDVXUHPHQWV�WDNHQ�
DW�WKH�VWDWLRQV�RQ�WKH�/HyQ�5LYHU ��NP�XSVWUHDP�IURP�WKH�HVWXDU\��LQ�WKH�HVWXDU\�DQG�
�NP�LQ�IURQW�RI�WKH�HVWXDU\��DUH�ZHOO�DERYH�WKH�PD[LPXP�SHUPLVVLEOH�OLPLWV�RI�������
103����PO�IRU�SULPDU\�FRQWDFW�DQG������103����PO�IRU�VHFRQGDU\�FRQWDFW��7KDW�
LV��WKH�ZDWHU�LQ�WKLV�VHFWLRQ�RI�ULYHU VKRXOG�QRW�HYHQ�EH�XVHG�IRU�UHFUHDWLRQDO�DFWLYLWLHV�
WKDW�GR�QRW� LQYROYH� LPPHUVLRQ�� VXFK�DV� URZLQJ�� ILVKLQJ��ZDGLQJ�RU� UDIWLQJ�� DPRQJ�
RWKHUV���

7KH� OHYHOV�RI� WKHUPRWROHUDQW�FROLIRUPV��&7(��DUH� LQ�SURSRUWLRQ� WR� WKH�TXDQWLWLHV�RI�
&77�GHWHFWHG��)RU�WKLV�UHDVRQ��WKH�KLJKHVW�YDOXHV�ZHUH�VHHQ�DW�WKH�VWDWLRQV�RQ�WKH�
/HyQ�5LYHU��ZLWK�DQ�DYHUDJH�RI��������103����PO�GXULQJ�WKH�UDLQ\�VHDVRQ��,Q�WKH�
GU\�VHDVRQ��&7(�OHYHOV�DUH�RI�WKH�RUGHU�RI��������103����PO�DW�WKH�VWDWLRQ�RQ�WKH�
/HyQ�5LYHU��PHDVXUHPHQWV�RI�������103����PO�DQG������103����PO�ZHUH�WDNHQ�
LQ�WKH�HVWXDU\�DQG�DW�WKH�VWDWLRQ�LQ�IURQW�RI�WKH�HVWXDU\�UHVSHFWLYHO\��

$FFRUGLQJ�WR�WKH�PHDVXUHPHQWV�WDNHQ�E\�VWDWLRQ�&����������&7(�OHYHOV�LQ�WKH�*XOI�
RI�8UDEi�VWDQG�DW���103����PO�GXULQJ�WKH�UDLQ\�VHDVRQ�DQG�����103����PO�GXULQJ�
WKH�GU\�VHDVRQ��

)LJXUH����� VKRZV�WKH�SUHYLRXVO\�PHQWLRQHG�LQIRUPDWLRQ�SUHVHQWHG�LQ�JUDSK�IRUP���

7RWDO�DQG�7KHUPRWROHUDQW�&ROLIRUPV
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eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

7RWDO�&ROLIRUPV C 7KHUPRWROHUDQW�FROLIRUPV

)LJXUH����� 7RWDO�DQG�7KHUPRWROHUDQW�&ROLIRUPV�± UDLQ\�DQG�GU\�VHDVRQV
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

$V�PHQWLRQHG�DW�WKH�EHJLQQLQJ�RI�WKH�FKDSWHU��WKH�5('&$0�PLFURELRORJLFDO�UHVXOWV�
UHIOHFW�KLJK� OHYHOV�RI�KXPDQ�LQWHUYHQWLRQ� LQ�WKH�FDWFKPHQW�DUHD�RI�WKH�/HyQ�5LYHU��
ZKHUH�GRPHVWLF�ZDVWH�ZDWHU�LV�GLVFKDUJHG�ZLWK�QR�IRUP�RI�WUHDWPHQW����

� 7UDFHV�RI�0HWDOV

7KH�WUDFH�PHWDOV�LGHQWLILHG�IURP�WKH�DYDLODEOH�5('&$0�GDWD�ZHUH�FDGPLXP��&G���
LURQ��)H���PHUFXU\��+J��DQG�OHDG��3E���$V�WKHLU�QDPH�VXJJHVWV��WKHVH�HOHPHQWV�ZHUH�
GHWHFWHG�LQ�WUDFH�DPRXQWV�LQ�WKH�FROXPQ�RI�ZDWHU��ZLWK�KLJKHU�FRQFHQWUDWLRQV�DW�WKH�
VWDWLRQV�RQ�WKH /HyQ�5LYHU FRPSDUHG�ZLWK�WKH�VWDWLRQV�ORFDWHG�LQ�WKH�*XOI�RI�8UDEi�

/HDG�ZDV�WKH�WUDFH�PHWDO�IRXQG�LQ�WKH�KLJKHVW�FRQFHQWUDWLRQV��$W�WKH�VWDWLRQV�RQ�WKH�
/HyQ�5LYHU WKH�DYHUDJH� UDLQ\� VHDVRQ�FRQFHQWUDWLRQ�ZDV��������PJ�/�� FRPSDUHG�
ZLWK� D� FRQFHQWUDWLRQ� RI� ������� PJ�/� GXULQJ� WKH� GU\� VHDVRQ�� 7KH� PD[LPXP�
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FRQFHQWUDWLRQ� IRXQG� ZDV� �����PJ�/� LQ� WKH� UDLQ\� VHDVRQ�� ZLWK� D� PLQLPXP�
FRQFHQWUDWLRQ�RI�������PJ�/�PHDVXUHG�GXULQJ�WKH�GU\�VHDVRQ��

:LWK�UHJDUGV WR�FDGPLXP��WKH�DYHUDJH�YDOXH�UHFRUGHG�DW�WKH�VWDWLRQV�RQ�WKH�/HyQ�
5LYHU ZDV��������PJ�/�LQ�WKH�UDLQ\�VHDVRQ�DQG��������PJ�/�LQ�WKH�GU\�VHDVRQ��2I�
WKH�VWDWLRQV�VLWXDWHG�LQ�WKH�*XOI�RI�8UDEi��RQO\�LQIRUPDWLRQ�FRUUHVSRQGLQJ�WR�VWDWLRQ�
&���������LV�DYDLODEOH��ZKLFK�VKRZHG�FRQFHQWUDWLRQV�RI�������PJ�/�IRU�ERWK�WKH�
UDLQ\�DQG�GU\�VHDVRQV��

$W�WKH�VWDWLRQV�RQ�WKH�/HyQ�5LYHU��PHUFXU\�FRQFHQWUDWLRQV�RI��������PJ�/�DQG��������
PJ�/� ZHUH� IRXQG� LQ� WKH� UDLQ\� DQG� GU\� VHDVRQV� UHVSHFWLYHO\�� 6LPLODU� OHYHOV� ZHUH�
GHWHFWHG�DW�VWDWLRQ�&���������LQ�WKH�*XOI�RI�8UDEi��VWDQGLQJ�DW��������PJ�/�LQ�WKH�
UDLQ\�VHDVRQ�DQG��������PJ�/�LQ�WKH�GU\�VHDVRQ��

)LQDOO\�� WKH� LURQ� OHYHOV� GHWHFWHG� DW� WKH� VWDWLRQV� RQ� WKH� /HyQ�5LYHU ZHUH� IRXQG� WR�
IOXFWXDWH��ZLWK�DURXQG��������PJ�/�LQ�WKH�UDLQ\�VHDVRQ�DQG��������PJ�/�LQ�WKH�GU\�
VHDVRQ��7KH�PHDVXUHPHQWV�WDNHQ�IRU�WKH�VWDWLRQ�LQ�WKH�*XOI�RI�8UDEi�ZHUH��������
PJ�/�IRU�ERWK�VHDVRQV���VHH�)LJXUH������

7UDFHV�RI�0HWDOV

eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ
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5('&$0�VWDWLRQV
&DGPLXP ,URQ 0HUFXU\ /HDG

)LJXUH����� 7UDFHV�RI�0HWDOV� UDLQ\�DQG�GU\�VHDVRQ�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

7KH�WUDFH�PHWDO�GDWD�REWDLQHG�IURP�5('&$0�ZDV�FRPSDUHG�ZLWK�WKH�ZDWHU�TXDOLW\�
FULWHULD� IRU� WKH� FRQVHUYDWLRQ� RI� IORUD� DQG� IDXQD� LVVXHG�E\�(FXDGRU¶V�(QYLURQPHQW�
0LQLVWU\� DQG� WKH�&DQDGLDQ�&RXQFLO� RI�0LQLVWHUV� RI� WKH� (QYLURQPHQW� SUHVHQWHG� LQ��
7DEOH������

7DEOH������� ,QWHUQDWLRQDO�ZDWHU�TXDOLW\�FULWHULD�IRU�WKH�FRQVHUYDWLRQ�RI�IORUD�DQG�IDXQD�

3DUDPHWHU 8QLWV

(FXDGRUHDQ�/DZ��
&DQDGLDQ�/DZ��

)UHVK�ZDWHU 6HD�ZDWHU

:DUP�
IUHVK�ZDWHU

6HD�DQG�
HVWXDU\�
ZDWHU

^ŚŽƌƚ�ƚĞƌŵ >ŽŶŐ�ƚĞƌŵ >ŽŶŐ�ƚĞƌŵ

&DGPLXP PJ�/ ����� ����� ����� ������� �������

,URQ PJ�/ ��� ��� � ��� �

0HUFXU\ PJ�/ ������ ������ � �������� ��������

/HDG PJ�/ � ���� � � �
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7KH�UHVXOWV�REWDLQHG�DW�WKH�VWDWLRQ�RQ�WKH�/HyQ�5LYHU VKRZ�WKDW�GXULQJ�WKH�UDLQ\�DQG�
GU\�VHDVRQV��RQO\�PHUFXU\�ZDV�IRXQG�LQ�FRQFHQWUDWLRQV�WKDW�H[FHHG�WKH�PD[LPXP�
OLPLWV�RI�ERWK�VWDQGDUGV���

,Q� WKH� *XOI� RI� 8UDEi�� VWDWLRQV� &���������� &��������� DQG� &��������� VKRZHG�
FRQFHQWUDWLRQV� RI�PHUFXU\� DERYH� ZKDW� LV� HVWDEOLVKHG� LQ� ERWK� RI� WKH� LQWHUQDWLRQDO�
UHJXODWLRQV�XVHG�DV�UHIHUHQFHV���

&DGPLXP�ZDV�WKH�RWKHU�HOHPHQW�WR�H[FHHG�WKH�SHUPLVVLEOH�OLPLWV�GHWHUPLQHG�E\�WKH�
UHJXODWLRQV��GRLQJ�VR�DW�VWDWLRQV�&���������DQG�&��������� LQ�ERWK� WKH�GU\�DQG�
UDLQ\�VHDVRQV��

�� 'HFUHH�������� 1RUPD�GH�&DOLGDG�$PELHQWDO�\�GH�GHVFDUJD�GH�HIOXHQWHV��UHFXUVR�DJXD �(QYLURQPHQWDO�TXDOLW\�DQG�HIIOXHQW�
GLVFKDUJH� ODZ�� ZDWHU� UHVRXUFHV� �$SSHQGL[� ,�� %RRN� 9,�� 2Q� HQYLURQPHQWDO� TXDOLW\�� IURP� WKH� XQLILHG� WH[W� RI� WKH� VHFRQGDU\�
OHJLVODWLRQ�RI�WKH�(QYLURQPHQW�0LQLVWU\��
�� &DQDGLDQ�&RXQFLO�RI�0LQLVWHU�RI�WKH�(QYLURQPHQW����������&DQDGLDQ�:DWHU�4XDOLW\�*XLGHOLQHV�IRU�
WKH�3URWHFWLRQ�RI�$TXDWLF�/LIH��6XPPDU\�7DEOHV��:LQQLSHJ�
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)LQDOO\�� WKH�FRQFHQWUDWLRQ�RI� OHDG� UHFRUGHG�DW�VWDWLRQ�&���������GXULQJ� WKH� UDLQ\�
VHDVRQ�DOVR�H[FHHGHG�WKH�UHJXODWRU\�OLPLWV�

7KH�SUHVHQFH�RI� WKHVH�PHWDOV�PD\�UHODWH� WR� WKH�UHVXVSHQVLRQ�RI�VHGLPHQW�GXULQJ�
PDLQWHQDQFH�GUHGJLQJ�DFWLYLWLHV�FDUULHG�RXW�RQ�WKH�/HyQ�5LYHU��DV�ZHOO�DV�VHGLPHQW�
WUDQVSRUWHG�IURP�ZKHUH�PLQLQJ�DFWLYLWLHV�WDNH�SODFH�LQ�WKH�XSSHU�DQG�PLGGOH�EDVLQ�RI�
WKH�ULYHU��

,&$�:DWHU�4XDOLW\�,QGH[

,'($0�GHILQHV�WKH�,&$�DV�D�QXPHULF�YDOXH�WKDW�XVHV�FDWHJRULHV�WR�UDWH�WKH�ZDWHU�
TXDOLW\� RI� VXUIDFH� FXUUHQWV� E\� WDNLQJ� LQWR� DFFRXQW�PHDVXUHPHQWV� RI� VRPH� RI� WKH�
ZDWHU¶V� SK\VLFDO� DQG� FKHPLFDO� YDULDEOHV�� 7KLV� JLYHV� D� GHVFULSWLYH� UDWLQJ� WKDW�
IDFLOLWDWHV� WKH� LQWHUSUHWDWLRQ� DQG� LGHQWLILFDWLRQ� RI� WUHQGV� DQG� GHFLVLRQ�PDNLQJ�
UHJDUGLQJ�WKH�ERG\�RI�ZDWHU�EHLQJ�VWXGLHG���

7KH�ZDWHU�TXDOLW\� LQGH[�DW�VWDWLRQ�&����������RQ� WKH�/HyQ�5LYHU ZDV�FDOFXODWHG�
XVLQJ�WKH�YLUWXDO�WRRO�SURYLGHG�E\�WKH�:DWHU�5HVHDUFK�&HQWHU�� DQG�EDVHG�RQ�GDWD�
UHJDUGLQJ�GLVVROYHG�R[\JHQ��S+��%2'��QLWUDWHV��RUWKRSKRVSKDWHV�DQG�WXUELGLW\��7KH�
UHVXOWV�JLYHQ�FRUUHVSRQG�WR�PHGLXP�TXDOLW\�ZDWHU�LQ�WKH�UDLQ\�VHDVRQ�DQG�ZDWHU�RI�
JRRG� TXDOLW\� LQ� WKH� GU\� VHDVRQ� �VHH� 7DEOH� ������� )LJXUH� ���� VKRZV� JUDSKLFDO�
DQDO\VLV�RI�WKH�FODVVLILFDWLRQ�RI�WKH�ZDWHU�TXDOLW\��

+RZHYHU�� WKH� LQGH[� ZDV� QRW� FDOFXODWHG� ZLWK� DOO� WKH� SDUDPHWHUV�� GXH� WR� WKH� KLJK�
FRQFHQWUDWLRQV�SUHVHQW��WR�VRPH�GDWD�EHLQJ�XQDYDLODEOH�DQG�WR�VRPH�PHDVXUHPHQW�
XQLWV�DW�WKH�VWDWLRQ�QRW�FRLQFLGLQJ�ZLWK�WKH�XQLWV�WKH�PHWKRG�HPSOR\V�WR�FDOFXODWH�WKH�
LQGH[��)RU�H[DPSOH��WKH�LQGH[�UHTXLUHV�WKDW�IHFDO�FROLIRUPV�EH�PHDVXUHG�LQ�FRORQ\�
IRUPLQJ�XQLWV��&)8����PO��ZKHUHDV�WKH�5('&$0�VWDWLRQV�UHFRUG�GDWD�GHWHUPLQHG�
XVLQJ�WKH�PRVW�SUREDEOH�QXPEHU�PHWKRG��103���

�� ,167,787(� 2)� +<'52/2*<�� 0(7(252/2*<� $1'� (19,5210(17$/� 678',(6� �,'($0��� �0HWKRGRORJLFDO� ZDWHU�
TXDOLW\�LQGLFDWRU�VKHHW���9HUVLRQ��������6\VWHP�RI�&RORPELDQ�HQYLURQPHQWDO�LQGLFDWRUV� LQGLFDWRUV�RI�VXUIDFH�ZDWHU�TXDOLW\�����
S�
�� 2UDP�� %�� �������� &DOFXODWLQJ� 16)� :DWHU� 4XDOLW\� ,QGH[�� 5HWULHYHG� 2FWREHU� ��� ������ IURP� KWWS���ZZZ�ZDWHU�
UHVHDUFK�QHW�LQGH[�SKS�ZDWHU�WUHDWPHQW�ZDWHU�PRQLWRULQJ�PRQLWRULQJ�WKH�TXDOLW\�RI�VXUIDFHZDWHUV
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7DEOH����� ,&$�5HVXOWV

6WDWLRQ�&��������

�NP�XSVWUHDP�RI�WKH�HVWXDU\�RI�WKH�/HyQ�5LYHU � '*,���

5DLQ\�SHULRG� 'U\�SHULRG

�� ��

0HGLXP�TXDOLW\ *RRG�TXDOLW\
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

,&$

9HU\�SRRU�TXDOLW\
3RRU�TXDOLW\

$YHUDJH�TXDOLW\
*RRG�TXDOLW\

([FHOOHQW�TXDOLW\
5DLQ\�VHDVRQ 'U\�VHDVRQ
�NP�XSVWUHDP�IURP�WKH�/HyQ�5LYHU� '*,���

6WDWLRQ�&��������
5('&$0�VWDWLRQ

)LJXUH����� ,&$�:DWHU�4XDOLW\�,QGH[� UDLQ\�DQG�GU\�VHDVRQ�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ



02',),&$7,21�72�7+(�(19,5210(17$/�/,&(16(�)25�7+(�352-(&7�72�&216758&7�$1'�23(5$7(�
$�62/,'�%8/.�3257�7(50,1$/�,1�7+(�081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(

*$7��������&$�$0�3,2���

&+$5$&7(5,=$7,21�2)�7+(�$5($�2)�,1)/8(1&(�
&$3����B7'(1*�2.�)
>0HGHOOtQ@������

� ,&$0�6HD�DQG�&RDVWDO�:DWHU�4XDOLW\�,QGH[�

7KH�GDWD�UHFRUGHG�E\�5('&$0�VWDWLRQV�LQ�WKH�*XOI�RI�8UDEi�ZHUH�XVHG�WR�SURGXFH�
D� TXDOLWDWLYH� GHVFULSWLRQ� RI� WKH� ZDWHU� TXDOLW\� LQ� WKH� DUHD�� 7KLV� HQDEOHG� LW� WR� EH�
GHWHUPLQHG�WKDW�WKH�ZDWHU�RI�ZRUVW�TXDOLW\�ZDV�IRXQG�DW�WKH�VWDWLRQV�WKDW�DUH�FORVHVW�
WR�WKH�HVWXDU\�RI�WKH�/HyQ�5LYHU��ZKLOH�WKH�%DKtD�&RORPELD�VWDWLRQ�LQVLGH�WKH�*XOI�
JDYH�UHVXOWV�VKRZLQJ�RSWLPXP�DGHTXDWH�TXDOLW\�ZDWHU���VHH�7DEOH�������

7DEOH����� ,&$0�5HVXOWV

,QGH[

6WDWLRQ�
&��������

6WDWLRQ�
&��������

6WDWLRQ�
&��������

6WDWLRQ�
&��������

6WDWLRQ�
&��������

5DLQ\�
VHDVRQ�

'U\�
VHDVRQ

5DLQ\�
VHDVRQ

'U\�
VHDVRQ 'U\�VHDVRQ 'U\�VHDVRQ

5DLQ\�
VHDVRQ

'U\�
VHDVRQ

,&$0�
9DOXH ��� ����� ����� ����� ����� ����� ����� ����

,QGLFDWRU�
9HU\�
SRRU�

9HU\�
SRRU�

9HU\�
SRRU�

9HU\�
SRRU� 2SWLPXP $GHTXDWH� $FFHSWDEOH� $FFHSWDEOH�

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

)LJXUH����� VKRZV�D�JUDSKLFDO�GHSLFWLRQ�RI�WKH�UHVXOWV�REWDLQHG�ZKHQ�HYDOXDWLQJ�WKH�
TXDOLW\�RI�VHD�ZDWHU�DW�WKH�YDULRXV�VWDWLRQV�GXULQJ�WKH�UDLQ\�DQG�GU\�VHDVRQV��

,&$0
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,&$0
2SWLPXP
$GHTXDWH
$FFHSWDEOH
,QDGHTXDWH
9HU\�SRRU

eSRFD�OOXYLD� �UDLQ\�VHDVRQ
eSRFD�VHFD� �GU\�VHDVRQ
(VWDFLyQ� �VWDWLRQ

5('&$0�VWDWLRQV

)LJXUH����� ,QGH[�RI�6HD�DQG�&RDVWDO�:DWHU�4XDOLW\� UDLQ\�DQG�GU\�VHDVRQV�
6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�5('&$0�LQIRUPDWLRQ

$FFRUGLQJ�WR�WKH�GDWD�SUHVHQWHG�LQ�WKH�'LDJQRVLV�DQG�(YDOXDWLRQ�RI�WKH�4XDOLW\�RI�
6HD�DQG�&RDVWDO�:DWHUV� LQ� WKH�&RORPELDQ�&DULEEHDQ�DQG�3DFLILF�� �SXEOLVKHG�E\�
,19(0$5�LQ�0DUFK��������LQ�JHQHUDO�WHUPV�ZDWHU�TXDOLW\�LQ�WKH�*XOI�RI�8UDEi�WHQGV�
WR�EH�RI�XQVXLWDEOH�TXDOLW\� LQ� WKH�PDMRULW\�RI�VHFWRUV��ZLWK�D�KLJKHU�WHQGHQF\�WR�EH�
YHU\�SRRU�TXDOLW\�ZDWHU�� ,Q�VRPH�DUHDV��SDUWLFXODUO\� WKH�RXWHU�UHDFKHV�RI� WKH�*XOI��
ZDWHU�RI�DFFHSWDEOH�TXDOLW\�FDQ�EH�IRXQG�GXULQJ�WKH�UDLQ\�VHDVRQ��VHH�)LJXUH��������
7KH�DERYH�LV�D�UHIOHFWLRQ�RI� WKH�KLJK�SUHVVXUH�RI�KXPDQ�DFWLYLWLHV�WKDW� WKH�*XOI�RI�
8UDEi� LV� VXEMHFW� WR�� HLWKHU� GLUHFWO\� RU� LQGLUHFWO\� E\� PHDQV� RI� SROOXWDQWV� WKDW� DUH�
WUDQVSRUWHG� WKHUH�E\� WKH�PDLQ� ULYHUV� �$WUDWR��/HyQ��/HRQFLWR��DQG�&DUHSD��DPRQJ�
RWKHUV��WKDW�HPSW\�LQWR�WKH�*XOI��

�� 9,$6�$*8$6��/�-���.��,%$55$��-��6$1&+(=��0��0$57,1(=��<��1,(72��<��025(12��,��&8$'5$'2��3��2%$1'2��2��
*$5&(6��'��6$1&+(=��0��9,//$55$*$�<�2�6,(55$���������'LDJQRVLV�DQG�HYDOXDWLRQ�RI�WKH�TXDOLW\�RI�VHD�DQG�FRDVWDO�
ZDWHU�LQ�WKH�&RORPELDQ�&DULEEHDQ�DQG�3DFLILF�� )URP�1R���RI�D�VHULHV�RI�SHULRGLFDO�,19(0$5�SXEOLFDWLRQV���������0RQLWRULQJ�
1HWZRUN� IRU� WKH�&RQVHUYDWLRQ�DQG�3URWHFWLRQ�RI� WKH�0DULQH�DQG�&RDVWDO�:DWHUV�RI�&RORPELD� �5('&$0���7HFKQLFDO� UHSRUW�
������,19(0$5��6DQWD�0DUWD������S�
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'U\�VHDVRQ����� 5DLQ\�VHDVRQ�����
)LJXUH����� ,&$0�,QGH[�RI�0DULQH�DQG�&RDVWDO�:DWHU�4XDOLW\�LQ�WKH�*XOI�RI�8UDEi�

6RXUFH��,19(0$5������

x 4XDOLW\�RI�,QODQG�6HGLPHQW�

7KH� TXDOLW\� RI� WKH� VHGLPHQW� RI� WKH LQODQG� GHSWKV� ZDV�PRQLWRUHG� DW� WZR� VWDWLRQV�
ORFDWHG�RQ�WKH�/HyQ�5LYHU �GRZQVWUHDP�IURP�LWV�FRQIOXHQFH�ZLWK�WKH�1XHYD�&RORQLD�
FDQDO��DQG�GRZQVWUHDP�IURP�WKH�EULGJH�WKDW�ZLOO�EH�EXLOW�RYHU�WKH�ULYHU��RQ�-XO\��WK��
�����DW�WKH�FRRUGLQDWHV�VKRZQ�LQ�7DEOH����� DQG�)LJXUH�������

Ǧ 5HVXOWV�REWDLQHG�RQ�WKH�TXDOLW\�RI�LQODQG�ZDWHU�

7KH� SK\VLFRFKHPLFDO� SDUDPHWHUV� HYDOXDWHG� LQ� RUGHU� WR� FKDUDFWHUL]H� WKH� LQODQG�
VHGLPHQW� FRUUHVSRQG� WR� WKRVH� HVWDEOLVKHG� LQ� WKH� UHIHUHQFH� WHUPV� IRU� SURGXFLQJ�
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(QYLURQPHQWDO� ,PSDFW�6WXGLHV�IRU�SURMHFWV�WR�FRQVWUXFW��H[WHQG�DQG�RSHUDWH�PDMRU�
PDULWLPH�SRUWV��0�0�,1$��������

7KH�UHVXOWV�RI�WKH�SDUDPHWHUV�PHDVXUHG�LQ�ODERUDWRU\�DUH�VKRZQ�EHORZ��

7DEOH����� 5HVXOWV�RI�3K\VLFRFKHPLFDO�3DUDPHWHUV�± ,QODQG�6HGLPHQW�

3DUDPHWHU
5HVXOWV

$� $�

)DWV�DQG�RLOV��PJ�.J �� ��

7RWDO�K\GURFDUERQV��PJ�NJ �� �

&RSSHU��PJ�&X�NJ ���� ����

&KURPLXP��PJ�&U�NJ ��� ���

1LFNHO��PJ�1L�.J ������� �������

=LQF��PJ�=Q�NJ ������� �������

3KHQROV��PJ�.J ����� �����
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

Ǧ $QDO\VLV�RI�,QODQG�6HGLPHQW�5HVXOWV�

$QDO\VLV�LV�SURYLGHG�EHORZ�RI�WKH�UHVXOWV�RI�WKH�SK\VLFRFKHPLFDO�YDOXHV�REWDLQHG�LQ�
ODERUDWRU\�IRU�VWDWLRQV�$��DQG�$���VLWXDWHG�RQ�WKH�/HyQ�5LYHU��DQG�WKH\�DUH�FRPSDUHG�
ZLWK� WKH� OLPLWV� HVWDEOLVKHG�E\� WKH� ³&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV� IRU� WKH�
3URWHFWLRQ�RI�$TXDWLF�/LIH´�IRU�WKH�SDUDPHWHUV�ZKHUH�D�UHIHUHQFH�YDOXH�LV�VSHFLILHG��

7KH�OLPLWV�HVWDEOLVKHG�E\�WKH�JXLGH�DUH��

,64*��,QWHULP�6HGLPHQW�4XDOLW\�*XLGHOLQHV���5HIHUV�WR�WKH�LQWHULP�VHGLPHQW�TXDOLW\�
VWDQGDUG��ZKLFK�UHSUHVHQWV�WKH�FRQFHQWUDWLRQ�XQGHU�ZKLFK�DGYHUVH�ELRORJLFDO�HIIHFWV�
FDQ�UDUHO\�EH�H[SHFWHG�WR�RFFXU��

3(/� �3UREDEOH� HIIHFW� OHYHOV��� 7KLV� UHIHUV� WR� WKH� SUREDEOH� HIIHFW� OHYHO�� ZKLFK�
GHWHUPLQHV�WKH�OHYHO�DERYH�ZKLFK�DGYHUVH�ELRORJLFDO�HIIHFWV�DUH�H[SHFWHG�WR�RFFXU�
IUHTXHQWO\��PRUH�WKDQ�����RI�WKH�DGYHUVH�HIIHFWV�RFFXU���

7KHVH�YDOXHV�GHILQH� WKUHH�����FKHPLFDO�FRQFHQWUDWLRQ�UDQJHV�� WKH�PLQLPXP�HIIHFW�
UDQJH��ZLWKLQ�ZKLFK�DGYHUVH�HIIHFWV�UDUHO\�RFFXU��OHVV�WKDQ�����RI�DGYHUVH�HIIHFWV�
XQGHU�WKH ,64*���WKH�SRVVLEOH�HIIHFW�UDQJH��ZLWKLQ�ZKLFK�DGYHUVH�HIIHFWV�RFFDVLRQDOO\�

�� &2/20%,$��(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17�0,1,675<��5HVROXWLRQ�������-DQXDU\���WK���������
$GRSWLQJ� UHIHUHQFH� WHUPV� IRU�SURGXFLQJ�(QYLURQPHQWDO� ,PSDFW�6WXGLHV�� UHTXLUHG� IRU�SURFHVVLQJ�HQYLURQPHQWDO� OLFHQVHV� IRU�
SURMHFWV�WR�FRQVWUXFW�RU H[WHQG�DQG�RSHUDWH�PDMRU�PDULWLPH�SRUWV��%RJRWi�'�&�������������S�
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RFFXU��DQG�WKH�SUREDEO\�HIIHFW�UDQJH��ZLWKLQ�ZKLFK�DGYHUVH�ELRORJLFDO�HIIHFWV�RFFXU�
IUHTXHQWO\��PRUH�WKDQ�����RI�WKH�DGYHUVH�HIIHFWV�RFFXU�RYHU�WKH�3(/�����

� )DWV�DQG�2LOV

7KH�UHSRUWHG�FRQFHQWUDWLRQV�RI�IDWV�DQG�RLOV�ZHUH���PJ�NJ�DW�VWDWLRQ�$��DQG���PJ�NJ�
DW� VWDWLRQ�$��� OLQNHG� WR� WKH� KXPDQ�DFWLYLWLHV� WKDW� WDNH� SODFH� RQ� WKH� EDQNV�RI� WKH�
ZDWHUFRXUVH��VHH�)LJXUH�������

7KH� &DQDGLDQ� 6HGLPHQW� 4XDOLW\� *XLGHOLQHV� IRU� WKH� 3URWHFWLRQ� RI� $TXDWLF� /LIH�
HVWDEOLVK�QR�UHIHUHQFH�FULWHULD�IRU�WKLV�SDUDPHWHU���

)DWV�DQG�RLOV�PJ�NJ 6DPSOLQJ�VLWHV

)LJXUH����� $PRXQWV�RI�IDWV�DQG�RLOV�LQ�LQODQG�VHGLPHQW
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

� 7RWDO�+\GURFDUERQV

7KH�WHUP�³WRWDO�K\GURFDUERQV´�LV�XVHG�WR�GHVFULEH�D�ODUJH�IDPLO\��PDGH�XS�RI�VHYHUDO�
KXQGUHG�FKHPLFDO�FRPSRXQGV�WKDW�RULJLQDWH�IURP�FUXGH�RLO��$V�D�UHVXOW�RI�WKH�YDULHG�
RULJLQV�RI�WKH�K\GURFDUERQV�SUHVHQW�LQ�VHGLPHQW��WKHLU�SUHVHQFH�LV�QRUPDOO\�XVHG��DV�

�� )81'$&,Ï1� &+,/(�� �+\GURFDUERQ� VSLOO� SURMHFW�� %ODQFD� &KRMD� DQG� 0DQt� VWUHDPV�� SURSRVHG� VHOHFWLRQ� RI� LQWHUQDWLRQDO�
VRLO�VHGLPHQW�UHIHUHQFH�YDOXHV���&KLOH�������>RQOLQH@�KWWS���ZZZ��VQLID�VPD�JRE�FO� >$FFHVVHG�6HSWHPEHU���WK������@
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D� FKDUDFWHULVWLF� ³PDUNHU´� RI� GLIIHUHQW� RULJLQV�� DQG� WKH� GHILQLWLRQ� RI� FRPSRVLWLRQ�
UHODWLRQVKLSV�EHWZHHQ�VSHFLILF�FRQVWLWXHQWV�RI�RLO�WR�GLVWLQJXLVK�EHWZHHQ�SHWURJHQLF�
DQG�ELRJHQLF�VRXUFHV����

$FFRUGLQJ� WR� 6DUDYLD���� D� FRQFHQWUDWLRQ� RI� WRWDO� K\GURFDUERQV� RI� �� ��� �J�J� LV�
FRQVLGHUHG�WR�EH�XQFRQWDPLQDWHG��&RQFHQWUDWLRQV�RI�K\GURFDUERQV�ZLWKLQ�WKH������
�����J�J�UDQJH�LV�FODVVLILHG�DV�VOLJKWO\�WR�PRGHUDWHO\�FRQWDPLQDWHG��)LQDOO\��LI�OHYHOV�
RI�WRWDO�K\GURFDUERQV�UHDFK��������J�J�WKH�V\VWHP�LV�KLJKO\�FRQWDPLQDWHG��

:LWK�WKLV�FODVVLILFDWLRQ�LQ�PLQG��WKH�FRQFHQWUDWLRQV�RI�K\GURFDUERQV�UHSRUWHG�LQ�WKH�
VHGLPHQW� RI� WKH� /HyQ� 5LYHU DUH� UHODWLYHO\� ORZ�� 7KLV� LV� GXH� WR� FRQFHQWUDWLRQV� RI�
��PJ�NJ�EHLQJ�IRXQG�DW�VWDWLRQ�$���FODVVLILHG�DV�VOLJKW�WR�PRGHUDWH��DQG�UHVXOWV�RI�
�PJ�NJ�IRU�VWDWLRQ�$���OHDGLQJ�WR�LW�EHLQJ�FDWHJRUL]HG�DV�XQFRQWDPLQDWHG��VHH�)LJXUH�
������

:LWK� UHJDUGV� WR� WKH� &DQDGLDQ� 6HGLPHQW� 4XDOLW\� *XLGHOLQHV� IRU� WKH� 3URWHFWLRQ� RI�
$TXDWLF�/LIH��QR�UHIHUHQFH�FULWHULD�DUH�HVWDEOLVKHG�IRU�WKLV�SDUDPHWHU���

+\GURFDUERQV��PJ�NJ� 6DPSOLQJ�6WDWLRQV
)LJXUH����� $PRXQWV�RI�WRWDO�K\GURFDUERQV�LQ�LQODQG�VHGLPHQW

6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

�� &203$1,21,��'���18f(=��$���&25$��0���526$%/$��0���*21=È/(=��/���0$5%27��5��HW�DO���$QWKURSRJHQLF�K\GURFDUERQV�
LQ�VHGLPHQW�RI�WKH�QRUWKHDVW�FRDVW�RI�/D�+DEDQD�(<��������>RQOLQH@�KWWS���ZZZ�VFLHOR�RUJ�P[�VFLHOR�SKS >$FFHVVHG�6HSWHPEHU�
��WK������@�
�� 6$5$9,$��$QD�� 52'5,*8(=��'DQLHOD���3$&+(&2��2VFDU���3,('5$��2VFDU���(YDOXDWLRQ�RI�K\GURFDUERQ�OHYHOV�LQ�PDULQH�
VHGLPHQW��DQG�WKHLU�SRWHQWLDO�RULJLQ�DQG�HIIHFWV�RQ�DTXLFXOWXUH�DFWLYLWLHV�EHWZHHQ�3XQWD�0RUDOHV�DQG�&RVWD�GH�3iMDURV�LQ�WKH�
*XOI�RI�1LFR\D���,Q��*HRJUDSKLFDO�0DJD]LQH�RI�&HQWUDO�$PHULFD��1������,661��������;��-XO\�'HFHPEHU������S���������
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6HGLPHQW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�LGHQWLILFDWLRQ��PRQLWRULQJ�DQG�GLVWULEXWLRQ RI�
FRQWDPLQDQW� PHWDOV�� 8QEDODQFHG� FRQFHQWUDWLRQV� RI� WKHVH� PHWDOV� FDQ� OHDG� WR�
LPSRYHULVKHG�ELRORJLFDO�SURGXFWLYLW\��ORZ�RU�YHU\�KLJK�FRQFHQWUDWLRQV�RI�PHWDOV�FDQ�
UHVXOW� LQ� WR[LF� DFWLYLW\��:KLOH� VRPH�PHWDOV� SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH� JURZWK��
GHYHORSPHQW�DQG�UHSURGXFWLRQ�RI� OLYLQJ�EHLQJV�� LQ�PDQ\�FDVHV�WKHLU�SUHVHQFH�FDQ�
KDYH�D�QHJDWLYH�HIIHFW��HYHQ� LQ� ORZ�FRQFHQWUDWLRQV����7KH�UHVXOWV�REWDLQHG�IRU� WKH�
PHWDOV�HYDOXDWHG�DUH�SURYLGHG�EHORZ��

� &RSSHU

7KLV�PHWDO� LV�RI�JUHDW� LPSRUWDQFH�GXH�WR� LWV�HDV\�DEVRUSWLRQ� LQWR�VROLG�SDUWLFOHV� LQ�
VXVSHQVLRQ� DQG� UDSLG� DVVLPLODWLRQ� LQWR� VHGLPHQW����� &RQFHQWUDWLRQV� RI� FRSSHU� LQ�
ZDWHU�FDQ�DIIHFW�SKRWRV\QWKHVLV�DQG�WKH�JURZWK�RI�DOJDH��DQG�FDQ�KDYH�DQ�HIIHFW�RQ�
WKH�HDUO\�GHYHORSPHQWDO� VWDJHV�RI�PDULQH�RUJDQLVPV� �HJJV�� ODUYDH�HWF��� RU�HYHQ�
EULQJ�DERXW�WKHLU�GHDWK����

7KH�UHSRUWHG�FRQFHQWUDWLRQV�VKRZ�D�VOLJKW�GLIIHUHQFH�LQ�PHWDO�FRQWHQW�DW�VWDWLRQ�$��
������PJ�NJ��FRPSDUHG�ZLWK�VWDWLRQ�$��������PJ�NJ���6HH�)LJXUH������

�� $/$0$��0��7���&RPSDULVRQ�RI�WKH�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�LQ�IDUPHG�DQG�ZLOG�FDUS��&\SULQXV�FDUSLR��LQ�.DVXPLJDXUD�
/DNH��������
��� 0$17285$��5���',&.621��$���\�5,/(<��-��7KH�FRPSOH[DWLRQ�RI�PHWDOV�ZLWK�KXPLF�PDWHULDOV�LQ�QDWXUDO�ZDWHU��������(VWXDU\�
DQG�&RDVWDO�0DULQH�6FLHQFH������������
��� =$08',2��5RVD���+HDY\�PHWDOV�LQ�PDULQH�VHGLPHQW�LQ�WKH�9HUDFUX]�1DWLRQDO�3DUN�5HHI�6\VWHP���������0H[LFR�
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)LJXUH����� 7UDFHV�RI�FRSSHU�LQ�LQODQG�VHGLPHQW�
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

,Q� WHUPV� RI� FRPSOLDQFH� ZLWK� WKH� &DQDGLDQ� 6HGLPHQW� 4XDOLW\� *XLGHOLQHV� IRU� WKH�
3URWHFWLRQ� RI� $TXDWLF� /LIH�� ERWK� WKH� 3(/� DQG� ,64*� FRQFHQWUDWLRQV� DUH� EHORZ�
VWDQGDUG��&RQVHTXHQWO\��LW�FDQ�EH�LQIHUUHG�WKDW�VXFK�FRQFHQWUDWLRQV�DUH�QRW�H[SHFWHG�
WR�OHDG�WR�DGYHUVH�ELRORJLFDO�HIIHFWV�RQ�WKH�DTXDWLF�ELRWD�

� &URPR

(O�FREUH�HV�XQ�PHWDO�TXH�RFXUUH�QDWXUDOPHQWH HQ�HO�DPELHQWH�HQ�URFDV��HO�VXHOR��HO�
DJXD� \� HO� DLUH� \� HV� XQ� HOHPHQWR� HVHQFLDO� SDUD� ORV� RUJDQLVPRV� YLYRV�� $� QLYHO� GH�
VHGLPHQWRV��VX�DQiOLVLV�WLHQH�JUDQ�LPSRUWDQFLD��GHELGR�D�TXH�WLHQH�PXFKD�IDFLOLGDG�
HQ� DGVRUEHUVH� VREUH� ODV� SDUWtFXODV� VyOLGDV� HQ� VXVSHQVLyQ� H� LQFRUSRUDUVH�
UiSLGDPHQWH�DO�VHGLPHQWR��/D�FRQFHQWUDFLyQ�SRU�FREUH�HQ�HO�DJXD�SXHGH�DIHFWDU�OD�
IRWRVtQWHVLV�\�GHVDUUROOR�GH�ODV�DOJDV��DVt�FRPR�ODV�SULPHUDV�HWDSDV�GH�GHVDUUROOR�GH�
ORV�RUJDQLVPRV�PDULQRV��KXHYRV��ODUYDV��HWF����H�LQFOXVR�SURYRFDU�OD�PXHUWH�GH�ORV�
PLVPRV����

��� =$08',2��5RVD� �+HDY\�PHWDOV�LQ�PDULQH�VHGLPHQW�LQ�WKH�9HUDFUX]�1DWLRQDO�3DUN�5HHI�6\VWHP���������0H[LFR�
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7KH� FRQFHQWUDWLRQV� UHFRUGHG� VKRZ�KLJKHU� OHYHOV� RI� FKURPLXP�DW� VWDWLRQ�$�� �ZLWK�
���PJ�NJ��LQ�FRPSDULVRQ�ZLWK�UHVXOWV�RI����PJ�NJ�REVHUYHG�DW�VWDWLRQ�$� �VHH )LJXUH�
�����

:LWK�UHJDUGV�WR�UHJXODWRU\�FRPSOLDQFH��ERWK�FRQFHQWUDWLRQV�FDQ�EH�VDLG�WR�EH�EHORZ�
WKH�,64*������PJ�NJ��DQG�3(/����PJ�NJ��VWDQGDUGV��DFFRUGLQJ�WR�WKH�FRPSDULVRQ�
PDGH�ZLWK�WKH &DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�$TXDWLF�
/LIH��7KHUHIRUH��LW�FDQ�EH�LQIHUUHG�WKDW�WKH�FRQFHQWUDWLRQV�REVHUYHG�GR�QRW�LQWHUIHUH�
ZLWK�WKH�PHWDEROLF�DFWLYLWLHV�RI�DTXDWLF�RUJDQLVPV��

&KURPLXP��PJ�NJ� 6DPSOLQJ�VLWHV
)LJXUH����� 7UDFHV�RI�FKURPLXP�LQ�LQODQG�VHGLPHQW�

6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

� 1LFNHO�

1LFNHO�LV�XVXDOO\�SUHVHQW�LQ�ERGLHV�RI�ZDWHU�LQ�PDLQO\�VROXEOH�IRUP��DOWKRXJK�LW�FDQ�
RFFDVLRQDOO\� IRUP� FRPSOH[HV� WKDW� DUH� QRW� SDUWLFXODUO\� VWDEOH�� 6LPLODUO\�� D� FHUWDLQ�
DPRXQW�RI�QLFNHO�FDQ�UHPDLQ�DEVRUEHG�LQWR�VROLG�RU�VHGLPHQW�SDUWLFOHV����

7KH�FRQFHQWUDWLRQV�UHSRUWHG�DW�ERWK�VDPSOLQJ�VWDWLRQV�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW�
RI� WKH�PHWKRG�HPSOR\HG�E\� WKH� ODERUDWRU\� ���������PJ�/��� VXJJHVWLQJ� WKDW� WKHUH�
ZHUH�QR�GLIIHUHQW�SDWWHUQV�RI�EHKDYLRU�EHWZHHQ�ERWK�SRLQWV��DQG�WKDW�WKH�SUHVHQFH�RI�
]LQF�ZDV�QHDUO\�]HUR��)LJXUH��������:LWK�UHJDUGV�WR�WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�

��� '20(1(&+��;���&KHPLVWU\�RI�WKH�K\GURVSKHUH��RULJLQ�DQG�GHVWLQDWLRQ�RI�FRQWDPLQDQWV���0DGULG�������
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*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�$TXDWLF�/LIH��QR�UHIHUHQFH�FULWHULD�DUH�HVWDEOLVKHG�IRU�
WKLV�SDUDPHWHU���

1LFNHO��PJ�NJ� 6DPSOLQJ�VLWHV

)LJXUH����� 7UDFHV�RI�]LQF�LQ�LQODQG�VHGLPHQW�
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

� =LQF

7KLV�HOHPHQW�LV�ZLGHO\�SUHVHQW�LQ�QDWXUH��LV�DVVRFLDWHG�ZLWK�VXOSKLGHV�RI�RWKHU�PHWDOV�
�)H��&X��&G��3E��DQG�FDQ�DOVR�EH� IRXQG�DV�SXUH� ]LQF� VXOSKLGH� LQ� WKH�EOHQGH�� ,WV�
SUHVHQFH�LQ�ERWK�VXUIDFH�DQG�XQGHUJURXQG�QDWXUDO�ZDWHU�LV�XQXVXDO��LW�FDQ�EH�IRXQG�
LQ�LQRUJDQLF��LRQLF�RU�FROORLGDO�IRUP�DQG�LWV�PRVW�IUHTXHQW�FKHPLFDO�VSHFLHV�DUH�=Q����
=Q�2+�� \�=Q&Oí���=LQF¶V�SRRUO\�VROXEOH�FRPSRXQGV��K\GUR[LGHV�DQG�FDUERQDWHV��DUH�
FDSDEOH� RI� EHLQJ� VXEVWDQWLDOO\� DEVRUEHG� LQWR� VHGLPHQW� DQG�PXG� RQ� WKH� EHGV� RI�
ZDWHUFRXUVHV����

$V�ZLWK� WKH� DQDO\VLV� RI� QLFNHO�� WKH� FRQFHQWUDWLRQV� UHFRUGHG� ���������PJ�/��ZHUH�
EHORZ�WKH�GHWHFWLRQ�OLPLW�RI�WKH�PHWKRG�XWLOL]HG�E\�WKH�ODERUDWRU\��VHH�)LJXUH�������

��� 0$5Ë1�� 5�� )LVLFRTXtPLFD� \� PLFURELRORJtD� GH� ORV� PHGLRV� DFXiWLFRV �3K\VLFRFKHPLVWU\� DQG� PLFURELRORJ\� RI� DTXDWLF�
HQYLURQPHQWV���0DGULG��(GLFLRQHV�GLDV�GH�6DQWRV�6�$��������
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=LQF��PJ�NJ� 6DPSOLQJ�VLWHV

)LJXUH����� 7UDFHV�RI�]LQF�LQ�LQODQG�VHGLPHQW�
6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

� 3KHQROV

7KH�FRQWDPLQDWLRQ�RI�WKH�PDULQH�HFRV\VWHP�E\�SKHQROV�LV�SULPDULO\�FDXVHG�E\�WKH�
GLVFKDUJH�RI�ZDVWH�ZDWHU��PRUH� VR� WKDQ�E\� WKH� QDWXUDO� GHFRPSRVLWLRQ� RI� RUJDQLF�
PDWWHU�� 3DUWLFXODU� FDXVHV� LQFOXGH� LQGXVWULDO�ZDWHUV� GHULYHG� IURP� FRDO� SURFHVVLQJ��
UHILQHULHV�� SXOS� DQG� WLPEHU� SURGXFWLRQ�� G\LQJ� RSHUDWLRQV� DQG� WKH�PDQXIDFWXUH� RI�
SHVWLFLGHV��SODVWLFV�DQG�UHVLQV�����

,Q�DGGLWLRQ�WR�KDYLQJ�DQ�HIIHFW�RQ�RUJDQLVPV��SKHQROV�SRVH�DQ�DHVWKHWLF�SUREOHP�IRU�
DTXDWLF� HFRV\VWHPV� JLYHQ� WKDW� WKH\� FDQ� DOWHU� WKH� FRORU� DQG� RGRU� RI� ZDWHU�� 7KH�
FRORUDWLRQ� RI�ZDWHU� FDQ� DWWDLQ� WRQHV� WKDW� UDQJH� IURP� \HOORZ� WR� EURZQ�� D� VLWXDWLRQ�
FDXVHG� E\� WKH� SUHVHQFH� RI� VRPH� VXEVWLWXWHG� SKHQROV�� RU� E\� WKH� SURGXFWV� RI� WKH�
R[LGDWLRQ�SURFHVV�RI�WKH�IDPLO\�EHLQJ�VWXGLHG����

7KH�FRQFHQWUDWLRQV�RI�SKHQROV�DW�PRQLWRULQJ�VWDWLRQV�$��DQG�$��ZHUH�DW�WKH�GHWHFWLRQ�
OLPLW� RI� WKH� DQDO\WLFDO� WHFKQLTXH�� FRQILUPLQJ� WKDW� VHGLPHQW� RULJLQDWLQJ� LQ� WKH� /HyQ�
5LYHU GRHV�QRW�VKRZ�VLJQLILFDQW�FRQFHQWUDWLRQV�RI�WKLV�FRPSRXQG��VHH�)LJXUH�������

��� &$0326��&��&RPSXHVWRV�IHQyOLFRV�\�HO�PHGLR�DPELHQWH �3KHQROLF�FRPSRXQGV�DQG�WKH�HQYLURQPHQW���&XED������
��� ,ELG�
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:LWK� UHJDUGV� WR� WKH� &DQDGLDQ� 6HGLPHQW� 4XDOLW\� *XLGHOLQHV� IRU� WKH� 3URWHFWLRQ� RI�
$TXDWLF�/LIH��QR�UHIHUHQFH�FULWHULD�DUH�HVWDEOLVKHG�IRU�WKLV�SDUDPHWHU���

�

3KHQROV��PJ�NJ� 6DPSOLQJ�VLWHV
)LJXUH����� 7UDFHV�RI�SKHQROV�LQ�LQODQG�VHGLPHQW�

6RXUFH��6*6�&RORPELD�6�$�6 �-XO\������

Ǧ &RPSDULVRQ�ZLWK�QDWLRQDO�DQG�LQWHUQDWLRQDO�VWDQGDUGV�

*LYHQ� WKDW� &RORPELDQ� UHJXODWLRQV� VHW� QR� OLPLWV� LQ� WHUPV� RI� LQODQG� VHGLPHQW�� WKH�
UHVXOWV� REWDLQHG� ZHUH� FRPSDUHG� ZLWK� WKH� OLPLWV� HVWDEOLVKHG� E\� WKH� &DQDGLDQ�
6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�$TXDWLF�/LIH�����7KHVH�JXLGHOLQHV�
ZHUH�UHIHUUHG�WR�LQ�SUHYLRXV�JUDSKV�DQG�DUH�VXPPDUL]HG�LQ�7DEOH����� EHORZ�

7DEOH����� &RPSDULVRQ�EHWZHHQ�WKH�UHVXOWV�REWDLQHG�DQG�UHJXODWLRQV�

3DUDPHWHU
5HVXOWV

&DQDGLDQ�*XLGHOLQHV�
IRU�WKH�3URWHFWLRQ�RI�

$TXDWLF�/LIH &RPSOLDQFH

$� $� ,64* 3(/

&RSSHU��PJ�&X�NJ ���� ���� ���� ���
,Q�

FRPSOLDQFH

��� &$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17� ± &&0(��&DQDGLDQ�ZDWHU� TXDOLW\� JXLGHOLQHV� IRU� WKH�
SURWHFWLRQ�RI�DTXDWLF� OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV� LQ�&DQDGD��3URFHGXUHV�IRU�
'HULYLQJ� 1XPHULFDO�:DWHU� 4XDOLW\� 2EMHFWLYHV�� ,Q�� &DQDGLDQ� HQYLURQPHQWDO� TXDOLW\� JXLGHOLQHV�� ������ >RQOLQH@� �� KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�6HSWHPEHU���WK������@
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&KURPLXP��PJ�&U�NJ ��� ��� ���� ��
,Q�

FRPSOLDQFH

=LQF��PJ�=Q�NJ ������� ������� ��� ���
,Q�

FRPSOLDQFH
6RXUFH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�$TXDWLF�/LIH´���

,64*��,QWHULP�6HGLPHQW�4XDOLW\�*XLGHOLQH�
3(/��3UREDEOH�HIIHFW�OHYHO�

$OO� RI� WKH� HYDOXDWHG�SDUDPHWHUV� WKDW� KDG� D� UHIHUHQFH� YDOXH� IRU� FRPSDULVRQ�ZHUH�
VKRZQ� WR� EH� EHORZ� WKH� ,64*� �LQWHULP� VHGLPHQW� TXDOLW\� JXLGHOLQH�� DQG� WKH� 3(/�
�SUREDEOH�HIIHFW�OHYHO���7KHUHIRUH��DW�WKHVH�FRQFHQWUDWLRQV�DGYHUVH�ELRORJLFDO�HIIHFWV�
GR�QRW�IUHTXHQWO\�RFFXU��

����� :DWHU�8VHV

x &XUUHQW�8VHV�DQG�8VHUV

7KH�PDLQ�SRSXODWLRQ�FHQWHUV�LQ�WKH�UHJLRQ�DUH�LQ�WKH�EDVLQ�RI�WKH�/HyQ�5LYHU��PDNLQJ�
LW� WKH�PRVW�GHYHORSHG�DUHD��7KH� ULYHU¶V�SULQFLSDO� WULEXWDULHV�DUH� IRXQG�RQ� LWV� ULJKW�
EDQN�� ZLWK� WKH�PRVW� LPSRUWDQW� EHLQJ� WKH 9LOODUWHDJD�� -XUDGy�� &XDSi�� &KLJRURGy��
&DUHSD�DQG�=XQJR�����$OWKRXJK�WKH�EDVLQ�RI�WKH�/HyQ�5LYHU VWLOO�KDV�QR�PDQDJHPHQW�
VFKHPH� �320&$��� &253285$%È� 5HVROXWLRQ� 1R�� �����������������������
GHFODUHG�LW�DV�XQGHU�PDQDJHPHQW�WR�HQDEOH�VXLWDEOH�SODQQLQJ�WR�EH�FDUULHG�RXW�ZLWK�
UHJDUGV WR�WKH�XVH�RI�WKH�VRLO��ZDWHU��IORUD�DQG�IDXQD��

7KH� /HyQ� 5LYHU KDV� EHHQ� XVHG� DV� D� ZDWHUZD\� E\� EDQDQD� FRPSDQLHV�� ZKLFK�
WUDQVSRUW� WKH� IUXLW� IRU� H[SRUW� RQ� EDUJHV� IURP� WKH� XSVWUHDP� WHUPLQDOV� WR� WKH� VKLS�
DQFKRUDJH� DUHDV� LQ� %DKtD� &RORPELD����� 7KH� ULYHU� LV� DOVR� WKH� ZDWHUFRXUVH� WKDW�
UHFHLYHV� WKH�ZDWHU� IURP� WKH�VHZDJH�V\VWHPV�RI�PXQLFLSDOLWLHV�VXFK�DV�$SDUWDGy��
&KLJRURGy��&DUHSD�DQG�0XWDWi��LQ�DGGLWLRQ�WR�ZDWHU�IURP�UXQ�RII�DQG�WKH�GUDLQDJH�
V\VWHPV�RI�WKH�EDQDQD�FRPSDQLHV�WKURXJKRXW�LWV�EDVLQ��

$IWHU�WKH�FRQIOXHQFH�RI�WKH�&DUHSD�WULEXWDU\��PRVW�RI�XVHV�DUH�YHU\�KLJKO\�UHVWULFWHG�
RQ�WKH�/HyQ�5LYHU��SDUWLFXODUO\�WKH�XVH�RI�ZDWHU�IRU�DJULFXOWXUDO�SXUSRVHV�GXH�WR�KLJK�
FKORULGH�FRQWHQW�WKDW�FDQ�FDXVH�VRLO�VDOLQL]DWLRQ��7KH�ZDWHU�LQ�WKH�VHFWLRQ�EHWZHHQ
%DUUDQTXLOOLWD�DQG�WKH�FRQIOXHQFH�RI�WKH�5LYHU�&KLJRURGy�SRVHV�ULVNV�IRU�KXPDQ�DQG�
UHFUHDWLRQDO�FRQVXPSWLRQ��DOEHLW� ORZHU� WKDQ� WKRVH�SUHVHQW� LQ� WKH� ORZHU�SDUW�RI� WKH�

��� ,ELG�
��� 1$7,21$/�3/$11,1*�'(3$570(17���6WUDWHJLF�SODQ�IRU�WKH�8UDEi�'DULpQ�UHJLRQ��)LUVW�SKDVH��FRQVWUXFWLQJ�LQSXWV�IRU�
WKH�SURFHVV�LQ�WKH�UHJLRQ���0HGHOOLQ������� ����S�
��� 1$7,21$/�81,9(56,7<�2)�&2/20%,$��2FHDQLF�UHVHDUFK�JURXS���$QDO\VLV�RI�DOWHUQDWLYHV�WR�PLWLJDWH�VHGLPHQW�LVVXHV�LQ�
WKH�HVWXDU\�RI�WKH�5LYHU�/HyQ���0HGHOOLQ������������S�
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/HyQ�5LYHU��7KHUH�DUH�OLPLWLQJ�IDFWRUV�RI�GLVVROYHG�R[\JHQ�EHWZHHQ�WKH�PRXWKV�RI�
WKH�5LYHU�&DUHSD�DQG�WKH�&DUHSLWD�FKDQQHO����

1R�FRQFHVVLRQV�RU�GLVFKDUJLQJ�RI�ZDWHU�DXWKRUL]HG�E\�&RUSRXUDEi��� ZHUH�LGHQWLILHG�
LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH��+RZHYHU��WKRVH�SRLQWV�ORFDWHG�ZLWKLQ�D��NP�UDGLXV�
RI� WKH� SURMHFW¶V� DELRWLF� FRPSRQHQW� WKDW� DUH� DOVR� WULEXWDULHV� RI� WKH� /HyQ� 5LYHU
ZDWHUVKHG�ZHUH�WDNHQ�DV�UHIHUHQFHV��VHH�)LJXUH����� ��7DEOH����� DQG�7DEOH������

:DWHU�8VHV
&RQFHVVLRQ
'LVFKDUJH
3URMHFW

��� 38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��$1'�$5$Ò-2�,%$55$�	�$62&,$'26�6�$���(QYLURQPHQWDO�LPSDFW�VWXG\�
IRU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�D�EXON�VROLGV�SRUW�WHUPLQDO���7XUER������������S�
��� &253285$%È��'DWDEDVH�������
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)LJXUH����� :DWHU�SRLQWV��VXUIDFH�FRQFHVVLRQV�DQG�ZDWHU�GLVFKDUJLQJ�DXWKRUL]HG�E\�
&RUSRXUDEi���

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�&253285$%È�LQIRUPDWLRQ����������

7DEOH����� 5HFRUG�RI�&RQFHVVLRQV

,' &RQFHVVLRQ�8VHU
&DWFK�
PHQW�
$UHD

&ROOHFWLRQ�
W\SH

:DWHU�8VH

0$*1$�6,5*$6�
3ODQDU�&RRUGLQDWHV��
2ULJLQ�%2*27È

($67 1257+

&� &�,��&216(5%$�6�$� 7XUER 6XUIDFH
'RPHVWLF�	�
$JULFXOWXUDO

��������
�

����������
�

&� &�,��81,%$1�6�$� 7XUER 6XUIDFH
'RPHVWLF�	�
$JULFXOWXUDO

��������
�

����������
�

&� &�,��81,%$1�6�$� 7XUER 6XUIDFH $JULFXOWXUH
��������

�
����������

�

&� &�,��81,%$1�6�$� $SDUWDGy 6XUIDFH $JULFXOWXUH
��������

�
����������

�

&� 1�$ 7RQXVFR 6XUIDFH ,UULJDWLRQ
��������

�
����������

�
6RXUFH��&253285$%È���������

7DEOH����� 5HFRUG�RI�'LVFKDUJH

,' 8VHU 0XQLFLSDOLW\ /RFDWLRQ

0$*1$�6,5*$6�3ODQDU�
&RRUGLQDWHV��2ULJLQ�

%2*27È
(67( 1257(

9� &�,��%DQDFRO�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9� &�,��%DQDFRO�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9� &�,��%DQDFRO�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDFRO�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDFRO�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDIUXW�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDIUXW�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDIUXW�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9� &�,��%DQDIUXW�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9�� &�,��%DQDIUXW�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������

��� &253285$%È��'DWDEDVH�������
��� ,ELG��

��� ,ELG��
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,' 8VHU 0XQLFLSDOLW\ /RFDWLRQ

0$*1$�6,5*$6�3ODQDU�
&RRUGLQDWHV��2ULJLQ�

%2*27È
(67( 1257(

9�� &�,��&RQVHUYD�6�$� 7XUER &RPXQDO�/D�6XHUWH ��������� �����������
9�� &�,��&RQVHUYD�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��3UREDQ�6�$� 7XUER 3DORV�%ODQFRV ��������� �����������
9�� &�,��3UREDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��3UREDQ�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9�� &�,��7URSLFDO�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9�� &�,��8QLEDQ�6�$� 7XUER 1XHYD�&RORQLD ��������� �����������
9�� &�,��8QLEDQ�6�$� 7XUER &RPXQDO�/D�6XHUWH ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,� 8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy 3DORV�%ODQFRV ��������� �����������
9�� &�,��8QLEDQ�6�$� $SDUWDGy &RPXQDO�/D�&RUGLDOLGDG ��������� �����������
6RXUFH��&253285$%È���������

x 5HIHUHQFH�,QGLFDWRUV

7KH�1DWLRQDO�:DWHU�6WXG\�ZDV�WDNHQ�DV�UHIHUHQFH�LQIRUPDWLRQ �(1$��������� DQG�
GHILQHV�WKUHH�KLHUDUFKLFDO�OHYHOV�RI�VSDWLDO�DQDO\VLV�����WKH�ILYH�K\GURJUDSKLF�DUHDV�

��� ,ELG��
��� ,167,787(� 2)� +<'52/2*<�� 0(7(252/2*<� $1'� (19,5210(17$/� 678',(6� �,'($0��� (19,5210(17��
+286,1*�$1'�7(55,725,$/�'(9(/230(17�0,1,675<��0$9'7���1DWLRQDO�:DWHU�6WXG\��%RJRWD������������S�� ,6%1��
������������������
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DVVRFLDWHG�ZLWK�WKH�FRXQWU\¶V�SULQFLSDO�ZDWHUVKHGV��&DULEEHDQ��0DJGDOHQD�&DXFD��
2ULQRFR��3DFLILF�DQG�$PD]RQ�����WKH�K\GURJUDSKLF�]RQHV�DQG����WKH�K\GURJUDSKLF�
VXE�DUHDV�WKDW�PDNH�XS�D�WRWDO�RI�����K\GURJUDSKLF�DUHDV��7KH�GHVLJQ�RI�WKHVH�DUHDV�
LV�WDNHQ�DV�D�EDVLV�IRU�GHVFULELQJ�WKH�VXSSO\�RI�VXUIDFH�ZDWHU�DQG�WKH�GHYHORSPHQW�
RI�WKH�YDULRXV�K\GULF�LQGLFDWRUV�

+\GURJUDSKLF� VXEDUHDV�DUH�GHILQHG�DV�K\GULF� VXEV\VWHPV�ZLWK�XQLIRUP� UHOLHI�DQG�
GUDLQDJH�FKDUDFWHULVWLFV��PDGH�XS�RI�EDVLQV�IURP�WKH�KLJK��PLGGOH�DQG�ORZ�SRLQWV�RI�
D�K\GURJUDSKLF�]RQH� WKDW�FDSWXUH�ZDWHU�DQG�VHGLPHQW� IURP� WULEXWDULHV�RI�GLIIHUHQW�
W\SHV��VXFK�DV�VSULQJV��VWUHDPV��FUHHNV�DQG�ULYHUV��7DNLQJ�WKH�DERYH�LQWR�DFFRXQW��
WKH�DUHD�RI�VWXG\�LV�LQ�WKH�/HyQ�5LYHU K\GURJUDSKLF�VXEDUHD��,Q�DQ�DYHUDJH�\HDU�WKLV�
VXEDUHD�KDV�D�WRWDO�VXSSO\�RI�������ELOOLRQ�FXELF�PHWHUV��0P����ZKLFK�GURSV�WR�������
ELOOLRQ�FXELF�PHWHUV��0P���LQ�GU\�\HDUV�

2I�WKH�LQGLFDWRUV�XVHG�E\�WKH�1DWLRQDO�:DWHU�6WXG\�����WKH�IROORZLQJ�LQGH[HV�ZHUH�
WDNHQ�LQWR�DFFRXQW�IRU�WKLV�VWXG\��WKH�:DWHU�8VH�,QGH[��:8,���ZKLFK�PHDVXUHV�WKH�
DPRXQW� RI� ZDWHU� XVHG� E\� WKH� YDULRXV� VHFWRULDO� XVHUV�� WKH� :DWHU� 5HWHQWLRQ� DQG�
5HJXODWLRQ� ,QGH[� �:55��� ZKLFK� HYDOXDWHV� WKH� FDSDFLW\� RI� FDWFKPHQW� DUHDV� WR�
PDLQWDLQ�D�IORZ�UHJLPH�DQG�UHWDLQ�PRLVWXUH��DQG�WKH�9XOQHUDELOLW\�WR�:DWHU�6KRUWDJH�
,QGH[��9:6���ZKLFK�LV�GHILQHG�DV�WKH�ZDWHU�V\VWHP¶V�GHJUHH�RI�IUDJLOLW\�LQ�PDLQWDLQLQJ�
WKH�VXSSO\�RI�ZDWHU��

)RU�WKH�/HyQ�5LYHU VXEDUHD��DFFRUGLQJ�WR�WKH�:DWHU�8VH�,QGH[�WKH�1DWLRQDO�:DWHU�
6WXG\��� FRQFOXGHG�WKDW�WKH�SUHVVXUH�RI�GHPDQG�LV�ORZ�FRPSDUHG�ZLWK�WKH�VXSSO\�RI�
DQ�DYHUDJH�\HDU��DQG�PRGHUDWH�LQ�FRPSDULVRQ�ZLWK�D�GU\�\HDU¶V�VXSSO\��7KH�:DWHU�
5HWHQWLRQ�DQG�5HJXODWLRQ�,QGH[�VKRZHG�WKDW�WKH�ZDWHUVKHG�LV�RI�ORZ�UHJXODWLRQ��DQG�
WKH�9XOQHUDELOLW\� WR�:DWHU�6KRUWDJH�,QGH[�JDYH�PHGLXP�UHVXOWV��7KH�ODWWHU�PHDQV�
WKDW�ZKHQ�IDFHG�ZLWK�WKUHDWV�VXFK�DV�SURORQJHG�SHULRGV�RI�ORZ�ZDWHU�OHYHOV�RU�HYHQWV�
OLNH�(O�1LxR��D�ULVN�RI�ZDWHU�VKRUWDJH�FRXOG�RFFXU�GXH�WR�IORZ�UHGXFWLRQV�RI�EHWZHHQ�
����DQG������VHH�7DEOH�������

��� ,ELG�
��� ,ELG�
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7DEOH����� +\GULF� LQGLFDWRUV� IRU� WKH� /HyQ� 5LYHU K\GURJUDSKLF� VXEDUHD� IRU� DYHUDJH� DQG� GU\�
K\GURORJLFDO�FRQGLWLRQV�

+\GURJUDSKLF�VXEDUHD
$UHD�
�NP��

$YDLODEOH�
VXSSO\

:DWHU�8VH�,QGH[
5HJXODWLRQ�
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/HyQ�5LYHU ���� ���� ��� ���� /RZ ����� 0RGHUDWH ������ /RZ 0HGLXP

0&0��0LOOLRQ�FXELF�PHWUHV

6RXUFH��1DWLRQDO�:DWHU�6WXG\���������

:LWK�UHJDUGV WR�WKH�FKHPLFDO�DQG�RUJDQLF�ORDG�FRQWDPLQDQWV��&2'�DQG�%2'���WKH�
/HyQ�5LYHU LV�XQGHU�KLJK�WR�YHU\�KLJK�SUHVVXUH��6HH�7DEOH��������,Q�GU\�\HDUV�WKHVH�
FRQGLWLRQV�DUH�H[DFHUEDWHG��FDXVLQJ�WKH�HIIHFWV�RI�H[WUHPH�SKHQRPHQD�VXFK�DV�(O�
1LxR�WR�EHFRPH�SDUWLFXODUO\�VHYHUH����

7DEOH����� &RQWDPLQDWLQJ�ORDGV�RI�%2'��&2'�DQG�&2'�%2'�

+\GURJUDSKLF�
DUHD

+\GURJUDSKLF�
]RQH

+\GURJUDSKLF�
VXEDUHD

%2'��W�\HDU� &2'��W�\HDU�
&2'�%2'�
�W�\HDU�

&DULEEHDQ &DULEEHDQ�FRDVW /HyQ�5LYHU ���� ���� ����

6RXUFH��1DWLRQDO�:DWHU�6WXG\���������

����� +\GURJHRORJ\

,Q�WKH�EDQDQD�JURZLQJ�UHJLRQ��XQGHUJURXQG�ZDWHU�FRQVWLWXWHV�D�FRUQHUVWRQH�IRU WKH�
VXSSO\�RI�ZDWHU�WR�WKH�SRSXODWLRQ�DQG�IRU�WKH�UHJLRQ¶V�HFRQRP\�DQG�SURGXFWLYLW\���,W�
DOVR�DFWV�DV�VXSSO\�VRXUFH�IRU�YDULRXV�FRPPXQLWLHV�ORFDWHG�LQ�WKH�UXUDO�DQG�XUEDQ�
KHDGZDWHUV�RI�WKH�&DUHSD��7XUER�DQG�&KLJRURGy�PXQLFLSDOLWLHV��'LUHFW�DQG�LQGLUHFW�
HPSOR\PHQW�LV�GHSHQGHQW�RQ�WKH�XVH�RI�XQGHUJURXQG�ZDWHU��PDNLQJ�WKLV�UHVRXUFH�D�
GULYLQJ�IRUFH�IRU�WKH�UHJLRQ¶V�HFRQRPLF�GHYHORSPHQW����

,Q�WKH�8UDEi�UHJLRQ��WKLV�UHVRXUFH�KDV�EHHQ�ZLGHO\�XVHG�LQ�DJULFXOWXUDO�SURGXFWLRQ�
IRU�D�QXPEHU�RI�GHFDGHV��SDUWLFXODUO\�LQ�WKH�EDQDQD�JURZLQJ�VHFWRU��+RZHYHU��ZLWK�

��� ,ELG�
��� ,ELG
��� ,ELG�
��� &25325$7,21� )25� 6867$,1$%/(� '(9(/230(17� ,1� 85$%È� �&253285$%È��� 1$7,21$/� 81,9(56,7<� 2)�
&2/20%,$� �81$/���+LGURJHRORJtD�GHO� DFXtIHUR� GHO�(MH�%DQDQHUR�GH�8UDEi �+\GURJHRORJ\�RI� WKH�DTXLIHU� LQ� WKH�EDQDQD�
JURZLQJ�UHJLRQ�RI�8UDEi�������
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WKH�LQFUHDVHG�SRSXODWLRQ�DQG�WKH�VFDUFLW\�RI�VXUIDFH�ZDWHU��FRPSDQLHV�WKDW�SURYLGH�
GULQNLQJ�ZDWHU�KDYH�H[SUHVVHG�DQ�LQWHUHVW�LQ�PDNLQJ�XVH�RI�WKH�ZDWHU�

:LWK�D� YLHZ� WR� LPSURYLQJ� WKH�PDQDJHPHQW�RI� WKLV� UHVRXUFH��&253285$%$�KDV�
SHUIRUPHG�VWXGLHV�ZLWK�SXEOLF�DQG�SULYDWH�RUJDQL]DWLRQV�LQ�RUGHU�WR�GLVFRYHU�DV�PXFK�
DV� SRVVLEOH�DERXW� WKH�*XOI� RI�8UDEi�DTXLIHU�� DQG� WR� EH�DEOH� WR�SURGXFH� WKH�EHVW�
FKDUDFWHUL]DWLRQ�SRVVLEOH�RI�LW��+RZHYHU��WKH�K\GURJHRORJLFDO�PRGHOV�REWDLQHG�IURP�
WKHVH�VWXGLHV�KDYH�EHHQ�JHQHUDO�LQ�QDWXUH��GHFLSKHULQJ�WKH�JHRORJLFDO�HQYLURQPHQW�
XQGHU�WKH�JURXQG¶V�VXUIDFH�LV�FRPSOH[�WDVN�WKDW�LV�RIWHQ�LQFRUUHFWO\�LQWHUSUHWHG���7KLV�
LV� EHFDXVH� WKH� XQGHUJURXQG� ZDWHU� HQYLURQPHQW� LV� KLGGHQ� IURP� YLHZ�� DQG� WKH�
LPSUHVVLRQV�JLYHQ�FDQ�EH�GHFHLYLQJ����

,Q�WKLV�VHFWLRQ��RXU�LQWHUHVW�OLHV�LQ�SURGXFLQJ�D�FRQFHSWXDO�K\GURJHRORJLFDO�PRGHO�WKDW�
FDQ� VKRZ� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� GLIIHUHQW� DTXLIHU� ERGLHV�� 7KLV� LV� GRQH� E\�
LQWHUSUHWLQJ�JHRSK\VLFDO�UHFRUGV�VLWXDWHG�LQ�WKH�GLUHFW�YLFLQLW\�RI�WKH�%DKtD�&RORPELD�
SRUW� WHUPLQDO� SURMHFW� DUHD�� LQ� DGGLWLRQ� WR� KLVWRULFDO� UHFRUGV� IURP� H[SORUDWRU\�
FDPSDLJQV� SUHYLRXVO\� FDUULHG� RXW� E\�&RUSRXUDEi��&RORPELD¶V�1DWLRQDO�8QLYHUVLW\�
DQG�VWDWH�DQG�RU�SULYDWH�HQWLWLHV��:KHQ�GRQH�FRUUHFWO\��WKLV�HQDEOHV WKH�VFDOH�RI�WKH�
DTXLIHUV�WR�EH�GHWHUPLQHG�LQ�WHUPV�RI�H[WHQVLRQ�DQG�GHSWK��GHILQLQJ�D�EDVHOLQH�IRU�
TXDOLW\�PRQLWRULQJ�DQG�ZDWHU�FRQVHUYDWLRQ��7KH�LQIRUPDWLRQ�ZLOO�EH�SUHVHQWHG�XVLQJ�
VWUDWLJUDSKLF�FURVV�VHFWLRQV��WKHPDWLF�VKDSHV�DQG�ORQJLWXGLQDO�SURILOHV�

5HJLRQDO�DQG�/RFDO�)DFWRUV

,Q�RUGHU�WR�SHUPLW�H[SODQDWLRQ�RI�WKH�FRQFHSWXDO�PRGHO�RI�WKH�DTXLIHU�UHODWHG�WR�WKH�
SURMHFW��LQIRUPDWLRQ�DQG�NQRZOHGJH�RI�WKH�DUHD¶V�JHRORJLFDO�HQYLURQPHQW�LV�UHTXLUHG��

7KH� JHRORJLFDO� LQIRUPDWLRQ� SURYLGHG� KHUH� ZLOO� FRPSULVH� D ELEOLRJUDSKLF� VXPPDU\�
ZKLFK�XVHV�WKH������,1*(20,1$6�HYDOXDWLRQ�RI�XQGHUJURXQG�ZDWHU�LQ�WKH�*XOI�RI�
8UDEi�DV�D�EDVLV�����DV�ZHOO�DV�WKH�JHRORJLFDO�VWXG\�FDUULHG�RXW�E\�WKH�$1+������������
LQIRUPDWLRQ�IURP�UHFHQW�SXEOLF�DQG�SULYDWH�ZRUNV�DQG�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�
ILHOGZRUN��

��� &25325$7,21�)25�6867$,1$%/(�'(9(/230(17�,1�85$%È��&253285$%È����&RQFHSWXDO�K\GURJHRORJLFDO�PRGHO�
RI�WKH�*XOI�RI�8UDEi�DTXLIHU��SURGXFHG�EDVHG�RQ�LQWHUSUHWDWLRQV�RI�JHRORJLFDO�DQG�JHRSK\VLFDO�LQIRUPDWLRQ�������
��� &2/20%,$1�*(2/2*,&$/�6(59,&(��6*&��SUHYLRXVO\�,1*(20,1$6����(YDOXDWLRQ�RI�XQGHUJURXQG�ZDWHU�LQ�WKH�8UDEi�
UHJLRQ�RI�WKH�'HSDUWPHQW�RI�$QWLRTXLD����XQSXEOLVKHG���5HSRUW�����������
��� 1$7,21$/� +<'52&$5%216� $*(1&<� �$1+�� 	� 1$7,21$/� 81,9(56,7<� 2)� &2/20%,$� �81$/��� �*HRORJLFDO�
FDUWRJUDSK\�SURMHFW�DQG�VWUXFWXUDO�PRGHOOLQJ�RI�WKH�8UDEi�DQG�6LQ~�6DQ�-DFLQWR�EDVLQV��EDVHG�RQ�LQWHUSUHWDWLRQV�RI�UHPRWH�
VHQVRU�LPDJHV�DQG�VHLVPLF�PRQLWRULQJ��������
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Ǧ 5HJLRQDO�+\GURJHRORJLFDO�8QLWV

7ZR�KLJKO\�GLIIHUHQWLDWHG�WHUWLDU\�XQLWV�H[LVW�LQ�WKH�8UDEi�UHJLRQ�RI�WKH�GHSDUWPHQW�RI�
$QWLRTXLD�� XQLW� 7�� RI�PDULQH� RULJLQ� DQG� XQLW� 7�� RI� LQODQG� RULJLQ�� +RZHYHU�� LQ� WKH�
QRUWKHUQ�UHJLRQ�WKH�7HUWLDU\�LV�DOPRVW�HQWLUHO\�UHSUHVHQWHG�E\�XQLW�7�����

,1*(20,1$6� ��������� DQG� &RORPELD¶V� 1DWLRQDO� 8QLYHUVLW\� GLVWLQJXLVK� WKH�
JHRORJLFDO� XQLWV� 7�&�� 7�%�� 7�$�� 7�� DQG� DOOXYLDO� GHSRVLWV�� 7KH� UHJLRQDO�
K\GURJHRORJLFDO�XQLWV�SUHVHQW�LQ�WKH�DUHD�RI�VWXG\�DUH�GHVFULEHG�EHORZ��

� 8QLW�7�&�

7KLV�XQLW�FRUUHVSRQGV�WR�WKH�VXEXQLW�DERYH�XQLW�7���DQG�VXUIDFHV�WR�WKH�ZHVW�RI�WKH�
ZHVWHUQ�UDQJH�RI�WKH�$QGHV�DQG�WRZDUGV�WKH�QRUWK�DV�D�QDUURZ�VWULS�UXQQLQJ�VRXWK�
WR�QRUWK��,W�OLHV�XQGHU�XQLW�4DO�DQG�DERYH�XQLW�7�%��DQG�LWV�WKLFNQHVV�YDULHV�EHWZHHQ�
�P�DQG���P�EHWZHHQ�7XUER�DQG�$SDUWDGy��

� 8QLW�7�%

7KLV�XQLW�FRUUHVSRQGV�WR�WKH�PLGGOH�VXEXQLW�RI�XQLW�7��DQG�VXUIDFHV�WRZDUGV�WKH�HDVW�
RI�WKH�DUHD�RI�LQIOXHQFH��,Q�WHUPV�RI�GHSWK��LW�OLHV�EHORZ�XQLW�7�&�DQG�DERYH�XQLW�7�$��
7KH�JURXS�VKRZV�D�WKLFNQHVV�WKDW�YDULHV�EHWZHHQ���P�DQG����P�ZLWK�WKH�PD[LPXP�
LQ�WKH�PXQLFLSDOLWLHV�RI�&DUHSD�\�&KLJRURGy��ZKHUH�LW�FRQVWLWXWHV�WKH�PDLQ�FRUH�RI�WKH�
&KLJRURGy�DQWLFOLQH��

� 8QLWV�7�$�DQG�7�

7KHVH�XQLWV�FRUUHVSRQG�WR�WKH�VXEXQLW�EHORZ�XQLW�7��DQG�WR�XQLW�7��LWVHOI��DQG�DUH
FODVVLILHG�DV�XQLWV�RI�YHU\�ORZ�RU�]HUR�UHODWLYH�K\GURJHRORJLFDO�LPSRUWDQFH�

� $OOXYLDO�3ODLQ�'HSRVLWV

7KLV�XQLW�FRYHUV�WKH�IODW�SDUW�RI�WKH�DUHD�RI�VWXG\��L�H��IURP�WKH�IRRWKLOOV�RI�WKH�$ELEH�
PRXQWDLQV� WRZDUGV� WKH� ZHVW��� DQG� LV� WKH� VKDOORZHVW� DTXLIHU� LQ� WKH� UHJLRQ� ZLWK� D�
PD[LPXP�WKLFNQHVV�RI���P��,WV�WKLFNQHVV�LQ�WKH�DUHD�RI�LQIOXHQFH�YDULHV�EHWZHHQ��P�
DQG���P�DFFRUGLQJ�WR�JHRSK\VLFV�DQG�XS�WR�WKH�GHSWK�RI�WKH�PHFKDQLFDO�H[SORUDWLRQV�
FDUULHG�RXW�

��� +$))(5��-��2Q�WKH�*HRORJ\�RI�WKH�8UDEi DQG�QRUWKHUQ�&KRFR�UHSRUW�������W\SHG���(&23(752/��%RJRWi������������S�
��� &2/20%,$1�*(2/2*,&$/ 6(59,&(��6*&��SUHYLRXVO\�,1*(20,1$6���������2S��FLW��
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$FFRUGLQJ� WR� WKH�PRQLWRULQJ� SHUIRUPHG� RQ� WKH�8UDEi� QHWZRUN� RI ZHOOV�� LW� FDQ� EH�
LQIHUUHG WKDW�WKH�XQGHUJURXQG�ZDWHU�IORZV�LQ�D�QRUWK�ZHVWHUO\�GLUHFWLRQ��7KLV�SDWWHUQ�
FKDQJHV�ZKHQ�WKH�UHJLRQ¶V�LUULJDWLRQ�V\VWHPV�HQWHU�LQWR�RSHUDWLRQ�LQ�WKH�GU\�VHDVRQ��

7KH�DUHD�RI�VWXG\�LV�FKDUDFWHUL]HG�E\�JHQWOH�WR�VOLJKWO\�XQGXODWLQJ�WRSRJUDSK\��ZLWK�
DOOXYLDO�IDQV�SUHVHQW�LQ�WKH�IRRWKLOOV�RI�WKH�PRXQWDLQV�FDXVHG�E\�WKH�ULYHUV�WKDW�ULVH�WR�
WKH� HDVW� RI� WKH� KLJK� UHJLRQV�� 7KH� PDLQ� GUDLQDJH� EDVLQV� DGMDFHQW� WR� WKH� DUHD�
FRUUHVSRQG� WR� WKH�FDWFKPHQW�DUHD�RI� WKH� /HyQ�5LYHU��ZKLFK� WDNHV�D� VRXWKHDVW� WR�
QRUWKHDVW�FRXUVH��ODWHU�WXUQLQJ�QRUWKZDUGV�WR�HPSW\�LQWR�WKH�*XOI�RI�8UDEi���

� +\GURJHRORJLFDO�XQLWV�ORFDO�WR�WKH�DUHD�RI�LQIOXHQFH�

7ZR�ODUJH�K\GURJHRORJLFDO�XQLWV�ZHUH�LGHQWLILHG�LQ�WKH�SURMHFW¶V�DUHD�RI�LQIOXHQFH�DQG�
DUH� GHVFULEHG� EHORZ�� 7KHLU� SUHVHQFH� ZDV� GHWHUPLQHG� E\� WKH� EHKDYLRU� RI�
XQGHUJURXQG� ZDWHU� DQG� E\� WKH� SULPDU\� GDWD� UHFRUGHG� IURP� WKH� H[SORUDWRU\�
FDPSDLJQV����

� 4XDWHUQDU\�$OOXYLDO�$TXLIHUV��4$$�

7KHUH�DUH�DW�OHDVW�WZR�VWULSV�RI�WKH�4XDWHUQDU\�WKDW�VKRZ�D�OLWKRORJ\�RI�ILQH��PHGLXP�
DQG�FRDUVH VDQGV��RQH�ZLWKLQ�WKH�ILUVW���P�WR���P�DQG�WKH�RWKHU�IURP���P�WR����P�
LQ�WKH�DUHD�RI�LQIOXHQFH��VHH 02'B/$B372B$17B��B+LGURJHRORJLD��

7KH� VWXGLHV� FDUULHG� RXW� LQ� WKH� *XOI� RI� 8UDEi� VXJJHVW� WKDW� WKH� WKLFNQHVV� RI� WKH�
VKDOORZHVW�DTXLIHU�LQ�WKH�DUHD�LV�EHWZHHQ �P�DQG���P��,W�LV�VXEVHTXHQWO\�LQWHUUXSWHG�
RU� HQFORVHG� E\� D� FOD\�PDWUL[� WKDW� LV� KLJK� LQ� SODVWLFLW\� DQG� ULJLGLW\� DQG�PD\� KDYH�
FUHDWHG�WKH�VHFRQG�OD\HU�RI�DTXLIHUV��7KLV�VHFRQG�OD\HU�UHFHLYHV�WKH�GLVFKDUJH�WKDW�
FRPHV�IURP�WKH�IRRWKLOOV�RI�WKH�$ELEH�PRXQWDLQV�DQG�KDV�DFFHVV�WR�WKH�XQGHUO\LQJ�
OD\HUV�RI�DOOXYLDO�GHSRVLWV�GXH�WR�VHYHUDO�FRQGLWLRQV��LQFOXGLQJ�WKH�SRWHQWLDO�IUDFWXULQJ�
DQG�FKDQJHDELOLW\�RI�WKH�URFN��WKH�GLUHFWLRQ�RI�WKH�GLS�DQG�WKH�RULHQWDWLRQ�RI�V\QFOLQHV�
DQG�DQWLFOLQHV���

7KH�FRQJORPHUDWH�OHYHOV�RI�WKH�7HUWLDU\�DTXLIHU�PDWFK�WKRVH�RI�WKH�$UHQDV�0RQDV�
IRUPDWLRQ��7�&��� ,W�DSSHDUV�FORVHU� WR� WKH�VXUIDFH� LQ� WKH�HDVWHUQ�SDUWV�RI� WKH�DUHD��
ZLWKRXW�EHLQJ�GHWHFWHG�LQ�WKH�DUHD�RI�LQIOXHQFH��

��� 3,2�6�$�6���(',),&$�&2/20%,$�/7'$� �%DVLF�DQG�GHWDLOHG�HQJLQHHULQJ��SXUFKDVLQJ�DQG�VXSSO\�RI�PDWHULDOV��FRQVWUXFWLRQ��
DVVHPEO\�DQG�ODXQFK�RI�WKH�ZRUN�UHTXLUHG�IRU�3KDVH���RI�WKH�3XHUWR�$QWLRTXLD�SRUW WHUPLQDO�ORFDWHG�LQ�WKH�HVWXDU\�RI�WKH�
5LYHU�/HyQ��LQ�WKH�*XOI�RI�8UDEi�LQ�WKH�'HSDUWPHQW�RI�$QWLRTXLD���*HRWHFKQLFDO�VWXG\�IRU�&RQFHSWXDO�(QJLQHHULQJ�������
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7KH� TXDOLW\� RI� WKH� XQGHUJURXQG� ZDWHU� RI� WKH� DTXLIHUV� LQ� WKH� DUHD� RI� LQIOXHQFH�
IOXFWXDWHV�EHWZHHQ�VOLJKWO\�VDOLQH�DQG�EUDFNLVK��9DVTXH]¶V�VWXG\�����������PHQWLRQV�
WKH� H[LVWHQFH� RI� D� VLQJOH� OD\HU� ZLWK� VDOW� ZDWHU� DW� D� VKDOORZ� GHSWK�� GXH� WR� WKH�
PRYHPHQW�RI�WKH�VDOW�ZHGJH�WRZDUGV�WKH�LQWHULRU�RI�WKH�LQODQG�DUHD�LQ�WKH�SUR[LPLW\
RI�WKH�*XOI�RI�8UDEi�

7KH�DTXLIHUV�KDYH�DQ�HVWLPDWHG�SRURVLW\�RI������DQG�DQ�HIIHFWLYH�SRURVLW\�RI�������
+RZHYHU��LQ�DFFRUGDQFH�ZLWK�WKH�UDWH�RI�GHSRVLWLRQ�DQG�WKH�XQLIRUPLW\�RI�WKH�DOOXYLDO�
SODLQ�RI�WKH�4XDWHUQDU\��PRUH�LQYHVWLJDWLRQ�DQG�WHVWLQJ�DUH�UHFRPPHQGHG�WRZDUGV�
WKH�FRDVWDO�DUHD�LQ�RUGHU�WR�EHWWHU�GHWHUPLQH�WKH�DFWXDO�H[WHQVLRQ�RI�WKH�DTXLIHUV��

� $TXLWDUGV �$FW�

%DVHG�RQ�WKH�JHRORJLFDO�DQG�OLWKRVWUDWLJUDSKLF�SURILOHV�JHQHUDWHG�LQ�SUHYLRXV�VWXGLHV��
LQ�DGGLWLRQ�WR�WKH�SURILOHV�GHWHFWHG�GXULQJ�GLUHFW�H[SORUDWLRQ�LQ�WKH�SURMHFW�DUHD��WKH�
DOOXYLDO�GHSRVLWV�DQG� WRUUHQWLDO�DOOXYLDO�GHSRVLWV�VLWXDWHG� WR� WKH�HDVW�RI� WKH�DUHD�RI�
LQIOXHQFH�DUH�FRQVLGHUHG�WR�EH�RI�ORZ�K\GURJHRORJLFDO�SRWHQWLDO��ZKHUH�WKH�SDVVDJH�
RI� ZDWHU� LV� VORZHU� DQG� WKHUH� LV� OLWWOH� LQWHUFRQQHFWLRQ� EHWZHHQ� DUHDV� ZLWK� ZDWHU�
FRQWHQW���6HH�02'B/$B372B$17B��B+LGURJHRORJLD��

� 7HFWRQLFV

7KH�DUHD�RI�LQIOXHQFH�LV�VLWXDWHG�LQ�WKH�PLGGOH�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�WZR�ODUJH�
WHFWRQLF�EORFNV��7R� WKH�ZHVW�� WKH�3DQDPi�&KRFy�EORFN�H[WHQGV�IURP�WKH�H[WUHPH�
QRUWK�ZHVW�RI�WKH�ZHVWHUQ�UDQJH�RI�WKH�$QGHV�WR�WKH�'DULpQ�DQG�6DQ�%ODV�PRXQWDLQV��
WKH�$QGHV�EORFN�RI�WKH�6RXWK�$PHULFDQ�3ODWH�LV�ORFDWHG�WR�WKH�HDVW��7KH�VHDP�]RQH�
EHWZHHQ�ERWK�SODWHV�IROORZV�WKH�8UDPLWD�IDXOW��ZKLFK�LV�VLWXDWHG�RQ�WKH�ZHVWHUQ�IODQN�
RI�WKH�ZHVWHUQ�UDQJH�RI�WKH�$QGHV��� �VHH�)LJXUH����� DQG�)LJXUH�������

7KH� WHFWRQLFV� RI� WKH�8UDEi� DUHD� LV� DOVR� DVVRFLDWHG�ZLWK� WKH� G\QDPLFV� WKDW� H[LVW�
EHWZHHQ�EORFNV��ZKLFK�UHSUHVHQW�WKH�JHRORJLFDO�HYHQWV�UHFRUGHG�RQ�WKH�SODLQ��LQ�WKH�
$ELEH�0RXQWDLQV�DQG�WKH�VXUURXQGLQJ�DUHDV��7KH\�DUH�DQ�DFFXUDWH�UHIOHFWLRQ�RI�WKH�
H[LVWLQJ� UHOLHI�� DV� D� UHVSRQVH� WR� FRPSUHVVLRQ�� GLVWHQVLRQ�� WUDQVSUHVVLRQ� DQG�
WUDQVWHQVLRQ�HYHQWV����

��� 9È648(=��/���(YDOXDWLRQ�RI�K\GURJHRORJLFDO�LQIRUPDWLRQ�GHULYHG�IURP�WKH�SHUIRUDWLRQ�RI�GHHS�ZHOOV�DQG�YHUWLFDO�HOHFWULFDO�
VRXQGLQJV��������
��� 3,2�6�$�6���(',),&$�&2/20%,$�/7'$��*HRWHFKQLFDO�6WXG\�IRU�&RQFHSWXDO�(QJLQHHULQJ���������2S��&LW��
��� &25325$7,21� )25� 6867$,1$%/(� '(9(/230(17� ,1� 85$%È� �&253285$%È��� 1$7,21$/� 81,9(56,7<� 2)�
&2/20%,$��81$/����&RQFHSWXDO�K\GURJHRORJLFDO�PRGHO�RI�WKH�*XOI�RI�8UDEi�DTXLIHU��SURGXFHG�EDVHG�RQ�LQWHUSUHWDWLRQV�RI�
JHRORJLFDO�DQG�JHRSK\VLFDO�LQIRUPDWLRQ������������S�
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7KH�VFDOH�DQG�H[WHQVLRQ�RI�WKH�DTXLIHUV�LV�FRQWUROOHG�E\�WKH�SUHVHQFH�RI�VWUXFWXUDO�
DOLJQPHQWV�� WHFWRQLF�GLVORFDWLRQV�DQG� UHJLRQDO�VWUXFWXUHV� LQ� WKH�DUHD��VXFK�DV� WKH�
8UDPLWD�)DXOW�DQG�EURDG�V\QFOLQHV��

)LJXUH����� *HRORJLFDO�PDS�FUHDWHG�EDVHG�RQ�SODWHV���������������������������%��������������
���������������DQG�����DW����������VFDOH��

6RXUFH��,1*(20,1$6������DQG�������LQ�3,2�6�$�6���������

��� 3,2�6�$�6���(',),&$�&2/20%,$�/7'$��������2S��FLW��
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)LJXUH����� 7HFWRQLF�GLDJUDP�RI�WKH�8UDEi�UHJLRQ��VKRZLQJ�WKH�8UDPLWD�)DXOW��
6RXUFH��,1*(20,1$6������DQG�������LQ�3,2�6�$�6���������

'XH� WR� WHFWRQLF�DFWLYLW\� LQ� WKH�*XOI� RI�8UDEi�DQG� WKH�SUHVHQFH�RI� IDXOWV�� WKH� URFN�
PDVVLI� LV�KLJKO\� OLNHO\� WR�EH�DOWHUHG�DQG� IUDFWXUHG� LQ� LWV� VKDOORZHVW�VWUXFWXUH�� WKXV�
SURYLGLQJ�D�PHDQV�IRU�XQGHUJURXQG�ZDWHU�WR�PRYH�DURXQG��

*HRSK\VLFDO�SURVSHFWLRQV�DSSOLFDEOH�WR�WKH�DUHD�RI�LQIOXHQFH�

*HRSK\VLFDO�SURVSHFWLRQ�FRQVLVWV�RI�D�VHW�RI�PHWKRGRORJLHV�WKDW�HPSOR\�SK\VLFV�DQG�
PDWKHPDWLFDO� WHFKQLTXHV� DSSOLFDEOH� WR� XQGHUJURXQG� H[SORUDWLRQ� IRU� SXUSRVHV� RI�
VHHNLQJ� RU� VWXG\LQJ� PLQHUDO� UHVRXUFHV� RU� XVHIXO� VXEVWDQFHV�� E\� PHDQV� RI�
REVHUYDWLRQV�PDGH�IURP�WKH�DLU��IURP�ZDWHU��RQ�WKH�HDUWK¶V�VXUIDFH�DQG�LQVLGH�ZHOOV�
RU�SHUIRUDWLRQV��

��� ,ELG��
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,Q�WKLV�FDVH��WKH�PDLQ�PDWHULDO�DYDLODEOH�DUH�VSHFLILF�HOHFWULFDO�UHVLVWLYLW\�WHVWV��(57���
FRUUHODWHG�ZLWK� REVHUYDWLRQV�RQ� LQVWDOOHG� SLH]RPHWHUV��ZDWHU� H[WUDFWLRQ�ZHOOV� DQG�
JHRORJLFDO�DQG�JHRWHFKQLFDO�FDPSDLJQV�FDUULHG�RXW�IRU�WKH�SXUSRVH�RI�GHVLJQLQJ�DQG�
FRQVWUXFWLQJ�WKH�SRUW�LQIUDVWUXFWXUH��

7DEOH����� DQG�)LJXUH�1R������ EHORZ�SURYLGH�D�VXPPDU\�RI�WKH�H[LVWLQJ�WHVWV�DQG�
UHFRUGV�WKDW�DUH�DSSOLFDEOH�WR�WKH�VXEVHTXHQW�K\GURJHRORJLFDO�LQWHUSUHWDWLRQ�RI�WKH�
DUHD�RI�LQIOXHQFH���

7DEOH����� 'DWD�DQG�QRPHQFODWXUH� IURP�DSSOLFDEOH� WHVWV�DQG� UHFRUGV� LQ� WKH�DUHD� LQIOXHQFH� �
0DJQD±6LUJDV�FRRUGLQDWHV��RULJLQ�%RJRWi��0RGLILHG�

/RFDWLRQ 7\SH &RGH ;������������������<

�3LH]RPHWHUV��:HOOV��(57�
6RXUFH��&253285$%$���������

��� &25325$7,21� )25� 6867$,1$%/(� '(9(/230(17� ,1� 85$%È� �&253285$%È��� �(YDOXDWLRQ� RI� K\GURJHRORJLFDO�
LQIRUPDWLRQ�GHULYHG�IURP�WKH�SHUIRUDWLRQ�RI�GHHS�ZHOOV�DQG�YHUWLFDO�HOHFWULFDO�VRXQGLQJV�������

WƵŶƚŽ dŝƉŽ �ſĚŝŐŽ �ŽŽƌͺy �ŽŽƌͺz
Ϯ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s Wǌ��Ϭϯ ϳϬϴϳϰϮ͕ϱϭ ϭϯϲϴϵϲϯ
ϯ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s Wǌ��Ϭϰ�Ͳ��ĂŶĂĐŽů�EƵĞǀĂ��ŽůŽŶŝĂ ϳϬϴϳϱϰ͕ϯϮ ϭϯϲϴϵϲϬ
ϰ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s Wǌ��Ϭϱ�Ͳ��ĚŐĂƌ�^ŝůǀĂ ϳϬϳϳϰϵ͕Ϭϲ ϭϯϲϴϲϮϬ
ϭϲϵ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s �hͺ^�sͺϴ�Ͳ�hŶŝďĂŶ ϳϬϴϰϮϲ͕Ϯϵ ϭϯϲϴϴϴϲ
ϭϳϵ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s 'h��ͺ^�sͺϰ ϳϬϴϴϱϴ͕ϳϯ ϭϯϲϴϯϭϰ
ϮϬϱ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s &ŝŶĐĂ�/ƌŝƐ�ZĞĐƌĞŽ ϳϬϴϱϯϯ͕Ϭϲ ϭϯϲϱϵϬϲ
ϮϬϳ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s �ĂŶĂĐŽů�ŶƵĞǀĂ��ŽůŽŶŝĂ�ϭ ϳϬϴϳϰϮ͕ϱϭ ϭϯϲϴϵϲϯ
ϮϬϴ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s �ĂŶĂĐŽů�ŶƵĞǀĂ��ŽůŽŶŝĂ�Ϯ ϳϬϴϳϱϰ͕ϯϮ ϭϯϲϴϵϲϬ
ϮϬϵ WŝĞǌſŵĞƚƌŽƐ͕�WŽǌŽƐ͕�^�s �ĚŐĂƌ�^ŝůǀĂ ϳϬϳϳϰϵ͕Ϭϲ ϭϯϲϴϲϮϬ
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)LJXUH�1R������ /RFDWLRQ�RI�SLH]RPHWHUV��ZHOOV�DQG�(57�LQ�WKH�DUHD�RI�LQIOXHQFH�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

(OHFWULF�UHVLVWLYLW\�LV�D�SK\VLFDO�SURSHUW\�WKDW�YDULHV�IRU�HDFK�W\SH�RI�PHGLXP�LQ�ZKLFK�
LW�LV�PHDVXUHG��,W�FDQ�EH�XVHG�WR�GHWHUPLQH�GLIIHUHQFHV�LQ�WKH�OLWKRORJLFDO�PDNHXS�RI�
D�ODQG��URFN�RU�IOXLG�PDVV��

7KH�PRVW�FRPPRQO\�XVHG�WHFKQLTXH�RQ�WKH�VXUIDFH�WR�GLVFRYHU�WKH�GLVWULEXWLRQ�RI�
HOHFWULFDO�UHVLVWLYLWLHV�RYHU�GHSWK�LV�YHUWLFDO�HOHFWULF�VRXQGLQJ��9(6���,WV�JHRHOHFWULFDO�
PHWKRG�XVHV�UHVLVWLYLW\�YDOXHV�DQG�FRQWUDVWV�WR�GHWHUPLQH�DW�ZKLFK�GHSWKV�WKH�XQLWV�
ZLWK� GLIIHUHQW� UHVLVWLYLW\� YDOXHV� FDQ� EH� IRXQG�� EDVHG RQ� WKH� LQWHUSUHWDWLRQ� RI� DQ�
REVHUYHG�FXUYH�RI�DSSDUHQW�UHVLVWLYLWLHV��7KH�LQWHUSUHWDWLRQ�RI�WKH�VRXQGLQJ�FXUYHV�
REWDLQHG�LQ�WKH�ILHOG��ZLWK�WKHRUHWLFDO�SDUDPHWHUV�DQG�NQRZQ�UHFRUGV�RI�VWUDWLJUDSKLF�
FROXPQV��DOORZV�WKH�VRXQGLQJ�WR�EH�LQWHUSUHWHG���

� 0HWKRG�%DVLV�

:KHQ�FXUUHQW�E\�FRQGXFWLRQ�LV�DSSOLHG�WR�WKH�JURXQG�XVLQJ�HOHFWURGHV��DQ\�YDULDWLRQ�
LQ�FRQGXFWLYLW\�LQ�WKH�VXEVRLO�DOWHUV�WKH�IORZ�RI�FXUUHQW�ZLWKLQ�LW��ZKLFK�LQ�WXUQ�DIIHFWV�
WKH�GLVWULEXWLRQ�RI�WKH�HOHFWULF�SRWHQWLDO���
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7KH�H[WHQW�WR�ZKLFK�VXUIDFH�SRWHQWLDO�LV�DIIHFWHG�GHSHQGV�RQ�WKH�VL]H��ORFDWLRQ��IRUP�
DQG�FRQGXFWLYLW\�RI� WKH�PDWHULDO� WKDW�PDNHV�XS� WKH�VHFWLRQ�EHLQJ� LQYHVWLJDWHG��E\�
PHDQV�RI�WKH�PHDVXUHPHQWV�RI�SRWHQWLDO�WDNHQ�RQ�WKH�VXUIDFH��7KH�XVXDO�SUDFWLFH�LV�
WR� XVH� WZR� HOHFWURGHV� WR� LQMHFW� D FXUUHQW� LQWR� WKH� VXEVRLO�� DQG� WKHQ�PHDVXUH� WKH�
GLIIHUHQFH�LQ�SRWHQWLDO�EHWZHHQ�D�VHFRQG�SDLU�RI�HOHFWURGHV�ORFDWHG�LQ�D�OLQH�EHWZHHQ�
WKH�ILUVW��$�YDOXH�HQWLWOHG�³DSSDUHQW�UHVLVWLYLW\´�FDQ�EH�FDOFXODWHG�IURP�WKH�SRWHQWLDO�
GLIIHUHQFH�PHDVXUHPHQWV��WKH�FXUUHQW�DSSOLHG�DQG�DOVR�WKH�VHSDUDWLRQ�RI�HOHFWURGHV���

7KH� YDULDWLRQ� LQ� DSSDUHQW� UHVLVWLYLW\�� ZLWK� FKDQJHV� LQ� WKH� SRVLWLRQ� RI� RU� VSDFLQJ�
EHWZHHQ�WKH�HOHFWURGHV��SURYLGHV�LQIRUPDWLRQ�UHJDUGLQJ�YDULDWLRQV�LQ�WKH�VWUDWLILFDWLRQ�
RI�VXEVRLO��

7KH�VRXQGLQJ�FXUYHV�DUH�LQWHUSUHWHG�ZLWK�WKH�KHOS�RI�PDWKHPDWLFDO�PRGHOV�RU�SDWWHUQ�
FXUYHV��ZKLFK�LV�UHSUHVHQWHG�LQ�D�ELORJDULWKPLF�GLDJUDP�ZKHUH�WKH�UHVLVWLYLW\��2KP�
P��DQG�GHSWK��WKLFNQHVV�P��RI�WKH�YDULRXV�OD\HUV�WKDW�PDNH�XS�WKH�VXEVRLO�DUH�ZRUNHG�
RXW���

7\SLFDO�HOHFWULFDO UHVLVWLYLW\�YDOXHV� IRU�GLIIHUHQW�PDWHULDO� W\SHV�DUH�VKRZQ�EHORZ� LQ�
7DEOH������

7DEOH����� 7\SLFDO�HOHFWULFDO�UHVLVWLYLW\�YDOXHV
0DWHULDO�7\SH 5HVLVWLYLW\

�ɏͲŵͿ
6RXQG�EDVH�URFN�ZLWK�VSDFHG�GLDFODVHV� !�����

)UDFWXUHG�EDVH�URFN� ����������
)UDFWXUHG�EDVH�URFN�VDWXUDWHG�ZLWK�UXQQLQJ�ZDWHU�� ��������
)UDFWXUHG�EDVH�URFN�VDWXUDWHG�ZLWK�VDOW�ZDWHU� �������
3DUWLDOO\�VDWXUDWHG�JUXVV ���������
6DWXUDWHG�JUXVV �����
3DUWLDOO\�VDWXUDWHG�VDSUROLWH ��������
6DWXUDWHG�VDSUROLWH �������
3DUWLDOO\�VDWXUDWHG�JUDYHO ���������
6DWXUDWHG�JUDYHO �������
3DUWLDOO\�VDWXUDWHG�VDQG ��������
6DWXUDWHG�VDQG ��������
3DUWLDOO\�VDWXUDWHG�ORHVV �������
6DWXUDWHG�ORHVV �������
/RHVV�VDWXUDWHG�ZLWK�VDOW�ZDWHU �����
3DUWLDOO\�VDWXUDWHG�FOD\ ������
6DWXUDWHG�FOD\ �����
&OD\�VDWXUDWHG�ZLWK�VDOW�ZDWHU �����
'U\�YROFDQLF�DVK ���������
0RLVW�YROFDQLF�DVK ���������
6DWXUDWHG�YROFDQLF�DVK ��������
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6RXUFH��%,2(;3/25$�6�$����������

,Q�DFFRUGDQFH�ZLWK�WKH�UHFRUGV�IURP�ZHOOV��SLH]RPHWHUV�DQG�HOHFWULFDO�UHVLVWLYLW\�WHVWV�
ZKLFK� DUH� DYDLODEOH� IRU� WKH� DUHD�RI� LQIOXHQFH�DQG� FRUUHVSRQG� WR� WKH� EDVLV� RI� WKLV�
HYDOXDWLRQ��WKH�ILHOG UHSRUWV�IRU�WKH�DUHD�RI�LQIOXHQFH�DQG�DSSOLFDEOH�ZHOOV�DUH�VKRZQ�
EHORZ�LQ�7DEOH����� DQG�)LJXUH����� WR�)LJXUH������

7DEOH����� 5HFRUG�RI�HOHFWULFDO�UHVLVWLYLWLHV�IURP�H[LVWLQJ�WHVWV�DQG�H[SORUDWLRQV�LQ�WKH�DUHD�RI�
LQIOXHQFH�

/RFDWLRQ ,625(6�
�

,625(6��
�

,625(6��
�

522)B
7

%$6(B
4

7KLFN
�QHVV

7Z

7KLFN
�QHVV�
FOD\�
VWRQH

&8B9(6B��
8QLEDQ

�� �� �� � ��� � �

*8$'B9(6B
�

� � � � �� � �

,ULV�5HFUHR�
)DUP

� � � � �� � �

%DQDFRO�
1XHYD�

&RORQLD��

� � � � �� � �

%DQDFRO�
1XHYD�

&RORQLD��

� � � � � � �

(GJDU�6LOYD � � � � �� � �

6RXUFH��&253285$%È����������

��� %,2(;3/25$�6�$���+\GURJHRORJLFDO�VWXG\�LQ�WKH�$JULEDQ�IDUP�LQ�WKH�EDQDQD�JURZLQJ�UHJLRQ�RI�8UDEi�IRU�K\GUDXOLF�ZHOO�
GHVLJQ�����������SS�
��� &25325$7,21�)25�6867$,1$%/(�'(9(/230(17�,1�85$%È��&253285$%È���������2S��&LW��
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)LJXUH����� 5HFRUG�5HJLV&8B6(9B��8QLEDQ
6RXUFH��&253285$%È����������

/LWKRJUDSKLF�&ROXPQ
3LH]RPHWHU�QR�����(GJDU�6LOYD�)DUP

,QWHUYDO ,QWHUYDO�'HVFULSWLRQ
��� &OD\��PLG�JUH\�WR�JUHHQLVK�JUH\��PRWWOHG�ZLWK�EURZQ��RFKUH��LURQ�R[LGHV��PHGLXP�

KDUGQHVV��SODVWLF��ORZ�VROXELOLW\�
����� %ODFN�VDQG��ILQH�WR�YHU\�ILQH��DEXQGDQW�ORHVV�PDWUL[��DQJXODU��JRRG�VHOHFWLRQ��

%ODFN�FKHUW��DEXQGDQW�YHJHWDEOH�UHPDLQV��GHFRPSRVLQJ�ZRRG���3UHVHQFH�RI�FOD\��
DV�DERYH�

������ 6LOW\�VDQG\��PLG�JUH\�WR�EODFN��VROXEOH��UHPDLQV�RI�GHFRPSRVLQJ�YHJHWDEOH�
PDWHULDO��7UDFHV�RI�FOD\�DV�DERYH��LQFUHDVLQJ�WRZDUGV�WKH�EDVH��6DQG�WR�YHU\�ILQH�
VDQG��7RZDUGV�WKH�PLGGOH�RI�WKH�VHTXHQFH�WKHUH�LV�LQFUHDVHG�YHJHWDEOH�UHPDLQV�
FRQWHQW��DW�WKH�EDVH�WKH�VDQG\�SURSRUWLRQ�GHFUHDVHV��6RPH�VKHOO�IUDJPHQWV�

����� 6DQG��EODFN�WR�PLG�JUH\��ORDP\��ILQH�WR�YHU\�ILQH��DQJXODU��JRRG�VHOHFWLRQ��%ODFN�
FKHUW��K\DOLQH�TXDUW]��$EXQGDQW�VKHOO�IUDJPHQWV��&OD\�LV�PDURRQ�WR�OLJKW�EURZQ��

VROXEOH��VRPHZKDW�SODVWLF��VWLFN\��YHJHWDEOH�UHPDLQV�
����� 6DQG\�ORDP\�FOD\��JUHHQLVK�JUH\�WR�ROLYH�JUHHQ��VRIW��VROXEOH��D�ORW�RI�WKH�VDPSOH�

LV�ORVW�HQ�URXWH���6DQG�LV�ILQH�WR�YHU\�ILQH��OLNH�WKH�SUHYLRXV�LQWHUYDO��SUHVHQFH�RI�
VKHOOV�DQG�YHJHWDEOH�PDWHULDO

��� ,ELG����
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����� 6DQG��EODFN�WR�PLG�JUH\��ORDP\��ILQH�WR�YHU\�ILQH��DQJXODU��JRRG�VHOHFWLRQ��%ODFN�
FKHUW��K\DOLQH�TXDUW]��$EXQGDQW�VKHOO�IUDJPHQWV�&OD\�LV�EURZQ WR�OLJKW�EURZQ��

VROXEOH��VRPHZKDW�SODVWLF��VWLFN\��YHJHWDEOH�UHPDLQV
����� 6DQG\�ORDP\�FOD\��JUHHQLVK�JUH\�WR�ROLYH�JUHHQ��VRIW��VROXEOH��D�ORW�RI�WKH�VDPSOH�

LV�ORVW�HQ�URXWH���6DQG�LV�ILQH�WR�YHU\�ILQH��DV�DERYH��3UHVHQFH�RI�VKHOOV�DQG�
YHJHWDEOH�PDWHULDO�

����� 6DQG��EURZQ��OLJKW�EURZQ��EODFN��KLJK�WR�PHGLXP�ILQHQHVV��VXEDQJXODU�WR�
VXEURXQGHG��UHJXODU�VHOHFWLRQ��%URZQ�DQG�EODFN�FKHUW��K\DOLQH�TXDUW]��VKHOOV��/LWWOH�
WR�QR�GHFRPSRVLQJ�ZRRG��*UHHQLVK�JUH\�FOD\�DV�PDWUL[�WRZDUGV�WKH�EDVH��DV�ZHOO�

DV�EURNHQ�DQG�LQWDFW�VKHOOV�
����� &OD\��OLJKW�EURZQ��PLG�JUH\�WR�EOXHLVK�JUH\�WRZDUGV�WKH�EDVH��VWLFN\��UXEEHU\��

VRPHZKDW�VROXEOH��VRPHZKDW�VDQG\��WUDFHV�RI�VLOW��6DQG�LV�KLJK�WR�PHGLXP�
ILQHQHVV��VKHOO�IUDJPHQWV�

����� 6DQG��EODFN��K\DOLQH��WUDQVOXFHQW��EURZQ��VRPH�UHG��OLJKW�JUHHQ�DQG�OLJKW�EURZQ��
ILQH�WR�ILQH�JUDYHO��VXEDQJXODU�WR�VXEURXQGHG��SRRU�VHOHFWLRQ��DEXQGDQW�FOD\H\�
PDWUL[��OLJKW�JUHHQLVK�JUH\��VROXEOH�DQG�VWLFN\��%ODFN�DQG�EURZQ�FKHUW��K\DOLQH�
TXDUW]��WUDQVOXFHQW��IUDJPHQWV�RI�VHGLPHQWDU\�DQG�LJQHRXV�URFN��6RPH�VKHOO�

IUDJPHQWV�
������ ,QWHUVSHUVHG�FOD\��PLG�JUH\�WR�EOXHLVK�JUH\�PRWWOHG�ZLWK�OLJKW�EURZQ��VRIW��UXEEHU\��

VROXEOH��3UHVHQFH�RI�VDQG�ZLWK�����ILQH�WR�PHGLXP�LQ��FP�WR��FP�OD\HUV��ZLWK�
����VDQG��PLG�JUH\��EODFN��YHU\�ILQH�WR�PHGLXP��DQJXODU�WR VXEDQJXODU��UHJXODU�WR�
JRRG�VHOHFWLRQ��OLWWOH�FOD\H\�PDWUL[��K\DOLQH�TXDUW]�DQG�WUDQVOXFHQW��EODFN�FKHUW�DQG�
����FOD\��PRWWOHG��PLG�JUH\�WR�EOXHLVK�JUH\�DQG�EURZQ��VHPL�KDUG��VRPHZKDW�

VROXEOH��EUHDNV�XS�LQWR�EORFNV��WUDFHV�RI�VKHOOV�
������� 6DQG\�FOD\������FOD\��PRWWOHG��PLG�JUH\�WR�EOXHLVK�JUH\��EURZQ��VHPL�KDUG��

VRPHZKDW�VROXEOH��WRZDUGV�WKH�EDVH�WKH�SHUFHQWDJH�GURSV�WR������6DQG��PLG�
JUH\��EODFN��OLJKW�JUH\��YHU\�ILQH�WR�PHGLXP��DQJXODU�WR�VXEDQJXODU��UHJXODU�
VHOHFWLRQ��+\DOLQH�TXDUW]�DQG�WUDQVOXFHQW� EODFN�FKHUW��%ODFN�FKHUW�FRQWHQW�

LQFUHDVHV�WRZDUGV�WKH�EDVH��ODUJH�JUDLQ�VL]H�ZLWK�VRPH�YHU\�ODUJH�

)LJXUH����� /LWKRVWUDWLJUDSKLF�UHFRUG�LQ�SLH]RPHWHU��(GJDU�6LOYD�)DUP��
6RXUFH��&253285$%È����������

/LWKRJUDSKLF�&ROXPQ�± 3LH]RPHWHU�QR������%DQDFRO�/DQG

,QWHUYDO ,QWHUYDO�'HVFULSWLRQ
��� &OD\��GXQ�WR�OLJKW�EURZQ��VWLFN\��ORZ�VROXELOLW\��VRPHZKDW�SODVWLF��WRZDUGV�WKH�

EDVH�LW�WXUQV�YHU\�OLJKW�EURZQ�WR�JUHHQLVK�JUH\��YHLQHG�DQG�FOXPS\
������ %ODFN�WR�GDUN�JUH\�VDQG��WUDQVOXFHQW��K\DOLQH��ILQH�WR�YHU\�ILQH��DEXQGDQW�ORDP\�

PDWUL[��VXEDQJXODU�WR�DQJXODU��UHJXODU�WR�JRRG�VHOHFWLRQ��%ODFN�FKHUW��
WUDQVOXFHQW�TXDUW]��K\DOLQH��6RPH�VKHOO�IUDJPHQWV��FOD\�LV�EOXHLVK�JUH\�DQG�

OLJKW�EURZQ��$EXQGDQW�GHFRPSRVLQJ�YHJHWDEOH�UHPDLQV�WRZDUGV�WKH�EDVH�DQG�
EOXHLVK�WR�JUHHQLVK�JUH\�VLOW�

��� ,ELG��
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����� 6DQG\�VLOW��EOXHLVK�JUH\�WR�GDUN�JUH\��VROXEOH��DEXQGDQW�GHFRPSRVLQJ�
YHJHWDEOH�UHPDLQV��7UDFHV�RI�EURZQ�FOD\�OLNH�WKH�SUHYLRXV�LQWHUYDO��6DQG�LV�ILQH�

WR�YHU\�ILQH��6RPH�VKHOOV�LQ�WKH VHFWLRQ�
����� %ODFN�VDQG��WUDQVOXFHQW��K\DOLQH��ILQH�WR�YHU\�ILQH�WR�PHGLXP��VXEDQJXODU�WR�

DQJXODU��UHJXODU�WR�SRRU�VHOHFWLRQ��DEXQGDQW�FOD\H\�PDWUL[��PLG�JUH\�WR�EOXHLVK�
JUH\��7UDFHV�RI�EURZQ�FOD\��%ODFN�FKHUW��K\DOLQH�TXDUW]��WUDQVOXFHQW��VRPH�

EURNHQ�VKHOOV�DQG�VRPH�LQWDFW��7UDFHV�RI�GHFRPSRVLQJ�ZRRG�
����� &OD\��OLJKW�EURZQ��VRIW��VWLFN\��VROXEOH��VRPHZKDW�VDQG\��WUDFHV�RI�VLOW��6DQG�LV�

OLNH�WKH�SUHYLRXV�LQWHUYDO��6KHOO�IUDJPHQWV��$W�WKH�EDVH�FOD\�LV�PLG�JUH\�WR�
EOXHLVK�JUH\��PRWWOHG�ZLWK�OLJKW�EURZQ�

)LJXUH����� /LWKRVWUDWLJUDSKLF�UHFRUG�LQ�SLH]RPHWHU��%DQDFRO�ODQG���1XHYD�&RORQLD�
6RXUFH��&253285$%È����������

7KH�DYDLODEOH�GDWD� LV�XVHG�WR�DQDO\]H�WKH� OLWKRVWUDWLJUDSKLF�FROXPQV�� WKH�HOHFWULFDO�
UHVLVWLYLW\� LQIRUPDWLRQ� UHFRUGHG� LQ� WKH� (57� DQG� WKH� SRWHQWLDO� TXDOLW\� RI� WKH�
XQGHUJURXQG�ZDWHU��7KH�WKLFNQHVV��SRURVLW\�DQG�WUDQVPLVVLYLW\�RI�WKH�OD\HUV�WKDW�DUH�
SRWHQWLDOO\�DTXLIHUV�DUH�DOVR�GHILQHG����

,Q�RUGHU� WR�FDOFXODWH� WKH�DIRUHPHQWLRQHG�SURSHUWLHV�� WKH�VR�FDOOHG�IRUPDWLRQ�IDFWRU�
�)��LV�WDNHQ�LQWR�DFFRXQW��VHH�7DEOH��������7KLV�IDFWRU�OLQNV�WKH�JUDLQ�VL]H�RI�WKH�URFN�
RU�QRQ�FRQVROLGDWHG�VHGLPHQW�ZLWK�WKH�UHVLVWLYLW\�YDOXH��LQ�WKH�IROORZLQJ�ZD\����

7DEOH����� )RUPDWLRQ�IDFWRU�FRUUHODWLRQV�
)DFWRU &RUUHODWLRQ

���� &OD\�DQG�ORHVV

� )LQH�VDQG

� 0HGLXP�DQG�FRDUVH�VDQG

���� *UDYHO

� 1RW�YHU\�FRQVROLGDWHG�WR�ZHOO�FRQVROLGDWHG�URFN�
DQG�VHGLPHQW

6RXUFH��&253285$%È����������

,Q�WKLV�ZD\��DQG�EDVHG�RQ�WKH�OLWKRJUDSKLF�GHVFULSWLRQ��HDFK�UHVLVWLYLW\�YDOXH�LQ�WKH�
DUHD�RI�LQIOXHQFH�ZDV�DVVLJQHG�D�IRUPDWLRQ�IDFWRU�YDOXH���

��� ,ELG��
��� ,ELG��
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)RU�WKH�ZDWHU�TXDOLW\�RI�WKH�SRWHQWLDO�DTXLIHU�OHYHOV��WKH�IRUPDWLRQ�IDFWRU�LV�XVHG�E\�
FRUUHODWLQJ�WKH�HOHFWULFDO�UHVLVWLYLW\�PHDVXUHG�ZLWK�WKH�(57��5I��DQG�WKH�UHVLVWLYLW\�RI�
XQGHUJURXQG�ZDWHU��5Z���DQG�E\�FDOFXODWLQJ�WKH�HOHFWULFDO�FRQGXFWLYLW\�RI�WKH�ZDWHU�
�ı��WKURXJK�WKH�IROORZLQJ�IRUPXODV���

)� �5I��5Z� ı� ��������5Z

7DEOH����� 5HVLVWLYLW\�DQG�HOHFWULFDO�FRQGXFWLYLW\�YDOXHV

9(6 )RUPDWLRQ�
5HVLVWLYLW\�
�5I��2KP�P�

)RUPDWLRQ�)DFWRU :DWHU�5HVLVWLYLW\�
�5Z��2KP�P�

(OHFWULFDO�
FRQGXFWLYLW\�RI�

ZDWHU�
�P6LHPHQV�P�

&8�6(9��� �� � � ���

6RXUFH��&253285$%È���������

:KHQ�WKH�HOHFWULFDO�FRQGXFWLYLW\�RI�WKH�ZDWHU�KDV�EHHQ�GHWHUPLQHG��DQ�HVWLPDWH�RI�
WKH� SRWHQWLDO� DPRXQW� RI� 7RWDO� 'LVVROYHG� 6ROLGV� �7'6�� FDQ� EH� PDGH� XVLQJ� WKH�
IROORZLQJ�IRUPXOD���

7'6��PJ�O�� ����ı��P6�P�

7'6� �PJ�O��  � ������ WKLV� YDOXH� FRUUHVSRQGV� WR� D� FODVVLILFDWLRQ� RI� EUDFNLVK�� $V�
PHQWLRQHG�E\�9D]TXH]�LQ�KLV�VWXGLHV��WKH�LQWUXVLRQ�RI�D�SDUWLFXODU�VDOW�ZHGJH�FRXOG�
KDYH�WDNHQ�SODFH����

7KH�YHUWLFDO�HOHFWULFDO�VRXQGLQJ�GDWD�DQG�WKH�LQWHUSUHWDWLRQ�RI�WKH�SLH]RPHWHUV�DQG�
ZHOOV�LQ�WKH�DUHD�ZHUH�XVHG�WR�DVFHUWDLQ�WKH�WKLFNQHVV�RI�WKH�DTXLIHU�LQ�WKH�DUHD�RI�
LQIOXHQFH��,Q�WKH�FDVH�RI�WKH�4XDWHUQDU\��WKH�WKLFNQHVV�YDOXHV�RI�HDFK�DTXLIHU�OHYHO�
ZHUH�DGGHG�XS��

7DEOH����� 7KLFNQHVV�RI�WKH�DTXLIHU�LQ�WKH�DUHD�RI�LQIOXHQFH
&8�6(9��� ����4�

6RXUFH��&253285$%È���������

:LWK� UHJDUGV� WR� WKH� SRURVLW\� RI� WKH� DTXLIHU��$UFKLH¶V� ODZ� FDQ� EH� XVHG� WR� JLYH� DQ�
HVWLPDWH�RI�WKH�SRURVLW\�RI�WKH�DTXLIHU�OHYHOV�ZLWK�WKH�IROORZLQJ�IRUPXOD��

)� ���ĳP

:KHUH�)� �)RUPDWLRQ�)DFWRU��DQG�0�YDULHV�DV�IROORZV��

7DEOH����� 3RURVLW\�FRUUHODWLRQV�

��� &25325$7,21�)25�6867$,1$%/(�'(9(/230(17�,1�85$%È��&253285$%È��� ������2S�&LW�
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0 &RUUHODWLRQ
��� 8QFRQVROLGDWHG�VHGLPHQW
��� 1RW�YHU\�FRPSDFW�SRURXV�URFN
� &RPSDFW�URFN

6RXUFH��$67,(5���������

7DEOH����� 3RURVLW\�DQG�UHODWLYH�SRURVLW\�RI�WKH�OLWKRJUDSKLF�XQLW
9(6 32526,7< ())(&7,9(�32526,7<
&8�6(9��� ���� ����

6RXUFH��&253285$%È���������

$�VXPPDU\�RI�WKH�UHVXOWV�REWDLQHG�LV�SURYLGHG�EHORZ��
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)LJXUH������� %ORFN�'LDJUDP�LQ�=RQH�RI�,QIOXHQFH�,,
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� ������
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(YDOXDWLRQ�RI�$TXLIHU�9XOQHUDELOLW\��*2'�

$FFRUGLQJ�WR�WKH�SLH]RPHWULF�PHDVXUHPHQWV��WKH�SHUIRUDWLRQ�UHFRUGV�LQ�WKH�DUHD�DQG�
ERWK�PHFKDQLFDO�DQG�SK\VLFRFKHPLFDO�ODERUDWRU\�WHVWV��DQ�HYDOXDWLRQ�RI�WKH�LQWULQVLF�
YXOQHUDELOLW\� RI� WKH� DUHD� RI� WKH� LQIOXHQFH� EDVHG� RQ� WKH�*2'�PHWKRG� LV� SURYLGHG�
EHORZ��7KLV�LV�WKH�PHWKRG�WKDW�EHVW�VXLWV�WKH�DSSOLFDEOH�FKDUDFWHUL]DWLRQ�W\SH��VHH�
)LJXUH������ DQG�7DEOH�������

)LJXUH������� 'LDJUDP�RI�WKH�*2'�PHWKRG�IRU�HYDOXDWLQJ�LQWULQVLF�YXOQHUDELOLW\��
6RXUFH��(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW�0LQLVWU\����������

��� (19,5210(17��+286,1*�$1'�7(55,725,$/�'(9(/230(17�0,1,675<���0HWKRGRORJLFDO�SURSRVDO�IRU�HYDOXDWLQJ�WKH�
LQWULQVLF�YXOQHUDELOLW\�RI�DTXLIHUV�WR�FRQWDPLQDWLRQ�����������S�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

7DEOH������ 9XOQHUDELOLW\�FODVVLILFDWLRQ�DFFRUGLQJ�WR�WKH�*2'�PHWKRG

6FRUH 9XOQHUDELOLW\
����± ��� 9HU\�KLJK
����± ��� +LJK
����± ��� 0RGHUDWH
����± ��� /RZ
����� 9HU\�ORZ

6RXUFH��(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW�0LQLVWU\����������

)RU�RXU�FDVH��WKHUH�DUH�WKUHH�����OHYHOV�WKDW�FRQWDLQ�ZDWHU�LQ�GLIIHUHQW�FRQGLWLRQV��7KH�
ILUVW�OHYHO�KDV�ZDWHU�ZLWK�VRPH�RU�OLWWOH�IORZ������P��WKDW�LV�PDLQO\�FRQWDLQHG�ZLWKLQ�
WKH�DUHD¶V�PDWUL[�RI�XQFRQVROLGDWHG�FOD\H\��ORDP\�DQG�VDQG\�PDWHULDOV����$�VHFRQG�
OHYHO�FRQWDLQV�WKH�ILUVW�DQG�VKDOORZHVW�RI�WKH�FRQILQHG�DTXLIHUV�������P����7KH�WKLUG�
OHYHO�FRUUHVSRQGV�WR�D�FRQILQHG�DTXLIHU��WKH�URRI�RI�ZKLFK�FDQ�EH�IRXQG�IURP����P��
ZKLFK�LV�HVWLPDWHG�WR�EHORQJ�WR�WKH�WHUWLDU\�IRUPDWLRQ�WKDW�GRHV�QRW�UHDFK�WKH�VXUIDFH�
ZLWKLQ�WKH�RYHUO\LQJ�DOOXYLDO�SODLQ��VHH�7DEOH�������

7DEOH������ 5HVXOWV�RI�WKH�HYDOXDWLRQ�RI�WKH�DTXLIHUV¶�LQWULQVLF�YXOQHUDELOLW\��*2'�

*2'
������P �������P ������P

* *URXQGZDWHU�RFFXUUHQFH ��� ��� ���
2 2YHUDOO�DTXLIHU�FODVV ��� ��� ���
' 'HSWK � ��� ���

9XOQHUDELOLW\�,QGH[��9,� ���� ����� �����

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

$V� WKH� UHVXOWV�VKRZ��YXOQHUDELOLW\� IDOOV� LQWR� WKH�FDWHJRU\�RI� ³/RZ´��ZLWK� WKH�XSSHU�
OD\HUV� �����P�� WKDW� DUH� LQ� FRQVWDQW� VDWXUDWLRQ� EHLQJ� PRUH� VXVFHSWLEOH� WR�
FRQWDPLQDWLRQ����+RZHYHU��LW�LV�KLJKO\�SRVVLEOH�WKDW�WKH�UDWH�RI�FRQWDPLQDWLRQ�LQWR�WKH�
VRLO�LV�VXEVWDQWLDOO\�ORZHU��GXH�WR�WKH�VORZ�IORZ�FRQGLWLRQV�LQ�WKHVH�OD\HUV��7KLV�WKHRU\�
FRXOG�EH�FKHFNHG�E\�FDUU\LQJ�RXW�PRUH�LQVSHFWLRQV�LQ�WKH�DUHD�RI�LQIOXHQFH��

7KH�FRQILQHG�DTXLIHU�OHYHOV��ZKLFK�DUH�VLWXDWHG�EHWZHHQ���P�DQG����P�DQG�DUH�WKH�
PRVW�LPSRUWDQW��KDYH�D�YXOQHUDELOLW\�OHYHO�RI�³YHU\�ORZ´��7KLV�LV�SULPDULO\�GXH�WR�WKH�

��� (19,5210(17��+286,1*�$1'�7(55,725,$/�'(9(/230(17�0,1,675<��������2S�FLW�
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GHSWK� DW� ZKLFK� WKHLU� URRI� LV� ORFDWHG�� DQG� WKH� OLWKRVWUDWLJUDSKLF� PDNHXS� RI� WKH�
VXUURXQGLQJ�VRLO��

7KH�YXOQHUDELOLW\�PDS�DFFRUGLQJ� WR� WKH�'5$67,&�PHWKRG� LV� VKRZQ�EHORZ�RYHU�D�
PRUH�H[WHQVLYH DUHD��&UHDWHG�E\�&253285$%È�LQ�������LW�VKRZV�WKDW�WKH�DUHD�RI�
LQIOXHQFH�LV�FODVVLILHG�DV�RI�ORZ�YXOQHUDELOLW\�LQ�WKH�FRDVWDO�]RQH�RI�WKH�*XOI��EHFRPLQJ�
RI�PRGHUDWH�YXOQHUDELOLW\�DV�LW�DGYDQFHV�WRZDUGV�WKH�FRQWLQHQWDO�VKHOI��DV�GHSLFWHG�
LQ�)LJXUH�������

)LJXUH������� 9XOQHUDELOLW\�PDS�RI�WKH�*XOI�RI�8UDEi��/RZ�YXOQHUDELOLW\�VKRZQ�LQ�SLQN�DQG�PHGLXP�
YXOQHUDELOLW\�VKRZQ�LQ�UHG���'UDVWLF�PRGHO��������
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6RXUFH��&253285$%È�± 8QLYHUVLW\�RI�$QWLRTXLD�����������

&RQFOXVLRQV

Ǧ 5HFKDUJH�DUHDV��5$�

7KHVH�DUH�WKH�SRLQWV�ZKHUH�WKH�ZDWHU�WDEOH�LQWHUVHFWV�WKH�JURXQG¶V�VXUIDFH��JLYLQJ�
ULVH�WR�VSULQJV��VWUHDPV�DQG�PDUVK\�DUHDV�RU�GLUHFWO\�IHHGLQJ�WKH�ERGLHV�RI�ZDWHU�WKDW�
DUH�HVWDEOLVKHG�DV�D�EDVH�OLQH��,Q�WKLV�UHSRUW��WKH�UHFKDUJH�DUHD�KDV�EHHQ�GHWHUPLQHG�
WR�SULPDULO\�FRUUHVSRQG�WR�ZLGH�H[SDQVHV�RI�OLWKRJUDSKLF�XQLWV�7�%�DQG�7�&�XQGHU�
WKH�DOOXYLDO�PDQWOHV��DQG�FDQ�EH�IRXQG�RQ�WKH�VXUIDFH�IURP�WKH�IRRWKLOOV�RI�WKH�$ELEH�
0RXQWDLQV��7KHVH�XQLWV�DUH�FRQVLGHUHG�WR�EH�VXLWDEOH�IRU�WKH�UHFKDUJLQJ�DQG�VWRUDJH�
RI�XQGHUJURXQG�ZDWHU��

,W�LV�DOVR�QRWHZRUWK\�WKDW�WKH�GLSV�LQ�WKH�FDWFKPHQW�DUHD�PDLQO\�UXQ�LQ�DQ�HDVW�ZHVW�
DQG�VRXWK�QRUWK�GLUHFWLRQ��ZKLFK�ZRXOG�IDFLOLWDWH�WKH�UHFKDUJLQJ�RI�WKH�DTXLIHUV���

7KH� DUHDV� KDYH� EHHQ� FRQVLGHUHG� EDVHG� RQ� H[LVWLQJ� NQRZOHGJH� RI� WKH� DUHD� DQG�
SUHYLRXV�VWXGLHV�FDUULHG�RXW�E\�YDULRXV�RUJDQL]DWLRQV��DQG�DOVR�GXH�WR�WKHLU�IODW�WR�
XQGXODWLQJ�WRSRJUDSK\��SUHVHQW�JHRPRUSKRORJ\�DQG�JHRJUDSKLFDO�SRVLWLRQ��

,Q� JHRPRUSKRORJLFDO� WHUPV�� WKH� FDWFKPHQW� DUHDV� RI� WKH� /HyQ� 5LYHU DQG� 5LYHU�
&XUUXODR�DOVR�UHSUHVHQW�DUHDV�ZKHUH�WKH�DSSURSULDWH�FRQGLWLRQV�H[LVW�WR�HQDEOH�ZDWHU�
RULJLQDWLQJ� IURP� UXQ�RII� DQG�SUHFLSLWDWLRQ� WR�VHHS� LQWR� WKH�VXEVRLO��7KH�FDWFKPHQW�
DUHD�KDV� ODUJH�H[SDQVHV�RI�DOOXYLDO�SODLQV�FRQQHFWHG�ZLWK� WKH�ERGLHV�RI�ZDWHU�� LQ�
DGGLWLRQ�WR�JUDQXORPHWU\�DQG�WKH�IRUPDWLRQ�RI�JUDQXODU�PDWHULDO���

Ǧ ,QILOWUDWLRQ�=RQHV��,=�

7KHVH�DUH�DUHDV�RI�KLJK�SHUPHDELOLW\�DQG�ORZ�JUDGLHQWV��ZKHUH�UDLQIDOO�LQILOWUDWHV�DQG�
FUHDWHV� VXEVXUIDFH� IORZV�� RU� IHHGV� IUHH� DTXLIHUV� WKDW� UHJXODWH� WKH� ZDWHU� F\FOH��
,QILOWUDWLRQ�]RQHV�PDLQWDLQ�ZDWHU�VXSSO\�LQ�WKH�GU\�VHDVRQ����

��� &253285$%$�² 81,9(56,7<�2)�$17,248,$�������
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9HU\�IHZ�]RQHV�RI�WKLV�W\SH�FDQ�EH�IRXQG�LQ�WKH�DUHD�RI�LQIOXHQFH��7KLV�LV�GXH�WR�WKH�
SULPDU\�PDNHXS�RI�WKH�FOD\H\�OD\HUV�RQ�WKH�VXUIDFH�RI�WKH�DOOXYLDO�SODLQ��ZKLFK�GHVSLWH�
EHLQJ�ORZ�JUDGLHQW�DOVR�KDV�ORZ�SHUPHDELOLW\�OHYHOV��

Ǧ /LWKRORJ\

7HUWLDU\�VHGLPHQWDU\�URFNV�GR�QRW�VXUIDFH�LQ�WKH�DUHD��DQG�LWV�OLWKRORJ\�FRUUHVSRQGV�
WR�D�4XDWHUQDU\�DOOXYLDO�SODLQ��+RZHYHU�� WKH�H[LVWHQFH�RI� WKH� WZR�7HUWLDU\�XQLWV� LV�
FOHDU��RQH�IURP�D�PDULQH�IRUPDWLRQ�HQYLURQPHQW��8QLW�7���ZLWKRXW�K\GURJHRORJLFDO�
VLJQLILFDQFH��DQG�WKH�RWKHU�IURP�DQ�LQODQG�HQYLURQPHQW��8QLW�7���ZKLFK�LV�PRUH�UHFHQW�
WKDQ�WKH�ILUVW�DQG�LV�RI�K\GURJHRORJLFDO�VLJQLILFDQFH��

Ǧ *UDQXORPHWU\

%URDGO\�VSHDNLQJ��JUDQXORPHWU\�GHFUHDVHV�JUDGXDOO\�IURP�VRXWK�WR�QRUWK�DQG�IURP�
HDVW�WR�ZHVW��RFFXUULQJ�LQ�WKH�PHFKDQLFDO�SHUIRUDWLRQV�PDGH�DQG�JLYLQJ�SURILOHV�RI�
DOOXYLDO�PDWHULDO�DW�JUHDW�GHSWKV��FRQVLVWLQJ�RI�VDQG��VLOW��FOD\�DQG�PXG��,W�VKRXOG�EH�
PHQWLRQHG� WKDW� LQ� WKH� VWXGLHV� FDUULHG� RXW� E\� &RUSRXUDEi� IRU� D� ODUJHU� VFDOH�� WKLV�
SDWWHUQ�LV�DVVRFLDWHG�ZLWK�DQ�DEVHQFH�RI�LJQHRXV�DQG�PHWDPRUSKLF�URFNV�LQ�WKH�DUHD��
7KLV�LV�KLJKO\�FRQVLVWHQW�ZLWK�WKH�JHRORJLFDO�PDS�RI�WKH�DUHD����

Ǧ 'LSV

7KH�OLWKRJUDSKLF�OD\HUV�LQ�WKH�DUHD�VKRZ�D�SURQRXQFHG�GLS�LQ�DQ�HDVW�WR�ZHVW�GLUHFWLRQ�
DQG�D�JHQWOHU�RQH�LQ D�VRXWK�WR�QRUWK�GLUHFWLRQ��,Q�JHQHUDO�WHUPV��WKH�HDVW�ZHVW�GLS�
PD\�LQGLFDWH�WKDW�WKH�SULPDU\�DUHD�LV�ORFDWHG�LQ�WKH�HDVW�RI�WKH�FDWFKPHQW�DUHD��2Q�
WKH� RWKHU� KDQG�� VWXGLHV� LQGLFDWH� WKDW� WKH� VRXWK�QRUWK� GLS� FDQ� EH� DVVXPHG� WR� EH�
DVVRFLDWHG�ZLWK�WKH�SURFHVV�WKURXJK�ZKLFK�WKH�ODQGPDVV�JDLQV�JURXQG�RQ�WKH�VHD�
GXH� WR� WKH�FRDVWDO�VHGLPHQW�GHSRVLWLRQ� WKDW�KDV� WDNHQ�SODFH� LQ� WKH�*XOI�RI�8UDEi�
GXULQJ�WKH�+RORFHQH����

&ORVHVW�WR�WKH�FRDVW��D�PDUNHG�GLVFRQWLQXLW\�LQ�VLOW�± FOD\�± VDQG�VHTXHQFHV�FDQ�EH�
DSSUHFLDWHG��ZLWK�QR�DSSDUHQW�RUJDQL]DWLRQ���

��� &25325$7,21�)25�6867$,1$%/(�'(9(/230(17�,1�85$%È�±&253285$%È��������2S��&LW�
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����� 2FHDQRJUDSK\

7KH�&DULEEHDQ�6HD�LV�RQH�RI�WKH�WZR�SDUWV�RI�WKH�,QWUD�$WODQWLF�6HD��ZKLFK�ZLWK�DQ�
DSSUR[LPDWH�VXUIDFH�DUHD�RI�����������NP��DQG�DSSUR[LPDWH�YROXPH�RI�����������
NP�� LV� WKH� ODUJHVW� UHJLRQDO� VHD� RI� WKH� $WODQWLF� 2FHDQ� �VHH� )LJXUH� �������� ,W� LV�
VHSDUDWHG�IURP�WKH�PDLQ�EDVLQV�RI�WKH�$WODQWLF�2FHDQ�E\�D�VHULHV�RI�VPDOO�LVODQGV���

DQG�LV�GLYLGHG�LQ�WKUHH�SULQFLSDO�SDUWV��WKH�9HQH]XHOD�%DVLQ�LQ�WKH�HDVW��WKH�&D\PDQ�
6HD�LQ�WKH�ZHVW�DQG�WKH�&RORPELD�%DVLQ�LQ�WKH�FHQWUDO�DQG�VRXWK�ZHVWHUQ�UHJLRQ����

7R� WKH�QRUWK� LW� H[WHQGV�DV� IDU� DV� WKH�*UHDWHU�$QWLOOHV� DQG�DV� IDU� DV� WKH� FRDVW�RI�
9HQH]XHOD� DQG�&RORPELD� WR� WKH� VRXWK�� ,W� LV�PDGH� XS� RI� D� UHODWLYHO\� GHHS� EDVLQ��
GLYLGHG�LQWR�ILYH�VXE�EDVLQV��*UDQDGD��9HQH]XHOD��&RORPELD��&D\PDQ�DQG�<XFDWiQ�
�VHH�)LJXUH����������7KH�&DULEEHDQ�6HD�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�PDVV�EDODQFH�
RI�WKH�$WODQWLF�2FHDQ�����

,Q� WURSLFDO� VHDV�� RFHDQLF� ZDWHU� WHQGV� WR� GLVSOD\� D� GHILQHG� YHUWLFDO� VWUDWLILFDWLRQ��
IRUPLQJ� RYHUOD\LQJ� OD\HUV� WKDW� DUH� SULPDULO\� GLIIHUHQWLDWHG� E\� WKHLU� GHQVLW\�� 7KH�
YHUWLFDO� VWUXFWXUH� RI� WKH�&DULEEHDQ�6HD� VKRZV� KLJKO\� VWUDWLILHG�ZDWHUV� LQ� WKH� ILUVW�
����P��ZHDNO\ VWUDWLILHG�ZDWHUV�EHWZHHQ�����P�DQG�����P�DQG�YHU\�XQLIRUP�ZDWHUV�
EHORZ�GHSWKV�RI�����P������7KH�YDULDEOH�VHDEHG�WRSRJUDSK\�DQG�H[WUHPHO\�LUUHJXODU�
FRDVWOLQH�PD\�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�SK\VLFDO�SURFHVVHV�LQ�WKH�UHJLRQ�����

��� 6+(1*��-���7$1*��/��$�1XPHULFDO�6WXG\�RI�&LUFXODWLRQ�LQ�WKH�:HVWHUQ�&DULEEHDQ�6HD��,Q -RXUQDO�RI�3K\VLFDO�2FHDQRJUDSK\��
��������������������
��� $1'5$'(��&�$���7KH�VXUIDFH�FXUUHQWV�LQ�WKH�&RORPELD�%DVLQ�REVHUYHG�ZLWK�GULIWLQJ�EXR\V��,Q 0DJD]LQH�RI�WKH�&RORPELDQ�
$FDGHP\�RI�([DFW��3K\VLFDO�DQG�1DWXUDO�6FLHQFHV�����������������������
��� &$5721�� -�$���&+$2��<��&DULEEHDQ�6HD�HGGLHV�LQIHUUHG�IURP�723(;�326(,'21�DOWLPHWU\�DQG�D������$WODQWLF�2FHDQ�
PRGHO�VLPXODWLRQ��-��*HRSK\V��5HV������&������������������
��� :867��*��6WUDWLILFDWLRQ�DQG�&LUFXODWLRQ�LQ�WKH�$QWLOOHDQ±&DULEEHDQ�%DVLQV��3DUW�,��6SUHDGLQJ�DQG�0L[LQJ�RI�WKH�:DWHU�7\SHV�
ZLWK�DQ�2FHDQRJUDSKLF�$WODV��&ROXPELD�8QLYHUVLW\�3UHVV������������S�
��� 6+(1*�DQG 7$1*��������2S�&LW�
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)LJXUH������ 0DS�DQG�EDWK\PHWU\�RI�WKH�&DULEEHDQ�6HD�
6RXUFH��-RXDQQR�HW�DO��������

Ǧ :DWHU�0DVVHV�LQ�WKH�&DULEEHDQ��

7KH�FRQFHSW�RI�ZDWHU�PDVVHV�LV�XVHG�E\�VRPH�RFHDQRJUDSKHUV�WR�GHILQH�RFHDQLF�
VWUDWLILFDWLRQ��YHUWLFDO�VWUXFWXUH���ZKLOH�RWKHUV�EHOLHYH�WKDW�WKH�PDVVHV�GHVFULEH�WKH�
ZDWHU¶V� SURSHUWLHV�� $Q� XQGHUVWDQGLQJ� RI� SURSHUWLHV� VXFK� DV� WHPSHUDWXUH�� VDOLQLW\��
GLVVROYHG�R[\JHQ�DQG�QXWULHQWV�DOORZV�WKH�EHKDYLRU�RI�GHHS�FXUUHQWV�WR�EH�LQIHUUHG��
7KDQNV�WR�WKH�FRQVHUYDWLYH�SURSHUWLHV�RI WHPSHUDWXUH�DQG�VDOLQLW\��WKHVH�SDUDPHWHUV�
KDYH�EHHQ�XVHG�WR� LGHQWLI\�DQG�GHVFULEH�ZDWHU�PDVVHV�E\�XVLQJ�WHPSHUDWXUH�DQG�
VDOLQLW\�JUDSKV�ZLWK�LVRS\FQLF�OLQHV�WKDW�OLQNV�ZDWHU�GHQVLW\�WR�WHPSHUDWXUH�DQG�VDOLQLW\�
YDOXHV����

2FHDQLF�ZDWHU�LQ�WURSLFDO�VHDV�WHQGV�WR�GLVSOD\�D�GHILQHG�YHUWLFDO�VWUDWLILFDWLRQ��7KH�
WHPSHUDWXUH�RI�WKH�&DULEEHDQ�6HD�VKRZV�D�SURQRXQFHG�JUDGLHQW��ZLWK�ZDUP�ZDWHU�
IURP�WKH�VXUIDFH�WR�WKH�XSSHU�SDUW�RI�WKH�WKHUPRFOLQH��D�GHSWK�RI����P�WR����P���7KH�
SUHVHQFH�RI�D�PDUNHG�WKHUPRFOLQH�KLQGHUV� WKH�YHUWLFDO�PL[LQJ�RI�ZDWHU�� WKH�XSSHU�
OD\HU� WKHUHIRUH� VKRZV� KLJKHU� WHPSHUDWXUHV�� EXW� IURP� WKHUHRQ� GRZQZDUGV� WKH�

��� /2=$12�±'848(��<���0('(//,1�±025$��-���1$9$6��*�5���&OLPDWRORJLFDO�DQG�RFHDQRJUDSKLF�FRQWH[W�RI�WKH�&RORPELDQ�
&DULEEHDQ�6HD��� ,Q�� ,19(0$5� �(GV���� �%LRGLYHUVLW\�RI� WKH�FRQWLQHQWDO�PDUJLQ�RI�&RORPELD���6HULHV�RI� VSHFLDO�SXEOLFDWLRQV��
,19(0$5������� ��������S
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WHPSHUDWXUH� GHFUHDVHV� UDSLGO\�� � $W� D� GHSWK� RI� ����P� WKH� ZDWHU� WHPSHUDWXUH� LV�
DSSUR[LPDWHO\���&��ZLWK�OLWWOH�YDULDELOLW\�LQ�WKH�EDVLQV�RI�WKH�&DULEEHDQ�6HD����

6DOLQLW\�VKRZV�D�YDULDWLRQ�LQ�WKH�ILUVW�����P�RI�ZDWHU�EXW�VWDELOL]HV�IURP�WKLV�GHSWK�
RQZDUGV��VKRZLQJ�KLJKHU�YDOXHV�WKDQ�RQ�WKH�VXUIDFH��

7KH�VWXGLHV�GHVFULELQJ�WKH�PDVVHV�RI�ZDWHU�FDUULHG�RXW�E\�&253(6���������8UEDQR�
��������*LUDOGR������� DQG�$QGUDGH��������YDU\�LQ�WKHLU�GHILQLWLRQ�RI�WKH�QXPEHU�RI�
OD\HUV� WKDW� H[LVW� DW� VXUIDFH� OHYHO� DQG� WKHLU� SULPDU\� FKDUDFWHULVWLFV�� DOWKRXJK� WKHLU�
UHVXOWV�IRU�WKH�GHHS�OD\HUV�DUH�PDWFKLQJ��7KLV�VLWXDWLRQ�GHPRQVWUDWHV�WKH�YDULDELOLW\�
DQG�LQVWDELOLW\�RI�WKH�PDVVHV�RI�ZDWHU�LQ�WKH�XSSHU�OD\HUV�RI�WKH�ZDWHU�FROXPQ��PDLQO\�
FDXVHG�E\�RFHDQ�DWPRVSKHUH�LQWHUDFWLRQ�DQG�WKH�FRQWULEXWLRQ�RI�LQODQG�ZDWHUV����

$FFRUGLQJ�WR�WKH�ZRUN�RI�*LUDOGR������������WKH�&RORPELDQ�&DULEEHDQ�VKRZV�YHUWLFDO�
VWUDWLILFDWLRQ�IRUPHG�E\�IRXU�PDVVHV�RI�ZDWHU��

�� 7URSLFDO�(TXDWRULDO�6XUIDFH�/D\HU��ORFDWHG�EHWZHHQ�GHSWKV�RI��P���P��ZLWK�
WHPSHUDWXUH�DQG�VDOLQLW\�WKDW�YDU\�EHWZHHQ���������&�DQG��������836�UHVSHFWLYHO\�

�� 6XEWURSLFDO� 6XEVXUIDFH� /D\HU�� WKLV� OD\HU� KDV� PD[LPXP� VDOLQLW\� YDOXHV�
EHWZHHQ� ����� DQG� ��� 836� EHWZHHQ� �P����P� DQG� DQ� DSSUR[LPDWH� DYHUDJH�
WHPSHUDWXUH�RI����&��DQG�FRUUHVSRQGV�WR�WKH�WKHUPDO�WUDQVLWLRQ�]RQH�RU�WKHUPRFOLQH���

�� 6XE�$QWDUFWLF�,QWHUPHGLDWH�/D\HU��WKLV�FRUUHVSRQGV�WR�WKH�OD\HU�WKDW�H[WHQGV�
EHWZHHQ����P�DQG�����P��7KH�ORZHVW�VDOLQLW\�YDOXHV�������������836��DUH�IRXQG�
EHWZHHQ����P�DQG����P�DQG�LWV�DYHUDJH�WHPSHUDWXUH�LV���&��,W�HQWHUV�WKH�&DULEEHDQ�
6HD�YLD�WKH�6DQWD�/XFLD�DQG�6DQ�9LFHQWH�VWUDLWV��

�� 'HHS�&DULEEHDQ�/D\HU��IRUPHG�E\�WKH�GHHS�ZDWHU�RI�WKH�$WODQWLF�WKDW�HQWHUV�
WKH�&DULEEHDQ�DW� WKH� WKUHVKROG� OHYHO�RI� WKH�%DUORYHQWR�DQG�6RPEUHUR�VWUDLWV�� ,W� LV�
FKDUDFWHUL]HG�E\�VDOLQLW\�RI���������836�DQG�D�WHPSHUDWXUH�RI���&��DQG�LV�ORFDWHG�
EHORZ�D�GHSWK�RI�����P�

��� :867��������2S� &LW�
��� /R]DQR�'XTXH�HW�DO���������2S� &LW�
��� *,5$/'2��/�2���$QDO\VLV�RI�PDVVHV�RI�ZDWHU�DQG�TXDOLW\�FRQWURO�RI�RFHDQRJUDSKLF�LQIRUPDWLRQ���,Q��&,2+�6FLHQWLILF�%XOOHWLQ��
������± ���������
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Ǧ 6HD�6XUIDFH�7HPSHUDWXUH��667�

7KH�%HUQDO�HW�DO��VWXG\��������XVHG�D�VHULHV�RI�PRQWKO\�VXUIDFH�WHPSHUDWXUH�UHDGLQJV�
IURP�WKH�&RPSUHKHQVLYH�2FHDQ�$WPRVSKHUH�'DWD�6HW��&2$'6��IRU�WKH�����������
SHULRG� DQG� GHWHUPLQHG� WKH� YDULDWLRQ� LQ� WHPSHUDWXUH� IRU� YDULRXV� UHJLRQV� RI� WKH�
&RORPELDQ�&DULEEHDQ��7KH�YDOXHV�IRU�WKH�*XOI�RI�8UDEi�DUH�DV�IROORZV���VHH�7DEOH�
������

7DEOH����� 'HVFULSWLRQ�RI�667�VHULHV�
667 $YHUDJH 0LQLPXP 0D[LPXP
8UDEi ����� ����� �����

6RXUFH��$GDSWHG�IURP�%HUQDO�HW�DO��������

7KH EHKDYLRU�RI�WKH�667�RI�WKH�&DULEEHDQ�6HD�DW�D�UHJLRQDO�OHYHO�ZDV�REWDLQHG�IURP�
WKH�VWXG\�FDUULHG�RXW�E\�5XL]�HW�DO�������������7KH�DXWKRUV�DQDO\]HG�WKH�GDLO\�VXUIDFH�
WHPSHUDWXUH�IRU�WKH�&DULEEHDQ�EHWZHHQ������DQG������ZLWK�D�UHVROXWLRQ�RI�a��NP�
XVLQJ� WKH�$GYDQFHG�9HU\�+LJK�5HVROXWLRQ�5DGLRPHWHU��$9+55��PDQDJHG�E\� WKH�
12$$��

7KH�&RORPELDQ�&DULEEHDQ�VKRZV�D�VRXWKHDVW� WR�QRUWKHDVW� WHPSHUDWXUH�JUDGLHQW��
ZLWK�WHPSHUDWXUHV�WKDW�UHDFK�D�PD[LPXP�RQ�WKH�VRXWK�HDVWHUQ�&DULEEHDQ�FRDVW�DQG�
GHFUHDVH� WRZDUGV� WKH� UHJLRQ� RI /D� *XDMLUD�� 7KH� *XOI� RI� 8UDEi� KDV� WKH� KLJKHVW�
DYHUDJH�667�LQ�WKH�&RORPELDQ�&DULEEHDQ��ZLWK�DYHUDJH�PD[LPXP�WHPSHUDWXUHV�RI�
������&��VHH�)LJXUH�������� %HUQDO�HW�DO����������� OLQN�WKLV�WHPSHUDWXUH�SDWWHUQ�WR�
WKH�LQIOXHQFH�RI�WKH�3DQDPD�&RORPELD�*\UH��3&*��LQ�WKH�VRXWK�HDVWHUQ�UHJLRQ�DQG�
WR�WKH�XSZHOOLQJ�RI�/D�*XDMLUD�LQ�WKH�QRUWK�HDVW���

��� 58,=��0���%(,(5��(���%(51$/��*���%$5721��(��6HD�VXUIDFH�WHPSHUDWXUH�YDULDELOLW\�LQ�WKH�&RORPELDQ�%DVLQ��&DULEEHDQ�
VHD��'HHS�± 6HD�5HVHDUFK�,���������± ��� �����
��� %(51$/�*���329('$��*���52/'È1��3���$1'5$'(��&�$���3DWWHUQV�RI�YDULDELOLW\�LQ�WKH�VXUIDFH�WHPSHUDWXUDV�RI�WKH�VHD�RQ�
WKH�&RORPELDQ�&DULEEHDQ�&RDVW���,Q�&RORPELDQ�$FDGHP\�RI�6FLHQFHV�0DJD]LQH����������������� ����������
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)LJXUH������ 6HD�VXUIDFH�WHPSHUDWXUH��667�IRU�WKH�&RORPELDQ�%DVLQ�EHWZHHQ������DQG�������
6RXUFH��5XL]�HW�DO������������

7KH� VHDVRQDO� YDULDWLRQV� LQ� WKH� WHPSHUDWXUH� RI� WKH� &DULEEHDQ� 6HD� DUH� VKRZQ� LQ�
)LJXUH���������,Q�WKLV�ILJXUH��WKH�JUHDWHVW�YDULDELOLW\�FDQ�EH�VHHQ�WR�RFFXU�RQ�WKH�FRDVW�
RI� /D� *XDMLUD�� UHDFKLQJ� PLQLPXP� OHYHOV� EHWZHHQ� WKH� PRQWKV� RI� 'HFHPEHU� DQG�
)HEUXDU\��7KLV�VLWXDWLRQ�FRXOG�EH�DVVRFLDWHG�ZLWK�PRUH�LQWHQVH�WUDGH�ZLQGV�DQG�DQ�
LQFUHDVH�LQ�XSZHOOLQJV�LQ�WKH�UHJLRQ�����7KH�*XOI�RI�8UDEi��PHDQZKLOH��VKRZV�VPDOOHU�
YDULDWLRQV�LQ�WHPSHUDWXUH�DQG�UHDFKHV�PD[LPXP�OHYHOV�GXULQJ�WKH�VHFRQG�KDOI�RI�WKH�
\HDU��-XQH�1RYHPEHU���SRVVLEO\�OLQNHG�WR�D�GHFUHDVH�LQ�WKH�LQWHQVLW\�RI�WUDGH�ZLQGV���

��� 58,=�HW�DO���������2S��FLW
��� %(51$/�HW�DO��������2S��&LW���
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)LJXUH������ *HRJUDSKLFDO�GLVWULEXWLRQ�RI�VHD�VXUIDFH�WHPSHUDWXUHV�IRU�IRXU�FOLPDWLF�VHDVRQV�D��

'HF�)HE�E��0DU�0D\��&��-XQ�$XJ�G��6HS�1RY

6RXUFH��5XL]�HW�DO������������

x &XUUHQWV

Ǧ &XUUHQWV�LQ�WKH�&DULEEHDQ�6HD

7KH�PDULQH�FXUUHQWV�RI�WKH�&DULEEHDQ�6HD�IRUP�SDUW�RI�WKH�1RUWK�$WODQWLF�FXUUHQW�RU�
J\UH�V\VWHP��ZKLFK�LWVHOI�LV�SULPDULO\�PDGH�XS�RI�WKH�1RUWK�(TXDWRULDO�&XUUHQW��1(&��
DQG�WKH�*XOI�6WUHDP��7KH�1(&�IORZV�IURP�WKH�FRDVW�RI�$IULFD�WRZDUGV�WKH�FRDVW�RI�
6RXWK�$PHULFD��ZKHUH�LW�MRLQV�WKH�*XLDQD�&XUUHQW�DQG�WUDYHOV�WRZDUGV�WKH�&DULEEHDQ�
6HD��:KHQ�WKH�FXUUHQW�UHDFKHV�WKH�HGJH�RI�WKH�&DULEEHDQ�6HD��LW�GLYLGHV�LQWR�WKH�

��� 58,=�HW�DO���������2S�FLW
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$QWLOOHV�&XUUHQW�DQG�WKH�&DULEEHDQ�&XUUHQW��&&���7KH�&&�WUDQVSRUWV�ODUJH�DPRXQWV�
RI�ZDWHU�WRZDUGV�WKH�&DULEEHDQ�6HD��HQWHULQJ�WKURXJK�WKH�DUF�RI�WKH�$QWLOOHV�WRZDUGV�
WKH�QRUWK�ZHVW�XQWLO�LW�FURVVHV�WKH�<XFDWiQ�&KDQQHO�WRZDUGV�WKH�*XOI�RI�0H[LFR��8SRQ�
OHDYLQJ�VDLG�*XOI��WKH�&&�MRLQV�WKH�$QWLOOHV�&XUUHQW�DQG�WRJHWKHU�WKH\�IRUP�WKH�*XOI�
6WUHDP��ZKLFK�FDUULHV�ZDUPHU�ZDWHU�WRZDUGV�WKH�1RUWK�$WODQWLF�2FHDQ��� ��� ��� ���

����

)LJXUH������ 0DLQ�VXUIDFH�FXUUHQWV�LQ�DQG�EH\RQG�WKH�&DULEEHDQ�6HD��WKH�1RUWK�%UD]LO�&XUUHQW�
�&1%���1RUWK�(TXDWRULDO�&XUUHQW��&(1���6RXWK�&DULEEHDQ�&XUUHQW��V&&���1RUWK�&DULEEHDQ�&XUUHQW�
�Q&&��DQG�WKH�'DULHQ�&RXQWHU�&XUUHQW��&&'���7KH�FLUFOHV�UHSUHVHQW�DQWL�F\FORQLF��UHG��DQG�F\FORQLF�

�EOXH��FXUUHQWV��7KH�JUH\VFDOH�LV�EDWK\PHWU\��P��
6RXUFH��-RXDQQR�HW�DO������������

:RUN�FDUULHG�RXW�UHJDUGLQJ�WKH�FLUFXODWLRQ�V\VWHPV�EHWZHHQ�WKH�$WODQWLF�2FHDQ�DQG�
&DULEEHDQ� 6HD� KDYH� GHPRQVWUDWHG� WKDW� ZDWHU� HQWHUV� LQ� WKH� GLUHFWLRQ� RI� WKH�

��� *25'21��$�/��&LUFXODWLRQ�RI�WKH�&DULEEHDQ�6HD� ,Q -RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��������������� �����
��� 02/,1$5,� 5��� 63,//$1(��0��� %522.6�� ,��� $7:22'�� '��� '8&.(77�� &�� 6XUIDFH� FXUUHQWV� LQ� WKH� &DULEEHDQ� 6HD� DV�
GHGXFHG�IURP�/DJUDQJLDQ�REVHUYDWLRQV��,Q -RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�����&������������� �����
��� 52(00,&+�'��&LUFXODWLRQ�RI�WKH�&DULEEHDQ�6HD��$�ZHOO�UHVROYHG�LQYHUVH�SUREOHP�� ,Q -RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��
���&������������� �����
��� +(51$1'(=�*8(55$��$���-2<&(��7�0� :DWHU�PDVVHV�DQG�&LUFXODWLRQ�LQ�WKH�VXUIDFH�OD\HUV�RI�WKH�&DULEEHDQ�DW���Û:��
*HRSK\VLFDO�UHVHDUFK�OHWWHUV������������������������
��� -2+16��:�(���72:16(1'��7�/��)5$7$1721,��'�0���:,/621��:�'��2Q�WKH�$WODQWLF�LQIORZ�WR�WKH�&DULEEHDQ�6HD��'HHS�
6HD�5HVHDUFK�3DUW�,��������±�����������
��� -28$112��-���6+(,1%$80��-���%$51,(5��%���02/,1(6�-�0���'(%5(8��/���/(0$5,e��)��7KH�PHVRVFDOH�YDULDELOLW\�LQ�
WKH�&DULEEHDQ�6HD��3DUW�,��6LPXODWLRQV�DQG�FKDUDFWHULVWLFV�ZLWK�DQ�HPEHGGHG�PRGHO��2FHDQ�0RGHOOLQJ���������± ���������
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&DULEEHDQ�6HD�WKURXJK�VHYHUDO�SDVVDJHV�ORFDWHG�EHWZHHQ�WKH�LVODQGV�RI�WKH�DUF�RI�
WKH�$QWLOOHV��EHWZHHQ�&XED�DQG�6RXWK�$PHULFD��7KH�/HVVHU�$QWLOOHV�IRUP�D�EDUULHU�
ZKLFK� SUHYHQWV� WKH� IUHH� H[FKDQJH� RI� ZDWHU� EHWZHHQ� WKH� $WODQWLF�2FHDQ� DQG� WKH�
&DULEEHDQ�6HD��7KH�PDVVHV�RI�ZDWHU� WUDQVSRUWHG�E\� WKH�*XLDQD�&XUUHQW�DQG�WKH�
1RUWK� (TXDWRULDO� &XUUHQW� UXQ� XS� DJDLQVW WKLV� EDUULHU�� DOORZLQJ� RQO\� VXUIDFH� DQG�
LQWHUPHGLDWH�ZDWHUV�WR�HQWHU�IURP�WKH�$WODQWLF�2FHDQ�DW�KLJK�YHORFLWLHV�WKURXJK�WKH�
LVODQG�SDVVDJHV��� ��� ��� ��� ��� ����

7KH� ZDWHU� IORZ� WKDW� HQWHUV� WKH� &DULEEHDQ� 6HD� LV� HVWLPDWHG� WR� EH� ZLWKLQ� DQ�
DSSUR[LPDWH�UDQJH�RI����DQG����6Y��6Y� �6YHUGUXS� �����P��V���7KLV�YDOXH�KDV�EHHQ�
FDOFXODWHG� WR� EH� GLYLGHG� XS� EHWZHHQ� WKH� SDVVDJHV� RI� WKH� :LQGZDUG� ,VODQGV�
�*UHQDGD��6W��9LQFHQW��6W��/XFLD��7ULQLGDG�DQG�7REDJR�DQG�0DUWLQLTXH��ZLWK�URXJKO\�
���6Y�� WKH�/HHZDUG� ,VODQGV� �*XDGHORXSH��'RPLQLFD��$QWLJXD�DQG�$QHJDGD��ZLWK�
DSSUR[LPDWHO\���6Y�DQG�WKH�SDVVDJHV�RI�WKH�*UHDWHU�$QWLOOHV��0RQD�DQG�:LQGZDUG��
ZLWK�FORVH�WR����6Y��� ��� ����

)ROORZLQJ�WKH�HIIHFW�RI�WKH�1RUWK�(TXDWRULDO�DQG�*XLDQD�FXUUHQWV��WKH�PDLQ�VRXUFH�RI�
HQHUJ\�IRU�PRYHPHQW�LQ�WKH�&DULEEHDQ 6HD�FRPHV�IURP�WKH�IRUFH�RI�WKH�ZLQG��7KH�
WUDGH�ZLQGV�WKDW�HQWHU�WKH�&DULEEHDQ�6HD�IURP�WKH�HDVW�DQG�HDVW�QRUWKHDVW�DUH�WKH�
GULYLQJ�IRUFH�EHKLQG�VXUIDFH�FXUUHQWV��7KH�DFWLRQ�RI�WKH�ZLQG�KDV�D�GLUHFW�LQIOXHQFH�
RQ� WKH� VXUIDFH� RI� WKH� VHD�� JHQHUDWLQJ� PRYHPHQW LQ� WKH� VXUIDFH� OD\HU� WR� DQ�
DSSUR[LPDWH�GHSWK�RI�EHWZHHQ����P�DQG����P��*RUGRQ�������+HUUHUD�HW�DO��������

��� +(55(5$��/�(���)(%5(6�257(*$��*���7KHUPRKDOLQH�FKDUDFWHULVWLFV�RI�WKH�XSSHU�ZDWHUV�RI�WKH�VRXWKHDVW�&DULEEHDQ�6HD�
GXULQJ�WKH�UDLQ\�VHDVRQ���,Q 2FHDQRJUDSKLF�,QVWLWXWH�%XOOHWLQ��8QLYHUVLW\�RI�WKH�(DVW���������������������
��� +(55(5$��/�(���)(%5(6��*�$���$1'5(6��-�0���'LVWULEXWLRQ�RI�PDVVHV�RI�ZDWHU�DQG�WKHLU�G\QDPLF�FRQQHFWLRQV�LQ�WKH�
FHQWUDO�ZHVWHUQ�9HQH]XHODQ�UHJLRQ��&DULEEHDQ�6HD���,Q 2FHDQRJUDSKLF�,QVWLWXWH�%XOOHWLQ��8QLYHUVLW\�RI�WKH�(DVW�������\�������
����������
��� 52(00,&+�'��&LUFXODWLRQ�RI� WKH�&DULEEHDQ�6HD��$�ZHOO� UHVROYHG� LQYHUVH�SUREOHP�� -RXUQDO� RI�*HRSK\VLFDO�5HVHDUFK��
���&������������������
��� 0255,621��-�0���12:/,1��:�'��*HQHUDO�GLVWULEXWLRQV�RI�ZDWHU�PDVVHV�ZLWKLQ� WKH�(DVWHUQ�&DULEEHDQ�6HD�GXULQJ� WKH�
ZLQWHU�RI������DQG�IDOO�RI�������(Q -RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��������������������
��� :,/621��:�'���-2+16��:�(��9HORFLW\�VWUXFWXUH�DQG�WUDQVSRUW�LQ WKH�:LQGZDUG�,VODQG�SDVVDJHV��'HHS�6HD�5HVHDUFK�3DUW�
,������������� �����
��� -2+16��:�(���72:16(1'��7�/��)5$7$1721,��'�0���:,/621��:�'��2Q�WKH�$WODQWLF�LQIORZ�WR�WKH�&DULEEHDQ�6HD��'HHS�
6HD�5HVHDUFK�3DUW�,��������±����������
��� 52(00,&+��������2S�&LW��
��� :,/621 HW�DO���������2S�&LW��
��� -2+16�HW�DO��������2S�&LW��
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Ǧ &XUUHQWV�LQ�WKH�&RORPELDQ�&DULEEHDQ�6HD

,Q�DGGLWLRQ�WR�EHLQJ�DIIHFWHG�E\�WUDGH�ZLQGV��WKH�FXUUHQWV�LQ�WKH�&RORPELDQ�&DULEEHDQ�
6HD�DUH�LQIOXHQFHG�E\�WKUHH�JHQHUDO�FRQGLWLRQV��

�� 7KH� SUHVHQFH� RI� WKH� &DULEEHDQ� &XUUHQW� RQ� WKH� VXUIDFH� WR� D� GHSWK� RI�
DSSUR[LPDWHO\����P��

�� 7KH�'DULHQ�&RXQWHU�&XUUHQW�WR�WKH�HDVW��ZKRVH�LQWHQVLW\�YDULHV�RYHU�GHSWK�EXW�
UHDFKHV�D�PD[LPXP�YHORFLW\������P�V��IRFXVHG�WRZDUGV�����P DERYH�WKH�HGJH�RI�WKH�
FRQWLQHQWDO�VKHOI��

�� 7KH�GHHS�&DULEEHDQ�FXUUHQW��ZKLFK�PRYHV�VORZO\�WRZDUGV�WKH�HDVW�DERYH�WKH�
VORSH�DQG�GHHS�VHD�EHG��$QGUDGH�HW�DO����������7KH�VXUIDFH�FXUUHQW�LV�XQVWDEOH�DQG�
WUDQVSRUWV�ZKLUOSRROV� WKDW�VSLQ�F\FORQLFDOO\�DQG�DQWL�F\FORQLFDOO\�DQG� UDQJH� LQ�VL]H�
IURP�VHYHUDO�GR]HQ�NLORPHWHUV�WR�DURXQG����NP�LQ�GLDPHWHU��$QGUDGH�DQG�%DUWRQ��
������

7KH� SUHVHQFH� RI� WUDGH� ZLQGV� JHQHUDWHV� VHDVRQDO� SDWWHUQV� LQ� FXUUHQWV�� DQG�
GHWHUPLQHV�WKH�HPHUJHQFH�RI�DUHDV�ZKHUH�VXE�VXUIDFH�ZDWHU�XSZHOOV RII�WKH�FRDVW�
RI� /D� *XDMLUD� DQG� WKH� 6LHUUD� 1HYDGD� RI� 6DQWD� 0DUWD�� ZKLFK� EHQHILW� IURP� WKH�
QRUWKHDVW�VRXWKZHVW� GLUHFWLRQ� RI� WKH� FRDVWOLQH� �&RUUHGRU� ������3XMRV� HW� DO�� ������
%ODQFR�������&RUSHV�������ÈOYDUH]�� /HyQ�HW�DO��������$QGUDGH�HW�DO���������7KH�
VXUIDFH�FXUUHQW�LV�XQVWDEOH�DQG�WUDQVSRUWV�ZKLUOSRROV�WKDW�VSLQ�F\FORQLFDOO\�DQG�DQWL�
F\FORQLFDOO\�DQG� UDQJH� LQ�VL]H� IURP�VHYHUDO�GR]HQ�NLORPHWHUV� WR�DURXQG����NP� LQ�
GLDPHWHU��$QGUDGH�DQG�%DUWRQ�������

7KH�VRXWKHUQ�UHJLRQ�RI�WKH�&RORPELDQ�&DULEEHDQ�6HD�LV�GRPLQDWHG�E\�WKH�3DQDPi�
± &RORPELD�&RXQWHU�&XUUHQW�DQG�WKH�3DQDPi�± &RORPELD�*\UH��,Q�WKLV�UHJLRQ��D�IORZ�
H[LVWV� WKDW� WUDYHOV� WRZDUGV� WKH� HDVW� EHWZHHQ� WKH� &DULEEHDQ� &XUUHQW� DQG� WKH�
&RORPELDQ�&RDVW��DQG�WKDW�FRXOG�EH�UHODWHG�WR�WKH�F\FORQLF�VSLQ�WKDW�GRPLQDWHV�WKH�
&RORPELD� %DVLQ�� $QGUDGH� ������� VXJJHVWV� WKDW� WKLV� EDVLQ� LV� GRPLQDWHG� E\� WKH�
F\FORQLF�V\VWHP�NQRZQ�DV�WKH�3DQDPi�± &RORPELD�*\UH��IURP�ZKLFK�D�EUDQFK�VSOLWV�
RII�WR�IRUP�WKH�3DQDPi�± &RORPELD�&RXQWHU�&XUUHQW��7KH�ODWWHU�RULJLQDWHV�LQ�3DQDPD�
DQG�VSLQV�F\FORQLFDOO\�ZLWKLQ�WKH�*XOI�RI�'DULpQ��KHDGLQJ�LQ�DQ�HDVWERXQG�GLUHFWLRQ�
DORQJ�WKH�&RORPELDQ�FRDVW���

7KH�H[WHQVLRQ�RI�WKH�3DQDPi�± &RORPELD�&RXQWHU�&XUUHQW�YDULHV�DFFRUGLQJ�WR�WKH�
WLPH�RI�\HDU��,Q�WKH�GU\�VHDVRQ�LW�H[WHQGV�IURP�WKH�*XOI�RI�'DULpQ�WR�WKH�YLFLQLW\�RI�WKH�
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HVWXDU\�RI�WKH�5LYHU�0DJGDOHQD��'XULQJ�WKH�ZHW�VHDVRQ�WKH�FXUUHQW�UHDFKHV�DV�IDU�
DV� WKH�/D�*XDMLUD�SHQLQVXOD��DVVRFLDWHG�ZLWK�D� UHGXFWLRQ� LQ� WKH� LQWHQVLW\�RI� WUDGH�
ZLQGV��� ��� ��� ��� �����

x 6ZHOO

Ǧ %DWK\PHWU\

7ZR�GLJLWDO�WHUUDLQ�PRGHOV�ZHUH�SURGXFHG�IRU�WKLV�VWXG\��RQH�SUH�FRQVWUXFWLRQ�PRGHO�
WR� UHSUHVHQW� WKH� FXUUHQW� VLWXDWLRQ�� DQG� DQRWKHU� IROORZLQJ� WKH� SURMHFWHG� ZRUNV� WR�
UHSUHVHQW�WKH�IXWXUH�VLWXDWLRQ��7KH�PRGHO�RI�WKH�FXUUHQW�VLWXDWLRQ�WDNHV�LQWR DFFRXQW�
WKH�LQLWLDO�FRQGLWLRQV�LQ�WKH�DUHD�RI�VWXG\��XVLQJ�WKH�&DUWRJUDSKLF�$WODV�RI�2FHDQV�DQG�
&RDVWV�SURYLGHG�E\�WKH�*HQHUDO�0DULWLPH�'LUHFWRUDWH�DQG�SURGXFHG�E\�WKH�&HQWUH�
IRU� 2FHDQRJUDSKLF� DQG� +\GURJUDSKLF� 5HVHDUFK� �&,2+������ DV� ZHOO� DV� GHWDLOHG�
EDWK\PHWU\�RI�WKH�DUHD�SURSRVHG�IRU�ODQGILOO��FDUULHG�RXW�E\�%DWLHVWXGLRV�6�$�6 LQ�-XO\�
����� VHH�)LJXUH������ DQG�)LJXUH����������7KH�QDXWLFDO�FKDUWV�WKDW�FRQWDLQ�WKH�DUHD�
RI�VWXG\�DUH�QXPEHUV�����DQG������VKRZQ�LQ�)LJXUH��������

7KH�VHFRQG�PRGHO��UHSUHVHQWLQJ�WKH�ILQDO�VLWXDWLRQ��WDNHV�LQWR�DFFRXQW�WKH�GUHGJLQJ�
RI�WKH�PDQHXYHULQJ�GRFN��WKH�DFFHVV�FKDQQHO�DQG�WKH�ILQDO�KHLJKW�RI�WKH�ODQGILOO�DIWHU�
WKH�PDWHULDO�KDV�EHHQ�GXPSHG��7R�WKDW�HQG��LQSXWV�RI JHQHUDO�EDWK\PHWU\�DQG�LQLWLDO�
GHWDLO� ZHUH� XVHG�� DQG� WKH� GHVLJQV� RI� WKH� ILQDO� GUHGJLQJ� DQG� WKH� GXPSLQJ� WKDW� LV�
LQWHQGHG�WR�RFFXU�LQ�WKH�DUHD�RI�VWXG\�ZHUH�VXSHULPSRVHG��VHH�)LJXUH���������

��� 38-26��0���3$*/,$5',1,��-���67((5��5���9(51(77(��*���:(%(5��2�������� �7KH� LQIOXHQFH�RI� WKH�1RUWK�&RORPELDQ�
FRXQWHU�FXUUHQW�IRU�WKH�FLUFXODWLRQ�RI�ZDWHU�RQ�WKH�FRQWLQHQWDO�VKHOI��LWV�DFWLRQ�RQ�WKH�GLVSHUVLRQ�RI�HIIOXHQWV�LQ�VXVSHQVLRQ�LQ�WKH�
5LYHU�0DJGDOHQD���&,2+ 6FLHQWLILF�%XOOHWLQ� ��������
��� &253(6��������(O�&DULEH�FRORPELDQR���7KH�&RORPELDQ�&DULEEHDQ� (QYLURQPHQWDO�5HDOLW\�DQG�
'HYHORSPHQW���5HJLRQDO�3ODQQLQJ�&RXQFLO�RI�WKH�$WODQWLF�&RDVW����� S�
��� $1'5$'(�� &�$��� %$5721�� ('�� ������ (GG\� GHYHORSPHQW� DQG� PRWLRQ� LQ� WKH� &DULEEHDQ� 6HD�� -�� *HRSK\V�� 5HV���
�����������±���
��� $1'5$'(��&�$���%$5721�(�'��������7KH�*XDMLUD�XSZHOOLQJ�V\VWHP�&RQWLQHQWDO�6KHOI�5HVHDUFK���������±�����
��� %(51$/�*���329('$��*���52/'È1��3���$1'5$'(��&�$���9DULDELOLW\�SDWWHUQV�RI�WKH�VHD�VXUIDFH�
WHPSHUDWXUDV�RQ�WKH�&RORPELDQ�&DULEEHDQ�FRDVW���,Q $FDGHPLF�0DJD]LQH�RI�&RORPELDQ�6FLHQFHV�
��������������± ����������
��� *(1(5$/� 0$5,7,0(� ',5(&725$7(� �',0$5�� DQG� WKH� &(175(� 2)� 2&($12*5$3+,&� 5(6($5&+� �&,2+��
�&DUWRJUDSKLF�$WODV�RI�WKH�2FHDQV�DQG�&RDVWV�RI�&RORPELD����QG�HGLWLRQ��3XEOLFDWLRQ�������%RJRWi������������S�
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)LJXUH������ 1DXWLFDO�&KDUW�������
6RXUFH��*HQHUDO�0DULWLPH�'LUHFWRUDWH

��� *(1(5$/� 0$5,7,0(� ',5(&725$7(� �',0$5�� DQG� WKH� &(175(� 2)� 2&($12*5$3+,&� 5(6($5&+� �&,2+��
�&DUWRJUDSKLF�$WODV�RI�WKH�2FHDQV�DQG�&RDVWV�RI�&RORPELD����QG�HGLWLRQ��3XEOLFDWLRQ�������%RJRWi������������S�
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)LJXUH������ 'HWDLOHG�EDWK\PHWU\�RI�WKH�ODQGILOO�DUHD��FXUUHQW�FRQGLWLRQV��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�
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)LJXUH������ ,QLWLDO�*HQHUDO�,QWHUSRODWHG�%DWK\PHWU\��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������
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)LJXUH������ 'HWDLOHG�EDWK\PHWU\�RI�WKH�GHVLJQ�RI�GUHGJLQJ�LQ�WKH�GRFN�DQG�ODQGILOO�DUHD�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

Ǧ 'HHS�:DWHU�6ZHOO

7KH�DUHD�RI�VWXG\�IRU�WKH�SURMHFW LV�ORFDWHG�LQ�WKH�&RORPELDQ�&DULEEHDQ��LQ�WKH�*XOI�
RI�8UDEi�LQ�WKH�GHSDUWPHQW�RI�$QWLRTXLD��VHH�)LJXUH��������
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)LJXUH������ 'HWDLOHG�EDWK\PHWU\�RI�WKH�GHVLJQ�RI�GUHGJLQJ�LQ�WKH�GRFN�DQG�ODQGILOO�DUHD
6RXUFH��&,2+������� �����DGDSWHG�E\�$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

� 6ZHOO� %DUUDQTXLOOD�%XR\�

,QVWUXPHQWDO� VZHOO� GDWD� ZDV� REWDLQHG� IURP� WKH� ',0$5� EXR\����� ORFDWHG� LQ�
%DUUDQTXLOOD�DW�FRRUGLQDWHV�����¶����´1�DQG������¶��´:��)LJXUH���������DQG�ZKHQ�
DQDO\]HG�VKRZV�D�VHW�RI�GDWD�IRU�VLJQLILFDQW�ZDYH�KHLJKW��+V��VHH�)LJXUH����������,W�

��� *(1(5$/�0$5,7,0(�',5(&725$7(��',0$5��DQG�WKH�&(175(�2)�2&($12*5$3+,&�5(6($5&+��&,2+���2S��&LW�
��� *(1(5$/�0$5,7,0(�',5(&725$7(��',0$5�
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LV�LPSRUWDQW�WR�XQGHUOLQH�KRZ�UHOHYDQW�D�SURMHFW�OLNH�WKH�RQH�',0$5��LQ�FRQMXQFWLRQ�
ZLWK� LWV� UHVHDUFK�FHQWHUV�� WKH�&,2+�DQG� WKH�3DFLILF�3ROOXWLRQ�&RQWURO�&HQWHU��KDV�
EHHQ�GHYHORSLQJ�LV�WR�WKH�FRXQWU\��7KDQNV�WR�WKH�SURMHFW�� LQVWUXPHQWDO� LQIRUPDWLRQ�
WKDW�SURYLGHV�HQKDQFHG�NQRZOHGJH�RI�WKH�VZHOO�FOLPDWH�DORQJ�ERWK�&RORPELDQ�FRDVWV�
KDV� EHHQ� DYDLODEOH� IRU� VHYHUDO� \HDUV�� 7KLV� ZRUN� KDV� UHTXLUHG� D� JUHDW� GHDO� RI�
UHVRXUFHV�DQG� WLPH��DOO�RI�ZKLFK� LV� UHIOHFWHG� LQ� WKH�TXDOLW\�RI� WKH� LQIRUPDWLRQ�QRZ�
DYDLODEOH��7KLV�VHW�RI�GDWD�KDV�D�UHFRUG�OHQJWK�IURP�0DUFK������WR�$SULO�������DW�DQ�
KRXUO\�WHPSRUDO�UHVROXWLRQ��,W�VKRXOG�EH�SRLQWHG�RXW�WKDW�ZKLOH�',0$5�KDV�LQIRUPDWLRQ�
XS� WR� ������$TXD�	�7HUUD�&RQVXOWRUHV� $VRFLDGRV�6�$�6 RQO\� KDV� DFFHVV� WR� WKH�
SUHYLRXVO\�PHQWLRQHG�GDWD��7KH�GDWD�VHW�LV�QRW�FRQWLQXRXV�DV�LW�FRQWDLQV�YDULRXV�]HUR�
PHDVXUHPHQWV��ZKLFK�DSSHDU�DV�EODQN�VSDFHV�LQ�WKH�VHW��VHH�)LJXUH���������7KLV�
PDNHV� LW� GLIILFXOW� WR� GHWHUPLQH� D� SDWWHUQ� IURP� WKH� GDWD� VHW� DV� WKHUH� LV� QR� VLQJOH�
FRQWLQXRXV�\HDU�RI�PHDVXUHPHQWV��ZKLFK�PDNHV�LW�LPSRVVLEOH�WR�HVWDEOLVK�KRZ�ZDYH�
KHLJKWV�YDU\�WKURXJKRXW�WKH�\HDU���)URP�WKH�JUDSK��ZH�FDQ�VHH�WKDW�ZDYH�KHLJKWV�
UHDFK�D�PD[LPXP�LQ�WKH�ILUVW�PRQWKV�RI�WKH�\HDU�DQG�WKH�ORZHVW�KHLJKW�RFFXUV�GXULQJ�
WKH�PRQWKV�RI�$XJXVW�DQG�6HSWHPEHU��

)LJXUH������ /RFDWLRQ�RI�WKH�%DUUDQTXLOOD�EXR\�
6RXUFH��*RRJOH�(DUWK70 ��������PRGLILHG�E\�$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH������ +V�GDWD�VHULHV�IURP�WKH�%DUUDQTXLOOD�EXR\�RYHU�WKH�SHULRG�EHWZHHQ�0DUFK���UG��
�����DQG�$SULO���WK�������

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

7KH�ZDYH�KHLJKW�VHW��DW�DQ�KRXUO\�WHPSRUDO�UHVROXWLRQ��KDV�D�UHFRUG�OHQJWK�RI�RYHU�
WKUHH� \HDUV�� VWDUWLQJ� LQ� 0DUFK� ����� DQG� HQGLQJ� LQ� $SULO� ������ 7KLV� VHW� LV� QRW�
FRQWLQXRXV�DV�LW�LQFOXGHV�YDULRXV�]HUR�PHDVXUHPHQWV��ZKLFK�FDQ�EH�REVHUYHG�LQ�WKH�
EODQN�VSDFHV RI�WKH�GDWD�VHW��

7KH�IDFW�WKDW�WKHUH�LV�QR�FRQWLQXRXV�\HDU�RI�PHDVXUHPHQW�PDNHV�LW�YHU\�GLIILFXOW�WR�
LGHQWLI\�D�SDWWHUQ�IURP�WKH�GDWD�VHW��DQG�WKH�YDULDWLRQV�LQ�ZDYH�KHLJKW�WKURXJKRXW�WKH�
\HDU�FDQQRW�EH�GHWHUPLQHG�� �7KH�JUDSK�GRHV�VKRZ� WKDW�ZDYH�KHLJKWV� UHDFK� WKHLU�
PD[LPXP� LQ� WKH� ILUVW�PRQWKV�RI� WKH�\HDU��DQG�DUH�DW�D�PLQLPXP� LQ� WKH�PRQWKV�RI�
$XJXVW�DQG�6HSWHPEHU��7KLV�SDWWHUQ��DQG�WKH�ZLQG�FOLPDWRORJ\�RI�WKH�DUHD�GHWHUPLQH�
WKDW�WKH�ZDYH�KHLJKW�SDWWHUQ�RYHU�WKH�FRXUVH�RI�WKH�\HDU�LV�ELPRGDO�LQ�QDWXUH��:DYH�
KHLJKWV�DUH�DW�WKHLU�PD[LPXP�LQ�WKH�ILUVW�PRQWKV�RI�WKH�\HDU�ZKHQ�ZLQGV�DUH�VWURQJ��
DQG�LQ�-XQH�DQG�-XO\�ZKHQ�WKH�YHUDQLOOR�GH�6DQ�-XDQ �/LWWOH�VXPPHU�RI�6DQ�-XDQ��
WDNHV�SODFH��0LQLPXP�ZDYH�KHLJKWV�RFFXU� LQ� WKH�PRQWKV�RI�0DUFK�DQG�$SULO� DQG�
EHWZHHQ� 6HSWHPEHU� DQG� 1RYHPEHU�� DV� GXULQJ� WKHVH� PRQWKV� WKH� ZLQGV� LQ� WKH�
&DULEEHDQ�DUH�OHVV�LQWHQVH��
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)LJXUH������ +LVWRJUDP�RI�+V�IUHTXHQF\��IRU�WKH�GDWD�REWDLQHG�IURP�WKH�%DUUDQTXLOOD�EXR\��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

7KH�ZDYH�KHLJKW�YDOXHV�VKRZQ�LQ�WKH�GDWD�VHW�UDQJH�IURP�WKH�RUGHU�RI�FHQWLPHWHUV�
+VPLQ �����P� WR� PD[LPXP� YDOXHV� WKDW� UHDFK� +VPD[ � ���� P�� ZLWK� DQ� DYHUDJH� RI�
+VPHG ����� P�� 7KH� ELPRGDO� VZHOO� SDWWHUQ� FDQ� EH� REVHUYHG� LQ� WKH� JUDSK� ZKLFK�
LGHQWLILHV���VZHOO�SHDNV��WKH�ILUVW�DURXQG��P�LQ�KHLJKW�DQG�WKH�VHFRQG�VKRZLQJ�D�ZDYH�
KHLJKW�RI�DSSUR[LPDWHO\��P��
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)LJXUH������ 7S�GDWD�VHW�IURP�WKH�%DUUDQTXLOOD�EXR\��RYHU�WKH�SHULRG�EHWZHHQ�0DUFK���UG������
DQG�$SULO���WK�������

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

:LWK� UHJDUG� WR� WKH� SHULRGV�� WKH� GDWD� FDQ� EH� VHHQ� WR� EH� DOPRVW� HQWLUHO\� JURXSHG�
EHWZHHQ���DQG���VHFRQGV��7KHVH�YDOXHV�IRU�WKH�SHDN�SHULRG�DUH�FKDUDFWHULVWLF�RI�D�
VHD RU�ORFDO�VZHOO�W\SH��ZKLFK�LV�WKH�SUHGRPLQDWH�VZHOO�LQ�WKH�EDVLQ�RI�WKH�&RORPELDQ�
&DULEEHDQ��
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)LJXUH������ 7S�IUHTXHQF\�KLVWRJUDP�IRU�WKH�GDWD�REWDLQHG�IURP�WKH�%DUUDQTXLOOD�EXR\�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

7KH�DERYH�JUDSK�VKRZV�WKH�FRQFHQWUDWLRQ�RI�SHULRGV�DURXQG���VHFRQGV�ORQJ�IRU�WKH�
VZHOO� IURP�WKH�%DUUDQTXLOOD�EXR\��ZKLFK� LV� W\SLFDO�RI�VHD�RU� ORFDO�VZHOO� W\SHV��7KH�
DYHUDJH�IRU�WKH�SHULRGV�LV�FORVH�WR�����VHFRQGV��DQG�WKH�ORQJHVW�SHULRGV�DUH�LQ�WKH�
RUGHU�RI����WR����VHFRQGV��

7KH�FLUFXODU�VZHOO�JUDSK�VKRZV�WKH�GLUHFWLRQ�DQG�KHLJKW�RI�ZDYHV�DW�WKH�%DUUDQTXLOOD�
EXR\��:DYHV�PRVW� IUHTXHQWO\�FRPH� IURP� WKH�QRUWK�HDVW�� UHSUHVHQWLQJ�����RI� WKH�
WRWDO�DPRXQW��ZLWK�DURXQG�����FRPLQJ�IURP�DQ�HDVW�QRUWKHDVW�GLUHFWLRQ��7KH�VZHOO�
DW�WKH�%DUUDQTXLOOD�EXR\�FDQ�EH�VHHQ�WR�XQGHUJR�D�UHIUDFWLRQ�SKHQRPHQRQ��SURGXFHG�
E\�WKH�RFHDQ�IORRU��
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)LJXUH������ &LUFXODU�VZHOO�JUDSK
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6 ������

� 0HVKHV�RI�'LVWULEXWLRQ

)RU� WKH� PRGHOLQJ�� �� W\SHV� RI� PHVKHV� ZHUH� SUHSDUHG� WKDW� DOORZHG� WR� GHILQH� WKH�
JHQHUDO�FRQGLWLRQV�RI�WKH�VWXG\�DUHD�DQG�WR�NQRZ�WKH�ZDYH�G\QDPLFV�LQ�WKH�DUHD�RI�
LQWHUHVW��7KH�EDWK\PHWU\�EDVH��VHH�)LJ��1R���������ZDV�XVHG�WR�IHHG� WKH�JHQHUDO�
PHVK�DQG�WKH�GHWDLO�PHVK�RI�WKH�FRQGLWLRQ�ZLWKRXW�ZRUNV��WKH�EDWK\PHWU\�EDVH�DQG�
WKH� EDWK\PHWU\� DIWHU� WKH� GXPSLQJ� RI�PDWHULDO� IURP� WKH� GUHGJLQJ�ZRUNV� RI� 3XHUWR�
%DKtD�&RORPELD�GH�8UDEi��LW�ZDV�XVHG�WR�UHFUHDWH�WKH�ILQDO�FRQGLWLRQ�RI�WKH�SURSRVHG�
DUHD�DV�D�ODQGILOO�� ,Q�7DEOH�1R�������DQG�)LJ��1R��������\RX�FDQ�VHH�7KH�0HVKHV�
XVHG� IRU� WKH�6:$1�PRGHO�� 7KH� JHQHUDO�PHVK�RI� GLVWULEXWLRQ� KDV� DV� SXUSRVH�� WR�
HVWDEOLVK� WKH� FRQGLWLRQV� RI� ZDYHV� LQ� WKH� FRQWRXUV� RI� WKH� GHWDLO� PHVK�� IRU� ZKLFK�
UHDVRQ��LW�GRHV�QRW�QHHG�D�YHU\�ILQH�PHVK�SLWFK��7KH�GHWDLO�PHVK��RQ�WKH�RWKHU�KDQG��
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QHHGV�D� ILQHU�PHVK��VXFK� WKDW� WKH�]RQH�DQG� WKH� LQFLGHQW�HQHUJ\�FRPLQJ�IURP� WKH�
ZDYHV�FDQ�EH�FKDUDFWHUL]HG�LQ�WKH�HQWLUH�GRPDLQ�RI�LQWHUHVW�

7DEOH�1R������ &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�WKH�DYHUDJH�UHJLPH�RQ�VLWH�
1DPH 2ULJLQ�;��2ULJLQ < $QJOH &HOO�6L]H �P� >1RGHV@
*HQHUDO �������������� � ���[��� ���[����
'HWDOOH �������������� � ��[�� ���[����

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

D�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

E�
)LJXUH�1R������� D��*HQHUDO�0HVK�DQG E��'HWDLO�XVHG�WR�UHDFK�WKH�VWXG\�DUHD�ZLWK�PRGHO

6:$1�
6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

� 5HVXOWV�RI�ZDYH�GLVWULEXWLRQ�

$IWHU�GLVWULEXWLQJ HDFK�RI�WKH�SUHYLRXVO\�PHQWLRQHG�FDVHV��ZH�SURFHHGHG�WR�SHUIRUP�
WKH� DQDO\VLV� RI� WKH�ZDYH� G\QDPLFV� LQ� WKH� VWXG\� DUHD�� IRU� HDFK� RI� WKH� FRQGLWLRQV�
DQDO\]HG��LQ�RUGHU�WR�HVWDEOLVK�WKH�LQIOXHQFH�WKDW�WKH�SURSRVHG�ODQGILOO� ZRXOG�KDYH��
%DKtD�&RORPELD�GH�8UDEi RQ�FRDVWDO�G\QDPLFV��,Q�$QQH[���DOO�WKH�GLVWULEXWHG�FDVHV�
DUH�SUHVHQWHG��ZLWK�WKHLU�FRUUHVSRQGLQJ�JUDSKLFV�IRU�WKH�GHWDLO�PHVK��%HORZ�DUH�WKH�
PDLQ� UHVXOWV� IRXQG� IRU� WKH�PRVW� FULWLFDO� FDVHV�� DQG� SHDN� SHULRGV� RI� �� V�� IURP� D�
GLVWULEXWLRQ GLUHFWLRQ�RI�11(��1�DQG�11:��ZKLFK�DUH� WKH�GLUHFWLRQV� WKDW�KDYH� WKH�
KLJKHVW�SUREDELOLW\�RI�RFFXUUHQFH�IRU�WKH�]RQH�
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� ,QLWLDO�&RQGLWLRQ�± 1R�PDWHULDO�GXPSLQJ�DQG�QR�GUHGJLQJ�ZRUNV�± 'HHS
6XUI�

)LJXUH�1R��������VKRZV�WKH�UHVXOW�RI�WKH�ZDYH�GLVWULEXWLRQ�IRU�WKH�LQLWLDO�FRQGLWLRQ��LV�
WR�VD\��ZLWKRXW�GXPSLQJ�RI�PDWHULDO�IURP�WKH�GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�
8UDEi�DQG�ZLWKRXW�WKH�GUHGJLQJ�ZRUNV��ZKLFK�KDV�D�ZDYH�KHLJKW�6LJQLILFDQW�RI������
P� LQ� LQGHILQLWH�GHSWKV��SHDN�SHULRG�RI�����V�� WLGH� OHYHO�RI������P�DQG GLUHFWLRQ�RI�
SURSDJDWLRQ�11(��ZKLFK�LV�WKH�SUHGRPLQDQW�ZDYH�GLUHFWLRQ��7KH�UHVXOWV�DUH�VKRZQ�
IRU�WKH�JHQHUDO�PHVK�

)LJXUH�1R��������&DVH�����+V� ������P�7S� ����V�'LU� �11(�� ,QLWLDO�FRQGLWLRQ��QR�PDWHULDO�VSLOO��JHQHUDO�PHVK�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH�1R������� &DVH����+V �����P�7S ���V�'LU 11(�± ,QLWLDO�&RQGLWLRQ��ZLWKRXW�VSLOODJH�RI�
PDWHULDO��JHQHUDO�PHVK�

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�LW�FDQ�EH�REVHUYHG�WKDW�WKH�ZDYH�GLUHFWLRQ�KDV�EHHQ�DOWHUHG��
GXH�WR�WKH�UHIUDFWLRQ�DQG�GLIIUDFWLRQ�SURFHVVHV�WKDW�WKH�VZHOO�KDV�H[SHULHQFHG�LQ�LWV�
WUDQVLWLRQ�� IURP� LQGHILQLWH�GHSWKV� WR� VKDOORZHU�ZDWHUV� WR� WKH� LQWHULRU�RI� WKH�*XOI�RI�
8UDEi��,Q�WKLV�WUDQVLWLRQ�LW�FDQ�EH�REVHUYHG�WKDW�WKH�HQHUJ\�RI�WKH�ZDYHV�LV�UHGXFHG�
E\�DOPRVW�����GXH�WR�WKH�HIIHFW�RI�WKH�RFHDQ�IORRU�DQG�WKH�VHPL�FORVHG�FRQGLWLRQ�RI�
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WKH�*XOI�RI�8UDEi��2EVHUYLQJ�WKH�UHVXOWV�WR�WKH�VRXWK�RI�WKH�JXOI��LW�FDQ�EH�VHHQ�WKDW�
WKH�GHOWDLF�IRUPDWLRQ�RI�WKH�$WUDWR�5LYHU�HQIRUFHV�D�FRQWURO�RYHU�WKH�HQHUJ\�RI�WKH�
ZDYHV�� GLVVLSDWLQJ� WKH� UHVW� RI� WKH� HQHUJ\�ZLWK�ZKLFK� WKH�ZDYHV� FRPH� IURP�GHHS�
ZDWHUV�

)URP�WKH�SUHYLRXV�ILJXUH�LW�FDQ�EH�REVHUYHG�WKDW�WKH�GHOWD�RI�WKH�$WUDWR�5LYHU�SUHYHQWV�
WKH� ZDYH� HQHUJ\� IURP� GHHS� ZDWHUV� HQWHULQJ� WKH� LQWHULRU� RI� %DKtD� &RORPELD� DQG�
WKHUHIRUH�VLJQLILFDQW�ZDYH�KHLJKWV�FDQ�EH�REVHUYHG�ZLWK�D�YHU\�ORZ�PDJQLWXGH�

)LJXUH�1R��������DQG�0DS�02'B/$B372B$17B���VKRZV�WKH�UHVXOW�RI� WKH�ZDYH�
GLVWULEXWLRQ� IRU� WKH� LQLWLDO� FRQGLWLRQ�� WKDW� LV�� ZLWKRXW� GXPSLQJ� PDWHULDO� IURP� WKH�
GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��ZKLFK�KDV�D�VLJQLILFDQW�ZDYH�KHLJKW�
RI� ����� P� LQ� LQGHILQLWH� GHSWKV�� SHDN� SHULRG� RI� ���� V�� WLGH� OHYHO� RI� ����� P� DQG�
GLVWULEXWLRQ�GLUHFWLRQ�11(��ZKLFK�LV�WKH�SUHGRPLQDQW�ZDYH�GLUHFWLRQ��7KH�UHVXOWV�DUH�
VKRZQ�IRU�WKH�GHWDLO�PHVK�

)LJXUH�1R������� &DVH����+V ����P�7S ���V�'LU 11(�± ,QLWLDO�FRQGLWLRQ��QR�PDWHULDO�
GLVFKDUJH��GHWDLO�PHVK��'HHS 6XUI ��

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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)URP�WKLV�ILJXUH�\RX�FDQ�VHH�WKH�HIIHFW�WKDW�WKH�GHOWD�RI�WKH�$WUDWR�5LYHU�KDV�RQ�WKH�
HQHUJ\�RI�WKH�ZDYHV��)RU�WKLV�FDVH��WKH�ZDYH�LQ�GHHS�ZDWHUV�KDG�D�ZDYH�KHLJKW�RI�
����� P� DQG� ZKHQ� SDVVLQJ� WKH� GHOWD� IRUPDWLRQ WKLV� LV� OHVV� WKDQ� ����� P�� ZKLFK�
UHSUHVHQWV�D�����GHFUHDVH�LQ�WKH�HQHUJ\�LW�KDG�EHIRUH�HQWHULQJ�WKH�*XOI�RI�8UDEi

,Q�WKH�DUHD�RI�WKH�ODQGILOO�DQG�WKH�DUHD�RI�WKH�GUHGJLQJ�ZRUNV�FDQ�EH�VHHQ�D�ZDYH�
KHLJKW�UDQJLQJ�EHWZHHQ������DQG������P��ZLWK�D�GLUHFWLRQ WKDW�LV�RI�WKH�RUGHU�RI�1���
��(��7KHVH�ZDYH�FRQGLWLRQV�SURYH�WKH�WKHRU\�WKDW�LQ�JXOIV�DQG�ED\V�WKH�ORFDO�VZHOO�
PD\�EH�PRUH�LPSRUWDQW�WKDQ�WKH�GHHS�VZHOO�

7KH�RWKHU�FDVHV�GLVWULEXWHG�E\��WKH�GHHS��VZHOO�FDQ�EH�VHHQ�LQ�$11(;�$�

,Q� DGGLWLRQ�� GXH� WR� WKH� FRQWURO� H[HUFLVHG� E\� WKH� GHOWD� RI� WKH� $WUDWR� 5LYHU� RQ� WKH�
RFHDQRJUDSKLF� FRQGLWLRQV� RI� %DKtD� &RORPELD�� DQ� DQDO\VLV� RI� WKH� VZHOO� SURGXFHG�
LQVLGH�WKH�*XOI�RI�8UDEi�ZDV�FDUULHG�RXW��IRU�ZKLFK�WKH�VWXG\�RI�WKH�ZLQGV�WKDW�KDG�
RFFXUUHG�LQ�WKH�VHFWRU�

� ,QLWLDO�&RQGLWLRQ ± 1R�PDWHULDO�GXPSLQJ�± /RFDO�6XUI�

)LJXUH��1R��������VKRZV�WKH�UHVXOW�RI�WKH�ZDYH�GLVWULEXWLRQ�IRU�WKH�LQLWLDO�FRQGLWLRQ��
WKDW�LV��ZLWKRXW�GXPSLQJ�RI�PDWHULDO�IURP�WKH�GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�
8UDEi�DQG�ZLWKRXW�WKH�GUHGJLQJ�RI�WKH�'DUVHQD��ZKLFK�KDV�D�ZLQG�PDJQLWXGH�RI������
P���V��WLGH�OHYHO�RI������P�DQG�GLUHFWLRQ�RI�GLVWULEXWLRQ�1��ZKLFK�LV�WKH�SUHGRPLQDQW�
GLUHFWLRQ�RI�WKH�ZLQG��7KH�UHVXOWV�DUH�VKRZQ�IRU�WKH�JHQHUDO�PHVK�
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)LJXUH�1R������� &DVH����0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ 1�± ,QLWLDO�&RQGLWLRQ��
ZLWKRXW�SURMHFWV��*HQHUDO�PHVK��/RFDO�VXUI�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

,Q�WKH�SUHYLRXV�ILJXUH�LW FDQ EH REVHUYHG�WKH�EHKDYLRU�RI�WKH�ORFDO�VZHOO��RU�SURGXFHG�
E\�WKH�ZLQG�FRQGLWLRQV���WR�WKH LQWHULRU RI�WKH�*XOI�RI�8UDEi�DQG�%DKtD�&RORPELD��,Q
WKLV�FDVH��WKH�PRVW�IUHTXHQW�ZLQG�FRQGLWLRQ�IRU�WKH�VWXG\�DUHD�ZDV�GLVWULEXWHG��ZKLFK�
LV�WKDW�RI�WKH�QRUWK�

7KH�ILJXUH�VKRZV�KRZ�LQ�WKH�QRUWK�RI�WKH�JXOI�WKH�ZDYHV�VWDUW WR�GHYHORS�DQG�KRZ�
WKH\�UHDFK�WKHLU�JUHDWHVW�PDJQLWXGH�LQ�WKH�ZHVW�PDUJLQ�EHIRUH�WKH�GHOWD�RI�WKH�ULYHU�
$WUDWR��3DUW�RI�WKH�HQHUJ\�RI�WKH�VZHOOV�WKDW�DUH�JHQHUDWHG�LQ�WKH�QRUWK�RI�WKH�*XOI�
HQWHU�&RORPELD�%D\�DQG�MRLQ�ZLWK�WKRVH�JHQHUDWHG�LQ�WKLV�WR FRQWLQXH�RQ�LWV�ZD\�WR�
WKH�VHFWRU�ZKHUH�WKH�EXLOGLQJ�VLWHV RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi DUH�ORFDWHG�
LQ�WKH�DUHD�RI�WKH�ODQGILOO� \RX�FDQ�VHH�D�ZDYH�VL]H�FORVH�WR�����P�LQ�KHLJKW�DQG�DQ�
11(�GLUHFWLRQ��ZKLOH�IRU�WKH�SRUW�DUHD�WKH�ZDYH�KHLJKW�LV����P�IURP�WKH�QRUWK�

,Q�)LJXUH�1R��������DQG�PDS�02'B/$B372B$17B��� LW� VKRZV� � WKH� UHVXOW�RI� WKH�
ZDYH�GLVWULEXWLRQ�IRU�WKH�LQLWLDO�FRQGLWLRQ��WKDW�LV�WR�VD\��ZLWKRXW�GXPSLQJ�RI�PDWHULDO�
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IURP�WKH�GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��ZKLFK�KDV�D�ZLQG�PDJQLWXGH�
RI������P���V�� WLGH� OHYHO�RI������P�DQG�GLVWULEXWLRQ� �GLUHFWLRQ�1��ZKLFK� LV� WKH�PDLQ�
GLUHFWLRQ�RI�WKH�ZLQG��7KH�UHVXOWV�DUH�VKRZQ�LQ�WKH�GHWDLOHG�PHVK�

)LJXUH�1R������� &DVH����0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ� 1�± ,QLWLDO�&RQGLWLRQ���
ZLWKRXW�SURMHFWV���'HWDLO�PHVK��/RFDO�6XUI�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP� WKH� SUHYLRXV� ILJXUH� \RX� FDQ� VHH� KRZ� WKH� ZDYHV�� JHQHUDWHG� E\� WKH� PRVW�
SUHGRPLQDQW�FRQGLWLRQ�RI�WKH�ZLQG�LQVLGH�WKH�JXOI��DUH�GHYHORSLQJ�IURP�QRUWK�WR�VRXWK��
UHDFKLQJ�KLJKHU�DOWLWXGH�YDOXHV�WRZDUGV�WKH�VRXWK�VLGH��GXH�WR�KDYLQJ�KLJKHU�)(7&+��
,Q� WKH� VLWH� ZKHUH� WKH� PDWHULDO� GUHGJLQJ� IURP� 3XHUWR� %DKtD� &RORPELD� GH� 8UDEi
PDWHULDO�LV�SURSRVHG��LW�YDULHV�EHWZHHQ������DQG������P��ZLWK�DQ�11(�GLUHFWLRQ��ZKLOH�
LQ� WKH� VHFWRU� RI� WKH� EXLOGLQJ� VLWH RI� 3XHUWR� %DKtD� &RORPELD� GH� 8UDEi� LW� FDQ� EH�
REVHUYHG WKDW�WKH�PDJQLWXGH�YDULHV�EHWZHHQ������DQG������P��ZLWK�D�QRUWK�GLUHFWLRQ�
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� )LQDO�&RQGLWLRQ��±:LWK�SURMHFWV�± 'HHS�VXUI�

,Q�)LJXUH�1R��������LW�VKRZV�WKH�UHVXOW�RI�ZDYH�GLVWULEXWLRQ IRU�WKH�)LQDO�FRQGLWLRQ��
WKDW�LV WR�VD\��ZLWK�GXPSLQJ�RI�PDWHULDO�IURP�WKH�GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�
GH�8UDEi��ZKLFK�KDV�D�VLJQLILFDQW�ZDYH�KHLJKW�RI������P�LQ�GHSWKV�XQGHILQHG��SHDN�
SHULRG� RI� ���� V�� WLGH� OHYHO� RI� �����P� DQG� GLVWULEXWLRQ GLUHFWLRQ�11(��ZKLFK� LV� WKH�
SUHGRPLQDQW�ZDYH�GLUHFWLRQ��7KH�UHVXOWV�DUH�VKRZQ�IRU�WKH�JHQHUDO�PHVK�

)LJXUH�1R������� &DVH���D�+V ����P�7S ���V�'LU 11(�± )LQDO�&RQGLWLRQ��:LWK�SURMHFWV��
JHQHUDO PHVK�

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�LW�VKRZV�D�EHKDYLRU�OLNH�WKDW�GLVWULEXWHG�IRU�WKH�FRQGLWLRQ�LQ�
ZKLFK�WKHUH�ZDV�QR�GXPSLQJ�RI�PDWHULDO�IURP�WKH�GUHGJLQJ�ZRUNV�RI�3XHUWR�%DKtD�
&RORPELD�GH�8UDEi��QRU�WKH�GUHGJLQJ�RI�WKH�GRFN��$�PRGLILHG�ZDYH�LV�REVHUYHG��ERWK�
LQ�PDJQLWXGH�DQG�GLUHFWLRQ��E\�WKH�SKHQRPHQD�RI�UHIUDFWLRQ�DQG�GLIIUDFWLRQ�WKDW�WKH�
RFHDQ�IORRU�JHQHUDWHV�RQ�LW�
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7KH�HIIHFW�RI�WKH�GHOWDLF�IRUPDWLRQ�RI�WKH�$WUDWR�5LYHU�LV�REVHUYHG��ZKLFK�GLVVLSDWHV�
PRVW�RI�WKH�HQHUJ\�ZLWK�ZKLFK�WKH�VZHOO�UHDFKHV�WKLV�VHFWRU��,W�LV�DSSUHFLDWHG�DV�LQ�
WKH�&RORPELD�ED\��WKH�ZDYHV�FRPLQJ�IURP�GHHS�ZDWHUV�KDYH�QR�LQFLGHQFH�

)LJXUH�1R��������DQG�PDS�02'B/$B372B$17B���VKRZV�WKH�UHVXOW�RI� WKH�ZDYH�
SURSDJDWLRQ� IRU� WKH� )LQDO� FRQGLWLRQ�� WKDW� LV�� ZLWK� GXPSLQJ� RI� PDWHULDO� IURP� WKH�
GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��ZKLFK�KDV�D�VLJQLILFDQW�ZDYH�KHLJKW�
RI� ����� P� LQ� LQGHILQLWH� GHSWKV�� SHDN� SHULRG� RI� ���� V�� WLGH� OHYHO� RI� ����� P� DQG�
GLVWULEXWLRQ�GLUHFWLRQ�11(��ZKLFK�LV�WKH�SUHGRPLQDQW�ZDYH�GLUHFWLRQ��7KH�UHVXOWV�DUH�
VKRZQ�IRU�WKH�GHWDLO�PHVK�

)LJXUH�1R������� &DVH���D�+V ����P�7S ���V�'LU 11(�± )LQDO�&RQGLWLRQ��:LWK�SURMHFWV��
GHWDLO�PHVK��'HHS�VXUI�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP� WKH�SUHYLRXV� ILJXUH� LW� FDQ�EH VHHQ� WKDW� WKH� LQWHULRU� RI� %DKtD�&RORPELD�� WKH�
EDFNJURXQG� VZHOO� LV� FRPSOHWHO\� GLVVLSDWHG� DQG� WKDW� DOO� WKH� HQHUJ\� LW� KDG� ZKHQ�
HQWHULQJ�WKH�*XOI�RI�8UDEi��KDV�EHHQ�GLVVLSDWLQJ�LQ�WKH�HQWLUH�MRXUQH\�LW�PDGH�WR�UHDFK�
WKH�DUHD�RI�LQWHUHVW��,Q�WKH�VHFWRU�WKDW�LV SURSRVHG�IRU�WKH�ODQGILOO�RI�WKH�PDWHULDO�WKDW�
FRPHV�IURP�WKH�GUHGJLQJ�ZRUNV�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��D�ZDYH�KHLJKW�
LV�REVHUYHG�WKDW�YDULHV�EHWZHHQ������DQG������PHWHUV��ZLWK�D�GLUHFWLRQ�FORVH�WR�1���
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�� (�� ZKLOH� LQ� WKH� DUHD� RI� GUHGJLQJ� WKH�ZDYHV� DUH� OHVV� WKDQ� �����P�ZLWK� D� QRUWK�
GLUHFWLRQ�

� )LQDO�&RQGLWLRQ�± ZLWK�PDWHULDO�GXPSLQJ ± /RFDO 6XUI�

)LJXUH�1R��������VKRZV�WKH�UHVXOW�RI�WKH�ZDYH�GLVWULEXWLRQ�IRU�WKH�,QLWLDO�FRQGLWLRQ��
WKDW� LV� WR� VD\�� ZLWKRXW� GXPSLQJ� RI� PDWHULDO� IURP� WKH� GUHGJLQJ� RI� 3XHUWR� %DKtD�
&RORPELD�GH�8UDEi��ZKLFK�KDV�D�ZLQG�PDJQLWXGH�RI������P���V��OHYHO�RI�WLGH�RI������
P�DQG�GLUHFWLRQ�RI�GLVWULEXWLRQ�1��ZKLFK�LV�WKH�SUHGRPLQDQW�GLUHFWLRQ�RI�WKH�ZLQG��7KH�
UHVXOWV�DUH�VKRZQ�IRU�WKH�JHQHUDO�PHVK�

)LJXUH�1R������� &DVH���D�0DJQLWXGH�RI�WKH�ZLQG  ����P�V��'LUHFWLRQ (1(�±)LQDO
&RQGLWLRQ��ZLWK�SURMHFWV��*HQHUDO PHVK����/RFDO VXUI�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKLV�ILJXUH�LW�FDQ�EH�REVHUYHG�WKDW�LQ�WKH�LQWHULRU�RI�WKH�&RORPELD�ED\��WKH�ORFDO�
�RU�ZLQG��ZDYHV�DUH�PXFK�PRUH�VLJQLILFDQW�WKDQ�WKH�ZDYHV�WKDW�GLVWULEXWH�IURP�GHHS�
ZDWHU��+HUH��\RX�FDQ�VHH�D�VZHOO�WKDW�ZDV�GHYHORSHG�E\�ZLQG�WR�WKH�LQWHULRU�RI�WKH�
*XOI�RI�8UDEi��ZKLFK�KDV�PXFK�ODUJHU�PDJQLWXGHV�LQ�WKH�VHFWRU�ZKHUH�WKH�GUHGJLQJ�
RI�WKH�PDQHXYHULQJ�GRFN�LV�FRQVLGHUHG��GXH�WR�KDYLQJ�D�KLJKHU�)(7&+��,Q�WKH�VHFWRU�
WKDW�LV�SURSRVHG�DV�D�ODQGILOO��ZH�FDQ�VHH�D�ZDYH�WKDW�KDV�D�PDJQLWXGH�FORVH�WR������
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P�DQG�DQ�1�������(�GLUHFWLRQ�DQG�LQ�WKH�GUHGJLQJ�VHFWRU�WKHUH�LV�D�ZDYH�KHLJKW�RI�
���� P� ZLWK� D� QRUWK� GLUHFWLRQ�� %URDGO\� ZH� FDQ� VHH� D� EHKDYLRU� VLPLODU� WR� WKRVH�
SUHVHQWHG�LQ�WKH�GLVWULEXWLRQV�RI�WKH�LQLWLDO�FRQGLWLRQ�

,Q�)LJXUH�1R��������\\�PDS�02'B/$B372B$17B���LW�VKRZV�WKH�UHVXOW�RI�WKH�ZDYH�
GLVWULEXWLRQ� IRU� WKH� )LQDO� FRQGLWLRQ�� WKDW� LV��ZLWK� WKH� GXPSLQJ� RI�PDWHULDO� IURP� WKH�
GUHGJLQJ�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��ZKLFK�KDV�D�ZLQG�PDJQLWXGH�RI������
P���V�� WLGH� OHYHO�RI������P�DQG�GLVWULEXWLRQ� �GLUHFWLRQ�1��ZKLFK� LV� WKH�SUHGRPLQDQW�
GLUHFWLRQ�RI�WKH�ZLQG��7KH�UHVXOWV�DUH�VKRZQ�LQ�WKH�GHWDLOHG�PHVK

)LJXUH�1R������� &DVH���D�0DJQLWXGH�RI�WKH�ZLQG ����P�V��'LUHFWLRQ 1�±)LQDO FRQGLWLRQ��
ZLWK�SURMHFWV��GHWDLO�PHVK��/RFDO VXUI�

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP� WKH� SUHYLRXV� ILJXUH� \RX� FDQ� VHH� KRZ� WKH� ZDYHV�� JHQHUDWHG� E\� WKH� PRVW�
SUHGRPLQDQW�ZLQG�FRQGLWLRQ�LQ�WKH�LQWHULRU�RI�WKH�JXOI��GHYHORS�IURP�QRUWK�WR�VRXWK��
UHDFKLQJ�KLJKHU�DOWLWXGH�YDOXHV�WRZDUGV�WKH�VRXWK��GXH�WR�KDYLQJ�KLJKHU�)(7&+��,Q�
WKH�VLWH�ZKHUH�WKH�PDWHULDO�GUHGJLQJ�IURP�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�PDWHULDO�
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LV�SURSRVHG��LW�YDULHV�EHWZHHQ������DQG������P��ZLWK�DQ�11(�GLUHFWLRQ��ZKLOH�LQ�WKH�
GUHGJLQJ�DUHD�WKH�ZDYHV�KDYH�D�ZDYH�KHLJKW�RI������P�ZLWK�D�QRUWK�GLUHFWLRQ�

� 'LIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�FRQGLWLRQ

,Q� )LJXUH� 1R�� ������ WKH� GLIIHUHQFHV� EHWZHHQ� WKH� LQLWLDO� FRQGLWLRQ� DQG� WKH� ILQDO�
FRQGLWLRQ�RI�WKH�VZHOO�FDVH�QXPEHU���DUH�VKRZQ��ZKLFK�KDYH�DQ�+V� �����P��7S� �
�V�DQG�11(�GLUHFWLRQ��7KLV�LV�GRQH�WR�HVWDEOLVK�WKH�LPSDFW�RI�WKH�GXPSLQJ�RI�PDWHULDO�
IURP�WKH�GUHGJLQJ�EXLOGLQJ�VLWHV�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�RQ�WKH�FRDVWDO�
G\QDPLFV�RI�&RORPELD�%D\��ERWK�IRU�WKH�GHHS�ZDYHV�DQG�IRU�WKH�ORFDO�ZDYHV�

)LJXUH�1R������� :DYH�KHLJKW�GLIIHUHQFHV�EHWZHHQ�WKH�LQLWLDO�FRQGLWLRQ�DQG�WKH�ILQDO�
FRQGLWLRQ��IRU�WKDW�PDWWHU ���+V ����P�7S ���V�'LU 11(�

6RXUFH��$TXD 	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�IRUPHU�ILJXUH�LW�FDQ�EH�VHHQ�WKDW�LQ�WKH�DUHD�WKDW�LV�SURSRVHG�DV�D�ODQGILOO�
IRU�WKH�PDWHULDO�FRPLQJ�IURP�WKH�GUHGJLQJ�EXLOGLQJ�VLWHV�RI�3XHUWR�%DKtD�&RORPELD�
GH�8UDEi��WKH�ZDYH�KHLJKW�FRQGLWLRQV�IRU�GHHS�ZDYHV��ERWK�LQ�WKH�ODQGILOO�DQG�LQ�WKH�
VXUURXQGLQJ�DUHDV��DUH�QRW�DIIHFWHG�E\� WKH�GXPSLQJ�RI� WKLV�PDWHULDO��<RX�FDQ�VHH�
KRZ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� LQLWLDO� FRQGLWLRQ� DQG� WKH� ILQDO� FRQGLWLRQ� GRHV� QRW�
H[FHHG���FHQWLPHWHU�LQ�KHLJKW��,W� LV�DOVR�LPSRUWDQW�WR�SRLQW�RXW�WKDW�LQ�WKH�SUHYLRXV�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

JUDSK� WKHUH� LV� D� VPDOO� QXPHULFDO� QRLVH� RI� WKH� RUGHU� RI� PLOOLPHWHUV� WKDW� LV� QRW�
UHSUHVHQWDWLYH�IRU�WKH�DQDO\]HV�WKDW�DUH�EHLQJ�FDUULHG�RXW��DOORZLQJ�WR�FRQFOXGH�ZLWK�
WRWDO�FHUWDLQW\�WKDW�WKH�EXLOGLQJ�VLWHV��GR�QRW�DIIHFW�WKH�G\QDPLFV�LQ�WKH�DUHD

,Q�)LJXUH�1R�������� LW�VKRZV�WKH�GLIIHUHQFHV�EHWZHHQ�WKH� LQLWLDO�FRQGLWLRQ�DQG�WKH�
ILQDO�FRQGLWLRQ�RI�WKH�ZDYH�FDVH�QXPEHU����ZKLFK�KDYH�D�ZLQG�PDJQLWXGH� ������P���
V�DQG�DGGUHVV�1��7KH�DERYH�LV�GRQH��WR�HVWDEOLVK�:KDW�LPSDFW�GRHV�WKH�GXPSLQJ�RI�
PDWHULDO�IURP�WKH�GUHGJLQJ�ZRUNV�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�KDYH�RQ�WKH�
FRDVWDO�G\QDPLFV�RI�&RORPELD�%D\�

)LJXUH�1R������� :DYH�KHLJKW�GLIIHUHQFHV�EHWZHHQ�WKH�LQLWLDO�FRQGLWLRQ�DQG�WKH�ILQDO�
FRQGLWLRQ��IRU�WKDW�PDWWHU ���0DJQLWXGH�RI�WKH�ZLQG ����P�V��'LUHFWLRQ 1�

6RXUFH��$TXD 	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�\RX�FDQ�VHH�D�EHKDYLRU�VLPLODU�WR�WKDW�VKRZQ�IRU�WKH�GHHS�
VZHOO��7KH�GLIIHUHQFH�EHWZHHQ�WKH�LQLWLDO�DQG�ILQDO�FRQGLWLRQ�RI�WKH�ODQGILOO�DUHD�DQG�
VXUURXQGLQJ�DUHDV�LV�SUDFWLFDOO\�]HUR�

7KH�ILJXUHV�IRU�WKH�RWKHU�FRQGLWLRQV�FDQ�EH�VHHQ�LQ�$QQH[�$�

,Q�WHUPV�RI�ZDYH�GLUHFWLRQV��WKH�IROORZLQJ�ILJXUH�VKRZV�D�FRPSDULVRQ�EHWZHHQ�WKH�
LQLWLDO�FRQGLWLRQ�DQG�WKH�ILQDO�FRQGLWLRQ�RI�WKH�&RORPELD�ED\�IRU�WKH�GHHS�VZHOO�DQG�
WKH�ORFDO�VZHOO��7KH�FRORU�VFDOH�GHQRWHV�WKH�GLUHFWLRQDO�GLIIHUHQFH�LQ�GHJUHHV�
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�D� 'HHS�VXUI�

�E� /RFDO VXUI�

)LJXUH�1R������� :DYH�GLUHFWLRQ�GLIIHUHQFHV�EHWZHHQ�WKH�FXUUHQW�FRQGLWLRQ�DQG�IXWXUH�
FRQGLWLRQ�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6� ����

)URP� WKH�SUHYLRXV� ILJXUH�ZH�FDQ�REVHUYH� WKH�FKDQJHV� WKDW�RFFXU� LQ� WHUPV�RI� WKH�
GLUHFWLRQ�RI�WKH�ZDYHV��GXH�WR�WKH�HIIHFW�RI�WKH�GXPSLQJ�RI�PDWHULDO�DQG�WKH�GUHGJLQJ�
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RI�WKH�GRFN��LQ�WKH�VWXG\�DUHD��,W�FDQ�EH�VHHQ�WKDW�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�LQLWLDO�
FRQGLWLRQ� DQG� WKH� ILQDO� FRQGLWLRQ� RQO\� YDU\� EHWZHHQ� ��� �� DQG� �� ��� MXVW� DIWHU� WKH�
SURSRVHG�GLVFKDUJH��,Q�WKH�SRUW�VHFWRU��LW�FDQ�EH�VHHQ�WKDW�WKH�FKDQJH�LQ�GLUHFWLRQ�LV�
D�OLWWOH�PRUH�PDUNHG��DURXQG���WR���GHJUHHV���IRU�WKH�GHHS�ZDYHV��GXH�WR�WKH�IDFW�WKDW�
GXULQJ�WKH�ZDYH�SHULRG�LW�LV�IHOW�PRUH�RQ��WKH�RFHDQ�IORRU��7KHVH�VPDOO�GLIIHUHQFHV�
DUH�GXH�WR�WKH�IDFW�WKDW�WKH�SURSRVHG�GXPSLQJ�GRHV�QRW�SURGXFH�D�KDUG�SRLQW�WKDW�
JHQHUDWHV�GLIIUDFWLRQ�RI�WKH�ZDYHV��QRU�D�VLJQLILFDQW�FKDQJH�DW�GHSWK�OHYHO�LQ�UHODWLRQ�
WR�WKH�SHULRGV�WKDW�RFFXU�LQ�WKH�DUHD��VR�WKH�RFHDQ�IORRU�GRHV�QRW�JHQHUDWH�UHIUDFWLRQ�
SURFHVVHV�WKDW�PRGLI\�WKH�GLUHFWLRQ�RI�WKH�ZDYHV��,W�LV�LPSRUWDQW�WR�FRQVLGHU�WKDW�WKH�
ZDYHV� LQ� QDWXUH� DOVR� KDYH� D� GHJUHH� RI� DQJXODU� GLVSHUVLRQ� WKDW� FDQ� EH� OLNH� WKH�
PDJQLWXGHV�REWDLQHG�KHUH�� WKHUHIRUH� LW� FDQQRW�EH� FRQVLGHUHG� WKDW� WKHVH� FKDQJHV�
UHSUHVHQW�D�JUHDW�LQIOXHQFH�RQ�WKH�FXUUHQW�G\QDPLFV��7KH�PDLQ�GLIIHUHQFH�LV�LQ�WKH�
GHHS�ZDYHV��EXW�WKLV�LV�WKH�OHDVW�UHSUHVHQWDWLYH�RI�WKH�VWXG\�DUHD��EHVLGHV�EHLQJ�WKH�
RQH�WKDW SUHVHQWV�WKH�JUHDWHVW�DQJXODU�GLVSHUVLRQ�LQ�D�QDWXUDO�ZD\��)URP�WKH�SUHYLRXV�
ILJXUH�LW�FDQ�EH�QRWHG�WKDW�WKH�ZDYH�GLUHFWLRQ�WKDW�LV�SUHVHQW�DW�WKLV�WLPH�LQ�WKH�VWXG\�
DUHD�ZLOO�EH�PDLQWDLQHG�HYHQ�ZLWK�WKH�GXPSLQJ�RI�GUHGJHG�PDWHULDO�IURP�WKH�EXLOGLQJ�
VLWHV RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�

$V�D�FRQFOXVLRQ�RI�WKLV�VWXG\��LW�FDQ�EH�VDLG�WKDW�WKH�GXPSLQJ�SURSRVHG�E\�$TXD�	�
7HUUD� IRU� WKH�GXPSLQJ�RI�PDWHULDO� IURP�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�KDV�QR�
HIIHFW�RQ�WKH�LPSRUWDQW�FRDVWDO�G\QDPLFV�DQG�WKLV�FDQ�EH�REVHUYHG�E\�WKH�IDFW�WKDW�
ZDYH�SDWWHUQV�KDYH�QRW�VXIIHUHG�VLJQLILFDQW�FKDQJHV� LQ� WKH�VWXG\�DUHD��QHLWKHU� LQ�
PDJQLWXGH�QRU�LQ�GLUHFWLRQ�

Ǧ $QDO\VLV� RI� WKH� LPSDFW� RQ� FRDVWOLQH� G\QDPLFV� EHFDXVH� RI� WKH�
FRQVWUXFWLRQ�RI�WKH�SLHU�RU�RIIVKRUH�SODWIRUP�

:LWK�WKH�PDLQ�SXUSRVH�RI�HYDOXDWLQJ�WKH�LPSDFW�WKDW�WKH�RIIVKRUH�SLHU�KDV�RQ�FRDVWDO�
G\QDPLFV��D�PRGHO�KDV�EHHQ�GHYHORSHG��PDNLQJ�XVH�RI�ZDYH�SHQHWUDWLRQ�VRIWZDUH��
7KH�WRRO�XVHG�IRU�WKLV�PRGHOLQJ�LV�;EHDFK��WKLV�LV�D�QXPHULFDO�PRGHO�RI�IUHH�DFFHVV��
ZKLFK� VLPXODWHV� K\GURG\QDPLF� SURFHVVHV� DQG� PRUSKRG\QDPLFV� DQG� LPSDFWV� RI�
VDQG�EHDFKHV�LQ�GRPDLQV�RI�NLORPHWHUV�DQG�WHPSRUDU\�VWRUPV�

7KLV�PRGHO� LQFOXGHV� K\GURG\QDPLF� SURFHVVHV� RI� ZDYH� WUDQVIRUPDWLRQ�� UHIUDFWLRQ��
EUHDNDJH��GLVWULEXWLRQ�DQG�GLVVLSDWLRQ��UXQ�XS�DQG�IORRG��,Q�WKH�VDPH�ZD\�LW�DOORZV�WR�
LQFOXGH� WKH� LPSDFW� RI� VWUXFWXUHV� DQG� YHJHWDWLRQ�� 7KLV� PRGHO� DOORZV� KDYLQJ� D�
FRPSXWDWLRQDO� DGYDQWDJH� IURP� WZR� PRGHOLQJ� PRGXOHV� �K\GURVWDWLF� DQG� QRQ�
K\GURVWDWLF��WKDW�DOORZ�\RX�WR�RSWLPL]H�FRPSXWDWLRQDO�WLPH�
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)LJXUH�1R���������0DLQ�ZDYH�PRGHOLQJ�SURFHVVHV�RI�;EHDFK�
6RXUFH��;EHDFK�0DQXDO����������

7KLV�PRGHO�LV�LQWHJUDWHG�LQWR�WKH�ZDWHU�FROXPQ��7\SH��'+��DQG�LV�VXSSRUWHG�E\�WKH�
'HOIW��'�VRIWZDUH�SODWIRUP�IRU�WKH�DVVHPEO\�RI�WKH�GRPDLQ��EDWK\PHWU\�DQG�PHVK�

)RU�WKH�DQDO\VLV�RI�WKH�LPSDFW�RI�RIIVKRUH�VLWHV��RQ�FRDVWDO�G\QDPLFV��WKH�IROORZLQJ�
FRQGLWLRQV�KDYH�EHHQ�GHILQHG�

��&RQGLWLRQ�EHIRUH�SURMHFWV�

��&RQGLWLRQ�DIWHU�WKH�SURMHFWV�WKDW�LQFOXGHV��GUHGJLQJ�SURMHFWV DQG�WKH�FRQILJXUDWLRQ�
RI�RIIVKRUH�TXD\�SLOHV��SKDVH����DFFRUGLQJ� WR� WKH�GLPHQVLRQLQJ�HVWDEOLVKHG� LQ�WKH�
GHVFULSWLRQ�RI�WKLV�SURMHFW�

��� 'HOWDUHV��;EHDFK�0DQXDO�������
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��(VWDEOLVK� WKH�ZDYH�FRQGLWLRQ� WKDW�KDV� WKH�JUHDWHVW� LPSDFW�RQ�FRDVWDO�G\QDPLFV��
7KLV�VFHQDULR�ZLOO�EH�GHILQHG�E\�ZDYHV�ZLWK�SHDN�SHULRGV�RI�PRUH�WKDQ ��VHFRQGV��
ZKLFK�KDYH�WKH�JUHDWHVW�WUDQVSRUW�FDSDFLW\�DQG�WKHUHIRUH�DIIHFW�WKH�FRDVWOLQH�

)LJXUH�1R���������%DWK\PHWULHV�DQG�GRPDLQ�EHIRUH�DQG�DIWHU�SURMHFWV�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV

)URP� WKH� ILHOG� FDPSDLJQ� FDUULHG� RXW� E\� WKH� 1DWLRQDO� 8QLYHUVLW\� LQ� ����� DQG�
GHWHUPLQHG�WKH�GHQVLW\�IXQFWLRQ�RI�WKH�GLVWULEXWLRQ��D�UDQJH�RI�SUREDELOLW\�RI�FHUWDLQW\�
RI�WKH�GDWD�RI�����KDV�EHHQ�HVWDEOLVKHG��WKLV�FRUUHVSRQGV�WR�WKH�DYHUDJH�PRUH�RU�
OHVV�WZLFH�WKH�VWDQGDUG�GHYLDWLRQ���7R�REWDLQ�WKH�PRVW�FULWLFDO�FRQGLWLRQ��WKH�PD[LPXP�
YDOXHV�RI�WKH�FRUUHFWHG�VHULHV�ZHUH�GHILQHG��REWDLQLQJ��VLJQLILFDQW�ZDYH�KHLJKW��+V��
RI������P�DQG�SHDN�SHULRG��7S��RI���V�

7KH�GLVSHUVLRQ�RI� WKH�ZDYHV�GHILQHG�VFHQDULR�KDV�EHHQ� HVWDEOLVKHG� IRU�FRQGLWLRQ�
EHIRUH�DQG�DIWHU�WKH�SURMHFWV��LQ�WKLV�ZD\�WKH�HIIHFWV�RI�ZDYH�GLVSHUVLRQ�LQ�WKH�VWXG\�
DUHD�FDQ�EH�FRPSDUHG�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

)LJXUH�1R���������'LVWULEXWLRQ�RI�WKH�VZHOO�FRQGLWLRQ�EHIRUH�SURMHFWV�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV

)LJXUH� 1R�� ������ DOORZV� XV� WR� GLVWLQJXLVK� WKH� UHIUDFWLRQ� DQG� ZDYH� GLIIUDFWLRQ�
SURFHVVHV�E\�WKH�YDULDWLRQ�RI�WKH�VHDEHG��ZKHUH�WKH�ZDYH�IURQW�GLVSHUVHV��WRZDUGV�
WKH� OHIW�EDQN�E\� UHIUDFWLRQ� �VKRUH� WKDW�FRUUHVSRQGV� WR� WKH� ULJKW�EDQN� �RI� WKH�/HRQ�
5LYHU��

6HFFLyQ
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)LJXUH�1R���������'LVWULEXWLRQ�RI�WKH�ZDYHV�ZLWK�SLOHV�DQG�ERWWRP�FKDQJHV�E\�GUHGJLQJ�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV

)LJXUH�1R��������DOORZV�XV�WR�HYDOXDWH�WKH�LPSDFW�RI�WKH�SURMHFWV�LQ�%DKtD�&RORPELD��
ZKHUH� LW� LV� HYLGHQW� KRZ� WKH�SLOHV� DQG� WKH� FKDQJH�RI� WKH� JURXQG� �JHQHUDWH�D� ORZ�

6HFFLyQ
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DOWHUDWLRQ� LQ� WKH� K\GURG\QDPLFV� RI� WKH� DUHD�� ,QLWLDOO\�� WKH� VXUI� VRXWK� RI� WKH� SLHU�
SUHVHQWV� D� PDUNHG� ZDYH� GLIIUDFWLRQ� SURFHVV�� 3URFHVV� WKDW� KDV� D� SUHGRPLQDQW�
H[WHQVLRQ�RI�DSSUR[LPDWHO\�����WR�����P��+RZHYHU��FRQWLQXLQJ�� LW� LV�GLVWLQJXLVKHG�
ERWK�LQ�SURILOH�DQG�LQ�OHYHO�DV�WKLV�HIIHFW�IDGHV�DQG�WKH�ZDYHV�UHFRYHU�LQ�OHVV�WKDQ�
����PHWHUV�VRXWK�RI�WKH ED\��$V�LQ�)LJXUH�1R���������WKHUH�LV�D�KLJK�ZDYH�GLVVLSDWLRQ�
LQ�WKH�VRXWKHUQ�DUHD

)URP�ZKDW�ZDV�GHVFULEHG�SUHYLRXVO\��LW�LV�FRQFOXGHG�WKDW�RII�VKRUH�SURMHFWV��GR�QRW�
JHQHUDWH�DQ�LPSDFW�RQ�FRDVWDO�G\QDPLFV�DQG�WKH�LPSDFW�RQ�WKH�ZDYHV�LV�ORFDO�DQG�
LV�UHFRYHUHG�LQ�WKH�SURFHVV�RI�GLVWULEXWLRQ�VRXWK�RI�WKH�SLHU�

Ǧ 5XSWXUHG�FXUUHQWV

$V� LW� LV� NQRZQ�� ZDYH� EUHDNLQJ� JHQHUDWHV� DGGLWLRQDO� FXUUHQWV� WKDW� DUH�PDQLIHVWHG�
WKURXJK�WKH�UDGLDWLRQ�WHQVRU��ZKLFK�PXVW�EH�HVWLPDWHG�WR�HYDOXDWH�WKH�HIIHFWV�WKDW�
WKH�SURMHFW�ZRXOG�KDYH�RQ�WKH�FRDVW�VXUURXQGLQJ�LW��,Q�RUGHU�WR�NQRZ�LWV�EHKDYLRU��LW�
LV�QHFHVVDU\�WR�XVH�D�PRGHO�WKDW�GHWHUPLQHV�WKH�ZDYH
V�UDGLDWLRQ�WHQVRU�IURP�WKH�
UHVXOWV�RI�KHLJKW�DQG�ZDYH�LQFLGHQFH�REWDLQHG�LQ�WKH�GLVWULEXWLRQ��FDOFXODWLQJ�WKH�ILHOG�
RI� FXUUHQWV� DQG� OHYHOV� GXH� WR� VDLG� UDGLDWLRQ� WHQVRUV�� 7R� DFKLHYH� WKLV�� WKH�6:$1�
PRGHO�ZDV�FRXSOHG�WR�WKH�IORZ�PRGXOH�RI�WKH�'(/)7��'�PRGHO��7KH�GHVFULSWLRQ�RI�
WKH�'(/)7��'�PRGHO�LV�VKRZQ�EHORZ��

� 'HVFULSWLRQ�RI�WKH�GHOIW��G PRGHO

'HOIW�'� LV� DQ� LQWHJUDWHG� PRGHOLQJ� V\VWHP� RI� IORZ� DQG� WUDQVSRUW� RULHQWHG� WR� WKH�
DTXDWLF�HQYLURQPHQW�WKDW�VROYHV�WKH�1DYLHU�6WRNHV�HTXDWLRQV�IRU�VKDOORZ�ZDWHUV�ZLWK�
WKH� K\SRWKHVLV� RI� K\GURVWDWLF� SUHVVXUHV� DQG� WKH� %RXVVLQHVT� DSSURDFK�� 7KH�
PDWKHPDWLFDO� IRUPXODWLRQV� LQFOXGHG� LQ� WKH� PRGHO� DOORZ� WR� WDNH� LQWR DFFRXQW� WKH�
IROORZLQJ�SK\VLFDO�SKHQRPHQD�

� (IIHFWV�RI�WKH�URWDWLRQ�RI�WKH�(DUWK��&RULROLV�IRUFH��

� %DURFOLQLF�HIIHFWV�

� 0DVVHV�RI�LQGXFHG�WXUEXOHQFH�DQG�PRPHQW�IORZV��WXUEXOHQW�FORVXUH�PRGHOV��

� 7UDQVSRUWDWLRQ�RI�VDOLQLW\��WHPSHUDWXUH�DQG�RWKHU�FRQVHUYDWLYH�VXEVWDQFHV�
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� )RUFHV�RI�WLGH�LQ�RSHQ�FRQWRXUV�

� 6SDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�WKH�WDQJHQWLDO�WHQVLRQ�RI�WKH�ZLQG�RQ�WKH�VXUIDFH�
RI�WKH�ZDWHU�ERG\�

� 6SDWLDO�YDULDWLRQV�RI�WKH�WDQJHQWLDO�WHQVLRQ�LQ�WKH�EDFNJURXQG�

� 6SDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�DWPRVSKHULF�SUHVVXUH�RQ�WKH�VXUIDFH�

� 7HPSRUDU\�YDULDWLRQ�RI�VRXUFHV�DQG�GUDLQV �L�H��GLVFKDUJHV�LQ�ULYHUV��

� )ORRGLQJ�DQG�GU\LQJ�RI�ORZ�WLGHV�

� +HDW�IORZV�

� (IIHFW�RI�WKH�ZDYHV�

7KH�HTXDWLRQV�RI�JRYHUQPHQW�DUH�WKH�IROORZLQJ�

&RQWLQXLW\�HTXDWLRQ
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UHVSHFWLYHO\��TLQ��TRXW��DUH�VRXUFHV��DQG�D�GUDLQ��RI�ZDWHU�SHU�XQLW�YROXPH�>����V@��
*KK DQG�

*[[ DUH� FRQYHUVLRQ� FRHIILFLHQWV� EHWZHHQ� FXUYLOLQHDU� DQG� RUWKRJRQDO�
FRRUGLQDWHV� DQG� 3� DQG� (� DUH� VRXUFH� WHUPV� RI� SUHFLSLWDWLRQ� DQG� HYDSRUDWLRQ��
UHVSHFWLYHO\��WKDW�FDQ�DFW�RQ�WKH�VXUIDFH�

(TXDWLRQ�RI�FRQVHUYDWLRQ�RI�PRPHQWXP

7KH�HTXDWLRQV�RI�FRQVHUYDWLRQ�RI�WKH�PRPHQWXP�LQ�WKH�GLUHFWLRQV�ȟ�DQG�Ș�DUH�
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DUH�
5H\QROGV� WHQVLRQ� �� 0ȟ� DQG� 0Ș� � UHSUHVHQW� WKH� FRQWULEXWLRQ� GXH� WR� VRXUFHV� DQG�
H[WHUQDO� PRYHPHQW� � RI� TXDQWLW\� GUDLQV� �H[WHUQDO� IRUFHV� RQ� K\GUDXOLF� VWUXFWXUHV��

UHOHDVHV�DQG�ZLWKGUDZDOV�RI�ZDWHU��WHQVLRQ�RQ�WKH�GHSWK���VXUIDFH�WHQVLRQV��HWF���� I

LV�WKH�&RULROLV�SDUDPHWHU�WKDW�GHSHQGV�RQ�WKH�JHRJUDSKLFDO�ODWLWXGH�DQG�WKH�DQJXODU�

URWDWLRQ�VSHHG�RI�WKH�(DUWK�DQG� 9Q UHSUHVHQWV�WKH�YHUWLFDO�WXUEXOHQW�YLVFRVLW\�

7UDQVSRUW�HTXDWLRQ��FRRUGLQDWH�V�

7KH�PRGHOLQJ�RI�PDWWHU�DQG�KHDW�WUDQVSRUW�LV�FDUULHG�RXW�E\�WKH�DGYHFWLRQ�GLIIXVLRQ�
HTXDWLRQ�LQ�WKH�WKUHH�VSDWLDO GLUHFWLRQV��7KH�WUDQVSRUW�HTXDWLRQ�LQ�FRQVHUYDWLYH�IRUP�
DQG�LQ�RUWKRJRQDO�FXUYLOLQHDU�FRRUGLQDWHV�LQ�WKH�KRUL]RQWDO�GLUHFWLRQ�DQG�ı�
FRRUGLQDWHV�LQ�WKH�YHUWLFDO�GLUHFWLRQ�LV�DV�IROORZV�
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:KHUH� '+ DQG� '9 DUH� WKH� KRUL]RQWDO� DQG� YHUWLFDO� WXUEXOHQW� GLIIXVLRQ� FRHIILFLHQWV��
UHVSHFWLYHO\��ȜG UHSUHVHQWV� WKH�SURFHVV�RI�GHFD\�RI� ILUVW�RUGHU�DQG 6� WKH� WHUPV�RI�
VRXUFH�DQG�GUDLQ�SHU�XQLW�DUHD�GXH�WR�GLVFKDUJH TLQ RU�WR�ZLWKGUDZDO TRXW RI�ZDWHU��DQG�
��RU�KHDW�H[FKDQJH�WKURXJK�WKH�IUHH�VXUIDFH�
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6WDWH�HTXDWLRQ

7KH�HTXDWLRQ�RI�VWDWH�XVHG�E\�WKH�'HOIW�'�PRGHO�LV�WKH�RQH�SURSRVHG�E\�81(6&2��
7KH�YDOLGLW\�UDQJH�RI�WKLV�IRUPXODWLRQ�LV�GHWHUPLQHG�LQ�WKH�UDQJHV �����W��������&��������
��V�������SSW�
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:KHUH�� U LV�WKH�GHQVLW\�RI�VHDZDWHU��W�LV�WKH�WHPSHUDWXUH�RI�WKH�ZDWHU�DQG�V�LV�WKH�
VDOLQLW\�

&RRUGLQDWH�V\VWHP

,Q WKH�KRUL]RQWDO�GLUHFWLRQ�WKH�PRGHO�XVHV�FXUYLOLQHDU�RUWKRJRQDO�FRRUGLQDWHV��7ZR�
FRRUGLQDWH� V\VWHPV� DUH� YDOLG�� �D�� &DUWHVLDQ� FRRUGLQDWHV �ȟ�Ș��� �E�� 6SKHULFDO�
FRRUGLQDWHV �Ȝ�ĳ��

,Q�YHUWLFDO��WZR�GLIIHUHQW�V\VWHPV�FDQ�EH�XVHG��WKH�FRRUGLQDWH�V\VWHP�ı��ı�PRGHO��
DQG� WKH� &DUWHVLDQ� FRRUGLQDWH� V\VWHP� =� �=�PRGHO��� 7KH� DERYH� HTXDWLRQV� DUH�
H[SUHVVHG�LQ�VLJPD�FRRUGLQDWHV��ZKLFK�LV�WKH�V\VWHP�FKRVHQ�WR�FDUU\�RXW�WKLV�VWXG\�

7KH� PHVK� ı�� LQWURGXFHG� E\� 3KLOOLSV� IRU� DWPRVSKHULF� PRGHOV�� FRQVLVWV� RI� OD\HUV�
FRQWDLQHG�E\�WZR�VLJPD�OHYHOV��ZKLFK�IROORZ�WKH�WRSRJUDSK\�RI�WKH�ERWWRP�DQG�WKH�
IUHH�VXUIDFH��,Q�WKLV�ZD\��WKH�QXPEHU�RI�YHUWLFDO OD\HUV�LQ�WKH�FDOFXODWLRQ�GRPDLQ�ZLOO�
EH�FRQVWDQW��UHJDUGOHVV�RI�WKH�ORFDO�GHSWK�RI�WKH�ZDWHU��VHH�)LJXUH�1R���������

7KH�FRRUGLQDWH�V\VWHP�ı�LV�GHILQHG�DV�
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] ]

G +

] ]V
]

� �
  

�

:KHUH�

] YHUWLFDO�FRRUGLQDWH�LQ�SK\VLFDO�VSDFH

ȗ HOHYDWLRQ�RI�WKH�IUHH�VXUIDFH�RQ�WKH�UHIHUHQFH�OHYHO��LQ ]� ���

G GHSWK�EHORZ�WKH�UHIHUHQFH�OHYHO

+ WRWDO�GHSWK��JLYHQ�E\��+ G ] �

)LJXUH��1R������� ([DPSOH�RI�PHVK�V �OHIW��DQG�PHVK�=��ULJKW��
6RXUFH��'HOIW�'�)/2:B8VHUB0DQXDO���KWWS���RVV�GHOWDUHV�QO�ZHE�GHOIW�G�PDQXDOV��

'LVWULEXWLRQ�FDVH�DQG�PHVKHV

7R� FKDUDFWHUL]H� WKH� ILHOG� RI� FXUUHQWV� RI� WKH� VWXG\� DUHD�� WKH� FDVH� RI� ZDYHV� ZDV�
VHOHFWHG� WKDW� LV�H[FHHGHG� WZHOYH�KRXUV�SHU�\HDU�� IRU� WKH�SUHGRPLQDQW�GLUHFWLRQ� LQ�
GHHS�ZDWHUV�DQG�WKXV�HVWLPDWH�WKH�EHKDYLRU�RI�WKH�FXUUHQWV�LQ�WKH�VHFWRU�RI�VWXG\��
%HORZ�DUH�WKH�SURSDJDWLRQ�PHVKHV�XVHG�WR�HVWLPDWH�ZDYH�FXUUHQWV

� 7DEOH�1R�������0HVK�GDWD�XVHG�LQ�WKH�IORZ�PRGXOH�RI�WKH�'(/)7��'�PRGHO�
1DPH 2ULJLQ�;��2ULJLQ�< $QJOH 6L]H�FHOOV �P� >1RGHV@
0� �������������� � ���[��� 9DULDEOH

6RXUFH��3UHSDUHG�E\� $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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)LJXUH�1R������� 0HVKHV�IRU�WKH�GLVWULEXWLRQ�RI�FXUUHQWV��)���PHVK�RQ�EDWK\PHWU\�ZLWK�WKH�
FXUUHQW�FRQGLWLRQ�IRU�H[WUHPH�ZDYHV�

6RXUFH��3UHSDUHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

7KH�FDVH�WKDW�ZDV�FKRVHQ�WR�HVWLPDWH�EUHDNLQJ�FXUUHQWV�LV�WKH�FDVH�RI�ORFDO�ZDYHV��
IRU�WKH�SUHGRPLQDQW�GLUHFWLRQ��&DVH�������%HORZ�LV�WKH�VHOHFWHG�FDVH�DQG�WKH�PHVK�
DVVRFLDWHG�ZLWK�LW�

7DEOH 1R������ &DVH�VHOHFWHG�WR�HVWLPDWH�WKH�FXUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV�

&DVH 0HVK 0DJQLWXGH�RI�WKH�:LQG �P�V� 'LUHFWLRQ &RQGLWLRQ

� )� ���� 1
:LWKRXW�
3URMHFWV

�D )� ���� 1 :LWK�3URMHFWV
6RXUFH��3UHSDUHG�E\� $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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7KH�FDVH�H[HFXWHG�WR�HVWLPDWH�FXUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV�FRUUHVSRQGV�
WR� WKH�FRQGLWLRQV� WKDW�PRVW�RFFXU� LQ� WKH�VWXG\�DUHD��7KH�EUHDNDJH�FXUUHQWV� LQ� WKH�
SURMHFW�DUHD�DUH�DQDO\]HG�EHORZ�

� 6WXG\�$UHD�

7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�UHVXOWV�RI�ZDYH�PRGHOLQJ�IRU�ZDYH�EUHDNDJH��IRU�WKH�
FDVH������ZKLFK�KDV�D�ZLQG�PDJQLWXGH�RI�����P���V�DQG�DQ�1�GLUHFWLRQ��IRU�WKH�
FRQGLWLRQ�ZLWKRXW�SURMHFWV��0DS�02'B/$B372B$17B����

)LJXUH�1R������� &XUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV��&DVH�����:LQG�PDJQLWXGH� �����P���V��
'LUHFWLRQ� �1�� ,QLWLDO�FRQGLWLRQ��QR�SURMHFWV��GHWDLO�PHVK��/RFDO�VXUI�

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

,Q�WKH�SUHYLRXV�ILJXUH�\RX�FDQ�VHH�WKH�FXUUHQWV�WKDW�DUH�SURGXFHG�E\�EUHDNDJH�RI�WKH�
ZDYHV�DQG�WKH�HIIHFW�RI�WKH�/HRQ�5LYHU�RQ�WKHP��,Q�WHUPV�RI�WKH�PDJQLWXGH�RI�WKH�
FXUUHQWV��DV�FDQ�EH�REVHUYH��WKRVH�WKDW�FRPH�IURP�WKH�/HyQ�ULYHU�DUH�PXFK�PRUH�
VLJQLILFDQW�WKDQ�WKRVH�SURGXFHG�E\�WKH�EUHDNLQJ�RI�ZDYHV�LQ�WKH�DUHD��7RZDUGV�WKH�
QRUWK�RI�WKH�PRXWK�RI�WKH�/HyQ�5LYHU��D�FXUUHQW�FDQ�EH�REVHUYHG�WKDW�FRPHV�RXW�RI�LW�
DQG� WKDW� KDV� D� VRXWK�QRUWK� GLUHFWLRQ�� ZKLFK� PHHWV� D� QRUWK�VRXWK� FXUUHQW�� ZKLFK�
JHQHUDWHV�D�UHWXUQ�FXUUHQW�LQ�WKH�FHQWUDO�VHFWRU�RI�WKH�ED\�WKDW�IRUPV�LQ�WKLV�VHFWRU�

7KH�PDJQLWXGH�RI�WKH�FXUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV�LV�RI�WKH�RUGHU�RI�����P�
��V��ZKLFK�LV�D�YHU\�ORZ�PDJQLWXGH�ZKHQ�FRPSDUHG�ZLWK�WKRVH�REWDLQHG�DW�WKH�PRXWK�
RI�WKH�ULYHU�/HyQ�
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7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�UHVXOWV�RI�WKH�ZDYH�PRGHOLQJ�RI�FXUUHQWV��IRU�WKH�
FDVH����D��ZKLFK�KDV�D�ZLQG�PDJQLWXGH�RI�����P���V�DQG�DQ�1�DGGUHVV��IRU�WKH�

FRQGLWLRQ�ZLWK�ZRUNV��0DS�02'B/$B372B$17B����

)LJXUH�1R������� &XUUHQWV�GXH�WR�EUHDNDJH�RI�WKH�ZDYHV��&DVH�����:LQG�PDJQLWXGH� �����P�
��V��'LUHFWLRQ� �1�� )LQDO�FRQGLWLRQ��ZLWK�SURMHFWV��GHWDLO�PHVK��/RFDO�VXUI�

6RXUFH��3URGXFHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

)RU� WKH� ILQDO�FRQGLWLRQ� �ZLWK�SURMHFWV���\RX�FDQ�VHH�WKH�VDPH�SDWWHUQ�RI�EUHDNDJH�
FXUUHQWV��EHFDXVH�WKH�GHSWK�WR�ZKLFK�DUH�WKH�GUHGJLQJ�DQG�GXPSLQJ�RI�WKH�PDWHULDO�
IURP�LW��WKH�ZDYHV�DUH�QRW�\HW�YHU\�LQIOXHQFHG�E\�WKH�UHIUDFWLRQ�DQG�GLIIUDFWLRQ�RI�WKH�
ZDYHV�

)URP�WKH�PRGHOLQJ�RI�WKH�FXUUHQWV�E\�UXSWXUH�LW�FDQ�EH�REVHUYHG�WKDW�WKH�SURSRVHG�
GUHGJLQJ�DQG�GXPSLQJ�SURMHFWV�IRU�WKH�GHYHORSPHQW�RI�3XHUWR�%DKtD�&RORPELD�GH�
8UDEi�GR�QRW�DIIHFW�WKH�OLWWRUDO�G\QDPLF�RI�WKH�VWXG\�DUHD�

$QDO\VLV�RI�WKH�OLWWRUDO�G\QDPLFV�RI�WKH�/DQGILOO�DUHD

7R�DQDO\]H�WKH�LQIOXHQFH�RI�WKH�GXPSLQJ�RI�GUHGJHG�PDWHULDO��LQ�WKH�ODQGILOO�DUHD��RQ�
WKH�OLWWRUDO�G\QDPLFV�RI�WKH�DUHD�VXUURXQGLQJ�LW��DQ�DQDO\VLV�KDV�EHHQ�PDGH�RQ�KRZ�
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WKH�FRQGLWLRQV�RI�WKH�GHSWK�DQG�PRUH�VSHFLILFDOO\��WKH�GHSWKV�RU�SHDN�RI�PD[LPXP�
FRURQDWLRQ�RI�WKH�ODQGILOO�FDQ�LQIOXHQFH�WKH�PRGLILFDWLRQ�RI�WKH�LQFLGHQW�ZDYH�SDWWHUQV�
IURP�WKH�PRGLILFDWLRQ�RI� WKH�ZDYHOHQJWK�/��ZKLFK�GHSHQGV�GLUHFWO\�RQ� WKH�7�ZDYH�
SHULRG�

,Q�WKLV�ZD\�ZH�SURFHHGHG�WR�HVWLPDWH�ZDYHOHQJWK�RI�WKH�ZDYHV�IRU�FXUUHQW�FRQGLWLRQV�
DQG�IXWXUH�FRQGLWLRQV��HVWLPDWLQJ��ZKDW�YDULDWLRQV�WKHUH�DUH�LQ�WHUPV�RI�ZDYHOHQJWK�
GXH�WR�WKH�HIIHFW�RI�WKH�GUHGJHG�PDWHULDO�UHOHDVH�DQG�WKH�FKDQJHV�LW�SURGXFHV�RQ�WKH�
ILQDO�OHYHO�RI�WKH�ERWWRP�

7KH�SURFHGXUH�WR�FDUU\�RXW�WKLV�LQIOXHQFH ZDV�FDOFXODWHG�WKH�SHDN�SHULRG�RI�WKH�VWXG\�
DUHD� IRU� WKH�PRVW� FULWLFDO� FDVH�RI�ZDYHV� �FDVH�����:LQG�PDJQLWXGH� �����P� �� V��
'LUHFWLRQ� �1���IURP�ILJXUH�+V�9V�7S��)URP�WKH�ILJXUH�WKDW�FRPSDUHV�ZDYH�KHLJKWV�
ZLWK�SHDN�SHULRGV��ZH�KDYH�WKDW�IRU�D�KHLJKW�RI���� P�LQ�KHLJKW�WKHUH�DUH�SHULRGV�WKDW�
YDU\�EHWZHHQ���V�DQG���V��ZLWK�WKH�ORZHU�YDOXHV�EHLQJ�WKH�FRUUHVSRQGLQJ�RQHV�IRU�
ZDYHV�JHQHUDWHG�ORFDOO\�DQG�WKH�YDOXHV�KLJK�IRU�ZDYHV�JHQHUDWHG�LQ�GHHS�ZDWHUV�

:DYHOHQJWK�RI�WKH�VZHOO�IRU�WKH�/DQGILOO�VHFWRU

7KH�IROORZLQJ�ILJXUH�VKRZV�WKH�ORFDWLRQ�DQG�JHRPHWULF�FRQILJXUDWLRQ�RI�WKH�
SURSRVHG�ODQGILOO��IRU�WKH�GXPSLQJ�RI�GUHGJHG�PDWHULDO��IURP�WKH�SURMHFWV�RI�3XHUWR�
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%DKtD�&RORPELD�GH�8UDEi�

)LJXUH�1R������� /RFDWLRQ�DQG�JHRPHWULF�FRQILJXUDWLRQ�RI�WKH�ODQGILOO�DUHD�
6RXUFH��$TXD 	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�ZH�FDQ�REWDLQ�WKH�GLPHQVLRQV�RI�WKH�ODQGILOO��ZKLFK�DUH�
VKRZQ�LQ�WKH�IROORZLQJ�WDEOH

7DEOH 1R������ 'DWD�RI�WKH�iUHD�RI�WKH�ODQGILOO
;��P� <��P� 7RWDO�$UHD �P��

/DQGILOO ���� ���� �������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����
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� :DYHOHQJWK�IRU�WKH�LQLWLDO�FRQGLWLRQ�RI�WKH�/DQGILOO

7KH�DYHUDJH�GHSWK�RI�WKH�ODQGILOO ZDV�HVWLPDWHG�DW����P�

7KH�ZDYHOHQJWK�ZDV�HVWLPDWHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQ�

6L��K�/R�!�����VR�

/ /R J7A����S��

6L�K�/R� ���

ܮ ൌ ܮ כ ݄ܶܽ݊ ൬
ʹ כ ߨ כ ݄

ܮ
൰

:KHUH�

/R J7A����S�

7 �SHDN�SHULRG �V�

J JUDYLW\��P�VA��

KR 'HSWK��P�

/ :DYHOHQJWK �P�

)RU�WKH�FDOFXODWLRQ�RI�WKH�LQLWLDO�ZDYHOHQJWK��D�SHULRG�RI���VHFRQGV�ZDV�FKRVHQ��WDNLQJ�
LQWR�DFFRXQW�WKDW��DV�ZLOO�EH�VHHQ�EHORZ��WKH�ZDYH�PHDVXUHPHQW�FDPSDLJQ�RQ�ZKLFK�
WKLV�VWXG\�ZDV�EDVHG��VKRZV�WKDW�WKH�SHULRGV�PRYH�LQ�DURXQG���DQG���VHFRQGV��EXW�
LW�LV�WKH�ODWWHU�WKDW�KDV�WKH�JUHDWHVW�SRWHQWLDO�IRU�VHGLPHQW�WUDQVSRUW�
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)LJXUH�1R������� :DYHOHQJWK�IRU�GLIIHUHQW�GHSWKV��IRU�WKH�LQLWLDO�FRQGLWLRQ�RI�WKH�ODQGILOO�
6RXUFH��$TXD 	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�ZH�FDQ�VHH�WKDW�WKH�ZDYHOHQJWK�IRU�D�SHULRG�RI���VHF�LV�QRW�
DOWHUHG�DIWHU�WKH������P�GHSWK��)RU�WKLV�UHDVRQ��WKH�VXUI�ZLOO�QRW�EH�DIIHFWHG�E\�WKH�
ERWWRP�LI�LW�GRHV�QRW�GHFUHDVH�EH\RQG�WKDW�GHSWK�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�DUHD�LV�NQRZQ�DV�LQGHILQLWH�GHSWKV��WKDW�LV��LQ�WKLV�DUHD�
WKH�ZDYHV�GR�QRW�IHHO�WKH�ERWWRP�DV�WKH\�VSUHDG��DQG�WKHUHIRUH�GR�QRW�DIIHFW�LW��,W�LV�
GHILQHG�DV�K� �/������WKDW�LV�WR�VD\��WKDW�IURP�D�GHSWK�JUHDWHU�WKDQ�KDOI�D�ZDYHOHQJWK��
WKH�ZDYHV�DUH�QRW�DIIHFWHG�E\�WKH�VHDEHG�

� :DYHOHQJWK�IRU�WKH�ILQDO�FRQGLWLRQ�RI�WKH�/DQGILOO

7R�HVWLPDWH�WKH�KHLJKW�RI�FRURQDWLRQ�RI�WKH�ODQGILOO��DIWHU�SRXULQJ�WKH�PDWHULDO�IURP�
WKH�GUHGJLQJ�RI�WKH�SURMHFW�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��WKH�WRWDO�GUHGJHG�
YROXPH�ZDV� VWDUWHG� �VHH�7DEOH�1R�� ������ DQG� WKH� JHRPHWULF� FRQILJXUDWLRQ� RI� WKH�
ODQGILOO��VHH�7DEOH�1R��������

7DEOH�1R������ 7RWDO�YROXPH�RI�GUHGJHG�PDWHULDO
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3XHUWR�%DKtD�&RORPELD�GH�8UDEi
�P��

7RWDO�9ROXPH
�P��

'UHGJLQJ�9ROXPH ������� �������
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����

7DEOH�1R������ *HRPHWULF�FRQILJXUDWLRQ�RI�WKH�ODQGILOO

;��P� <��P� ÈUHD�7RWDO��P��

/DQGILOO�iUHD� ���� ���� �������
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� �����

7DNLQJ� LQWR� DFFRXQW� WKH� ODUJH� H[WHQW� RI� WKH� ODQGILOO� DQG� WKH� VPDOO� YROXPH� WKDW�
FRQVWLWXWHV�GUHGJLQJ��LW�LV�WKDW�WKLV�ZRXOG�QRW�UHDFK�PRUH�WKDQ�D�PHWHU�DQG�D�KDOI�KLJK�
WKH�ILOOLQJ�

$V�D�VWDUWLQJ�SRLQW��WKH�PLQLPXP�GHSWK�LQ�WKH�ODQGILOO�LQ�FXUUHQW�FRQGLWLRQV�LV����P��,I�
RQH�FRQVLGHUV�WKDW�LWV�GHSWK�ZDV�UDLVHG�E\�����P��WKH�PLQLPXP�ILQDO�GHSWK�ZRXOG�EH�
������WKLV�GHSWK�LV�OHVV�WKDQ���������P�GLIIHUHQFH���DQG�WKHUHIRUH�LW�FDQ�EH�GHWHUPLQHG�
WKDW�WKH�ZDYHV�ZLOO�QRW�FKDQJH�DQG�WKHLU�G\QDPLFV�LQ�WKH�DUHD�RI�LQWHUHVW�

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� ZDYHV� DUH� WKH� PDLQ� DJHQW� UHVSRQVLEOH� IRU� FRDVWDO�
G\QDPLFV��VR�LW�FDQ�EH�VDLG�WKDW�LI�WKLV�LV�QRW�DIIHFWHG�E\�WKH�VHDEHG��LWV�GLVWULEXWLRQ�
WKURXJK�WKH�DUHD�RI�LQWHUHVW�ZLOO�QRW�EH�DIIHFWHG�E\�WKH�LPSOHPHQWDWLRQ�RI�WKH�SURMHFW��
DQG�FRQVHTXHQWO\��WKH�FRDVWDO�G\QDPLFV�HLWKHU�

7KLV�KDG�DOUHDG\�EHHQ�FRQILUPHG�ZLWK�ZDYH�PRGHOLQJ�DQG�FXUUHQWV�PHQWLRQHG� LQ�
SUHYLRXV�QXPHUDOV�

� &21&/86,216

%URDGO\�VSHDNLQJ��LW�FDQ EH�QRWHG�WKDW�IRU�WKH�VDPH�FDVH�RI�GLVWULEXWLRQ�WKH�YDULDWLRQV�
RI� ZDYH� SDWWHUQV�� LQ� WKH� WKUHH� DOWHUQDWLYHV�PRGHOHG� LQ� WKLV� VWXG\�� DUH� SUDFWLFDOO\�
LPSHUFHSWLEOH�

6R� WKDW� WKH� EHDFKHV�QHDU� WKH� ODQGILOO� VXIIHU� DQ� DIIHFWDWLRQ�� RU� D� WLOW� WKDW� JHQHUDWH�
EDFNZDUG� PRYHPHQW� LQ� VRPH� DUHDV� DQG� DFFUHWLRQ� LQ� RWKHUV�� LW� ZRXOG� KDYH� WR�
JHQHUDWH�D�UHDOO\�PDUNHG�GLIIUDFWLRQ�SROH�ZLWKLQ�WKH�EDWK\PHWULF�FRQILJXUDWLRQ�RI�WKH�
DUHD��JHQHUDWLQJ�DQG�PRGLI\LQJ�WKH�SDWWHUQV�RI�WKH�ZDYH�WKDW�VSUHDGV��E\�D�VHQVLEOH�
GHFUHDVH�LQ�WKH�GHSWKV�LQ�UHODWLRQ�WR�WKH�FKDUDFWHULVWLF�SHULRGV�RI�WKH�SUHGRPLQDQW�
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VZHOO�DQG�LW�ZDV�GHPRQVWUDWHG�WKDW�WKLV�GRHV�QRW�KDSSHQ�ZLWK�WKH�GXPSLQJ�RI�PDWHULDO�
LQ�WKH�SURSRVHG�ODQGILOO�

$IWHU� DQDO\]LQJ� DOO� WKH� ZDYH� SURSDJDWLRQ� ILJXUHV�� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH�
GLIIHUHQFHV�HQWHU�WKH�LQLWLDO�FRQGLWLRQ��ZKLFK�UHSUHVHQWV�WKH�FXUUHQW�DQG�IXWXUH�VWDWH�
RI� WKH�]RQH�� LQ�ZKLFK� WKH�GXPSLQJ�RI�PDWHULDO� LV�DOUHDG\� WDNHQ� LQWR�DFFRXQW�� LW� LV�
PD[LPXP���FP�LQ�ZDYH�KHLJKW� LQ� WKH�DUHD�LPPHGLDWHO\�DIWHU�UHOHDVH�� ,Q�WKH�RWKHU�
VHFWRUV�RI�WKH�VWXG\�DUHD��QR�YDULDWLRQ�FDQ�EH�REVHUYHG��EHFDXVH�WKH�LPSDFW�RI�WKH�
GLVFKDUJH�RQ�WKH�FRDVWDO�G\QDPLFV�LV�ORFDO�

:LWK� WKLV�PDJQLWXGH�� LW�FDQ�EH�VDLG� WKDW� WKH�IXWXUH�FRQGLWLRQ�GRHV�QRW�VLJQLILFDQWO\�
PRGLI\�WKH�KHLJKW�RI�WKH�ZDYHV�WKDW�FXUUHQWO\�RFFXU�LQ�WKH�VWXG\�DUHD�DQG��WKHUHIRUH��
WKH�OLWWRUDO�G\QDPLF�LV�QRW�DIIHFWHG��7KHUHIRUH��QR�VXEVWDQWLDO�FKDQJHV�DUH�H[SHFWHG�
LQ�WKH�FRDVWV�QHDU�WKH�3URMHFW

5HJDUGLQJ� WKH� GLUHFWLRQ� RI� WKH� VZHOO� LQ� WKH� VWXG\� DUHD�� LW� FDQ� EH� QRWHG� WKDW� WKH�
YDULDWLRQ� LV� DOPRVW� ]HUR�� EHFDXVH� WKH� GLVFKDUJH� WKDW� 3XHUWR� %DKtD� &RORPELD� GH�
8UDEi LQWHQGV� WR� FDUU\� RXW� LQ� WKH� VWXG\� DUHD� GRHV� QRW� VLJQLILFDQWO\� PRGLI\� WKH�
EDWK\PHWU\�RI�WKH�VHFWRU� 7KLV�GXPSLQJ�GRHV�QRW�SURGXFH�D�KDUG�SRLQW�WKDW�JHQHUDWHV�
ZDYH�GLIIUDFWLRQ��QRU�D�VLJQLILFDQW�FKDQJH�DW�GHSWK�OHYHO�LQ�UHODWLRQ�WR�WKH�SHULRGV�WKDW�
RFFXU� LQ�WKH�DUHD��DV�ZDV�DQDO\]HG�LQ�SUHYLRXV�FKDSWHUV��VR�WKH�VHDEHG�GRHV�QRW�
JHQHUDWH�SURFHVVHV�RI�UHIUDFWLRQ�WKDW�PRGLI\�WKH�GLUHFWLRQ�RI�WKH�ZDYHV� ,W�LV�LPSRUWDQW�
WR�FRQVLGHU�WKDW�WKH�ZDYHV�LQ�QDWXUH�DOVR�KDYH�D�GHJUHH�RI�DQJXODU�GLVSHUVLRQ�WKDW�
FDQ�EH�VLPLODU�WR�WKH�PDJQLWXGHV�REWDLQHG�KHUH��WKHUHIRUH�LW�FDQQRW�EH�FRQVLGHUHG�
WKDW�WKHVH�FKDQJHV�UHSUHVHQW�D�JUHDW�LQIOXHQFH�RQ�WKH�FXUUHQW�G\QDPLFV�

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�DUHD�LV�NQRZQ�DV�LQGHILQLWH�GHSWKV��WKDW�LV��LQ�WKLV�DUHD�
WKH�ZDYHV�GR�QRW�IHHO�WKH�VHDEHG DV�WKH\�VSUHDG��DQG�WKHUHIRUH�GR�QRW�DIIHFW�LW��,W�LV�
GHILQHG�DV�K� �/������WKDW�LV�WR�VD\��WKDW�IURP�D�GHSWK�JUHDWHU�WKDQ�KDOI�D�ZDYHOHQJWK��
WKH�ZDYHV�DUH�QRW�DIIHFWHG�E\�WKH�GHSWK��)RU�WKLV�UHDVRQ��RQO\�IURP�PRUH�RU�OHVV������
P�GHSWK��LV�WKDW�LW�FDQ�EH�DIIHFWHG�IRU�ZDYHV�RI���VHFRQGV�SHDN�SHULRG�

$V�D�FRQFOXVLRQ�RI�WKLV�VWXG\��LW�FDQ�EH�FRQILUPHG�WKDW�WKH�SURMHFW�RI�3XHUWR�%DKtD�
&RORPELD�GH�8UDEi�GR�QRW�KDYH�DQ\�LQIOXHQFH�RQ�WKH�OLWWRUDO�G\QDPLFV�DQG�WKLV�FDQ�
EH�REVHUYHG�E\�WKH�IDFW�WKDW�ZDYH�SDWWHUQV�KDYH�QRW�XQGHUJRQH�VLJQLILFDQW�FKDQJHV�
LQ�WKH�VWXG\�DUHD�

x 7LGHV�
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7KH�DVWURQRPLFDO�WLGH�LV�GHILQHG�DV�WKH�VHW�RI�UHJXODU�PRYHPHQWV�RI�VHD�OHYHO�ULVH�
DQG�IDOO�ZLWK�SHULRGV�FORVH�WR����RU����KRXUV�WKDW�DUH�SURGXFHG�E\�WKH�JUDYLWDWLRQDO�
HIIHFWV� RI� WKH� HDUWK�PRRQ�VXQ� V\VWHP�� )URP� WKH� SUDFWLFDO� SRLQW� RI� YLHZ�� LW� LV�
QHFHVVDU\�WR�NQRZ�WKH�EHKDYLRU�RI�WLGDO�ZDYHV��HVSHFLDOO\�WR�SUHGLFW�WKH�DPSOLWXGH�RI�
WKH�VDPH�DW�D�FHUWDLQ�WLPH�DQG�SODFH��7KDW�LV�ZK\�D�ZD\�WR�DSSURDFK�WKH�VWXG\�RI�
WKHLU�EHKDYLRU�LV�WR�FRQVLGHU�WKH�DVWURQRPLFDO�WLGH�DV�WKH�VXP�RI�D�ILQLWH�QXPEHU�RI�
ZDYHV��ZKRVH�DPSOLWXGH�DQG�GDWD�DUH�NQRZQ�EHFDXVH�WKH\�KDYH�EHHQ�DVVRFLDWHG�
ZLWK�VRPH�SODQHWDU\�PRYHPHQW�

$FFRUGLQJ� WR� WKH� SUHYLRXV� K\SRWKHVLV�� VHYHUDO� UHVHDUFKHUV� KDYH� ZRUNHG� RQ� WKH�
GHYHORSPHQW�RI�SHULRGLF�FRPSRQHQWV�RI�WKH�GULYLQJ�IRUFH�DV�IRUFLQJ�JHQHUDWHG�IURP�
WKH�WLGH��'DUZLQ�DQG�'RRGVRQ�PDQDJHG�WR�FDUU\�RXW�WKLV�EUHDNGRZQ�E\�SHUIRUPLQJ�
DQ�DVWURQRPLFDO�DQDO\VLV�WDNLQJ�LQWR�DFFRXQW�WKH�PRYHPHQWV�RI�WKH�HDUWK��PRRQ�DQG�
VXQ��IURP�ZKLFK�WKH\�GHWHUPLQHG�WKH�IUHTXHQF\�DQG�UHODWLYH�LPSRUWDQFH�RI�HDFK�RI�
WKH�FRPSRQHQWV�

7KH�EUHDNGRZQ�LV�EDVLFDOO\�GRQH�DVVXPLQJ�WKDW�WKH�JHQHUDWLQJ�IRUFHV�SURGXFHG�E\�
WKH�PRRQ�DQG�WKH�VXQ�LQ�WKHLU�YDULDEOH�WUDMHFWRULHV�DUH�JHQHUDWHG�E\�D�OLPLWHG�QXPEHU�
RI�ILFWLWLRXV�SODQHWV��(DFK�RI WKHVH�SODQHWV�UHYROYHV�DURXQG�WKH�HDUWK�ZLWK�D�FLUFXODU�
RUELW�ORFDWHG�LQ�WKH�OHYHO�RI�WKH�HTXDWRU�DW�D�FRQVWDQW�DQJXODU�YHORFLW\��DQG�WKH\�DUH�
VHOHFWHG�LQ�VXFK�D�ZD\�WKDW��RQH�RU�D�FRPELQDWLRQ�RI�VHYHUDO�RI�WKHP��UHSURGXFH�WKH�
IUHTXHQF\�RI�D�FHUWDLQ�GLVWXUEDQFH�DVWURQRPLFDO

Ǧ &DOFXODWLRQ�PHWKRGRORJ\

7KH�GHVFULSWLRQ�DQG�SUHGLFWLRQ�RI�WKH�WLGH�LQ�D�JLYHQ�ORFDWLRQ�FRXOG�EH�GRQH�WKURXJK�
ZKDW�LV�FDOOHG�KDUPRQLF�WLGDO�DQDO\VLV��ZKLFK�FRQVLVWV�RI�GHFRPSRVLQJ�WKH�UHFRUGV�RI�
VHD�OHYHO�LQ�D�ILQLWH�QXPEHU�RI�ZDYHV�ZKRVH�SHULRG�DQG�SKDVH�KDYH�EHHQ�SHUIHFWO\�
HVWDEOLVKHG��VLQFH�WKH\�FRLQFLGH�ZLWK�WKH�SHULRGV�RI�VRPH�RI�WKH�UHODWLYH�DVWURQRPLFDO�
PRYHPHQWV�EHWZHHQ�(DUWK��0RRQ�DQG�6XQ��DV�KDV�EHHQ�GHVFULEHG�DERYH��,Q�JHQHUDO�
WHUPV��WKH�PHWKRG�RI�KDUPRQLF�DQDO\VLV�FRQVLVWV�RI�PHDVXULQJ�WKH�VHD�OHYHO�GXULQJ�
D�FHUWDLQ�SHULRG�RI�WLPH�DQG�REWDLQLQJ��IURP�VDLG�UHFRUG��WKH�DPSOLWXGHV�DQG�SKDVHV�
RI�WKH�FRPSRQHQW�ZDYHV� 7KHVH�SDUDPHWHUV�DUH�FDOOHG�KDUPRQLF�FRPSRQHQWV��GXH�
WR�WKH�LPSOLFLW�DVVXPSWLRQ�WKDW�WKH�UHVSRQVHV�RI�VHDV�DQG�RFHDQV WR�WLGDO�IRUFHV�GR�
QRW�FKDQJH�RYHU�WLPH��,Q�WKLV�FDVH��WKH�PHWKRG�WKDW�LV�JRLQJ�WR�EH�SUHVHQWHG�LV�WKH�
RQH�HODERUDWHG�E\�'URQNHUV��������DQG�EDVHG�RQ�WKH�OHDVW�VTXDUHV�

7KH�DVWURQRPLFDO�WLGH�DSSURDFKHV��WKHQ�WR�WKH�VXP�RI�WKRVH�FRQVWLWXHQW�ZDYHV�LQ�WKH�
IROORZLQJ�ZD\�
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ୀଵ

:KHUH�

DϬ LV�WKH�DPSOLWXGH�RI�WKH�DYHUDJH�UHIHUHQFH�OHYHO

Dŝ LV�WKH�DPSOLWXGH�RI�WKH�ZDYH�L

ZL�LV�WKH�IUHTXHQF\�RI�WKH�FRPSRQHQW�ZDYH�L

ML�LV�WKH�SKDVH�VKLIW�RI�WKH�FRPSRQHQW�ZDYH�L

W�LV�WKH�PRPHQW�ZKHQ�WKH�WLGH�LV�FDOFXODWHG

Q�LV�WKH�QXPEHU�RI�FRPSRQHQWV�FRQVLGHUHG

1H[W��KDUPRQLF�FRPSRQHQWV�ZLOO�EH�REWDLQHG�WR�SUHGLFW�WLGDO�HYHQWV� LQ�D�SHULRG�
WKDW� LV� EHWZHHQ� -DQXDU\� ��� ����� DQG� -DQXDU\� ��� ������ 7KH� KDUPRQLF�
FRPSRQHQWV�ZHUH�REWDLQHG�IURP�WKH�73;2�PRGHO��ZKLFK�LV�RQH�RI�WKH�JOREDO�
PRGHOV�RI�WLGH��ZKLFK�SURYLGHV�IRXU�VHPLGLXUQDO�KDUPRQLF�FRPSRQHQWV��0���
6���1���.����IRXU�GLXUQDO�FRPSRQHQWV��.���2���3���4����WZR�ORQJ�SHULRG��0I�
DQG�0P��DQG�WKUHH�VKRUW�SHULRG�FRPSRQHQWV��0�����0Q���0V���LQ�D�PHVK�ZLWK�
JOREDO�FRYHUDJH�RI������[�����SRLQWV�ZLWK�������RI�VSDWLDO�UHVROXWLRQ��,Q�WKLV�
VWXG\�ZH�KDYH�XVHG�WKH�PRVW�UHFHQW�GDWDEDVH��73;2�����)LJXUH�1R��������
VKRZV�WKH�ORFDWLRQ�RI�WKH�73;2�SRLQW�FORVHVW�WR�WKH�VWXG\�DUHD�

7DEOH 1R������ 7LGDO�KDUPRQLF�FRPSRQHQWV��REWDLQHG�IURP�73;2
&RPSRQHQW )UHTXHQF\ 3HULRG �KU� $PSOLWXGH �P� 3KDVH ���

P� ��������� ����� ������ ������

V� �� �� ������ �����

Q� �������� ����� ������ ������

N� ��������� ����� ������ ����

N� ��������� ����� ������ ������

R� ��������� ���� ������ ������

S� ��������� ����� ����� �����

T� ��������� ����� ������ ������
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&RPSRQHQW )UHTXHQF\ 3HULRG �KU� $PSOLWXGH �P� 3KDVH ���

PI �������� ��� ������ ������

PP �������� ��� ������ ������

P� �������� ������ ������ ������

PV� ��������� ������ ����� ������

PQ� ������ ������ ������ ������
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH�1R������� /RFDWLRQ�RI�WKH�SRLQW�ZKHUH�WKH�KDUPRQLF�FRPSRQHQWV�RI�73;2�ZHUH�
REWDLQHG�

6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

:LWK� WKH� FRPSRQHQWV� REWDLQHG� IURP� WKH�73;2�DQG� WKH� HTXDWLRQ� WKDW� UHODWHV� WKH�
DPSOLWXGH�DQG�WKH�SKDVH�RI�WKHVH��WKH�DVWURQRPLFDO�WLGH�VHULHV�ZDV�FRQVWUXFWHG�IRU�
WKH�SRLQW�LQ�WKH�RXWVNLUWV�RI�WKH�JXOI��7KH�FRPSOHWH�VHULHV�LV�VKRZQ�LQ�WKH�IROORZLQJ�
ILJXUH�
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)LJXUH�1R������� 6HULHV�RI�DVWURQRPLFDO�WLGH�IRU�WKH�SRLQW�FORVHVW�WR�WKH�VWXG\�DUHD�
6RXUFH��$TXD 	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

Ǧ $YHUDJH�VHD�OHYHO�UHJLPHQ

7KH�WLGDO�OHYHO�UHJLPH�LV�FRQVWUXFWHG�IURP�WKH�VHD�OHYHO�GDWD�VHULHV�DW�WKH�SRLQW�VKRZQ�
LQ�)LJXUH�1R���������$OWKRXJK�WKLV�VLWH�LV�QRW�ORFDWHG�ZLWKLQ�WKH�VWXG\�DUHD��WKH�VSDWLDO�
YDULDWLRQ�RI�ORQJ�ZDYHV�LQ�WKH�*XOI�RI�8UDEi�LV�QRW�VLJQLILFDQW�

%DVHG�RQ�WKLV�LQIRUPDWLRQ�DQG�WKH�SUHYLRXVO\�DFFHSWHG�K\SRWKHVLV��ZH�KDYH�WKH�VHD�
OHYHO�VHULHV��ZLWK�ZKLFK�WKH�DYHUDJH�VHD�OHYHO�UHJLPH�FDQ�EH�EXLOW��)RU�WKLV��WKH�VHD�
OHYHO�VHULHV�LV�RUGHUHG�IURP�ORZHVW�WR�KLJKHVW�DQG�DVVLJQLQJ�WR�HDFK�GDWD�D�SUREDELOLW\
3� �L����Q�������ZKHUH�3�LV�WKH�SUREDELOLW\�RI�QRQ�H[FHHGDQFH��L�WKH�QXPEHU�RI�RUGHU�
RI� WKH� GDWD�� DQG� Q� WKH� WRWDO� QXPEHU� RI� GDWD� DQDO\]HG�� 7KH� UHVXOWV� REWDLQHG� DUH�
SUHVHQWHG�LQ�)LJXUH�1R��������
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$V�FDQ�EH�VHHQ��VHD�OHYHO�LV�QRW�D�UHOHYDQW�YDULDEOH�LQ�WKH�VWXG\�DUHD��7KH�PD[LPXP�
YDOXHV��ZLWK�UHVSHFW�WR�KDOI�WKH�VHD�OHYHO��GR�QRW�H[FHHG�����P�LQ�KHLJKW�

)LJXUH�1R������� $YHUDJH�OHYHO�RI�VHD�OHYHO�DW�WKH�SRLQW�FORVHVW�WR�WKH�VWXG\�DUHD��D��
'LVWULEXWLRQ�IXQFWLRQ�DQG�E��GHQVLW\�IXQFWLRQ�

6RXUFH��$TXD 	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

x 7URSLFDO�6WRUPV

7KH�&DULEEHDQ�6HD� UHJLRQ� LV�FKDUDFWHUL]HG�E\� WKH� IRUPDWLRQ�RI� WURSLFDO�F\FORQHV��
7UDGLWLRQDOO\��KXUULFDQHV�GHYHORS�RYHU�ZDUP�ZDWHUV�EHWZHHQ�-XQH�DQG�1RYHPEHU��
GXH�WR�WKH�DFWLRQ�RI�WKH�WUDGH�ZLQGV�FRQYHUJLQJ�RQ�WKH�:HVW�&RDVW�RI�$IULFD��0R�HW�

Ϭ

Ϭ͘Ϭϭ

Ϭ͘ϬϮ

Ϭ͘Ϭϯ

Ϭ͘Ϭϰ

Ϭ͘Ϭϱ

Ϭ͘Ϭϲ

Ϭ͘Ϭϳ

Ϭ͘Ϭϴ

Ϭ͘Ϭϵ

Ϭ͘ϭ

ͲϬ͘ϯ ͲϬ͘Ϯϰ ͲϬ͘ϭϴ ͲϬ͘ϭϮ ͲϬ͘Ϭϲ Ϭ Ϭ͘Ϭϲ Ϭ͘ϭϮ Ϭ͘ϭϴ Ϭ͘Ϯϰ Ϭ͘ϯ

&ƌ
ĞĐ

ƵĞ
ŶĐ

ŝĂ
�Ě
Ğ�
K
ĐƵ

ƌƌ
ĞŶ

Đŝ
Ă

EŝǀĞů�ĚĞů�ŵĂƌ�;ŵͿ
;ŶŝǀĞů�ĚĞ�ƌĞĨĞƌĞŶĐŝĂ͗ŶŝǀĞů�ŵĞĚŝŽ�ĚĞů�ŵĂƌͿ



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

DO����������KRZHYHU�6KDSLUR�DQG�*ROGHQEHUJ��������DQG�*ROGHQEHUJ�HW�DO��WR�WKH��
�������DQDO\]HG�WKH�UHODWLRQVKLS�EHWZHHQ�VHD�VXUIDFH�WHPSHUDWXUH��667��DQG�WKH�
IRUPDWLRQ� RI� F\FORQHV� LQ� WKH� $WODQWLF�� GHPRQVWUDWLQJ� WKDW� WKHUH� LV� QR� FRUUHODWLRQ�
EHWZHHQ� WHPSHUDWXUH� DQG� F\FORQH� IRUPDWLRQ�� 7URSLFDO� F\FORQHV� DUH� FODVVLILHG�
DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ�VFDOH�DFFRUGLQJ�WR�WKH�VSHHG�RI�WKH�ZLQGV��VHH�7DEOH�
1R��������

7DEOH 1R������ &ODVVLILFDWLRQ�RI�7URSLFDO�&\FORQHV�DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ�VFDOH
&/$6,),&$7,21 :,1'�63((' �NP�K�

7URSLFDO�'HSUHVVLRQ�7'� ���
7URSLFDO�6WRUP�76� ���± ���

+� �����± ���
+� ����± ���
+� ����± ���
+� ����± ���
+� !���

6RXUFH��1DWLRQDO�+XUULFDQH�&HQWHU��V�G�

7KH�IRUPDWLRQ�RI�WURSLFDO�F\FORQHV�LV�GHHSO\�VWXGLHG�LQ�WKH�1DWLRQDO�+XUULFDQH�&HQWHU�
�8QLWHG� 6WDWHV� RI� $PHULFD�� GXH� WR� LWV� HFRQRPLF� DQG� VRFLDO� LPSRUWDQFH��:LWK� WKH�
H[FHSWLRQ� RI� WKH� 6DQ� $QGUHV� DQG� 3URYLGHQFLD� ,VODQGV� UHJLRQ�� WKH� &RORPELDQ�
&DULEEHDQ�KDV�EHHQ�FRQVLGHUHG�DV�DQ�DUHD�RI ORZ�SUREDELOLW\�DQG�GHYHORSPHQW�RI�
WURSLFDO� VWRUPV�� DFFRUGLQJ� WR� WKH� 1DWLRQDO� 2FHDQRJUDSKLF� DQG� $WPRVSKHULF�
$GPLQLVWUDWLRQ��12$$���WURSLFDO�VWRUP�RU�KXUULFDQH�WRXFK�WKH�QRUWK�FRDVW�RI�6RXWK�
$PHULFD��*HUULVK��������

2UWL]� ������� FRQGXFWHG� DQ� DQDO\VLV� RI� WKH� KXUULFDQHV� WKDW� KDYH� WRXFKHG� WKH�
&RORPELDQ�FRDVW�EHWZHHQ������DQG�������FRQFOXGLQJ�WKDW�D�WRWDO�RI����VWRUPV�KDYH�
DIIHFWHG�WKH�&DULEEHDQ�FRDVW�RI�&RORPELD�LQ�WKLV�SHULRG��,Q�WKH�FRQWLQHQWDO�DUHD�VL[�
VWRUPV�KDYH�EHHQ�UHFRUGHG����WURSLFDO�VWRUPV�DQG�RQH�FDWHJRU\���KXUULFDQH��DQG�
VHYHQ�HYHQWV���� WURSLFDO�GHSUHVVLRQV���� WURSLFDO�VWRUPV��RQH�FDWHJRU\���KXUULFDQH�
DQG�RQH�FDWHJRU\���KXUULFDQH��DIIHFWHG�WKH�LQVXODU�DUHD��VHH�)LJXUH�1R���������
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)LJXUH�1R������� 6LJQLILFDQW�HYHQWV�WKDW�KDYH�DIIHFWHG�WKH�&RORPELDQ�&DULEEHDQ��,QVXODU�DQG�
&RQWLQHQWDO��EHWZHHQ������� ����

6RXUFH��7RPDGR�GH�2UWL]�������

8S�QH[W�LV�WKH�WUDMHFWRU\�DQG�D�EULHI�GHVFULSWLRQ�RI�WKH�PDLQ�HYHQWV�WKDW�KDYH�SDVVHG�
WKURXJK�WKH�&RORPELDQ�&DULEEHDQ�FRDVW��7KH�PDLQ�HYHQWV�WKDW�KDYH�EHHQ�UHFRUGHG�
KDYH�EHHQ��D�VWRUP�ZLWKRXW�D�QDPH�WKDW�KDSSHQHG�LQ�-XQH�������,UHQH�������-RDQ�
�����DQG�%UHW������DQG�&HVDU�LQ�������2UWL]�������

,UHQH�������IRUPHG�RQ�WKH�ZHVW�FRDVW�RI�$IULFD�UHDFKLQJ�TXLFNO\�WR�WKH�&DULEEHDQ��
ZKHUH�LW�ORVHV�LQWHQVLW\�WR�PHHW�WKH�:LQGZDUG�,VODQGV�ZKHUH�LW�ORVHV�VWUHQJWK��DIWHU�
SDVVLQJ�WKURXJK�WKH�1RUWK�&RDVW�RI�&RORPELD�JDLQV�VWUHQJWK�WR�UHDFK�WKH�FDWHJRU\�
RI�KXUULFDQH�����RII�WKH�FRDVW�RI�1LFDUDJXD�
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�6LPSVRQ�DQG�+RSH���������VHH�)LJXUH�1R���������

)LJXUH�1R������� +XUULFDQH�,UHQH
V�WUDMHFWRU\ ������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�-RDQ ������� UHDFKHG�KXUULFDQH�FRQGLWLRQV�RQ�WKH�ZHVW�FRDVW�RI�WKH�/D�
*XDMLUD� 3HQLQVXOD� DW� ��� QP� �QDXWLFDO�PLOHV�� RII� WKH� FRDVW� RI� &RORPELD�� DOWKRXJK�
SDVVLQJ� WKURXJK� WKH� &RORPELDQ� FRDVW� ZDV� D� WURSLFDO� VWRUP�� WKH� UDLQ� WKDW�
DFFRPSDQLHG�WKH�VWRUP�FDXVHG�VHYHUH�GDPDJH�FDXVHG�E\�WKH�IORRGV��OHDYLQJ�D�WRWDO�
RI����GHDG�DQG�DSSUR[LPDWHO\��������GLVSODFHG�SHUVRQV�SDVVLQJ�WKURXJK�WKH�FRXQWU\�
�*HUULVK���������VHH�)LJXUH�1R���������
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)LJXUH�1R������� 7UDMHFWRU\�RI�+XUULFDQH�-RDQ ������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�%UHW� �������� WRXFKHG� ODQG�RQ� WKH�9HQH]XHODQ�FRDVW�DQG�FRQWLQXHG� LWV�
SDWK�WR�&RORPELD��ZKHUH�LW�PHHWV�WKH�KLJK�HOHYDWLRQV�RI�WKH�6LHUUD�1HYDGD�GH�6DQWD�
0DUWD��FDXVLQJ�D�FRQVLGHUDEOH�ZHDNHQLQJ��KRZHYHU��DIWHU�FURVVLQJ�WKLV�DUHD�LW�JDLQV�
VWUHQJWK�DJDLQ�XQWLO�UHDFKLQJ�LWV�PD[LPXP�VSHHGV�RII�WKH�1LFDUDJXDQ�FRDVW��2Q�LWV�
ZD\�WKURXJK�&RORPELD��LW�OHIW�D�GHDG�SHUVRQ�DQG�D�ZRXQGHG�SHUVRQ��3DVFK��������
�VHH�)LJXUH�1R���������
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)LJXUH�1R������� 7KH�WUDMHFWRU\�RI�+XUULFDQH�%UHW ������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�&HVDU� ������� IRUPHG�IURP�D� WURSLFDO�ZDYH� WKDW�FURVVHG�'DNDU��$IULFD�
PRYLQJ�WR�WKH�ZHVW��XQWLO� LW�GHYHORSV�LQ�WKH�UHJLRQ�RI�WKH�:LQGZDUG�,VODQGV��&HVDU�
FRQWLQXHG�LWV�SDWK�WRZDUGV�WKH�:HVW�LQFUHDVLQJ�LWV�LQWHQVLW\��ORVLQJ�LWV�LQWHQVLW\�ZKHQ�
DSSURDFKLQJ�WKH�FRDVW�RI�6RXWK�$PHULFD��DQG�ODWHU�LW�UHDFKHV�FDWHJRU\�RI�KXUULFDQH�
LQ�WKH�FRDVW�RI�1LFDUDJXD��ZKHQ�FURVVLQJ�1LFDUDJXD�LW�DUULYHV�DW�WKH�3DFLILF�2FHDQ�
ZKHUH�LW�LQWHQVLILHV�DJDLQ�DQG�FKDQJHV�KLV�QDPH�WR�'RXJODV��$YLOD���������VHH�)LJXUH�
1R���������
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)LJXUH�1R������� 7UDMHFWRU\�RI�+XUULFDQH�&HVDU ������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

)URP�WKH�LQIRUPDWLRQ�SUHVHQWHG�DERYH�LW�LV�SRVVLEOH�WR�FRQFOXGH�WKDW�WKH�UHJLRQ�RI�
WKH�*XOI�RI�8UDEi�KDV�QRW�EHHQ�KLVWRULFDOO\�DIIHFWHG�E\�WURSLFDO�VWRUPV��ZKLFK�GRHV�
QRW�SUHVHQW�D�ULVN�IRU�WKH�H[HFXWLRQ�DQG�RSHUDWLRQ�RI�WKH�SURMHFW�

x 0DULQH�ZDWHU�TXDOLW\

7KH�SURMHFW�KDV�VRPH�ZRUNV�LQ�WKH�PDULQH�SDUW�VXFK�DV�WKH�YLDGXFW�DQG�WKH�WHUPLQDO�
LQ� ZDWHU� DQG� WKH� GUHGJLQJ� DFWLYLWLHV� RI� GHHSHQLQJ� DQG� WKH� GLVSRVDO� RI� GUHGJHG�
PDWHULDO� LQ� WKH� ODQGILOO�� WKHUHIRUH�� WKH�$��VWDWLRQV�ZHUH� ORFDWHG�RQ�WKH�$��LQ�%DKtD�
&RORPELD�WR�GHWHUPLQH�WKH�TXDOLW\�RI�VHDZDWHU�DV�D�EDVHOLQH��,W�LV�ZRUWK�PHQWLRQLQJ�
WKDW�VWDWLRQ�$��ZDV�ORFDWHG�LQ�D�QHDUE\�DUHD�DV�D�FRQWURO�SRLQW�ZLWK�UHVSHFW�WR�WKH�
LQWHUYHQWLRQ�SURMHFWV�RI�WKH�SURMHFW�LQ�%DKtD�&RORPELD�

6DPSOLQJ�VWDWLRQV�IRU�ZDWHU�TXDOLW\�DQG�PDULQH�VHGLPHQWV

7DEOH�1R�������VKRZV�WKH�0DJQD�6LUJDV�IODW�FRRUGLQDWHV�RULJLQDWLQJ�IURP�%RJRWi�RI�
WKH� VDPSOLQJ� VWDWLRQV� GHILQHG� IRU� WKH� DQDO\VLV� RI� WKH� ZDWHU� TXDOLW\� DQG� PDULQH�
VHGLPHQWV�LQ�WKH�3URMHFW�VWXG\�DUHD�DQG�LQ�)LJXUH�1R��������WKH�ORFDWLRQ LV�SUHVHQWHG��
RI�VDLG�VWDWLRQV�
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7DEOH�1R������ /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG�PDULQH�VHGLPHQW�VDPSOLQJ�VWDWLRQV

,G 6WDWLRQ�QDPH
)ODW�FRRUGLQDWHV�0DJQD�6LUJDV�RULJLQ�

%RJRWi
(DVW 1RUWK

$� 9LDGXFW�6WDWLRQ ϳϬϯ͕ϳϵϮ͘ϵϰ ϭ͕ϯϳϭ͕Ϭϴϯ͘ϱϭ
$� 0DQHXYHULQJ�$UHD�6WDWLRQ�� ϳϬϮ͕ϳϴϯ͘ϳϱ ϭ͕ϯϳϬ͕ϯϵϬ͘ϴϳ
$� 0DQHXYHULQJ�$UHD�6WDWLRQ�� ϳϬϮ͕ϰϴϳ͘ϴϲ ϭ͕ϯϳϭ͕ϭϭϬ͘ϱϵ
$� 0DQHXYHULQJ�$UHD�6WDWLRQ�� ϳϬϮ͕ϵϰϯ͘ϲϴ ϭ͕ϯϳϭ͕ϲϮϴ͘ϬϬ
$� $FFHVV�&KDQQHO�6WDWLRQ�3KDVH�, ϳϬϮ͕Ϭϵϵ͘ϴϱ ϭ͕ϯϳϭ͕ϴϳϬ͘ϵϵ
$� &RQWURO�SRLQW�VWDWLRQ ϲϵϲ͕ϯϴϳ͘ϴϰ ϭ͕ϯϳϮ͕ϴϮϱ͘ϯϭ
$� /DQGILOO ϲϵϳ͕ϳϵϮ͘ϰϭ ϭ͕ϯϳϱ͕ϰϲϰ͘Ϭϯ

6RXUFH��3URGXFHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH�1R������� /RFDWLRQ�RI�ZDWHU�TXDOLW\�DQG PDULQH�VHGLPHQW�VDPSOLQJ�VWDWLRQV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

� 5HVXOWV�REWDLQHG�IURP�VHDZDWHU�TXDOLW\
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7KH� SK\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� SDUDPHWHUV� HYDOXDWHG� IRU� WKH�
FKDUDFWHUL]DWLRQ�RI�VHDZDWHU�WKDW�PD\�EH�DIIHFWHG�E\�WKH�GHYHORSPHQW�RI�WKH�SURMHFW�
FRUUHVSRQG�WR�WKRVH�HVWDEOLVKHG�LQ�WKH�WHUPV�RI�UHIHUHQFH�IRU�WKH�SUHSDUDWLRQ�RI�WKH�
(QYLURQPHQWDO� ,PSDFW� 6WXG\� � (,$� LQ� FRQVWUXFWLRQ� RU� H[SDQVLRQ� DQG� RSHUDWLRQ�
SURMHFWV��0DULWLPH�SRUWV�RI�JUHDW�GUDIW��00�,1$���

%HORZ� DUH� WKH� UHVXOWV� RI� WKH� SDUDPHWHUV� WKDW� ZHUH� UHFRUGHG� ,Q� 6LWX� DQG� WKRVH�
HYDOXDWHG�LQ�WKH�ODERUDWRU\�

� 5HVXOWV�RI�WKH�SDUDPHWHUV�LQ�VLWX�

7DEOH 1R�������VKRZV�WKH�UHVXOWV�RI�WKH�SDUDPHWHUV�WKDW�ZHUH�UHFRUGHG�LQ�VLWX�IRU�WKH�
VWDWLRQV�ORFDWHG�LQ�%DKtD�&RORPELD�

7DEOH�1R������ 5HVXOWV�RI�PHDVXUHPHQW�RI�SDUDPHWHUV�LQ�VLWX�± $JXD�0DULQD

6DPSOLQJ�
SRLQW

S+��XQLWV�
7HPSHUDWXUH�

��&�

'LVVROYHG�
2[\JHQ�
�PJ���/�

&RQGXFWLYLW\��
PV���FP

��R[\JHQ�
VDWXUDWLRQ

$� ���� ���� ���� ���� �����
$� ���� ���� ���� ���� ������
$� ���� ���� ���� ���� �����
$� ���� ���� ���� ���� �����
$� ���� ���� ���� ���� �����
$� ���� ���� ���� ���� �����
$� ��� ���� ���� ���� �����

6RXUFH��6*6�&RORPELD�6�$�6��-XOLR������

� 5HVXOWV�DQDO\]HG�LQ�WKH�ODERUDWRU\

7DEOH�1R�������SUHVHQWV�WKH�UHVXOWV�RI�WKH�SDUDPHWHUV�WKDW�ZHUH�DQDO\]HG�LQ�WKH�
ODERUDWRU\�IRU�WKH�VWDWLRQV�ORFDWHG�LQ�%DKtD�&RORPELD�
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7DEOH�1R������ 3DUDPHWHUV�DQDO\]HG�LQ�WKH�ODERUDWRU\�± $JXD�0DULQD

3DUDPHWHUV
5HVXOWV�RI�WKH�VDPSOLQJ�VWDWLRQV

$� $� $� $� $� $� $�

$FLGLW\��PJ &D&2����/ ��� ��� ��� ��� ��� ��� ��

7RWDO�$ONDOLQLW\��PJ�&D&2����/ �� �� �� �� �� �� ���

7UXH�&RORU��83& �� �� �� �� �� �� ��

%LRFKHPLFDO�2[\JHQ�'HPDQG��PJ�2����/ �� �� �� �� �� ��� ��

&KHPLFDO�2[\JHQ�'HPDQG��PJ�2����/ �� ��� ��� ��� �� �� ���

'HWHUJHQWV��PJ�6$$0���/ ����� ����� ����� ����� ����� ����� �����

&DOFLXP�KDUGQHVV��PJ�&D&2����/ ��� ���� ���� ���� ���� ���� ����

7RWDO�+DUGQHVV��PJ�&D&2����/ ��� ���� ���� ���� ���� ���� ����

7RWDO�SKHQROV��PJ�3KHQRO���/ ������ ������ ������ ������ ������ ������ ������

7RWDO�SKRVSKRUXV��PJ�3���/ ��� ����� ����� ����� ����� ����� �����

)DWV�DQG�2LOV��PJ�*\$���/ ���� ���� ���� ���� ���� ���� ����

7RWDO�1LWURJHQ��PJ�1���/ ����� ����� ����� ����� ����� ����� �����

7RWDO�'LVVROYHG�6ROLGV��PJ�6'7���/ ���� ���� ����� ����� ����� ����� ����

6HGLPHQWDEOH�VROLGV��PO���/ ��� ��� ��� ��� ��� ���� ��

7RWDO�6XVSHQGHG�6ROLGV��PJ�667���/ �� �� ��� �� �� �� ��

7XUELHGDG��178 ���� ���� ���� ���� ���� ���� ����

7RWDO�FROLIRUPV��103�������PO ���� ������ !013& !013& ������ !013& ��������

&ROLIRUPV��(�FROL���103�������PO ��� ��� �� ������ ���� ������ �������

3RO\QXFOHDU�$URPDWLF�+\GURFDUERQV��PJ�&RPSRXQG���/ ��������� ��������� ��������� ��������� ��������� ��������� ���������
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3DUDPHWHUV
5HVXOWV�RI�WKH�VDPSOLQJ�VWDWLRQV

$� $� $� $� $� $� $�

7RWDO�EDU��PJ�0HWDO���/ ������� ������� ������� ������� ������� ������� �������

7RWDO�&DGPLXP��PJ�0HWDO���/ ������ ������ ������ ������ ������ ������ ������

7RWDO�&RSSHU��PJ�0HWDO���/ ���� ������ ������ ������ ����� ������ ������

7RWDO�&KURPLXP��PJ�0HWDO���/ ����� ������ ������ ������ ������ ������ ������

0HUFXU\�7RWDO��PJ�0HWDO���/ ������� ����� ������� ����� ������� ������� �������

7RWDO�1LFNHO��PJ�0HWDO���/ ����� ������ ������ ������ ������ ������ ������

7RWDO�6LOYHU��PJ�0HWDO���/ ������� ������� ������� ������� ������� ������� �������

7RWDO�/HDG��PJ�0HWDO���/ ������ ������ ������ ������ ������ ������ ������

6HOHQLXP�7RWDO��PJ�0HWDO���/ ����� ����� ����� ����� ����� ����� ����

7RWDO�$UVHQLF��PJ�0HWDO���/ ����� ����� ����� ����� ����� ����� �����

7RWDO�=LQF��PJ�0HWDO���/ ���� ���� ���� ���� ���� ���� ����

&KORURSK\OO�$�PJ���P� ���� ���� ���� ���� ���� ���� ����
&KORURSK\OO�%�PJ���P� ���� ���� ���� ���� ���� ���� ����
�!�917&��9HU\�QXPHURXV�WR�FRXQW��WKH�UHVXOW�LV�!�������103�����PO��
�!�917&��9HU\�1XPHURXV�WR�FRXQW��WKH�UHVXOW�LV�!������103�����PO��'LOXWLRQ�����
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����
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>0HGHOOtQ@������

� $QDO\VLV�RI�VHDZDWHU UHVXOWV

1H[W��DQ�DQDO\VLV�RI�WKH�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�SDUDPHWHUV�UHJLVWHUHG�LQ�VLWX�DQG�
LQ�WKH�ODERUDWRU\�IRU�WKH�VWDWLRQV�LQ�%DKtD�&RORPELD�LQ�WKH�*XOI�RI�8UDEi��QDPHG�$���$���$���$���
$���$��DQG�$���ZKLFK�ZHUH�LQ�WKH�DUHD�RI�LQWHUYHQWLRQ�RI�WKH�SURMHFW�DQG�D�FRQWURO�VWDWLRQ�

� +\GURJHQ�SRWHQWLDO��± S+�8QLWV

+\GURJHQ�SRWHQWLDO��FRQVLGHUHG�DQ�LPSRUWDQW�LQGLFDWRU�RI�PDULQH�ZDWHU�TXDOLW\��ZKLFK�UHJLVWHUHG�
D�PRVWO\�QHXWUDO�WUHQG�LQ�ILYH�����RI�WKH�VHYHQ�����PRQLWRUHG�PDULQH�ZDWHU�VWDWLRQV��ORFDWHG�LQ�
WKH�%DKtD�&RORPELD�6HFWRU�LQ�WKH�*XOI�RI�8UDEi��WKLV�EHKDYLRU�LV DVVRFLDWHG�ZLWK�WKH�PRGHUDWH�
FRQWHQW�RI�ERWK�DFLGLF�DQG�DONDOLQH�FRPSRXQGV�LQ�ZDWHU��7KH�WZR�VWDWLRQV�ZLWK�WKH�KLJKHVW�S+�
YDOXHV�ZHUH�$��DQG�$���7KH�YDOXHV�LQ�JHQHUDO�UDQJHG�IURP������WR������XQLWV�ZLWK�DQ�DYHUDJH�
RI������8QLWV�

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� YDOXHV� RI� WKH� SRWHQWLDOV� DUH� LQ� D� IDYRUDEOH� UDQJH� IRU� WKH�
GHYHORSPHQW�RI�DTXDWLF�RUJDQLVPV��5HJDUGLQJ�WKH�UHJXODWRU\�UHJLPH��LW�IXOO\�FRPSOLHV�ZLWK�WKH�
PD[LPXP�UHJXODWRU\�OLPLWV�HVWDEOLVKHG�LQ�'HFUHH������RI�������&KDSWHU����6HFWLRQ���$UWLFOHV�
�������������������������DQG��������������UHDIILUPLQJ�WKDW�ZDWHU�PHHWV�ZLWK�WKH�DGPLVVLEOH�TXDOLW\�
FULWHULD�IRU�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH�IRU�UHFUHDWLRQDO�SXUSRVHV�DQG�IRU�WKH�SUHVHUYDWLRQ�RI�
YHJHWDWLRQ�DQG�ZLOGOLIH�WR�ZKLFK�WKLV�SDUDPHWHU�UHIHUV��7KLV�EHKDYLRU�LV�LOOXVWUDWHG�LQ�)LJXUH�1R��
������
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)LJXUH�1R������� ��3RWHQWLDO�EHKDYLRU�RI�+\GURJHQ�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�RI�6*6�6�$�6������

� 7HPSHUDWXUH

Y 7HPSHUDWXUH� LV� RI� JUHDW� LPSRUWDQFH� EHFDXVH� LW� GHWHUPLQHV� WKH� FOLPDWLF� UHJLRQV� DQG� WKH�
GLVWULEXWLRQ�RI�PDULQH�VSHFLHV��LQ�WXUQ��LW�LQIOXHQFHV�WKH�UHSURGXFWLRQ�DQG�SHULRGLFLW\�RI�DTXDWLF�
OLIH��DQG�WKH�GHFRPSRVLWLRQ�RI�RUJDQLF�PDWWHU��7KH�DYHUDJH�WHPSHUDWXUH�LQ�%DKtD�&RORPELD�ZDV�
��������&��ZKHUH�WKH�YDOXHV�RVFLOODWHG�EHWZHHQ��������&�DQG��������&��LW�FDQ�EH�SURYHQ��WKDW�QR�
VLJQLILFDQW�YDULDWLRQV�ZHUH�UHFRUGHG��LQ�)LJXUH�1R��������VXFK�EHKDYLRU�LV�REVHUYHG��KRZHYHU��
LQ�VWDWLRQ�$��,�SUHVHQW�WKH�KLJKHVW�WHPSHUDWXUH�

2Q�WKH�RWKHU�KDQG��'HFUHH������RI�������&KDSWHU����6HFWLRQ����DUWLFOHV��������������������������
DQG� ������������� GR� QRW� HVWDEOLVK� DQ� DOORZDEOH� OLPLW� IRU� WKLV� SDUDPHWHU�� QRWZLWKVWDQGLQJ� WKH�
78/$6� �8QLILHG� 7H[W� RI� WKH� 6HFRQGDU\� (QYLURQPHQWDO� /HJLVODWLRQ� WKDW� LV� WKH� 6WDQGDUG� RI�
(QYLURQPHQWDO�4XDOLW\�DQG�GLVFKDUJH�RI�HIIOXHQWV�WR�WKH�ZDWHU�UHVRXUFH�LQ�(FXDGRU��GHILQHV�WKDW�
WKH�PD[LPXP�SHUPLVVLEOH�OLPLW�IRU�PDULQH�ZDWHUV�LV�WKH�ORFDO�DPELHQW�WHPSHUDWXUH�������&������
��&���HVWDEOLVKLQJ�WKDW�WKH�PRQLWRUHG�SRLQWV�UHJLVWHUHG�YDOXHV�ORZHU�WKDQ�WKH�PHQWLRQHG�OLPLW��,W�
LV�LPSRUWDQW�WR�KLJKOLJKW�WKDW�WKH�UHSRUWHG�YDOXHV�DUH�LQ�DFFRUGDQFH�ZLWK�WKH DPELHQW�WHPSHUDWXUH�
RI�WKH�VWXG\�DUHD�DQG�DUH�VXLWDEOH�IRU�WKH�YLWDO�SURFHVVHV�RI�PLFURRUJDQLVPV�
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)LJXUH�1R������� 7HPSHUDWXUH�%HKDYLRU�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 'LVVROYHG�2[\JHQ�

2[\JHQ��2���IURP�WKH�DWPRVSKHUH�GLVVROYHV�GLUHFWO\�LQ�VXUIDFH�ZDWHUV��RU�LV�JHQHUDWHG�E\�
SKRWRV\QWKHVLV�LQ�WKH�XSSHU�LOOXPLQDWHG�OD\HUV��:LWK�WKH�LQFUHDVH�LQ�GHSWK��GLVVROYHG�R[\JHQ�
GHFUHDVHV��SDUWO\�ZKHQ�FRQVXPHG�E\�WKH�UHVSLUDWLRQ�RI�PLFURRUJDQLVPV�DQG�RQ�WKH�RWKHU�
KDQG�E\�WKH�PLFURELDO�GHFRPSRVLWLRQ�RI�RUJDQLF�GHWULWXV�DQG�E\�WKH�DEVRUSWLRQ�SKHQRPHQRQ�

$FFRUGLQJ� WR� WKH� UHVXOWV�� WKH� GLVVROYHG� R[\JHQ� UHSRUWHG� LQ� WKH� VWDWLRQV� LQ� %DKtD� &RORPELD�
UDQJHG�EHWZHHQ������PJ���/�DQG������PJ���/�ZLWK�DQ�DYHUDJH�RI������PJ���/��VWDWLRQ�$��UHFRUGHG�
WKH�KLJKHVW�FRQFHQWUDWLRQ�IRU�WKLV�SDUDPHWHU��KRZHYHU�WKH�YDULDWLRQ�EHWZHHQ�WKLV�DQG�WKH�RWKHU�
VWDWLRQV�LV�VOLJKW���6HH�)LJXUH�1R���������

5HJDUGLQJ�WKH�UHJXODWRU\�UHVWULFWLRQV�IRU�GLVVROYHG�R[\JHQ��$UWLFOH��������������RI�'HFUHH������
RI�������&KDSWHU����6HFWLRQ���HVWDEOLVKHV�WKDW�WKH�FRQFHQWUDWLRQ�RI�'LVVROYHG�2[\JHQ�LQ�PDULQH�
DQG�HVWXDULQH�ZDWHUV� IRU� WKH�GHVWLQDWLRQ�RI� UHVRXUFH� IRU�SUHVHUYDWLRQ�XVH�RI� YHJHWDWLRQ�DQG�
ZLOGOLIH�VKRXOG�EH�KLJKHU�WKDQ���PJ���/�ZKHUH�LW�FDQ�EH�HVWDEOLVKHG�WKDW

&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������2S�&LW�
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7KH� VWDWLRQV� PRQLWRUHG� DV� D� EDVHOLQH� LQ� WKH� %DKtD� &RORPELD� 6HFWRU� LQ� WKH� *XOI� RI� 8UDEi�
UHJLVWHUHG�IXOO�FRPSOLDQFH��SUHVHQWLQJ�IDYRUDEOH�FRQFHQWUDWLRQV�IRU�WKH�PHWDEROLF�DFWLYLWLHV�RI�
WKH�PLFURRUJDQLVPV�DQG�WKH�GHFRPSRVLWLRQ�SURFHVVHV�RI�WKH�RUJDQLF�PDWWHU�

)LJXUH�1R������� 'LVVROYHG�2[\JHQ�%HKDYLRU�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

2Q�WKH�RWKHU�KDQG��WKH�SHUFHQWDJHV�RI�R[\JHQ�VDWXUDWLRQ�LQ�DOO�WKH�VWDWLRQV�UHJLVWHUHG�D�UDQJH�
RI�SHUFHQWDJHV�EHWZHHQ��������WR����������VHH�)LJXUH�1R����������FRQVLGHULQJ�WKHPVHOYHV�
RSWLPDO��VLQFH�WKH�UHSRUWHG�YDOXHV�DUH�KLJKHU�WKDQ�WKH�PLQLPXP�DFFHSWDEOH�SHUFHQWDJH��ZKLFK�
LV������$FFRUGLQJ�WR�WKH�DERYH��LW�FDQ�EH�HVWDEOLVKHG�WKDW�WKH�PDULQH�HFRV\VWHP�KDV�
IDYRUDEOH�FRQGLWLRQV�IRU�WKH�VXUYLYDO�RI�WKH�VSHFLHV�DQG�WKH�ELRORJLFDO�SURFHVVHV�RI�
UHSURGXFWLRQ��7KH�SHUFHQWDJHV�UHFRUGHG�FRPSO\�IXOO\�ZLWK�WKH�SURYLVLRQV�RI�'HFUHH������RI�
������&KDSWHU��� 6HFWLRQ����DUWLFOHV��������������4XDOLW\�&ULWHULD�IRU�UHFUHDWLRQDO�SXUSRVHV�
WKURXJK�SULPDU\�FRQWDFW��DQG��������������4XDOLW\�&ULWHULD�IRU�UHFUHDWLRQDO�SXUSRVHV�WKURXJK�
VHFRQGDU\�FRQWDFW��
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)LJXUH�1R������� ��'LVVROYHG�2[\JHQ�6DWXUDWLRQ�� 0DULQH�:DWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� &RQGXFWLYLW\

7KH�FRQGXFWLYLWLHV�UHJLVWHUHG�LQ�WKH�%DKtD�&RORPELD�VWDWLRQV�ZHUH�IRXQG�LQ�D�UDQJH�EHWZHHQ�
�����P6���FP�WR������P6���FP�ZLWK�DQ�DYHUDJH�RI������P6���FP��FRQVLGHULQJ�WKHVH�YDOXHV�LQ�
DFFRUGDQFH�ZLWK�WKH�FKDUDFWHULVWLFV�RI�WKH�ZDWHU��JUDSKLFDOO\�LV�SUHVHQWHG�LQ�)LJXUH�1R���������
$FFRUGLQJ� WR� �5RGLHU� ������ LW� SUHVHQWV� D� KLJK� GHJUHH� RI� PLQHUDOL]DWLRQ� ZKHQ� UHJLVWHULQJ�
FRQGXFWLYLWLHV�KLJKHU� WKDQ����P6���FP�� WKHVH�YDOXHV�DUH�DVVRFLDWHG�ZLWK� WKH�FRQWHQW�RI� LRQV�
VXFK�DV�FKORULGHV��VXOIDWHV��&D��0J��1D��3��ELFDUERQDWHV�SUHVHQW�LQ�ZDWHU�
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)LJXUH�1R������� %HKDYLRU�&RQGXFWLYLW\ ± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� $FLGLW\�DQG�$ONDOLQLW\

7KH� DQDO\VLV� RI� 7RWDO� $FLGLW\� DQG� 7RWDO� $ONDOLQLW\� DOORZV� WR� GHWHUPLQH� LI� WKH� ZDWHU� KDV� D�
FRQVLGHUDEO\�KLJKHU FDSDFLW\� WR�QHXWUDOL]H�DFLGV��$FFRUGLQJ� WR� WKH�UHVXOWV� UHSRUWHG�IRU�%DKtD�
&RORPELD��WKH�UDQJH�RI�YDOXHV�IRU�WRWDO�DFLGLW\�ZDV�IRXQG�EHWZHHQ�����PJ�&D&2����/�DQG����
PJ�&D&2����/��DQG�DQ�DYHUDJH�RI������PJ�&D&2����/��7KH�EHKDYLRU�RI�WKH�DONDOLQH�VXEVWDQFHV�
GLIIHUHG��UHSRUWLQJ�FRQFHQWUDWLRQV�EHWZHHQ����PJ���/�DQG�����PJ���/�ZLWK�DQ�DYHUDJH�RI�������
PJ���/�

:LWK� UHVSHFW� WR� WKH� UHVXOWV� REWDLQHG� IRU� WKH� SDUDPHWHUV� RI� DFLGLW\� DQG� DONDOLQLW\�� LW� FDQ� EH�
REVHUYHG�WKDW� WKHUH� LV�D�JUHDWHU�FDSDFLW\�RI�ZDWHU�WR�QHXWUDOL]H�DFLGLF�VXEVWDQFHV�SUHVHQW� LQ�
VHDZDWHU��7KH�EHKDYLRU�RI�WKHVH�WZR�SDUDPHWHUV�FDQ�EH�VHHQ�LQ�)LJXUH�1R��������
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)LJXUH�1R������� $FLGW\�DQG�$ONDOLQLW\�%HKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

� 7RWDO�KDUGQHVV

7KH�WRWDO�KDUGQHVV�GHWHUPLQHG�LQ�WKH�VDPSOLQJ�VWDWLRQV�LQ�%DKtD�&RORPELD�\LHOGHG�FRQVLGHUDEO\�
KLJK�YDOXHV��ZKLFK�DOORZV�HVWDEOLVKLQJ�WKDW� WKHUH� LV�DQ�DEXQGDQFH�RI�FRPSRXQGV�DVVRFLDWHG�
ZLWK�WKH�&D����DQG�0J���LRQV��7KH�UDQJH�LQ�ZKLFK�WKH�YDOXHV�RI�WKLV�SDUDPHWHU�DUH�IRXQG�UDQJHV�
IURP�����PJ�&D&2����/�WR�������PJ�&D&2����/��ZLWK�DQ�DYHUDJH�RI������PJ�&D&2����/��$V�
SDUW� RI� WKH� WRWDO� KDUGQHVV�� WKH� FDOFLXP�KDUGQHVV� UHSRUWHG� LQ� SURSRUWLRQ� YDOXHV� UHSUHVHQWLQJ�
DSSUR[LPDWHO\�����RI�WKH�WRWDO�KDUGQHVV��ZLWK�D�FRQFHQWUDWLRQ�UDQJH�RI�����PJ�&D&2����/�WR�
�����PJ�&D&2����/��DQG�DQ�DYHUDJH�RI���������PJ�&D&2����/���6HH�)LJXUH�1R��������

7KH�VWDWLRQ�WKDW�UHSRUWHG�WKH�KLJKHVW�YDOXHV�RI�WRWDO�KDUGQHVV�DQG�FDOFLXP�KDUGQHVV�ZDV�$���
ZLWK�������PJ�&D&2����/�DQG�������PJ�&D&2����/��UHVSHFWLYHO\��2Q�WKH�RWKHU�KDQG��WKH�VWDWLRQ�
ZLWK�WKH�ORZHVW�FRQFHQWUDWLRQV�RI�WRWDO�KDUGQHVV�DQG�FDOFLXP�KDUGQHVV�ZDV�$���ZLWK�YDOXHV�RI�
����PJ�&D&2����/�DQG�����PJ�&D&2����/��UHVSHFWLYHO\�

,Q�UHODWLRQ�WR�WKH�DERYH��D�UHODWLRQVKLS�RI�WRWDO�KDUGQHVV�ZLWK�DONDOLQLW\�FDQ�EH�HVWDEOLVKHG��VLQFH�
ZKHQ�SUHVHQWLQJ�ORZHU�YDOXHV��WKH�ODWWHU�FDQ�EH�PRVWO\�UHSUHVHQWHG�E\�FDUERQDWH�FRPSRXQGV�
DVVRFLDWHG�ZLWK�FDOFLXP��ZKLFK�DFFRUGLQJ�WR�WKH�S+�FRXOG�EH�PDLQO\�ELFDUERQDWHV�
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)LJXUH�1R������� 7RWDO�+DUGQHVV�%HKDYLRU�DQG�&DOFLXP�+DUGQHVV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

� 7UXH�&RORU�

3K\VLFDO�SDUDPHWHUV�RI�ZDWHU�VXFK�DV� WUXH�FRORU�DQG�WXUELGLW\�� UHSRUWHG� LPSRUWDQW�YDOXHV��DV�
ZHOO�DV�VLPLODU�DPRQJ����VL[��RI�WKH����VHYHQ��PRQLWRUHG�SRLQWV��DV�FDQ�EH�VHHQ�LQ�)LJXUH�1R��
������DQG )LJXUH�1R���������

7KH�WUXH�FRORU�SUHVHQWHG�YDOXHV�ZLWKLQ�D�UDQJH�EHWZHHQ����WR����83&�DQG�DQ�DYHUDJH�RI����
83&��ZLWK�WKH�KLJKHVW�YDOXH�LQ�WKH�$��VWDWLRQ��7KH�DERYH�LV�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�REWDLQHG�
IRU� WXUELGLW\�� VLQFH� IRU� WKH� WUXH� FRORU� DQDO\VLV�� WKH� VDPSOHV� DUH� ILOWHUHG�� UHPRYLQJ� WKH� VROLGV�
VXVSHQGHG�IURP�WKH�ZDWHU��WKH�GLVVROYHG�VROLGV�UHPDLQLQJ�
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)LJXUH�1R������� 7UXH�&RORU�%HKDYLRU�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

� 7XUELGLW\

5HJDUGLQJ�WKH�WXUELGLW\�UHSRUWHG�LQ�%DKtD�&RORPELD��WKH�YDOXHV�RVFLOODWHG�EHWZHHQ������178�
DQG������178�ZLWK�DQ�DYHUDJH�RI������178��WKH�ODWWHU�UHSRUWHG�LQ�WKH�$��VWDWLRQ��ZKLFK�UHGXFHV�
ZDWHU�WUDQVSDUHQF\��,W�FDQ�EH�VHHQ�WKDW�WKH�EHKDYLRU�RI�WKH�WXUELGLW\�LV�VLPLODU�WR�WKH�EHKDYLRU�RI�
WKH�WUXH�FRORU��VLQFH�IRU�WKH�SRLQWV�$���$���$���$���$��DQG�$��WKH�YDULDELOLW\�LQ�WKH�YDOXHV�LV�QRW�
UHSUHVHQWDWLYH��$FFRUGLQJ�WR�WKH�ORFDWLRQ�RI�WKH�$��VWDWLRQ��WKH�WXUELGLW\�DQG�WUXH�FRORU�LQ�WKH�VHD�
ZDWHU�FDQ�EH�DVVRFLDWHG�E\�WKH�SUR[LPLW\�RI�WKH�PRXWK�RI�WKH�/HyQ�5LYHU�WR�%DKtD�&RORPELD��
ZKLFK� FRQWULEXWHV� GLIIHUHQW� SROOXWDQWV� WKDW� DUH� VZHSW� DZD\� E\� WKH� FXUUHQWV� DQG� FOLPDWLF�
FRQGLWLRQV�RI�WKH�]RQH��VHH�)LJXUH�1R� �������
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)LJXUH�1R������� 7XUELGLW\�EHKDYLRU�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� %LRFKHPLFDO�2[\JHQ�'HPDQG��%2'� DQG�&KHPLFDO�2[\JHQ�'HPDQG�&2'�

$FFRUGLQJ� WR� WKH� UHVXOWV� RI� PDULQH� ZDWHU� TXDOLW\� LQ� %DKtD� &RORPELD�� %LRFKHPLFDO� 2[\JHQ�
'HPDQG��%2'��UHSRUWHG�YDOXHV�ZLWKLQ�D�UDQJH�RI����PJ�2����/���VWDWLRQV�$���$���$��DQG�$���
XS�WR����PJ���/�2���VWDWLRQV�$��DQG�$����PHDQZKLOH�VWDWLRQ�$��UHSRUWHG�D�YDOXH�RI�����PJ�2��
��/��,Q�JHQHUDO��WKH�EHKDYLRU�RI�WKLV�SDUDPHWHU�LV�QRW�XQIDYRUDEOH��VLQFH�WKHUH�ZHUH�QR�VLJQLILFDQW�
YDULDWLRQV�LQ�WKH�UHVXOWV�REWDLQHG�

5HJDUGLQJ�WKH�&KHPLFDO�2[\JHQ�'HPDQG��&2'���YDOXHV�ZHUH�UHSRUWHG�EHWZHHQ�����PJ���/�
2��DW����PJ���/�2���,Q�PRVW�RI�WKH�VWDWLRQV��YDOXHV�ORZHU�WKDQ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�
DQDO\WLFDO�WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\������PJ���/�2���ZHUH�UHFRUGHG��DV�LV�WKH�FDVH�RI�
$���$���$��DQG�$���NHHSLQJ�WKLV�DJUHHPHQW�ZLWK�WKH�SDUDPHWHU�SUHYLRXV��6WDWLRQ�$��UHSRUWHG�
D�YDOXH�RI����PJ���/�2���7KH�VWDWLRQV�ZLWK�WKH�KLJKHVW�R[\JHQ�GHPDQGV�ZHUH�$��DQG�$��WKDW�
UHSRUWHG����PJ���/�2��DQG����PJ���/�2���DVVRFLDWHG�ZLWK�WKH�SUHVHQFH�RI�RUJDQLF�VXEVWDQFHV�
WKDW�UHTXLUH�FKHPLFDO�R[LGDWLRQ�IRU�WKHLU�GHJUDGDWLRQ��SUREDEO\ V\QWKHWLF�FRPSRXQGV��ZKRVH�
QDWXUDO�GHJUDGDWLRQ�FDQ�GHPDQG�ORQJ�SHULRGV�RI�WLPH��VHH�)LJXUH�1R���������
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)LJXUH�1R������� %HKDYLRU�'%2��'42± 0DULQH�:DWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� 'HWHUJHQWV��7RWDO�3KHQROV��7RWDO�1LWURJHQ��)DWV�DQG�2LOV�DQG�3RO\QXFOHDU�$URPDWLF�
+\GURFDUERQ

3DUDPHWHUV�VXFK�DV�'HWHUJHQWV��7RWDO�3KHQROV��7RWDO�1LWURJHQ��)DWV�DQG�2LOV�DQG�3RO\QXFOHDU�
$URPDWLF� +\GURFDUERQV� UHSRUWHG� FRQFHQWUDWLRQV� ORZHU� WKDQ� WKH� OLPLW� RI� GHWHFWLRQ� RI� WKH�
DQDO\WLFDO�WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\��LQ�DOO�WKH�VDPSOLQJ�VWDWLRQV�HYDOXDWHG�LQ�WKH�%DKtD�
&RORPELD�VHFWRU�LQ�WKH�*XOI�RI�0H[LFR��8UDEi��DV�FDQ�EH�VHHQ�LQ�7DEOH�1R��������VR�LW�FDQ�EH�
LQIHUUHG�WKDW�WKH�SUHVHQFH�RI�WKHVH�SROOXWDQWV�LQ�VHDZDWHU�LQ�WKLV�VWXG\�DUHD�LV�YHU\�ORZ��ZKRVH�
FRQFHQWUDWLRQV� DUH� RI� WKH� RUGHU� RI� WKH� WUDFHV� DQG� GR� QRW� JHQHUDWH� DIIHFWDWLRQ� RI� WKH�
SK\VLFRFKHPLFDO�DQG�PLFURELRORJLFDO�FKDUDFWHULVWLFV�RI�ZDWHU�

5HJDUGLQJ�UHJXODWRU\�FRPSOLDQFH��'HFUHH������RI�������&KDSWHU����6HFWLRQ���RQO\�HVWDEOLVKHV�
D� SHUPLVVLEOH� OLPLW� IRU� WRWDO� SKHQROV� LQ� DUWLFOH� ������������ �4XDOLW\� FULWHULD� IRU� UHFUHDWLRQDO�
SXUSRVHV�WKURXJK�SULPDU\�FRQWDFW��LQ�ZKDW�UHIHUV�WR�WKLV�SDUDPHWHU��DOORZLQJ�WR�HVWDEOLVK�LWV�WRWDO�
FRPSOLDQFH�
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&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������2S�&LW�

� 7RWDO�SKRVSKRUXV

7RWDO�3KRVSKRUXV�LV�JHQHUDOO\�IRXQG�LQ�QDWXUDO�ZDWHUV�VXFK�DV�3KRVSKDWHV��ZKLFK�LV�XVHG�E\�
SODQWV� IRU� WKHLU� GHYHORSPHQW�� EXW� LI� WKH\� DUH� IRXQG� LQ� H[FHVVLYH� DPRXQWV� WKH\� LQGXFH� WKH�
H[FHVVLYH�JURZWK�RI�DOJDH�DQG�RWKHU�RUJDQLVPV�FDXVLQJ�WKH�HXWURSKLFDWLRQ�RI�WKH�ZDWHUV��7KH�
FRQFHQWUDWLRQV�UHSRUWHG�LQ�WKH�PDULQH�ZDWHU�SRLQWV�UDQJHG�EHWZHHQ�������PJ���/�WR�����PJ���/��
EHLQJ�FRQVLVWHQW�ZLWK�WKH�FKDUDFWHULVWLFV�RI�WKH�ZDWHU�PRQLWRUHG��,W�LV�LPSRUWDQW�WR�PHQWLRQ�WKDW�
WKH�DUWLFOHV�LQ�FRPSDULVRQ�GR�QRW�HVWDEOLVK�UHVWULFWLRQV�LQ�WKH�SUHVHQFH�RI�WKHVH�SDUDPHWHUV��VHH�
)LJXUH�1R���������

)LJXUH�1R������� 7RWDO�3KRVSKRU�%HKDYLRU�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

� 7RWDO�'LVVROYHG�6ROLGV��7RWDO�6XVSHQGHG�6ROLGV�DQG�6HGLPHQWDEOH�6ROLGV

7KH�VROLGV�SURGXFH�DOWHUDWLRQ�LQ�WKH�GHYHORSPHQW�RI�WKH�HDUO\�VWDJHV�RI�WKH�ILVK��E\�PRGLI\LQJ�
WKH�QDWXUDO�PRYHPHQWV�DQG�PLJUDWLRQ�HTXDOO\��WKH\�UHGXFH�WKH�DEXQGDQFH�RI�IRRG�DQG�DIIHFW�
WKH�SULPDU\�SURGXFWLYLW\�RI�WKH�V\VWHP�
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7RWDO� VXVSHQGHG� VROLGV� DUH� FRQVLGHUHG� DQ� LQGLFDWRU� RI� ZDWHU� TXDOLW\�� ZKLFK� DUH� JHQHUDWHG�
QDWXUDOO\�DQG�E\�DQWKURSLF�DFWLYLWLHV��WKH�FRQFHQWUDWLRQV�UDQJHG�IURP�����PJ���/�WR����PJ���/��
WKH�PD[LPXP� FRQFHQWUDWLRQ� ZDV� UHFRUGHG� DW� WKH� VWDWLRQ� LGHQWLILHG� $�� DQG� WKH�PLQLPXP� DW�
VWDWLRQ�$���7KH�UHVXOWV�DUH�UHODWHG� WR� WKH� WXUELGLW\�RI� WKH�ZDWHU��ZKLFK�SUHVHQWHG�WKH�KLJKHVW�
FRQFHQWUDWLRQ�LQ�WKH�$��VWDWLRQ��EHLQJ�WKLV�VWDWLRQ�WKH�FORVHVW�WR�WKH�PRXWK�RI�WKH�/HyQ�5LYHU�LQ�
%DKtD�&RORPELD��ZKLFK�FRXOG�EH�DVVRFLDWHG�ZLWK�WKH�SROOXWDQW�ORDG�WKDW�GUDLQV�WKH�ULYHU�ZDWHUV�
XS�E\�WKH�DQWKURSRJHQLF�DFWLYLWLHV�DQG�HURVLRQ�SURFHVVHV�RI�WKH�DUHD��VHH�)LJXUH�1R���������

7KH�WRWDO�GLVVROYHG�VROLGV�LQFOXGH�WKH�LQRUJDQLF�VDOWV��PDLQO\�FDOFLXP��PDJQHVLXP��SRWDVVLXP�
DQG�VRGLXP��ELFDUERQDWHV��FKORULGHV�DQG�VXOIDWHV��DQG�VPDOO�DPRXQWV�RI RUJDQLF�PDWWHU�WKDW�DUH�
GLVVROYHG� LQ� WKH� ZDWHU�� 7KH� UHSRUWHG� YDOXHV� UDQJHG� IURP� ������ PJ� �� /� WR� ������� PJ� �� /�
UHVSHFWLYHO\�ZLWK�DQ�DYHUDJH�RI��������PJ���/��WR�FXOPLQDWH��WKH�VHGLPHQWDEOH�VROLGV�UHJLVWHUHG�
LQ� WKH�PDMRULW\� WKH� OLPLW� RI� GHWHFWLRQ� RI� WKH� DQDO\WLFDO� WHFKQLTXH�XVHG� IRU� WKHLU� DQDO\VLV�� 7KH�
UHJLVWHUHG� EHKDYLRU� LV� LOOXVWUDWHG� LQ� )LJXUH� 1R�� ������� ,W� LV� LPSRUWDQW� WR� PHQWLRQ� WKDW� WKH�
SDUDPHWHUV�LQ�TXHVWLRQ�GR�QRW�HVWDEOLVK�D�SHUPLVVLEOH�OLPLW�LQ�'HFUHH������RI������

0,1,675<�2)� (19,5210(17��(�� �V�I��� $QQH[� ,�� %RRN� 9,�� (QYLURQPHQWDO� 4XDOLW\�� ,Q� (��0LQLVWU\� RI� (QYLURQPHQW�� (QYLURQPHQWDO� 4XDOLW\�
6WDQGDUG� DQG� 'LVFKDUJH� RI� (IIOXHQWV�� ����� �� ���� � ���� S�

:25/'� +($/7+� 25*$1,=$7,21� �206�� *XLGH� IRU� WKH� TXDOLW\� RI� GULQNLQJ� ZDWHU�� ������ �2QOLQH���
�KWWS���ZZZ�ZKR�LQW�ZDWHUBVDQLWDWLRQBKHDOWK�GZT�JGZT�BHVBIXOOOBORZVUHV�SGI!� �$FFHVVHG� 6HSWHPEHU� ���� �����
&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������2S�&LW�
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)LJXUD�1R������� %HKDYLRU�6ROLGV�± 0DULQH�ZDWHU
)XHQWH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP��6*6�6�$�6������

� 7RWDO�&ROLIRUPV�DQG�)HFDO�&ROLIRUPV

%DFWHULD� EHORQJLQJ� WR� WKH� JURXS� RI� WRWDO� FROLIRUPV� �H[FOXGLQJ� (�� FROL�� DUH� SUHVHQW� LQ� ERWK�
ZDVWHZDWHU� DQG� QDWXUDO� ZDWHUV�� 7KH� UHSRUWHG� FRQFHQWUDWLRQV� IRU� WRWDO� FROLIRUPV� LQ� %DKtD�
&RORPELD�UDQJHG�EHWZHHQ�������103�������PO�DQG�YDOXHV�DERYH�WKH�OLPLW�RI�TXDQWLILFDWLRQ�RI�
WKH�DQDO\WLFDO�WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\�IRU�LWV�DQDO\VLV��5HJDUGLQJ�WKH�IHFDO�FROLIRUPV�
LQGLFDWRU�RI�FRQWDPLQDWLRQ�RI�IHFDO�RULJLQ��ZKLFK�DUH�D�ULVN�WR�SXEOLF�KHDOWK�ZKHQ�LQ�FRQWDFW�ZLWK�
KXPDQV��WKH\�UHFRUGHG�FRQFHQWUDWLRQV�EHWZHHQ�����103�������PO�WR�����������103�������PO��
EHLQJ� WKH� PD[LPXP� FRQFHQWUDWLRQ� LQ� VWDWLRQ� $��� WKLV� EHKDYLRU� LV� SRVVLEO\� DVVRFLDWHG� ZLWK�
GLVFKDUJHV�RI�ZDVWHZDWHU� WR� WKH�PDULQH�HFRV\VWHP�DQG�SRVVLEOH� FRQWULEXWLRQV�RI� WKH�$WUDWR�
5LYHU�ZKLFK�LV�WKH�FORVHVW�VWDWLRQ�WR�WKH�PRXWK�RI�RQH�RI�WKH�PRVW�LPSRUWDQW�ULYHUV�LQ�WKH�*XOI�RI�
8UDEi��VHH�)LJXUH�1R���������

5HJDUGLQJ� UHJXODWRU\� FRPSOLDQFH� 7RWDO� &ROLIRUPV� H[FHHG� WKH� YDOXHV� HVWDEOLVKHG� LQ� DUWLFOHV�
������������DQG�������������RI�'HFUHH������RI�������H[FHSW� IRU� WKH�$��DQG�$��VWDWLRQV� WKDW�
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UHJLVWHUHG� YDOXHV� ORZHU� WKDQ� DUWLFOH� ������������ �4XDOLW\� FULWHULD� IRU� UHFUHDWLRQDO� SXUSRVHV�
WKURXJK�VHFRQGDU\�FRQWDFW��

)LJXUH�1R������� %HKDYLRU�7RWDO�FROLIRUPV�DQG�(�FROL�± 0DULQH�ZDWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� +HDY\�PHWDO�WUDFHV�

+HDY\�PHWDOV�DUH�JHQHUDOO\�IRXQG�DV�QDWXUDO�FRPSRQHQWV�RI�WKH�HDUWK
V�FUXVW�� LQ� WKH�IRUP�RI�
PLQHUDOV��VDOWV�RU�RWKHU�FRPSRXQGV��WKH\�FDQ�EH�DEVRUEHG�E\�SODQWV�DQG�WKXV�LQFRUSRUDWHG�LQWR�
WURSKLF�FKDLQV��PRYH�WR�WKH�DWPRVSKHUH�E\�YRODWLOL]DWLRQ�DQG�PRYH�WR�VXUIDFH�RU�XQGHUJURXQG�
ZDWHU�� 7KH\� DUH� QRW� HDVLO\� GHJUDGHG� LQ� D� QDWXUDO� RU� ELRORJLFDO�ZD\� VLQFH� WKH\� GR� QRW� KDYH�
VSHFLILF�PHWDEROLF�IXQFWLRQV�IRU�OLYLQJ�EHLQJV�

$FFRUGLQJ�WR�WKH�UHVXOWV�LQ�%DKtD�&RORPELD�VWDWLRQV� WKH�KHDY\�PHWDOV�%DULXP��&DGPLXP��6LOYHU�
DQG�/HDG�UHJLVWHUHG�FRQFHQWUDWLRQV�ORZHU�WKDQ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH�
UHDIILUPLQJ�WKDW�WKH�SUHVHQFH�RI�WKHVH�FRPSRXQGV�LQ�WKH�VHDZDWHU�LV�DOPRVW�QLO�DQG�GRHV�QRW�
DIIHFW�WKH�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�V\VWHP��LQ�WKH�FDVH�RI�PHWDOV�VXFK�DV�FRSSHU��
FKURPLXP��QLFNHO��DUVHQLF�DQG�PHUFXU\��UHSRUWHG�ORZ�FRQFHQWUDWLRQV�DQG�LQ�VRPH�VWDWLRQV�ORZHU�
WKDQ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\�
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2Q�WKH�RWKHU�KDQG��WKH�6HOHQLXP�SDUDPHWHU�UHJLVWHUHG�FRQFHQWUDWLRQV�EHWZHHQ�������PJ���/�WR�
�����PJ���/�DQG�IRU�WKH�FDVH�RI�=LQF�UHJLVWHUHG�YDOXHV�UDQJLQJ�IURP������PJ���/�WR������PJ���/�
LQ�)LJXUH�1R�������DQG�)LJXUH�1R��������VXFK�EHKDYLRU�LV�LOOXVWUDWHG�

)LJXUH�1R������� 0HWDO�%HKDYLRU�± 0DULQH�:DWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������
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)LJXUH�1R������� 0HWDO�%HKDYLRU�± 0DULQH�:DWHU�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������

� &KORURSK\OO�

7KH�HYDOXDWLRQ�RI�FKORURSK\OO�D�FRQWHQW�KDV�EHHQ�DQ�LPSRUWDQW�SDUDPHWHU�IRU�D�ODUJH�YDULHW\�RI�
VWXGLHV�IRU�VHYHUDO�\HDUV��:RUNV�KDYH�EHHQ�FDUULHG�RXW��PDLQO\��UHODWHG�WR�ZDWHU�TXDOLW\�LQ�ZKLFK�
WKH�FRQWHQW�RI�FKORURSK\OO�D�LQ�HVWXDULHV�LV�XVHG�DV�DQ�LQGH[�RI�WURSKLF�FRQGLWLRQV��,Q�DGGLWLRQ��
WKHUH� LV� D� ODUJH� DPRXQW� RI� LQIRUPDWLRQ� UHJDUGLQJ� WKH� XVH�RI� FKORURSK\OO�D� FRQFHQWUDWLRQV� WR�
HVWLPDWH�WKH�SULPDU\�SURGXFWLYLW\�RI�PDULQH�HFRV\VWHPV��&KORURSK\OO�$�FRQFHQWUDWLRQV�UDQJHG�
IURP������PJ���P��WR������PJ���P���IRU� ,Q� WKH�FDVH�RI�&KORURSK\OO�%��D�YDOXH�ZDV�UHFRUGHG�
EHWZHHQ������PJ���P��DQG������PJ���P��UHVSHFWLYHO\��7KLV�EHKDYLRU�LV�LOOXVWUDWHG�LQ�)LJXUH�1R��
������

)LJXUH�1R������� &KORURSK\OO�%HKDYLRU�± 0DULQH�:DWHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK�UHVXOWV�IURP�6*6�6�$�6������
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� &RPSDULVRQ�ZLWK�WKH�QDWLRQDO�DQG�LQWHUQDWLRQDO�VWDQGDUG

� 1DWLRQDO�6WDQGDUG��± 'HFUHH �����GH�����

7KH�FRPSDULVRQ�ZDV�PDGH�ZLWK�&RORPELDQ�UHJXODWLRQV��ZKHUH�LW�HVWDEOLVKHV�WKH�SHUPLVVLEOH�
OLPLWV� RI� WKH� TXDOLW\� RI� WKH�PDULQH� RU� HVWXDULQH� ZDWHU� IRU� WKH� GHVWLQDWLRQ� RI� WKH� UHVRXUFH� LQ�
GLIIHUHQW�XVHV��LQ�DFFRUGDQFH�ZLWK�'HFUHH������RI�������ZKLFK�LV�D�5HJXODWRU\�6LQJOH�'HFUHH�
RI�WKH�(QYLURQPHQWDO�6HFWRU�DQG�6XVWDLQDEOH�'HYHORSPHQW��LQ�&KDSWHU����6HFWLRQ���7UDQVLWRU\�
SURYLVLRQV�IRU�ZDWHU�XVHV�DQG�TXDOLW\�FULWHULD�IRU�XVHV��LQ�WKH�IROORZLQJ�DUWLFOHV�

� $UWLFOH��������������5HFUHDWLRQDO�SXUSRVHV�± SULPDU\�FRQWDFW��

� $UWLFOH���������������5HFUHDWLRQDO�SXUSRVHV�± VHFRQGDU\�FRQWDFW�

� $UWLFOH���������������4XDOLW\�FULWHULD�IRU�WKH�SUHVHUYDWLRQ�RI�YHJHWDWLRQ�DQG�ZLOGOLIH�

7DEOH� 1R�� ����� DQG� 7DEOH� 1R�� ����� SUHVHQW� WKH� UHVXOWV� RI� WKH� SK\VLFRFKHPLFDO� DQG�
EDFWHULRORJLFDO�SDUDPHWHUV�WKDW�DSSO\�WR�WKH�DIRUHPHQWLRQHG�DUWLFOHV��IRU�WKH�GHVWLQDWLRQ�RI�WKH�
UHVRXUFH�IRU�UHFUHDWLRQDO�SXUSRVHV�DQG�IRU�WKH�SUHVHUYDWLRQ�RI�ZLOGOLIH�DQG�YHJHWDWLRQ�

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�QRUP�± 3RLQW�$��� $��± $�� $��
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SXUSRVHV�
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FRQWDFW

5HFUHDWLRQDO�
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FRQWDFW
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DQG�)DXQD
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'LVVROYHG�
2[\JHQ��PJ���/
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'LVVROYHG�
2[\JHQ�
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7RWDO� FROLIRUPV��
103�������PO�

����� �������
!917&


!917&

 ���� ���� 1�(�

$��\�$��'R QRW�
&RPSO\�$UW��
������������
$���$���'RHV
QRW�PHHW�DQ\�

LWHP
�'HWHUPLQHG�IRU�DQ�DOWLWXGH�RI�� PDVO�DQG�WKH�UHVSHFWLYH�PHDVXUHPHQW�LQ�WKH�ILHOG�RI�7HPSHUDWXUH�DQG�'LVVROYHG�2[\JHQ�!917&���9HU\�
QXPHURXV�WR�FRXQW���7KH�UHVXOW�LV�!������
1�(���1RW�6SHFLILF
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�ZLWK�WKH�QRUP�± 3RLQW�$�� $��± $�
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$UW��
�����������

$UW���
�����������

$UW��
������������

$� $� $�

5HFUHDWLRQ
DO�SXUSRVHV�
� 3ULPDU\�
FRQWDFW

5HFUHDWLRQ
DO�SXUSRVHV�
� VHFRQGDU\�
FRQWDFW

3UHVHUYDWLRQ�
RI�)ORUD�DQG�

)DXQD

S+��XQLWV ���� ���� ���� ����� ��� ����� ��� ����� ��� &RPSO\
'LVVROYHG�2[\JHQ��PJ� ��
/

���� ���� ���� 1�(� 1�(� !���� &RPSO\

�� 6DWXUDWLRQ� 'LVVROYHG�
2[\JHQ�

���� ���� ���� ��� ��� 1�(� &RPSO\

7RWDO� FROLIRUPV�� 103� ��
����PO

������� !917& �������� ���� ���� 1�(� 'RHV�QRW�&RPSO\

�'HWHUPLQHG�IRU�DQ�DOWLWXGH�RI���PDVO�DQG�WKH�UHVSHFWLYH�PHDVXUHPHQW�LQ�WKH�ILHOG�RI�7HPSHUDWXUH�DQG�'LVVROYHG�2[\JHQ�!917& ��9HU\�
QXPHURXV�WR�FRXQW�!�������'LOXWLRQ�����
1�6����1RW�6SHFLILF��6RXUFH���6*6�&RORPELD�6�$�6��-XO\ �����
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)URP�WKH�SUHYLRXV�UHVXOWV�� LW�FDQ�EH�FRQFOXGHG�WKDW� WKH�TXDOLW\�RI� WKH�PDULQH�ZDWHU� LQ�%DKtD�
&RORPELD� LQ� WKH� VWDWLRQV� DQDO\]HG� IRU� WKH� VWXG\� DUHD� RI� WKH� SURMHFW�� FRPSOLHV� ZLWK� ZKDW� LV�
VWLSXODWHG� IRU� WKH� GHVWLQDWLRQ� RI� WKH� UHVRXUFH� IRU� WKH� SUHVHUYDWLRQ� RI� IORUD� DQG� IDXQD� LQ�
DFFRUGDQFH�ZLWK�WKH�VWLSXODWHG�LQ�$UWLFOH��������������RI�'HFUHH������RI�������7KLV�LQGLFDWHV�
WKDW�WKH�FXUUHQW�TXDOLW\�RI�VHDZDWHU�GRHV�QRW�SUHVHQW�XQIDYRUDEOH�FRQGLWLRQV�IRU�DTXDWLF�OLIH�

+RZHYHU��WKH�FRQFHQWUDWLRQV�RI�WRWDO�FROLIRUPV�LQ�PDULQH�ZDWHU�H[FHHG�WKH�SHUPLVVLEOH�OLPLWV�IRU�
WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH�IRU�UHFUHDWLRQDO�SXUSRVHV�ZLWK�SULPDU\�DQG�VHFRQGDU\�FRQWDFW�
�$UWLFOHV�������������DQG�������������RI�'HFUHH������RI���������7KH�UHVXOWV�ZHUH�H[SHFWHG��JLYHQ�
WKDW�%DKtD�&RORPELD�LV�LQIOXHQFHG�E\�GLVFKDUJHV�IURP�WKH�FKDQQHOV�VXFK�DV�WKH�$WUDWR�5LYHU�
DQG�WKH�/HyQ�5LYHU��ZKLFK�DUH�LPSRUWDQW�WULEXWDULHV�LQ�WKH�DUHD�WKDW�FRQWDLQ�KXPDQ�VHWWOHPHQW�
GLVFKDUJHV�ZLWKRXW�SUHYLRXV�WUHDWPHQW��LW�LV�DOVR�DQ�DUHD�ZKHUH�WKH�DJULFXOWXUH�W\SH�H[SRUW�WKDW�
E\�UXQRII�SROOXWLQJ�DUULYH�DW�WKH�ED\�

� ,QWHUQDWLRQDO�6WDQGDUGV

*LYHQ�WKDW�&RORPELDQ�UHJXODWLRQV�GR�QRW�HVWDEOLVK�SHUPLVVLEOH�OLPLWV�IRU�VRPH�SDUDPHWHUV��WKH�
DQDO\VLV�RI�WKH�TXDOLW\�RI�PDULQH�RU�HVWXDULQH�ZDWHU�ZDV�PDGH��HVSHFLDOO\�IRU�PHWDOV�ZLWK�WKH�
&DQDGLDQ�DQG�(FXDGRULDQ�VWDQGDUGV�

� 7KH�&DQDGLDQ�:DWHU�4XDOLW\�*XLGHOLQHV�IRU�WKH�3URWHFWLRQ�RI�$TXDWLF�/LIH�3URWHFWLRQ

� 7KH�6WDQGDUG�IRU�(QYLURQPHQWDO�4XDOLW\�DQG�(IIOXHQW�'LVFKDUJH��:DWHU�5HVRXUFH�� %RRN�
9,�$QQH[����78/$6� (FXDGRU��

,Q� 7DEOH� 1R�� ����� 7DEOH� 1R�� ����� DQG� 7DEOH� 1R�� ������ WKH� UHVXOWV� RI� WKH� SK\VLFRFKHPLFDO�
SDUDPHWHUV� DUH� SUHVHQWHG�� HVSHFLDOO\� WKH� PHWDO� WUDFHV� WKDW� DSSO\� WR� WKH� DIRUHPHQWLRQHG�
VWDQGDUGV��IRU�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH�DV�IRU�WKH�SUHYHQWLRQ�RI�ZLOGOLIH�DQG�YHJHWDWLRQ��
DQG�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH�
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&DQDGLDQ�
6WDQGDUG�

3URWHFWLRQ�RI�
$TXDWLF�/LIH
/RQJ�WHUP
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8VH�RI�)DXQD�DQG�)ORUD�
3UHVHUYDWLRQ

7RWDO�EDU��PJ�0HWDO���/ ������� ������� ������� ������� ��� 1�(� 7KH\�FRPSO\�

7RWDO�&DGPLXP��PJ�0HWDO���/ ������ ������ ������ ������ ����� �������
7KH\�FRPSO\�78/$6�
:LWK�UHVSHFW�WR�&DQDGLDQ�6WDQGDUG�LW�LV�QRW�
GHWHUPLQHG� 

7RWDO�&RSSHU��PJ�0HWDO���/ ���� ������� ������� ������� ���� 1�(�
$��� $��$��0HHW�6WDQGDUGV�78/$6�
$��'RHV�QRW�&RPSO\�6WDQGDUGV 78/$6�

7RWDO�&KURPLXP��PJ�0HWDO��
/

����� ������� ������� ������� ���� 1�(� 7KH\�FRPSO\�VWDQGDUGV�78/$6

0HUFXU\�7RWDO��PJ�0HWDO���/ �������� ����� �������� ����� ������ ��������
$���$��'R�QRW�&RPSO\�&DQDGLDQ�6WDQGDUG
$���$��'R�QRW�0HHW�6WDQGDUG�78/$6�

7RWDO�1LFNHO��PJ�0HWDO���/ ����� ������� ������� ������� ��� 1�(� 7KH\�PHHW�VWDQGDUGV�78/$6

7RWDO�6LOYHU��PJ�0HWDO���/ ������� ������� ������� ������� ����� 1�(� 7KH\�PHHW�VWDQGDUGV�78/$6
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7RWDO�$UVHQLF��PJ�0HWDO���/ ������ ������ ������ ����� ���� ������
$���$���$��\�$��7KH\�&RPSO\�78/$6�
$��'RHV�QRW�0HHW�&DQDGLDQ�6WDQGDUG

7RWDO�=LQF��PJ�0HWDO���/ ���� ���� ���� ���� ���� 1�(�
$��'RHV�QRW�FRPSO\�78/$6���

)DWV�DQG�2LOV��PJ�*\$���/ ���� ���� ���� ���� ��� 1�(� 1RW�'HWHUPLQHG�
�7KH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH�LV�JUHDWHU�WKDQ�WKH�QRUPDWLYH�OLPLW��WKHUHIRUH�LW�FDQQRW�EH�GHWHUPLQHG�ZKHWKHU�WKH�SDUDPHWHU�PHHWV�RU�QRW�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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7RWDO�1LFNHO��PJ�0HWDO���/ ������� ������� ������� ��� 1�(� &XPSOHQ

7RWDO�6LOYHU��PJ�0HWDO���/ ������� ������� ������� ����� 1�(� &XPSOHQ

7RWDO�/HDG��PJ�0HWDO���/ ������ ������ ������ ���� 1�(� &XPSOHQ

6HOHQLXP�7RWDO��PJ�0HWDO���/ ����� ����� ���� ���� 1�(� 1R�&XPSOHQ 1RUPD�78/$V

7RWDO�$UVHQLF��PJ�0HWDO���/ ������ ����� ������ ���� ������
$���$��\�$��&XPSOHQ 1RUPD�78/$6
$��1R�&XPSOHQ 1RUPD�&DQDGLHQVH�

7RWDO�=LQF��PJ�0HWDO���/ ���� ���� ���� ���� 1�(�
$��1R�&XPSOHQ�7XODV

)DWV�DQG�2LOV��PJ�*\$���/ ���� ���� ���� ��� 1�(� 1R�'HWHUPLQDGR
� 7KH� OLPLW� RI� GHWHFWLRQ� RI� WKH� DQDO\WLFDO� WHFKQLTXH� LV� JUHDWHU� WKDQ� WKH� QRUPDWLYH� OLPLW�� WKHUHIRUH� LW� FDQQRW� EH� GHWHUPLQHG� ZKHWKHU� WKH� SDUDPHWHU� PHHWV� RU� QRW�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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� ,QGH[�RI�PDULQH�DQG�FRDVWDO�ZDWHU�TXDOLW\�± ,0:4

$FFRUGLQJ�WR�WKH�LQIRUPDWLRQ�REWDLQHG�LQ�WKH�DQDO\VLV�UHVXOWV�RI�WKH�VHDVRQV�VDPSOHG�
LQ�%DKtD�&RORPELD��VRPH�SDUDPHWHUV�ZHUH�XVHG�WR�FDOFXODWH�WKH�0DULQH�DQG�&RDVWDO�
:DWHU�4XDOLW\� ,QGH[� � ,0:4 ZKLFK� LV�D�VWDWLVWLFDO� WRRO� WKDW�DOORZV� WR�HYDOXDWH� WKH�
FKDQJHV�LQ�WKH�VWDWH�RI�WKH�TXDOLW\�RI�WKH�PDULQH�DQG�FRDVWDO�ZDWHU��E\�PHDQV�RI�DQ�
DOJHEUDLF�HTXDWLRQ�WKDW�TXDOLILHV�HDFK�SDUDPHWHU�E\�PHDQV�RI�WKH�DGMXVWHG�FXUYHV��
JLYLQJ� ULVH� WR� WKH� LQGLFDWRU� DSSOLHG� WR� 0DULQH�:DWHU� 6XEVWUDWH�� DFFRUGLQJ� WR� WKH�
PHWKRGRORJ\�SUHVHQWHG�LQ�&KDSWHU���*HQHUDO�RI�WKH�SUHVHQW�VWXG\�

,Q� WKLV� VHQVH�� 7DEOH� ����� WR� 7DEOH�1R�� ����� SUHVHQWV� WKH� UHVXOWV� REWDLQHG� LQ� WKH�
DGMXVWHG� FXUYHV� IRU� HDFK� SDUDPHWHU� DQG� WKH� LQGLFDWRU� DSSOLHG� WR� 0DULQH� :DWHU�
6XEVWUDWH�IRU�HDFK�VDPSOLQJ�VWDWLRQ�LQ�%DKtD�&RORPELD�LQ�WKH�*XOI�RI�8UDEi�

,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�IRU�WKH�FDOFXODWLRQ�RI�WKH�LQGH[��WKH�HLJKW�����SDUDPHWHUV�
UHTXLUHG�IRU�WKH�FDOFXODWLRQ�ZHUH�QRW�FRXQWHG�IRU�D������UHOLDELOLW\��KRZHYHU�WKH�LQGH[�
ZDV�FDOFXODWHG�ZLWK�IRXU�����SDUDPHWHUV�VXFK�DV�GLVVROYHG�R[\JHQ��VXVSHQGHG�VROLGV�
WRWDO��S+�DQG�%2'��IRU�D�UHOLDELOLW\�RI�WKH�UHVXOW�RI������7KH�RWKHU�SDUDPHWHUV�VXFK�
DV� WKHUPRWROHUDQW� FROLIRUPV�� SKRVSKDWHV�� QLWUDWHV� DQG� GLVVROYHG� DQG� GLVSHUVHG�
K\GURFDUERQV�ZHUH�QRW�UHTXHVWHG�IURP�WKH�ODERUDWRU\��VLQFH�WKHVH�SDUDPHWHUV�ZHUH�
QRW�UHTXLUHG�E\�WKH�WHUPV�RI�UHIHUHQFH�IRU�WKH�SURMHFW�

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�
9DOXH�5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� $GHTXDWH

����
7(55,%/(

7RWDO�6XVSHQGHG�6ROLGV PJ�/ �� ����� ,QDGHTXDWH

S+ 8QLWV ���� ����� $FFHSWDEOH

%2' PJ�/ ���� ���� 7HUULEOH
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�9DOXH�
5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� 2SWLPDO

�����
$'(48$7(�

7RWDO� 6XVSHQGHG�
6ROLGV

PJ�/ �� ����� $GHTXDWH

S+ 8QLWV ���� ����� $GHTXDWH
%2' PJ�/ � ����� $FFHSWDEOH
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�9DOXH�
5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� 2SWLPDO

�����
$'(48$7(

7RWDO� 6XVSHQGHG�
6ROLGV

PJ�/ ��� ����� 2SWLPDO

S+ 8QLWV ���� ����� $FFHSWDEOH

%2' PJ�/ ��� ����� $FFHSWDEOH

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�9DOXH�
5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� 2SWLPDO

�����
$'(48$7(

7RWDO� 6XVSHQGHG�
6ROLGV

PJ�/ �� ����� $GHTXDWH

S+ 8QLWV ���� ����� 2SWLPDO

%2' PJ�/ ��� ����� $FFHSWDEOH

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��
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6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�9DOXH�
5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� 2SWLPDO

�����
7(55,%/(

7RWDO� 6XVSHQGHG�
6ROLGV

PJ�/ �� ����� $GHTXDWH

S+ 8QLWV ���� ����� 2SWLPDO

%2' PJ�/ ���� ���� 7HUULEOH

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�
9DOXH�5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ����� 2SWLPDO

�����
,1$'(48$7(

7RWDO�6XVSHQGHG�6ROLGV PJ�/ �� ����� $GHTXDWH

S+ 8QLWV ���� ����� 2SWLPDO

%2' PJ�/ ��� ���� 7HUULEOH

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7DEOH�1R������ ,QGLFDWRU�$QDO\VLV�5HVXOWV�� 6WDWLRQ�$��

6WDWLRQ $�

3DUDPHWHU 8QLWV 5HVXOW
9DOXH�RI�
4XDOLW\

$GMXVWHG�9DOXH�
5DWLQJ

6XP�,QGH[

'LVVROYHG�R[\JHQ PJ�/ ���� ���� 2SWLPDO

�����
$'(48$7(

7RWDO�6XVSHQGHG�6ROLGV PJ�/ �� ����� $GHTXDWH

S+ 8QLWV ���� ����� 2SWLPDO

%2' PJ�/ ��� ����� $FFHSWDEOH
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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$FFRUGLQJ�WR�WKH�UHVXOWV�REWDLQHG�ZKHQ�FDOFXODWLQJ�WKH�0DULQH�:DWHU�4XDOLW\�,QGH[�
�,0:4���LW�ZDV�HYLGHQFHG�WKDW�RI�WKH�VHYHQ�����VDPSOHV�HYDOXDWHG��WZR�����RI�WKHVH�
REWDLQHG� D� 7(55,%/(� TXDOLW\� LQGLFDWRU� �$��� DQG� $���� RQH� ���� REWDLQHG� DQ�
,1$'(48$7(� FODVVLILFDWLRQ� �$��� DQG� ILQDOO\� IRXU� ���� REWDLQHG� DQ� $'(48$7(�
FODVVLILFDWLRQ��DV�FDQ�EH�VHHQ�LQ�)LJXUH�1R��������

2Q�WKH�RWKHU�KDQG��WKH�DQDO\VLV�DOORZV�XV�WR�DIILUP�WKDW�WKH�PRVW�UHOHYDQW�SDUDPHWHU��
GXH�WR�LQDGHTXDWH�FRQFHQWUDWLRQV��ZDV�WKH�2[\JHQ�%LRFKHPLFDO�'HPDQG�DQG�WRWDO�
VXVSHQGHG� VROLGV�� ZKLFK� FRXOG� EH� DVVRFLDWHG� ZLWK� RUJDQLF� FRQWDPLQDWLRQ� DQG�
VHGLPHQWV��SUREDEO\�GXH�WR�GRPHVWLF�GLVFKDUJHV�DQG�WUDZOV��6HGLPHQWV�PDGH�WR�WKH�
ED\� IURP� WKH� $WUDWR� DQG� /HyQ� ULYHUV�� WKHVH� EHLQJ� WKH� PDLQ� WULEXWDULHV� LQ� %DKtD�
&RORPELD��+RZHYHU��WKHVH�UHVXOWV�RI�WKH�LQGH[�KDYH�D�UHOLDQFH�RI�����IRU�WKH�TXDQWLW\�
RI�YDULDEOHV�DQDO\]HG�IRU�WKH�FDOFXODWLRQ�RI�VDLG�LQGH[��VLQFH�QRW�DOO�WKH�FRQFHQWUDWLRQV�
RI�WKH�YDULDEOHV�UHTXLUHG�IRU�D������UHOLDQFH�ZHUH�DYDLODEOH�

)LJXUH�1R������� 0DULQH�DQG�&RDVWDO�:DWHU�4XDOLW\�,QGH[�± 0&:4,�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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x 4XDOLW\�RI�PDULQH�VHGLPHQWV

7KH�PRQLWRULQJ� RI� VHDEHG� VHGLPHQW� TXDOLW\� ZDV� GRQH� RQ� -XO\� ��� ����� LQ� VHYHQ�
PRQLWRULQJ�VWDWLRQV��QDPHG�$��WR�$���ORFDWHG�LQ�%DKtD�&RORPELD�LQ�WKH�FRRUGLQDWHV�
VKRZQ�LQ�7DEOH�1R�������DQG�LQ�)LJXUH�1R��������

� 5HVXOWV�REWDLQHG�IURP�PDULQH�VHGLPHQW�TXDOLW\

7KH� SK\VLFRFKHPLFDO� SDUDPHWHUV� HYDOXDWHG� IRU� WKH� FKDUDFWHUL]DWLRQ� RI� PDULQH�
VHGLPHQWV��ILQH�IUDFWLRQ�RI�VHGLPHQW��ILUVW���FP��FRUUHVSRQG�WR�WKRVH�HVWDEOLVKHG�LQ�
WKH�WHUPV�RI�UHIHUHQFH�IRU�WKH�SUHSDUDWLRQ�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WXG\�± (,6�
LQ�FRQVWUXFWLRQ�SURMHFWV�RU�H[SDQVLRQ�DQG�RSHUDWLRQ�RI�SRUWV�PDULWLPH�SURMHFWV��00�
,1$�����

7KH�UHVXOWV�RI�WKH�HYDOXDWHG�SDUDPHWHUV�DUH�SUHVHQWHG�EHORZ�LQ�7DEOH�1R�������

7DEOH�1R� ���� 5HVXOWV�PHDVXUHPHQW�RI�PDULQH�VHGLPHQW�SDUDPHWHUV

3$5$0(7(5
5HVXOWV�RI�WKH�VDPSOLQJ�VWDWLRQV

$� $� $� $� $� $� $�

7RWDO�2UJDQLF�&DUERQ��PJ�&���NJ ���� ���� ����� ����� ����� ���� ����

7RWDO�SKRVSKRUXV ����� ����� ����� ����� ����� ����� �����

*UDQXORPHWU\��0HVK�1������� ���� ����� ����� ����� ����� ����� �����

*UDQXORPHWU\��0HVK�1�������� ���� ����� ����� ����� ����� ����� �����

*UDQXORPHWU\��0HVK�1������� ���� ����� ����� ����� ����� ����� �����

*UDQXORPHWU\��0HVK�1�������� ����� ���� ���� ���� ���� ����� �����

*UDQXORPHWU\��0HVK�1������� ����� ���� ���� ���� ���� ����� �����

*UDQXORPHWU\��0HVK�1��������
:KDW�SDVVHV�WKH�PHVK

���� ���� ���� ���� ���� ���� ����

)DWV�DQG�2LOV��PJ�*<$�� .J �� � �� � � �� �

7RWDO�+\GURFDUERQV��PJ���NJ � � �� �� � �� �

7RWDO�1LWURJHQ��PJ���.J ��� ���� ���� ���� ���� ���� ����

S+��8QLWV ���� ���� ���� ���� ���� ���� ����

$UVHQLF��PJ�$V���.J ���� ����� ����� ����� ����� ����� �����

%DULXP��PJ�%D���.J ����� ������ ����� ������ ������ ������ ������

&DGPLXP��PJ�&G���NJ ������ ������ ������ ������ ������ ������ ������

&RSSHU��PJ�&X���NJ ���� ���� ���� ���� ���� ���� ����



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %

&$3����B7'(1*�2.�)
>0HGHOOtQ@������

3$5$0(7(5
5HVXOWV�RI�WKH�VDPSOLQJ�VWDWLRQV

$� $� $� $� $� $� $�

&KURPLXP��PJ�&U���NJ ���� ���� ���� ���� ���� ���� ����

0HUFXU\��PJ�+J���NJ ������ ������ ������ ������ ������ ������ ������

1LFNHO��PJ�1L���.J ���� ���� ���� ���� ���� ���� ����

6LOYHU��PJ�$J���.J ��� ������� ��� ������� ������� ������� �������

/HDG��PJ�3E���NJ ��� ��� ��� ��� ��� ��� ���

6HOHQLXP��PJ�6H���.J ���� ���� ���� ���� ���� ���� ����

=LQF��PJ�=Q���NJ ����� ����� ����� ����� ����� ����� �����

3RO\F\FOLF�DURPDWLF�
K\GURFDUERQV��PJ���NJ

����� ����� ����� ����� ����� ����� �����

3KHQROV��PJ���.J ����� ����� ����� ����� ����� ����� �����

9RODWLOH�$FLG�6XOSKLGH���3���3 ����� ����� ����� ����� ����� ���� �����
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� $QDO\VLV�RI�VHGLPHQW�UHVXOWV

� *UDQXORPHWU\

7KH�JUDQXORPHWULF�DQDO\VLV�RI�WKH�PDULQH�VHGLPHQWV�ZDV�FDUULHG�RXW�ZLWK�WKH�SXUSRVH�
RI�GHWHUPLQLQJ�WKH�HQYLURQPHQWDO�TXDOLW\�RI�WKH VHGLPHQWV�DQG�WKH�FRQFHQWUDWLRQV�RI�
KHDY\�PHWDOV��1L��3E��&G��&X��=Q��WKDW�FRXOG�DIIHFW�WKH�PDULQH�HFRV\VWHP�

7KH�WH[WXUH��LV�WKH�SDUDPHWHU�WKDW�KDV�EHHQ�PRVW�XVHG�LQ�VHGLPHQWRORJLFDO�VWXGLHV�
DQG� UHIHUV� WR� WKH� VL]H� RI� WKH� SDUWLFOHV� WKDW�PDNH�XS� WKH� VHGLPHQW�� WKH� VDPH� WKDW�
GHSHQGV�RQ�VHYHUDO�IDFWRUV��LQFOXGLQJ�LWV�RULJLQ�DQG�LQLWLDO�VL]H��VLQFH�WKHVH�VHGLPHQWV�
KDG� WR� KDYH� EHHQ� WUDQVSRUWHG�� VR� WKHLU� VL]H� ZLOO� GHSHQG� RQ� WKH� HIIHFWV� RI� WKLV�
WUDQVSRUW�

7KH� JUDQXORPHWULF� FRPSRVLWLRQ� RI� WKH� PDULQH� VHGLPHQWV� RI� WKH� %DKtD� &RORPELD�
VHFWRU� LQ� WKH�8UDEi�*XOI�ZDV� FKDUDFWHUL]HG�E\� SUHVHQWLQJ� WKH� JURXSV�RI� WH[WXUHV�
PHQWLRQHG�LQ�7DEOH�1R�������SUHVHQWHG�EHORZ�

7DEOH�1R������ $YHUDJH�SDUWLFOH�VL]H�FRPSRVLWLRQ
&ODVVLILFDWLRQ 3HUFHQWDJH�FRQWHQW����

0HVK 1�������5HWLHQH�SDUWtFXODV�0D\RUHV�D������0LFUDV���*UDYDV�� �����

0HVK�1�������%HWZHHQ�����DQG�����0LFURQV��)LQH�6DQGV� �����
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&ODVVLILFDWLRQ 3HUFHQWDJH�FRQWHQW����

0HVK�1������%HWZHHQ�����DQG������0LFURQV��9HU\�7KLFN�6DQGV� ����

0HVK�1�������%HWZHHQ������DQG�����0LFURQV��9HU\�)LQH�6DQGV� �����

0HVK�1�������%HWZHHQ�����DQG�����0LFURQV��7KLFN�6DQGV�DQG�0HGLXP�6DQGV� ����

:KDW�KDSSHQV�LQ�WKH�0HVK�1������FRUUHVSRQGV�WR�/LPR�DQG�&OD\ ���
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

7KH�JUDQXORPHWULF�FRPSRVLWLRQ�RI�WKH�PDULQH�VHGLPHQWV�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�
WKH�SURMHFW�PDNHV�LW�SRVVLEOH�WR�GHPRQVWUDWH�WKDW�WKH�PRVW�UHSUHVHQWDWLYH�FRPSRQHQW�
RI�WKH�WRWDO�RI�WKH�VDPSOHV�ZHUH�SDUWLFOHV�JUHDWHU�WKDQ������PLFURQV��*UDYHO��ZLWK�D�
SURSRUWLRQ�RI���������IROORZHG�E\���������RI�ILQH�VDQGV�DQG�LQ�WKLUG�SODFH�WKH�YHU\�
ILQH�VDQGV�ZHUH�IRXQG�ZLWK�D�SHUFHQWDJH�RI��������DV�VKRZQ�LQ�)LJXUH�1R��������

)LJXUD�1R������� &RQWHQW�3HUFHQWDJH��JUDQXORPHWULF
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

%HORZ�LV�WKH�SURSRUWLRQ�E\�FRPSRQHQW�LQ�HDFK�RI�WKH�VDPSOLQJ�SRLQWV�

0HVK�1R������SDUWLFOHV!������PLFURQV��JUDYHO�
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>0HGHOOtQ@������

7KH�SHUFHQWDJH�RI�JUDYHO��SDUWLFOHV�JUHDWHU�WKDQ������PLFURQV��FDQ�EH�IRUPHG�
QDWXUDOO\�GXULQJ�WKH�GHFRPSRVLWLRQ�RI�RUJDQLF�YHJHWDEOH�DQG�DQLPDO�VRXUFHV��7KH�
PRVW�UHSUHVHQWDWLYH�SHUFHQWDJH�FRQWHQWV�ZHUH�SUHVHQWHG�LQ�SRLQWV�$���$���$��DQG�
$��DV�VKRZQ�LQ�)LJXUH�1R�������

)LJXUH�1R������� %HKDYLRU�*UDQXORPHWU\�0HVK�1�����SDUWLFOHV�JUHDWHU�WKDQ������PLFURQV�
*UDYHO

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

0HVK�1������3DUWLFOHV�EHWZHHQ�����DQG������PLFURQV��YHU\�WKLFN VDQGV�

7KH� FRDUVH� VDQGV�DVVRFLDWHG�ZLWK� WKH� IUDJPHQWDWLRQ� RI� URFNV� DQG� WKH�GHJUHH� RI�
ZHDWKHULQJ��KDG�D�YHU\�KRPRJHQHRXV�FRPSRVLWLRQ�EHWZHHQ��������DQG��������IRU�
DOO�SRLQWV��H[FHSW�SRLQW�$��ZKHUH�D�YDOXH�RI������ZDV�REWDLQHG����
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)LJXUH�1R������� 0HVK�1������3DUWLFOHV�EHWZHHQ�����DQG������PLFURQV��YHU\�WKLFN VDQGV�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

0HVK�1����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��WKLFN�VDQGV�DQG�PHGLXP�VDQGV�

7KH�PDULQH�VHGLPHQWV�RI�SRLQW�$�����������DUH�PDLQO\�PDGH�XS�RI�WKLFN��VDQGV�DQG�
PHGLXP�VDQG�EHWZHHQ�SDUWLFOHV RI�����DQG�����PLFURQV�DV�VKRZQ� LQ�)LJXUH�1R��
������
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)LJXUH�1R������� 0HVK�1����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��WKLFN�VDQGV�DQG�PHGLXP�
VDQGV�

6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

0HVK�1�����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��)LQH�VDQGV�

5HJDUGLQJ�WKH�FRQWHQW�RI�ILQH�SDUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��WKH�KLJKHVW�
SHUFHQWDJHV�DUH�IRXQG�IRU��������IRU�$��DQG��������IRU�$���ZKLOH�SRLQW�$��UHFRUGHG�
WKH�DEVHQFH�RI�WKLV�WH[WXUH�DV�VKRZQ�LQ�WKH )LJXUH�1R��������
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)LJXUH�1R������� 0HVK�1�����3DUWLFOHV�EHWZHHQ�����DQG�����PLFURQV��)LQH�VDQGV�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

0HVK�1�������3DUWLFOHV�EHWZHHQ������DQG�����PLFURQV��YHU\�ILQH�VDQGV�

)LJXUH�1R��������VKRZV�WKH�SHUFHQWDJH�FRQWHQW�RI�YHU\�ILQH�VDQGV��ZKHUH�SRLQW�$��
UHFRUGHG�D�SHUFHQWDJH�FRQWHQW�RI��������EHLQJ�WKH�PRVW�UHSUHVHQWDWLYH�SRLQW��ZKLOH�
WKH�RWKHU�SRLQWV�SUHVHQWHG�FRQWHQWV�EHWZHHQ�������DQG��������

)LJXUH�1R������� 0HVK�1�������3DUWLFOHV�EHWZHHQ������DQG�����PLFURQV��YHU\�ILQH�VDQGV�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������
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0HVK�1�������/LPHV�DQG�FOD\V�

7KH�KLJKHVW�SHUFHQWDJH�ZDV�LGHQWLILHG�LQ�SRLQW�$����������DQG�WKH�ORZHVW�LQ�SRLQW�
$����������DV�VHHQ�LQ�)LJXUH�1R�������

)LJXUH�1R������� 0HVK������/LPR�DQG�FOD\�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� +\GURJHQ�SRWHQWLDO�S+

7KH�SRWHQWLDO�RI�K\GURJHQ�LV�RQH�RI�WKH�PRVW� LPSRUWDQW�FKHPLFDO�SURSHUWLHV�RI�WKH�
VRLO�EHFDXVH�LW�LQIOXHQFHV�WKH�PRELOLW\�RI�LRQV��GLOXWLRQ�RI�PLQHUDOV��PLFURELDO�DFWLYLWLHV�
DQG�WKH�DYDLODELOLW\�RI�QXWULHQWV�DPRQJ�RWKHUV��7KH�UHSRUWHG�YDOXHV�UDQJH�IURP������
8QLWV�WR������8QLWV��UHJLVWHULQJ�D�WUHQG�IURP�QHXWUDO�WR�PRGHUDWHO\�EDVLF�DV�VKRZQ�LQ�
)LJXUH�1R��������
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)LJXUH�1R������� 3+�EHKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 7RWDO�RUJDQLF�FDUERQ

7KH� HGDSKLF� IDFWRUV� WKDW� KDYH� WKH� JUHDWHVW� LQIOXHQFH� RQ� WKH� HYROXWLRQ� RI� RUJDQLF�
FDUERQ�DUH�WH[WXUH��VWUXFWXUH��S+�DQG�5HGR[�3RWHQWLDO��7KH�S+�DIIHFWV�WKH�RUJDQLF�
FDUERQ� EHFDXVH� WKLV� IDFWRU� GHFUHDVHV� WKH� GHFRPSRVLWLRQ� UDWHV� XQGHU� DFLGLF�
FRQGLWLRQV�� ZKLOH� WKH� VWUXFWXUH� DQG� WH[WXUH� RI� WKH� VRLOV� DIIHFW� WKH� VWDELOL]DWLRQ� RI�
RUJDQLF� FDUERQ� LQ�GLIIHUHQW�ZD\V�� HLWKHU� WKURXJK� WKH� IRUPDWLRQ� RI� DJJUHJDWHV�� WKH�
SK\VLFDO�ERQGLQJ�ZLWK�FOD\�DQG�VLOW�SDUWLFOHV�DQG���RU�E\�WKH�WUDQVIRUPDWLRQ�WR�UHVLVWDQW�
FDUERQ�FRPSRXQGV�WR�ELRFKHPLFDO�GHJUDGDWLRQ�

7KH�UHSRUWHG�FRQFHQWUDWLRQV�UDQJHG�IURP�������PJ���NJ�WR��������PJ���NJ��ZLWK�DQ�
DYHUDJH�RI�������PJ���NJ��7KH�KLJKHVW�FRQFHQWUDWLRQV�ZHUH�UHJLVWHUHG�LQ�SRLQWV�$��
��������PJ� �� NJ�� DQG�$�� �������PJ� �� NJ���ZKLFK� LV� SRVVLEO\� DVVRFLDWHG�ZLWK� WKH�
FRQWULEXWLRQV�LQ�%DKtD�&RORPELD�RI�WKH�/HyQ�ULYHU�DQG�WKH�$WUDWR�ULYHU��6HH�)LJXUH�
1R��������
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>0HGHOOtQ@������

)LJXUH�1R������� 7RWDO�RUJDQLF�FDUERQ�EHKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� 7RWDO�K\GURFDUERQV

7KH�K\GURFDUERQV�WHQG�WR�IRUP�DVVRFLDWLRQV�ZLWK�WKH�SDUWLFXODU�PDWHULDO�GHSRVLWHG�LQ�
WKH�VHGLPHQWV�DQG��WKHUHIRUH��WKH�DEVRUSWLRQ�RI�WKHP�LV�VWURQJO\�UHODWHG�WR�WKH�RUJDQLF�
FDUERQ� FRQWHQW� SUHVHQW� LQ� WKH� VHGLPHQWV�� 2WKHU� RFHDQRJUDSKLF� IDFWRUV�� VXFK� DV�
PDULQH� FXUUHQWV�� WLGHV� DQG�ZDYHV� FDQ� DOVR� LQIOXHQFH� WKH� G\QDPLFV� RI� WKH� VSDWLDO�
EHKDYLRU�RI�K\GURFDUERQV�LQ�WKH�DUHD�

$FFRUGLQJ�WR�6DUDYLD��WKH�GHJUHH�RI�FRQWDPLQDWLRQ�LQ�WKH�VHGLPHQWV�FDQ�EH�
HVWDEOLVKHG�EDVHG�RQ�WKH�FRQFHQWUDWLRQ�RI�WRWDO�K\GURFDUERQV��:KHQ�WKH�
FRQFHQWUDWLRQ�LV�����ȝJ���J�LW�LV�FRQVLGHUHG�ZLWKRXW�FRQWDPLQDWLRQ��LI�WKH�
FRQFHQWUDWLRQ�RI�K\GURFDUERQV�LV�LQ�WKH�UDQJH������ ����ȝJ���J��PLOG�WR�PRGHUDWH�
FRQWDPLQDWLRQ�LV�FODVVLILHG��)LQDOO\��LI�WKH�WRWDO�K\GURFDUERQ�OHYHOV�DUH�������ȝJ���J��
WKH�V\VWHP�LV�FRQVLGHUHG�WR�EH�KLJKO\�FRQWDPLQDWHG�

6$5$9,$��$QD���52'5,*8(=��'DQLHOD���3$&+(&2��2VFDU���3,('5$��2VFDU�� (YDOXDWLRQ�RI� WKH� OHYHOV�RI�K\GURFDUERQV� LQ�
PDULQH�VHGLPHQWV��WKHLU�SRVVLEOH�RULJLQ�DQG�HIIHFWV�RQ�DTXDFXOWXUH�DFWLYLW\�EHWZHHQ�3XQWD�0RUDOHV�DQG�&RVWD�GH�3iMDURV�LQ�
WKH�*XOI�RI�1LFR\D��,Q��*HRJUDSKLF�0DJD]LQH�RI�&HQWUDO�$PHULFD��1������,661��������;��-XO\�'HFHPEHU������SS���������



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ�� %
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>0HGHOOtQ@������

7KH�FRQFHQWUDWLRQV�RI�WRWDO�K\GURFDUERQV�IOXFWXDWHG�EHWZHHQ���PJ���NJ�WR����PJ���
NJ��ZLWK� WKH� KLJKHVW� FRQFHQWUDWLRQV� DW� SRLQWV�$�� WR�$���$FFRUGLQJ� WR� WKH�6DUDYLD�
FODVVLILFDWLRQ��WKHVH�PDULQH�VHGLPHQWV�SUHVHQW�D�PLOG�WR�PRGHUDWH�FRQWDPLQDWLRQ�DQG�
IRU�WKH�UHVW�RI�WKH�VDPSOLQJ�SRLQWV�ZLWKRXW�FRQWDPLQDWLRQ��DV�FDQ�EH�VHHQ�LQ�)LJXUH�
1R��������

)RU� WKH� WRWDO� K\GURFDUERQV� SDUDPHWHU� QR� DOORZDEOH� YDOXH� LV� HVWDEOLVKHG� LQ� WKH�
&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH�

)LJXUH�1R������� 7RWDO�K\GURFDUERQV�EHKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 3RO\F\FOLF�DURPDWLF��K\GURFDUERQV��3$+V�

3$+V�KDYH�EHFRPH�LQFUHDVLQJO\�IUHTXHQW�FRQWDPLQDQWV�LQ�IUHVKZDWHU�RU�PDULQH�VRLOV�
DQG�VHGLPHQWV��PDLQO\�GXH�WR� WKH�GXPSLQJ�RI� LQGXVWULDO�ZDWHUV�� WKH� LQGLVFULPLQDWH�
XVH�RI�FKHPLFDO�SURGXFWV��SHVWLFLGHV��G\HV��LQGXVWULDO�VROYHQWV��DPRQJ�RWKHUV��DQG�
UDLQZDWHU�DQG�VHWWOHPHQW��RI�SDUWLFOHV�LQ�WKH�DLU�

9$&$��5��$��'HWHUPLQDWLRQ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�LQ�VRLOV�FRQWDPLQDWHG�E\�WKH�RLO�LQGXVWU\��4XLWR������
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7KH�PRQLWRUHG�VDPSOLQJ�SRLQWV�UHJLVWHUHG�D�FRQFHQWUDWLRQ�RI�3$+V�LQ�WKH�VHGLPHQWV�
EHORZ� WKH�GHWHFWLRQ� OLPLW� RI� WKH�DQDO\WLFDO� WHFKQLTXH� �������PJ� ��.J��� WKDW� LV�� WKH�
SUHVHQFH�RI�WKHVH�RUJDQLF�FRPSRXQGV�LQ�PDULQH�VHGLPHQWV�LV�ORZ�

$FFRUGLQJ�WR�WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�
OLIH�� WKH�FRQFHQWUDWLRQV� IRXQG�DUH� ORZHU� IRU�ERWK� WKH� ,64*�VWDQGDUG� �LQWHUPHGLDWH�
VWDQGDUG� RI� VHGLPHQW� TXDOLW\�� FRQFHQWUDWLRQ� EHORZ� ZKLFK� WKHUH� DUH� QR� DGYHUVH�
ELRORJLFDO�HIIHFWV��DQG�IRU�WKH�VWDQGDUG�3(/��/HYHO�RI�SUREDEOH�HIIHFW��&RQFHQWUDWLRQ�
RQ�ZKLFK�DGYHUVH�ELRORJLFDO�HIIHFWV�DUH�IUHTXHQWO\�IRXQG��HVWDEOLVKHG�IRU� WKH�+3$�
FRPSRXQGV��ZKLFK�DUH�OLVWHG�LQ�7DEOH�1R�������

7DEOH�1R������ 6WDQGDUGV�,64*�DQG�3(/�IURP�+3$V

3RO\F\FOLF�$URPDWLF�+\GURFDUERQV�+3$V ,6**�PJ�NJ 3(/��PJ�NJ

1DSKWKDOHQH ������ �����

��0HWK\O�QDSKWKDOHQH ������ �����

$FHQDSKWK\OHQH ������� �����

$FHQDIWHQR ������� ������

)OXRUHQH ������ �����

$QWKUDFHQH ������ �����

)OXRUDQWKHQH ����� �����

3\UHQH ����� �����

)HQDQWKUHQH ������ �����

%HQ]��D��DQWKUDFHQH ������ �����

&ULVHQR ����� �����

%HQ]R��D��S\UHQH ������ �����

'LEHQ]R�DQWKUDFHQH ������� �����
6RXUFH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH���

��� &$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17� ± &&0(��&DQDGLDQ�ZDWHU� TXDOLW\� JXLGHOLQHV� IRU� WKH�
SURWHFWLRQ�RI�DTXDWLF� OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV� LQ�&DQDGD��3URFHGXUHV�IRU
'HULYLQJ�1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV�� ,Q��&DQDGLDQ�HQYLURQPHQWDO�TXDOLW\�JXLGHOLQHV��������>(Q�OtQHD@���KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>&RQVXOWDGR�����VHSWLHPEUH������@
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$FFRUGLQJ� WR� WKH� UHVXOWV� VKRZQ� LQ�7DEOH�1R�� ������ LW� FDQ�EH� HVWDEOLVKHG� WKDW� WKH�
FRQFHQWUDWLRQV� RI� +3$V� LQ�PDULQH� VHGLPHQWV� GR� QRW� JHQHUDWH� DGYHUVH� ELRORJLFDO�
HIIHFWV�RQ�WKH�DTXDWLF�HFRV\VWHP�

DURPDWLF� K\GURFDUERQV�� ,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� IRU� WKH� K\GURFDUERQV�
$FHQDSKWK\OHQH�DQG�$FHQRIWHOHQR��QR�FRPSDULVRQ�FDQ�EH�PDGH�EHFDXVH�WKH�YDOXHV�
DUH�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�PHWKRG�XVHG�

� *UHDVHV�DQG�2LOV

7KH�FRQFHQWUDWLRQV�RI�IDWV�DQG�RLOV�UHSRUWHG�LQ�PDULQH�VHGLPHQWV�UDQJH�EHWZHHQ���
PJ� ��NJ�DQG����PJ� ��NJ��EHLQJ� WKH�PD[LPXP�FRQFHQWUDWLRQ� LQ�SRLQW�$���SUREDEO\�
EHFDXVH�RI�LWV�SUR[LPLW\�WR�WKH�DUHD�ZKHUH�WKH�/HyQ�5LYHU�HQGV��ZKHUH�LQGXVWULDO�DQG�
GRPHVWLF�ZDVWH�FDQ�EH�SURGXFHG�ZLWKRXW�SULRU�WUHDWPHQW��6HH�)LJXUH�1R�������

)LJXUH�1R������� )DWV�DQG�RLOV�EHKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 9RODWLOH�$FLG�6XOILGH

7KH�FRQFHQWUDWLRQV�UHSRUWHG�LQ�WKH�VHYHQ�����PRQLWRULQJ�SRLQWV�IOXFWXDWHG�EHWZHHQ�
������� 3� �� 3� DQG� ������� 3� �� 3��PHDQLQJ� WKDW� LQ� ���� JUDPV� RI� VHGLPHQWV� WKH�
PD[LPXP�SHUFHQWDJH�RI�YRODWLOH�DFLG�VXOILGH�LV�������JUDPV��UHSRUWHG�LQ�SRLQW�$���
6HH�)LJXUH�1R��������
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)RU�WKLV�SDUDPHWHU�WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�
DTXDWLF�OLIH�GRHV�QRW�KDYH�DQ�DOORZDEOH�OLPLW�

)LJXUH�1R������� 9RODWLOH�$FLG�6XOSKLGH�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� &KURPH

7KLV�HOHPHQW�FDQ�EH�SUHVHQW�LQ�ZDWHU�ERGLHV�DV�&U�,,,��SRRUO\�VROXEOH�DQG�YHU\�VWDEOH��
DQG�DV�&U�9,��OHVV�VWDEOH��EXW�PRUH�VROXEOH��ZLWK�KLJK�PRELOLW\�EHWZHHQ�VXEVWUDWHV���
7KH�FRQFHQWUDWLRQV�RI�&KURPLXP� LQ� WKH�HYDOXDWHG�PDULQH�VHGLPHQWV� UDQJHG�IURP�
�����PJ���NJ�LQ�SRLQW�$��WR������PJ���NJ�LQ�SRLQW�$���ZLWK�DQ�DYHUDJH�RI������PJ���NJ��
6HH�)LJXUH�1R��������

&RPSDUHG�ZLWK�WKH�&DQDGLDQ�VWDQGDUG��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�
WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH���WKH�FRQFHQWUDWLRQV�LQ�SRLQWV�$���$���$���$���$��DQG�
$��DUH�KLJKHU�WKDQ�WKH�,64*�VWDQGDUG�������PJ���NJ���ZKHUHDV�IRU�SRLQW�$��WKH�YDOXH�
LV�ORZHU�WKDQ�WKLV�VWDQGDUG��:LWK�UHVSHFW�WR�WKH�3(/�LQGH[������PJ���NJ��HVWDEOLVKHG��
LW�ZDV�UHFRUGHG�WKDW�DOO�WKH�SRLQWV�DUH�EHORZ�WKLV�OLPLW��VR�LW�FDQ�EH�LQIHUUHG�WKDW�WKH�
FRQFHQWUDWLRQV�GR�QRW�LQWHUIHUH�LQ�WKH�PHWDEROLF�DFWLYLWLHV�RI�DTXDWLF�PLFURRUJDQLVPV�
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)LJXUH�1R������� &KURPH�EHKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� =LQF

=LQF�FRQFHQWUDWLRQV�ZHUH�UHFRUGHG�LQ�D�UDQJH�EHWZHHQ�������PJ���NJ��$���DQG�������
PJ���NJ��$����7KH�PD[LPXP�FRQFHQWUDWLRQ�ZDV�UHJLVWHUHG�LQ�SRLQW�$���HYLGHQFLQJ�
WKDW� IRU� �� �VL[�� RI� WKH� �� �VHYHQ�� HYDOXDWHG� SRLQWV�� WKH� YDOXHV� H[FHHG� WKH� ,64*�
VWDQGDUG������PJ���NJ���VR�LW�FDQ�EH�LQIHUUHG�SUREDEOH�DIIHFWDWLRQ�RI�WKH�FRQGLWLRQV�
ELRORJLFDO�HYHQWV�DV�D�UHVXOW�RI�H[SRVXUH�WR�=Q�LQ�VHGLPHQWV�

2WKHUZLVH�LW� LV�SUHVHQWHG�LQ�WKH�FRPSDULVRQ�ZLWK�WKH�3(/�VWDQGDUG������PJ���NJ���
VWLSXODWHG�LQ�WKH�&DQDGLDQ�JXLGHOLQH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�
SURWHFWLRQ�RI�DTXDWLF�OLIH���EHFDXVH�WKH�FRQFHQWUDWLRQV�DUH�ORZHU�WKDQ�WKLV�YDOXH�LQ�DOO�
WKH�SRLQWV�RI�VDPSOLQJ��6HH�)LJXUH�1R��������
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)LJXUH�1R������� =LQF�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 0HUFXU\

7KH�PRVW�FRQWDPLQDWLQJ�PHUFXULDO�FRPSRXQGV�DUH�UHSUHVHQWHG�E\�WKH�PHWK\ODWHG�
IRUPV��ZKLFK�FDQ�EH�ELRDFFXPXODWHG�DQG�WUDQVIHUUHG� WKURXJK� WKH�IRRG�FKDLQ��7KH�
PHWK\ODWHG�IRUPV�RI�PHUFXU\�DUH�SUHVHQW�LQ�DQR[LF�HQYLURQPHQWV��ODFNLQJ�R[\JHQ��
ERWK� LQ� WKH� ZDWHU� FROXPQ�� LQ� ZKLFK� LW� KDV� KLJK� VROXELOLW\�� DQG� LQ� WKH� VHGLPHQWV��
�È/9$5(=�������

7KH�FRQFHQWUDWLRQV�REWDLQHG�LQ�DOO�PRQLWRUHG�SRLQWV�DUH�ORZHU�WKDQ�WKH�OLPLW�RI�
GHWHFWLRQ�RI�WKH�PHWKRG�RI�DQDO\VLV�XVHG�E\�WKH�ODERUDWRU\��������PJ���NJ��DQG�LQ�
WXUQ�DUH�ORZHU�WKDQ�WKH�,64*�VWDQGDUG�������PJ���NJ��DQG�WKH�3(/�VWDQGDUG���������
PJ���NJ���VWLSXODWHG�LQ�WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�
RI�DTXDWLF�OLIH��6HH
)LJXUH�1R��������
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)LJXUH 1R������� &RPSRUWDPLHQWR�0HUFXULR
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� /HDG

/HDG�LV�D�PHWDO�IRXQG�QDWXUDOO\�LQ�WKH�HDUWK
V�FUXVW�� LW� LV�VWURQJO\�DGVRUEHG�LQ�VRLOV�
DQG�VHGLPHQWV�DQG� LWV�PDLQ�SHQHWUDWLRQ� URXWHV�DUH�� UHVSLUDWRU\�DQG�GLJHVWLYH�DQG�
FDXVHV� GLVRUGHUV� LQ� WKH� ELRFKHPLFDO� SURFHVVHV� RI� YLUWXDOO\� DOO� FHOOV� DQG� FHOOV��
RUJDQLVP�V\VWHPV�

7KH�FRQFHQWUDWLRQV�RI�/HDG�LQ�WKH�VDPSOLQJ�SRLQWV�ZHUH�UHJLVWHUHG�EHWZHHQ�����PJ�
��NJ��$���DQG�����PJ���NJ��$����WKXV�FRPSO\LQJ�ZLWK�WKH�VWDQGDUGV�RI�WKH�&DQDGLDQ�
JXLGH��ZKLFK�HVWDEOLVKHV�DQ�,64*�RI������PJ���NJ�DQG�D�3(/�RI�����PJ���NJ��6HH�
)LJXUH�1R�������
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)LJXUH�1R������� /HDG�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� &RSSHU

7KH�FRQFHQWUDWLRQV�UDQJHG�EHWZHHQ������PJ���NJ��$���DQG������PJ���NJ��$����$OO�WKH�
VDPSOLQJ�SRLQWV�UHJLVWHUHG�DUH�KLJKHU�WKDQ�WKH�,64*�VWDQGDUG�������PJ���NJ���ZKLOH�
ZKHQ�FRPSDUHG�ZLWK�WKH�3(/�VWDQGDUG������PJ���NJ���DOO�WKH�FRQFHQWUDWLRQV�DUH�ORZHU�
WKDQ�WKLV�YDOXH��LW�LV�DIILUPHG�WKDW�ZLWK�UHVSHFW�WR�WKLV�/LPLW��WKHVH�FRQFHQWUDWLRQV�KDYH�
D�ORZ�SUREDELOLW\�RI�FDXVLQJ�DGYHUVH�ELRORJLFDO�HIIHFWV�LQ�DTXDWLF�OLIH��DFFRUGLQJ�WR�WKH�
&DQDGLDQ�JXLGH��6HH�)LJXUH�1R��������
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)LJXUH�1R������� &RSSHU�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� &DGPLXP

7KLV�HOHPHQW�RFFXUV�LQ�QDWXUH�LQ�WKH�IRUP�RI�FRPSOH[�R[LGHV��VXOSKLGHV�DQG�]LQF�
FDUERQDWHV��7KH�PRELOLW\�RI�FDGPLXP�LQ�DTXDWLF�HQYLURQPHQWV�LV�UHLQIRUFHG�E\�ORZ�
S+��ORZ�KDUGQHVV��ORZ�OHYHOV�RI�VXVSHQGHG�PDWWHU��KLJK�DQG�ORZ�VDOLQLW\�UHGR[�
SRWHQWLDO��,Q�QDWXUDO�ZDWHU��WKH�ELRDYDLODELOLW\�RI�FDGPLXP�LV�UHGXFHG�WKURXJK�WKH�
DEVRUSWLRQ�RI�VXVSHQGHG�SDUWLFOHV�DQG�DUH�ELRORJLFDOO\�UHVSRQVLEOH�IRU�FRQWUROOLQJ�
WKH�KLJKHVW�OHYHOV�RI�FDGPLXP��,Q�DTXDWLF�V\VWHPV��FDGPLXP�LV�PRUH�HDVLO\�
DEVRUEHG�E\�RUJDQLVPV�GLUHFWO\�IURP�ZDWHU�LQ�LWV�IUHH�LRQLF�IRUP

81,7('�1$7,216�(19,5210(17�352*5$0�� 81(3�������
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&DGPLXP�UHJLVWHUHG�LQ�DOO�VDPSOLQJ�SRLQWV�XQLWV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�
WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\��������PJ���NJ���VWDWLQJ�WKDW�WKH�SUHVHQFH�RI�WKLV�
FRPSRXQG�LQ�PDULQH�VHGLPHQWV�LV�DOPRVW�]HUR DQG�GRHV�QRW�DIIHFW�WKH�
SK\VLFRFKHPLFDO DQG ELRORJLFDO�FKDUDFWHULVWLFV�RI�LW��$ERXW�WKH�,64*�VWDQGDUG������
PJ���NJ��DQG�3(/������PJ���NJ���WKH�FRQFHQWUDWLRQV�DUH�ORZHU�DQG�FRPSO\�IXOO\�ZLWK�
WKH�SURYLVLRQV�RI�WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�
DTXDWLF�OLIH��6HH

)LJXUH�1R������� &KURPH�%HKDYLRU�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� $UVHQLF

)RU�DUVHQLF�FRQFHQWUDWLRQV�EHWZHHQ�����PJ���NJ�DQG������PJ���NJ�ZHUH�UHFRUGHG��DW�
SRLQWV�$��DQG�$���UHVSHFWLYHO\��,Q�FRPSDULVRQ�ZLWK�WKH�,64*�VWDQGDUG�������PJ�$V�
��.J���WKH�YDOXHV�DW�DOO�SRLQWV�DUH�KLJKHU��WKHUHIRUH�WKHUH�DUH�OLNHO\�WR�EH�FKDQJHV�LQ�
WKH�G\QDPLFV�RI�DTXDWLF�RUJDQLVPV�GXH�WR�WKHLU�ELRDFFXPXODWLRQ��+RZHYHU��IRU�WKH�
3(/�VWDQGDUG�������PJ�$V���.J��LW�LV�REVHUYHG�WKDW�DW�DOO�WKH�SRLQWV�WKH�FRQFHQWUDWLRQV�
DUH� ORZHU� WKDQ� WKLV� YDOXH�� IRU� ZKLFK� UHDVRQ� LW� LV� SRVVLEOH� WR� LQIHU� WKDW� WKH�
FRQFHQWUDWLRQV�DUH�QRW�VR�KLJK�WKDW� WKH\� LQWHUIHUH� LQ�WKH�PHWDEROLF�DFWLYLWLHV�RI� WKH�
DTXDWLF�PLFURRUJDQLVPV��6HH�)LJXUH�1R��������
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)LJXUH�1R������� $UVHQLF�%HKDYLRU�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� %DULXP�

%DULXP� LV� D� FRPPRQ� HOHPHQW� RI� QDWXUH�� EXW� LWV� SUHVHQFH� LQ� ZDWHU� LV� LQ� WUDFH�
FRQFHQWUDWLRQV�� 7KH� UHVXOWV� REWDLQHG� LQ� WKH PHDVXUHPHQW� RI� WKH�%DULXP�DOORZ� WR�
HVWDEOLVK�WKDW�WKH�UDQJH�RI�FRQFHQWUDWLRQV�JRHV�IURP������PJ���.J��$���DQG�������
PJ���.J��$����HYLGHQFLQJ�D�UHOHYDQW�SUHVHQFH�RI�WKLV�PHWDO�LQ�ZDWHU��6HH�)LJXUH�1R��
������

,Q�WKH�&DQDGLDQ�JXLGHOLQH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�
RI�DTXDWLF�OLIH���WKHUH�DUH�QR�HVWDEOLVKHG�OLPLWV�IRU�WKLV�SDUDPHWHU�
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)LJXUH�1R������� %DULXP�%HKDYLRU�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\ �����

� 1LFNHO�

1LFNHO�LV�DQ�HVVHQWLDO�PLFURQXWULHQW�LQ�PRVW�RUJDQLVPV��DOWKRXJK�WKH�FRQFHQWUDWLRQV�
QHHGHG� DUH� VR� VPDOO� WKDW� WKH\� DUH� UDUHO\� OLPLWLQJ� IRU� JURZWK� DQG� QRUPDO� FHOO�
GHYHORSPHQW��+RZHYHU��ZKHQ�IRU�QDWXUDO�RU�DQWKURSRJHQLF�UHDVRQV�WKH\�DUH�IRXQG�
LQ�ZDWHU�RU�LQ�WKH�VRLO�DW�KLJK�FRQFHQWUDWLRQV�WKH\�EHFRPH�WR[LF�WR�RUJDQLVPV�

7KH�DQDO\VLV�RI� WKLV�SDUDPHWHU� LQ� WKH�PDULQH�VHGLPHQWV�RI� WKH�8UDEi�*XOI�VHFWRU��
UHFRUG�FRQFHQWUDWLRQV�WKDW�DUH�LQ�D�UDQJH�WKDW�JRHV�IURP������PJ���.J�WR������PJ���
.J�� KRZHYHU� LW� LV� QRW� GRQH� FRPSDUDWLYH� ZLWK� VWDQGDUGV�� VLQFH� 7KHUH� DUH� QR�
HVWDEOLVKHG� UHVWULFWLYH� OLPLWV� LQ� WKH�&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV� IRU� WKH�
SURWHFWLRQ�RI�DTXDWLF�OLIH��6HH�)LJXUH�1R�������

-,0(1(=��%��(��(QYLURQPHQWDO�SROOXWLRQ� LQ�0H[LFR�� FDXVHV��HIIHFWV�DQG�DSSURSULDWH� WHFKQRORJ\�� (G��/LPXVD�6�$���0H[LFR��
�����
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)LJXUH�1R������� 1LFNHO�%HKDYLRU�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 6HOHQLXP�

$OWKRXJK�LW� LV�D�QRQ�PHWDOOLF�HOHPHQW��VHOHQLXP�KDV�VRPH�RI�WKH�FKDUDFWHULVWLFV�RI�
PHWDOV��VXFK�DV�LWV�EULJKWQHVV��,W�DOVR�VKDUHV�SURSHUWLHV�ZLWK�VXOIXU��ZKLFK�LV�IURP�WKH�
VDPH�JURXS�DV� WKH� SHULRGLF� V\VWHP�� DQG�DORQJ�ZLWK� WKDW�ZKLFK� XVXDOO\� RFFXUV� LQ�
QDWXUH��LQ�WKH�IRUP�RI�PHWDOOLF�VHOHQLGHV��VXFK�DV�FRSSHU�DQG�OHDG��]RUJLWH���,W�LV�DQ�
HVVHQWLDO� PLFURQXWULHQW� IRU� D� ODUJH� QXPEHU� RI� RUJDQLVPV�� DQLPDOV� DQG� EDFWHULD��
DOWKRXJK�LW�FDQ�EH�YHU\�WR[LF�

7KLV�SDUDPHWHU�UHDFKHG�FRQFHQWUDWLRQ�YDOXHV�WKDW�UDQJHG�IURP������PJ���NJ��$���WR�
�����PJ���NJ��$����ZLWK�OLWWOH�YDULDELOLW\�LQ�PRVW�YDOXHV��VHH�)LJXUH�1R���������,Q�WKH�
&DQDGLDQ�JXLGH�WKHUH�DUH�QR�HVWDEOLVKHG�OLPLWV�IRU�WKLV�SDUDPHWHU�
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)LJXUH�1R������� 6HOHQLXP�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 6LOYHU

6LOYHU�LV�SUHVHQW�LQ�QDWXUH�PDLQO\�LQ�WKH�IRUP�RI�YHU\�LQVROXEOH�DQG�VWDEOH�VXOSKLGHV�
DQG�R[LGHV��

$FFRUGLQJ�WR�WKH�UHVXOWV�REWDLQHG�LQ�WKH�PHDVXUHPHQW�RI�WKLV�SDUDPHWHU�� LW�FDQ�EH�
HYLGHQFHG�WKDW� WKH�FRQFHQWUDWLRQV�DUH�FRQVLGHUDEO\� ORZ�IRU�PRVW�SRLQWV��VLQFH� WKH�
YDOXHV�DUH�ORZHU�WKDQ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH���������PJ���
.J���ZLWK�WKH�H[FHSWLRQ�RI�SRLQWV�$��DQG�$���ZKLFK�UHDFKHG�KLJKHU�YDOXHV��7KH�UDQJH�
LQ�ZKLFK� WKH�FRQFHQWUDWLRQV�DUH� IRXQG� LV���������PJ� ��.J�DQG�����PJ� ��.J��6HH�
)LJXUH�1R���������7KH�&DQDGLDQ�JXLGH�GRHV�QRW�VHW�OLPLWV�IRU�WKLV�SDUDPHWHU�
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)LJXUH�1R������� 6LOYHU�%HKDYLRU
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 7RWDO�SKRVSKRUXV

7KH� VWXG\� RI� QLWURJHQ�� SKRVSKRUXV DQG� WKH�&� �� 1� UDWLR� LV� XVHIXO� WR� FRPSDUH� WKH�
SURGXFWLYLW\� DQG� GHFRPSRVLWLRQ� RI� RUJDQLF� PDWWHU� DQG� GHWHUPLQH� WKH� VRXUFHV� RI�
QXWULHQWV��WKHLU�EHKDYLRU�DQG�WKH�UHODWLRQVKLSV�EHWZHHQ�WKHP

7KH�FRQFHQWUDWLRQV�RI�WRWDO�RUJDQLF�SKRVSKRUXV�LQ�WKH�PDULQH�VHGLPHQWV�UHJLVWHUHG�
WKH� OLPLW�RI� GHWHFWLRQ�RI� WKH�DQDO\WLFDO� WHFKQLTXH� �������� IRU�DOO� WKH�SRLQWV�� VR� LW� LV�
LQIHUUHG�WKDW�WKH�SUHVHQFH�RI�WKLV�FRPSRXQG�LV�DOPRVW�]HUR�

� 7RWDO�1LWURJHQ�

7RWDO�QLWURJHQ�UHJLVWHUHG�YDOXHV�UDQJLQJ�IURP�����PJ���NJ��$���WR������PJ���NJ��$���
ZLWK�DQ�DYHUDJH�RI������PJ���NJ��7KH�PD[LPXP�FRQFHQWUDWLRQ�ZDV�UHFRUGHG�DW�SRLQW�
$��DQG�WKH�PLQLPXP�DW�SRLQW�$���+LJK�FRQFHQWUDWLRQV�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�
DFFXPXODWLRQ�RI�DQLPDO�RU�KXPDQ�RUJDQLF�PDWWHU�WKDW�LV�VHGLPHQWHG��$GGLWLRQDOO\��WKH�
GRPHVWLF DQG�LQGXVWULDO�GLVFKDUJHV�JHQHUDWHG�RQ�WKH�VKRUHV�RI�WKH�ED\�DQG�WKH�UXQRII�
WKDW�ZDVKHV�IORRUV�ORDGHG�ZLWK�QLWURJHQ�IHUWLOL]HUV��6HH�)LJXUH�1R��������
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)LJXUH�1R������� 7RWDO�1LWURJHQ�%HKDYLRU�
6RXUFH��6*6�&RORPELD�6�$�6��-XO\������

� 7RWDO�3KHQROV�

7KH�UHSRUWHG�FRQFHQWUDWLRQV�LQ�WKH�PRQLWRUHG�SRLQWV�DUH�ORZHU�WKDQ�WKH�OLPLW�RI�
GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH����������WKHUHIRUH�LW�FDQ�EH�HVWDEOLVKHG�WKDW�
WKH�SUHVHQFH�RI�WKHVH�FRPSRXQGV�LQ�PDULQH�VHGLPHQWV�IURP�WKH�%D\�&RORPELD�
VHFWRU�LQ�WKH�*XOI�RI�8UDEi LV�DOPRVW�]HUR�DQG�GRHV�QRW�JHQHUDWH�DGYHUVH�HIIHFWV�
RQ�WKH�SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV�

� &RPSDULVRQ�ZLWK�WKH�LQWHUQDWLRQDO�VWDQGDUG

%HFDXVH�WKH�&RORPELDQ�UHJXODWLRQV�GR�QRW�HVWDEOLVK�OLPLWV�RQ�WKH�TXDOLW\�RI�PDULQH�
VHGLPHQWV�� WKH� UHVXOWV� REWDLQHG� ZHUH� FRPSDUHG� ZLWK� OLPLWV� HVWDEOLVKHG� E\� WKH�
&DQDGLDQ�JXLGH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�
OLIH���6HH�7DEOH�1R�������'

&$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17�� &&0(��&DQDGLDQ�ZDWHU�TXDOLW\�JXLGHOLQHV�IRU�WKH�SURWHFWLRQ�
RI� DTXDWLF� OLIH��*XLGDQFH�RQ� WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV� LQ�&DQDGD��3URFHGXUHV� IRU�'HULYLQJ�
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1XPHULFDO� :DWHU� 4XDOLW\� 2EMHFWLYHV�� ,Q�� &DQDGLDQ� HQYLURQPHQWDO� TXDOLW\� JXLGHOLQHV�� ������ >2QOLQH@� �KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�6HSWHPEHU���������@

,Q�WKH�HYDOXDWHG�SDUDPHWHUV�WKDW�KDYH�D�UHIHUHQFH�YDOXH�WR�FRPSDUH��WKH�IROORZLQJ�
ZDV�IRXQG

R 7KH�YDOXHV�UHFRUGHG�IRU�FRSSHU�DQG�DUVHQLF�LQ�DOO�VDPSOLQJ�VWDWLRQV�H[FHHGHG�
WKH�,64*�OLPLW�

R ,Q� VDPSOLQJ� VWDWLRQV� $��� $��� $��� $��� $�� DQG� $�� WKH� FKURPLXP� DQG� ]LQF�
FRQFHQWUDWLRQV�H[FHHGHG�WKH�YDOXH�HVWDEOLVKHG�IRU�,64*�

7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�SUHYLRXVO\ PHQWLRQHG�YDOXHV�H[FHHGHG�WKH�,64*�OLPLW��
EXW�DUH�EHORZ�WKH�3(/�OLPLW��LW�LV�H[SHFWHG�WKDW�LQ�WKLV�UDQJH�WKH�SRVVLELOLW\�RI�DGYHUVH�
ELRORJLFDO�HIIHFWV�ZLOO�EH�EHWZHHQ����DQG�����

2Q�WKH�RWKHU�KDQG��WKH�FRQFHQWUDWLRQV�RI�FDGPLXP��PHUFXU\�DQG�OHDG�FRPSO\�ZLWK�
WKH� OLPLWV� HVWDEOLVKHG� E\� WKH� &DQDGLDQ� JXLGH�� WKDW� LV� WR� VD\� WKDW� WKH\� DUH� LQ� WKH�
PLQLPXP�HIIHFW�UDQJH�ZLWKLQ�ZKLFK�DGYHUVH�HIIHFWV�UDUHO\�RFFXU��OHVV�WKDQ�����RI�
DGYHUVH�HIIHFWV�XQGHU�,64*��

,Q�QRQH�RI� WKH�VDPSOLQJ�VWDWLRQV� WKH�3(/� OLPLW�ZDV�H[FHHGHG� IRU�DQ\�SDUDPHWHU��
WKHUHIRUH� QR� UHPHGLDWLRQ� DFWLRQV� DUH� UHTXLUHG� WKDW� UHTXLUH� WKH� UHPRYDO� RI� WKH�
FRQWDPLQDQW�
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7DEOH�1R������ &RPSDULVRQ�RI�WKH�UHVXOWV�REWDLQHG�ZLWK�WKH�QRUP

3$5$0(7(5
5HVXOWV�RI�WKH�VDPSOLQJ�VWDWLRQV

&DQDGLDQ�
6WDQGDUG�

3URWHFWLRQ�RI�
$TXDWLF�/LIH

)XOILOOPHQW

$� $� $� $� $� $� $� ,64* 3(/

$UVHQLF��PJ�$V���.J ���� ����� ����� ����� ����� ����� ����� ���� ���� 3(/�FRPSOLDQW

&DGPLXP��PJ�&G���NJ ������ ������ ������ ������ ������ ������ ������ ��� ��� &RPSO\

&RSSHU��PJ�&X���NJ ���� ���� ���� ���� ���� ���� ���� ���� ��� 3(/�FRPSOLDQW

&KURPLXP��PJ�&U���NJ ���� ���� ���� ���� ���� ���� ���� ���� ��� 3(/�FRPSOLDQW

0HUFXU\��PJ�+J���NJ ������ ������ ������ ������ ������ ������ ������ ���� ��� &RPSO\

/HDG��PJ�3E���NJ ��� ��� ��� ��� ��� ��� ��� ���� ��� &RPSO\

=LQF��PJ�=Q���NJ ����� ����� ����� ����� ����� ����� ����� ��� ��� 3(/�FRPSOLDQW

6RXUFH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH´���

,64*��,QWHUPHGLDWH�TXDOLW\�VWDQGDUG�RI�VHGLPHQW
3(/��/HYHO�RI�SUREDEOH�HIIHFW

��� &$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17�± &&0(��&DQDGLDQ�ZDWHU�TXDOLW\�JXLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�
RI�:DWHU�4XDOLW\�*XLGHOLQHV� LQ�&DQDGD��3URFHGXUHV� IRU�'HULYLQJ�1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV�� ,Q��&DQDGLDQ�HQYLURQPHQWDO�TXDOLW\�JXLGHOLQHV�������� >(Q OtQHD@���KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>&RQVXOWDGR�����VHSWLHPEUH������@
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��4XDOLW\�RI�GHHS�VHD�VHGLPHQWV

,Q RUGHU�WR�NQRZ�WKH�FKDUDFWHULVWLFV�RI�WKH�GHHS�VHD�VHGLPHQW�LQ�WKH�DUHDV�ZKHUH�WKH�
GHHSHQLQJ�GUHGJLQJ�DFWLYLWLHV�ZLOO�EH�FDUULHG�RXW��VDPSOHV�IURP�WKUHH�����GULOOLQJ�ZHUH�
PDGH�LQ�%DKtD�&RORPELD��ORFDWHG�LQ�WKH�*XOI�RI�8UDEi��GHQRPLQDWHG�3)���3)��DQG�
3)����WDNLQJ�LQWR�DFFRXQW�WKDW�WKH�JHQHVLV�RI�WKHVH�VHGLPHQWV�DQG�WKHLU�IRUPDWLRQ�
DUH�PDLQO\�GXH�WR�WKH�VDPH�VHGLPHQWDU\�G\QDPLFV�LQ�WKH�ZKROH�DUHD��FRPLQJ�IURP�
WKH�/HyQ�5LYHU�DQG�WKH�$WUDWR�ULYHU��UHDVRQ�ZK\�LW�FDQ�EH�DIILUPHG�DQG�H[SHFWHG�WR�
EH�YHU\�XQLIRUP�WKURXJKRXW�DQG�ZLGWK�RI�WKH�SURMHFW�DUHD�

� /RFDWLRQ�RI�WKH�GULOOLQJ�SRLQWV�IRU�WKH�DQDO\VLV�RI�GHSWK�VHGLPHQWV

7KH�SODQH�FRRUGLQDWHV�DQG�WKH�ORFDWLRQ�RI�WKH�SRLQWV�DUH�SUHVHQWHG�LQ�7DEOH�1R�������
DQG�)LJXUH�1R���������UHVSHFWLYHO\�

7DEOH�1R������� &RRUGLQDWHV�RI�WKH�'ULOOLQJ

�ƌŝůůŝŶŐ
WůĂŶĞ�ĐŽŽƌĚŝŶĂƚĞƐ

DĂŐŶĂ�^ŝƌŐĂƐ�ŽƌŝŐŝŶ��ŽŐŽƚĄ
�ĂƐƚ� EŽƌƚŚ

W&Ͳϴ ϳϬϯ͘ϮϰϮ͕ϱϲ ϭ͘ϯϳϬ͘ϳϱϳ͕ϱϴ

W&Ͳϵ ϳϬϮ͘ϳϲϲ͕ϱϳ ϭ͘ϯϳϬ͘ϱϱϬ͕ϯϭ

W&ͲϭϬ ϳϬϮ͘ϳϳϭ͕ϰϳ ϭ͘ϯϳϭ͘ϯϬϯ͕ϭϳ
6RXUFH� (',),&$�&2/20%,$�/'7$��3,2�6�$�6���������

��� (',),&$�&2/20%,$�/'7$��3,2�6�$�6��38(572�$17,248,$��*HRWHFKQLFDO�VWXG\�IRU�WKH�FRQFHSWXDO�HQJLQHHULQJ���3XHUWR�
$QWLRTXLD��%RJRWi�'�&������
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)LJXUH�1R������� /RFDWLRQ�RI�SHUIRUDWLRQV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

'ULOOLQJ�3)����LV�ORFDWHG�LQ�WKH�DUHD�RI�WKH�YLDGXFW�DQG�LW�ZLOO�QRW�EH�QHFHVVDU\�WR�
FDUU\�RXW�GUHGJLQJ�DW�WKLV�SRLQW��7KH�RWKHU�WZR�SRLQWV��3)����DQG�3)�����
FRUUHVSRQG�WR�WKH�DUHDV�ZKHUH�WKH�GHHSHQLQJ�GUHGJLQJ�ZRXOG�EH�FDUULHG�RXW�WR�
DGDSW�WKH�PDQHXYHULQJ�DUHDV�RI�WKH�YHVVHOV�DQG�GHHS�GUDIW�YHVVHOV�WKDW�ZLOO�UHDFK
WKH�PDULWLPH�WHUPLQDO�LQ�WKH�RSHUDWLRQ�VWDJH�

)RXU�����VDPSOHV�ZHUH�WDNHQ�IURP�HDFK�SHUIRUDWLRQ�DW�GLIIHUHQW�GHSWKV��VR�WKDW�IURP�
WKH� DQDO\]HV� WKH� GLIIHUHQW� HQYLURQPHQWDO� DVSHFWV� DVVRFLDWHG� ZLWK� WKH� GUHGJLQJ�
DFWLYLW\�FRXOG�EH� LQIHUUHG�DQG�� LQ� WXUQ��DQWLFLSDWH� WKH�SRVVLEOH�HIIHFWV�RQ�WKH�ZDWHU�
FROXPQ�RI� WKH�GHSRVLWLRQ�RI� WKH�GUHGJHG�PDWHULDO� LQ�WKH�DUHD�DVVLJQHG�DV�D�GXPS�
DQG��WKXV��SURSRVH�PDQDJHPHQW�PHDVXUHV�IRU�WKH�HQYLURQPHQWDO�LPSDFWV�WKDW�PD\�
DULVH�
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� 5HVXOWV�REWDLQHG�IURP�GHSWK�VHGLPHQW�VDPSOLQJ

7DEOH� ����� SUHVHQWV� WKH� UHVXOWV� REWDLQHG� IURP� WKH� DQDO\]HV� FDUULHG� RXW� E\� HDFK�
ODERUDWRU\�
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7DEOH�1R�������� 5HVXOWV�RI�DQDO\VLV�RI�WKH�SK\VLFRFKHPLFDO�TXDOLW\�RI�GHHS�VHD�VHGLPHQWV

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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7HPSHUDWXUD���&� ���� ���� ���� ���� �� ���� ���� ���� ���� ���� �� ���� � �

3RWHQFLDO�GH�+LGURJHQR���S+ ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� � �

*UDVDV�\�DFHLWHV��PJ�NJ� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ��� ���� � �

$UVpQLFR��PJ�NJ� ��� ��� � ��� ��� � ��� � ��� ��� � ��� ����� ������

%DULR��PJ�NJ� ���� ���� ����� ����� ���� ����� ���� ���� ���� ����� ����� ����� � �

&DGPLR��PJ�NJ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ���� ����

=LQF��PJ�NJ� �� �� �� �� �� �� �� �� �� �� �� �� ������ �������

&URPR��PJ�NJ� �� �� �� �� �� �� ��� �� �� �� �� �� ������ �������

&URPR�KH[DYDOHQWH��PJ�NJ� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � �

&REUH��PJ�NJ� ���� ���� ���� ���� ���� ���� ���� ���� ����� ���� ���� ���� ������ ������

0HUFXULR��PJ�NJ� � ���� ��� ���� ��� ���� ��� ���� ���� � ���� ���� ���� ����

1tTXHO��PJ�NJ� �� �� �� �� �� �� �� �� �� �� �� �� ������ ������

3ORPR��PJ�NJ� �� �� �� �� �� �� �� �� ��� �� �� �� ������ ������

6HOHQLR��PJ�NJ� ���� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� � �
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� $QDO\VLV�DQG�FRPSDULVRQ�ZLWK�WKH�UHJXODWLRQV

9LVXDO�FKDUDFWHULVWLFV�RI�WKH�VDPSOHV

7KH�YLVXDO�FKDUDFWHULVWLFV�RI�WKH�VDPSOHV�YDULHG�DFFRUGLQJ�WR�WKH�GHSWK�DW�ZKLFK�WKH\�
ZHUH�WDNHQ��,Q�D�JHQHUDO�ZD\�\RX�FRXOG�VD\�

R�6DPSOHV�RI�WKH�OD\HU�FORVHVW�WR�WKH�VXUIDFH�RI�WKH�VHDEHG����������P��ZHUH�PDGH�
RI�VLOW\�FOD\�ZLWK�KLJK�KXPLGLW\�DQG�SODVWLFLW\��LQ�DGGLWLRQ�WR�KDYLQJ�D�VRIW�
FRQVLVWHQF\�

R�,Q�WKH�VDPSOHV�WDNHQ�LQ�WKH�IROORZLQJ�GHSWK������������P���JUD\�JUHHQ�FOD\�ZLWK�
VRPH�VLOW��KLJK�KXPLGLW\�DQG�VRIW�FRQVLVWHQF\�ZDV�SUHVHQW�

R�7KH�VHGLPHQW�DQDO\VLV�RI�WKH�GHHS�OD\HU������������P��DOORZHG�REVHUYLQJ�D�OD\HU�
RI�JUD\�FOD\�ZLWK�VRPH�VLOW��KLJK�SODVWLFLW\�DQG�KLJK�KXPLGLW\�

R�)LQDOO\��WKH�VDPSOHV�IURP�WKH�GHHSHVW�OD\HU������������P��FRXOG�EH�GHVFULEHG�DV�
JUD\�JUHHQ�FOD\�ZLWK�KLJK�SODVWLFLW\�DQG�KXPLGLW\�

7KLV� SUHGRPLQDQFH� RI� FOD\� DQG� PXGG\� EHGV� LV� UHODWHG� WR� D� ODUJH� H[WHQW� E\� WKH�
FRQWULEXWLRQV�RI�VHGLPHQWV�IURP�WKH�PDLQ�ULYHUV�RI�WKH�DUHD��ZLWKLQ�ZKLFK�WKHUH�DUH�
VRPH�VWUHDPV�RI�WKH�$WUDWR�5LYHU�DQG�WKH�/HyQ�5LYHU�

&RPSDULVRQ�ZLWK�UHJXODWLRQV

&RORPELD� GRHV� QRW� KDYH� UHJXODWLRQV� UHJDUGLQJ� WKH� FKDUDFWHULVWLFV� RI� PDULQH�
VHGLPHQWV�SURGXFHG�E\�GUHGJHG�PDWHULDO��)RU�WKLV�UHDVRQ��DV�JXLGH�YDOXHV�IRU�WKH�
FRPSDULVRQ�RI�WKH�UHVXOWV�RI�WKH�SK\VLFRFKHPLFDO�DQDO\]HV��WKRVH�HVWDEOLVKHG�E\�WKH
&HQWHU�IRU�6WXGLHV�DQG�([SHULPHQWDWLRQ�RI�3XEOLF�:RUNV��&('(;��RI�6SDLQ�ZLOO�EH�
DGRSWHG�� 7KLV� GRFXPHQW� HVWDEOLVKHV� DFWLRQ� OHYHOV� DFFRUGLQJ� WR� WKH� GHWHUPLQHG�
FRQFHQWUDWLRQ�IRU�HDFK�SDUDPHWHU�HYDOXDWHG��)URP�WKHVH�OHYHOV��WKH�VHGLPHQWV�DUH�
FODVVLILHG�LQWR�IRXU�FDWHJRULHV�

&+(9,//27��3���02/,1$��$���*,5$/'2��/���	�02/,1$��&����������*HRORJLFDO�DQG�K\GURORJLFDO�VWXG\�RI�WKH�*XOI�RI�8UDEi��
6FLHQWLILF�%XOOHWLQ�&,2+��������������



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������
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LQGLFDWLQJ� WKH� FRUUHVSRQGLQJ� FDWHJRU\� IRU� WKRVH� SDUDPHWHUV� WKDW� KDYH� UHIHUHQFH�
YDOXHV��,W�LV�LPSRUWDQW�WR�FODULI\�WKDW�VRPH�RI�WKH�HYDOXDWHG�SDUDPHWHUV�GR�QRW�KDYH�
LQWHUQDWLRQDO� UHIHUHQFH� YDOXHV�� IRU� WKLV� UHDVRQ� LW� LV� QRW� SRVVLEOH� WR� FODVVLI\� WKHP�
DFFRUGLQJ�WR�D�VWDQGDUG��LQVWHDG��WKH�UHODWHG�UHVHDUFKHV�SXEOLVKHG�LQ�LQWHUQDWLRQDOO\�
UHFRJQL]HG�VFLHQWLILF�MRXUQDOV�ZLOO�EH�XVHG�DV�UHIHUHQFHV�

7DEOH�1R�������VKRZV�WKH�WKUHVKROG�YDOXHV�DVVRFLDWHG�ZLWK�HDFK�DFWLRQ�OHYHO�IRU�HDFK�
SDUDPHWHU�DQDO\]HG�

7DEOH�1R�������� 9DOXHV�DVVRFLDWHG�ZLWK�$FWLRQ�/HYHOV���DQG���LQ�WKH�6SDQLVK�VWDQGDUG

3DUDPHWHU
&('(;��6SDLQ����

$/���PJ�NJ� $/���PJ�NJ�

3K\VLFDO�

7HPSHUDWXUH � �

+\GURJHQ�3RWHQWLDO�± S+ � �

4XtPLFRV

)DWV�DQG�RLOV � �

$UVHQLF ����� ������

%DULXP � �

&DGPLXP ���� ����

=LQF ������ �������

&KURPH ������ �������

+H[DYDOHQW�FKURPLXP � �

&RSSHU ������ ������

0HUFXU\ ���� ����

1LFNHO ������ ������

6LOYHU � �

/HDG ������ ������

6HOHQLXP � �

7RWDO +\GURFDUERQV � �

3KHQROV � �

+$3
V � �

7RWDO�RUJDQLF�FDUERQ � �

9RODWLOH�$FLG�6XOSKLGH � �

7RWDO�SKRVSKRUXV � �
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$FFRUGLQJ�WR�WKH�FODVVLILFDWLRQ�PDGH�E\�&('(;��WKH�IROORZLQJ�LV�HVWDEOLVKHG�

$/��DQG�$/���7KHVH�DUH� WKH�DFWLRQ� OHYHOV���DQG����ZKLFK�FRUUHVSRQG� WR� WKH� OLPLW�
YDOXHV� XVHG� IRU� WKH� FODVVLILFDWLRQ� RI� WKH� GHJUHH� RI� FRQWDPLQDWLRQ� RI� WKH� GUHGJHG�
PDWHULDO�DFFRUGLQJ�WR�WKH�IROORZLQJ�FDWHJRULHV�

R�&DWHJRU\�,��:KHQ�WKH�YDOXH�LV�OHVV�WKDQ�$/���'UHGJHG�PDWHULDOV�IURP�SRUW�IXQGV�
ZKRVH�FKHPLFDO�DQG���RU�ELRFKHPLFDO�HIIHFWV�RQ�PDULQH�HFRV\VWHPV�DUH�
LQVLJQLILFDQW�EHORQJ�WR�WKLV�FDWHJRU\�

R�&DWHJRU\�,,��:KHQ�WKH�YDOXH�REWDLQHG�LV�EHWZHHQ�$/��DQG�$/���,Q�WKLV�FDVH�WKHUH�
LV�D�PRGHUDWH�FRQFHQWUDWLRQ�RI�SROOXWDQWV�DQG�GLVFKDUJHV�RI�PDWHULDO�GUHGJHG�WR�WKH�
VHD�VKRXOG�EH�PDGH�WDNLQJ�LQWR�DFFRXQW�VSHFLDO�FRQVLGHUDWLRQV�UHODWHG�WR�VLWH�
VHOHFWLRQ��LPSDFW�DVVHVVPHQW�DQG�HQYLURQPHQWDO�PRQLWRULQJ�SURJUDPV�LQ�WKH�DUHD�

R�&DWHJRU\�,,,��:KHQ�WKH�YDOXH�RI�$/��LV�H[FHHGHG��'UHGJHG�PDWHULDOV�ZLWK�D�KLJK�
FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�EHORQJ�WR�WKLV�FDWHJRU\��WKHUHIRUH�WKH\�PXVW�EH�
LVRODWHG�IURP�PDULQH�ZDWHUV�RU�VXEMHFWHG�WR�VSHFLDO�WUHDWPHQWV�SULRU�WR�GLVSRVDO�LQ�
WKH�GXPSLQJ�DUHD�

:LWKLQ�FDWHJRU\�,,,�ZH�ILQG�WZR�VXEJURXSV�

��&DWHJRU\�,,,D��:LWKLQ�WKLV�FDWHJRU\�DUH�WKRVH�ZKRVH�FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�
H[FHHGV� WKH� DFWLRQ� OHYHO� ��� EXW� DUH� EHORZ� HLJKW� ����� WLPHV� WKH� YDOXH� RI� $/���
&RUUHVSRQGV�WR�PDWHULDOV�WKDW�UHTXLUH�VRIW�LQVXODWLRQ�PDQDJHPHQW�WHFKQLTXHV�VXFK�
DV�XQGHUZDWHU�FRQILQHPHQW�DQG�GLVFKDUJH�LQWR�DTXDWLF�RU�WHUUHVWULDO�HQFORVXUH�

��&DWHJRU\�,,,E�DUH�WKRVH�PDWHULDOV�ZKRVH�FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�LV�JUHDWHU�
WKDQ�HLJKW� ����� WLPHV� WKH�YDOXH�RI�$/���7KH\� UHTXLUH�KDUG� WUHDWPHQW�DQG�VWRUDJH�
WHFKQLTXHV�� VXFK� DV� SRXULQJ� LQWR� HQFORVXUHV� ZLWK� VSHFLILF� FKDUDFWHULVWLFV�
�LPSHUPHDEOH� ZDOOV�� OHDFKDWH� FRQWURO� GHYLFHV�� DPRQJ� RWKHUV�� IRU� WKH� VWRUDJH� RI�
WKHVH�� WKH� �RQ� OLQH�� WUHDWPHQW� EHIRUH� SHUIRUPLQJ� WKH� GXPSLQJ� DW� VHD� DQG� WKH�
VROLGLILFDWLRQ�RU�LQHUWL]DWLRQ�IRU�ODQG�GLVSRVDO�

)RU�D�EHWWHU�YLVXDOL]DWLRQ�RI�WKH�FRPSDULVRQV�EHWZHHQ�WKH�UHVXOWV�DQG�WKH�6SDQLVK�
VWDQGDUG��D�FRORU�ZLOO�EH�DVVLJQHG�WR�HDFK�FDWHJRU\��DV�VKRZQ�LQ�7DEOH�1R�������
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%DVHG�RQ�WKH�DERYH�LQIRUPDWLRQ��ZH�SURFHHG�WR�SHUIRUP�WKH�DQDO\VLV�RI�WKH�UHVXOWV�
REWDLQHG�LQ�HDFK�GULOOLQJ��%HORZ�DUH�WKH�FRQFHQWUDWLRQV�FRUUHVSRQGLQJ�WR�WKH�GLIIHUHQW�
VDPSOHV�RI�HDFK�SRLQW�

� 'ULOOLQJ� 3)�

,Q�7DEOH�1R��������WKH�UHVXOWV�RI�DOO�WKH�VDPSOHV�WDNHQ�LQ�GULOOLQJ�3)��DUH�FRPSDUHG�
ZLWK�WKH�&('(;�VWDQGDUG�DQG�FODVVLILHG�E\�FRORU�DQG�FDWHJRU\�DFFRUGLQJ�WR�7DEOH�
1R�������

7DEOH�1R�������� &RPSDULVRQ�RI�UHVXOWV�LQ�3)��ZLWK�WKH�6SDQLVK�VWDQGDUG DQG�FODVVLILFDWLRQ�RI�
WKH�UHVXOW

3DUDPHWHU

3)�� &('(;��6SDLQ�� &ODVVLILFDWLRQ�
RI�WKH�UHVXOW�
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����� ����� ����� ����� � � Eͬ�

7RWDO�SKRVSKRUXV��PJ���NJ� ����� ����� ���� ���� � � Eͬ�
7RWDO�1LWURJHQ��PJ���NJ� ������� ������� ���� ������� � � Eͬ�
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$UVHQLF��]LQF��FKURPLXP��FRSSHU��QLFNHO�DQG�OHDG�ZHUH�ORFDWHG�ZHOO�EHORZ�WKH�OLPLW�
WKDW� GHILQHV� $FWLRQ� /HYHO� ��� 2Q� WKH� RWKHU� KDQG�� PHUFXU\� FRQFHQWUDWLRQV� ZHUH�
UHFRUGHG�LQ�WKH�UDQJH�RI������ ����PJ���NJ�IRU�VDPSOHV�0��DQG�0��

$FFRUGLQJ� WR� WKH�UHVXOWV�SUHVHQWHG� LQ�7DEOH�1R�������� WKH�GUHGJHG�PDWHULDO�RI� WKH�
GHSWKV���������P�DQG�����������P��EHORQJV�WR�FDWHJRU\�,,�VLQFH�WKH�PHUFXU\�UHDFKHV�
D�PRGHUDWH�FRQFHQWUDWLRQ��)RU�WKH�RWKHU�SROOXWDQWV��WKH�FRQFHQWUDWLRQV�GR�QRW�UHDFK�
ULVN�OHYHOV�IRU�WKH�DTXDWLF�HFRV\VWHP�

7KH� UHVXOW�RI� WKH�VDPSOH�0�� ����� � ����P�� LV�RI�SDUWLFXODU� LQWHUHVW� IRU� WKH�SUHVHQW�
VWXG\��EHFDXVH�LW�LV�ORFDWHG�DW�D�GHSWK�WR�ZKLFK�GUHGJLQJ�ZLOO�EH�FDUULHG�RXW��:KLOH�
WKH� VDPSOH� 0�� �����������P�� LV� RQO\� SDUW� RI� WKH� FKDUDFWHUL]DWLRQ� RI� WKH� DUHD� RI�
LQIOXHQFH�EHFDXVH�WKH�GUHGJLQJ�ZLOO�QRW�UHDFK�WKDW�GHSWK�DW�WKLV�SRLQW�

$GGLWLRQDOO\��LW�VKRXOG�EH�QRWHG�WKDW�VDPSOHV�0������������P��DQG�0������������P��
KDG�PHUFXU\�FRQFHQWUDWLRQV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�WHFKQLTXH�
XVHG�E\�WKH�ODERUDWRU\��IRU�WKLV�UHDVRQ�LW�ZDV�SRVVLEOH�WR�GHILQH�WKH�FODVVLILFDWLRQ�RI�
WKH�VDPSOHV�DFFRUGLQJ�WR�WKH�&('(;�FDWHJRULHV�

� 'ULOOLQJ 3)�

,Q�7DEOH�1R�������WKH�UHVXOWV�RI�DOO�WKH�VDPSOHV�WDNHQ�DW�GLIIHUHQW�GHSWKV�LQ�WKH�3)��
GULOOLQJ�DUH�FRPSDUHG�ZLWK�WKH�&('(;�VWDQGDUG�
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$FFRUGLQJ�WR�6SDQLVK�UHJXODWLRQV��IRU�WKH�VHGLPHQW�WR�EH�FODVVLILHG�LQ�&DWHJRU\�,��WKH�
FRQFHQWUDWLRQ�RI�WKLV�HOHPHQW�VKRXOG�EH�OHVV�WKDQ������PJ���NJ��DQG�WR�EH�FODVVLILHG�
DV�&DWHJRU\�,,��WKH�FRQFHQWUDWLRQ�VKRXOG�EH�EHWZHHQ������PJ���NJ�DQG������PJ���NJ��
,I�WKLV�ODVW�YDOXH�LV�H[FHHGHG��LW�ZRXOG�EH�FODVVLILHG�DV�FDWHJRU\�,,,�PDWHULDO�

+RZHYHU��JLYHQ�WKDW�WKH�PLQLPXP�GHWHFWLRQ�OLPLW�RI�WKH�DQDO\WLFDO�WHFKQLTXH�XVHG�E\�
WKH�ODERUDWRU\�ZDV������PJ���NJ�� LW� LV�QRW�SRVVLEOH�WR�FRPSDUH�WKH�UHVXOWV�ZLWK�WKH�
PHQWLRQHG�VWXG\�

� &RSSHU �&X�

&RSSHU�LV�D�PHWDO�WKDW�RFFXUV�QDWXUDOO\�LQ�URFNV��VRLO��ZDWHU�DQG�DLU��$QG�LW�LV�HVVHQWLDO�
IRU� WKH�PHWDEROLVP�RI�SODQWV��DQLPDOV�DQG�KXPDQV��6RPH�VSHFLILF�VRXUFHV�RI� WKLV�
PHWDO� DUH�ZLQG�� YROFDQLF� SDUWLFOHV�� IRUHVW� ILUHV� DQG� ELRJHQLF� SURFHVVHV�� ,W� LV� DOVR�
SRVVLEOH�WKDW�WKH�FRSSHU�LV�UHODWHG�WR�WKH�GLVFKDUJHV�RI�VOXGJH�WUHDWPHQW�SODQWV�

:KHQ�FRPSDULQJ� WKH�UHVXOWV�ZLWK� WKH�UHIHUHQFH�YDOXHV�RI� WKH�6SDQLVK�UHJXODWLRQV�
�)LJXUH�1R���������LW�FDQ�EH�VHHQ�WKDW�DOO�WKH�UHVXOWV�DUH�EHORZ�$FWLRQ�/HYHO�����$/�
�����WKDW LV��LQ�UHODWLRQ�WR�FRSSHU��WKH�6HGLPHQWV�EHORQJ�WR�&DWHJRU\�,�DQG�WKHUH�LV�QR�
QHJDWLYH�LPSDFW�RQ�WKH�HFRV\VWHP�

)LJXUH 1R�������� &RSSHU�%HKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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� &KURPH �&U�

7KH� SUHVHQFH� RI� WKLV� HOHPHQW� LV� XVXDOO\� PDQLIHVWHG� E\� QDWXUDO� FDXVHV� DQG� E\�
FRQWULEXWLRQV�RI�DJULFXOWXUDO�DFWLYLW\��VLPLODU�WR�ZKDW�RFFXUV�ZLWK�DUVHQLF�

0DNLQJ�WKH�FRPSDULVRQ�ZLWK�6SDQLVK�UHJXODWLRQV��FKURPLXP�LV�DQRWKHU�RI�WKH�PHWDOV�
WKDW�LV�EHORZ�WKH�OLPLW�RI�$FWLRQ�/HYHO����$/����ZKLFK�PHDQV�WKDW�WKH�FRQFHQWUDWLRQ�LQ�
WKH� PDWHULDO� WKDW� ZRXOG� EH� GUHGJHG� ZRXOG� QRW� UHSUHVHQW� DQ\� LQIHUHQFH� IRU� WKLV�
HOHPHQW�DERXW�WKH�DTXDWLF�HQYLURQPHQW��6HH�)LJXUH�1R��������

)LJXUH 1R�������� &KURPH�EHKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

� 0HUFXU\ �+J�

7KH� PRVW� FRPPRQ� FKHPLFDO� IRUP� RI� WKLV� HOHPHQW� LQ� WKH� HQYLURQPHQW� LV�
0HWK\OPHUFXU\��SURGXFHG�PDLQO\�E\�WKH�PLFURELRORJLFDO�DFWLYLW\�RI�RUJDQLVPV�SUHVHQW�
LQ�ZDWHU�DQG�VRLO��7KH�SURGXFWLRQ�RI�WKLV�RQH�LQFUHDVHV�ZLWK�WKH�SUHVHQFH�RI�PHWDOOLF�
PHUFXU\�
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7KH� PDLQ� SUREOHP� RI� WKLV� PHWDO� LQ� WKH� HQYLURQPHQW�� LQ� DGGLWLRQ� WR� WR[LFLW\�� LV�
SHUVLVWHQFH�DQG�ELRDFFXPXODWLRQ��7KDW�LV�ZK\�DIWHU�PDQ\�\HDUV WKH�FRQFHQWUDWLRQV�
FDQ�UHPDLQ�KLJK��HYHQ�ZLWKRXW�D�VRXUFH�WKDW�JHQHUDWHV�QHZ�FRQWULEXWLRQV��,Q�DGGLWLRQ��
LI�LW�LV�PHWK\OPHUFXU\��ZKLFK�LV�WKH�PRVW�WR[LF�IRUP��ELRDFFXPXODWLRQ�DQG�SHUVLVWHQFH�
DUH�IDFLOLWDWHG�LQ�WKH�WURSKLF�FKDLQ�GXH�WR�LWV�KLJK�VROXELOLW\� LQ�OLSLGV�DQG�WKH�HDVH�RI�
WUDYHUVLQJ�PHPEUDQHV�LQ�WKH�ERG\�

2Q�WKH�RWKHU�KDQG��VHGLPHQWV�DUH�WKH�PDLQ�PHUFXU\�UHFHSWRU�LQ�DTXDWLF�HFRV\VWHPV�
EHFDXVH�WKHLU�RUJDQLF�IRUPV�WHQG�WR�DGVRUE�RQWR�VXVSHQGHG�PDWHULDO�WKDW�WHQGV�WR�
VHWWOH�DQG�DFFXPXODWH�LQ�WKH�EHG�RYHU�WKH�\HDUV��$V�&RJXD�SXWV�LW��$TXDWLF�VHGLPHQW�
DQDO\]HV�KDYH�D�VSHFLDO�UROH�LQ�WKH�DVVHVVPHQW�RI�PHUFXU\�FRQWDPLQDWLRQ��EHFDXVH�
WKHLU�UHVXOWV�FDQ�UHYHDO�WKH�FXUUHQW�VWDWXV�RI�HQYLURQPHQWDO�GHSRVLWLRQ��

$IWHU�FRPSDULQJ�WKH�UHVXOWV�REWDLQHG�E\�WKH�ODERUDWRU\�ZLWK�6SDQLVK�UHJXODWLRQV��6HH�
)LJXUH�1R����������WKUHH�FRQGLWLRQV�FRXOG�EH�REVHUYHG�

D� ,Q�VHYHQ������RI� WKH�VDPSOHV�DQDO\]HG��VDPSOHV�0��DQG�0��RI�SRLQW�3)���
VDPSOHV�0�� DQG�0��RI� SRLQW� 3)��� DQG� VDPSOHV�0���0��DQG�0�� RI� SRLQW�
3)�����WKH�FRQFHQWUDWLRQ�ZDV�ORZHU�WKDQ�WKH�OLPLW�RI�GHWHFWLRQ�RI�WKH�DQDO\WLFDO�
WHFKQLTXH�XVHG�

E� )RXU������RI�WKH�VDPSOHV��VDPSOHV�0��DQG�0��RI�SRLQW�3)���VDPSOH�0��RI�
SRLQW�3)���DQG�VDPSOH�0��RI�SRLQW�3)����UHFRUGHG�FRQFHQWUDWLRQV�EHWZHHQ�
����DQG�����PJ���NJ��7KHUHIRUH��DFFRUGLQJ�WR�WKH�6SDQLVK�UHJXODWLRQV��WKH�
VHGLPHQW�LV�FODVVLILHG�DV�&DWHJRU\�,,�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�SROOXWDQW�LV�
PRGHUDWH��ZKLFK�LV�ZK\�DVSHFWV�VXFK�DV�WKH�VHOHFWLRQ�RI�WKH�VLWH��WKH�
HYDOXDWLRQ�RI�WKH�DQG�WKH�HODERUDWLRQ�RI�D�PRQLWRULQJ�DQG�VXUYHLOODQFH�SODQ��
WR�EH�DEOH�WR�FDUU\�RXW�WKH�GUHGJLQJ�RI�WKH�GUHGJHG�PDWHULDO

F� 2QO\�RQH�RI�WKH�VDPSOHV��VDPSOH�0��RI�WKH�3)��SRLQW��H[FHHGHG�E\����WKH�
$FWLRQ�/HYHO����$/���HVWDEOLVKHG�E\�WKH�6SDQLVK�VWDQGDUG��)RU�WKLV�UHDVRQ��
&DWHJRU\�,,,��VXEFDWHJRU\�,,,D��LV�DVVLJQHG�WR�WKH�GUHGJLQJ�PDWHULDO�RI�SRLQW�
3)���EHLQJ�YHU\�GHPDQGLQJ�VLQFH�DV�PHQWLRQHG�DERYH�ZH�DUH�YHU\�FORVH�WR�
WKH�WKUHVKROG�RI�DFWLRQ�FDWHJRU\��

7DNLQJ�LQWR�DFFRXQW�WKH�DERYH��WKH�PDWHULDO�RI�WKH�ILUVW�OD\HU�WR�EH�GUHGJHG��VKRXOG�
EH�GHSRVLWHG�LQ�WKH�FHQWUDO�DUHD RI�WKH�GXPS��WR�EH�ODWHU�FRYHUHG�ZLWK�PDWHULDO�IURP�
WKH�IROORZLQJ�GUHGJLQJ�OD\HUV�ZKRVH�FRQFHQWUDWLRQV�RI�PHUFXU\�DUH�EHORZ�WKH�DFWLRQ�
OHYHO�����DQG� LQ� WKLV�ZD\�DYRLG�D�SRVVLEOH�DOWHUDWLRQ�RI� WKH�HFRV\VWHP�DURXQG� WKH�
GXPSLQJ�DUHD�
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7KH�SUHVHQFH�RI�PHUFXU\�FRXOG�EH�DVVRFLDWHG�ZLWK�PLQLQJ�DFWLYLWLHV�GHYHORSHG�LQ�WKH�
$WUDWR� ULYHU� EDVLQ�� FRUURERUDWLQJ� WKH� LQIRUPDWLRQ� SUHVHQWHG� E\� WKH� $QWLRTXLD�
*RYHUQRUDWH� LQ� WKH� GRFXPHQW�� �(O�8UDEi�$QWLRTXHxR�� D� VHD� RI� RSSRUWXQLWLHV� DQG�
SRWHQWLDO���ZKHUH�LW�LV�VWDWHG�WKDW�,W�LV RQH�RI�WKH�VL[�FULWLFDO�DUHDV�RI�SROOXWLRQ�LQ�WKH�
&RORPELDQ� &DULEEHDQ� GXH� WR� FRQWDPLQDWLRQ� E\� GRPHVWLF� ZDVWHZDWHU�� GLVVROYHG�
K\GURFDUERQ�UHVLGXHV�DQG�RUJDQRFKORULQDWHG�SHVWLFLGHV�

)LJXUH 1R�������� 0HUFXU\�EHKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

� 1LFNOH �1L�

,W�LV�D�PHWDOOLF�HOHPHQW�ZLGHO\�GLVWULEXWHG�LQ�WKH�HDUWK
V�FUXVW�WKDW�LV�XVHG�IRU�GLYHUVLW\�
RI�DSSOLFDWLRQV�DW�WKH�LQGXVWULDO�OHYHO��ZKLFK�LV�ZK\�LW�LV�HDV\�WR�SURGXFH�FRQWDPLQDWLRQ�
ZLWK�WKLV�HOHPHQW�GXH�WR�WKH�LPSURSHU�KDQGOLQJ�RI�VROLG�ZDVWH�DQG�GXPSLQJ��'HVSLWH�
WKLV�� WKH� DQDO\]HV� FDUULHG� RXW� LQ� %DKtD� &RORPELD� VKRZHG� FRQFHQWUDWLRQV� EHORZ�
$FWLRQ�/HYHO����$/���GHILQHG�E\�6SDQLVK�UHJXODWLRQV��)LJXUH�1R����������7KDW�LV��WKH�
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PDWHULDO�WKDW�ZLOO�EH�GUHGJHG�FDQ�EH�LQFOXGHG�LQ�FDWHJRU\�,�LQ�UHODWLRQ�WR�QLFNHO�DQG�
WKHUHIRUH�WKH�FRQFHQWUDWLRQ�GRHV�QRW�UHSUHVHQW�DQ\�QHJDWLYH�LPSDFW�IRU�DTXDWLF�ELRWD�

)LJXUH 1R�������� 1LFNHO�%HKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

� 6LOYHU �$J���

5HVHDUFK�KDV�EHHQ�FDUULHG�RXW�GHPRQVWUDWLQJ�WKH�WR[LFLW\�RI�EDFWHULD��SK\WRSODQNWRQ�
DQG�PDULQH�LQYHUWHEUDWHV��DV�ZHOO�DV�WKH�VWURQJ�ELRDFFXPXODWLRQ�SURGXFHG�LQ�WKHVH�
RUJDQLVPV�� +RZHYHU�� WKH� EHKDYLRU� DQG� GLVWULEXWLRQ� RI� WKLV� HOHPHQW� LQ� WKH� ZDWHU�
FROXPQ� UHPDLQV� TXLWH� XQNQRZQ� GXH� WR� WKH� GLIILFXOW\� LQ� GHWHUPLQLQJ� WKH� VPDOO�
FRQFHQWUDWLRQV�RI�WKH�GLVVROYHG�HOHPHQW�

,Q�������EDVHG�RQ�UHVHDUFK�FRQGXFWHG�XQGHU�WKH�6RXWKHUQ�&DOLIRUQLD�&RDVWDO�:DWHU�
5HVHDUFK� 3URMHFW�� JXLGHOLQH� YDOXHV� ZHUH� GHILQHG� WR� FODVVLI\� VHGLPHQW� WR[LFLW\�
DFFRUGLQJ� WR� VLOYHU� DQDO\]HV�� 7KHUH�ZDV�GHILQHG�D� YDOXH�RI�(IIHFW� UDQJH�PHGLXP�
�(50��RI�����PJ���NJ��WKDW� LV��IURP�WKLV�FRQFHQWUDWLRQ�LW� LV�YHU\�OLNHO\�WKDW�QHJDWLYH�
HIIHFWV�RFFXU�RQ�WKH�PDULQH�ELRWD�+RZHYHU��JLYHQ�WKDW�WKH�PLQLPXP�GHWHFWLRQ�OLPLW�RI�
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WKH�DQDO\WLFDO�WHFKQLTXH�XVHG�E\�WKH�ODERUDWRU\�LV�EHORZ����PJ���NJ�LW�LV�QRW�SRVVLEOH�
WR�FRPSDUH�WKH�UHVXOWV�ZLWK�WKH�PHQWLRQHG�VWXG\�

� %$<��6��0���5,77(5��.��-���9,'$/�'256&+��'��(���	�),(/'��/��-����������&RPSDULVRQ�RI�QDWLRQDO�DQG�UHJLRQDO�VHGLPHQW�
TXDOLW\�JXLGHOLQHV�IRU�FODVVLI\LQJ�VHGLPHQW�WR[LFLW\�LQ�FDOLIRUQLD��,QWHJUDWHG�(QYLURQPHQWDO�$VVHVVPHQW�DQG�0DQDJHPHQW�������
���±�����KWWS���GRL�RUJ���������LHDP�����

� /HDG �3E�

,W�LV�D�PHWDO�IRXQG�QDWXUDOO\�LQ�VRLOV��SODQWV�DQG�ZDWHU�DW�WUDFH�OHYHOV��,W�LV�DQ�LPSRUWDQW�
HOHPHQW�LI�RQH�WDNHV�LQWR�DFFRXQW�WKH�WR[LFLW\�IRU�OLYLQJ�EHLQJV��7KH�UHVXOWV�REWDLQHG�
VKRZ� WKDW� WKH� UHJLVWHUHG� FRQFHQWUDWLRQV� DUH� DW� OHYHOV� WKDW� GR� QRW� UHSUHVHQW� DQ\�
GDQJHU�WR�WKH�RUJDQLVPV�RI�WKH�PDULQH�HFRV\VWHPV�RI�WKH�*XOI�RI�8UDEi��6HH�)LJXUH�
1R��������

)LJXUH 1R�������� /HDG�&RPSDULVRQ
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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� 9RODWLOH $FLG�6XOILGH �$96�

'HILQHG�DV�WKH�UHDFWLYH�IUDFWLRQ�RI�VROLG�SKDVH�VXOILGH�WKDW�FDQ�EH�H[WUDFWHG�ZLWK�FROG�
K\GURFKORULF� DFLG�� LW� LV� RQH� RI� WKH� FRPSRQHQWV� LQYROYHG� LQ� VSHFLDWLRQ� DQG� WKH�
HQYLURQPHQWDO� ULVNV� RI� KHDY\�PHWDOV� FRQWDLQHG� LQ� VHGLPHQWV��2Q WKH�RWKHU�KDQG��
WKHUH�DUH� WKH�6LPXOWDQHRXVO\�([WUDFWHG�0HWDOV� �6(0���ZKLFK�DUH� WKRVH�H[WUDFWHG�
GXULQJ�WKH�VDPH�DQDO\WLFDO�SURFHVV�RI�WKH�$96�DQG�DUH�PDLQO\�PDGH�XS�RI�&G��&X��
1L��3E�DQG�=Q�

6HYHUDO� VWXGLHV� KDYH� VXJJHVWHG� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� PRODU�
FRQFHQWUDWLRQ�RI�WKH�$96��>$96@��ȝPRO���J��DQG�WKDW�RI�WKH�6(0��>6(0@��ȝPRO���J��LV�
D�SRVVLEOH� LQGLFDWRU�RI� WKH�WR[LFLW\�RI�PHWDOV�LQ�VHGLPHQWV��DQDHURELF�%HFDXVH�WKH�
VXOIXU�LRQV�FDQ�EH�FRPELQHG�ZLWK�WKH�PHWDO�LRQV�LQ�WKHLU�GLYDOHQW�IRUP�FRQYHUWLQJ�WKHP�
LQWR�LQVROXEOH�VSHFLHV��+RZHYHU��WKLV�KDV�D�ELDV�EHFDXVH�WKH�RWKHU�FRPSRQHQWV�RI�
WKH�VHGLPHQW��VXFK�DV�RUJDQLF�PDWWHU��FDQ�EH�FRPELQHG�ZLWK�PHWDO� LRQV��UHGXFLQJ�
WKHLU� ELRDYDLODELOLW\� DQG� WR[LFLW\�� 7KLV� LV� HVWDEOLVKHG� E\� VWXGLHV� WKDW� VXJJHVW� D�
FRUUHODWLRQ�EHWZHHQ�WKH�SUHVHQFH�RI�PHWDOV� LQ�WKH�VHGLPHQWV�� WKH�JUDQXORPHWU\�RI�
WKH�VRLO�DQG�WKH�FRQFHQWUDWLRQ�RI�WRWDO�RUJDQLF�FDUERQ��72&��

7KH�UHVXOWV�RI�WKH�ODERUDWRU\�VKRZ�WKDW�WKHUH�LV�D�KLJK�FRQFHQWUDWLRQ�RI�6$9�DQG�&27�
�6HH�)LJXUH�1R��������DQG�)LJXUH�1R���������ZLWK�UHVSHFW�WR�WUDFH�PHWDOV��%DVHG�RQ�
WKLV��LW�FRXOG�EH�LQIHUUHG�WKDW�WKH�PHWDO�LRQV�SUHVHQW�ZLOO�QRW�EH�WUDQVIRUPHG�LQ�WKHLU�
ELRDYDLODEOH�IRUPV��PHDQLQJ�WKDW�WKH�SUREDELOLW\�RI�WR[LF�VXEVWDQFHV�IRUPLQJ�LQ�WKH�
VHGLPHQWV�LV�FRQVLGHUDEO\�ORZ�

)LJXUH�1R�������� 9RODWLOH�$FLG�6XOILGH�%HKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������
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)LJXUH�1R�������� 7RWDO�2UJDQLF�&DUERQ�%HKDYLRU��72&�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

� =LQF��=Q�

7KLV� LRQ� LV� FRPPRQ� LQ� WKH� ZDWHU� RI� ERWK� ULYHUV� DQG� WKH� VHD�� EHLQJ� LQ� KLJKHU�
FRQFHQWUDWLRQV�IRU�WKH�IRUPHU��,W�LV�DOVR�D�IXQGDPHQWDO�HOHPHQW�LQ�WKH�PHWDEROLVP�RI�
DOO� OLYLQJ� EHLQJV� VLQFH� LW� LV� FRQVWLWXHQW� RI� PRUH� ���� PHWDOORHQ]\PHV� DQG� RWKHU�
PHWDEROLF�FRPSRXQGV�

,Q�LWV�HOHPHQWDO�VWDWH�GRHV�QRW�FRQVWLWXWH�DQ\�ULVN�IRU�DTXDWLF�ELRWD��KRZHYHU��VRPH�
GHULYDWLYHV� VXFK� DV� DUVHQDWH� DQG� ]LQF� F\DQLGH�� DV� WKH� LQJHVWLRQ� RI� H[FHVVLYH�
DPRXQWV�FDQ�EH�WR[LF�WR�DQ\�RUJDQLVP�

:KHQ�FRPSDULQJ� WKH�UHVXOWV�ZLWK� WKH�UHIHUHQFH�YDOXHV�RI� WKH�6SDQLVK�UHJXODWLRQV�
�VHH�)LJXUH�1R���������LW�FDQ�EH�VHHQ�WKDW�DOO�WKH�UHVXOWV�DUH�ZHOO�EHORZ�$FWLRQ�/HYHO�
����$/������WKDW� LV�� LQ�UHODWLRQ�WR�WKLV�HOHPHQW��WKH�VHGLPHQWV�EHORQJ�WR�&DWHJRU\�,�
DQG�WKHUH�LV�QR�VLJQLILFDQW�HIIHFW�RQ�WKH�HFRV\VWHP�
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)LJXUH 1R�������� =LQF�%HKDYLRU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

������ *HRWHFKQLFV

7KH�VWXGLHV�DQG�DQDO\VLV�RI�WKH�JHRWHFKQLFDO�LQIRUPDWLRQ�PDGH�E\�(GLILFD�&RORPELD�
��������� IRU�WKH�DUHD�RI�LQWHUYHQWLRQ�DUH�SUHVHQWHG�LQ�$QQH[�������*HRWHFKQLFDO�)LQDO�
5HSRUW��6WXGLHV�ZHUH�FDUULHG�RXW�IRU�WKH�FRQFHSWXDO�GHVLJQ�VWDJH�XQGHU�WKLV�SURMHFW��
ZKLFK�LQFOXGHG��DPRQJ�RWKHUV�����ERUHKROHV�EHWZHHQ����P�DQG�����P�GHSWK��VHYHQ�
����LQ�ZDWHU�DQG�WKUHH�����RQ�JURXQG��DQG�IRXU�����SLH]RFRQV�&37X��WZR�����LQ�ZDWHU�

��� (',),&$� &2/20%,$� /'7$�� 3,2� 6�$�6�� 38(572� $17,248,$�� *HRWHFKQLFDO� VWXG\� IRU� FRQFHSWXDO� HQJLQHHULQJ�� 3RUW�
7HUPLQDO�3XHUWR�$QWLRTXLD��%RJRWi�'�&�������
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DQG�WZR�����LQ�JURXQG����7KH�ORFDWLRQ�RI�WKH�H[SORUDWLRQ�SRLQWV�LV�SUHVHQWHG�LQ�)LJXUH�
1R��������DQG�LQ�WKH�02'B/$B372B$17B��B*HRWHFQLD�PDS��

)LJXUH�1R��������/RFDWLRQ�RI�JHRWHFKQLFDO�H[SORUDWLRQ�SRLQWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�LQIRUPDWLRQ�IURP�(',),&$������

$� WRWDO� RI� ��� ERUHKROHV�ZHUH� GULOOHG�ZLWK�PHFKDQLFDO� HTXLSPHQW� SHUIRUPLQJ� GDWD�
FROOHFWLRQ�ZLWK�&37��&RQH�3HQHWUDWLRQ�7HVW���637��6WDQGDUG�3HQHWUDWLRQ�7HVW���967�
�9DQH�6KHDU�7HVW��HTXLSPHQW��DOVR�LQ�WKH�GULOOLQJ�WKDW�ZDV�FDUULHG�RXW��DOWHUHG�DQG�
XQDOWHUHG�VDPSOHV�ZHUH�WDNHQ��7KH�VDPSOHV�REWDLQHG�LQ�WKH�H[SORUDWLRQ�IXOILOOHG�D�
SURJUDP�RI�VRLO�ODERUDWRU\�WHVWV�IRU�LWV�YLVXDO�DQG�JHRPHFKDQLFDO�GHVFULSWLRQ��

7KH�GULOOLQJ�UHDFKHG�GHSWKV�EHWZHHQ����DQG�����PHWHUV��FRXQWHG�IURP�WKH�PHDQ�VHD�
OHYHO��7DEOH�1R�������VKRZV�WKH�GHSWKV�UHDFKHG�LQ�WKH�H[SORUDWLRQ��DV�ZHOO�DV�WKH�
WKLFNQHVV�RI�WKH�ZDWHU�VKHHW�DW�HDFK�SRLQW�RI�FRQWURO�RU�GULOOLQJ�



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

7DEOH�1R�������/RFDWLRQ�DQG�GHSWKV�RI�WKH�GULOOLQJ�SRLQWV

32,17 :$7(5�&2/801��P�
62,/�&2/801

�P�
'5,//,1*�'(37+��P�

3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ��� ���� ����
3)�� ���� ���� ����
3)��� ���� ���� �����
&37�)� ��� ���� ����
&37�)� ��� ���� ����
&37�)� ���� ���� ����
&37�)� ��� ���� ����

6RXUFH��3UHSDUHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�LQIRUPDWLRQ�IURP�(GLILFD�&RORPELD�/WGD������

7KH� IROORZLQJ� ODERUDWRU\� WHVWV� ZHUH� FDUULHG� RXW� RQ� WKH� VDPSOHV� UHFRYHUHG� LQ� WKH�
GULOOLQJV�

� 1DWXUDO�KXPLGLW\

� &RQVLVWHQF\�OLPLWV

� 8QLW�ZHLJKW

� 8QFRQILQHG�FRPSUHVVLRQ

� *UDQXORPHWU\�DQG�VLHYLQJ

� &RQVROLGDWLRQ

� 'LUHFW�FXWV

� 7ULD[LDO

� 5HVRQDQW�&ROXPQ

� %HQGHU�(OHPHQW



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

7KH�GULOOLQJ� LQIRUPDWLRQ�JHQHUDWHG�E\�(GLILFD�&RORPELD�/WGD� LV� UHFRUGHG� LQ�$QQH[�
������� LQ�ZKLFK� WKH� W\SH�RI�VDPSOLQJ�FDUULHG�RXW�� WKH� WHVWV�DQG� ILHOG�GDWD� WDNHQ� LV�
UHJLVWHUHG�

x 0DWHULDO
V�*HRWHFKQLFDO�=RQLQJ

:LWK� WKH� UHVXOWV�RI�VWDQGDUG�SHQHWUDWLRQ� WHVWV�� SHQHWUDWLRQ� WHVWV�ZLWK�'XWFK�FRQH��
ILHOG�YDQH�FXWWLQJ�WHVWV��XQFRQILQHG�FRPSUHVVLRQV��GLUHFW�FXWWLQJ�DQG�WULD[LDO�WHVWV�RQ�
WKH� UHFRYHUHG� VDPSOHV�� JHRWHFKQLFDO� ]RQLQJ� ZDV� FDUULHG� RXW� EDVHG� RQ� UHVLVWDQW�
FKDUDFWHULVWLFV� RI� WKH� PDWHULDO� RI� WKH� VXEVRLO� IROORZLQJ� WKH� IROORZLQJ� SUHPLVHV�
SUHVHQWHG�LQ�7DEOH�1R�������

7DEOH�1R�������*HRWHFKQLFDO�FODVVLILFDWLRQ�RI�VXEVRLO�PDWHULDO�DFFRUGLQJ�WR�GULOOLQJ�UHVLVWDQFH��PDLQO\�
JUDQXODU�VRLOV��DQG�XQGUDLQHG�VKHDU�UHVLVWDQFH��PDLQO\�FRKHVLYH�VRLOV�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

)LJXUH�1R�� ������ VKRZV� WKH� JHRWHFKQLFDO� ]RQLQJ� IRU� WKH� DUHD�RI� LQIOXHQFH�RI� WKH�
SURMHFW��DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�RI�WKH�JHRWHFKQLFDO�GULOOLQJ�ZKLFK�ZDV�FODVVLILHG�
ZLWK� WKH� UHVXOWV� RI� WKH� VWDQGDUG� GULOOLQJ� UHVLVWDQFH� DQG� WKH� UHVLVWDQFH� WR� WKH� QRW�
GUDLQHG�FXW����



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

)LJXUH�1R������� *HRWHFKQLFDO�=RQLQJ�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

*HRWHFKQLFDO�]RQLQJ���������������������������������������������� $UHD�RI�LQIOXHQFH

9HU\�VRIW���9HU\�ORRVH���������������������������������������������������������������������3URMHFW

6RIW��9HU\�ORRVH

/LWWOH�FRPSDFW��/RRVH

9HU\�FRPSDFW��0HGLXP�GHQVLW\

%HORZ�DUH�WKH�PDLQ�ILQGLQJV�RI�WKHVH�VWXGLHV�IRU�WKH�SURMHFW�VWXG\�DUHD�
x 6WUDWLJUDSK\�RI�WKH�ODQG�LQ�WKH�SURMHFW�VHFWRU

6RLOV�RI�PDULQH�RULJLQ�IRUPHG�E\�LQWHUFDODWLRQV�RI�FOD\V��VLOWV��VDQGV��DQG�VRPH�JUDYHO�
ZHUH�IRXQG��7KH�UHVLVWDQFH�RI�WKHVH�PDWHULDOV�WHQGV�WR�LQFUHDVH�ZLWK�WKH�GHSWK�IURP�
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YHU\�VRIW�FRQGLWLRQ�RI�WKH�ILQH�VRLOV��FOD\V�DQG�VLOWV��DQG�YHU\�ORRVH��VDQGV���XS�WR�ILUP�
FRQVLVWHQF\� WR� KDUG� DQG� YHU\� KDUG� LQ� ILQH� VRLOV�� DQG� GHQVH� DQG� YHU\� GHQVH�
FRPSDFWQHVV�LQ�JUDQXODU�VRLOV�

,Q�WKH�GULOOLQJ�RQ�ODQG��D�ODUJH�OD\HU�RI�YHU\�VRIW�FOD\V�DQG�VLOWV�ZDV�IRXQG�XS�WR����WR�
���P�GHSWK�� ODWHU�D�OD\HU�RI�FOD\V�ZLWK�ILUPHU�VDQG������PHWHUV�DQG����PHWHUV���WR�
UHDFK� WKH� VWUDWXP� ORRVH� WR� GHQVH� VDQGV� �EHWZHHQ� ��� PHWHUV� DQG� ��� PHWHUV��
GHWHFWHG�LQ�3)���ZKRVH�WKLFNQHVV�YDULHV�ODWHUDOO\�XQWLO�LW�GLVDSSHDUV��ILQDOO\�WKHUH�LV�
D�QHZ�OD\HU�RI�FOD\V�EHWZHHQ�YHU\�ILUP�WR�KDUG��EHWZHHQ����PHWHUV�DQG����PHWHUV���
7KH�SUHVHQFH�RI�DUWHVLDQ�ZDWHU�ZDV�GHWHFWHG�LQ�WKH�ORZHU�VWUDWD�

,Q�WKH�ZDWHU�GULOOLQJV��D�OD\HU�RI�FOD\V��YHU\�VRIW�VLOWV�DQG�YHU\�ORRVH�FOD\H\�VLOW�VDQGV�
ZDV�GHWHFWHG�D� WKLFNQHVV�RI�DSSUR[LPDWHO\� ���PHWHUV��� WKHQ�D� OD\HU�RI� VRIW� FOD\V�
�IURP����PHWHUV�WR����PHWHUV���D�OD\HU�RI�ILUP�FOD\V��XS�WR����PHWHUV�GHHS���IROORZLQJ�
D�OD\HU�RI�ORRVH�WR�GHQVH�VDQGV��XS�WR����PHWHUV��EXW�WKDW�GR�QRW�SUHGRPLQDWH�LQ�WKH�
HQWLUH�SURILOH��LQWHUVSHUVHG�ZLWK�D�OD\HU�RI�ILUP�FOD\V��XS�WR����PHWHUV���ILQDOO\�GHQVH�
RU�KDUG�VDQGV��XS�WR����PHWHUV��WR�KDUG�FOD\V�WR�YDULDEOH�GHSWKV�EHWZHHQ����P�DQG�
����P��ZKLFK�ZHUH�WKH�PD[LPXP�GHSWKV�UHDFKHG�LQ�WKH�H[SORUDWLRQ�

7KH� PLGGOH� DQG� XSSHU� SDUW� RI� WKH� H[SORUHG� VWUDWD� FRUUHVSRQG� WR� QRUPDOO\�
FRQVROLGDWHG�RU�VXE�FRQVROLGDWHG�VRLOV��7KH�&37�)���DQG�&37�)���WHVWV�FDUULHG�RXW�
RQ�ODQG�VKRZ�RYHUFRQVROLGDWLRQ�UHODWLRQVKLSV�FORVH�WR�RQH��ZKLFK�PHDQV�WKDW�WKH�VRLO�
LV�FXUUHQWO\�VXSSRUWLQJ�WKH�PD[LPXP�HIIHFWLYH�HIIRUW�WR�ZKLFK�LW�KDV�EHHQ�VXEMHFWHG�
WKURXJKRXW�LWV�KLVWRU\��ZKLFK�PDNHV�LW�SDUWLFXODUO\�FRPSUHVVLEOH�WR�D�KLJK�GHJUHH�

x 3LH]RPHWULF�OHYHO

,Q� WKH� GULOOLQJV� RQ� ODQG� ZKHUH� WKH� SUHVHQFH� RI� DUWHVLDQ� ZDWHU� ZDV� GHWHFWHG��
&DVDJUDQGH�W\SH�SLH]RPHWHUV�ZHUH�LQVWDOOHG��ZKLFK�ZHUH�PHDVXUHG�GDLO\�GXULQJ�WKH�
WLPH�WKDW�WKH�H[SORUDWLRQ�RI�WKH�VXEVRLO�ODVWHG�VLQFH�WKH\�ZHUH�LQVWDOOHG��

7KHVH�SLH]RPHWHUV�VKRXOG�WU\�WR�UHPDLQ�RSHUDWLRQDO�GXULQJ�WKH�VWDJHV�RI�VWXGLHV�DQG�
GHVLJQV�DQG�DOVR�GXULQJ�WKH�VWDJHV�RI�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�SRUW�DV�WKH\�
ZLOO�DOORZ�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�WKH�V\VWHPV�DSSOLHG�WR�LPSURYH�WKH�WHUUDLQ�

,Q� WKH� 3)��� GULOOLQJ�� D� ZDWHU� VDPSOH� ZDV� WDNHQ�� DQG� D� SK\VLFRFKHPLFDO�
FKDUDFWHUL]DWLRQ�ZDV�PDGH��LQ�7DEOH�1R�������WKH�UHVXOWV�RI�WKLV�FKDUDFWHUL]DWLRQ�DUH�
SUHVHQWHG��

7DEOH�1R������ &KDUDFWHUL]DWLRQ�RI�DUWHVLDQ�ZDWHU�
9DULDEOH 5HVXOW
&RSSHU ������PJ�/
&RORU ����83&
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&KURPLXP�FRQWHQW ������PJ�/
'%2 ���PJ�/
(�&ROL ����[��� 103����PO
7RWDO�,URQ �����PJ�/
0HUFXU\ �������PJ�/
2GRU $FFHSWDEOH
/HDG ������PJ�/
)ODYRU $FFHSWDEOH
7RWDO�VROLGV ������PJ�/

6RXUFH��(GLILFD�&RORPELD�/WGD��

x /RFDO�VHLVPLF�UHVSRQVH�DQDO\VLV

Ǧ 6HLVPLF�7KUHDW

7KH� &RORPELDQ� 6HLVPLF�5HVLVWDQW� &RQVWUXFWLRQ� 5HJXODWLRQ� 165���� FODVVLILHV�
1XHYD�&RORQLD�DV�D�]RQH�RI�KLJK�VHLVPLF�ULVN��7KH�SDUDPHWHUV�RI�HIIHFWLYH�PD[LPXP�
DFFHOHUDWLRQ�RI�WKH�WHUUDLQ�DQG�WKH�HIIHFWLYH�SHDN�YHORFLW\�IRU�D�SUREDELOLW\�RI�����RI�
H[FHHGDQFH�RYHU�D�SHULRG�RI����\HDUV�DUH�$D� ������DQG�$Y� �����UHVSHFWLYHO\��

Ǧ 6SHFWUXP�RI�/RFDO�6HLVPLF�5HVSRQVH

7KH�DQDO\]HV�SHUIRUPHG�VKRZHG�WKDW�WKH�UHVSRQVH�VSHFWUXP�RI�WKH�RXWSXW�VLJQDOV�
RI� WKH� DQDO\]HV� FRUUHVSRQGV� WR� D� ��� GDPSLQJ�� 7KH� DQDO\]HV� ZHUH� EDVHG� RQ� D�
SUREDELOLW\�RI�����RYHU�D�SHULRG�RI����\HDUV��WKDW�LV��D�UHWXUQ�SHULRG�RI�����\HDUV�

Ǧ /LTXHIDFWLRQ�$QDO\VLV

7KH�UHVXOWV�REWDLQHG�IURP�WKH�OLTXHIDFWLRQ�DQDO\]HV�LQGLFDWH�WKDW�WKH�VXEVRLO�SURILOH�
LQ�WKH�3)���GULOOLQJ�ORFDWHG�RQ�ODQG��3)���LQ�WKH�OHIW�VXSSRUW�DUHD�RI�WKH�EULGJH�RYHU�
WKH�/HyQ�5LYHU��DQG�3)���ORFDWHG�LQ�WKH�.��������RI�WKH�YLDGXFW�LV�OLTXHILDEOH�LQ�LWV�
ORRVH�VDQGV�VWUDWD��2Q�WKH�FRQWUDU\��WKH�UHVW�RI�WKH�GULOOLQJV�DUH�QRW�VXVFHSWLEOH�WR�
OLTXHIDFWLRQ��ZKLFK�LV�GXH�WR�WKH�IDFW�WKDW�WKH�VRLOV�DUH�RQO\�FOD\H\�RU�ZLWK�GHHS�GHQVH�
VDQGV�

+RZHYHU��WKH�OLTXHIDFWLRQ�SRWHQWLDO�GRHV�QRW�VHHP�WR�DIIHFW�WKH�IRXQGDWLRQV�LQ�3)���
DQG�3)���EHFDXVH�WKH\�DUH�GHHS�SLOHV�VXSSRUWHG�E\�FRPSHWHQW�VWUDWD�DQG�IRU�ZKLFK�
WKH�FRQWULEXWLRQ�LQ�VWDWLF�UHVLVWDQFH�E\�IULFWLRQ�LQ�WKH VKDIW�RI�WKH�SLOHV�LV�YHU\�VPDOO�

2QO\�RQH�RI� WKH���GULOOLQJV�PDGH�RQ�ODQG�� WKH�3)���VKRZV�OLTXHILDEOH�VWUDWD� LQ�WKH�
XSSHU�SDUW�RI�WKH�SURILOH�XS�WR���P�GHHS��7KH�GHWDLOHG�JHRWHFKQLFDO�VWXG\�FDUULHG�RXW�
IRU�WKH�SRUW�ZLWK�D�JUHDWHU�QXPEHU�RI�GULOOLQJV�ZLOO JLYH�PRUH� LQIRUPDWLRQ�DERXW� WKH�
ODWHUDO�H[WHQVLRQ�RI�WKLV�ORRVH�VDQG\�VWUDWXP��RU�WKH�SUHVHQFH�RI�RWKHU�VLPLODU�OHQVHV��
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'HSHQGLQJ�RQ�WKH�H[WHQW�RI�WKH�VDQG\�VWUDWD��LW�PD\�EH�QHFHVVDU\�WR�XVH�GHQVLILFDWLRQ�
PHDVXUHV�

������ $WPRVSKHUH�

x 0HWHRURORJ\

&RORPELD�LV�ORFDWHG�LQ�WKH�WURSLFDO�]RQH��EHLQJ�SDUW�RI�WKH�+DGOH\�FHOO��ZKLFK�H[WHQGV�
IURP� WKH� (TXDWRU� WR� ODWLWXGHV� RI� DERXW� ��� �� LQ� ERWK� KHPLVSKHUHV�� 7KH� KHDW� LV�
WUDQVSRUWHG� LQ� D� FHOOXODU� PRYHPHQW� ZLWK� WKH� DLU� DVFHQGLQJ� E\� FRQYHFWLRQ� LQ� WKH�
HTXDWRULDO� UHJLRQV�DQG�PRYLQJ� WR�KLJKHU� ODWLWXGHV� WKURXJK� WKH�XSSHU� OD\HUV�RI� WKH�
DWPRVSKHUH��7KH� ULVH�RI�ZDUP�DLU�DW� WKH�HTXDWRU� LV�DFFRPSDQLHG�E\� WKH� IUHTXHQW�
IRUPDWLRQ�RI�FRQYHFWLYH�VWRUPV�LQ�WKH�VR�FDOOHG�LQWHUWURSLFDO�FRQYHUJHQFH�]RQH��=&,7�
�VHH�)LJXUH�1R����������$GGLWLRQDOO\� WKLV�UHJLRQ�LV�VXEMHFW�WR�LQWHQVH�VRODU�UDGLDWLRQ��
EHFRPLQJ�WKH�HQJLQH�UHVSRQVLEOH�IRU�JOREDO�DLU�PRYHPHQW�

)LJXUH�1R������� *HQHUDO�FLUFXODWLRQ�LQ�WKH�(DUWK
V�DWPRVSKHUH��7KH�+DGOH\�VXEWURSLFDO�FHOO�
WKH�)HUUHOO�FHOO�DQG�WKH�SRODU�FHOO��7KH�WUDGH�ZLQGV�DUH�VKRZQ�FRPLQJ�IURP�WKH�VXEWURSLFDO�ODWLWXGHV�

EORZLQJ�WRZDUGV�WKH�(FXDGRU��EHLQJ�PRGLILHG�WRZDUGV�WKH�:HVW�E\�WKH�WHUUHVWULDO�URWDWLRQ
6RXUFH��1$6$��V�G�
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7KH�WUDGH�ZLQGV�EORZ�LQ�WKH�UHJLRQV�EHWZHHQ�WKH�WURSLFV��E\�WKH�SUHVVXUH�GLIIHUHQFHV�
EHWZHHQ�WKH�WURSLFDO�]RQHV��+LJK�SUHVVXUH��DQG�HTXDWRULDO��/RZ�SUHVVXUH����,Q�WKH�
1RUWKHUQ�+HPLVSKHUH�WKH�DFWLRQ�RI�WKH�&RULROLV�IRUFH�GLYHUWV�WKH�DLU�WKDW�JRHV�LQ�WKH�
GLUHFWLRQ�RI�WKH�(FXDGRU�WR�WKH�ULJKW�IRUPLQJ�WKH 1RUWKZHVW�7UDGH�:LQGV��6LPLODUO\��
LQ� WKH� 6RXWKHUQ� +HPLVSKHUH� WKH� ZLQGV� DUH� GLYHUWHG� WR� WKH� OHIW� RULJLQDWLQJ� WKH�
6RXWKZHVW� 7UDGH�:LQGV�� $OWKRXJK� WKH� GLUHFWLRQ� RI� WKH� 7UDGH� ZLQGV� FDQ� YDU\� E\�
WRSRJUDSKLFDO� EDUULHUV�� WKHVH� ZLQGV� DUH� FKDUDFWHUL]HG� E\� WKHLU� UHJXODULW\� LQ� WKH�
RFHDQLF�]RQHV���

7KH� ,7&=� LV� D� FRQIOXHQFH� RI� KRW� DQG� KXPLG� DLU� FXUUHQWV� IURP� PLG�ODWLWXGHV�
�VXEWURSLFDO��RI�ERWK�KHPLVSKHUHV��7KLV�LV�SUHVHQWHG�DV�D�VHW�RI�FRQJORPHUDWHV�RI�
FORXGV�ZLWK�VFDOHV�RI�WKH�RUGHU�RI�KXQGUHGV�RI�NLORPHWHUV��ZKLFK�DUH VHSDUDWHG�E\�
UHJLRQV�RI�UHODWLYHO\�FOHDU�VNLHV��LWV�LQWHQVLW\�LV�YDULDEOH�LQ�WHUPV�RI�WLPH�DQG�VSDFH������
:KHQ�WKLV��FORXG�VWULS��LV�ORFDWHG�RYHU�&HQWUDO�DQG�6RXWK�$PHULFD��LW�SURGXFHV�VWURQJ�
UDLQV� DQG� OLJKW� ZLQGV� LQ� WKH�&RORPELDQ�&DULEEHDQ� DQG�� ZKHQ� LW� LV� ORFDWHG� LQ� WKH�
6RXWKHUQ�+HPLVSKHUH�EHWZHHQ�'HFHPEHU�DQG�$SULO��LW�JHQHUDWHV�VWURQJ�DQG�XQLIRUP�
ZLQGV�FDOOHG�1RUWKHDVW�7UDGH�:LQGV� WKDW�GRPLQDWH� WKH�&DULEEHDQ�ZLWK�D�PDUNHG�
GHFUHDVH�LQ�UDLQIDOO�����

7KH�,QWHUWURSLFDO�&RQYHUJHQFH�=RQH�PRYHV�ODWLWXGLQDOO\��)LJXUH�1R����������IROORZLQJ�
WKH� DSSDUHQW� GLVSODFHPHQW� RI� WKH� VXQ� ZLWK� UHVSHFW� WR� WKH� (DUWK�� ZLWK� D� GHOD\� RI�
DSSUR[LPDWHO\�WZR�PRQWKV��2Q�&RORPELD�DQG�QHLJKERULQJ�DUHDV��WKH�VHJPHQW�RI�WKH�
HDVWHUQ� 3DFLILF� 2FHDQ� UHDFKHV� LWV� H[WUHPH� VRXWKHUQ� SRVLWLRQ� DW� �� �� 1� EHWZHHQ�
-DQXDU\�DQG�)HEUXDU\��:KLOH�LQ�'HFHPEHU�LW�LV�D�OLWWOH�IXUWKHU�QRUWK��EXW�WKLV�H[WUHPH�
SRVLWLRQ� FDQ� UHDFK� �� �� 6� GXULQJ� (O� 1LxR�6RXWKHUQ� 2VFLOODWLRQ� HYHQWV� �(162���
%HWZHHQ�0DUFK�DQG�0D\�WKH�3DFLILF�VHJPHQW�PRYHV�WR�WKH�1RUWK�DQG�LWV�SRVLWLRQ�
QHDU� WKH�FRDVW� LV�EHWZHHQ���DQG�����1�� WKH�FRQWLQHQWDO�EUDQFK�FRQQHFWV�EHWZHHQ�
0DUFK�DQG�$SULO�ZLWK� WKH�$WODQWLF�2FHDQ�VHJPHQW� IRUPLQJ�D�VLQJOH�V\VWHP� WKDW� LV�
ORFDWHG�EHWZHHQ�����6�DQG�����1�LQ�WKH�(DVW�RI�WKH�FRXQWU\��WKHVH�WZR�VHJPHQWV�FRPH�
WRJHWKHU�WKURXJK�FRQYHFWLYH�FRQJORPHUDWHV�QRW�YHU\�ZHOO�RUJDQL]HG�RYHU�WKH�$QGHDQ�
UHJLRQ��%HWZHHQ�-XQH�DQG�$XJXVW�WKH�3DFLILF�VHJPHQW��DW�WKH�EHJLQQLQJ�RI�WKH�SHULRG�
LV�ORFDWHG�DW�����1�DQG�DW�WKH�HQG�RI�WKH�SHULRG�DW������1��SHQHWUDWLQJ�WKH�&DULEEHDQ�
UHJLRQ��WKH�FRQWLQHQWDO�VHJPHQW�SUHVHQWV�D�VRXWKZHVW�� QRUWKHDVW�VORSH�RQ�WKH�HDVW�
RI�WKH�QDWLRQDO�WHUULWRU\��DOVR�PRYLQJ�WRZDUGV�WKH�1RUWK�DQG�SDVVLQJ�IURP�WKH�(FXDGRU�
DW�����1��%HWZHHQ�6HSWHPEHU�DQG�1RYHPEHU��WKH�3DFLILF�VHJPHQW�EHJLQV�LWV�VKLIW�WR�

��� /(21��*��� =($�-��� (6/$9$�� -��*HQHUDO� FLUFXODWLRQ� RI� WKH� WURSLFV� DQG� WKH� ,QWHUWURSLFDO� &RQIOXHQFH� =RQH� LQ�&RORPELD��
&RORPELDQ�0HWHRURORJ\���������������
��� 38-26��0���3$*/,$5',1,��-���67((5��5���9(51(77(��*���:(%(5��2��,QIOXHQFH�RI�WKH�&RORPELDQ�QRUWK�FRXQWHU�FXUUHQW�
IRU�WKH�FLUFXODWLRQ�RI�ZDWHU�RQ�WKH�FRQWLQHQWDO�VKHOI�� LWV�DFWLRQ�RQ�WKH�GLVSHUVLRQ�RI�HIIOXHQWV�VXVSHQGHG�IURP�WKH�0DJGDOHQD�
5LYHU��,Q�6FLHQWLILF�%XOOHWLQ��&,2+��������������
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WKH�6RXWK�DQG�SRVLWLRQV�DUH�UHFRUGHG�IURP����WR�����1��WKH�FRQWLQHQWDO�EUDQFK�DOVR�
EHJLQV� LWV� MRXUQH\� WRZDUGV� WKH� 6RXWK�� PRYLQJ� IURP� �� �� 1� WR� (FXDGRU� RYHU� WKH�
2ULQRTXLD�DQG�$PD]RQLD��VORZO\� ORVLQJ� LWV� LQFOLQDWLRQ�XQWLO� LW�DOPRVW�FRLQFLGHV�ZLWK�
WKH� OLQHV� RI� WKH� SDUDOOHOV�� LQ� WKLV� FDVH� DOVR� WKH� WZR� VHJPHQWV� RI� WKH� ,7&=� DUH�
FRQQHFWHG�E\�PHDQV�RI�FRQYHFWLYH�FRQJORPHUDWHV��$V�LW�SDVVHV�WKURXJK�WKH�GLIIHUHQW�
UHJLRQV��WKH�,7&=�GHWHUPLQHV�WKH�UDLQ\�VHDVRQV�LQ�&RORPELD�

)LJXUH�1R������� 0RYHPHQW�RI�WKH�,QWHUWURSLFDO�&RQYHUJHQFH�=RQH��,7&=���D��:LQG�VHDVRQ�
�'HFHPEHU�0DUFK���E��7UDQVLWLRQ��$SULO�-XO\���F��:HW�RU�UDLQ\�VHDVRQ��$XJXVW�1RYHPEHU��

6RXUFH��$QGUDGH���������

��� $1'5$'(�� &�$��� %$5721�� ('�� (GG\� GHYHORSPHQW� DQG� PRWLRQ� LQ� WKH� &DULEEHDQ� 6HD�� -�� *HRSK\V�� 5HV��������
�����������±���
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$FFRUGLQJ� WR� WKH� FOLPDWLF� YDULDWLRQV� DVVRFLDWHG� WR� WKH�PRYHPHQW�RI� WKH� ,7&=� WKH
VWXG\�DUHD��WKUHH�GLIIHUHQW�FOLPDWLF�SHULRGV�DUH�GLIIHUHQWLDWHG�

�� 'U\� SHULRG�� EHWZHHQ� 'HFHPEHU� DQG� $SULO� �SUHGRPLQDQFH� RI� PRUH� LQWHQVH�
ZLQGV�DQG�ORZ�UDLQIDOO�UDWHV���ZKHQ�WKH�,7&=�LV�ORFDWHG�RYHU�6RXWK�$PHULFD�
DQG�WKH�&DULEEHDQ�WKH�KLJK�SUHVVXUH�FHQWHUV�DUH�VWURQJ��WKH�WUDGH�ZLQGV�RI�
WKH�1(�DUH�PD[LPXP�UHDFKLQJ��LQ�JHQHUDO�����WR����NQRWV�RI�LQWHQVLW\����WR����
P���V���3HWV�HW�DO���������DQG��VRPHWLPHV��WKH\�H[FHHG�WKHVH�YDOXHV�UHDFKLQJ�
XS�WR����NQRWV�������P���V���&,2+����������,Q�WKLV�WLPH�WKHUH�LV�LQIOXHQFH�RI�WKH�
6DQ�$QGUpV�VWUHDP�

�� +XPLG�SHULRG��EHWZHHQ�$XJXVW�DQG�1RYHPEHU��UDLQ\��ZLWK�D�OHVV�LQWHQVH�ZLQG�
SUHGRPLQDQFH���LW�FRLQFLGHV�ZLWK�WKH�SHULRG�RI�JUHDWHVW�LQWHQVLW\�RI�WKH�&KRFy�
VWUHDP�� WKH� ,7&=� FKDQJHV� WRZDUGV� WKH� FHQWHU� RI� WKH�&DULEEHDQ�� WKH� WUDGH�
ZLQGV�ZHDNHQ��DQG�6:�ZLQGV�SUHYDLO��ZKLFK�DUH�ZHDNHU�EXW�FDQ�EULQJ�VWURQJ�
VWRUPV�WRZDUGV�WKH�&DULEEHDQ�UHJLRQ��$QGUDGH�DQG�%DUWRQ���������

�� 7UDQVLWLRQ�SHULRG��EHWZHHQ�0D\�DQG�-XO\��DOVR�NQRZQ�DV��9HUDQLOOR�GH�6DQ�
-XDQ���LQ�ZKLFK�WKHUH�LV�D�VHFRQG�PD[LPXP�RI�WKH�6DQ�$QGUpV�VWUHDP��ZKLFK�
LV�QRW�GLUHFWO\�UHODWHG�WR�WKH�,7&=��EXW�ZLWK�D�WHPSRUDU\�LQWHQVLILFDWLRQ�RI�WKH�
1RUWK� $WODQWLF� KLJK�SUHVVXUH� V\VWHP� �*LDQQLQL� HW� DO��� ������� 7KLV� SHULRG� LV�
FKDUDFWHUL]HG�E\�D�YDULDELOLW\�LQ�UDLQIDOO�DQG�LQ�WKH�LQWHQVLW\�DQG�GLUHFWLRQ�RI�WKH�
ZLQG��&,2+��������

7KLV�DWPRVSKHULF�EHKDYLRU�PHDQV�WKDW� WKH�KXPLG�WURSLFDO�FOLPDWH�SUHGRPLQDWHV� LQ�
WKH�UHJLRQ�RI�WKH�*XOI�RI�8UDEi��%DKtD�&RORPELD�DQG�WKH�QRUWK�RI�WKH�GHSDUWPHQW�RI�
&KRFy�� DV� FDQ� EH� VHHQ� LQ� WKH� /DQJ��� DULGLW\� LQGH[� GLDJUDP��ZKHUH� WKH�PRQWKO\�
DYHUDJHV� RI� SUHFLSLWDWLRQ� DUH� UHODWHG�� PP� DERYH� WKH� PRQWKO\� DYHUDJHV� RI� WKH�
DYHUDJH�DLU�WHPSHUDWXUH�LQ�Û&���6HH�)LJXUH�1R��������

��� /$1*��5��9HUZLWWHUXQJ�XQG�%RGHQELOGXQJ�LQ�GLH�%RHGHQNXQGH��6WXWWJDUW��������(Q��'$17,1��-��\�5(9(1*$��$��7KH�OLQHV�
DQG�DULG�DUHDV�RI�6SDLQ��DFFRUGLQJ�WR�WKH�WKHUPRSOXYLRPHWULF�LQGH[HV��$GYDQFH�WR�WKH�VWXG\�RI�DULGLW\�LQ�6SDLQ�������
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+XPLG�����������'U\

)LJXUH�1R������� /DQJ�DULGLW\�LQGH[�GLDJUDP��FKDUDFWHUL]DWLRQ�RI WKH�FOLPDWH�LQ�WKH�*XOI�RI�
8UDEi�UHJLRQ

6RXUFH��$5$Ò-2�,%$55$�EDVHG�RQ�WKH�GDWD�RI�WKH�PHWHRURORJLFDO�SDUDPHWHUV�RI�WKH�$SDUWDGy�VWDWLRQ�RI�,'($0�������
������

7KH� FOLPDWLF� GHVFULSWLRQ� SUHVHQWHG� EHORZ� ZDV� REWDLQHG� IURP� WKH� HQYLURQPHQWDO�
LPSDFW��� VWXG\� FDUULHG� RXW� E\� $UD~MR� ,EDUUD� 	� $VRFLDGRV� 6�$� WR� REWDLQ� WKH�
(QYLURQPHQWDO�/LFHQVH�RI�WKH�SURMHFW�REWDLQHG�WKURXJK�5HVROXWLRQ������RI��������

Ǧ 3UHFLSLWDWLRQ�

7KH�*XOI�RI�8UDEi�UHJLRQ�LV�FKDUDFWHUL]HG�E\�EHLQJ�RQH�RI�WKH�ZHWWHVW�LQ�&RORPELD��
UHJLVWHULQJ�WZR�ZHOO�GHILQHG�UDLQIDOO�SHDNV�GXULQJ�WKH�\HDU��WKH�ILUVW�WKDW�EHJLQV�LQ�WKH�
PRQWK�RI�$SULO�DQG�HQGV�LQ�WKH�PRQWK�RI�-XO\�DQG�WKH�VHFRQG�WKDW�LV�HYLGHQFH�GXULQJ�
WKH�PRQWK�RI�2FWREHU��WKH�UDLQLHVW�RI�WKH�\HDU�ZLWK�DURXQG�����PP��DQG�LQ�1RYHPEHU�
DV�ZHOO��:KHQ�WKH�,7&=�H[FHHGV�WKH�VWXG\�DUHD�DQG�PRYHV�WR�WKH�VRXWK��SUHFLSLWDWLRQ�

��� 38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��DQG�$5$Ò-2�,%$55$�	�$62&,$'26�6�$��(QYLURQPHQWDO�LPSDFW�VWXG\�IRU�
WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�D�SRUW�WHUPLQDO�RI�VROLG�EXON�FDUJRHV��7XUER������������S
��� &2/20%,$��$8725,'$'�1$&,21$/�'(�/,&(1&,$6�$0%,(17$/(6�± $1/$��5HVROXWLRQ�����������-DQXDU\��������%\�
PHDQV�RI�ZKLFK�DQ�HQYLURQPHQWDO�OLFHQVH�LV�JUDQWHG��%RJRWi��'�&������S�

6(&2
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GHFUHDVHV�� UHJLVWHULQJ� EHWZHHQ� WKH�PRQWKV�RI�'HFHPEHU� WR�0DUFK�D� UDLQIDOO� WKDW�
GRHV�QRW�H[FHHG�����PP���6HH�)LJXUH�1R��������

2Q�WKH�RWKHU�KDQG��,19(0$5�DQG�WKH�*RYHUQPHQW�RI�$QWLRTXLD��LQ�WKH�$WODV�RI�WKH�
*XOI�RI�8UDEi�����LQGLFDWH�DQ�DQQXDO�WRWDO�UDLQIDOO�RI�DSSUR[LPDWHO\�������PP��7KH\�
FRQVLGHU�D�GLVWULEXWLRQ�RI�PRQRPRGDO�PRQWKO\�UDLQIDOO��ZLWK�D�UDLQ\�SHULRG��XVXDOO\�
EHWZHHQ�0D\�DQG�1RYHPEHU������PP���PRQWK�LQ�1RYHPEHU���DQG�D�GU\�SHULRG��IURP�
'HFHPEHU�WR�PLG�$SULO������PP���PRQWK�LQ�)HEUXDU\��

7KH�DXWKRUV�SRLQW�RXW�WKDW�DOWKRXJK�LW�LV�WUXH�WKDW�WKHUH�LV�D�VOLJKW�GHFUHDVH�LQ�UDLQIDOO�
OHYHOV�LQ�WKH�PLGGOH�RI�WKH�\HDU�� DFFRUGLQJ�WR�ZKDW�ZDV�VDLG�DERYH�� HVSHFLDOO\�LQ�
WKH�PRQWKV�RI�-XQH�DQG�-XO\�FRPSDUHG� WR� WKRVH� UHJLVWHUHG� LQ�0D\� WR�1RYHPEHU��
GRHV�QRW�FRUUHVSRQG�WR�D�GU\�VHDVRQ�OLNH�WKH�RQH�REVHUYHG�LQ�WKH�$QGHDQ�UHJLRQ�LQ�
WKH�PLGGOH�RI�WKH�\HDU��EHLQJ�PRUH�D�WUDQVLWLRQ�VWDJH�IURP�WKH�GU\�WR�WKH�UDLQ\�VHDVRQ�

)LJXUH�1R������� $YHUDJH�UDLQIDOO�LQ�WKH�*XOI�RI�8UDEi������������
6RXUFH��$5$Ò-2�,%$55$��%DVHG�RQ�,'($0�UHFRUGV��$SDUWDGy�DLUSRUW��������������

3UHFLSLWDWLRQ��-DQXDU\��)HEUXDU\��0DUFK��$SULO��0D\��-XQH��-XO\��$XJXVW��6HSWHPEHU��
2FWREHU��1RYHPEHU��'HFHPEHU

7KH� $WODV� RI� WKH� *XOI� RI� 8UDEi��� FRQWDLQV� GLDJUDPV� RI� SUHFLSLWDWLRQ� GLVWULEXWLRQ�
�LVRK\HWV���VHH�)LJXUH�1R����������ZKLFK�ZHUH�SUHSDUHG�E\�WKHLU�DXWKRUV�EDVHG�RQ�
WKH�VWXG\�E\�/R]DQR������������ZKLFK�SURYLGHG�VWDWLVWLFDO�GDWD�RQ�WKH�JXOI� DQG�WKH�

��� ,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi��������2S�&LW��
��� ,EtG��
��� /2=$12��/��+��&KDUDFWHUL]DWLRQ�DQG�LQWHJUDO�GLDJQRVLV�RI�WKH�FRDVWDO�]RQH�WKDW�LQFOXGHV�WKH�&RORPELD�%D\�IURP�WKH�7XUER�
5LYHU�WR�0DWXQWXJR��$OPLUDQWH�3DGLOOD�1DYDO�6FKRRO��)DFXOW\�RI�3K\VLFDO�2FHDQRJUDSK\��&DUWDJHQD�GH�,QGLDV������������SDJHV�
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ZRUNV�RI�1HZ�HW�DO������������������� DQG�����������ZKR�SURYLGHG�WKH�FDUWRJUDSK\�RI�
WKH�PDLQ�FOLPDWRORJLFDO�SDUDPHWHUV�IRU�WKH�$WUDWR�ULYHU�EDVLQ�

$V�FDQ�EH�VHHQ�LQ�)LJXUH�1R���������ZLWK�OHVV�WKDQ����GD\V�LQ�)HEUXDU\��WKH�QXPEHU�
RI�GD\V�RI�KXPLGLW\��UDLQIDOO�������PP��LQFUHDVHV�WR�PRUH�WKDQ����RYHU�WKH�HDVWHUQ�
VHFWRU�DQG�XS�WR����RYHU�WKH�ZHVWHUQ�VHFWRU�RI�WKH�JXOI�

:HW�VHDVRQ 'U\�VHDVRQ

1RYHPEHU�����������������������������������������������������������������)HEUXDU\
)LJXUH�1R������� 'LVWULEXWLRQ�RI�SUHFLSLWDWLRQ�LQ�WKH�$WUDWR�5LYHU�EDVLQ�

��� 1(:�0���+8/0(��0��\�-21(6��3��5HSUHVHQWLQJ�WZHQWLHWK�FHQWXU\�VSDFH�WLPH�FOLPDWH�YDULDELOLW\��3DUW�,��'HYHORSPHQW�RI�D�
����±���PHDQ�PRQWKO\�WHUUHVWULDO�FOLPDWRORJ\��2Q��-RXUQDO�RI�&OLPDWH��9RO�������������SDJHV���������
��� 1(:�0���+8/0(��0��\�-21(6��3��5HSUHVHQWLQJ�WZHQWLHWK�FHQWXU\�VSDFH�WLPH�FOLPDWH�YDULDELOLW\��3DUW�,,��'HYHORSPHQW�RI�
����������PRQWKO\�JULGV�RI�WHUUHVWULDO�VXUIDFH�FOLPDWH��2Q��-RXUQDO�RI�&OLPDWH��9RO�������������SDJHV�����������
��� 1(:�0���/,67(5��'���+8/0(��0��\�0$.,1��,��$�KLJK�UHVROXWLRQ�GDWD�VHW�RI�VXUIDFH�FOLPDWH�RYHU�JOREDO�ODQG�DUHDV��2Q��
&OLPDWH�5HVHDUFK��9RO�������������SDJHV������
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6RXUFH��,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi����������

:HW�VHDVRQ 'U\�VHDVRQ

1RYHPEHU�����������������������������������������������������������������)HEUXDU\
)LJXUH�1R������� 'LVWULEXWLRQ�RI�KXPLGLW\�GD\V�SHU�PRQWK��ZLWK�UDLQIDOO�������PP��LQ�WKH�$WUDWR�

5LYHU�EDVLQ
6RXUFH��,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi�����������
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Ǧ 7HPSHUDWXUH�

)LJXUH� ������ VKRZV� WKH� DQQXDO� IOXFWXDWLRQ� RI� WKH� WHPSHUDWXUH�� ZLWK� LQIRUPDWLRQ�
FROOHFWHG� IRU����\HDUV�E\� WKH� ,'($0�DW� WKH�FOLPDWRORJLFDO�VWDWLRQ�RI� WKH�$SDUWDGy�
DLUSRUW��$QWLRTXLD�

)LJXUH�1R������� 0D[LPXP�DQG�PLQLPXP�WHPSHUDWXUHV������������
6RXUFH��,'($0�5HJLVWULHV��$SDUWDGy�DLUSRUW��������������

7(03(5$785(�� � -DQXDU\�� )HEUXDU\�� 0DUFK�� $SULO�� 0D\�� -XQH�� -XO\�� $XJXVW��
6HSWHPEHU��2FWREHU��1RYHPEHU��'HFHPEHU

%HORZ� LV� WKH� GLVWULEXWLRQ� RI� WKH� WHPSHUDWXUH� LQ� WKH�$WUDWR� EDVLQ� DFFRUGLQJ� WR� WKH�
GLDJUDPV�SUHSDUHG�LQ�WKH�$WODV�RI�WKH�*XOI�RI�8UDEi�����ZKLFK�LQGLFDWHV�D�YHU\�ZHDN�
VHDVRQDO�WKHUPDO�YDULDELOLW\�LQ�WKH�JXOI��FKDUDFWHULVWLF�RI�WKH�HTXDWRULDO�]RQH�DQG�WKH�
SUR[LPLW\� RI� WKH� RFHDQ�PDVV�� ZKLFK�PRGHUDWHV� LQWUDGD\� FKDQJHV�� 7KLV� LV� KRZ� LW�
UHSRUWV�IOXFWXDWLRQV� LQ�WKH�QDUURZ�UDQJH�RI��������&��ZLWK�PD[LPXP�WHPSHUDWXUHV�
EHWZHHQ� 0DUFK� DQG� -XQH� DQG� PLQLPXP� WHPSHUDWXUHV� LQ� )HEUXDU\�� $XJXVW� DQG�
2FWREHU�
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:HW�VHDVRQ 'U\�VHDVRQ

1RYHPEHU�������������������������������������������������� )HEUXDU\
)LJXUH�1R������� 'LVWULEXWLRQ�RI�GD\WLPH�WHPSHUDWXUH�LQ�WKH�$WUDWR�5LYHU�EDVLQ

6RXUFH��,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi�����������

Ǧ :LQGV�

7KH�ZLQGV�LQ�WKH�UHJLRQ�RI� WKH�*XOI�RI 8UDEi�KDYH�D�ELPRGDO�EHKDYLRU��GXULQJ�WKH�
PRQWKV�IURP�'HFHPEHU�WR�0DUFK��:KHQ�WKH�,7&=�UHDFKHV�LWV�VRXWKHUQPRVW�SRVLWLRQ��
ZLWK�ORZ�SUHVVXUH�DQG�FORXGLQHVV�RYHU�WKH�&RORPELDQ�3DFLILF��D�OHVV�KXPLG�WLPH�LV�
JHQHUDWHG� IRU� WKH� UHJLRQ� RI� WKH� *XOI� RI� 8UDEi� DQG� %DKtD� &RORPELD�� ZLWK� WKH�
SUHGRPLQDQFH�RI�WKH�WUDGH�ZLQGV�HQWHULQJ�IURP�WKH�QRUWKZHVW�DQG�WKH�1RUWK���6HH�
)LJXUH�1R���������

%HWZHHQ�WKH�PRQWKV�RI�$SULO�WR�1RYHPEHU��ZKHQ�WKH�,7&=�LV�ORFDWHG�RYHU�WKH�QRUWK�
RI� WKH� &KRFy� DQG� WKH� 8UDEi� UHJLRQ�� WKH� UHJLRQ� RI� WKH *XOI� RI� 8UDEi� DQG� %DKtD�
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&RORPELD�LV�FKDUDFWHUL]HG�E\�D�KLJK�FORXGLQHVV�DQG�SUHFLSLWDWLRQ��ZLWK�WKH�SUHVHQFH�
RI�ZLQGV�FRPLQJ�IURP�WKH�VRXWK��VRXWKHDVW�DQG�VRXWKZHVW���6HH�)LJXUH�1R���������

)LJXUH�1R������� :LQG�URVH�GU\� ZHW�VHDVRQV���0DWXQWXJR�6WDWLRQ�*XOI�RI�8UDEi�
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�6WDWLRQ��IRU�WKH�\HDUV������

DQG���������

7KH�ELPRGDO�EHKDYLRU�RI�WKH�ZLQGV�LQ�GLUHFWLRQ�LV�DOVR�REVHUYHG�LQ LWV�VSHHG��'XULQJ�
WKH�OHVV�UDLQ\�VHDVRQ�WKH�ZLQGV�DUH�PRUH�LQWHQVH��UHJLVWHULQJ�����RI�WKH�WLPH�ZLWK�
VSHHGV�EHWZHHQ����DQG����NQRWV�����ZKLOH�GXULQJ� WKH�ZHWWHVW�VHDVRQ�WKH\�UHFRUG�
VSHHGV�EHWZHHQ���DQG���NQRWV�����RI� WKH�WLPH��DQG�RQO\� LQ����RI� WKH� WLPH��ZLWK�
VSHHG� UHFRUGV�EHWZHHQ����DQG����NQRWV�� �6HH�)LJXUH�1R��������DQG�)LJXUH�1R��
�������

��� $5$Ò-2�,%$55$�	�$62&,$'26�6�$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�6WDWLRQ��IRU�WKH�\HDUV������DQG�������
,Q��0HWHRPDULQR�%XOOHWLQ�RI�WKH�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�5HVHDUFK�&HQWHU�&,2+�RI�WKH�1DWLRQDO�1DY\�RI�&RORPELD�

��� ��NQRW� �������NP�K� ����������P�V�
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.QRWV

)LJXUH�1R������� )UHTXHQF\�RI�ZLQG�VSHHG�GXULQJ�WKH�OHVV�UDLQ\�VHDVRQ��0DWXQWXJR�VWDWLRQ��
*XOI�RI�8UDEi�

6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�6WDWLRQ��IRU�WKH�\HDUV������
DQG���������

��� $5$Ò-2�,%$55$�	�$62&,$'26�6�$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�6WDWLRQ��IRU�WKH�\HDUV������DQG�������
2S�&LW�
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)LJXUH�1R������� )UHTXHQF\�RI�ZLQG�VSHHG�GXULQJ�WKH�UDLQ\�VHDVRQ��0DWXQWXJR�VWDWLRQ��*XOI�
RI�8UDEi�

6RXUFH��$5$Ò-2�,%$55$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�&,2+�6WDWLRQ��IRU�WKH�\HDUV������DQG���������

%HORZ�LV�WKH�GLVWULEXWLRQ�RI�ZLQG�VSHHG�LQ�WKH�$WUDWR�EDVLQ��DFFRUGLQJ�WR�WKH�GLDJUDPV�
SUHSDUHG�LQ�WKH�$WODV�RI�WKH�*XOI�RI�8UDEi�����)LJXUH�1R��������VKRZV�DYHUDJH�YDOXHV�
RI���WR���P�V�EHWZHHQ�-DQXDU\�DQG�0DUFK��GU\�VHDVRQ��DQG�ORZHU�VSHHGV���P�V�LQ�
UDLQ\� VHDVRQ� �ZHDN� ZLQGV�� ZLWK� YHU\� YDULDEOH� GLUHFWLRQV� DQG� ORZ� VWDELOLW\��� $V�
PHQWLRQHG�DERYH��LQ�WKH�GU\�VHDVRQ��WKH�1RUWK�DQG 1RUWK�(DVW�WUDGH�ZLQGV�SUHVHQW�
WKHLU�PD[LPXP�LQWHQVLW\��UHDFKLQJ�VSHHGV�RI�RYHU���P���V��LQFOXGLQJ�SHULRGV�XS�WR����
KRXUV�LQ�ZKLFK�WKH�VSHHG�H[FHHGV����P�V�

��� $5$Ò-2�,%$55$�	 $62&,$'26�6�$�ZLWK�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�0DWXQWXJR�6WDWLRQ��IRU�WKH�\HDUV������DQG�������
,Q��0RQWKO\�0HWHRPDULQR�%XOOHWLQ�RI�WKH�&,2+�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�5HVHDUFK�&HQWHU��RI�WKH�&RORPELDQ�1DWLRQDO�
1DY\
��� ,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi��������2S�&LW�
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:HW�VHDVRQ 'U\�VHDVRQ

1RYHPEHU��������������������������������������������������������������� )HEUXDU\
)LJXUH�1R������� 'LVWULEXWLRQ�RI�ZLQG�VSHHG�LQ�WKH�$WUDWR�5LYHU�EDVLQ

6RXUFH��,19(0$5��$WODV�RI�WKH�*XOI�RI�8UDEi�����������

Ǧ 6RODU�EULJKWQHVV�

$FFRUGLQJ�WR�WKH�$WODV�RI�WKH�*XOI�RI�8UDEi�����WKH VRODU�EULJKWQHVV�HVWLPDWHV�LQ�WKH�
$WUDWR�5LYHU�EDVLQ�JLYH�DQ�DSSUR[LPDWH�DQQXDO�WRWDO�RI�������KRXUV�RI�VXQVKLQH����
KRXUV�D�GD\�RQ�DYHUDJH���D�KLJK�YDOXH�IRU�WKH�&RORPELDQ�WHUULWRU\��IDYRUDEOH�WR�WKH�
HVWDEOLVKPHQW�RI�DJURLQGXVWULDO�FURSV��$V�D�SHUFHQWDJH�RI�WKH�PD[LPXP�SRVVLEOH��WKH�
VRODU�EULJKWQHVV�YDULHV�EHWZHHQ����DQG�����LQ�1RYHPEHU�DQG�EHWZHHQ����DQG�����
LQ�WKH�PRQWK�RI�)HEUXDU\�
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Ǧ 5HODWLYH�KXPLGLW\�

$FFRUGLQJ� WR� WKH� GLVWULEXWLRQ� FXUYHV� LQ� WKH� $WUDWR� EDVLQ� SUHVHQWHG LQ� WKH� VDPH�
GRFXPHQW��WKH�UHODWLYH�KXPLGLW\��ZLGHO\�PDUNHG�E\�WKH�SUHVHQFH�RI�WKH�RFHDQLF�PDVV��
UHPDLQV�EDVLFDOO\�XQFKDQJHG�GXULQJ�WKH�\HDU��ZLWK�DYHUDJH�PRQWKO\�YDOXHV�EHWZHHQ�
����LQ�1RYHPEHU���ZHW�VHDVRQ��DQG�����LQ�)HEUXDU\��GU\�VHDVRQ��
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Ǧ (YDSRUDWLRQ�

7KH� VWHDP� HQWHUV� WKH� DWPRVSKHUH� WKURXJK� WKH� SURFHVVHV� RI� HYDSRUDWLRQ� DQG�
WUDQVSLUDWLRQ�DQG�WKHQ�UHWXUQV�WR�WKH�HDUWK�LQ�WKH�IRUP�RI�UDLQ��FORVLQJ�WKH�K\GURORJLFDO�
F\FOH�� ,Q� PHWHRURORJ\�� HYDSRUDWLRQ� PHDQV� WKH� HPLVVLRQ RI� VWHDP� IURP� D� OLTXLG�
VXUIDFH�RI�IUHH�ZDWHU��DW�D�WHPSHUDWXUH�EHORZ�WKH�ERLOLQJ�SRLQW����

$W�WKH�UHJLRQDO�OHYHO��WKH�HYDSRUDWLRQ�LQ�WKH�VWXG\�DUHD�SUHVHQWV�D�PXOWL�\HDU�DYHUDJH�
RI������ �����PP�DFFRUGLQJ�WR�WKH�KLVWRULFDO�UHFRUGV�EHWZHHQ�WKH�\HDUV������� ������
DV�FDQ�EH�VHHQ�LQ�)LJXUH�1R���������

7R�WKH�QRUWK�DQG�FHQWHU�RI�WKH�UHJLRQ�RI�$QWLRTXLD��WKHUH�LV�D�PD[LPXP�RI�HYDSRUDWLRQ�
GXULQJ�WKH�ILUVW�TXDUWHU�RI�WKH�\HDU�DQG�PLQLPXPV�LQ�WKH�UDLQLHVW�PRQWKV�RI�2FWREHU�
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6HSWHPEHU�DQG�$SULO�0D\��,Q�WKH�VRXWK�RI�WKH UHJLRQ��WKH�KLJKHVW�YDOXHV�WHQG�WR�RFFXU�
LQ�WKH�PRQWKV�RI�-XO\��$XJXVW�DQG�6HSWHPEHU�DQG�PRQWKO\�PLQLPXPV�LQ�2FWREHU�DQG�
1RYHPEHU��DOWKRXJK�LQ�FHUWDLQ�FDVHV�WKHUH�DUH�DSSUHFLDEOH�GHFUHDVHV�LQ�0DUFK�RU�
$SULO��,Q�WKH�ZKROH�UHJLRQ��WKH�PD[LPXP�YDOXHV�FDQ�JHQHUDOO\�RVFLOODWH�DURXQG���PP�
GDLO\�DQG�WKH�PLQLPXP�YDOXHV�DUH�RI�WKH�RUGHU�RI���PP�GDLO\��RQ�DYHUDJH�

)LJXUH�1R������� $QQXDO�WRWDO�HYDSRUDWLRQ��PP��PXOWL�\HDU�DYHUDJH������������
6RXUFH��,'($0���������

Ǧ 7URSLFDO�VWRUPV�

7KH�&DULEEHDQ�6HD� UHJLRQ� LV�FKDUDFWHUL]HG�E\� WKH� IRUPDWLRQ�RI� WURSLFDO�F\FORQHV��
7UDGLWLRQDOO\��KXUULFDQHV�GHYHORS�RYHU�ZDUP�ZDWHUV�EHWZHHQ�-XQH�DQG�1RYHPEHU��
GXH�WR�WKH�FRQYHUJHQFH�RI�WKH�7UDGH�ZLQGV�RQ�WKH�:HVW�&RDVW�RI�$IULFD��0R�HW�DO���
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�������+RZHYHU��6KDSLUR�DQG�*ROGHQEHUJ���������� DQG�*ROGHQEHUJ�HW�DO�������� ���

DQDO\]HG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� VHD� VXUIDFH� WHPSHUDWXUH� �667�� DQG� WKH�
IRUPDWLRQ�RI�F\FORQHV�LQ�WKH�$WODQWLF��VKRZLQJ�WKDW�WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�
WHPSHUDWXUH� DQG WKH� IRUPDWLRQ� RI� F\FORQHV�� 7URSLFDO� F\FORQHV� DUH� FODVVLILHG�
DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ VFDOH�DFFRUGLQJ�WR�WKH�VSHHG�RI�WKH�ZLQGV��VHH�7DEOH�
1R���������

7DEOH�1R������ &ODVVLILFDWLRQ�RI�7URSLFDO�&\FORQHV�DFFRUGLQJ�WR�WKH�6DIILU�6LPSVRQ VFDOH
&/$66,),&$7,21 :,1'�63(('��NP���K�

7URSLFDO�'HSUHVVLRQ��'7� ���
7URSLFDO�6WRUP��77� ���± ���

+� �����± ���
+� ����± ���
+� ����± ���
+� ����± ���
+� !���

6RXUFH��1DWLRQDO�+XUULFDQH�&HQWHU��V�G����

7KH�IRUPDWLRQ�RI�WURSLFDO�F\FORQHV�LV�GHHSO\�VWXGLHG�LQ�WKH�1DWLRQDO�+XUULFDQH�&HQWHU�
�8QLWHG� 6WDWHV� RI� $PHULFD�� GXH� WR� LWV� HFRQRPLF� DQG� VRFLDO� LPSRUWDQFH��:LWK� WKH�
H[FHSWLRQ� RI� WKH� 6DQ� $QGUHV� DQG� 3URYLGHQFLD� ,VODQGV� UHJLRQ�� WKH� &RORPELDQ�
&DULEEHDQ�KDV�EHHQ�FRQVLGHUHG�DV�DQ�DUHD�RI�ORZ�SUREDELOLW\�DQG�GHYHORSPHQW�RI�
WURSLFDO� VWRUPV�� DFFRUGLQJ� WR� WKH� 1DWLRQDO� 2FHDQRJUDSKLF� DQG� $WPRVSKHULF�
$GPLQLVWUDWLRQ� �12$$��� EHLQJ� H[WUHPHO\� UDUH� WKDW� D� WURSLFDO� VWRUP� RU� KXUULFDQH�
WRXFKHV�WKH�QRUWK FRDVW�RI�6RXWK�$PHULFD�����

2UWL]� ��������� FRQGXFWHG� DQ� DQDO\VLV� RI� WKH� KXUULFDQHV� WKDW� KDYH� WRXFKHG� WKH�
&RORPELDQ�FRDVW�EHWZHHQ������DQG�������FRQFOXGLQJ�WKDW�D�WRWDO�RI����VWRUPV�KDYH�
DIIHFWHG�WKH�&DULEEHDQ�FRDVW�RI�&RORPELD�LQ�WKLV�SHULRG��,Q�WKH�FRQWLQHQWDO�DUHD�WKHUH�
KDV�EHHQ�VL[�VWRUPV���� WURSLFDO�VWRUPV�DQG�RQH�KXUULFDQH�FDWHJRU\����DQG�VHYHQ�
HYHQWV�UHJLVWHUHG����WURSLFDO�GHSUHVVLRQV����WURSLFDO�VWRUPV��RQH�KXUULFDQH�FDWHJRU\�
��DQG�RQH�KXUULFDQH�FDWHJRU\����WKDW�DIIHFWHG�WKH�LQVXODU�DUHD��VHH�)LJXUH�1R���������

��� 6+$3,52��/O�-��*2/'(1%(5��6�%���$WODQWLF�VHD�VXUIDFH�WHPSHUDWXUHV�DQG�WURSLFDO�F\FORQH�IRUPDWLRQ��-��&OLPDQWH��������
��������± ���
��� *2/'(1%(5*�6�%���/$1'6($�&�:���0(67$6�±18f(=��$�0���*5$<���:�0��7KH�UHFHQW�LQFUHDVH�LQ�$WODQWLF�+XUULFDQH�
$FWLYLW\��&DXVHV�DQG�LPSOLFDWLRQV��6FLHQFH�������������������± ���
��� 3$6&+��5-��3UHOLPLQDU\�UHSRUW�WURSLFDO�VWRUP�%UHW���� ����DXJXVW�������1DWLRQDO�+XUULFDQH�&HQWHU��12$$��0LDPL��������
)OD������S�
��� *(55,6+��+�3��3UHOLPLQDU\�UHSRUW�KXUULFDQH�-RDQ�����± ���2FWREHU�������1DWLRQDO�+XUULFDQH�&HQWHU��12$$��0LDPL��)OD��
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��� 257,=��-�&��([SRVXUH�RI�WKH�&RORPELDQ�&DULEEHDQ�FRDVW��LQFOXGLQJ�6DQ�$QGUpV�,VODQG��WR�WURSLFDO�VWRUPV�DQG�KXUULFDQHV��
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��(YHQWV�����&DWHJRU\��������������������������������������������������&RQWLQHQWDO�$UHD�EOXH���� ,QVXODU�DUHD�UHG�
)LJXUH�1R������� 6LJQLILFDQW�HYHQWV�WKDW�KDYH�DIIHFWHG�WKH�&RORPELDQ�&DULEEHDQ��,QVXODU�DQG�

&RQWLQHQWDO��EHWZHHQ������� ����
6RXUFH��7DNHQ�IURP�2UWL]����������

)ROORZLQJ�LV�WKH�WUDMHFWRU\�DQG�D�EULHI�GHVFULSWLRQ�RI�WKH�PDLQ�HYHQWV�WKDW�KDYH�SDVVHG�
WKURXJK�WKH�&RORPELDQ�&DULEEHDQ�FRDVW��7KH�PDLQ�HYHQWV�WKDW�KDYH�EHHQ�UHFRUGHG�
KDYH�EHHQ��D�VWRUP�ZLWKRXW�D�QDPH�WKDW�KDSSHQHG�LQ�-XQH�������,UHQH�������-RDQ�
�����DQG�%UHW������DQG�&HVDU�LQ���������

,UHQH������� ,W�IRUPHG�RQ�WKH�ZHVW�FRDVW�RI�$IULFD�UHDFKLQJ�TXLFNO\�WKH�&DULEEHDQ��
ZKHUH�LW�ORVHV�LQWHQVLW\�WR�PHHW�WKH�:LQGZDUG�,VODQGV�ZKHUH�LW�ORVHV�VWUHQJWK��DIWHU�
SDVVLQJ�WKURXJK�WKH�1RUWK�&RDVW�RI�&RORPELD�JDLQV�VWUHQJWK�WR�UHDFK�WKH�FDWHJRU\�
RI�KXUULFDQH������RII�WKH�FRDVW�RI�1LFDUDJXD��� �VHH�)LJXUH�1R���������

��� ,EtG�
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)LJXUH�1R������� +XUULFDQH�,UHQH
V�WUDMHFWRU\�������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�-RDQ�������� UHDFKHG�KXUULFDQH�FRQGLWLRQV�RQ�WKH�ZHVW�FRDVW�RI�WKH�/D�
*XDMLUD�3HQLQVXOD�DW����QP��QDXWLFDO�PLOHV��RII�WKH�FRDVW�RI�&RORPELD��DOWKRXJK�ZKHQ�
SDVVLQJ� WKURXJK� WKH� &RORPELDQ� FRDVW� ZDV� D� WURSLFDO� VWRUP�� WKH� UDLQ� WKDW�
DFFRPSDQLHG�WKH�VWRUP�FDXVHG�VHYHUH�IORRG GDPDJH��OHDYLQJ�D�WRWDO�RI����GHDG�DQG�
DSSUR[LPDWHO\��������GLVSODFHG�SHUVRQV��� ZKHQ�LW�SDVVHG�WKURXJK�WKH�FRXQWU\��VHH�
)LJXUH�1R���������
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)LJXUH�1R������� +XUULFDQH�-RDQ
V�WUDMHFWRU\�������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�%UHW�������� WRXFKHG�ODQG�RQ�WKH�9HQH]XHODQ�FRDVW�DQG�FRQWLQXHG�LWV�SDWK�WR�&RORPELD��
SDWK�WR�&RORPELD��ZKHUH�LW�PHHWV�WKH�KLJK�HOHYDWLRQV�RI�WKH�6LHUUD�1HYDGD�GH�6DQWD�0DUWD��FDXVLQJ�
0DUWD��FDXVLQJ�D�FRQVLGHUDEOH�ZHDNHQLQJ��KRZHYHU��DIWHU�FURVVLQJ�WKLV�DUHD�JDLQV�VWUHQJWK�DJDLQ�XQWLO�
VWUHQJWK� DJDLQ� XQWLO� UHDFKLQJ� LWV�PD[LPXP�VSHHG� LQ� IURQW� RI� WR� WKH�1LFDUDJXDQ� FRDVW��2Q� LWV�ZD\�
2Q� LWV� ZD\� WKURXJK� &RORPELD� OHIW� D� GHDG� SHUVRQ� DQG� DQ� LQMXUHG� SHUVRQ��� �VHH� 1RYHPEHU��������������������������������������������������
)HEUXDU\

)LJXUH�1R���������
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)LJXUH�1R������� +XUULFDQH�%UHW
V�WUDMHFWRU\�������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

+XUULFDQH�&HVDU�������� ,W�LV�IRUPHG�IURP�D�WURSLFDO�ZDYH�WKDW�FURVVHG�'DNDU��$IULFD�
PRYLQJ�WRZDUGV�WKH�:HVW��XQWLO� LW�GHYHORSV�LQ�WKH�UHJLRQ�RI�WKH�:LQGZDUG�,VODQGV��
&HVDU�FRQWLQXHG�LWV�SDWK�WRZDUGV�WKH�:HVW�LQFUHDVLQJ�LWV�LQWHQVLW\��ORVLQJ�LWV�LQWHQVLW\�
ZKHQ� DSSURDFKLQJ� WKH� FRDVW� RI� 6RXWK� $PHULFD�� DQG� ODWHU� LW� UHDFKHV� KXUULFDQH�
FDWHJRU\�LQ�WKH�FRDVW�RI�1LFDUDJXD��ZKHQ�FURVVLQJ�1LFDUDJXD�LW�DUULYHV�DW�WKH�3DFLILF�
2FHDQ�ZKHUH� LW� LQWHQVLILHV�DJDLQ�DQG�FKDQJHV�LWV�QDPH�WR�'RXJODV��� �VHH�)LJXUH�
1R���������
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)LJXUH�1R������� +XUULFDQH�&HVDU
V�WUDMHFWRU\�������
6RXUFH��:HDWKHU�8QGHUJURXQG�������

)URP�WKH�LQIRUPDWLRQ�SUHVHQWHG�DERYH�LW�LV�SRVVLEOH�WR�FRQFOXGH�WKDW�WKH� UHJLRQ�RI�
WKH�*XOI�RI�8UDEi�KDV�QRW�EHHQ�KLVWRULFDOO\�DIIHFWHG�E\�WURSLFDO�VWRUPV��ZKLFK�GRHV�
QRW�SUHVHQW�D�ULVN�IRU�WKH�H[HFXWLRQ�DQG�RSHUDWLRQ�RI�WKH�SURMHFW�

x ,GHQWLILFDWLRQ�RI�VRXUFHV�RI�DWPRVSKHULF�HPLVVLRQV�

7KH�VWXG\�DUHD�RI�WKH�SURMHFW�SUHVHQWV�OLWWOH�LQGXVWULDO�LQWHUYHQWLRQ��LW�LV�DQ�DUHD�ZLWK�
YRFDWLRQ�RI�H[SRUW�W\SH�SODQWDLQ�DQG�EDQDQD�FURSV��ZKHUH�IORZV�RI�ODQG��IOXYLDO�DQG�
PDULWLPH�WUDIILF�DUH�UHODWHG�WR�WUDQVSRUWDWLRQ�WR�WKH�YHVVHOV�LQ�%DKtD�&RORPELD��

7KH�LQGXVWULHV�WKDW�DUH�ORFDWHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�DUH�ORFDWHG�LQ�
WKH�'LVWULFW�RI�1XHYD�&RORQLD��8QLEDQ�DQG�%DQDFRO���ZKLFK�KDYH�D�MHWW\��VWRUDJH�DUHD�
DQG� RIILFHV�� WKDW� LV� ZKHUH� WKH� DIRUHPHQWLRQHG� FURS� SURGXFWLRQV� DUH� FROOHFWHG�� WR�
SURFHHG�ZLWK� WKH� WUDQVIHU� WKURXJK� WKH�%DQDQHURV�&RQYR\� WR� WKH�DQFKRUDJH�DUHD��
ZKHUH�WKH�H[SRUW�VKLSV�DUH�ORFDWHG��
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Ǧ )L[HG�6RXUFHV�

7KH�SUHVHQFH�RI�HPLVVLRQV�RI�JDVHV�DQG�SDUWLFXODWH�PDWHULDO�E\�IL[HG�VRXUFHV�LQ�WKH�
VWXG\�DUHD�RI�WKH�SURMHFW��'LVWULFW�RI�1XHYD�&RORQLD�DQG�SURMHFW�ODQG�ORFDWHG�ZLWKLQ�
WKH�MXULVGLFWLRQ�RI�WKH�PXQLFLSDOLW\�RI�7XUER�ZDV�QRW�HYLGHQW��

Ǧ 0RELOH�VRXUFHV�

'XH�WR�WKH�SUHVHQFH�RI�WKH�EDQDQD�FRPSDQLHV�LQ�WKH�GLVWULFW�RI�1XHYD�&RORQLD�DQG�
WKH�WUDQVLW�RI�WKH�VDPH�SRSXODWLRQ�RI�WKH�GLVWULFW��WKH�FLUFXODWLRQ�RI�OLJKW�YHKLFOHV�VXFK�
DV�DXWRPRELOHV�DQG�PRWRUF\FOHV��EXVHV�DQG�KHDY\�JRRGV�YHKLFOHV�ZDV�HYLGHQFHG��
)RU�WKH�IOXYLDO�DQG�PDULQH�WUDQVSRUW�WKHUH�DUH�ERDWV��WXJERDWV�DQG�VKLSV���

$FFRUGLQJ�WR�WKH������3XHUWR�%DKtD�&RORPELD�'H�8UDEi�7UDQVLW�6WXG\�����WKH�WUDIILF�
IORZ� EHWZHHQ� WKH� VHFWLRQ� RI WKH� URXWH� RI� WKH� 5LR�*UDQGH� GLVWULFW� DQG� WKH� 1XHYD�
&RORQLD� GLVWULFW� SUHVHQWHG� D� WRWDO� RI� ������ YHKLFOHV� �� GD\�� SDVVLQJ� WKURXJK� WKLV�
VHFWLRQ�� RI� ZKLFK� ���� DUH� OLJKW� YHKLFOHV� DQG� ����� FRUUHVSRQG� WR� KHDY\� YHKLFOHV�
�EXVHV�DQG� WUXFNV���7KLV� LV�HTXLYDOHQW� WR�����RI�KHDY\�YHKLFOHV�DQG�����RI� OLJKW�
YHKLFOHV���6HH�$QQH[�������(VWXGLRB7UDQVLWRB3XHUWR�$QWLRTXLD�

$GGLWLRQDOO\�� IRU� WKH� GUHGJLQJ�RI� WKH�/HyQ�5LYHU� DQG� WKH�&DQDO�1XHYD�&RORQLD��D�
GUHGJH� LV� FRQVWDQWO\� SUHVHQWHG� IRU� WKH� PDLQWHQDQFH� RI� WKH� FKDQQHO�� LQ� RUGHU� WR�
JXDUDQWHH�WKH�QDYLJDELOLW\�RI�WKH�VDPH��

Ǧ $UHD�

7KH�SUHVHQFH�RI�HPLVVLRQV�RI�JDVHV�DQG�SDUWLFXODWH PDWHULDO�LQ�D�VRXUFH�DUHD�ZLWKLQ�
WKH�VWXG\�DUHD�RI�WKH�SURMHFW��'LVWULFW�RI�1XHYD�&RORQLD�DQG�SURMHFW�ODQG�ORFDWHG�ZLWKLQ�
WKH�MXULVGLFWLRQ�RI�WKH�PXQLFLSDOLW\�RI�7XUER�ZDV�QRW�HYLGHQW��

x $LU�TXDOLW\

7KH�FRPSLODWLRQ�RI�WKH�DLU�TXDOLW\�LQIRUPDWLRQ�UHFRUGHG�LQ�WKH�(QYLURQPHQWDO�,PSDFW�
6WXG\�ZDV�FDUULHG�RXW�����ZLWK�ZKLFK�WKH�(QYLURQPHQWDO�/LFHQVH�IRU�WKH�SURMHFW�ZDV�

��� 3,2�6$6 \�*5832�9,$/��%DVLF�DQG�GHWDLOHG�HQJLQHHULQJ��SURFXUHPHQW�DQG�VXSSO\�RI�PDWHULDOV��FRQVWUXFWLRQ��DVVHPEO\�
DQG�FRPPLVVLRQLQJ�RI�WKH�ZRUNV�UHTXLUHG�IRU�SKDVH���RI�WKH�3XHUWR�$QWLRTXLD�3RUW�7HUPLQDO�ORFDWHG�DW�WKH�PRXWK�RI�WKH�/HyQ�
5LYHU��LQ�WKH�*XOI�RI�8UDEi�� 7UDQVLW�6WXG\��'HSDUWPHQW�RI�$QWLRTXLD��&DOL������������S�
��� 38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��DQG�$5$Ò-2�,%$55$�	�$62&,$'26�6�$��������2S�&LW�
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REWDLQHG��WKURXJK�5HVROXWLRQ�����RI�����������,W�VKRXOG�EH�PHQWLRQHG�WKDW�DLU�TXDOLW\�
VDPSOLQJ�ZDV�QRW�FDUULHG�RXW��VLQFH�WKH�FRQGLWLRQV�RI�WKH�LQWHUYHQWLRQ�DUHD�GLG�QRW�
YDU\�DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�VWXG\�DUHD�RQ�WKH�GDWH�RI�WKH�PRQLWRULQJ�
LQ������FRPSDUHG�WR�WKH�VWDWH�LQ�������LW�GRHV�QRW�SUHVHQW�VLJQLILFDQW�YDULDWLRQV�LQ�
WHUPV�RI�LQIUDVWUXFWXUH��LQGXVWULHV��YHKLFXODU�IORZ�DQG�VRXUFH�RI�HPLVVLRQ�WKDW�FRXOG�
FDXVH� YDULDWLRQV� LQ� WKH� FRQWDPLQDWLRQ� WR� WKH� HQYLURQPHQW�� WKHUHIRUH�� LW� ZDV�
FRQVLGHUHG�WKDW�LW�ZDV�QRW�UHSUHVHQWDWLYH�WR�SHUIRUP�DJDLQ�DLU�TXDOLW\�PRQLWRULQJ�IRU�
WKH�PRGLILFDWLRQ�RI�HQYLURQPHQWDO�OLFHQVH��

7KH�FRPSDQ\�$LU�&OHDQ�6\VWHPV�6�$���$&6�6�$���ZDV�UHVSRQVLEOH�IRU�FDUU\LQJ�RXW�
WKH�DLU�TXDOLW\�PRQLWRULQJ�LQ�WKH�SHULRG�EHWZHHQ�6HSWHPEHU����DQG�2FWREHU���������
����FRQWLQXRXV�GD\V���LQ���VWDWLRQV�RI�WKH�3URMHFW�VLWH����

Ǧ /RFDWLRQ�RI�PRQLWRULQJ�SRLQWV�

7KH�UHFRUGV�WDNHQ�IURP�WKH�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV�FDUULHG�RXW�E\�WKH�FRPSDQ\�
$LU�&OHDQ�6\VWHPV�6�$���$&6�6�$����ZHUH� ORFDWHG�LQ�WKH�IROORZLQJ�ZD\��VHH�7DEOH�
1R��������)LJXUH�1R��������DQG�WKH�PDS�02'B/$B372B$17B��B5XLGR$LUH�

7DEOH�1R������ /RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV
6WDWLRQV

,' 1$0(
)/$7�&225',1$7(6

0$*1$�6,5*$6�2ULJLQ�%2*27È
($67 1257+

���367��\����30��� $���� 1RUWK�6HFWRU ��������� ����������
���367��\����30��� $���� 6RXWK�6HFWRU ��������� ����������
���367��\����30��� $���� &HQWHU ��������� ����������
6RXUFH��$TXD�	�7HUUD�FRQVXOWRUHV�$VRFLDGRV�6�$�6��������ZLWK GDWD�IURP $5$Ò-2�,%$55$�������

��� &2/20%,$��$8725,'$'�1$&,21$/�'(�/,&(1&,$6�$0%,(17$/(6�± $1/$��5HVROXWLRQ�����������-DQXDU\���������%\�
PHDQV�RI�ZKLFK�DQ�HQYLURQPHQWDO�OLFHQVH�LV�JUDQWHG��%RJRWi��'�&������S�
��� $,5�&/($1�6<67(06�6�$���$&6���$LU�TXDOLW\�HYDOXDWLRQ�UHSRUW�IRU�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�6�$��$&6�,&$������
2FWREHU������
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)LJXUH�1R������� /RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV
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Ǧ 3HUPLVVLEOH�OLPLWV

$�FRPSDUDWLYH�DQDO\VLV�RI�WKH�UHVXOWV�RI�WKH�PRQLWRULQJ�ZLOO�EH�FDUULHG�RXW�ZLWK�WKH�
&RORPELDQ�UHJXODWLRQV��5HVROXWLRQ�����RI����������LVVXHG�E\�WKH�0LQLVWU\�RI�+RXVLQJ��
(QYLURQPHQW� DQG� 7HUULWRULDO� 'HYHORSPHQW�� QRZ� WKH� 0LQLVWU\� RI� (QYLURQPHQW� DQG�
6XVWDLQDEOH� 'HYHORSPHQW�� ZKLFK� HVWDEOLVKHV� WKH� SHUPLVVLEOH� OLPLWV� IRU�
FRQFHQWUDWLRQV� RI� SROOXWDQWV� LQ� WKH� DLU� �FULWHULD� SROOXWDQWV�� �VHH� 7DEOH� 1R� �������
HVWDEOLVKHG�DW�UHIHUHQFH�FRQGLWLRQV������&�DQG���������N3D�

7DEOH�1R������ 0D[LPXP�SHUPLVVLEOH�OHYHOV�IRU�FULWHULD�SROOXWDQWV�LQ�LPPLVVLRQ�DLU

3ROOXWDQW
0D[LPXP�DOORZDEOH�OLPLW�LQ�ȝJ���Pñ��DW����� &�

DQG���������N3D�
$YHUDJLQJ�WLPH

367
��� $QQXDO
��� ���KRXUV

��� &2/20%,$�� 0,1,67(5,2� '(� 9,9,(1'$�� $0%,(17(� <� '(6$552//2 7(55,725,$/�� 5HVROXWLRQ� ���� �PDUFK�� ����
��������%\�ZKLFK�5HVROXWLRQ�����RI�$SULO���������LV�PRGLILHG��%RJRWi�'�&�������
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30��
�� $QQXDO
��� ���KRXUV

62�

�� $QQXDO
��� ���KRXUV
��� ��KRXUV

12�

��� $QQXDO
��� ���KRXUV
��� ��KRXU

&2
������ ��KRXUV
������ ��KRXU

6RXUFH��5HVROXWLRQ�����RI������RI�WKH�0$9'7 ����

Ǧ :HDWKHU�FRQGLWLRQV�

'XULQJ� WKH�PRQLWRULQJ� SHULRG�� FOLPDWLF� GDWD� UHSUHVHQWDWLYH� RI� ORFDO�PHWHRURORJLFDO�
FRQGLWLRQV�ZDV�UHFRUGHG��WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�D�SRUWDEOH�PHWHRURORJLFDO�
VWDWLRQ��ZKLFK�ZDV�ORFDWHG�ZLWKLQ�WKH�SUHPLVHV�

7DEOH�1R������ :HDWKHU�FRQGLWLRQV�GXULQJ�DLU�TXDOLW\�PRQLWRULQJ

'D\ 'DWH
:HDWKHU�

��

:LQG�
VSHHG��P�

��V�

3UHGRPLQDQW�
GLUHFWLRQ�RI�
WKH�ZLQG

5HODWLYH�
KXPLGLW\

2EVHUYDWLRQV

� �������� 6 ��� 6 ���
6XQQ\� GD\� ZLWK� VWURQJ DQG� YDULDEOH�
ZLQGV�

� �������� 6 ��� 1 ��� 6XQQ\�GD\�ZLWK�YDULDEOH�ZLQG�
� �������� 6 ��� 1( ��� 6XQQ\�GD\�ZLWK�D�OLWWOH�ZLQG�

� �������� 6�� // ��� 1 ���
6XQQ\� GD\� ZLWK� KHDY\� UDLQ� LQ� WKH�
DIWHUQRRQ�

� �������� 6�� // ��� 6( ���
+HDY\� UDLQV� LQ� WKH� PRUQLQJ�� VXQQ\�
DIWHUQRRQ�

� �������� 6 ��� 6( ���
6XQQ\� GD\� ZLWK� OLWWOH� ZLQG�� FURVVLQJ�
ERDWV�

� �������� 6�� // ��� 6( ���
6XQQ\�GD\�ZLWK�OLWWOH�ZLQG��KHDY\�UDLQ�
LQ�WKH�DIWHUQRRQ�

� �������� 6�� // ��� 6( ���
%RDW� FURVVLQJ�� VXQQ\� GD\� ZLWK� OLWWOH�
ZLQG�� FRQVWDQW� ERDW� FURVVLQJ�� KHDY\�
UDLQV�LQ�WKH�DIWHUQRRQ

� �������� 6�� // ��� 6( ���
6XQQ\� GD\�� FRQVWDQW� ERDW� FURVVLQJ��
KHDY\�UDLQV�LQ�WKH�DIWHUQRRQ�

�� �������� 6�� // ��� 6( ���
6XQQ\� GD\�� FRQVWDQW� ERDW� FURVVLQJ��
UDLQV�DW�QLJKW�

��� ,EtG��
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���6XQQ\�ZHDWKHU��6��RU�UDLQ\�ZHDWKHU��//���

6RXUFH��$&6��2S��&LW�

7KH�SUHYDLOLQJ�ZLQG�GLUHFWLRQ�ZDV�LQ�OLQH�ZLWK�ZKDW�ZDV�H[SHFWHG�IRU�WKLV�WLPH�RI�\HDU�
�VRXWK��VRXWKHDVW�DQG�VRXWKZHVW��

Ǧ 5HVXOWV�

%HORZ�DUH�WKH�UHVXOWV�REWDLQHG�LQ�WKH�PRQLWRULQJ�FRQGXFWHG LQ�WKH�FDPSDLJQ�FDUULHG�
RXW�LQ������E\�WKH�FRPSDQ\�$LU�&OHDQ�6\VWHPV�6�$���$&6�6�$���

� 6XVSHQGHG�SDUWLFOHV��763�\�30����

'XULQJ�WKH����GD\V�RI�PRQLWRULQJ��ORZ�OHYHOV�RI�VXVSHQGHG�SDUWLFOHV�ZHUH�UHJLVWHUHG�
DQG�EURDG�FRPSOLDQFH�ZLWK�WKH�SHUPLVVLEOH�OLPLWV�HVWDEOLVKHG�E\�5HVROXWLRQ�����RI�
������� RI�WKH�0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW��QRZ�
0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�ZDV�UHFRUGHG���

$FFRUGLQJ� WR� WKH� UHVXOWV�� LW� FDQ� EH� HYLGHQFHG� LQ� 7DEOH� 1R�� ����� WKDW� WKHUH� ZHUH�
DYHUDJH�ORZ�763�FRQFHQWUDWLRQV�LQ�FRPSOLDQFH�ZLWK�WKH�DIRUHPHQWLRQHG�UHJXODWLRQV��
ZKLFK�YDULHG�IRU�GD\V�ZLWK�PLQLPXP�YDOXHV�RI������ȝJ���Pñ�DQG�DQ�DYHUDJH�IRU�WKH�
YDOXHV�LQ�GD\V�PD[LPXP�RI�������ȝJ���Pñ�

7DEOH�1R������ 6XPPDU\�RI�763�PRQLWRULQJ�LQ�LPPLVVLRQ�DLU

VWDWLRQV
*HRPHWULF�
PHDQ��ȝJ���

Pñ�

0LQLPXP�YDOXH 0D[LPXP�YDOXH 3HUPLVVLEO
H�OLPLW��ȝJ���

Pñ��J�Pñ 'D\ �J�Pñ 'D\

� ��� ��� ������������� ���� �������������
$QQXDO�����

���K�����
� ���� ��� ������������� ���� �������������
� ��� ��� ������������� ���� �������������

$����&�\���������N3D��
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$����������

/LNHZLVH�� WKH� 30��� FRQFHQWUDWLRQV� FRPSOLHG� ZLWK� WKH� HQYLURQPHQWDO� UHJXODWLRQV��
ZKLFK�GLG�QRW�H[FHHG�WKH�SHUPLVVLEOH� OLPLWV�RI� LPPLVVLRQ�ZLWK�DULWKPHWLF�DYHUDJHV�
EHWZHHQ�����DQG�����ȝJ���Pñ��VHH�7DEOH�1R��������

7DEOH�1R������ 6XPPDU\�RI�30���PRQLWRULQJ�LQ�LPPLVVLRQ�DLU

VWDWLRQV
*HRPHWULF�
PHDQ��ȝJ���

Pñ�

0LQLPXP�YDOXH 0D[LPXP�YDOXH 3HUPLVVLEOH�
OLPLW��ȝJ���

Pñ��J�Pñ 'D\ �J�Pñ 'D\

��� ,EtG��
��� 38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��DQG�$5$Ò-2�,%$55$�	�$62&,$'26�6�$��������2S�&LW�
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� ��� ��� ������������� ��� �������������
$QQXDO����
���K�����

� ��� ��� ������������� ���� �������������

� ��� ���
������
����������

���� �������������

$����&�\���������N3D�
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$����������

� 1LWURJHQ�GLR[LGH�

'XULQJ�WKH����GD\V�RI�PRQLWRULQJ��YHU\�ORZ�OHYHOV�RI�QLWURJHQ�GLR[LGH�ZHUH�UHFRUGHG�
�PRUH�WKDQ�����RI�WKH�GDWD�LQ�HDFK�VWDWLRQ�VKRZHG�YDOXHV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ�
RI�WKH�DQDO\WLFDO�WHFKQLTXH�XVHG��DV�SUHVHQWHG�LQ�7DEOH�1R���������7KHUHIRUH��D�EURDG�
FRPSOLDQFH�ZLWK�WKH�SHUPLVVLEOH�OLPLWV�HVWDEOLVKHG�E\�5HVROXWLRQ�����RI�������� RI�
WKH�0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW�QRZ�0LQLVWU\�RI�
(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�

7DEOH�1R������ 6XPPDU\�RI�12��PRQLWRULQJ�LQ�LPPLVVLRQ�DLU

VWDWLRQV
*HRPHWULF�PHDQ�

�ȝJ���Pñ�
0D[LPXP�YDOXH 3HUPLVVLEOH�OLPLW��ȝJ���

Pñ��J�Pñ 'D\
� ������ ���� ������������� $QQXDO�����

���K�����
��K�����

� ������ ���� �������������
� ������ ���� �������������

$����&�\���������N3D��
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�����������

� 6XOIXU�GLR[LGH�

'XULQJ� WKH����GD\V�RI�PRQLWRULQJ��YHU\� ORZ� OHYHOV�RI�VXOIXU�GLR[LGH�ZHUH� UHFRUGHG�
�PRUH�WKDQ�����RI�WKH�GDWD�LQ�HDFK�VWDWLRQ�VKRZHG�YDOXHV�EHORZ�WKH�OLPLW�RI�GHWHFWLRQ�
RI�WKH�DQDO\WLFDO�WHFKQLTXH�XVHG��DV�SUHVHQWHG�LQ�7DEOH�1R���������7KHUHIRUH��D�EURDG�
FRPSOLDQFH�ZLWK�WKH�SHUPLVVLEOH�OLPLWV�HVWDEOLVKHG�E\�5HVROXWLRQ�����RI�������� RI�
WKH 0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW�QRZ�0LQLVWU\�RI�
(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�

��� ,EtG�
��� &2/20%,$�� 0,1,67(5,2 '(� 9,9,(1'$�� $0%,(17(� <� '(6$552//2� 7(55,725,$/�� 5HVROXWLRQ� ���� �0DUFK� ����
��������2S�&LW��
��� ,EtG�
��� ,EtG��
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7DEOH�1R������ 6XPPDU\�RI�62��PRQLWRULQJ�LQ�LPPLVVLRQ�DLU

VWDWLRQV
0LQLPXP�YDOXH�

��J�Pñ�
0D[LPXP�YDOXH 3HUPLVVLEOH�OLPLW��ȝJ���

Pñ��J�Pñ 'D\
� ����� ����� ������������� $QQXDO����

���K�����
��K�����

� ����� ����� �������������
� ����� ����� �������������

$����&�\���������N3D�
6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�����������
�

� &DUERQ�PRQR[LGH�

'XULQJ�WKH����GD\V�RI�PRQLWRULQJ��ORZ�OHYHOV�RI�FDUERQ�PRQR[LGH�ZHUH�UHFRUGHG��VHH�
7DEOH�1R�� ������DQG�EURDG� FRPSOLDQFH�ZLWK� WKH�SHUPLVVLEOH� OLPLWV�HVWDEOLVKHG�E\�
5HVROXWLRQ� ���� RI� ����� RI� WKH� 0LQLVWU\� RI� (QYLURQPHQW�� +RXVLQJ� DQG� 7HUULWRULDO�
'HYHORSPHQW�ZDV� UHFRUGHG��DOWKRXJK� WKH� OHYHOV� REVHUYHG� UHYHDO� FRQWULEXWLRQV�RI�
ORFDO� DQWKURSLF� DFWLYLWLHV�� ZKHQ� FRPSDUHG� ZLWK� WKH� DYHUDJH� OHYHOV� UHSRUWHG� E\�
$76'5� LQ� WKH� 1RUWKHUQ� DQG� 6RXWKHUQ� +HPLVSKHUHV� �UHVSHFWLYHO\� ����� DQG� �����
SSP�����

7DEOH�1R������ 6XPPDU\�RI�&2�PRQLWRULQJ�LQ�LPPLVVLRQ�DLU

VWDWLRQV
$YHUDJH�
�SSP�

0LQLPXP�YDOXH�
�SSP�

0D[LPXP�YDOXH�
�SSP�

3HUPLVVLEOH�OLPLW�
�ȝJ���Pñ�

� ���� ���� ����
��K�����
��K����

� ���� ���� ����
� ���� ���� ����

6RXUFH��$5$Ò-2�,%$55$�	�$62&,$'26�6�$�����������

Ǧ 0RGHOLQJ�RI�DLU�TXDOLW\�GXULQJ�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�

,Q�RUGHU�WR�HYDOXDWH�WKH�HQYLURQPHQWDO�HPLVVLRQV�JHQHUDWHG�E\�WKH�RSHUDWLRQ�RI�WKH�
YLDGXFW� IRU� WKH� WUDQVLW� RI� YHKLFOHV� WKDW� FDUU\� WKH� FDUJR� H[SRUW� DQG� LPSRUW� W\SH�
XQORDGHG�LQ�WKH�2QVKRUH�7HUPLQDO�DQG�:DWHU�7HUPLQDO�RI�3XHUWR�%DKtD�&RORPELD�
IURP� 8UDEi� 6$� WR� WKH� \DUGV� DQG� YLFH� YHUVD� �� D� PRGHOLQJ� RI� WKLV� VFHQDULR� ZDV�
SHUIRUPHG� WR� LGHQWLI\� WKH� FRQWULEXWLRQ� OHYHOV� RI� HPLVVLRQV� IRU� SULPDU\� FULWHULD�
SROOXWDQWV��30����&2��12[�\�62���ZKLFK�ZDV�SUHVHQWHG�DQG�DSSURYHG�LQ�WKH�RUGLQDU\�
FRXUVH� RI� WKH� OLFHQVHG� DFWLYLW\� IRU� WKH� FRQVWUXFWLRQ� RI� D� YLDGXFW� DV� D� FRQQHFWLRQ�

��� ,EtG�
��� 86$�� $*(1&<� )25� 72;,&� 68%67$1&(6� $1'� ',6($6(� 5(*,675<� �$76'5��� 7R[LFRORJLFDO� SURILOH� IRU� FDUERQ�
PRQR[LGH�>RQ�OLQH@��'UDIW�IRU�FRPPHQWV��XQWLO�)HEUXDU\������������6HSWHPEHU�����������SDJHV��SOXV�DQQH[HV���$YDLODEOH�DW�
KWWS���ZZZ�DWVGU�FGF�JRY�WR[SURILOHV�WS����SGI�>TXRWHG�RQ�-DQXDU\���������@��3DJH�����
��� &2/20%,$�� 0,1,67(5,2� '(� 9,9,(1'$�� $0%,(17(� <� '(6$552//2� 7(55,725,$/�� 5HVROXWLRQ� ���� �PDUFK�� ����
��������2S�&LW�
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EHWZHHQ�WKH�GRFN�DQG�WKH�KDUERU�WHUPLQDO�WKURXJK�WKH�ILOH�$1/$������������������
RI�)HEUXDU\�����������

)RU�WKH�PRGHOLQJ�RI�WKH�IXWXUH�VFHQDULR�RI�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW��LW�ZDV�GRQH�
LQ�WKH�$(502'�YLHZ�PRGHOLQJ�VRIWZDUH��DSSURYHG�E\�WKH�(QYLURQPHQWDO�3URWHFWLRQ�
$JHQF\�� ZKLFK� GHWHUPLQHV� ZKHUH� SROOXWDQWV� DUH� GLUHFWHG�� DQG� ZKLFK� PD[LPXP�
FRQFHQWUDWLRQV�FDQ�UHDFK���,W�LV�DW�WKHVH�SRLQWV�ZKHUH�WKH�DLU�TXDOLW\�VWDWLRQV�VKRXOG�
WKHRUHWLFDOO\�EH�ORFDWHG�WR�UHFRUG�WKH�PD[LPXP�FRQFHQWUDWLRQV�RI�WKH�DUHD��DV�ZHOO�
DV�GHWHUPLQH�WKH�UHFHLYHUV�WKDW�FRXOG�EH�DIIHFWHG�

� 5HTXLUHG�LQIRUPDWLRQ

7HUUDLQ�(OHYDWLRQV

7KH� DUHD� ZKHUH� WKH� SURMHFW� LV� ORFDWHG� FRUUHVSRQGV� WR� IODW� WHUUDLQ�� VR� LW� ZDV� QRW�
QHFHVVDU\� WR� LQWURGXFH� WKH� ODQG� HOHYDWLRQV� RI� WKH� PRGHOHG� DUHD�� +RZHYHU�� WKH�
WRSRJUDSK\�RI�WKH�ODQG�ZDV�GRZQORDGHG�XVLQJ�WKH�EDVH�PDSV�WKDW�WKH�VRIWZDUH�KDV�

5HFHLYHUV�PHVK

)RU�WKH�FDOFXODWLRQ�RI�WKH�FRQFHQWUDWLRQV�D�XQLIRUP�JULG�RI�UHFHSWRUV�ZDV�GHILQHG�WKDW�
FRYHUV�UDGLRV�DW�GLIIHUHQW�GLVWDQFHV�XQWLO�UHDFKLQJ�DSSUR[LPDWHO\������PHWHUV�

%XLOGLQJV

)RU�WKH�FDVH�RI�WKH�VRXUFHV�RI�DUHD�RU�YROXPH��DV�LV�WKH�FDVH�RI�WKLV�SURMHFW��WKH�HIIHFW�
RI�WKH�EXLOGLQJV�LV�QRW�FRQVLGHUHG�

0HWHRURORJLFDO�,QIRUPDWLRQ

7KH� PHWHRURORJLFDO� LQIRUPDWLRQ� WR� IHHG� WKH� PRGHO� ZDV� REWDLQHG� ZLWK� /DNHV�
(QYLURQPHQWDO�DQG�FRUUHVSRQGV�WR�GDWD�IURP�WKH�PHWHRURORJLFDO�VWDWLRQ� ORFDWHG�LQ�
WKH�VWXG\�DUHD��FRUUHVSRQGLQJ�WR�WKH�ZKROH�\HDU�������

7KH�PHWHRURORJLFDO�GDWD�UHTXLUHG�E\�DQ\�DLU�TXDOLW\�VWXG\�DUH�

� 1XPEHU�RI�ZLQG�VSHHG�FDWHJRULHV�

� 1XPEHU�RI�VWDELOLW\�FDWHJRULHV�3DVTXLOO�� *LIIRUG�

� 1XPEHU�RI�ZLQG�GLUHFWLRQ�FDWHJRULHV�
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� 9HFWRU� RI� DFFXPXODWHG� IUHTXHQF\� RI� RFFXUUHQFH RI� VSHHG� DQG� GLUHFWLRQ� RI�
ZLQGV�IRU�HDFK�VWDELOLW\�FDWHJRU\�

� (QYLURQPHQWDO�WHPSHUDWXUH�YHFWRU�DV�D�IXQFWLRQ�RI�WKH�VWDELOLW\�FDWHJRU\�

� 9HFWRU�RI�PL[LQJ�KHLJKWV�DV�D�IXQFWLRQ�RI�WKH�VWDELOLW\�FDWHJRU\��ZLQG�GLUHFWLRQ�
DQG�VWDWLRQ�

� 9HFWRU�RI�WKH�DYHUDJH�YDOXH�RI�HDFK�VSHHG�FDWHJRU\�

:LQG�6SHHG

7KH�ZLQG�LV�WKH�DLU�LQ�PRYHPHQW�DQG�LV�SUHVHQWHG�E\�GLIIHUHQFHV�LQ�SUHVVXUH��GHQVLW\�
DQG�RWKHU�DWPRVSKHULF�FKDUDFWHULVWLFV��7KH�PHDVXUH�RI� WKH�ZLQG� LV� WKH�KRUL]RQWDO�
FRPSRQHQW�RI� WKH�PRYHPHQW�RI� WKH�DLU�� WKLV�YHFWRU�KDV�WZR�FRPSRQHQWV��GLUHFWLRQ�
DQG�VSHHG��&RORPELD�VWDQGV�RXW�LQ�DQ�DUHD�NQRZQ�DV�LQWHU�WURSLFDO�FDOP��ZLWK�ORZ�
VSHHG�ZLQGV�

%RWK� LQ� WKH� VSHHG�PHDVXUHPHQWV� DQG� LQ� WKH� GLUHFWLRQ� RI�ZLQGV� LW� LV� LPSRUWDQW� WR�
FRQVLGHU�WKH�ORFDO�IDFWRUV��VXFK�DV�WKH�SUHVHQFH�RI�VHD��PRXQWDLQV��XUEDQ�EDUULHUV�
WKDW�LQIOXHQFH�RQ�WKH�GHWDLOV�RI�WKH�PRYHPHQW�RI�WKH�DLU�

)LJXUH�1R�� ������DQG�)LJXUH�1R�� ������ VKRZ� WKH�JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKH�
EHKDYLRU�RI�WKH�ZLQGV�DFFRUGLQJ�WR�WKH�PHWHRURORJLFDO�GDWD�RI�WKH�DUHD��7KH�URVH�RI�
ZLQGV� LV� REWDLQHG� WKURXJK� WKH� FRPSOHPHQWDU\� VRIWZDUH� $(50(7�� HQWHULQJ� WKH�
LQIRUPDWLRQ�SURYLGHG�E\�/DNHV�(QYLURQPHQWDO
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)LJXUH�1R������� :LQGV�URVH��VWXG\�DUHD�$SDUWDGR�&RORPELD
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������
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)LJXUH�1R������� )UHTXHQF\�GLVWULEXWLRQ�RI�ZLQG�FODVVHV
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

$WPRVSKHULF�6WDELOLW\

7KH�DWPRVSKHUH�LV�D�FRQWLQXRXV�DQG�G\QDPLF�V\VWHP�ZKHUH�VWDELOLW\�FKDQJHV�FRQVWDQWO\�
DFFRUGLQJ� WR� WKH� WLPH�RI�GD\�� WKH�SUHVHQFH�RI�FORXGV�� WKH� W\SH�RI�ZLQGV�� WKH�VXUIDFH�
WHPSHUDWXUH� DQG� WKH� FRQFHQWUDWLRQ� DQG� W\SH� RI� SROOXWDQWV�� ,Q� SUDFWLFH�� LQILQLWH�
DWPRVSKHULF�VLWXDWLRQV�FDQ�EH�SUHVHQWHG��,Q�RUGHU�WR�JLYH�WKHP�DQ�RSHUDWLRQDO�WUHDWPHQW��
D�VHULHV�RI�FODVVHV�RU�FDWHJRULHV�DUH�HVWDEOLVKHG�DFFRUGLQJ�WR�WKH�RSHUDWLYH�WUHDWPHQW�
SURSRVHG�E\�3DVTXLOO�*XLIIRUG��������RI�WKH�2IILFH�RI�0HWHRURORJ\�RI�*UHDW�%ULWDLQ�

6WDELOLWLHV�DUH�QDPHG OLNH�WKLV�

$� ��� �([WUHPHO\�XQVWDEOH

%� ��� �8QVWDEOH

&� ��� �6OLJKWO\�XQVWDEOH
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'� �� �1HXWUDO

(� ��� �6OLJKWO\�VWDEOH

)� ��� �0RGHUDWHO\�VWDEOH�

7DEOH�1R�������FODVVLILHV�WKH�VWDELOLWLHV�JLYHQ�E\�3DVTXLOO�*XLIIRUG��DFFRUGLQJ�WR�ZLQG�
VSHHG��LQVRODWLRQ�DQG�FORXGLQHVV�

7DEOH�1R�������&ODVVLILFDWLRQ�RI�WKH�6WDELOLW\�RI�WKH�$WPRVSKHUH�DFFRUGLQJ�WR�3DVTXLOO�� *XLIIRUG
:LQG�VSHHG�P���

V
'D\��LQVRODWLRQ� 1LJKW��FORXGLQHVV�

6WURQJ PRGHUDWH 6RIW !��� ����
�� $ $�% %
��� $�% % & ( )
��� % %�& & ' (
��� & &�' ' ' '
!� & ' ' ' '

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

5HODWLYH�+XPLGLW\�DQG�6RODU�%ULJKWQHVV

7KH� UHODWLYH� KXPLGLW\� LV� WKH� UDWLR� EHWZHHQ� WKH� DPRXQW� RI� ZDWHU� YDSRU� LQ� WKH�
XQVDWXUDWHG�DLU�DQG� WKH�DPRXQW�RI�ZDWHU�YDSRU� WKDW� WKH�DLU�ZRXOG� DGPLW� LI� LW�ZHUH�
VDWXUDWHG� IRU� D� JLYHQ� WHPSHUDWXUH�� WKH� UHODWLYH� KXPLGLW\� LV� D� IXQFWLRQ� RI� WKH� DLU�
WHPSHUDWXUH�

7KH�VRODU�EULJKWQHVV�PHDVXUHPHQWV�DUH�PDGH� WKURXJK� WKH�KHOLRJUDSK� LQVWUXPHQW�
WKDW�UHFRUGV�WKH�KRXUV�RI�LQVRODWLRQ�

$(50(7
V�)HHGLQJ�'DWD�

7KH�EDVH�PHWHRURORJLFDO�LQIRUPDWLRQ�WR�EH�SUH�SURFHVVHG�E\�WKH�$(50(7�PRGHO��
ZDV�REWDLQHG�GLUHFWO\�ZLWK�/DNHV�(QYLURQPHQWDO�� WZR� ILOHV�DUH�REWDLQHG��D��+RXUO\�
6XUIDFH�'DWD��ILOH�ZLWK�H[WHQVLRQ���VDP��DQG��E��8SSHU�$LU�'DWD��ILOH�ZLWK�H[WHQVLRQ�
��XD��

7KH�ILOHV�ZHUH�RUGHUHG�ZLWK�WKH�IROORZLQJ�ODEHO�
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)LJXUH�1R������� ,QIRUPDWLRQ�RI�WKH�PHWHRURORJLFDO�GDWD�DYDLODEOH�IRU�WKH�VWXG\�DUHD
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

,Q�$QQH[�������$LU� DQG�QRLVH� TXDOLW\�� WKH� ILOHV� DUH� SUHVHQWHG� LQ� � �VDP�DQG� � �XD�
IRUPDWV�� ZKLFK� ZHUH� REWDLQHG� DQG� ZLWK� ZKLFK� WKH� PHWHRURORJLFDO� LQIRUPDWLRQ� LV�
SURFHVVHG�LQ�WKH�$(50(7�

2QFH� WKLV� LQIRUPDWLRQ� KDV� EHHQ� SURFHVVHG�� WKH� RXWSXW� GDWD� RI� WKH� $(50(7� LV�
REWDLQHG��ZLWK�ZKLFK�WKH�$(502'�LV�IHG�WR�SHUIRUP�WKH�PRGHOLQJ��7KH�$HUPHW�RXWSXW�
ILOHV����SIO�DQG���VIF�ILOHV��DUH�LQ�$QQH[�������$LU�DQG�QRLVH�TXDOLW\�

� 0RGHOLQJ�&RQILJXUDWLRQ

6RXUFH�FKDUDFWHULVWLFV
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7KH�YLDGXFW�ZDV�PRGHOHG�DV�DQ�DUHD�VRXUFH�DQG�LWV�ORFDWLRQ��ZLGWK��WRWDO�OHQJWK�DQG�
EDVH�KHLJKW�ZHUH�IHG��DV�ZHOO�DV�WKH�HPLVVLRQ�RI�HDFK�RI�WKH�SROOXWDQWV��LQ�J���V�

7KH�PRGHOLQJ�SDUDPHWHUV�ZHUH��3DUWLFXODWH�0DWHULDO�OHVV�WKDQ����PLFURQV��30�����
1LWURJHQ�2[LGHV��12[���6XOIXU�'LR[LGH��62���DQG�&DUERQ�0RQR[LGH��&2���

7KHVH� SROOXWDQWV� DUH� LQFOXGHG� ZLWKLQ� WKH� VR�FDOOHG� FULWHULD� SROOXWDQWV� GXH� WR� WKH�
UHSHUFXVVLRQV�WKDW�WKH\�FDXVH�RQ�KXPDQ�KHDOWK�DQG�WKDW�PDLQO\�DIIHFW�WKH�UHVSLUDWRU\�
WUDFW��OXQJV�DQG�FDXVH�KHDGDFKHV�DQG�PDODLVH�ZKHQ�WKHLU�FRQFHQWUDWLRQV�DUH�DW�VXFK�
OHYHO�WKDW�WKH\�FDQ�DIIHFW�VHQVLWLYH�JURXSV�VXFK�DV�FKLOGUHQ�DQG�WKH�HOGHUO\�

,Q�7DEOH�1R��������WKH�PD[LPXP�SHUPLVVLEOH�OHYHOV�HVWDEOLVKHG�LQ�WKH�&RORPELDQ�
UHJXODWLRQV�5HVROXWLRQ�����RI������ZHUH�SUHVHQWHG����

7KH� SRWHQWLDO� DWPRVSKHULF� HPLVVLRQV� FRUUHVSRQG� WR� WKRVH� JHQHUDWHG� E\� WKH�
YHKLFOHV�WKDW�ZLOO�SDVV�WKURXJK�WKH�YLDGXFW��$FFRUGLQJ�WR�WKH�GRFXPHQW��&RQFHSWXDO�
HQJLQHHULQJ� IRU� SRUW� GHVLJQV� RQ� ZDWHU�� YLDGXFW�� EULGJH� DQG� RQVKRUH� SRUW� RI� WKH�
3XHUWR�%DKtD�&RORPELD�SURMHFW�LQ�8UDEi�6�$��DQ�HVWLPDWHG�WUDIILF�RI����YHKLFOHV�SHU�
KRXU�LV�HVWLPDWHG�

,Q�RUGHU�WR�DVVHVV�WKH�LPSDFW�RI�YHKLFXODU�WUDIILF��HPLVVLRQV�DUH�HVWLPDWHG�EDVHG�
RQ� WKH� HPLVVLRQ� IDFWRUV��5RDG�7UDQVSRUW� (PLVVLRQ� )DFWRUV�� �����1$(,�0DUFK�
������1DWLRQDO�DWPRVSKHULF�HPLVVLRQV�LQYHQWRU\��RI�WKH�8QLWHG�.LQJGRP��

7DEOH�1R�������(PLVVLRQ�IDFWRUV�IRU�KRW�H[KDXVW�SLSHV��E\�YHKLFOH�DQG�URDG�W\SH�RQO\��

+RW�H[KDXVW�RQO\
J�NP J�NP J�NP J�NP

12[ 30�� &2 62�

'LHVHO�FDUV ����XUEDQ�URDGV ����� ����� ����� �����

6RXUFH��5RDGWUDQVSRUW()VB1$(,��BY��[OV�$XWKRU��+HOHQ�9HQILHOG�1$(,�5HI��('������������'DWH����������� 1DWLRQDO�
DWPRVSKHULF�HPLVVLRQV�LQYHQWRU\�

)RU�WKH�FDOFXODWLRQ��DQ�DYHUDJH�YHKLFOH�IORZ�RI����WUXFN�WULSV���KRXU�ZDV�FRQVLGHUHG��
IRU�D�GDLO\�IORZ�RI�����YHKLFOH�WULSV���GD\�

��� &2/20%,$��0,1,67(5,2�'(�9,9,(1'$��$0%,(17(�<�'(6$552//2�7(55,725,$/�QRZ��0,1,67(5,2�'(�$0%,(17(�
<�'(6$552//2�6267(1,%/(��5HVROXWLRQ������0DUFK�������������2S�&LW
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7KH� FDOFXODWLRQ� RI� WKH� RXWSXW� IORZ� RI� WKH� SROOXWDQWV� LQ� J� �� V�ZDV�PDGH� XVLQJ� WKH�
FDOFXODWLRQ�DLGV�RI�WKH�6RIWZDUH��FRQVLGHULQJ�WKH�WUDIILF�IORZ�DQG�WKH�FKDUDFWHULVWLFV�
RI�WKH�URDG��6HH�7DEOH�1R�������

7KH�ZLGWK�RI�WKH�YLDGXFW�URDG�LV���P��SDYHG��ZLWK�D�YHKLFOH�WUDIILF�HTXLYDOHQW�WR����
YHKLFOHV�SHU�KRXU�DQG�����YHKLFOHV�SHU�GD\��WKH�VSHHG�RI�WKH�YHKLFOHV�LV�HVWLPDWHG�
DW����NP���K�DV�DYHUDJH�

7DEOH�1R�������&RQFHQWUDWLRQ�RI�SROOXWDQWV�HQWHUHG�LQWR�WKH�PRGHOLQJ�
J�V J�V J�V J�V

12[ 30�� &2 62�

������ ������� ����� �������

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

)LJXUH�1R��������VKRZV�WKH�SODQ�RI�WKH�SRUW�WHUPLQDO�DQG�WKH�YLDGXFW�WKURXJK�ZKLFK�
WKH�FDUJR�YHKLFOHV�ZLOO�SDVV�

)LJXUH�1R������� 3URMHFW�SODQ��YLDGXFW�3XHUWR�%DKtD�&RORPELD�'H�8UDEi�6�$�
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

$YHUDJLQJ�SHULRGV
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,Q�RUGHU�WR�FRPSDUH�WKH�UHVXOWV�RI�WKH�PRGHO��UXQV�IRU�HDFK�SROOXWDQW�ZHUH�PDGH�ZLWK�
WKH� DYHUDJLQJ� SHULRGV� HVWDEOLVKHG� E\� UHVROXWLRQ� ���� RI� WKH� ����� 0$9'7� WRGD\�
0$'6��ZKLFK�DUH�VKRZQ�LQ�7DEOH�1R��������

7DEOH�1R������ $YHUDJLQJ�SHULRGV�RI�SROOXWDQWV�GXULQJ�PRGHOLQJ
3DUDPHWHU 3HULRG
30�� ���KRXUV
12[ ���KRXUV
62� ���KRXUV
&2 ��KRXUV

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

� 0RGHOLQJ�UHVXOWV

$V�D�UHVXOW�RI�WKH�H[HFXWLRQ�RI�WKH�PRGHO��D�JUDSKLFDO�PRGHOLQJ�LV�REWDLQHG�WKDW�LV�
VKRZQ�LQ�WKH�DQQH[HG�ILOHV�E\�LVRSOHWK�FXUYHV�REWDLQHG�IRU�DOO�SROOXWDQWV�DQG�PRGHOHG�
DYHUDJLQJ�SHULRG��7KH�UXQQLQJ�WLPH�RI�HDFK�UXQ�ZDV���KRXUV�IRU�HDFK�SROOXWDQW�

1H[W��WKH�JUDSKV�RI�UHVXOWV�JHQHUDWHG�E\�WKH�$(502'�YLHZ�DUH�SUHVHQWHG��LQ�ZKLFK�
WKH�GLVWULEXWLRQ�RI�WKH�FRQFHQWUDWLRQV�JHQHUDWHG�E\�WKH�PRGHOHG�HPLVVLRQ�VRXUFH�LV�
GLVSOD\HG��7KH�RXWSXW�GRFXPHQWV�LQ�3')�IRUPDW�FDQ�EH�IRXQG�LQ�$QQH[�������$LU�DQG�
QRLVH�TXDOLW\�
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)LJXUH�1R������� 3DUWLFXODWH�PDWHULDO�PRGHOLQJ�UHVXOW��30���LQ�WKH�VWXG\�DUHD�
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

7KH� SDUWLFXODWH� PDWHULDO� GLVWULEXWLRQ� VPDOOHU� WKDQ� ��� PLFURQV� 30���� ZKLFK� LV�
SUHVHQWHG�LQ�)LJXUH�1R���������VKRZV�D�GLVSHUVLRQ�SOXPH�SDUDOOHO�WR�WKH�YLDGXFW�WKDW�
LV�WKH�VRXUFH�RI�HPLVVLRQ��7KH�KLJKHVW�FRQFHQWUDWLRQV�DUH�IRXQG�ZLWKLQ�WKH�ILUVW�����
PHWHUV� RQ� HDFK� VLGH� RI� WKH� URDG�� ZLWKLQ� WKLV� GLVWDQFH� WKHUH� DUH� FRQFHQWUDWLRQV�
EHWZHHQ������ȝJ���P��WR�������ȝJ���P���:LWK�UHVSHFW�WR�WKH�SRVVLEOH�UHFHLYHUV��DQ�
DSSUR[LPDWH�FRQWULEXWLRQ�RI�������ȝJ���P��LV�REVHUYHG�RQ�WKH�SRSXODWLRQ�RI�1XHYD�
&RORQLD�� ZKLFK� LV� WKH� QHDUHVW� SRSXODWLRQ�� ORFDWHG� DSSUR[LPDWHO\� �� NP� IURP� WKH�
YLDGXFW��WKLV�FRQWULEXWLRQ�FRUUHVSRQGV�WR��������RI�WKH�PD[LPXP�SHUPLVVLEOH�OLPLW�
HVWDEOLVKHG�LQ�WKH�VWDQGDUG������ȝJ���P���
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)LJXUH�1R������� 1LWURJHQ�2[LGHV��PRGHOLQJ�UHVXOW��12[�LQ�WKH�VWXG\�DUHD
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

7KH� QLWURJHQ� R[LGHV� GLVWULEXWLRQ� SUHVHQWHG� LQ� )LJXUH� 1R�� ������� VKRZV� WKDW� WKH�
KLJKHVW�FRQFHQWUDWLRQV�DUH�IRXQG�LQ�WKH�ILUVW�����PHWHUV�RQ�HDFK�VLGH�RI�WKH�URDG��
GLVWDQFH�DW�ZKLFK�WKH�FRQFHQWUDWLRQ�LV������ȝJ���P��RQ�DYHUDJH��:LWK�UHVSHFW�WR�WKH�
SRVVLEOH� UHFHLYHUV�� D� FRQWULEXWLRQ� RI� ����� WR� ����� ȝJ� �� P�� LV� REVHUYHG� RQ� WKH�
SRSXODWLRQ�RI�1XHYD�&RORQLD��WKLV�FRQWULEXWLRQ�FRUUHVSRQGV�WR�������RI�WKH�PD[LPXP�
SHUPLVVLEOH�OLPLW�HVWDEOLVKHG�LQ�WKH�VWDQGDUG������ȝJ�����P���
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)LJXUH�1R������� 6XOIXU�'LR[LGH�PRGHOLQJ�UHVXOW��62��LQ�WKH�VWXG\�DUHD
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

7KH�VXOIXU�GLR[LGH�62��GLVWULEXWLRQ�SUHVHQWHG�LQ�)LJXUH�1R���������VKRZV�WKDW� WKH�
KLJKHVW� FRQFHQWUDWLRQV� DUH� XS� WR� ���� PHWHUV� RQ� HDFK� VLGH� RI� WKH� URDG�� ZKHUH�
FRQFHQWUDWLRQV�DUH�EHWZHHQ������ȝJ���P��WR�������ȝJ���P���7KH�GLVSHUVLRQ�SOXPH�
IROORZV�D�SDWWHUQ�SDUDOOHO�WR�WKH�GLUHFWLRQ�RI�WKH�URDG��ZLWK�D�WHQGHQF\�PRVWO\�WR�WKH�
QRUWKZHVW��:LWK�UHVSHFW�WR�WKH�SRVVLEOH�UHFHLYHUV��D�FRQWULEXWLRQ�RI�EHWZHHQ�������WR�
������� ȝJ� �� P�� LV� REVHUYHG� RYHU� WKH� SRSXODWLRQ� RI� 1XHYD� &RORQLD�� WKH� QHDUHVW�
SRSXODWLRQ��FRQWULEXWLRQ�FRUUHVSRQGLQJ�WR���������RI�WKH�PD[LPXP�SHUPLVVLEOH�OLPLW�
HVWDEOLVKHG�LQ�WKH�VWDQGDUG������ȝJ���P���
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)LJXUH�1R������� &DUERQ�0RQR[LGH�PRGHOLQJ�UHVXOW��&2�LQ�WKH�VWXG\�DUHD�
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

7KH�FDUERQ�PRQR[LGH�&2�GLVWULEXWLRQ��SUHVHQWHG�LQ�)LJXUH�1R���������VKRZV�WKDW�WKH�
KLJKHVW� FRQFHQWUDWLRQV� DUH� LQ� WKH� ILUVW� ����PHWHUV� RQ� HDFK� VLGH� RI� WKH� URDG�� WKH�
KLJKHVW�FRQFHQWUDWLRQV�LQ�WKLV�DUHD�DUH������ȝJ���P��LQ�DYHUDJH��:LWK�UHVSHFW�WR�WKH�
SRVVLEOH�UHFHLYHUV��D�PD[LPXP�FRQWULEXWLRQ�RI�������ȝJ���P��LV�REVHUYHG�RYHU�WKH�
SRSXODWLRQ� RI� 1XHYD� &RORQLD�� 7KLV� FRQWULEXWLRQ� FRUUHVSRQGV� WR� �������� RI� WKH�
PD[LPXP�SHUPLVVLEOH�OLPLW�HVWDEOLVKHG�LQ�WKH�VWDQGDUG���������ȝJ���P���
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0D[LPXP�&RQFHQWUDWLRQV

7DEOH�1R� ������VKRZV�WKH�PD[LPXP�FRQFHQWUDWLRQV�REWDLQHG�LQ�WKH�PRGHOLQJ�RI�WKH�
SURMHFW��,W�LV�REVHUYHG�WKDW�WKH�SROOXWDQWV�WKDW�SUHVHQWV�D�KLJKHU�FRQFHQWUDWLRQ�DUH�WKH�
R[LGHV� RI� QLWURJHQ�� ZLWK� D� PD[LPXP� FRQFHQWUDWLRQ� RI� ������� J� �� P��� 7KH� RWKHU�
SROOXWDQWV�SUHVHQWHG�YDOXHV�EHORZ���ȝJ���P��DV�VKRZQ�LQ�WKH�WDEOH�

7DEOH�1R��������0D[LPXP�FRQFHQWUDWLRQV�REWDLQHG�LQ�PRGHOLQJ

32//87$17
$9(5$*,1*�
3(5,2'

1250$7,9(�
/,0,7��ȝJ���

P��

&21&(175$7,21�
��J�P��

67$1'$5'
�

30�� ���KRXUV ��� ������� �����

12[ ���KRXUV ��� ������� �����

62� ���KRXUV ��� ������� �����

&2 ��KRXUV ������ ������� �����

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

7RWDO�&RQFHQWUDWLRQV

)RU�WKH�FDOFXODWLRQ�RI�WKH�WRWDO�FRQFHQWUDWLRQV��WKH�PD[LPXP�FRQFHQWUDWLRQV�REWDLQHG�
LQ�WKH�(,$�DLU�TXDOLW\�VWXGLHV�RI�WKH�SURMHFW�ZHUH�XVHG���7KHVH�YDOXHV�ZHUH�DGGHG�WR�
WKH�PD[LPXP�YDOXHV�FDOFXODWHG�E\�PRGHOLQJ��REWDLQLQJ�WKH�UHVXOWV�VKRZQ�LQ�7DEOH�
1R����������7KLV�FDOFXODWLRQ�LPSOLFLWO\�DVVXPHV�WKDW�WKH�VWDWLRQV�ZHUH�ORFDWHG�LQ�VXFK�
D�ZD\�DV�WR�PHDVXUH�EDFNJURXQG�FRQFHQWUDWLRQV��

,Q�WKLV�ZD\�WKH�PD[LPXP�H[SHFWHG�FRQFHQWUDWLRQV�GXULQJ�WKH�RSHUDWLRQ�RI�WKH�SRUW�
DUH�REWDLQHG��ZLWK�WKH�FRQVWUXFWLRQ�RI�WKH�YLDGXFW�

)URP�WKHVH�WDEOHV�LW�FDQ�EH�GHGXFHG�WKDW�WKH�H[SHFWHG�LQFUHDVH�RI�WKH�FRQFHQWUDWLRQ�
LV� ORZ�� EHLQJ� KLJKHU� IRU� QLWURJHQ� R[LGHV� ZKLFK� UHSUHVHQWV� ����� RI� WKH� FXUUHQW�
HPLVVLRQV�

7DEOH�1R������ 7RWDO�FRQFHQWUDWLRQV�RI�WKH�DUHD

32//87$17
$9(5$*,1*�

3(5,2'
$&78$/�
��J�P��

02'(/('�
�ȝJ���P��

727$/�
��J�P�� ,1&5($6(

30�� ���KRXUV ���� ���� ����� �����

12[ ���KRXUV ���� ���� ���� ����

62� ���KRXUV ����� ���� ����� �����
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&2 ��KRXUV ���� ���� ���� ���

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6��������

� &RQFOXVLRQV�

7KH�PRGHOLQJ�SHUIRUPHG�VKRZV�WKDW�WKH�FRQWULEXWLRQ�RI�WKH�FULWHULD�SROOXWDQWV��30����
62���12[�DQG�&2�IRU�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW� LQGLFDWHV�UHODWLYHO\�ORZ�YDOXHV��
EHORZ�WKH�PD[LPXP�SHUPLVVLEOH�OLPLWV�HVWDEOLVKHG�LQ�5HVROXWLRQ�����RI������RI�WKH�
0$9'7�WRGD\�0$'6��

7KH�FRQWULEXWLRQ�RI�WKH�OHYHOV�RI�SROOXWLRQ�SURYLGHG�E\�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW��
DGGHG� WR� WKH� YDOXHV� REWDLQHG� LQ� WKH� EDVHOLQH� IRU� WKH� FXUUHQW� FRQGLWLRQV� �ZLWKRXW�
SURMHFW���UHPDLQV�EHORZ�WKH�PD[LPXP�SHUPLVVLEOH�OLPLWV�

7KH�PD[LPXP�YDOXH�RI�30���REWDLQHG�E\�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�ZDV������ȝJ�
��P���HTXLYDOHQW� WR�DQ� LQFUHDVH�RI� �������ZLWK� UHVSHFW� WR� WKH�PD[LPXP�DYHUDJH�
YDOXHV�REWDLQHG�LQ�WKH�EDVHOLQH�IRU�D�SHULRG�RI����KRXUV���������ȝJ���P���

7KH�PD[LPXP�YDOXH�RI�&2�REWDLQHG�E\�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�ZDV������ȝJ���
P���HTXLYDOHQW�WR�DQ�LQFUHDVH�RI������ZLWK�UHVSHFW�WR�WKH�PD[LPXP�DYHUDJH�YDOXHV�
REWDLQHG�LQ�WKH�EDVHOLQH�IRU�D�SHULRG�RI���KRXUV�������ȝJ���P���

7KH�PD[LPXP�YDOXH�RI�62��REWDLQHG�E\�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�ZDV������ȝJ���
P���HTXLYDOHQW�WR�DQ�LQFUHDVH�RI��������ZLWK�UHVSHFW�WR�WKH�PD[LPXP�DYHUDJH�YDOXHV�
REWDLQHG�LQ�WKH�EDVHOLQH�IRU�D�SHULRG�RI����KRXUV�����ȝJ�����P���

7KH�PD[LPXP�YDOXH�RI�12[�REWDLQHG�E\�WKH RSHUDWLRQ�RI�WKH�YLDGXFW�ZDV������ȝJ���
P���HTXLYDOHQW�WR�DQ�LQFUHDVH�RI�������ZLWK�UHVSHFW�WR�WKH�PD[LPXP�DYHUDJH�YDOXHV�
REWDLQHG� LQ� WKH� EDVHOLQH� ������ ȝJ� �� P���� 'HVSLWH� WKH� QRWDEOH� LQFUHDVH� LQ� WKLV�
SDUDPHWHU��WKH�UHVXOWV�VWLOO�SUHVHQW�YDOXHV�EHORZ�WKH�SHUPLVVLEOH�OLPLWV��IRU�D�SHULRG�
RI����KRXUV������ȝJ���P���

7KH� YHKLFXODU� WUDIILF� WR� FLUFXODWH� WKURXJK� WKH� QHZ� YLDGXFW� RI� WKH� 3XHUWR� %DKtD�
&RORPELD�SURMHFW�RI�8UDEi�6�$��ZLOO�JHQHUDWH�PLQLPDO��LQVLJQLILFDQW�FRQWULEXWLRQV�RI�
WKH�PRGHOHG�SROOXWHG�FULWHULD��SDUWLFXODWH�PDWHULDO�30����62���12[�DQG�&2�
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x 1RLVH
7R�GHWHUPLQH�WKH�OHYHOV�RI�HQYLURQPHQWDO�QRLVH��D�PRQLWRULQJ�ZDV�PDGH�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�
WKH�SURMHFW��ZKLFK�ZDV�LQ�FKDUJH�RI�WKH�FRPSDQ\�6*6�&RORPELD�6$6��IRU�ZKLFK�IRXU�����UHSUHVHQWDWLYH�
SRLQWV�ZHUH�VHOHFWHG��ZKLFK�ZHUH�PRQLWRUHG�RQ�-XO\�����EXVLQHVV�GD\��DQG�-XO\�����QRQ�EXVLQHVV�
GD\��RI�WKH�\HDU�������7KH�ORFDWLRQ�RI�WKHVH�SRLQWV�LV�VKRZQ�EHORZ�LQ�)LJXUH�1R��������DQG�LQ�7DEOH�
1R��������

)LJXUH�1R������� /RFDWLRQ�RI�HQYLURQPHQWDO�QRLVH�PRQLWRULQJ�SRLQWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7DEOH�1R������ &RRUGLQDWHV�RI�HQYLURQPHQWDO�QRLVH�PRQLWRULQJ�SRLQWV



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

/�
&>�d��KKZ�/E�d�^

D�'E��^/Z'�^�KƌŝŐŝŶ��K'Kd�
��^d EKZd,

5� ���������� ������������

5� ���������� ������������

5� ���������� ������������

5� ���������� ������������
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IRU� WKH� DYHUDJH� VSHHG�� WKH� SHUFHQWDJH� RI� KHDY\� YHKLFOHV�� WKH� VORSH� DQG�
FKDUDFWHULVWLFV�RI�WKH�VXUIDFH�RI�WKH�URDG

� &RQVLGHUDWLRQV�IRU�WKH�PRGHO�

7\SH�RI�9HKLFOHV

.DOPDU�75���L���75���L�YHKLFOHV��KLJK�VWUHQJWK�WHUPLQDO�HTXLSPHQW��ZLOO�EH�XVHG��
WKH\�KDYH�D�FDSDFLW\�RI�XS�WR����WRQV�OLIWLQJ�FDSDFLW\�DQG�����WRQV�9&*��VHH�)LJXUH�
1R����������7KLV�PDNHV�LW�LGHDO�IRU�KHDY\�LQGXVWU\��KHDY\�5R5R�DQG�WUDLOHU�WUDLQV��VHH�
$QQH[�������$LU�DQG�QRLVH�TXDOLW\��

��� ,EtG��
��� '(/$1<��0�(���+$5/$1'��'�*���+22'��5�$��DQG�6&+2/(6��:�(��
7KH�SUHGLFWLRQ�RI�QRLVH�OHYHOV�/���GXH�WR�URDG�WUDIILF
��
-RXUQDO�RI�6RXQG�DQG�9LEUDWLRQ��YRO�����QR���� ���������������S�
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7KH\�IHDWXUH�D�9ROYR�'���HQJLQH��ZKLFK�H[FHHGV�FXUUHQW�HPLVVLRQV�UHTXLUHPHQWV�
DQG�UHGXFHV�12[�HPLVVLRQV�WR�DOPRVW�]HUR�

)LJXUH�1R������� .DOPDU�HTXLSPHQW�75���L���75���L�7UDQVSRUW�YHKLFOH�WKDW�ZLOO�WUDQVLW�WKH�
YLDGXFW�

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6�������

7KH�.DOPDU�75���L���75���L�IHDWXUHV�D�GXUDEOH��VWDEOH�DQG�SRZHUIXO�OLIW�SODWIRUP�ZLWK�
DFWLYH�WLOW��ZKLFK�DOORZV���� �����RI�WLOW�VLGH�RI�WKH�ILIWK�ZKHHO��

7KLV�DOORZV�WKH�WUDLOHU�RU�JRRVHQHFN�WR�IROORZ�WKH�WHUUDLQ�ZLWKRXW�WRUVLRQDO�IRUFHV�LQ�
WKH�FKDVVLV��HQVXULQJ�EHWWHU�EDODQFHG�WUDFWLRQ�EHWZHHQ�DOO�WKH�ZKHHOV��7KH�GULYHU�FDQ�
EDODQFH�D�WUDLOHU�ZLWK�XQEDODQFHG�ORDG�RU�ORDG�WKDW�KDV�EHHQ�PRYHG�GXULQJ�WUDQVSRUW��
7KH�GULYHU�HDVLO\�FRQWUROV�WKH�WLOW�IURP�WKH�FDE��7R�ORZHU�WKH�WUDLOHU���OLIW�ERRP�WR�D�SUH�
VHW�KHLJKW��WKH�GULYHU�MXVW�KDV�WR�WRXFK�WKH�MR\VWLFN��

7KH� FRPSOHWH� GULYLQJ� OLQH�� LQFOXGLQJ� WKH� HQJLQH�� D[OH� DQG� JHDUER[�� DUH� EXLOW� IRU�
PD[LPXP�SRZHU�DQG�HIILFLHQF\�

7KH�9ROYR�'���HQJLQH�FRPSOLHV�ZLWK�FXUUHQW�HPLVVLRQ�UHJXODWLRQV��6WDJH�,,,%���7LHU�
�L�� WR� UHGXFH� WKH� HIIHFWV� RQ� WKH� HQYLURQPHQW� RI� H[KDXVW� HPLVVLRQV� IURP� GLHVHO�
HQJLQHV��7KH�75���L���75���L�DOVR�LQMHFWV�$G%OXH��D�EHQLJQ�FKHPLFDO�UHDJHQW��LQWR�
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WKH� H[KDXVW� JDV� WR� IORZ� DQG� FRQYHUWV� QLWURJHQ� R[LGHV� �12[�� LQWR� QLWURJHQ� DQG�
R[\JHQ�

7KH�VHOHFWLYH�FDWDO\WLF�UHGXFWLRQ��6&5��V\VWHP�FRPELQHV�SRZHU�LQFUHDVH�ZLWK�IHZHU�
HPLVVLRQV��7KH�FRROLQJ�GHPDQGV�IRU�6&5�PRWRUV�UHPDLQ�WKH�VDPH�RU�HYHQ�ORZHU�
WKDQ� EHIRUH�� ,Q� DGGLWLRQ�� WKH� RXWSXW� SRZHU� LV� PD[LPL]HG�� 7KLV� WUDQVODWHV� LQWR� D�
UHGXFWLRQ�LQ�FRVWV�DQG�VLPSOLILHG�LQVWDOODWLRQV�

)LJXUH�1R������� .DOPDU�(TXLSPHQW�75���L���75���L�7UDQVSRUW�YHKLFOH�WKDW�ZLOO�WUDQVLW�WKH�
YLDGXFW�

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6�������

9ROYR�'���HQJLQH

.DOPDU�HTXLSPHQW�FRPHV�HTXLSSHG�ZLWK�D�9ROYR�'���HQJLQH��ZKLFK�LV�FHUWLILHG�ZLWK�
*(,�������*UHHQKRXVH�*DVHV���WKH�ORZHVW�'���IXHO�FRQVXPSWLRQ��ZKLFK�VDYHV�XS�
WR����LQ�IXHO�FRVWV�

7KH�9ROYR�'���LV�D�YHU\�OLJKW�DQG�SRZHUIXO�IXHO�HIILFLHQW�HQJLQH��GHVLJQHG�WR�PHHW�
FXUUHQW�DQG�IXWXUH�(3$�UHJXODWLRQV��ZKLOH�LPSURYLQJ�UHOLDELOLW\�DQG�UHGXFLQJ�RSHUDWLQJ�
FRVWV�
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7KH� '��� HQJLQHV� DUH� IXOO\� FRPSDWLEOH� ZLWK� WKH� (3$� UHTXLUHPHQWV�� $OO� UHJXODWHG�
SROOXWDQWV� KDYH� EHHQ� UHGXFHG� E\� ���� IURP�XQWUHDWHG� OHYHOV�� 9ROYR�PHHWV� WKHVH�
GHPDQGV�ZLWK�UHOLDELOLW\�DQG�H[FHSWLRQDO�HFRQRP\��LQ�SDUW�EHFDXVH�LW�XVHV�VHOHFWLYH�
FDWDO\WLF�UHGXFWLRQ�IRU�PD[LPXP�HIILFLHQF\��

7KH�6&5�DGRSWV�D�SDVVLYH�UHJHQHUDWLRQ�FRQFHSW�WKDW�XVHV 12[��LQVWHDG�RI�GLHVHO�
IXHO�WR�UHJHQHUDWH�WKH�VRRW��ZKLFK�IXUWKHU�UHGXFHV�WKH�FRVW�RI�RSHUDWLRQ�

3HUPLVVLEOH�OLPLWV

,Q�DFFRUGDQFH�ZLWK� WKH�EDVHOLQH�RI� WKH�(QYLURQPHQWDO� ,PSDFW�6WXG\�FRQGXFWHG� LQ�
��������� WKH�SHUPLVVLEOH�XVH� LQ� WKH�DUHD�RI� LQWHUHVW�RI� WKH�SURMHFW� FRUUHVSRQGV� WR�
6HFWRU�&� 5HVWULFWHG�,QWHUPHGLDWH�1RLVH��6XEVHFWRU��=RQHV�ZLWK�LQGXVWULDO�SHUPLWWHG�
XVHV��VXFK�DV�LQGXVWULHV�LQ�JHQHUDO��SRUW�DUHDV��LQGXVWULDO�SDUNV��IUHH�]RQHV´�

5HVROXWLRQ������RI�������� RI�WKH�0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�
'HYHORSPHQW�� QRZ� WKH� 0LQLVWU\� RI� (QYLURQPHQW� DQG� 6XVWDLQDEOH� 'HYHORSPHQW��
HVWDEOLVKHG� LQ� &KDSWHU� ,,�� $UW�� ��� WKH� 0D[LPXP� 3HUPLVVLEOH� 6WDQGDUGV� RI� 1RLVH�
(PLVVLRQ� /HYHOV� H[SUHVVHG� LQ�ZHLJKWHG� GHFLEHOV�$� �G%� �$���� )RU� WKH� VWXG\� DUHD��
DFFRUGLQJ� WR� LWV� FRUUHVSRQGHQFH� VHFWRU��ZH�KDYH� WKH� YDOXHV� VKRZQ� LQ�7DEOH�1R��
������

7DEOH�1R������ 0D[LPXP�SHUPLVVLEOH�VWDQGDUG�RI�QRLVH�HPLVVLRQ�OHYHOV�H[SUHVVHG�LQ�GHFLEHOV�G%�
�$�

6(&725 68%6(&725 0D[LPXP� SHUPLVVLEOH� QRLVH� HPLVVLRQ�
VWDQGDUGV�LQ�G%��$�

'D\ 'D\

6HFWRU�&�
5HVWULFWHG�
,QWHUPHGLDWH�
1RLVH

$UHDV� ZLWK� LQGXVWULDO�
SHUPLWWHG� XVHV�� VXFK�
DV� LQGXVWULHV� LQ�
JHQHUDO�� SRUW� DUHDV��
LQGXVWULDO� SDUNV�� IUHH�
]RQHV�

�� ��

6RXUFH� 5HVROXWLRQ������$SULO��������������

��� 38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��DQG�$5$Ò-2�,%$55$�	�$62&,$'26�6�$��������2S�&LW
��� &2/20%,$��0,1,67(5,2�'(�$0%,(17(��9,9,(1'$�<�'(6$552//2�6267(1,%/(��5HVROXWLRQ �����$SULO�������������
2S�&LW�

��� ,EtG��
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1RLVH�OHYHOV�LQ�WKH�6WXG\�DUHD

2Q�1RYHPEHU�����������$LU�&OHDQ�6\VWHP�6�$���$&6��FRQGXFWHG�DQ�HQYLURQPHQWDO�
QRLVH�PRQLWRULQJ�LQ�GD\WLPH�DQG�QLJKW�VKLIW�DW�WKH�SURMHFW
V�VLWH��VHH�7DEOH�1R���������

7DEOH�1R������ (TXLYDOHQW�DYHUDJH�OHYHOV�RI�HQYLURQPHQWDO�QRLVH
3RLQW (TXLYDOHQW�DYHUDJH�OHYHO��G%�$��

'LXUQDO 1RFWXUQDO
� ���� ����
� ���� ����
� ���� ����

6RXUFH��$LU�&OHDQ�6\VWHP�6�$������

,Q� WKH� VXUURXQGLQJ� DUHDV� ZKHUH� WKH� YLDGXFW� LV� ORFDWHG� WKHUH� DUH� QR� KRXVHV�� QRU�
SRSXODWLRQV�WKDW�UHFHLYH�WKH�QRLVH�WKDW�ZLOO�EH�JHQHUDWHG�E\�YHKLFXODU�WUDIILF�

7KH�YLDGXFW�ZLOO�EH�EXLOW�RQ�D�ORZ��IORRGHG�DUHD��FRYHUHG�ZLWK�WDOO�JUDVVHV��VR�WKHUH�
DUH� QR� VRXUFHV� RI� QRLVH�� 7KH� QRLVH� IRXQG� LQ� WKH� DUHD� FRUUHVSRQGV� WR� WKH QRLVH�
JHQHUDWHG�E\�WKH�ZLQG��WKH�IORZ�RI�WKH�ULYHU�/HyQ�DQG�QDWXUDO�DUHDV�

� 0RGHOLQJ�UHVXOWV

$V�D�UHVXOW�RI�WKH�H[HFXWLRQ�RI�WKH�FDOFXODWLRQ�RI�WKH�QRLVH�PLVVLRQ�RI�YHKLFXODU�WUDIILF��
XVLQJ�WKH�&R571�FDOFXODWLRQ�DOJRULWKP��D�SUHGLFWLRQ�RI�WKH�QRLVH�YDOXHV�HPLWWHG�E\�
WKH�PRGHOHG�VRXUFH�LV�REWDLQHG�DW�WKH�GLVWDQFHV�ZLWK�ZKLFK�WKH�PRGHO�ZDV�IHG��

7DEOH�1R��������VKRZV�WKH�UHVXOWV�REWDLQHG�WKURXJK�WKH�PRGHOLQJ�DQG�LWV�UHVSHFWLYH�
FRPSDULVRQ� ZLWK� WKH� SHUPLVVLEOH� QRLVH� HPLVVLRQ� OLPLWV� IRU� WKH� QDWLRQDO� WHUULWRU\��
VSHFLILFDOO\� IRU� VHFWRU� &� 5HVWULFWHG� ,QWHUPHGLDWH� 1RLVH�� 6XEVHFWRU� �=RQHV� ZLWK�
LQGXVWULDO�SHUPLWWHG�XVHV��VXFK�DV�LQGXVWULHV�LQ�JHQHUDO��SRUW�DUHDV��LQGXVWULDO�SDUNV��
IUHH�]RQHV´�

7DEOH�1R������ 0RGHOLQJ�UHVXOWV�RI�H[SHFWHG�QRLVH�OHYHOV�DW�GLIIHUHQW�GLVWDQFHV�RI�2SHUDWLRQ�RI�WKH�
9LDGXFW�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi��FRPSDUHG�ZLWK�SHUPLVVLEOH�OLPLWV�

'LVWDQFH��P� G%�$�

1RLVH� (PLVVLRQ�
/LPLW� �GD\�QLJKW��
G%��$�

&203/,$1&(�
5HV���������� ���
G%�$�

� ���� �� &203/,(6
�� ���� �� &203/,(6
�� ���� �� &203/,(6
�� ���� �� &203/,(6
��� ���� �� &203/,(6
��� ���� �� &203/,(6
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'LVWDQFH��P� G%�$�

1RLVH� (PLVVLRQ�
/LPLW� �GD\�QLJKW��
G%��$�

&203/,$1&(�
5HV���������� ���
G%�$�

��� ���� �� &203/,(6
���� ���� �� &203/,(6
���� ���� �� &203/,(6
���� ���� �� &203/,(6
���� ���� �� &203/,(6
���� ���� �� &203/,(6

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6�������

7KH�UHVXOWV�VKRZ�WKDW�WKH�PRGHOHG�VRXUFH�KDV�D�VRXQG�SUHVVXUH�HPLVVLRQ�OHYHO�RI�
����� G%� �$��� GXULQJ� WKH� RSHUDWLRQDO� SKDVH�� ,Q� WKH� VDPH� ZD\� WKDW� WKLV� YDOXH� LV�
DWWHQXDWHG�ZLWK�GLVWDQFH�DQG�WKDW�WKH�YDOXHV�REWDLQHG�DUH�FRPSO\LQJ�ZLWK�WKH�OHYHOV�
HVWDEOLVKHG�LQ�&RORPELDQ�UHJXODWLRQV�

7R� JUDSK� WKH� UHVXOWV� RI� WKH� &R571� PRGHO�� WKH� $UF*,6� ����� WRRO� ZDV� XVHG��
*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHPV� XVH� VHYHUDO�PHWKRGV� WR�PRGHO� WKH� EHKDYLRU� RI�
YDULDEOHV�WKDW�FKDQJH�ZLWK�GLVWDQFH��

2QH�RI�WKH�PRVW�XVHIXO�DVSHFWV�KDV�EHHQ�WKH�VWXG\�RI�WKH�VSDWLDO�YDULDELOLW\�RI�QRLVH�
DQG�WKH�SUHGLFWLRQ�RI�YDOXHV�DW�SRLQWV�QRW�VDPSOHG�WKURXJK�WKH�XVH�RI�LQWHUSRODWLRQV��
IXQFWLRQDOLW\�LV�ZLGHO\�XVHG�LQ�FRQMXQFWLRQ�ZLWK�VDPSOLQJ�PHWKRGRORJLHV��

,Q�SDUWLFXODU��WKH�LQWHUSRODWLRQ�ZLWK�JHRVWDWLVWLFDO�DQDO\VLV�LV�EDVHG�RQ�WKH�WKHRU\�RI�
UHJLRQDOL]HG� YDULDEOHV� DQG� WKHLU� GHSHQGHQFH�DQG�DXWRFRUUHODWLRQ�� XQGHU� D� VSDWLDO�
YDULDELOLW\�IUDPHZRUN ����

7KH�VRXQG�SUHVVXUH� OHYHOV�ZHUH�SORWWHG�XVLQJ� WKH�.ULJLQJ� LQWHUSRODWLRQ� LQ�$UF*LV��
REWDLQLQJ�WKH�JUDSKV�VKRZQ�LQ�WKH�DQQH[HG�ILOHV�E\�PHDQV�RI�LVRSKRQHV��VHH�)LJXUH�
1R��������DQG�)LJXUH�1R���������

��� 75$1*0$5�� %�%��� 3267�� 5�6�� 	 8(+$5$�� *�� �$SSOLFDWLRQ� RI� JHRVWDWLVWLFV� WR� VSDWLDO� VWXGLHV� RI� VRLO� SURSHUWLHV��2Q��
$GYDQFHV�LQ�$JURQRP\�����������������
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)LJXUH�1R������� 6RXQG�SUHVVXUH�OHYHOV��HVWLPDWHG�IRU�YHKLFXODU�WUDIILF�RI�WKH�YLDGXFW�RI�WKH�
3XHUWR�%DKtD�&RORPELD�GH�8UDEi�3URMHFW�
6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6�������

)LJXUH�1R�������������1RLVH�/HYHO�G%�$������1RLVH�HYDOXDWLRQ���-DQXDU\�����

7KH�YDOXH�REWDLQHG�LQ�WKH�HPLVVLRQ�VRXUFH��WKDW�LV�� LQ�WKH�YLDGXFW�������G%��$����LV�
DWWHQXDWHG� ZLWK� GLVWDQFH� XQLIRUPO\�� VR� WKDW� LQ� WKH� QHDUHVW� WRZQ�� ZKLFK� LV� 1XHYD�
&RORQLD��ZH�REWDLQ�D�OHYHO�RI������G%��$��
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)LJXUH�1R������� 6RXQG�SUHVVXUH�OHYHOV�GHWDLO��HVWLPDWHG�IRU�YHKLFXODU�WUDIILF�E\�WKH�9LDGXFW�
RI�WKH�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�SURMHFW�

6RXUFH��$*�&RQVXOWRUHV�$PELHQWDOHV�6�$�6�������

1R�OLYH�EDUULHUV�RU�UHIOHFWLYH�IDFDGHV�ZHUH�FRQVLGHUHG�IRU�WKH�PRGHOLQJ��GXH�WR�WKH�
ORFDWLRQ�RI�WKH�SURMHFW�LQ�DQ�LVRODWHG�DUHD�DQG�ZKHUH�WKH�QHDUHVW�SRSXODWLRQ�LV�ORFDWHG�
D�FRXSOH�RI�NLORPHWHUV�DZD\��)RU�WKLV�UHDVRQ��WKH�UHVXOW�\LHOGV�D�VHULHV�RI�LVRSKRQHV�
SDUDOOHO�WR�WKH�VRXUFH�RI�HPLVVLRQ��YLDGXFW�WUDIILF���7KH�QRLVH�YDOXHV��G%��$���RI�HDFK�
LVRSKRQHV�DUH�WKH�YDOXHV�JLYHQ�E\�WKH�&R571�

� &RQFOXVLRQV

,Q� WKH�SUHGLFWLRQ�RI� WKH�DFRXVWLF� LPSDFWV� IRU� YHKLFXODU� WUDIILF� LQ� WKH�YLDGXFW� RI� WKH�
3XHUWR�%DKtD�&RORPELD�SURMHFW�LQ�8UDEi��WKH�H[SHFWHG�HPLVVLRQ�IRU�D YHKLFXODU�IORZ�
RI����YHKLFOHV���KRXU�LV�RI������G%��$��DW�WKH�HGJH�RI�WKH�YLDGXFW��VRXQG�WKDW�IDGHV�
ZLWK�GLVWDQFH�

7KH�IORRGHG�DUHD�RI�ZRRGHG�SDVWXUHV��KLJK�VHFRQGDU\�YHJHWDWLRQ�DQG�GHQVH�KLJK�
PDQJURYH�WKURXJK�ZKLFK�WKH�YLDGXFW�URXWH�SDVVHV�ZRXOG�EH�DIIHFWHG�E\�WKH�DFRXVWLF�
HPLVVLRQ� LQ� D� VWULS� SDUDOOHO� WR� WKH� URDG�� ����P�ZLGH� RQ� WKH� VLGHV� RI� WKH� URDG�� WR�
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HVWLPDWHG�YDOXHV�EHWZHHQ������G%��$��RQ�WKH�YLDGXFW�HGJH��XS�WR������G%��$��DW�����
P�GLVWDQFH�

7KHUH�DUH�QR�SRSXODWHG�DUHDV�LQ�WKH�DUHD�WKDW�UHFHLYH�VRXQG SUHVVXUH�OHYHOV��7KH�
VHFWRU�RI�1XHYD�&RORQLD�� ORFDWHG�DERXW���NP�DZD\�� LV�HVWLPDWHG� WR�FRQWULEXWH�E\�
YHKLFXODU�WUDIILF�ZLWK�D�UHVLGXDO�VRXQG�SUHVVXUH�OHYHO�RI������G%��$��

7KH�QRLVH�HPLVVLRQ�OHYHOV�HVWLPDWHG�LQ�WKH�VWXG\��DUH�EHORZ�WKH�SHUPLVVLEOH�OLPLWV�
HVWDEOLVKHG�LQ�5HVROXWLRQ�����RI�������� RI�WKH�0$'9'�WRGD\�0$'6��ERWK�IRU�WKH�
GD\� DQG� QLJKW� VKLIW�� ZKLFK� LV� VWLSXODWHG� LQ� ��� G%� �$��� IRU� 6HFWRU� &� 5HVWULFWHG�
,QWHUPHGLDWH� 1RLVH�� 6XEVHFWRU� �$UHDV� ZLWK� LQGXVWULDO� SHUPLWWHG� XVHV�� VXFK� DV�
LQGXVWULHV�LQ�JHQHUDO� SRUW�DUHDV��LQGXVWULDO�SDUNV��IUHH�]RQHV���7KLV�LV�EHFDXVH�WKH�
PD[LPXP�YDOXH�REWDLQHG�LQ�WKH�PRGHOLQJ�LV������G%��$��DW�WKH�SRLQW�RI�HPLVVLRQ��

)RU�WKH�VHFWRU�RI�1XHYD�&RORQLD��ZKLFK� LV�WKH�QHDUHVW� WRZQ��D�FRQWULEXWLRQ�RI� OHVV�
WKDQ����G%��$��LV�HVWLPDWHG� ZKLFK�LV�EHORZ�WKH�SHUPLVVLEOH�QRLVH�HPLVVLRQ�OLPLWV�IRU�
UHVLGHQWLDO�DUHDV�HVWDEOLVKHG�LQ�WKH�UHJXODWLRQV�RI����G%��$��LQ�WKH�GD\�DQG����G%��$��
DW�QLJKW�

Ǧ 0RGHO�RI�SUHGLFWLRQ�RI�VRXQG�SUHVVXUH�OHYHOV�

7KH� SXUSRVH� RI� WKH� PRGHOLQJ� LV� WR� SUHGLFW� WKH� DFRXVWLF� LPSDFW� RI� WKH� RSHUDWLRQ�
DFWLYLWLHV�RI�YHKLFXODU�VHFWLRQV�EHWZHHQ�WKH�GLVWULFW�RI�1XHYD�&RORQLD�DQG�WKH�3XHUWR�
%DKtD�&RORPELD�'H�8UDEi�3RUW�7HUPLQDO�SURMHFW��IURP�WKH�WUDIILF�VWXG\�FDUULHG�RXW�IRU�
WKH�VDPH��E\�PHDQV�RI� WKH�DFRXVWLF�SUHGLFWLRQ�VRIWZDUH�&DGQD$�9�����XQGHU� WKH�
)UHQFK� 6WDQGDUG� �103%� 5RXWHV� ���� DQG� WDNLQJ� LQWR� DFFRXQW� WZR� ���� LQGLYLGXDO�
VFHQDULRV�

� 0RGHOLQJ�VFHQDULRV

6FHQDULR�,

2SHUDWLRQ� RI� H[LVWLQJ� URDGV�� �1XHYD�&RORQLD� � 3XHUWR�%DKtD�&RORPELD�'H�8UDEi�
(VWDWH���7KLV�VFHQDULR�KDV�D�VHFWLRQ�WKDW�FRPHV�IURP�WKH�QRUWK�ZHVWHUQ�SDUW�RI�WKH�
XUEDQ�DUHD�RI�1XHYD�&RORPELD��ERUGHULQJ�WKH�GLVWULFW��DQG�UHDFKLQJ�WKH�VLWH�ZKHUH�
WKH�3XHUWR�%DKtD�&RORPELD�'H�8UDEi�SURMHFW�ZLOO� EH� ORFDWHG��7KLV� URDG�SUHVHQWV�
VHYHUDO�ELIXUFDWLRQV� WRZDUGV�EDQDQD�SODQWDWLRQV�DQG�ZLQHULHV� WKDW�ZLOO�JHQHUDWH�D�

��� &2/20%,$��0,1,675<�2)�(19,5210(17��+286,1*�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ������$SULO�����
�������2S�&LW�
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UHGXFWLRQ�RI�WKH�YHKLFXODU�IORZ�DV�LW�DGYDQFHV�WRZDUGV�WKH�SURSHUW\��KRZHYHU��WKH\�
ZLOO�QRW�EH�FRQVLGHUHG�ZLWKLQ�WKH�PRGHOLQJ��

6FHQDULR�,,

3URMHFWHG�URDGV�RSHUDWLRQ���1XHYD�&RORQLD�� 3XHUWR�%DKtD�&RORPELD�'H�8UDEi���7KLV�
URDG�KDV D�VOLJKWO\�GLIIHUHQW�URXWH�WR�WKH�H[LVWLQJ�URDG��VFHQDULR�,���EXW�LQ�WKH�VDPH�
GLUHFWLRQ�WR�WKH�3XHUWR�$QWLRTXLD�SURMHFW�VLWH��6HH�)LJXUH�1R��������

)LJXUH�1R������� /RFDWLRQ�RI�VFHQDULRV�WR�EH�PRGHOHG
6RXUFH��6*6�&2/20%,$�6�$������

� ,GHQWLILFDWLRQ�RI�VRXQG�VRXUFHV

6FHQDULR�,
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7KH�YHKLFOH�IORZ�RI�WKH�VHFWLRQV�RI�WKLV�VFHQDULR�ZDV�H[WUDFWHG�IURP�YHKLFXODU�WUDIILF�
IURP�WKH��5LR�*UDQGH�� 1XHYD�&RORQLD��URDG�RI�WKH�7UDQVLW�6WXG\ �����%\�������WKHUH�
LV�D�WRWDO�RI�������YHKLFOHV���GD\��WUDYHOLQJ�WKURXJK�WKH�VHFWLRQ��5LR�*UDQGH�1XHYD�
&RORQLD���RI�ZKLFK�����DUH� OLJKW� YHKLFOHV�DQG������FRUUHVSRQG� WR�KHDY\�YHKLFOHV�
�EXVHV�DQG� WUXFNV��� WKLV� LV�HTXLYDOHQW� WR�����RI�KHDY\� YHKLFOHV�DQG�����RI� OLJKW�
YHKLFOHV��

7DEOH�1R������� 9HKLFOH�FDSDFLW\�EHWZHHQ�5tR�*UDQGH�� 1XHYD�&RORQLD

6RXUFH��7UDQVLW�6WXG\���������

7DEOH�1R�������

<($5�������/,*+7�������%86(6�������758&.6

��� 3,2�6$6�\�*5832�9,$/��%DVLF�DQG�GHWDLOHG�HQJLQHHULQJ��SURFXUHPHQW�DQG�VXSSO\�RI�PDWHULDOV��FRQVWUXFWLRQ��DVVHPEO\�
DQG�FRPPLVVLRQLQJ�RI�WKH�ZRUNV�UHTXLUHG�IRU�SKDVH���RI�WKH�3XHUWR�$QWLRTXLD�3RUW�7HUPLQDO�ORFDWHG�DW�WKH�PRXWK�RI�WKH�
/HyQ�5LYHU��LQ�WKH�*XOI�RI�8UDEi�� 7UDQVLW�6WXG\��'HSDUWPHQW�RI�$QWLRTXLD��&DOL������������S�

��� ,EtG
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5$7(����9��+

,Q�WKLV�VFHQDULR�������RI�DOO�YHKLFOHV�DUULYLQJ�IURP�5LR�*UDQGH�DUH�WDNHQ�DV�D�ZKROH��
RI�ZKLFK�����ZLOO�WDNH�WKH�URDG�WKDW�JRHV�WR�WKH�VRXWK�ZHVW�RI�WKH�XUEDQ�DUHD�DQG�
����WR�WKH�VRXWK�HDVW��7KH�UHPDLQLQJ�����ZLOO�FRQWLQXH�ZHVWZDUGV�IURP�WKH�XUEDQ�
DUHD�RI�1XHYD�&RORQLD�DQG�DSSUR[LPDWHO\�����NP�ZHVWZDUGV�D�QHZ�GLYLVLRQ�ZLOO�EH�
SUHVHQWHG�LQ�WKH�VHFWLRQ��RI�ZKLFK�����RI�WKH�YHKLFOH�IORZ�ZLOO�JR�VRXWK�DQG�ILQDOO\�
RQO\�����ZLOO�FRQWLQXH�WR�WKH�DUHD�RI�WKH�SURMHFW�VLWH�DV�VKRZQ�LQ�)LJXUH�1R��������

,W�VKRXOG�EH�QRWHG�WKDW�RQO\�WKH�URXWHV�WKDW�JR�GLUHFWO\�IURP�1XHYD�&RORQLD�WR�WKH�
SURSHUW\� ZHUH� FRQVLGHUHG� LQ� WKH� FDOFXODWLRQ� RI� WKH�PRGHOLQJ� �KLJKOLJKWHG� LQ� EOXH��
)LJXUH�1R����������

)LJXUH�1R������� 9HKLFXODU�ELIXUFDWLRQ�RQ�VFHQDULR�,
6RXUFH��6*6�&2/20%,$�6�$������
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6FHQDULR�,,

)RU� WKLV�VFHQDULR�� WKH�SURMHFWHG�URDG�WKDW�ZLOO�FRQQHFW� WKH�SURMHFW�RI�3XHUWR�%DKtD�
&RORPELD�'H�8UDEi�ZLWK�WKH�PXQLFLSDOLW\�RI�1XHYD�&RORQLD��ZKLFK�KDV�D�OHQJWK�RI�
�����NP��ZLOO�EH�PRGHOHG�

,Q�RUGHU� WR�VLPXODWH�DQ�DFRXVWLF�HQYLURQPHQW� WKDW�FDQ�EH�FRQVLGHUHG�DV�D�FULWLFDO�
VFHQDULR��DQG�WKDW�FDQ�EH�YHULILHG�LQ�WKH�PHGLXP�WHUP�WKURXJK�QRLVH�PHDVXUHPHQWV��
WKH�WUDIILF�LQIRUPDWLRQ�FRUUHVSRQGLQJ�WR�WKH�\HDU������LV�FKRVHQ��EHFDXVH�WKH�SURMHFW�
ZLOO EH�IXOO\�RSHUDWLRQDO�IRU�WKDW�\HDU�DQG�ZLOO�KDYH�D�FRQVLGHUDEO\�KLJK�WUDIILF�IORZ�

,Q� ������ DFFRUGLQJ� WR� WKH� WUDIILF� VWXG\�� WKH� SURMHFWHG� VHFWLRQ� KDV�D� WUDIILF� IORZ�RI�
������� YHKLFOHV� �� GD\�� ZKLFK� ZLOO� WUDYHO� IURP� 1XHYD� &RORQLD� WR� 3XHUWR� %DKtD�
&RORPELD�GH 8UDEi��������ZLOO�EH�OLJKW�YHKLFOHV�DQG�������ZLOO�FRUUHVSRQG�WR�KHDY\�
YHKLFOHV��EXVHV�DQG�WUXFNV���WKLV�LV�HTXLYDOHQW�WR�����RI�KHDY\�YHKLFOHV�DQG�����RI�
OLJKW�YHKLFOHV��VHH�7DEOH�1R���������

%\�������WKH�VHFWLRQ�SURMHFWHG�DFFRUGLQJ�WR�WKH�WUDIILF�VWXG\��� ZLOO�SUHVHQW�D�WUDIILF�
IORZ�RI��������YHKLFOHV���GD\��ZKLFK�ZLOO�WUDYHO�IURP�1XHYD�&RORQLD�WR�3XHUWR�%DKtD�
&RORPELD� GH� 8UDEi�� RI� ZKLFK� DSSUR[LPDWHO\� ���� FRUUHVSRQG� WR� KHDY\� YHKLFOHV�
�EXVHV�DQG�WUXFNV��DQG�WKH�UHPDLQLQJ�����WR� OLJKW�YHKLFOHV��VHH� WDEOH�)LJXUH�1R��
�����

��� ,EtG
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7DEOH�1R������� 3UHGLFWLRQ� RI� YHKLFXODU� IORZ� 1XHYD� &RORQLD� � 3XHUWR� %DKtD� &RORPELD� 'H�
8UDEi

6RXUFH��7UDQVLW�6WXG\���������

� 'DWD�WR�EH�LPSRUWHG�IRU�WKH�SUHGLFWLRQ�PRGHO

x :LQG� 5RVH�� 7KH� ZLQG� URVH� ZLWKLQ� &DGQD$� LV� VHW� ZLWK� LQIRUPDWLRQ� RQ� WKH�
������� VWDWLVWLFDO�GDWD��EHFDXVH�WKH�GLUHFWLRQ�RI�WKH�ZLQG�WHQGV�WR�FKDQJH�WKH�
ZD\�LQ�ZKLFK�WKH�VRXQG�LV�SURSDJDWHG�E\�DLU�

��� ,EtG
��� ,QVWLWXWR�GH�+LGURORJtD��0HWHRURORJtD�\�(VWXGLRV�$PELHQWDOHV�GH�&RORPELD�± ,'($0��%RJRWi�������
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)LJXUH�1R������� :LQG�5RVH
6RXUFH��6*6�&2/20%,$�6�$�������

x 5HODWLYH�KXPLGLW\�DYHUDJH������

x $YHUDJH�WHPSHUDWXUH�����&

x /HYHO�FXUYHV�DUH� LPSRUWHG� LQ�VKDSH�IRUPDW�DQG�DUH�D�UHOHYDQW� IDFWRU� LQ� WKH�
PRGHOLQJ�EHFDXVH�WKH�YDULDWLRQ�RI�WKHLU�OHYHOV�LQIOXHQFHV�WKH�GLVSHUVLRQ�DQG�
GLIIUDFWLRQ�RI�VRXQG�ZDYHV��SKHQRPHQD�WKDW�DUH�GHFLVLYH�LQ�WKH�FDOFXODWLRQ�RI�
VRXQG�OHYHOV�

:H�SURFHHG�WR�YHULI\�WKH�WRSRJUDSKLF�SURSHUWLHV�RI�WKH�VKDSHV�RI�WKH�FRQWRXU�OLQHV�
E\�PRGHOLQJ� LQ��'� WKURXJK�&DGQD$�� OLNHZLVH�� WKH�KRXVHV�VXUURXQGLQJ� WKH�SURMHFW�
DUHD�DUH� ORFDWHG�DQG�DVVLJQHG�D�FHUWDLQ�KHLJKW�� LQ�RUGHU�WR�VLPXODWH�WKH�HIIHFWV�RI�
VRXQG� VKLHOGLQJ� WKDW� LV� FUHDWHG� EHFDXVH� RI� WKH� IDFDGHV� RI� WKH� VDPH�� )LQDOO\�� D�
VDWHOOLWH�LPDJH�RI�WKH�DUHD�LV�LPSRUWHG�DV�D�WRRO�WR�UHFRJQL]H�WKH�VXUURXQGLQJV�DQG�
VHQVLWLYH�DUHDV�RI�WKH�SURMHFW�



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

x 7KH�LQIRUPDWLRQ�RQ�YHKLFXODU�WUDIILF�FDSDFLW\�DQG�SHUFHQWDJH�RI�KHDY\�YHKLFOHV�
RI� HDFK� VFHQDULR� LV� HQWHUHG� DFFRUGLQJ� WR� 7DEOH� 1R�� ������ DQG� 7DEOH� 1R��
�������ZKLFK�DUH�FRQVROLGDWHG�LQ�7DEOH�1R���������

x 7KH� IRXU� ���� UHFHLYHUV� LQ� ZKLFK� HQYLURQPHQWDO� QRLVH�PRQLWRULQJ�ZDV� GRQH�
ZHUH�FUHDWHG��LQ�RUGHU�WR�FRPSDUH�WKH�UHVXOWV�LQ�VXFK�SRLQWV�

7DEOH�1R������� &ODVVLILFDWLRQ�RI�VHFWLRQV��VFHQDULRV�,�DQG�,,�

6FHQDULR�
�\HDU�

'HVFULSWLRQ�
6HFWLRQ

&RXQW��4�
+HDY\�YHKLFOHV�

���

0D[LPXP�VSHHG
3:/�5HVXOW�

�/DZ
�
6HFWLR
Q�

OHQJWK7RWDO�
9HK�GD

\

9HKLFOH�WLPH /LJKW +HDY\ 'D\ 1LJKW

'D\ 1LJKW 'D\ 1LJKW �NP�K� �NP�K� �G%$� �G%$� �P�

,
������

1HZ�&RORQLD�
HQWUDQFH�������

RI�WUDIILF�
���� ���� ���� ���� ���� ��� ��� ���� ���� ���

,
������

6HFWLRQ�WR�WKH�
:HVW�RI�1HZ�
&RORQLD������
RI�WUDIILF�

��� ���� ���� ���� ���� ��� ��� ���� ���� ����

,
������

/DVW�VHFWLRQ�WR�
WKH�SURMHFW�VLWH�
�����RI�WUDIILF�

��� ��� ��� ���� ���� ��� ��� ���� ���� ����

,,
������

1XHYD�&RORQLD�
� 3XHUWR�
$QWLRTXLD

����� ����� ����� ���� ���� ��� ��� ���� ���� ����

6RXUFH��6*6�&2/20%,$�6�$������

� $QDO\VLV�RI�UHVXOWV

7KH�UHVXOWV�REWDLQHG�E\�WKH�&DGQD$�DFRXVWLF�SUHGLFWLRQ�PRGHO�DUH�UHIOHFWHG�LQ�QRLVH�
PDSV�WKDW�UHSUHVHQW�WKH�$�ZHLJKWHG�(TXLYDOHQW�&RQWLQXRXV�6RXQG�3UHVVXUH�/HYHO�
�/HT��$���ZLWKLQ�D�SUHYLRXVO\�FRQILJXUHG�JULG��ZLWK�UHFHLYHU�SRLQWV�VHSDUDWHG�E\���P�
IURP�HDFK�RWKHU��7KHVH�VRXQG�SUHVVXUH�OHYHOV�DUH�UHSUHVHQWHG�E\�FRORUV�WKDW�GLYLGH�
WKH�VDPH�LQ�UDQJHV�RI���DQG���G%��$��GHSHQGLQJ�RQ�WKH�IRUPDW� LQ�ZKLFK�WKH\�DUH�
H[SRVHG�

6FHQDULR�,

x )LJXUH�1R��������UHSUHVHQWV� WKH�SUHGLFWLRQ�RI�VRXQG�SUHVVXUH� OHYHOV�G%�
�$���ZLWKLQ�WKH�DUHD�RI�LQWHUHVW�RI�WKH�SRUW�WHUPLQDO�3XHUWR�%DKtD�&RORPELD�
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8UDEi��IRU�6FHQDULR�,,��JHQHUDWHG�E\�WKH�DFRXVWLF�SUHGLFWLRQ�VRIWZDUH�&DGQD$��
LQ��5DVWHU��FRORU�IRUPDW�DQG�WKDW�SURYLGHV�D�JHQHUDO�LGHD�RI�WKH�OHYHOV�FDXVHG�
E\�WKH�2SHUDWLRQ�DFWLYLWLHV��

x )LJXUH�1R��������LQFRUSRUDWHV�WKH�SUHGLFWLRQ�RI�6RXQG�3UHVVXUH�/HYHOV�G%�
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� &RPSDULVRQ� RI� VRXQG� SUHVVXUH� OHYHOV�PRGHOHG�ZLWK�PD[LPXP� OHYHOV�
DOORZHG�E\�FXUUHQW�UHJXODWLRQV

6RXQG� SUHVVXUH� OHYHOV� PRGHOHG� LQ� SRSXODWHG� DUHDV� YV�� 0D[LPXP� SHUPLVVLEOH�
VWDQGDUGV�RI�QRLVH�HPLVVLRQ�OHYHOV�H[SUHVVHG�LQ�G%��$���GHILQHG�LQ�5HVROXWLRQ�����
RI�����

7R� PDNH� WKH� FRPSDULVRQ� RI� VRXQG� SUHVVXUH� OHYHOV� LQ� WKH� FDGDVWUDO� EORFNV�� WKH�
PD[LPXP�DOORZHG�YDOXH� LV���G%� �$�� LQ� WKH�'D\� WLPH�DQG���G%� �$��DW�QLJKW� WLPH��
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WDNHQ�IROORZLQJ� WKH�VWLSXODWLRQV� LQ�SDUDJUDSK ��DQG���RI�DUWLFOH���RI� WKLV�VWDQGDUG��
FLWHG�EHORZ�

�QG�SDUDJUDSK� 0DMRU�URDGV��KLJKZD\V��DUWHULDO�URDGV��PDLQ�URDGV��LQ�JHQHUDO�WKH�
URDGV��DUH�VXEMHFW�WR�HQYLURQPHQWDO�QRLVH�PHDVXUHPHQW��EXW�QR�QRLVH�HPLVVLRQ�E\�
PRELOH�VRXUFHV�

�UG� SDUDJUDSK� 0DMRU� URDGV�� KLJKZD\V�� DUWHULDO� URDGV� DQG�PDLQ� URDGV�� LQ� XUEDQ�
DUHDV�RU�FORVH� WR� WRZQV�RU�KXPDQ�VHWWOHPHQWV��DUH�QRW�FRQVLGHUHG�DV�VXEVHFWRUV�
LPPHUVHG�LQ�RWKHU�DUHDV�RU�VXEVHFWRUV�´

0RUHRYHU��WKH�FRPSDULVRQ�LV�PDGH�LQ�WKH�IRXU�SRLQWV�FRUUHVSRQGLQJ�WR�WKH�PRQLWRULQJ�
RI� HQYLURQPHQWDO� QRLVH� ZLWKLQ� WKH� 'LVWULFW
V� WRZQ� FHQWHU� LQ� RUGHU� WR� FRPSDUH� WKH�
FDOFXODWLRQV�RI�WKH�PRGHO�ZLWK�WKH�LQ�VLWX�PHDVXUHPHQW��IRU�VFHQDULR�,��DQG�UHIHUHQFH�
WKH�ORQJ�WHUP�VFHQDULR�,��)RU�WKLV�FRPSDULVRQ��WKH�IROORZLQJ�YDOXHV�DUH�WDNHQ�DV�WKH�
PD[LPXP�YDOXH��GHILQHG�LQ�DUWLFOH����RI�5HVROXWLRQ������RI������

x 3RLQWV���DQG������G%��$��LQ�WKH�'D\�WLPH�SHULRG�DQG���G%��$��LQ�1RFWXUQDO�
KRXUV�� EHORQJLQJ� WR� �6HFWRU� '�� 5HVWULFWHG� ,QWHUPHGLDWH� 1RLVH�� $UHDV� ZLWK�
FRPPHUFLDO� SHUPLWWHG� XVHV�� VXFK� DV� VKRSSLQJ� FHQWHUV�� ZDUHKRXVHV��
SUHPLVHV� RU� FRPPHUFLDO� IDFLOLWLHV�� ZRUNVKRSV� RI� DXWRPRWLYH� DQG� LQGXVWULDO�
PHFKDQLFV��VSRUWV�DQG�UHFUHDWLRQDO�FHQWHUV��J\PV��UHVWDXUDQWV��EDUV��WDYHUQV��
QLJKWFOXEV��ELQJR�KDOOV��FDVLQRV�
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x 7KH�QRLVH�OHYHOV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�6FHQDULR�,��2SHUDWLRQ�RI�H[LVWLQJ�
URDGV���1XHYD�&RORQLD�3XHUWR�%DKLD�&RORPELD�'H�8UDEi�$UHD���H[FHHGV����G%�
�$��'LXUQDO��LQ�QLQH������RI�WKH�KXQGUHG�DQG�ILIW\�WZR��������UHFHLYHU�SRLQWV��EORFNV��
FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW�

x 7KH�DFWLYLWLHV�RI�6FHQDULR�,��2SHUDWLRQ�RI�H[LVWLQJ�URDGV���1XHYD�&RORQLD�3XHUWR�
%DKLD�&RORPELD�'H�8UDEi���GR�QRW�JHQHUDWH�VRXQG�SUHVVXUH�OHYHOV�WKDW��GXULQJ�
D�SURORQJHG�H[SRVXUH��FDQ�EH�KDUPIXO�WR�WKH�SRSXODWLRQ�IRU�D�KXQGUHG�DQG�IRUW\�
WKUHH� �� ����� RI� WKH� RQH� KXQGUHG� DQG� ILIW\�WZR� ������ UHFHLYLQJ� SRLQWV� �EORFNV��
FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW��LQ WKH�'D\WLPH�VFKHGXOH�

x 7KH�QRLVH�OHYHOV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI��6FHQDULR�,��2SHUDWLRQ�RI�H[LVWLQJ�
URDGV��� 1XHYD� &RORQLD� 3XHUWR� %DKLD� &RORPELD� 'H� 8UDEi� $UHD�� H[FHHGV� WKH�
QRFWXUQDO� ��� G%� �$��� LQ� IRXUWHHQ� ����� RI� WKH� RQH�KXQGUHG� DQG� ILIW\� WZR� �� �����
UHFHLYLQJ�SRLQWV��EORFNV��FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW�

x 7KH�DFWLYLWLHV�RI��6FHQDULR�,��2SHUDWLRQ�RI�H[LVWLQJ�URDGV���1XHYD�&RORQLD�3XHUWR�
%DKLD�&RORPELD�'H�8UDEi�$UHD���GR�QRW�JHQHUDWH�VRXQG�SUHVVXUH� OHYHOV� WKDW��
GXULQJ�D�SURORQJHG�H[SRVXUH��FDQ EH�KDUPIXO�WR�WKH�SRSXODWLRQ�IRU�RQH�KXQGUHG�
WKLUW\�HLJKW�������RI�WKH�RQH�KXQGUHG�DQG�ILIW\�WZR�������UHFHLYLQJ�SRLQWV��EORFNV��
FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW��LQ�WKH�1RFWXUQDO�VFKHGXOH�

x 7KH�QRLVH�OHYHOV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI��6FHQDULR�,,��2SHUDWLRQ�RI�SURMHFWHG�
URDGV���1HZ�&RORQLD� 3XHUWR�%DKtD�&RORPELD� GH�8UDEi� ��� GR� QRW� H[FHHG� WKH�
GLXUQDO����G%��$��LQ�DQ\�RI�WKH�RQH�KXQGUHG�DQG�ILIW\�WZR�������UHFHLYLQJ�SRLQWV�
�EORFNV��FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW�

x 7KH�QRLVH�OHYHOV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI��6FHQDULR�,,��2SHUDWLRQ�RI�SURMHFWHG�
URDGV���1HZ�&RORQLD�� 3XHUWR�%DKtD�&RORPELD�'H�8UDEi����H[FHHG�WKH�QRFWXUQDO�
���G%��$��� LQ�VL[� �����RI� WKH�RQH�KXQGUHG�DQG�ILIW\� WZR� ������� UHFHLYLQJ�SRLQWV�
�EORFNV��FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW�

x 7KH�DFWLYLWLHV�RI��6FHQDULR�,,��2SHUDWLRQ�RI�SURMHFWHG�URDGV���1HZ�&RORQLD�� 3XHUWR�
%DKtD�&RORPELD�GH�8UDEi����GR�QRW�JHQHUDWH�OHYHOV�RI�VRXQG�SUHVVXUH�WKDW��GXULQJ�
D�SURORQJHG�H[SRVXUH��FRXOG�EHFRPH�KDUPIXO�WR�WKH�SRSXODWLRQ�IRU�RQH�KXQGUHG�
DQG IRUW\�VL[�������RI�WKH�RQH�KXQGUHG�DQG�ILIW\�WZR�������UHFHLYLQJ�SRLQWV��EORFNV��
FDOFXODWHG�ZLWKLQ�WKH�DUHD�RI�LQWHUHVW��LQ�WKH�1RFWXUQDO�VFKHGXOH�



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

x ,Q�WKH�FDVH�RI�DOO�WKH�UHFHLYHUV��EORFNV��RI�7DEOH�1R��������WKDW�DUH�LQ�\HOORZ�FRORU�
ZLWKLQ� WKH� FROXPQV� FDOOHG� �([FHVV� 9DOXH��� DOWKRXJK� WKH\� GR� QRW� H[FHHG� WKH�
PD[LPXP� SHUPLVVLEOH� OHYHOV�� LW� LV� UHFRPPHQGHG� WR� FRQGXFW� QRLVH�PRQLWRULQJ�
RQFH�WKH�FRUUHVSRQGLQJ�VHFWLRQV�EHFRPH�RSHUDWLRQDO��LQ�RUGHU�WR�FRUURERUDWH�WKH�
UHVXOWV� SUHVHQWHG� LQ� WKLV� UHSRUW� DQG� PHHW� WKH� LGHDO� FRQGLWLRQV� RI� (TXLYDOHQW�
&RQWLQXRXV�6RXQG�3UHVVXUH�/HYHO��/HT���7KLV�LV�GXH�WR�WKH����G%�RI�XQFHUWDLQW\�
RI� GLIIHUHQW� PRGHO� YDULDEOHV� �3:/�� FOLPDWLF� FRQGLWLRQV�� OHYHO� FXUYHV�� DPRQJ�
RWKHUV����

x )RU�6FHQDULR�,��WKH�KRXVHV�WKDW�DUH�PRVW�DIIHFWHG�DUH�WKRVH�WKDW�IDFH�WKH�URDGV�
LQ�WKH�VRXWKHUQ�SDUW�RI�WKH�XUEDQ�DUHD��ZLWK�VRXQG�SUHVVXUH�OHYHOV�RI�XS�WR����G%�
�$���

x $W�D�JHQHUDO�OHYHO��WKH�KRXVHV�WKDW�DUH�PRVW�DIIHFWHG�E\�WKH�RSHUDWLRQ�DFWLYLWLHV�
RI�WKH�URDG�SURMHFWHG�IURP�1XHYD�&RORQLD�WR�3XHUWR�%DKtD�&RORPELD 'H�8UDEi�
�6FHQDULR�,,���DUH�WKRVH�WKDW�IDFH�WKH�FXUYDWXUH�H[LVWLQJ�DW�WKH�EHJLQQLQJ�RI�WKH�
VHFWLRQ�WKDW�WDNHV�D�1RUWK�ZHVWHUQ�GLUHFWLRQ�ZLWK�PD[LPXP�OHYHOV�RI����G%��$��

x %HFDXVH� WKH� SUHGLFWLRQV� RI� YHKLFXODU� IORZ� LQ� WKH� 7UDIILF� 6WXG\� DUH� QRW�
GLVFULPLQDWHG E\�GD\�DQG�QLJKW�VKLIWV��WKH�IORZV�LQ�WHUPV�RI�YHK���K�DUH�DVVXPHG�
WR�EH�HTXDO�ZLWKLQ�WKH�FDOFXODWLRQ��,Q�UHDOLW\��LW�LV�KLJKO\�SRVVLEOH�WKDW�WKH�JUHDWHVW�
YHKLFXODU�DFWLYLW\�LV�SUHVHQW�LQ�WKH�GD\WLPH�KRXUV��ZKLFK�ZRXOG�FRQVLGHUDEO\�DIIHFW�
WKH�UHVXOW��HVSHFLDOO\�DW�QLJKW��JHQHUDWLQJ�D�PXFK�ORZHU�OHYHO�LQ�VXFK�VFHQDULR�

x 7KH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�UHVXOWV�REWDLQHG�IURP�WKH�DPELHQW�QRLVH�
RI� WKH� IRXU� ���� PRQLWRULQJ� SRLQWV� DQG� WKH� SRLQWV� FDOFXODWHG� E\� WKH� PRGHO� IRU�
6FHQDULR�,��LQGLFDWH�WKDW�WKHUH�DUH�GLIIHUHQW�DFWLYLWLHV�WR�WKRVH�WDNHQ�LQWR�DFFRXQW�
IRU� WKH� PRGHOLQJ� �RQO\� YHKLFOH� IORZ��� VR� LW� LV� QRW� FRUUHFW� WR� PDNH� VXFK� D�
FRPSDULVRQ�

x )URP�WKH�FRPSDULVRQ�RI�WKH�VRXQG�SUHVVXUH�OHYHOV�LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�
HQHUJ\� FRQWULEXWLRQ� LQ� 6FHQDULR� ,,� ZLOO QRW� EH� FRQVLGHUDEOH� VLQFH� WKH� QRLVH�
PHDVXUHG�LQ�SRLQWV������DQG���H[FHHGV�WKH�OHYHOV�FDOFXODWHG�IRU�WKH�VDPH�SRLQWV�
E\�PHDQV�RI�WKH�DFRXVWLF�PRGHOLQJ��DQG�WKDW�LI�VDLG�PHDVXUHPHQWV�ZHUH�WDNHQ�
DV�D�EDVHOLQH��ZKHQ�SHUIRUPLQJ�D� ORJDULWKPLF�VXP�RI�GHFLEHOV�� WKH� WRWDO�ZRXOG�
UHPDLQ�HTXDO�WR�WKH�PHDVXUHG�OHYHOV��VR�WKDW�WKH�QRLVH�SURGXFHG�E\�WKH�RSHUDWLRQ�
DFWLYLWLHV�RI�WKH�SURMHFWHG�URDGV�GRHV�QRW�LQIOXHQFH�WKRVH�SRLQWV�
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x 7KH� WRSRJUDSKLF� FKDUDFWHULVWLFV� RI� WKH� DUHD� LQ� JHQHUDO� GR� QRW� LQIOXHQFH� WKH�
EHKDYLRU�RI�WKH�SURSDJDWLRQ�RI�VRXQG�ZDYHV��DV�LW�LV�D�IODW�DUHD�DQG�WKHUH�DUH�QR�
JUHDWHU�GLIIHUHQFHV�RI�HOHYDWLRQV�LQ�WKH�HYDOXDWHG�VHFWRUV�

,W�LV�HVVHQWLDO�WR�QRWH�WKDW�WKH�YDOXHV�RI�6RXQG�3UHVVXUH�/HYHO�WKURZQ�E\�WKH�PRGHO�
FRUUHVSRQG�WR�QRLVH�OHYHOV�RQO\�DVVRFLDWHG�ZLWK�WKH�DFWLYLWLHV�ZLWKLQ�WKH�3XHUWR�%DKtD�
&RORPELD� 'H� 8UDEi� 3RUW� 7HUPLQDO�� 7KLV� LQGLFDWHV� WKDW� WKH� DFRXVWLF� UHDOLW\� RI�
SRSXODWHG� DUHDV� FDQ� KDYH� PXFK� KLJKHU� QRLVH� OHYHOV�� GXH� WR� WKH� DFWLYLWLHV� RI� LWV�
LQKDELWDQWV�DQG�DPELHQW�QRLVH��
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� :DYH:DWFK,,,70 02'(/

)RU�WKH�ZDYH�DFWLRQ�VWXG\�RQ�WKH�VWXG\�DUHD�LW�ZDV�QHFHVVDU\�WR�DQDO\]H�WKH�PDULWLPH�
FOLPDWH�EDVHG�RQ�WKH�UHVXOWV�RI�ODUJH�VFDOH�SK\VLFDO�PDWKHPDWLFDO�PRGHOV��EHFDXVH�
WKHUH�LV�QR�LQVWUXPHQWDO�EXR\�LQ�WKH�YLFLQLW\�RI�WKH�VWXG\�DUHD��,W�LV�FOHDU�WKDW�WKH�GDWD�
IURP�WKH�%DUUDQTXLOOD�EXR\�LV�QRW�VXIILFLHQW�IRU�DQ�DGHTXDWH�DQDO\VLV�RI�WKH�PDULWLPH�
FOLPDWH�LQ�WKH�VWXG\�DUHD��GXH�WR�LWV�VKRUW�UHFRUG�OHQJWK��EXW� LW� LV�LPSRUWDQW�WR�QRWH�
WKDW�LW�DOORZV�FDOLEUDWLQJ�WKH�QXPHULFDO�PRGHOV�WKDW�DUH�DYDLODEOH�

7KH�:DYH:DWFK,,,70 PRGHO�LV�D�WKLUG�JHQHUDWLRQ�VSHFWUDO�ZDYH�PRGHO�WKDW�LQFOXGHV�
LQWHUDFWLRQV�EHWZHHQ�WKH�DWPRVSKHUH�DQG�WKH�ZDYH�ILHOGV��WKH�PRGHO�VKRZV�H[FHOOHQW�
UHVXOWV�ZLWK�W\SLFDO�PHDQ�VTXDUH�HUURUV�RI�����ZLWK�UHVSHFW�WR�WKH�KHLJKW�RI�REVHUYHG�
ZDYHV�� SDUWLFXODUO\� LQ� WURSLFDO� UHJLRQV�� SUHVHQWLQJ� SRRU� DSSUR[LPDWLRQV� LQ� KLJK�
ODWLWXGHV� UHJLRQV�� 7KH� PRGHO� VROYHV� WKH� VSHFWUDO� GHQVLW\� HTXDWLRQ� ZLWK� DYHUDJH�
SURSHUWLHV�VXFK�DV�ZDWHU�GHSWK�DQG�FXUUHQWV��FRQVLGHULQJ�WKDW�WKH�ZDYH�ILHOG�YDULHV�
LQ� WLPH�DQG VSDFH�PXFK�PRUH� WKDQ�D�VLPSOH�ZDYH��7KH�PRGHO�FDQ�EH�DSSOLHG�DW�
VSDWLDO�VFDOHV�IURP���WR����NP�DQG�RXWVLGH�WKH�ZDYH�EUHDNHU�]RQH��7KH�HTXDWLRQ�WKDW�
JRYHUQV� WKH�PRGHO� LQFOXGHV� WKH� UHIUDFWLRQ� DQG� GLIIUDFWLRQ� RI� WKH� ZDYH� ILHOG�� ZLWK�
VSDWLDO� DQG� WHPSRUDO� YDULDWLRQV� RI� WKH� PHDQ� GHSWK� RI� ZDWHU� DQG� FXUUHQWV� ZKHQ�
DSSOLHG��3K\VLFDO�SURFHVVHV�FRQVLGHU�WKH�JURZWK�DQG�GHFUHDVH�RI�WKH�ZDYH�E\�ZLQG�
DFWLRQ��:DYH�SURSDJDWLRQ� LV�FRQVLGHUHG�WR�KDYH�D� OLQHDU�EHKDYLRU��ZLWK�QRQ�OLQHDU�
HIIHFWV�VXFK�DV�WKRVH�DOUHDG\�PHQWLRQHG��7KH�SURJUDP�SURMHFWV�ZDYH�UHVXOWV�VXFK�
DV� VLJQLILFDQW� ZDYH� KHLJKW� �+V��� GLUHFWLRQ� �ș��� IUHTXHQFLHV�� DQG� VSHFWUD�� DPRQJ�
RWKHUV�

7KLV�LV�KRZ�WKH�:DYH:DWFK,,,70 PRGHO�GDWD�ZDV�XVHG��7KH�PRGHO�LQLWLDOO\�XVHG�GDWD�
IURP�WKH�3DFLILF�&OLPDWH�$QDO\VLV�SURJUDP��ZKLFK�SUHGLFWHG�ZDYH�GDWD�XVLQJ�ZLQG�
LQIRUPDWLRQ�IURP�WKH�1&(3���1&$5��.DOQD\�HW�DO����������ZLWK�GDWD�HYHU\���KRXUV�DW�
���P��KHLJKW��ZKHUH� WKH�ZLQG�ZDV�XVHG�DV� WKH�PDLQ� IRUFLQJ��7KH�SUHGLFWHG�ZDYH�
VHULHV�ZDV�FDOLEUDWHG�ZLWK�LQIRUPDWLRQ�IURP�12$$
V�RFHDQRJUDSKLF�EXR\V��1DWLRQDO�
'DWD�%XR\�&HQWHU��1'%&���7KH�UHVXOWV�SUHVHQWHG�JRRG�DGMXVWPHQWV��HVSHFLDOO\�LQ�
LQWHU�DQQXDO� YDULDELOLW\� HYHQWV�� ZKLFK� GHPRQVWUDWHG� WKH� UREXVWQHVV� RI� WKH�PRGHO�
�*UDKDP�DQG�'tD]��������
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)LJXUH�1R������� /RFDWLRQ�RI�WKH�12$$�EXR\V��ZLWK�ZKRVH�GDWD�WKH�PRGHO�ZDV�FDOLEUDWHG�
6RXUFH��:DYH:DWFK,,,70��7DNHQ�IURP�&DLUHV�HW�DO��������

7KH�DYDLODEOH�GDWD�RI�WKH�PRGHO�LV�VSDWLDOO\�GLVWULEXWHG�RYHU�WKH�&RORPELDQ�&DULEEHDQ�
RQ� D� ����� �� [����� �� PHVK� �VHH� )LJXUH� 1R�� �������� WKH� ::B%DUUDQTXLOOD� SRLQW�
FRUUHVSRQG�WR�WKH�:DYH:DWFK,,,70 VHULHV�WKDW�ZDV�XVHG�WR�FDOLEUDWH�WKH�GDWD�RI�WKH�
PRGHO� ZLWK� WKH� GDWD� IURP� WKH� %DUUDQTXLOOD� EXR\�� WKH� VHULHV� ORFDWHG� DW� SRLQW�
::B*2/)2� LV� WKH� VHULHV� XVHG� WR� REWDLQ� WKH�PHDQ� UHJLPH� DW� LQGHILQLWH� GHSWKV�
ZKRVH�WHPSRUDO�UHVROXWLRQ�LV�RQH�KRXU�DQG�UHFRUGHG�YDULDEOHV�VXFK�DV�+V��7S�DQG�T
EHWZHHQ�WKH�\HDUV������DQG�������
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)LJXUH�1R������� 6LWHV�ZLWK�LQIRUPDWLRQ�UHODWHG�WR�ZDYHV�IURP�WKH�:DYH:DWFK,,,70 SURMHFW��
7KH�SRLQW�::B%DUUDQTXLOOD�FRUUHVSRQG�WR�WKH�VHULHV�RI�:DYH:DWFK,,,70 WKDW�ZDV�XVHG�WR�FDOLEUDWH�
WKH�GDWD�RI�WKH�PRGHO�ZLWK�WKH�GDWD�RI�WKH�%DUUDQTXLOOD�EXR\�DQG�WKH�SRLQW�::B*2/)2�LV�WKH�VHULHV�

XVHG�WR�REWDLQ�WKH�DYHUDJH�UHJLPH�LQ�LQGHILQLWH�GHSWKV�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

� :DYH�&DOLEUDWLRQ

,Q�RUGHU�WR�FDOLEUDWH�WKH�:DYH:DWFK,,,70 PRGHO�GDWD�VKRZQ�LQ�)LJXUH��������WKH�GDWD�
IURP� WKH� %DUUDQTXLOOD� EXR\� ZDV� XVHG�� 7KH� FDOLEUDWLRQ� SURFHGXUH� RI� WKH� VHULHV�
FRQVLVWHG�RI�WKH�IROORZLQJ�����:H�VHDUFKHG�IRU�RQH�RI�WKH�YLUWXDO�EXR\V�REWDLQHG�ZLWK�
WKH�:DYH:DWFK,,,70 PRGHO�QHDU�WKH�ORFDWLRQ�RI�WKH EXR\V��LQ�WKLV�FDVH�ZH�ZRUNHG�
ZLWK�WKH�GDWD�RI�WKH�YLUWXDO�EXR\�ORFDWHG�DW��������
����1��������
����:�����2QFH�WKH�
PRGHO�GDWD�DQG�EXR\�GDWD�LV�DYDLODEOH��DOO�WKH�GDWD�FRUUHVSRQGLQJ�WR�WKH�VDPH�GDWH�
LQ� WKH� WZR�VHULHV� LV�VHDUFKHG�����:LWK� WKH�GDWD�SDLUV�D� OLQHDU� UHJUHVVLRQ� LV�PDGH�
EHWZHHQ�WKH�PRGHO�GDWD�DQG�EXR\�GDWD��ERWK�ZLWK�WKH�VDPH�SUREDELOLW\�OHYHO�RI�QRQ�
H[FHHGDQFH��LQ�RUGHU�WR�REWDLQ�WKH�FDOLEUDWLRQ�SDUDPHWHUV�RI�WKH�ZDYH�VHULHV�IRU�WKH�
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VLJQLILFDQW�ZDYH�KHLJKW�DQG����7KH�FDOLEUDWLRQ�SDUDPHWHUV�DUH�DSSOLHG�WR�WKH�VHULHV�
RI�:DYH:DWFK,,,70 LQ�WKH�*XOI�RI�8UDEi�

)LJXUH� 1R�� ������ FRPSDUHV� WKH� :DYH:DWFK,,,70 GDWD� ZLWK� WKH� GDWD� IURP� WKH�
%DUUDQTXLOOD�EXR\�

)LJXUH�1R������� :DYH:DWFK�,970�PRGHO�GDWD�DQG�GDWD�IURP�WKH�%DUUDQTXLOOD�EXR\�IRU�WKH�
EXR\
V�UHJLVWUDWLRQ�SHULRG��0DUFK����������WR�'HFHPEHU�����������

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

,Q�WKH�SUHYLRXV�ILJXUH�ZH�FDQ�VHH�KRZ�WKH�GDWD�RI�WKH�PRGHO�IROORZ�WKH�WUHQG�RI�WKH�
GDWD�RI� WKH�EXR\��EXW� LW� LV�DOVR�VHHQ�WKDW� WKH�GDWD�RI� WKH�PRGHO�XQGHUHVWLPDWH�WKH�
VLJQLILFDQW�ZDYH�KHLJKW�GDWD��LW
V�IRU�WKLV�UHDVRQ�WKDW�WKH�GDWD�RI�WKH�PRGHO�KDYH�WR�EH�
FDOLEUDWHG�ZLWK�LQVWUXPHQWDO�GDWD�
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:DYH:DWFK,,,70 PRGHO�

)LJXUH�1R������� :DYH:DWFK,,,70 PRGHO�GDWD��UHG��DQG�GDWD�IURP�WKH�%DUUDQTXLOOD�EXR\�
�EOXH��IRU�WKH�EXR\
V�UHJLVWUDWLRQ�SHULRG�EHWZHHQ�0DUFK����������DQG 'HFHPEHU���������

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7KH� FRPSDULVRQ� RI� :DYH:DWFK,,,70 PRGHO
V� SHULRGV� DQG� WKH� SHULRGV� RI� WKH�
%DUUDQTXLOOD�EXR\�VKRZ�WKDW�WKH�PRGHO�LV�IROORZLQJ�YHU\�ZHOO�WKH�PDJQLWXGH�DQG�WKH�
WUHQG�RI�WKH�EXR\�VHULHV��VKRZLQJ�WKH�WZR�W\SHV�RI�ZDYHV��VHD�DQG�VZHOO��RI�WKH�VDPH�
PDJQLWXGH�WKDW�RFFXU�LQ�WKH�VWXG\�DUHD��WKHUHIRUH�LW�LV�QRW�QHFHVVDU\�WR�FRUUHFW�WKH�
SHULRG�GDWD�RI�WKH�PRGHO�

� 0HGLXP�VZHOO�LQ�LQGHILQLWH�GHSWKV

$IWHU�DSSO\LQJ�WKH�PHWKRGRORJ\�GHVFULEHG�DERYH��WKH�FRHIILFLHQWV�ZHUH�DSSOLHG�WR�WKH�
VHULHV�RI�WKH�PRGHO�ORFDWHG�DW�WKH�FRRUGLQDWHV������
���1�������
���:� %HORZ�DUH�WKH�
PRVW�UHSUHVHQWDWLYH�JUDSKV�RI�WKH�VZHOO
V�WLPH�VHULHV�
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)LJXUH�1R������� &RUUHFWHG�GDWD�VHULHV�IRU�+V��DW������
����1�������
����:
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WKDW�WKH�SHDNV�RI�WKH�ZDYHV�DSSHDU�LQ�WKH�ILUVW�PRQWKV�RI�WKH�\HDU��ZKHUH�\RX�FDQ�
VHH�ZDYHV�ZLWK�D�PDJQLWXGH�WKDW�H[FHHGV�����P�LQ�KHLJKW��DQG�FDQ�HYHQ�UHDFK�PRUH�
WKDQ� ����P� LQ� KHLJKW�� DQG� LQ� WKH�PRQWKV� RI� -XQH� DQG� -XO\�� SHULRG� IRU� ZKLFK� WKH�
VXPPHU�RI�6DQ�-XDQ�LV�SUHVHQWHG�LQ�WKH�&DULEEHDQ�UHJLRQ��\RX�FDQ�VHH�ZDYH�KHLJKWV�
WKDW�H[FHHG�����P�LQ�KHLJKW��,Q�WKH�PRQWKV�RI�2FWREHU�DQG�1RYHPEHU�WKH�PLQLPXP�
ZDYH�KHLJKW�YDOXHV�LQ�WKH�UHJLRQ�DUH�SUHVHQWHG�

7KH�ZDYHV�UHFRUGHG�LQ�WKH�YLUWXDO�EXR\�ORFDWHG�DW�WKH�JHRJUDSKLF�FRRUGLQDWHV������
��
�1��������
���:�SUHVHQW�D�OHQJWK�RI�UHFRUG�RI����\HDUV�EHJLQQLQJ�$XJXVW������DQG�
HQGLQJ� RQ� -DQXDU\� ���� ������ VDLG� VHULHV� LV� FRQWLQXRXV� LQ� WLPH�ZLWK� D� WHPSRUDU\�
UHVROXWLRQ�RI�WKUHH�KRXUV�

5HJDUGLQJ�WKH�SHULRGV�ZH�FDQ�VHH�WKDW� WKH�YDVW�PDMRULW\�DUH�FOXVWHUHG�EHWZHHQ���
DQG����VHFRQGV��FKDUDFWHULVWLF�YDOXHV�WKURXJKRXW�WKH�&DULEEHDQ�EDVLQ�
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)LJXUH�1R������� )UHTXHQF\�KLVWRJUDP�IRU�+V�:DYH:DWFK,,,70�������
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6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH�1R��������2FFXUUHQFH�IUHTXHQF\����

7KH�ZDYH�KHLJKW�YDOXHV�SUHVHQWHG�LQ�WKH�VHULHV�UDQJH�IURP�WKH�RUGHU�RI�FHQWLPHWHUV�
+VPLQ� �����P�WR�PD[LPXP�YDOXHV�WKDW�UHDFK�+VPD[� �����P��ZLWK�DQ�DYHUDJH�RI�
+VPHG� ������P��,Q�WKLV�JUDSK�LW�FDQ�EH�VHHQ�WKDW�WKH�ZDYH�KHLJKW�YDOXHV�KDYH�D�
VNHZHG�GLVWULEXWLRQ�WR�WKH�OHIW�
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)LJXUH�1R��������2FFXUUHQFH�IUHTXHQF\����

)RU�WKH�SHDN�SHULRGV�LW�LV�VHHQ�KRZ�WKH�YDOXHV�DUH�FRQFHQWUDWHG�EHWZHHQ���DQG�����
,W�FDQ�EH�VHHQ�WKDW�YHU\�LQIUHTXHQWO\�WKH\�SUHVHQW�SHULRGV�JUHDWHU�WKDQ����VHFRQGV�

7KH�ZDYH�URVH�LQGLFDWHV�WKH�GLUHFWLRQ�DQG�KHLJKW�RI�WKH�ZDYHV�LQ�GHHS�ZDWHUV�LQ�D�
ZLGH�DUHD�LQ�IURQW�RI�WKH�VWXG\�DUHD��7KH�PRVW�IUHTXHQW�ZDYHV�FRPH�IURP�WKH�11(�
ZLWK�D�SUREDELOLW\�RI�RFFXUUHQFH�FORVH�WR�����DQG�WKH�1(�ZLWK�D�SHUFHQWDJH�RI������
7KHVH�WZR�GLUHFWLRQV�UHSUHVHQW�����RI�WKH�ZDYHV�WKDW�RFFXU�LQ�LQGHILQLWH�GHSWKV��IRU�
WKH�VWXG\�DUHD�



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

)LJXUH�1R������� :DYH�URVH�
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7DEOH�1R������� 9DOXHV�RI�FRHIILFLHQWV�D�DQG�E�LQ�WKH�UHJUHVVLRQ�D��[�A�E�IRU�PHDQ�YDOXHV�RI�
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7KH�EDVLF�VWDWLVWLFV�RI�WKH�YLUWXDO�EXR\
V�ZDYH�VHULHV�DUH�SUHVHQWHG�LQ�7DEOH�1R��������
ZKHUH�LW�LV�LPSRUWDQW�WR�QRWH�WKDW�IRU�WKH�1(��(1(�GLUHFWLRQV��WKH�PRVW�IUHTXHQW�ZDYH�
KHLJKWV�DUH�SUHVHQWHG��ZLWK�D�MRLQW�SHUFHQWDJH�RI������
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� :DYH��ORFDO�ZDYHV�E\�ZLQG� 7XUER�VWDWLRQ�ZLQGV

%HFDXVH�LQ�WKH�*XOI�RI�8UDEi�WKH�EDFNJURXQG�VZHOO�FDQ�EH�DIIHFWHG�ZKHQ�LW�HQWHUV�
WKLV�� DQG� LWV� PDJQLWXGH� FDQ� EH� GUDVWLFDOO\� UHGXFHG� E\� UHIUDFWLYH� DQG� GLIIUDFWLRQ�
HIIHFWV��LW�ZDV�FRQVLGHUHG�WR�PRGHO�VHSDUDWH�WKH�HIIHFW�RI�WKH�ZLQG�RU�ORFDO�VZHOO�WR�
WKH�LQWHULRU�IURP�WKH�*XOI�RI�8UDEi��7KH�ZLQG�RU�ORFDO�VZHOO�LQ�JHRJUDSKLHV�VXFK�DV�
WKH�*XOI�RI�8UDEi�DQG�%DKtD�&RORPELD��PD\�KDYH�PRUH�UHOHYDQFH�LQ�WKH�EDFNJURXQG�
VZHOO�� (YHU\WKLQJ� ZLOO� GHSHQG� RQ� WKH� FRQILJXUDWLRQ� RI� WKH� JXOI� DQG� WKH� OHQJWK� RI�
GHYHORSPHQW��RU�)(7&+��

7R�IHHG�D�PRGHO�WKDW�FRQYHUWV�WKH�ZLQG�LQWR�VZHOO��WKH�GDWD�UHFRUGHG�E\�WKH�7XUER�
VWDWLRQ�� SURSHUW\� RI� WKH� ,QWHUQDWLRQDO� 6WDWLRQ� 0HWHRURORJLFDO� &OLPDWH� 6XPPDU\�
�,60&6���ZKLFK�ZDV� ORFDWHG� LQ� WKH�3XQWD�/DV�9DFDV�VHFWRU� LQ� WKH�0XQLFLSDOLW\�RI�
7XUER��$QWLRTXLD��ZDV�XVHG����DQG�KDV�UHFRUGV�EHWZHHQ�-DQXDU\������DQG�0D\�������
7KH�LQIRUPDWLRQ�DYDLODEOH�IURP�WKLV�VWDWLRQ�LV�QRW�WKH�WLPH�VHULHV�RI�ZLQG�PDJQLWXGH�
DQG�GLUHFWLRQ�EXW�WKH�ZLQG�RFFXUUHQFH�SUREDELOLW\�VWDWLVWLFV�GXULQJ�WKH�HQWLUH�UHFRUGLQJ�
SHULRG�E\� LQWHUYDOV�RI�PDJQLWXGH�IRU� WKH����PDLQ�GLUHFWLRQV��7DEOH�1R���������7KH�
ZLQG�DQG�ZDYH�GLUHFWLRQV�LQGLFDWH�ZKHUH�LW�FRPHV�IURP�

7DEOH�1R������� 7XUER�VWDWLRQ�LQIRUPDWLRQ�RI�ZLQG�RFFXUUHQFH SUREDELOLW\�
6SHHG�LQWHUYDOV��ZLQG�
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)LJXUH�1R��������VKRZV� WKH�PXOWL�\HDU�DYHUDJH�ZLQGV� LQ�GLUHFWLRQ� DQG� IUHTXHQF\�
DFFRUGLQJ�WR�WKH�VSHHG�LQ�P���V�RI�WKH�7XUER�VWDWLRQ�EHWZHHQ�-DQXDU\������DQG�0D\�
������7KH�ILJXUH�VKRZV�WKH�GLUHFWLRQ�IURP�ZKHUH�WKH�ZLQGV�UHDFK�WKH�SRLQW�ZKHUH�
WKH�PHDVXULQJ�VWDWLRQ�LV�DW�

-DQXDU\ )HEUXDU\

0DUFK $SULO
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6HSWHPEHU 2FWREHU

_
1RYHPEHU 'HFHPEHU
)LJXUH�1R������� $QQXDO�ZLQG�F\FOH�DW�WKH�7XUER�VWDWLRQ�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)URP�WKH�SUHYLRXV�ILJXUH�LW�FDQ�EH�VHHQ�WKDW�IRU�WKH�PRQWKV�RI�-DQXDU\��)HEUXDU\��
0DUFK� DQG� $SULO�� WKH� SHUVLVWHQW� ZLQGV� DUH� WKRVH� WKDW� FRPH� IURP� WKH� QRUWK�� ZLWK�
PDJQLWXGHV�WKDW�FDQ�UHDFK���P���V��,Q�WKH�PRQWK�RI�0D\��D�WUDQVLWLRQ�RI�WKH�ZLQGV�
FDQ�EH�VHHQ��EHFRPLQJ� WKH�ZLQGV WKDW� FRPH� IURP� WKH�VRXWK� WKH�PRVW�SHUVLVWHQW��
ZKLFK� H[WHQG� XQWLO� 1RYHPEHU�� ,Q� 'HFHPEHU� WKH� QRUWK� ZLQGV� DUH� DJDLQ� PRUH�
SHUVLVWHQW�LQ�WKH�DUHD�
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� 6ZHOO�PHDVXUHPHQW�FDPSDLJQ�

$GGLWLRQDOO\�� GXH� WR� WKH� DEVHQFH� RI� VZHOO� UHFRUGV�ZLWKLQ� WKH� ED\�� WKH� FDPSDLJQV�
FDUULHG� RXW� EHWZHHQ� )HEUXDU\� DQG�0DUFK� ����� RI� WKH�0RUSK� '\QDPLF�0RGHOLQJ�
6WXG\�RI�2XWIORZV�DW�WKH�,QWUD�$QQXDO�6FDOH�RI�WKH�1DWLRQDO�8QLYHUVLW\�ZHUH�WDNHQ�DV�
D�UHIHUHQFH������

)LJXUH�1R���������/RFDWLRQ�RI�PHDVXULQJ�VWDWLRQV�
6RXUFH��$OYDUH]�����������

7KH� PHDVXUHG� VZHOO� GDWD� FKDUDFWHUL]DWLRQ� KDV� EHHQ� GHWHUPLQHG� E\� QRUPDO�
GLVWULEXWLRQ��WKXV�REWDLQLQJ�WKH�IROORZLQJ�YDOXHV�

+V�DYHUDJH� ������P�

7S�DYHUDJH� �����V

��� $OYDUH]�2���0RUSK�G\QDPLF�PRGHOLQJ�RI�RXWIORZV�DW�LQWUD�DQQXDO�VFDOH��1DWLRQDO�8QLYHUVLW\�RI�&RORPELD��+HDGTXDUWHUV�
0HGHOOLQ�������

��� $OYDUH]�2���0RUSKRG\QDPLF�PRGHOLQJ�RI�RXWIORZV�DW�LQWUD�DQQXDO�VFDOH��1DWLRQDO�8QLYHUVLW\�RI�&RORPELD��+HDGTXDUWHUV�
0HGHOOLQ�������
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ı +V� ������P

ı 7S� �����V

)LJXUH�1R���������6ZHOO�PHDVXUHPHQW�FDPSDLJQ� )HEUXDU\�DQG�0DUFK������
6RXUFH��3UHSDUHG�E\�$TXD�DQG�7HUUD�&RQVXOWRUHV�$VRFLDGRV�DQG�GDWD�WDNHQ�IURP�$OYDUH]�����������

� 6ZHOO�SURSDJDWLRQ

7KH�VZHOO�SURSDJDWLRQ�ZDV�FDUULHG RXW� LQ�RUGHU� WR�REWDLQ�D�FKDUDFWHUL]DWLRQ�RI� WKH�
VZHOO��VLJQLILFDQW�KHLJKW�DQG�GLUHFWLRQ���DORQJ�WKH�VWXG\�DUHD�DQG�LQ�JUHDWHU�GHWDLO�LQ�
WKH�YLFLQLW\�RI�WKH�SURSRVHG�ODQGILOO��VR�DV�WR�HVWDEOLVK�LWV�HIIHFW�LQ�WKH�OLWWRUDO�G\QDPLFV�
RI�WKH�VWXG\�DUHD��VHH�)LJXUH�1R���������

7KH�SURSDJDWLRQ�FDVHV�DOORZ�WR�REWDLQ�D�TXDOLWDWLYH�DQG�TXDQWLWDWLYH� LPDJH�RI� WKH�
SURSDJDWLRQ� SURFHVV� IURP� LQGHILQLWH� GHSWKV� WR� WKH� VWXG\� DUHD�� DOORZLQJ� WR� GHWHFW�

��� $OYDUH]� 2��� 0RUSKRG\QDPLF� PRGHOLQJ� RI� RXWIORZV� DW� LQWUD�DQQXDO� VFDOH�� 1DWLRQDO� 8QLYHUVLW\� RI� &RORPELD�� 0HGHOOLQ�
+HDGTXDUWHUV�������
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DUHDV�RI� VZHOO� FRQFHQWUDWLRQ�RU�GLVSHUVLRQ�� WR� NQRZ� WKH�DQJOH�RI� LQFLGHQFH� RI� WKH�
ZDYHV�DQG�LWV�KHLJKW��PDJQLWXGH��RQFH�LW�KDV�JRQH�WKURXJK�WKH�GLIIHUHQW�SURFHVVHV�
WKDW�WKH�VZHOO�VXIIHUV�ZKHQ�DSSURDFKLQJ�WKH�FRDVW��7KLV�ZRUN�LV�GLYLGHG�LQWR�IRXU�W\SHV�
RI�SURSDJDWLRQ�� WKH�ILUVW�DQG�WKH�VHFRQG��FRQVLVW�RI�GHWHUPLQLQJ�WKH�DYHUDJH�VZHOO�
UHJLPH��IURP�WKH�EDFNJURXQG�DQG�ORFDO�VZHOO�LQIRUPDWLRQ��LQ�WKH�VWXG\�]RQH�ZLWKRXW�
ZRUNV��ZLWK�WKLV�ZH�HVWDEOLVK�WKH�FRQGLWLRQV�H[LVWLQJ�LQ�WKH�VWXG\�DUHD�DQG�WKH�VHFRQG�
LV�ZLWK�WKH�VDPH�SURSDJDWLRQ�FDVHV��EXW�ZLWK�WKH�EDWK\PHWU\�PRGLILHG�E\�WKH�SURMHFW��
7KLV�ZLOO�VHUYH�WR�NQRZ�WKH�LPSDFWV�WKDW�WKH�ODQGILOO�KDV�RQ�WKH�OLWWRUDO�G\QDPLF�RI�WKH�
VWXG\�DUHD�

)LJXUH�1R������� 6WXG\�DUHD��WDNHQ�IURP�WKH�XQLRQ�RI�QDXWLFDO�FKDUWV��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7KLV� VWXG\� ZDV� FDUULHG� RXW� ZLWK� WKH� KHOS� RI� WKH� 6:$1� PRGHO� DQG� WKH� &RDVWDO�
0RGHOLQJ� 6\VWHP� RI� &RORPELD� �60&�&2/��� DGMXVWHG� WR� WKH� EDWK\PHWULHV� RI� WKH�
&RORPELDQ� FRDVWV� E\� WKH� 2FHDQRJUDSKLF� DQG� &RDVWDO� 5HVHDUFK� *URXS� RI� WKH�
8QLYHUVLW\� RI� &DQWDEULD� �*,2&��� ZLWK� WKH� DVVLVWDQFH� IURP� WKH� *HQHUDO� 0DULWLPH�
'LUHFWRUDWH��',0$5���7KH�60&�&2/�LQWHJUDWHV�D�VHULHV�RI�QXPHULFDO�PRGHOV��ZKLFK�
SURYLGH�SUDFWLFDO�VXSSRUW�IRU�WKH�FRUUHFW�DSSOLFDWLRQ�RI�WKH�ZRUNLQJ�PHWKRGRORJ\�IRU�
&RDVWDO�(QJLQHHULQJ�
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� 'HVFULSWLRQ�RI�WKH�SURSDJDWLRQ�QXPHULFDO�PRGHO

7KH�6:$1��6LPXODWLQJ�:$YHV�1HDU�VKRUH��LV�D�WKLUG�JHQHUDWLRQ�PRGHO��EDVHG�RQ�
WKH� VSHFWUDO� HQHUJ\� RI� WKH�ZDYH�� ,W� ZDV� GHYHORSHG� DV� DQ� H[WHQVLRQ� RI� WKH� WKLUG�
JHQHUDWLRQ�PRGHOV�IRU�GHHS�ZDWHUV�VXFK�DV�:$0 DQG�:$9(:$7&+��E\�D�WHDP�RI�
HQJLQHHUV�RI�WKH�7HFKQRORJLFDO�8QLYHUVLW\�RI�'HOIW��7KH�6:$1�LV�DQ�(XOHULDQ�PRGHO�
DQG�LV�EDVHG�RQ�WKH�HTXDWLRQ�RI�DFWLRQ�EDODQFH�RI�WKH�ZDYH�RU�HQHUJ\�EDODQFH�LQ�WKH�
DEVHQFH� RI� FXUUHQWV� FRQVLGHULQJ� DOO� VRXUFHV� DQG� VLQNV�� 7KH� VSHFWUXP� WKDW� LV�
FRQVLGHUHG�LQ�6:$1�LV�WKH�DFWLRQ�GHQVLW\�VSHFWUXP�RI�WKH�1�ZDYH��ı��ș��LQVWHDG�RI�
WKH�HQHUJ\�GHQVLW\�VSHFWUXP�(��ı��ș���VLQFH�LQ�WKH�SUHVHQFH�RI�FXUUHQWV��WKH�GHQVLW\�
RI�WKH�DFWLRQ�LV�SUHVHUYHG�ZKLOH�WKH�GHQVLW\�RI�WKH�HQHUJ\�LV�QRW��� �:+,7+$0���������

x *RYHUQLQJ�HTXDWLRQV

� 7KH�LQGHSHQGHQW�YDULDEOHV�DUH�WKH�UHODWLYH�IUHTXHQF\�ı��DV�REVHUYHG�
LQ�D�IUDPH�RI�UHIHUHQFH�LQ�PRWLRQ�ZLWK�YHORFLW\�RI�WKH�FXUUHQW��DQG�WKH�
GLUHFWLRQ�RI�WKH�ZDYH�ș��WKH�QRUPDO�GLUHFWLRQ�WR�WKH�SHDN�RI�WKH�ZDYH�RI�
HDFK�VSHFWUDO�FRPSRQHQW���7KH�DFWLRQ�GHQVLW\�RI�WKH�ZDYH�LV�HTXDO�WR�
WKH�HQHUJ\�GHQVLW\�GLYLGHG�E\�WKH�UHODWLYH�IUHTXHQF\�

:KHUH�

(��ı��ș�� �(QHUJ\�GHQVLW\��.LQHWLF�(QHUJ\���3RWHQWLDO�(QHUJ\�SHU�XQLW�DUHD��L�H��WKH�
DUHD�XQGHU�WKH�VSHFWUDO�FXUYH

ߪ  �5HODWLYH�IUHTXHQF\

7KH�HTXDWLRQ�WKDW�JRYHUQV�WKH�6:$1�PRGHO�LV�WKH�ZDYH�DFWLRQ�HTXDWLRQ�RI�WKH�ZDYH�

��� :+,7+$0� *��%�� ����� /LQHDU�DQG�1RQOLQHDU�:DYHV� -RKQ�:LOH\�DQG�6RQV������SS�
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:KHUH�

1�ሺߪǡ ሻߠ  �:DYH�DFWLRQ�GHQVLW\

&J  �3KDVH�RU�JURXS�VSHHG��3URSDJDWLRQ�YHORFLW\��LQ�VSDFH��[��\�� ǡߪ ሻߠ

ߠ  �:DYH�GLUHFWLRQ

6� �6RXUFH�DQG�HQHUJ\�VLQNV

7KH�VRXUFH�WHUPV�DUH�H[SUHVVHG�E\�

:KHUH� WKH� WHUPV�RQ� WKH�ULJKW�VLGH�RI� WKH�HTXDWLRQ�DUH�� WKH� LQSXW�GDWD��ZLQG�� WULSOH�
ZDYH�ZDYH�LQWHUDFWLRQV�DQG�LQWHU�TXDG�ZDYH�ZDYH�DFWLRQV��ZKLWH�FDSSLQJ��ERWWRP�
IULFWLRQ�� EUHDN� E\� ERWWRP�� UHVSHFWLYHO\�� %HORZ� DUH� VRPH� QXPHULFDO� DSSURDFKHV�
LPSOHPHQWHG�LQ�WKH�6:$1�PRGHO�WR�VROYH�HDFK�RI�WKHVH�WHUPV�

9 'LVVLSDWLRQ�E\�ZLQG��6LQ��

:KHUH�$�GHVFULEHV�WKH�OLQHDU�JURZWK�RI�WKH�ZDYH�E\�WKH�ZLQG�DQG�%(�GHVFULEHV�WKH�
H[SRQHQWLDO JURZWK�RI�WKH�ZDYH�E\�WKH�ZLQG�

9 'LVVLSDWLRQ�E\�ZKLWH�FDSSLQJ��6GV�Z��

:KLWH� FDSSLQJ� IRUPXODWLRQV� DUH� EDVHG� RQ� WKH� �SXOVH�� PRGHO����� DGDSWHG� E\� WKH�
JURXS����

��� +DVVHOPDQQ�� .�� �������� 2Q� WKH� VSHFWUDO� GLVVLSDWLRQ� RI� RFHDQ� ZDYHV� GXH� WR� ZKLWH� FDSSLQJ� %RXQGDU\�/D\HU�
0HWHRURORJ\� ����������������
��� :$0',� JURXS� �������� 7KH� :$0� PRGHO�D� WKLUG� JHQHUDWLRQ� RFHDQ� ZDYH� SUHGLFWLRQ� PRGHO� -RXUQDO� RI� 3K\VLFDO�
2FHDQRJUDSK\� ������������������



02',),&$7,21�2)�(19,5210(17$/�/,&(16(�)25�7+(
352-(&7�2)�&216758&7,21�$1'�23(5$7,21�2)�$�

62/,'�%8/.�&$5*2(6�3257�7(50,1$/�,1�7+(�
081,&,3$/,7<�2)�785%2

&+$5$&7(5,=$7,21�2)�7+(�,1)/8(1&(�$5($ 3DJH���� GH����

*$7��������&$�$0�3,2��� 5HYLHZ�� %

&$3����B7'(1*�2.�)
>>0HGHOOtQ@������

:KHUH�* LV�D�FRHIILFLHQW�WKDW�GHSHQGV�RQ�WKH�FDQW�RI�WKH�ZDYH��N�LV�WKH�ZDYH�QXPEHU��
aN� � DQG� aV DUH� WKH� DYHUDJH� ZDYH� QXPEHU� DQG� WKH� DYHUDJH� UHODWLYH� IUHTXHQF\�
UHVSHFWLYHO\�

9 %RWWRP�)ULFWLRQ�GLVVLSDWLRQ�

'LVVLSDWLRQ�E\�ERWWRP�IULFWLRQ�FDQ�EH�GHVFULEHG�E\�WKH�IROORZLQJ�H[SUHVVLRQ���� �

:KHUH�&E��LW�LV�WKH�FRHIILFLHQW�RI�ERWWRP�IULFWLRQ�

9 %RWWRP�%UHDNDJH�

7KH�PRGHO� LV�EDVHG�RQ�WKH�IRUPXODWLRQV�SURSRVHG�E\��%$77-(6�$1'�-$166(1��
����� �����ZKLFK�DVVXPH�D�ERUH�SURSDJDWLRQ�PRGHO��7KLV�GLVVLSDWLRQ�LV�GHVFULEHG�E\�
WKH�IROORZLQJ�H[SUHVVLRQ�

:KHUH�'WRW LV�WKH�WRWDO�HQHUJ\�GLVVLSDWLRQ�UDWH�GXH�WR�EUHDNDJH�DQG�(WRW�LV�WKH�ZDYH
V�
WRWDO�HQHUJ\�

��� %HUWRWWL��/��DQG�&DYDOHUL��/����������$FFXUDF\�RI�ZLQG DQG�ZDYH�HYDOXDWLRQ�LQ�FRDVWDO�UHJLRQV���3URF����WK�,QW��&RQI��&RDVWDO�
(QJLQHHULQJ��$6&(��������

��� %$77-(6��-�$��DQG�-DQVVHQ��-�3�)�0����������(QHUJ\�ORVV�DQG�VHW�XS�GXH�WR�EUHDNLQJ�RI�UDQGRP�ZDYHV���3URF����WK�,QW��
&RQI��&RDVWDO�(QJLQHHULQJ��$6&(���������
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9 'LVVLSDWLRQ� DVVRFLDWHG� ZLWK� WULSOH� DQG� TXDGUXSOH� ZDYH�ZDYH�

LQWHUDFWLRQV�

7KH�PRGHO�WR�EH�DEOH�WR�UHVROYH�WKH�WUDQVIHU�RI�HQHUJ\�EHWZHHQ�ZDYH�DQG�ZDYH�ZKHQ�
WKH�VZHOO� LV�VSUHDGLQJ�� LV�EDVHG�RQ�WKHVH�IRUPXODWLRQV� WR�GHVFULEH�WKLV�SURFHVV�RI�
HQHUJ\�WUDQVIHU�EHWZHHQ�ZDYH�DQG�ZDYH��UHVRQDQFH�SKHQRPHQRQ�EHWZHHQ�ZDYHV���
6R��WR�VROYH�WKLV�SURFHVV�LQ�GHHS�RU�LQWHUPHGLDWH�ZDWHUV��LW�LV�EDVHG�RQ�WKH�TXDGUXSOH�
ZDYH�ZDYH�LQWHUDFWLRQ�DQG�IRU�VKDOORZ�ZDWHUV�WKH�WULSOH�ZDYH�ZDYH�LQWHUDFWLRQ�

7KH�6:$1�PRGHO�LV�DEOH�WR�FRUUHFWO\�VROYH�WKH�IROORZLQJ�SK\VLFDO�SURFHVVHV�UHODWHG�
WR�VZHOO�JHQHUDWLRQ�DQG�WUDQVIRUPDWLRQ��

� 'LVVLSDWLRQ�DQG�JHQHUDWLRQ�RI�ZDYHV�

� :KLWH�FDSSLQJ�

� %RWWRP�EUHDNDJH

� %RWWRP�IULFWLRQ�GLVVLSDWLRQ

� :DYH�ZDYH�LQWHUDFWLRQ�LQ�GHHS�ZDWHU�DQG�VKDOORZ�ZDWHU

� *HQHUDWLRQ�E\�ZLQG

� 3URSDJDWLRQ�

� 3URSDJDWLRQ�WKURXJK�D�JHRJUDSKLFDO�VSDFH

� 5HIUDFWLRQ�GXH�WR�VSDWLDO�YDULDWLRQV�E\�WKH�ERWWRP�DQG�FXUUHQWV

� 'LIIUDFWLRQ��5HIUDFWLRQ�� 'LIIUDFWLRQ�

� $VRPHUDWLRQ�GXH�WR�VSDWLDO�YDULDWLRQV�DW�WKH�ERWWRP�DQG�FXUUHQWV

� %ORFNLQJ�DQG�UHIOHFWLRQ�E\�RSSRVLWLRQ�RI�WKH�FXUUHQWV

� 5HIOHFWLRQ�E\�WUDQVPLVVLRQ�DQG�EORFNLQJ�RYHU�REVWDFOHV

� 3URSDJDWHG�6HD�VWDWHV � PHGLXP�ZDYH�EDFNJURXQG�UHJLPH

,Q�RUGHU�WR�REWDLQ�WKH�FDVHV�WR�SURSDJDWH��RI�WKH�EDFNJURXQG�VZHOO�E\�PHDQV�RI�WKH�
6:$1�PRGHO��WKH�SURSDJDWLRQ�FDVH�WDEOH�ZDV�FRQVWUXFWHG��LQ�ZKLFK�WKH��+V��7S��T
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YDULDEOHV�DUH�FRQVLGHUHG��)RU�WKH�DYHUDJH�UHJLPH��WKH�SUHGRPLQDQW�ZDYH�GLUHFWLRQV�
11(��1�DQG�11:�ZHUH�FKRVHQ��VLQFH�WKHVH�DUH�WKH�PRVW�UHSUHVHQWDWLYH������RI�WKH�
ZDYHV� FRPH� IURP� WKHVH� WZR� GLUHFWLRQV��� DV� LW� ZDV� DOUHDG\� GHPRQVWUDWHG� LQ� WKH�
SUHYLRXV�VHFWLRQ��)RU�WKHVH�GLUHFWLRQV��D�VLJQLILFDQW�ZDYH�KHLJKW�ZDV�SURSDJDWHG�WKDW�
LV�RQO\�H[FHHGHG����KRXUV�SHU�\HDU��SUREDELOLW\�RI���������RI�EHLQJ�H[FHHGHG���WKLV�
LQ�RUGHU� WR�NQRZ�WKH� LQIOXHQFH�RI� WKH� ODQGILOO�RQ� WKH� OLWWRUDO�G\QDPLFV�� IRU� WKH�PRVW�
XQIDYRUDEOH�FRQGLWLRQV�RI� WKH�VZHOO��:LWK� UHVSHFW� WR� WKH�SHULRG��D�FRUUHODWLRQ�ZDV�
PDGH�+V�YV��7S�ZLWK�WKH�%DUUDQTXLOOD�EXR\��QHDUHVW�EXR\���VHH�)LJXUH�1R���������
DQG�WKH�FKDUDFWHULVWLF�SHULRGV�IRU�HDFK�RI�WKH�ZDYH�KHLJKWV�ZHUH�GHWHUPLQHG��%HORZ�
LV� WKH�ZDYH� URVH�� WKH� WDEOH� RI� GLUHFWLRQDO� RFFXUUHQFH SUREDELOLWLHV�� WKH�+V� YV�� 7S�
FRUUHODWLRQ�DQG�WKH�WDEOH�ZLWK�WKH�FDVHV�WR�SURSDJDWH��

)LJXUH�1R������� 0HDQ�VZHOO�5RVH�DQG�GLUHFWLRQDO�RFFXUUHQFH�SUREDELOLW\�WDEOH�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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)LJXUH�1R������� +V�YV��7S�&RUUHODWLRQ�IRU�WKH�%DUUDQTXLOOD�EXR\�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7DEOH�1R������� &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�DYHUDJH�UHJLPH�RQ�VLWH�

��&DVH 'LUHFWLRQ 6ZHOO +V�P� 7S�V� 6LWXDWLRQ 6LWXDWLRQ

� 1 +V���� ���� � 1R�:RUNV :LWK�:RUNV

�D 1 +V���� ���� � 1R�:RUNV :LWK�:RUNV

� 11( +V���� ���� � 1R�:RUNV :LWK�:RUNV

�D 11( +V���� ���� � 1R�:RUNV :LWK�:RUNV

� 11: +V���� ���� � 1R�:RUNV :LWK�:RUNV

�D 11: +V���� ���� � 1R�:RUNV :LWK�:RUNV

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

� 3URSDJDWHG�6HD�VWDWHV� DYHUDJH�ORFDO�VZHOO�UHJLPH

,Q�RUGHU�WR�REWDLQ�WKH�FDVHV�WR�SURSDJDWH��RI�WKH�ORFDO�VZHOO��ZDYH�SURGXFHG�E\�WKH�
ZLQG�LQVLGH�WKH�JXOI��E\�PHDQV�RI�WKH�6:$1�PRGHO��WKH�SURSDJDWLRQ�FDVH�WDEOH�ZDV�
FRQVWUXFWHG�� LQ� ZKLFK� WKH� YDULDEOHV� RI� PDJQLWXGH� DQG� GLUHFWLRQ� RI� WKH� ZLQG� DUH�
FRQVLGHUHG�� )RU� WKH� DYHUDJH� ORFDO� VZHOO� UHJLPH�� WKH� PRVW� UHSUHVHQWDWLYH� ZLQG�
GLUHFWLRQV�ZHUH�FKRVHQ�IRU� WKH�VWXG\�VHFWRU��ZKLFK�DUH�1��11:��1:��6:��6��)RU�
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WKHVH�GLUHFWLRQV��D�ZLQG�PDJQLWXGH�RI����P���V�ZDV�SURSDJDWHG��WKLV�LQ�RUGHU�WR�NQRZ�
WKH� LQIOXHQFH� RI� WKH� ODQGILOO� RQ� WKH� FRDVWDO� G\QDPLFV�� IRU� WKH� PRVW� XQIDYRUDEOH�
FRQGLWLRQV� RI� WKH� ORFDO� VZHOO�� %HORZ� LV� WKH� VZHOO� URVH�� WKH� WDEOH� RI� GLUHFWLRQDO�
RFFXUUHQFH�SUREDELOLWLHV��WKH�+V�YV��7S�FRUUHODWLRQ�DQG�WKH�WDEOH�ZLWK�WKH�FDVHV�WR�
SURSDJDWH��

%HORZ� LV� WKH� WDEOH� RI� FDVHV SURSDJDWHG� IRU� WKH� ORFDO� VZHOO�� ERWK� IRU� WKH� FXUUHQW�
FRQGLWLRQ��ZLWKRXW�ODQGILOO��DQG�WKH�IXWXUH�FRQGLWLRQ��ZLWK�ODQGILOO��

7DEOH�1R������� &DVHV�VHOHFWHG�IRU�WKH�FRQVWUXFWLRQ�RI�WKH�DYHUDJH�ZRUNVLWH�UHJLPH�

��&DVH 'LUHFWLRQ 0DJQLWXGH��P�V� 6LWXDWLRQ

� 1 ���� ,QLWLDO

�D 1 ���� )LQDO

� 11: ���� ,QLWLDO

�D 11: ���� )LQDO

� 1: ���� ,QLWLDO

�D 1: ���� )LQDO

� 6: ���� ,QLWLDO

�D 6: ���� )LQDO

� 6 ���� ,QLWLDO

�D 6 ���� )LQDO

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

� %DWK\PHWULF�GDWD

)RU�WKLV�VWXG\��WZR�EDWK\PHWULHV�ZHUH�FDUULHG�RXW�����WKH�ILUVW�EDWK\PHWU\��WDNHV�LQWR�
DFFRXQW�WKH�LQLWLDO�FRQGLWLRQV�RI�WKH�VWXG\�DUHD��IRU�WKLV��WKH�2FHDQV�DQG�&RDVWV�0DS�
$WODV�ZDV�XVHG��SURYLGHG�E\�WKH *HQHUDO�0DULWLPH�'LUHFWRUDWH��',0$5��������DQG�
SUHSDUHG�E\� WKH�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�5HVHDUFK�&HQWHU��&,2+���6HH�
)LJXUH�1R����������WKH�GHWDLOHG�EDWK\PHWU\�RI�WKH�SURSRVHG�DUHD�IRU�WKH�ODQGILOO�PDGH�
E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6$6��LQ�WKH�PRQWK�RI�-XO\�������VHH�)LJXUH�
1R����������7KH�QDXWLFDO�FKDUWV�WKDW�FRQWDLQ�WKH�VWXG\�DUHD�DUH�����DQG�������7KH�
VHFRQG�EDWK\PHWU\��FRQWDLQV� WKH�ILQDO�FRQGLWLRQ�WKDW� LV�H[SHFWHG�DW� WKH�HQG�RI� WKH�
GXPSLQJ�RI�WKH�PDWHULDO�LQ�WKH�SURSRVHG�ODQGILOO�VHFWRU�

7KH�SURFHVVLQJ�RI� WKH� EDWK\PHWULHV�ZDV� FDUULHG� RXW�ZLWK� WKH� KHOS�RI� WKH�&RDVWDO�
0RGHOLQJ� 6\VWHP� RI� &RORPELD� �60&�&2/�� DQG� WKH� 0DWODE� VRIWZDUH�� )URP� WKH�
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LQWHUSRODWLRQ�RI�WKH�QDXWLFDO�FKDUWV�DQG�WKH�GHWDLOHG�EDWK\PHWULHV��D�EDWK\PHWU\�ZDV�
REWDLQHG�IRU�WKH�VWXG\�DUHD��ZLWK�0HUFDWRU�SURMHFWLRQ�V\VWHP��:*6������)LJXUH�1R��
�������

)LJXUH�1R������� %DVH�EDWK\PHWU\��REWDLQHG�IURP�WKH�QDXWLFDO�FKDUWV�����DQG����
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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)LJXUH�1R������� 'HWDLOHG�EDWK\PHWU\�RI�WKH�SURSRVHG�DUHD�IRU�WKH�GXPSLQJ�RI�PDWHULDO�IURP�
WKH�GUHGJLQJ�ZRUNV�RI�3XHUWR�%DKtD�&RORPELD�'H�8UDEi�DQG�GHWDLOHG�EDWK\PHWU\�RI�WKH�SRUW�DUHD�

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������


