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‹ ��/ DQGFDUH�5 HVHDUFK�1 HZ�=HDODQG�/ WG�� � � � ��
�
1 R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\ �FRS\ ULJKW�PD\ �EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\ �IRUP�RU�E\ �
DQ\ � PHDQV� �JUDSKLF�� HOHFWURQLF� RU� PHFKDQLFDO�� LQFOXGLQJ� SKRWRFRS\ LQJ�� UHFRUGLQJ�� WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\ VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
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/ DQGFDUH�5HVHDUFK�

&RQWHQWV�

�
( [ HFXWLYH�6XPPDU\ ���������������������������������������������������������������������������������������������������������� � �

� �� 5DWLRQDOH�IRU�6WXG\ ����������������������������������������������������������������������������������������������������������� � �
� �� 6FRSH�RI�6WXG\ ���������������������������������������������������������������������������������������������������������������� � � �
� �� ,UULJDEOH�/ DQG�8 VH�$ VVHVVPHQW�������������������������������������������������������������������������������������� � � �

� �� � 0 HWKRG������������������������������������������������������������������������������������������������������������������ � � �
� �� � 6RLOV����������������������������������������������������������������������������������������������������������������������� � � �
� �� � 9 HJHWDWLRQ�FRYHU���������������������������������������������������������������������������������������������������� � � �
� �� � &OLPDWLF�) DFWRUV���������������������������������������������������������������������������������������������������� � � �
� �� � 6XPPDU\ �RI�LUULJDEOH�DUHDV�XVHG�LQ�WKLV�VWXG\ ������������������������������������������������������ � � �

� �� ,QLWLDO�' DP�6LWH�6FRSLQJ������������������������������������������������������������������������������������������������� � � �
� �� � ' HVN�7RS�6FRSLQJ�DQG�6LWH�,QVSHFWLRQ����������������������������������������������������������������� � � �
� �� � 6LQJOH�ODUJH��/ � �VWRUDJH����������������������������������������������������������������������������������������� � � �
� �� � 0 HGLXP�VL] HG��0 ��VWRUDJHV����������������������������������������������������������������������������������� � � �
� �� � 6PDOOHU�VFDOH��6��IDUP�VWRUDJHV����������������������������������������������������������������������������� � � �

� �� ,UULJDWLRQ�: DWHU�1 HHGV�$ VVHVVPHQW�������������������������������������������������������������������������������� � � �
� �� � $ OORFDWLRQ�OLPLWV�DQG�FXUUHQW�DOORFDWLRQV��������������������������������������������������������������� � � �
� �� � ,QIORZ�PRGHOOLQJ�XVLQJ�WKH�/ DQGFDUH�5HVHDUFK�: $ 7< ,( / ' �PRGHO������������������� � � �

� �� ' DP�6LWH�6KRUWOLVW����������������������������������������������������������������������������������������������������������� � � �
� �� � * HRORJ\ ����������������������������������������������������������������������������������������������������������������� � � �
� �� � 7RSRJUDSK\ ����������������������������������������������������������������������������������������������������������� � � �
� �� � / DQG�2 ZQHUVKLS���������������������������������������������������������������������������������������������������� � � �
� �� � : DWHU�' HOLYHU\ �2 SWLRQV���������������������������������������������������������������������������������������� � � �
� �� � 6KRUWOLVWLQJ�6LWHV��������������������������������������������������������������������������������������������������� � � �
� �� � 6WRUDJH�PRGHOOLQJ�������������������������������������������������������������������������������������������������� � � �
� �� � 6XPPDU\ �RI�VWRUDJH�QHHGHG���������������������������������������������������������������������������������� � � �

� �� 4 XDOLWDWLYH�( IIHFWV�$ VVHVVPHQW�������������������������������������������������������������������������������������� � � �
� �� � 50 $ �LVVXHV�LQFOXGLQJ�UHVLGXDO�IORZ�QHHGV����������������������������������������������������������� � � �
� �� � 6HGLPHQWDWLRQ�DQG�ZDWHU�TXDOLW\ ��������������������������������������������������������������������������� � � �
� �� � $ TXDWLF�HFRORJ\ ����������������������������������������������������������������������������������������������������� � � �
� �� � ,QGLJHQRXV�YHJHWDWLRQ������������������������������������������������������������������������������������������� � � �
� �� � 5HFUHDWLRQDO�HIIHFWV����������������������������������������������������������������������������������������������� � � �
� �� � ' DP�EUHDN�KD] DUG�������������������������������������������������������������������������������������������������� � � �
� �� � ,ZL�µIDWDO�IODZV¶�DVVHVVPHQW���������������������������������������������������������������������������������� � � �
� �� � 3RWHQWLDO�IRU�PLWLJDWLQJ�HIIHFWV������������������������������������������������������������������������������ � � �
� �� � 6XPPDU\ �PDWUL[ �RI�HIIHFWV������������������������������������������������������������������������������������ � � �

� �� &RVW�( VWLPDWHV���������������������������������������������������������������������������������������������������������������� � � �
� �� � 6FRSH�DQG�EDVLV�IRU�FRVWLQJV���������������������������������������������������������������������������������� � � �
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/ DQGFDUH�5HVHDUFK�

� �� � ,QLWLDO�&RVW�( VWLPDWHV�������������������������������������������������������������������������������������������� � � �
� �� � 6HFRQG�6WDJH�&RVWLQJV������������������������������������������������������������������������������������������ � � �
� �� � $ IIRUGDELOLW\ ���������������������������������������������������������������������������������������������������������� � � �

� �� 5HFRPPHQGDWLRQV����������������������������������������������������������������������������������������������������������� � � �
� � �� $ FNQRZOHGJHPHQWV�	 �$ SSOLFDELOLW\ ������������������������������������������������������������������������������ � � �
� � �� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� � � �
� � �� $ SSHQGL[ �,��) DWDO�) ODZ�$ QDO\ VLV�RI�WKH�0 RWXSLNR�: DWHU�$ XJPHQWDWLRQ�6FKHPH���
� $ �WDQJDWD�ZKHQXD�NL�0 RWXHND�SHUVSHFWLYH��������������������������������������������������������������������� � � �

� � �� � ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������� � � �
� � �� � 7KH�3URSRVDO���������������������������������������������������������������������������������������������������������� � � �
� � �� � 7KH�3URFHVV�WR�' DWH����������������������������������������������������������������������������������������������� � � �
� � �� � 1 Jl �. DLWLDNL�6WDWHPHQWV���������������������������������������������������������������������������������������� � � �
� � �� � $ QDO\ WLFDO�0 DWUL[ �������������������������������������������������������������������������������������������������� � � �

� � �� $ SSHQGL[ �,,��&RPPXQLW\ �&RQVXOWDWLRQ�������������������������������������������������������������������������� � � �
� � �� � 0 RWXSLNR�&DWFKPHQW�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH��������������������������������������� � � �
� � �� � &RPPXQLW\ �PHHWLQJ�� � �) HEUXDU\ �� � � � ���������������������������������������������������������������� � � �
� � �� � 3XEOLF�VXUYH\ ��������������������������������������������������������������������������������������������������������� � � �

�
�

/ LVW�RI�ILJXUHV�

) LJXUH�� ����0 RWXHND�FDWFKPHQW�DQQXDO�UDLQIDOO�LVRK\ HWV��PP��������������������������������������������������� � �
) LJXUH�� ����7RSRJUDSK\ �DQG�ORFDWLRQ�RI�WKH�0 RWXSLNR�FDWFKPHQW�LQ�7DVPDQ�' LVWULFW������������ � � �
) LJXUH�� ����0 RWXSLNR�FDWFKPHQW�LUULJDEOH�ODQG�DVVHVVPHQW��� �������������������������������������������������� � � �
) LJXUH�� ����* URZLQJ�' HJUHH�' D\ V��* ' ' ��EDVH�� � q&��IRU�WKH�0 RWXSLNR�FDWFKPHQW��������������� � � �
) LJXUH�� ����,UULJDEOH�ODQG�LQ�0 RWXSLNR�YDOOH\ �IROORZLQJ�FRQVXOWDWLRQ�ZLWK�0 &: $ & ������������ � � �
) LJXUH� � � � � � ' HVN�WRS� VFUHHQLQJ� VHOHFWLRQ� RI� SRWHQWLDO� PHGLXP� �0 �� DQG� VPDOO� �6�� UHVHUYRLU�
VLWHV��ORZHU�0 RWXSLNR�FDWFKPHQW�������������������������������������������������������������������������������������������� � � �
) LJXUH�� ��' HVN�WRS�VHOHFWLRQ�RI�SRWHQWLDO�PHGLXP��0 ���VPDOO��6��DQG�ODUJH��/ � �UHVHUYRLU�VLWHV��
XSSHU�0 RWXSLNR�DQG�5DLQ\ �WULEXWDU\ ��������������������������������������������������������������������������������������� � � �
) LJXUH�� ���7XUNH\ ¶V�1 HVW�6WRUDJH�±�6FKHPDWLF�,OOXVWUDWLRQ����������������������������������������������������� � � �
) LJXUH�� ����0 HDVXUHG�YV�PRGHOOHG�PRQWKO\ �UXQRII�IRU�WKH�0 RWXSLNR�5LYHU�DW�&KULVWLHV��� � � � �
� � � � ��� �������������������������������������������������������������������������������������������������������������������������������������� � � �
) LJXUH�� � ����7LPH�VHULHV�RI�PHDVXUHG�YV�PRGHOOHG�PRQWKO\ �IORZV�DW�&KULVWLHV� ��������������������� � � �
) LJXUH�� � ����0 DS�ORFDWLRQV�RI�VKRUWOLVWHG�GDP�VLWHV���������������������������������������������������������������� � � �
) LJXUH�� � ���3KRWRJUDSKV�RI�HDFK�VKRUWOLVWHG�GDP�VLWH� ������������������������������������������������������������ � � �
) LJXUH�� � ����0 RGHOOHG�LUULJDWLRQ�GHPDQG�IRU�� � � � � � � ������������������������������������������������������������� � � �
) LJXUH�� � ���6RLO�PRLVWXUH�GHILFLW�DQG�PRGHOOHG�LUULJDWLRQ�IRU�� � � � � � � ��� �������������������������������� � � �
) LJXUH� � � �� � 2 EVHUYHG� YV� SUHGLFWHG� LUULJDWLRQ� H[ WUDFWLRQ� IRU� D� IDUP� DW� : DQJDSHND� ZLWK� � � �
ZHHNV�RI�ZHHNO\ �PHWHU�UHDGLQJV�GXULQJ�VXPPHU�RI�� � � � � � � ��� ���������������������������������������������� � � �
) LJXUH� � � ��5HODWLRQVKLS�EHWZHHQ�UHVHUYRLU�VWRUDJH�DQG�DUHD��DQG�UHVHUYRLU�VWRUDJH�DQG�GDP�
KHLJKW��������������������������������������������������������������������������������������������������������������������������������������� � � �
) LJXUH�� � ���6LPXODWHG�UHVHUYRLU�OHYHO�IRU�D�� � P�KLJK�GDP�RQ�WKH�+RURSLWR��VLWH�0 � ��LUULJDWLQJ�
� � � KD�RI�JUDVV� ������������������������������������������������������������������������������������������������������������������������ � � �
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/ DQGFDUH�5HVHDUFK�

) LJXUH� � � �� � ' UDZGRZQ� IUHTXHQF\ � IRU�D� � � P�KLJK�GDP�RQ�WKH�+RURSLWR��VLWH�0 � ��LUULJDWLQJ�
� � � KD�RI�JUDVV��� ���������������������������������������������������������������������������������������������������������������������� � � �
) LJXUH�� � �� �6XPPDU\ �RI�PRGHOOHG�VFHQDULRV�� � ' DP�KHLJKW�YV�PD[ LPXP�LUULJDWHG�DUHD�IRU�D�
UHVHUYRLU�QRW�IXOO\ �ILOOLQJ�� �\ HDU�RXW�RI�� � � ������������������������������������������������������������������������������ � � �
) LJXUH�� � ���1 JD�$ WXD�. DLWLDNL�PRGHO�������������������������������������������������������������������������������������� � � �
�
�

/ LVW�RI�WDEOHV�

7DEOH�� ��6RXUFHV�RI�GDWD�XVHG�LQ�DVVHVVPHQW�RI�LUULJDEOH�ODQG������������������������������������������������ � � �
7DEOH�� ��,UULJDEOH�DUHD�LQ�WKH�0 RWXSLNR�YDOOH\ �E\ �YHJHWDWLRQ�FRYHU��������������������������������������� � � �
7DEOH�� ��6XPPDU\ �RI�GLVFXVVLRQ�E\ �0 &: $ &�RQ�SRWHQWLDO�LUULJDEOH�FURSV�ZLWKLQ�� � �\ HDUV�LQ�
WKH�0 RWXSLNR�FDWFKPHQW���������������������������������������������������������������������������������������������������������� � � �
7DEOH�� ��$ OORFDWLRQ�OLPLWV�DIIHFWLQJ�LUULJDWLRQ�LQ�WKH�0 RWXSLNR�FDWFKPHQW���������������������������� � � �
7DEOH�� ���( VWLPDWHG�PRQWKO\ �ULYHU�IORZV�$ SULO�2 FWREHU�LQ�WKH�0 RWXSLNR�5LYHU��������������������� � � �
7DEOH�� ��$ QQXDO�IORZ�YROXPHV�LQWR�SURSRVHG�GDP�VLWHV��� ������������������������������������������������������ � � �
7DEOH�� ��,QSXW�SDUDPHWHUV�DQG�YDULDEOHV�XVHG�LQ�LUULJDWLRQ�GHPDQG�PRGHO� ��������������������������� � � �
7DEOH� � �� ' DP�KHLJKWV�DQG�VWRUDJH�YROXPHV�UHTXLUHG�WR�LUULJDWH� � � � � KD�DQG� � � � � KD� IRU�WKH�
+RURSLWR��0 � � �DQG�%HQ	 $ ODQ��0 � ��VLWHV�ZLWK�DQG�ZLWKRXW�DGGLWLRQDO�GLYHUWHG�LQIORZ�� ������ � � �
7DEOH�� ��6XPPDU\ �0 DWUL[ �RI�( IIHFWV�IRU�6KRUWOLVWHG�6LWHV������������������������������������������������������ � � �
7DEOH�� � ��6LWHV�DQG�DVVXPHG�LUULJDEOH�DUHDV�IRU�FRVWLQJ� �������������������������������������������������������� � � �
7DEOH�� � ��&RVW�( VWLPDWH�%UHDNGRZQ�IRU�' DP�&RQVWUXFWLRQ��������������������������������������������������� � � �
7DEOH�� � ��,QLWLDO�LQGLFDWLYH�FRVWLQJV��ZLWK�DOO�LUULJDWLRQ�GHPDQG�PHW�IURP�GDP�UHOHDVHV������� � � �
7DEOH�� � ��6HFRQG�VWDJH��ILQDO��FRVWLQJ ������������������������������������������������������������������������������������ � � �
7DEOH�� � ��3UHOLPLQDU\ �LQGLFDWRUV�RI�DFFHSWDELOLW\ �RI�GLIIHUHQW�VLWHV� ��������������������������������������� � � �
�
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( [ HFXWLYH�6XP P DU\ �

�
7KLV� SUH�IHDVLELOLW\ � VFDOH� SURMHFW� SURYLGHV� WKH� EDVLV� IRU� ODQGRZQHUV� LQ� WKH� 0 RWXSLNR�
FDWFKPHQW�DQG�7DVPDQ�' LVWULFW�&RXQFLO�WR�SURFHHG�ZLWK�GHVLJQ��FRQVHQWV�DQG�FRQVWUXFWLRQ�IRU�
RQH�RU�PRUH�ZDWHU�DXJPHQWDWLRQ�GDPV�IRU�LUULJDWLRQ�GHYHORSPHQW�RI�WKH�0 RWXSLNR�FDWFKPHQW��
�
7KH�VWXG\ �KDV�EHHQ�FDUULHG�RXW�E\ �/ DQGFDUH�5HVHDUFK�DQG�7RQNLQ�	 �7D\ ORU�IRU�WKH�0 RWXSLNR�
&DWFKPHQW�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH��0 &: $ &��LQ�FRQMXQFWLRQ�ZLWK�7DVPDQ�' LVWULFW�
&RXQFLO��7' &����,W�FRPSULVHV�WKHVH�FRPSRQHQWV��
x� ,UULJDEOH�ODQG�XVH�DVVHVVPHQW��ZDWHU�DYDLODELOLW\ �DQG�ZDWHU�QHHGV�DQDO\ VLV�
x� 6HOHFWLRQ�DQG�VKRUWOLVWLQJ�RI�VWRUDJH�VLWHV�
x� ' HVFULSWLRQ�RI�HIIHFWV�RI�ZDWHU�DXJPHQWDWLRQ�
x� &RVW�HVWLPDWLRQ�IRU�VKRUWOLVWHG�VLWHV�
x� / DQGRZQHU�GLVFXVVLRQ�DQG�IRUPDO�FRPPXQLW\ �FRQVXOWDWLRQ��
�
7KH�WRWDO�LUULJDEOH�ODQG�ZDV�FDOFXODWHG�DW�� � � � �KHFWDUHV�ZLWK�� � � � �KHFWDUHV�EHLQJ�RQ�VORSHV�
OHVV�WKDQ�� �GHJUHHV�� �0 RVW�RI�WKH�LUULJDEOH�ODQG��� � � � �KD��LV�EHORZ�WKH�FRQIOXHQFH�ZLWK�WKH�
5DLQ\ �5LYHU��ZLWK�D�IXUWKHU�� � � KD�LUULJDEOH�LQ�WKH�5DLQ\ �VXEFDWFKPHQW����
�
&OLPDWH�IDFWRUV�VXFK�DV�IURVW�DQG�FOLPDWH�FKDQJH�DUH�WKH�PDLQ�FRQVWUDLQWV�RQ�IXWXUH�LUULJDEOH�
FURSV�� � 7KH� ORZHU� 0 RWXSLNR� KDV� JUHDWHU� YHUVDWLOLW\ � IRU� D� UDQJH� RI� LUULJDWHG� FURSV� VXFK� DV�
EHUULHV� DQG� YHJHWDEOH� FURSV�� EXW� ODQGRZQHUV� FRQVLGHU� WKH� PRVW� LPPHGLDWH� RSSRUWXQLW\ � IRU�
LUULJDWLRQ�ZRXOG�EH�IRU�SDVWXUH�LUULJDWLRQ�IRU�GDLU\ �GHYHORSPHQW���
�
7KH�VWXG\ �LGHQWLILHG�WZR�ODUJH�VFDOH�VWRUDJHV��! � �PLOOLRQ�FXELF�PHWUHV��0 &0 ���EXW�ERWK�ZLWK�
VLJQLILFDQW�FKDOOHQJHV���( LJKW�PHGLXP�VL] HG�VWRUDJHV��� � � �0 &0 ��DQG�� � �VPDOO�VFDOH�VWRUDJH�
VLWHV� �a� �� � 0 &0 �� ZHUH� LGHQWLILHG�� DQG� LQ� GLVFXVVLRQ� ZLWK� WKH� 0 &: $ &� FXW� WR� DQ� LQLWLDO�
VKRUWOLVW�RI�ILYH���
x� 6� �ODEHOOHG�5RFN\ ��D�WULEXWDU\ �LQ�WKH�HDVWHUQ�VLGH�RI�WKH�0 RWXSLNR��
x� 6� �ODEHOOHG�0 HOYLOOH��D�WULEXWDU\ �RQ�WKH�ZHVW�RI�WKH�XSSHU�5DLQ\ �
x� 6�VLWH��ODEHOOHG�&KLQDPDQ¶V�* XOO\ ��D�WULEXWDU\ �RQ�WKH�ZHVWHUQ�0 RWXSLNR�QHDU�. LNLZD�
x� 0 � �ODEHOOHG�+RURSLWR�LQ�WKH�6RXWK�%UDQFK�RI�%LJ�* XOO\ ��D�WULEXWDU\ �RI�WKH�5DLQ\ �
x� 0 � �ODEHOOHG�. LNLZD�RQ�WKH�PDLQVWHP�0 RWXSLNR�5LYHU��
�
,UULJDWLRQ�GHPDQG�PRGHOOLQJ�ZDV�FDUULHG�RXW�WR�GHWHUPLQH�VWRUDJH�UHTXLUHPHQWV�DW�WKHVH�VLWHV��
XVLQJ� D� FDWFKPHQW� ZDWHU� EDODQFH� PRGHO� : $ 7< ,( / ' �� DQG� DQ� LUULJDWLRQ� VFKHGXOLQJ� PRGHO�
EDVHG�RQ�UDLQIDOO�GDWD�VLQFH�� � � � �� �7KH�DJUHHG�VHFXULW\ �RI�VXSSO\ �ZDV�IRU�WKH�VWRUDJH�WR�EH�
VL] HG�WR�ILOO�� �\ HDUV�RXW�RI�HYHU\ �� � ��
�
,QLWLDO�FDSLWDO�FRVW�HVWLPDWHV�IRU�FRQVWUXFWLQJ�WKH�VKRUWOLVWHG�GDPV�ZHUH�LQ�WKH�UDQJH�� � � � � �KD�
�� � � � � �KHFWDUH�IRU�LUULJDEOH�DUHDV�RI�� � � � �GRZQ�WR�� � � �KD���7ZR�VLWHV�ZHUH�WKHQ�FKRVHQ�DV�D�
ILQDO�VKRUWOLVW��
x� 0 � �+RURSLWR��DV�DERYH��
x� 0 � �%HQ	 $ ODQ��WZR�0 RWXSLNR�WULEXWDULHV�RQ�WKH�ZHVW�EHORZ�%LJ� * XOO\ �QHDU�WKH�5DLQ\ �

FRQIOXHQFH��
�
�
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) LQDO�FRVWLQJV�EDVHG�RQ�UHOHDVLQJ�GDPPHG�ZDWHU�LQWR�WKH�0 RWXSLNR�5LYHU�WR�PHHW�LUULJDWLRQ�
GHPDQG�DERYH�WKDW�QDWXUDOO\ �SURYLGHG�E\ �ULYHU�IORZV��DQG�ZKLOH�PDLQWDLQLQJ�0 RWXSLNR�5LYHU�
IORZ�SDVW�4 XLQQH\ V�%XVK��ZHUH��

�
6LWH�1 DP H� $ VVXP HG�DUHD�

VHUYHG��KD��
&RVW�LQFOXGLQJ�ODQG�
DQG�ILQDQFLQJ��
� � �P LOOLRQ��

&RP SDUDWLYH�FDSLWDO�
FRVW�KD��
� � �KD��

+RURSLWR�0 � � � � � � � �� � 0 � � �� � � �

+RURSLWR�0 � 
 � � �� � � � � �� 0 � � �� � � �

+RURSLWR�0 � � � �� � � � � �� � 0 � � �� � � �

%HQ�$ ODQ�0 � 
 �
ZLWK�GLYHUVLRQ�

� �� � � � � �� � 0 � � �� � � �

�
' DP� KHLJKWV� UDQJH� IURP� � � � � � � PHWUHV� IRU� WKHVH� IRXU� RSWLRQV�� 
 $ � SUHOLPLQDU\ � HFRQRPLF�
DQDO\ VLV�LQGLFDWHV�WKDW�EDVHG�RQ�UHSD\ LQJ�WKH�FDSLWDO�FRVW�RYHU�D�� � �� � � �RU�� � � \ HDU�SHULRG�DW�
� � �LQWHUHVW�UDWH�IRU�D�GDP�VHUYLFLQJ�� � � � �KD�WKH�FRVW�SHU�KHFWDUH�SHU�\ HDU�IRU�WKH�+RURSLWR�0 � �
ZRXOG�EH�� � � � ��� � � � �DQG�� � � � �UHVSHFWLYHO\ �DQG�IRU�WKH�%HQ�$ OOHQ�0 � �RSWLRQ�ZRXOG�EH�� � � � ��
� � � � � DQG� � � � � �� 7KHVH� FRVWV� DUH� KLJKHU� WKDQ� WKH� FRVWV� IRU� WKH� : DL�LWL� VFKHPH� UHFHQWO\ �
FRPPLVVLRQHG� �� � � � �KD�\ HDU� HTXLYDOHQW� IRU� QHZ� XVHUV��� � $ V� IRU� WKH� : DL�LWL�� ODQGRZQHUV�
ZRXOG�DOVR�IDFH�WKH�FRVWV�RI�RQ�IDUP�FDSWXUH�DQG�GHOLYHU\ �RI�WKHLU�VKDUH�RI�ZDWHU�UHOHDVHG�YLD�
WKH�ULYHU�V\ VWHP��
�
( QYLURQPHQWDO�HIIHFWV�ZHUH�DVVHVVHG�TXDOLWDWLYHO\ ���&RQVWUXFWLRQ�RI�GDPV�RQ�PDLQVWHP�VLWHV�
LQ�WKH�0 RWXSLNR� �HJ�� . LNLZD��DQG�5DLQ\ �LV�SUHYHQWHG�E\ �WKH�0 RWXHND� : DWHU�&RQVHUYDWLRQ�
2 UGHU�� � +RZHYHU�� SUHOLPLQDU\ � DVVHVVPHQW� RI� HIIHFWV� DW� WKH� WZR� VKRUWOLVWHG� WULEXWDU\ � VLWHV�
VKRZHG�QR�IDWDO�IODZV�ZKLFK�ZRXOG�SUHYHQW�WKHVH�RSWLRQV�SURFHHGLQJ�WR�IHDVLELOLW\ �VWDJH�IRU�
GHVLJQ�DQG�FRQVHQWV��
�
$ �FRPPXQLW\ �VXUYH\ �RI�DOO�ODQGRZQHUV�LQ�WKH�0 RWXSLNR�ZDV�FDUULHG�RXW�WRJHWKHU�ZLWK�WZR�
SXEOLF� PHHWLQJV� WR� GLVFXVV� WKH� UHVXOWV�� � 5HVXOWV� VXJJHVW� TXDOLILHG� VXSSRUW� DW� WKH� SURMHFWHG�
FRVWV��EXW�D�QHHG�IRU�IXUWKHU�LQIRUPDWLRQ�DQG�FRVWLQJV�DW�IHDVLELOLW\ �OHYHO��
�
) RU�D�VFKHPH�WR�SURFHHG��D�SUHIHUUHG�VLWH�QHHGV�WR�EH�FKRVHQ��WKH�OHYHO�RI�VXSSRUW��LUULJDEOH�
DUHD��QHHGV�WR�EH�GHWHUPLQHG�IURP�SRWHQWLDO�ZDWHU�XVHUV��DQG�D�IHDVLELOLW\ �VWXG\ �FDUULHG�RXW��
7KHVH� VWHSV� ZLOO� SURYLGH� WKH� LQIRUPDWLRQ� QHHGHG� IRU� GHWDLOHG� GHVLJQ�� UHVRXUFH� FRQVHQW�
DSSOLFDWLRQV�� DPHQGPHQWV� WR� 7' &� ZDWHU� DOORFDWLRQ� UXOHV� DQG� LPSOHPHQWDWLRQ� RI� ZKDWHYHU�
V\ VWHP�RI�FKDUJHV�LV�GHFLGHG��
�
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� �� 5 DWLRQDOH�IRU�6WXG\ �

�
* URZWK� LQ� LUULJDWHG� DJULFXOWXUH� DQG� KRUWLFXOWXUH� LQ� WKH� 0 RWXSLNR� FDWFKPHQW� LV� VHYHUHO\ �
KDPSHUHG�E\ �WKH�FXUUHQW�IXOO�DOORFDWLRQ�RI�DYDLODEOH�ZDWHU�UHVRXUFHV��7KH�DOORFDWLRQ�OLPLW�RI�
� � � �O�V�KDV�EHHQ�PHW�DOUHDG\ �WKURXJK�WKH� � � � FXUUHQW�ZDWHU�SHUPLWV� IRU�DQ�LUULJDWHG�DUHD�RI�
DERXW�� � � �KD��
�
$ �FRPELQDWLRQ�RI�FOD\ �ERXQG�JHRORJ\ ��0 RXWHUH�* UDYHO��DQG�DQQXDO�UDLQIDOO�DYHUDJLQJ�
� � � � PP��VHH�) LJXUH�� � �UHVXOWV�LQ�ORZ�IORZ�\ LHOGV�LQ�WKH�FULWLFDO�VXPPHU�PRQWKV��7KH�
0 RWXSLNR�5LYHU�JRHV�GU\ �LQ�WKH�UHDFKHV�DERYH�LWV�FRQIOXHQFH�ZLWK�WKH�0 RWXHND�LQ�HYHQ�
DYHUDJH�GU\ �\ HDUV��7KH�ZDWHU�VRXUFH�IRU�LUULJDWLRQ�LQ�WKLV�FDWFKPHQW�LV�SULQFLSDOO\ �WKH�
0 RWXSLNR�5LYHU�DQG�WKH�JURXQGZDWHU�LQ�WKH�VKDOORZ�DOOXYLDO�JUDYHO�XQGHUO\ LQJ�WKH�ULYHU�IODWV��
7KH�VKDOORZ�DTXLIHU�LV�IHG�E\ �UDLQIDOO�DQG�ULYHU�UHFKDUJH�DQG�LQ�GU\ �VXPPHU�PRQWKV�GHSHQGV�
WRWDOO\ �RQ�ULYHU�UHFKDUJH���
�
7KH�&RXQFLO�PDQDJHV�WKH�ZDWHU�UHVRXUFH�LQ�WKH�FDWFKPHQW�DV�RQH�LQWHJUDWHG�ULYHU�DTXLIHU�
UHVRXUFH��7KHUH�KDYH�EHHQ�UHFHQW�LQGLYLGXDO�DWWHPSWV�WR�ILQG�DOWHUQDWLYH�ZDWHU�VRXUFHV�DQG�WKLV�
LQFOXGHG�GULOOLQJ�WR�H[ SORUH�GHHS�JURXQGZDWHU�LQ�WKH�0 RXWHUH�* UDYHOV�ZKLFK�XQGHUOLH�WKH�
VKDOORZ�DOOXYLDO�JUDYHO���$ �SULYDWH�ERUH�ZDV�GULOOHG�WR�� � � �P�DQG�ZDV�QRW�VXFFHVVIXO�LQ�
HQFRXQWHULQJ�HFRQRPLF�TXDQWLWLHV�RI�ZDWHU���7KHUH�LV�D�VLJQLILFDQW�SRWHQWLDO�IRU�IXUWKHU�
LUULJDEOH�ODQG�LQ�WKH�DUHD���
�
7KH� 7DVPDQ� 5HJLRQDO� : DWHU� 6WXG\ � FRPSOHWHG� LQ� � � � � � � / LQFROQ� ( QYLURQPHQWDO�� � � � � � �
LGHQWLILHG�D�WRWDO�RI�DERXW�� � � � �KD�RI�ODQG�VXLWDEOH�IRU�LUULJDWHG�DJULFXOWXUH�LQ�WKH�FDWFKPHQW��
7KLV�UHJLRQDO�VWXG\ �DOVR�HVWLPDWHG��EDVHG�RQ�SURMHFWHG�UHJLRQDO�FURS�DQG�LUULJDWLRQ�JURZWK�
DQG�DVVXPLQJ�LUULJDWLRQ�ZDWHU�ZDV�DYDLODEOH��WKDW�DV�PXFK�DV�� � � � �KD�FRXOG�EH�LQ�SURGXFWLYH�
LUULJDWHG�XVH�E\ �� � � � �LQ�WKH�FDWFKPHQW���7KH�FDWFKPHQW�KDV�D�IXUWKHU�� � � �ODQGRZQHUV�ZLWKRXW�
ZDWHU�SHUPLWV�ZKR�FRXOG�SRWHQWLDOO\ �EHQHILW�LI�WKHUH�ZHUH�PRUH�ZDWHU�DYDLODEOH��,Q�' HFHPEHU�
� � � � ��WKH�7DVPDQ�' LVWULFW�&RXQFLO�GHFOLQHG�WZR�ODUJH�ZDWHU�SHUPLW�DSSOLFDWLRQV�IRU�LUULJDWLRQ�
� ' LOORQ�� 6LPSVRQ�� GXH� WR� WKH� ORZ� DYDLODELOLW\ � RI� VXPPHU� ZDWHU� IORZV�� WKH� FDWFKPHQW�
DOORFDWLRQ�OLPLW�ZDV�IRUPDOO\ �DGRSWHG�LQ�WKH�750 3�LQ�$ SULO�� � � � ���
�
%RWK� WKH� ODFN� RI� ZDWHU� DQG� WKH� WKUHDW� RI� UDWLRQLQJ� GXULQJ� GURXJKWV� LV� LQKLELWLQJ� IXUWKHU�
LUULJDWHG� DJULFXOWXUDO� JURZWK� LQ� WKH� DUHD� DQG� SRVLQJ� D� ULVN� WR� FXUUHQW� ZDWHU� XVHUV�� � 7KH�
0 RWXSLNR�5LYHU�LV�DQ�LPSRUWDQW�HDUO\ �VHDVRQ�WURXW�ILVKLQJ�DQG�VSDZQLQJ�ULYHU�DQG�DEVWUDFWLRQ�
LV� DOVR� OLPLWHG� 0 D\ �2 FWREHU� E\ � FODXVH� �H��LL�� RI� WKH� 0 RWXHND� : DWHU� &RQVHUYDWLRQ� 2 UGHU�
ZKLFK�VHWV�D�PLQLPXP�IORZ�LQ�WKH�ORZHU�0 RWXSLNR�GXULQJ�WURXW�VSDZQLQJ����
�
7KH� EULHI� IRU� WKLV� VWXG\ � VWDWHV� LWV� SULQFLSDO� REMHFWLYH� DV� µD� KROLVWLF� VWXG\ � LQWR� D� UDQJH� RI�
RSSRUWXQLWLHV� IRU�ZDWHU�DXJPHQWDWLRQ� IRU�HQKDQFLQJ�ZDWHU�DYDLODELOLW\ �WR�ERWK�FXUUHQW�XVHUV�
DQG� SRWHQWLDO� QHZ� XVHUV� DV� ZHOO� DV� WR� IXUWKHU� HQKDQFH� IORZV� LQ� WKH� 0 RWXSLNR� ULYHU� IRU�
HQYLURQPHQWDO�FRPPXQLW\ �DQG�DHVWKHWLF�EHQHILWV�GRZQVWUHDP¶���
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) LJXUH�� ����0 RWXHND�FDWFKP HQW�DQQXDO�UDLQIDOO�LVRK\ HWV��P P ��

�
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� �� 6FRSH�RI�6WXG\ �

�
7KLV�SUH�IHDVLELOLW\ �VWXG\ �SURYLGHV�WKH�0 RWXSLNR�&DWFKPHQW�FRPPXQLW\ �ZLWK�WKH�QHFHVVDU\ �
LQIRUPDWLRQ�WR�PDNH�LQIRUPHG�GHFLVLRQV�RQ�IXWXUH�ZDWHU�VWRUDJH�RSWLRQV���7KH�SURMHFW�DIIHFWV�
DERXW�� � � �ODQGRZQHUV�RI�ZKLFK�RQO\ �� � �KROG�ZDWHU�SHUPLWV����
�
7KH� VWXG\ � KDV� EHHQ� FRPPLVVLRQHG� E\ � WKH� 0 RWXSLNR� &DWFKPHQW� : DWHU� $ XJPHQWDWLRQ�
&RPPLWWHH� �0 &: $ &��� FRPSULVLQJ� ORFDO� IDUPHUV�� UHSUHVHQWDWLYHV� RI� FRQVHUYDWLRQ� DQG� LZL�
JURXSV�� DQG� 7DVPDQ� ' LVWULFW� &RXQFLO�� � 7KH� SURMHFW� LV� PDQDJHG� IRU� 0 &: $ &� E\ � -RVHSK�
7KRPDV�RI�7' &�� � ) XQGLQJ� IRU�WKH�WZR�\ HDU�VWXG\ �KDV�FRPH� IURP�WKH�6XVWDLQDEOH�) DUPLQJ�
) XQG�� 7DVPDQ� ' LVWULFW� &RXQFLO�� 0 RWXSLNR� ODQGRZQHUV� SOXV� D� VPDOO� FRQWULEXWLRQ� IURP� WKH�
) 567�IXQGHG�0 RWXHND�,QWHJUDWHG�&DWFKPHQW�0 DQDJHPHQW�UHVHDUFK�SURJUDPPH�� �7KH�ZRUN�
KDV� EHHQ� FDUULHG� RXW� E\ � / DQGFDUH� 5HVHDUFK� DQG� 7RQNLQ� 	 � 7D\ ORU� HQJLQHHULQJ� FRQVXOWDQWV��
ZLWK�LQSXW�IURP�7' &��ORFDO�LZL��' 2 &�DQG�) LVK�	 �* DPH����
�
7KH�VWXG\ �DUHD�FRPSULVHV�WKH�0 RWXSLNR�&DWFKPHQW�IURP�2 OG�6FKRRO�5RDG�QHDU�WKH�
FRQIOXHQFH�RI�WKH�0 RWXSLNR�5LYHU�ZLWK�WKH�0 RWXHND�5LYHU�DERYH�7DSDZHUD��XSVWUHDP�WR�
7RSKRXVH��DQG�LQFOXGLQJ�WKH�5DLQ\ �5LYHU��7KH�0 RWXSLNR�FDWFKPHQW�LV�D�PHGLXP�VL] H�VXE�
FDWFKPHQW�RI�WKH�ODUJHU�0 RWXHND�FDWFKPHQW�DQG�FRYHUV�DQ�DUHD�RI�DERXW�� � � �NP � ��) LJXUH�� � ���
�
7KH�VWXG\ �FRPSULVHV�WKUHH�PDMRU�FRPSRQHQWV�ZKLFK�DUH�UHSRUWHG�RQ�EHORZ��
�
x� : DWHU�DYDLODELOLW\ �DQDO\ VLV�DQG�GHWDLOHG�LUULJDWLRQ�ODQGXVH�DVVHVVPHQW��

o� ,UULJDEOH�ODQG�DVVHVVPHQW��VHFWLRQ�� �RI�WKLV�UHSRUW��
o� ,UULJDWLRQ�ZDWHU�QHHGV�DVVHVVPHQW��VHFWLRQ�� � �

�
x� 6LWH�6WRUDJH���UDQJH�RI�RSWLRQV�DQG�FRVWLQJ�LQFOXGLQJ�GHOLYHU\ �PHWKRGV�

o� ' DP�VLWH�VFRSLQJ��VHFWLRQV�� ��� � �
�
x� ( FRQRPLF� DQG� ( QYLURQPHQWDO� EHQHILW� DQDO\ VLV� IRU� DXJPHQWDWLRQ� LQFOXGLQJ� IXQGLQJ�

RSWLRQV�DQG�VXVWDLQDEOH�DQG�RSWLPLVHG�ZDWHU�DOORFDWLRQ�IURP�DXJPHQWDWLRQ��
o� 4 XDOLWDWLYH�HIIHFWV�DVVHVVPHQW��VHFWLRQ�� � �
o� &RVW�HVWLPDWHV��VHFWLRQ�� � �
o� &RPPXQLW\ �FRQVXOWDWLRQ��$ SSHQGL[ �,,� �

�
7KH�IXQGLQJ�DQG�LQIRUPDWLRQ�DYDLODEOH�KDYH�OLPLWHG�WKH�VFRSH�RI�WKLV�VWXG\ �WR�D�SUH�IHDVLELOLW\ �
VWXG\ ��ZLWKRXW�GHWDLOHG�JHRORJLFDO�DQG�HQJLQHHULQJ�LQYHVWLJDWLRQV�RI�LQGLYLGXDO�VLWHV��
�
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�

) LJXUH�� ����7RSRJUDSK\ �DQG�ORFDWLRQ�RI�WKH�0 RWXSLNR�FDWFKP HQW�LQ�7DVP DQ�' LVWULFW�

� �� ,UULJDEOH�/ DQG�8 VH�$ VVHVVP HQW�

7KLV�SDUW�RI�WKH�VWXG\ �DLPHG�WR�UHILQH�WKH�JURVV�HVWLPDWH�RI�� � � � �LUULJDEOH�KHFWDUHV�UHSRUWHG�
IRU�WKH�0 RWXSLNR�FDWFKPHQW�LQ�WKH�7DVPDQ�5HJLRQDO�: DWHU�6WXG\ �� � � � � � ���7KH�REMHFWLYH�ZDV�
DOVR�WR�LGHQWLI\ �LQ�FRQMXQFWLRQ�ZLWK�0 &: $ &�WKH�OLNHO\ �DUHD�RI�LUULJDWLRQ�GHYHORSPHQW�LQ�WKH�
YDOOH\ �LQ�WKH�PHGLXP�WHUP���WKH�QH[ W�� � � �\ HDUV�±�LI�DQ�DIIRUGDEOH�ZDWHU�VRXUFH�ZHUH�DYDLODEOH��
�



� � �
�

/ DQGFDUH�5HVHDUFK�

� �� � 0 HWKRG�

,UULJDWLRQ� VXLWDELOLW\ � ZDV� DVVHVVHG� IROORZLQJ� WKH� SURFHGXUH� RI� * ULIILWKV� �� � � � � �� � 7KLV� UDWHV�
LUULJDWLRQ�VXLWDELOLW\ �EDVHG�RQ�WRSRJUDSK\ ��GUDLQDJH�DQG�VRLOV��6XLWDELOLW\ �LV�JURXSHG�LQ�FODVVHV�
IURP� � � �KLJKO\ �VXLWDEOH��WR� � � �XQVXLWDEOH��DQG�LV�GHWHUPLQHG� IURP�DVVHVVPHQW�RI� � �SULPDU\ �
IDFWRUV��VORSH��RYHUDOO�GUDLQDJH�FODVV��SHUPHDELOLW\ �RI�WKH�VRLO�SURILOH��LQILOWUDWLRQ�FODVV�RI�WKH�
VRLO��PD[ LPXP�GHSWK�WR�DQ�LPSHUPHDEOH�OD\ HU��PLQLPXP�DYDLODEOH�ZDWHU�LQ�WKH�URRW� ] RQH��
PLQLPXP�HIIHFWLYH�URRWLQJ�GHSWK��DQG�PD[ LPXP�VWRQH�FRQWHQW��VHH�7DEOH�� �IRU�GDWD�VRXUFHV���
6XLWDELOLW\ �ZDV�DVVHVVHG�IRU�HDFK�IDFWRU��ZLWK�WKH�ORZHVW�VXLWDELOLW\ �FODVV�GHWHUPLQLQJ�RYHUDOO�
VXLWDELOLW\ ���
�
7KH�VRLO�LQIRUPDWLRQ�ZDV�GHULYHG�IURP�UHJLRQDO�VRLO�VXUYH\ �FRYHUDJH��&KLWWHQGHQ�HW�DO��� � � � � �
DQG�LV�VXLWDEOH�IRU�UHJLRQDO�VFDOH�HYDOXDWLRQV�RI�LUULJDWLRQ�VXLWDELOLW\ ��,W�VKRXOG�QRW�EH�XVHG�IRU�
IDUP�VFDOH�HYDOXDWLRQV�RI�LUULJDWLRQ�VXLWDELOLW\ �ZLWKRXW�ILHOG�FKHFNLQJ��$ Q�DWWHPSW�ZDV�PDGH�
WR�XVH�PRUH�GHWDLOHG��� �� � �� � � � �&DZWKURQ�,QVWLWXWH�VRLO�PDSV�FRPSLOHG�LQ�WKH�� � � � V��+ RZHYHU�
EHFDXVH�RI�GLIILFXOWLHV�LQ�UHJLVWHULQJ�WKHVH�WR�D�PRGHUQ�PDS�EDVH��DQG�ODFN�RI�D�NH\ �WR�LGHQWLI\ �
DQG�FKDUDFWHULVH�WKH�PDS�XQLWV�SRUWUD\ HG�RQ�WKHVH�PDSV�WKH\ �ZHUH�XQXVDEOH��
�

7DEOH�� � �6RXUFHV�RI�GDWD�XVHG�LQ�DVVHVVP HQW�RI�LUULJDEOH�ODQG�

3ULPDU\ �IDFWRUV� 6RXUFH�RI�GDWD�

6ORSH� ' LJLWDO�HOHYDWLRQ�PRGHO�RI�UHJLRQ�

' UDLQDJH�FODVV�

3HUPHDELOLW\ �

' HSWK�WR�LPSHUPHDEOH�OD\ HU�

$ YDLODEOH�ZDWHU�

5RRWLQJ�GHSWK�

6WRQH�FRQWHQW�

0 LGSRLQW� YDOXHV� IRU� WKH� ' 5$ ,1 B&/ $ 66�� 3( 50 ( $ %,/ ,7< ��
' 6/ 2 �� 3$ : �� 35 ' �� DQG� * 5$ 9 � SDUDPHWHUV� LQ� / DQGFDUH�
5HVHDUFK¶V�) XQGDPHQWDO�' DWD�/ D\ HUV�H[ WHQVLRQ�WR�WKH�1 =�/ DQG�
5HVRXUFH�,QYHQWRU\ �

,QILOWUDWLRQ�FODVV� ( VWLPDWHG�IURP�VRLO�WH[ WXUH�DQG�VWUXFWXUH�
�
�
� �� � 6RLOV�

7KH�GLVWULEXWLRQ�RI�VRLOV�LV�VKRZQ�RQ� ) LJXUH� � �� 7KH� \ RXQJ�ULYHU�WHUUDFHV�DUH�GRPLQDWHG�E\ �
0 RWXSLNR� ORDPV�� ZLWK� PLQRU� DUHDV� RI� ' RYHGDOH� DQG� $ WDSR� VRLOV�� 2 OGHU� GLVVHFWHG� WHUUDFHV�
KDYH�. LNLZD�VRLOV��ZLWK�. LNLZD�UROOLQJ�SKDVH�RQ�WKH�PRUH�GLVVHFWHG�WHUUDFHV��7RSKRXVH�DQG�
. DWULQH�VRLOV�RFFXU�RQ�WHUUDFHV��IDQV�DQG�PRUDLQHV�LQ�WKH�XSSHU�YDOOH\ ��$ �ZLGH�UDQJH�RI�VRLOV��
XQVXLWDEOH�IRU�LUULJDWLRQ��RFFXU�RQ�WKH�KLOO\ �DQG�VWHHS�WHUUDLQ���
�
0 RVW�RI�WKH�VRLOV�RI�WKH�IODW�WHUUDFHV�DUH�UDWHG�DV�FODVV�� � �PRGHUDWHO\ �VXLWDEOH��IRU�LUULJDWLRQ�
�VHH�) LJXUH�� � ��ZKLOH�. LNLZD�UROOLQJ�SKDVH�LV�UDWHG�DV�FODVV�� ��7KH�PDLQ�OLPLWDWLRQV�RQ�ODQG�
VXLWDEOH� IRU� LUULJDWLRQ� DUH� VRLO� SURSHUWLHV� �VORZ� SHUPHDELOLW\ � LQ� WKH� VXEVRLO� IRU� 0 RWXSLNR��
. LNLZD� DQG� 7RSKRXVH� VRLOV�� VRLO� GHSWK� IRU� ' RYHGDOH� VRLOV�� VWRQLQHVV� IRU� $ WDSR� VRLOV�� DQG�
VORSH��. LNLZD�UROOLQJ�SKDVH���7KH�WRWDO�DUHD�VXLWDEOH�IRU�LUULJDWLRQ�LV�DERXW�� � � � �KHFWDUHV��,I�
WKH�DUHD�FXUUHQWO\ �LQ�WDOO�YHJHWDWLRQ��H[ RWLF�IRUHVW��LQGLJHQRXV�IRUHVW�DQG�VFUXE��LV�H[ FOXGHG��
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WKH�DUHD�VXLWDEOH�IRU�LUULJDWLRQ�LV�DERXW�� � � � �KHFWDUHV��2 I�WKLV��RQO\ �� � � � �KHFWDUHV�KDV�VORSHV�
RI�OHVV�WKDQ�� �GHJUHHV���
�

�
) LJXUH�� ����0 RWXSLNR�FDWFKP HQW�LUULJDEOH�ODQG�DVVHVVP HQW��H[ FOXGLQJ�FXUUHQWO\ �IRUHVWHG�ODQG���6HH�EHORZ�
IRU�H[ SODQDWLRQ�RI�NH\ ��

�
7KH�NH\ �LQ�) LJXUH�� �LV�GLYLGHG�EHWZHHQ�LUULJDWLRQ�FODVV��OLPLWLQJ�IDFWRU�IRU�LUULJDWLRQ�DQG�WKH�
VORSH���$ �QRWDWLRQ�RI�³ � V��� � � � �GHJ�´ �UHIHUV�WR�D�VRLO�LQ�LUULJDWLRQ�FODVV�� �ZKHUH�VRLO�W\ SH�LV�WKH�
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OLPLWLQJ� IDFWRU�LQ�WKH�LUULJDWLRQ�FODVV�� � 7KLV�KDV�WKHQ�EHHQ�VHSDUDWHO\ �HYDOXDWHG�WR�VKRZ�DOO�
DUHDV�ZLWK�� V�FODVVLILFDWLRQ�ZKHUH�WKH�VORSH�GHULYHG�IURP�WKH�GLJLWDO�HOHYDWLRQ�PRGHO�� ' ( 0 ��
LV� EHWZHHQ� � � DQG� � � � GHJUHHV�� � 7KH� OHWWHU� DIWHU� WKH� QXPEHU� �H�J�� � W�� UHIHUV� WR� ZKHWKHU� WKH�
OLPLWLQJ�IDFWRU�IRU�LUULJDWLRQ�LV�OLNHO\ �WR�EH�HLWKHU�VRLO��V��RU�VORSH��W��RU�ERWK��WV��� ,Q�VLPSOH�
WHUPV�WKH�NH\ �VKRZV�WKH�ODQG�PRVW�VXLWDEOH�IRU�LUULJDWLRQ�DW�WKH�WRS�RI�WKH�NH\ ��GDUN�JUHHQ��DQG�
PRYHV�WKURXJK�D�JUDGDWLRQ�XQWLO�WKH�OHDVW�VXLWDEOH�ODQG�LV�VKRZQ�DW�WKH�ERWWRP�RI�NH\ ��SLQN����
�
�
� �� � 9 HJHWDWLRQ�FRYHU�

7KH�ODQG�ZLWKLQ�WKH�WRWDO�FDWFKPHQW�ZDV�FODVVLILHG�LQWR�YHJHWDWLRQ�FRYHU�DV�GHILQHG�E\ �WKH�
/ DQG�&RYHU�' DWD�%DVH��/ &' %�,,� ���7KLV�LV�D�ODQG�FRYHU�GDWDEDVH�GHULYHG�IURP�FODVVLILFDWLRQ�
RI�VDWHOOLWH�LPDJHU\ �LQ�� � � � ���7KH�DPRXQW�RI�ODQG�LQ�HDFK�YHJHWDWLRQ�W\ SH�LV�VKRZQ�LQ�7DEOH�� ���
7KH� PDMRULW\ � RI� ODQG� LV� JUDVVODQG� ZLWK� H[ RWLF� DQG� LQGLJHQRXV� IRUHVW� EHLQJ� WKH� QH[ W� ODUJHVW�
FODVVHV��
�

7DEOH�� � �,UULJDEOH�DUHD�LQ�WKH�0 RWXSLNR�YDOOH\ �E\ �YHJHWDWLRQ�FRYHU�

,UULJDELOLW\ �
FODVV� $ UHD��KD��

�
( [ RWLF�
IRUHVW�

,QGLJHQRXV�
) RUHVW�

0 DMRU�
6KHOWHUEHOWV�

0 DQXND�
DQG�RU�
. DQXND�

0 L[ HG�
( [ RWLF�
6KUXEODQG�

2 UFKDUG�
DQG� 2 WKHU�
3HUHQQLDO�
&URSV�

�
* RUVH�
DQG�
%URRP�

+ LJK�
3URGXFLQJ�
( [ RWLF�
* UDVVODQG�

/ RZ�
3URGXFLQJ�
* UDVVODQG�

� V�� � � q�� � � � � � � � � � � � � � � � � � � �

� V�� � � � q�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� V�� � � � � q�� � � � � � � � � � � � � � � � � � �

� V��! � � q�� � � � � � � � � � � � � � � � �

� WV��� � � q�� � � � � � � � � � � � � � � � � � � � �

� WV��� � � � q�� � � � � � � � � � � � � � � � � � � � � � � �

� W��� � � � q�� � � � � � � � � �

� W��! � � q�� � � � � � � � � � � � � � � � � � � � � � �
�
�
� �� � &OLP DWLF�) DFWRUV�

) LJXUH� � � LV� D� ZD\ � RI� SUHVHQWLQJ� FOLPDWH� GDWD� WR� DVVLVW� ODQGRZQHUV� LQ� GHWHUPLQLQJ� FURS�
VXLWDELOLW\ �DFURVV�WKH�FDWFKPHQW��) LJXUH�� �XWLOLVHV�PHDQ�VRLO�WHPSHUDWXUH�SUHYLRXVO\ �PDSSHG�
E\ �%DUULQJHU��� � � � �DQG�� � � � � �DQG�D�FRUUHODWLRQ�EHWZHHQ�VRLO�WHPSHUDWXUH�DQG�JURZLQJ�GHJUHH�
GD\ V��EDVH�� � q&��WR�GHULYH�D�PDS�RI�JURZLQJ�GHJUHH�GD\ �FODVVHV�IRU�WKH�0 RWXSLNR�FDWFKPHQW���
$ OWKRXJK�PHDQ�DLU�DQG�VRLO�WHPSHUDWXUH�DUH�ZHOO�FRUUHODWHG��DLU�WHPSHUDWXUHV�DUH�VXEMHFW�WR�
PXFK� PRUH� FRQYHFWLYH� PL[ LQJ� DV� D� UHVXOW� RI� ZLQG� DQG� WXUEXOHQFH� LQ� WKH� DWPRVSKHUH�� � 7R�
DFFRXQW�IRU�WKLV�ZKHQ�XVLQJ�VRLO�WHPSHUDWXUH�DV�D�EDVH�OD\ HU�IRU�FDOFXODWLQJ�JURZLQJ�GHJUHH�
GD\ V��* ' ' � ��WKH�* ' ' �VXUIDFH�ZDV�DYHUDJHG�RYHU�DUHDV�RI�DSSUR[ LPDWHO\ �� �� �KD��
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�
) LJXUH�� ����* URZLQJ�' HJUHH�' D\ V��* ' ' ��EDVH�� � q&��IRU�WKH�0 RWXSLNR�FDWFKP HQW��

�
�
�
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� �� � 6XP P DU\ �RI�LUULJDEOH�DUHDV�XVHG�LQ�WKLV�VWXG\ �

) ROORZLQJ� FRQVXOWDWLRQ� ZLWK� WKH� 0 &: $ &� LW� ZDV� GHFLGHG� WKDW� PHGLXP� WHUP� LUULJDWLRQ�
GHYHORSPHQW�LQ�WKH�0 RWXSLNR�LV�OLNHO\ �WR�EH�LQ�WKH�PLG�WR�ORZHU�YDOOH\ ��L�H��EHORZ�/ DFKODQ�
7D\ ORU¶V� SURSHUW\ � LQ� WKH� 0 RWXSLNR� DQG� EHORZ� : D\ QH� +LJJLQV¶� KD\ � SDGGRFN� LQ� WKH� 5DLQ\ ���
7KH�ODQG�EHORZ�2 OG�6FKRRO�5RDG��QHDU�WKH�FRQIOXHQFH�RI�WKH�0 RWXSLNR�DQG�0 RWXHND�ULYHUV��
ZDV�DOVR�H[ FOXGHG�DV�LW�KDV�DQ�DGHTXDWH�ZDWHU�VXSSO\ �VRXUFHG� IURP�WKH�0 RWXHND�ULYHU�DQG�
DVVRFLDWHG�JURXQGZDWHU���7KHVH�DUHDV�DUH�VKRZQ�LQ�) LJXUH�� �ZLWK�WKH�LUULJDWLRQ�FODVVLILFDWLRQ�
EHLQJ�GLVWLQJXLVKHG�SXUHO\ �LQ�WHUPV�RI�JUHDWHU�RU�OHVV�WKDQ�� �GHJUHHV�VORSH��
�

�
) LJXUH�� ����,UULJDEOH�ODQG�LQ�0 RWXSLNR�YDOOH\ �IROORZLQJ�FRQVXOWDWLRQ�ZLWK�0 &: $ &�
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7KH�WRWDO�LUULJDEOH�ODQG�ZDV�FDOFXODWHG�DW�� � � � �KHFWDUHV�ZLWK�� � � � �KHFWDUHV�EHLQJ�RQ�VORSHV�
OHVV�WKDQ�� �GHJUHHV�� �0 RVW�RI�WKH�LUULJDEOH�ODQG��� � � � �KD��LV�EHORZ�WKH�FRQIOXHQFH�ZLWK�WKH�
5DLQ\ � 5LYHU�� � ,Q� WKH� 5DLQ\ �� � � � KD� �� DOO� OHVV� WKDQ� � � GHJUHHV� VORSH� ±� LV� LUULJDEOH�� � ,Q� WKH�
0 RWXSLNR�DERYH�WKH�5DLQ\ �FRQIOXHQFH�� � � � KD�LV�LUULJDEOH�EXW�RQO\ � � � � KD�RI�WKLV�KDV�VORSHV�
OHVV�WKDQ�� �GHJUHHV��
�

7DEOH�� � �6XP P DU\ �RI�GLVFXVVLRQ�E\ �0 &: $ &�RQ�SRWHQWLDO�LUULJDEOH�FURSV�ZLWKLQ�� � �\ HDUV�LQ�WKH�0 RWXSLNR�
FDWFKP HQW�

�

� �� ,QLWLDO�' DP �6LWH�6FRSLQJ�

�
� �� � ' HVN�7RS�6FRSLQJ�DQG�6LWH�,QVSHFWLRQ�

,QLWLDO� VFRSLQJ� RI� SRWHQWLDO� VWRUDJH� VLWHV� XVHG� WKH� 7DVPDQ� 5HJLRQDO� : DWHU� 6WXG\ � �/ LQFROQ�
( QYLURQPHQWDO��� � � � � �SOXV�WRSRJUDSKLF�PDSV�RI�WKH�FDWFKPHQW���,QVSHFWLRQ�RI�WKH�VWXG\ �DUHD�
ZDV�XQGHUWDNHQ�RQ�� � �1 RYHPEHU�� � � � �E\ �/ DQGFDUH�5HVHDUFK�DQG�7RQNLQ�	 �7D\ ORU�VWDII�ZLWK�
PHPEHUV�RI� 0 &: $ &�� IROORZHG�E\ �D�EULHILQJ�PHHWLQJ�DW�WKH�KRPH�RI� 0 &: $ &�FKDLUPDQ�
( GZLQ�1 HZSRUW��
��,QGLFDWLRQV�IURP�IDUPHUV�DW�WKH�� � �1 RYHPEHU�� � � � �PHHWLQJ�ZHUH��
x� / LWWOH�LUULJDWLRQ�DQWLFLSDWHG�DERYH�WKH�5DLQ\ �0 RWXSLNR�FRQIOXHQFH��
x� ,UULJDWLRQ�XQOLNHO\ �WR�H[ FHHG�� �� � � �KHFWDUHV�LQ�WKH�IRUHVHHDEOH�IXWXUH��

o� 6XLWDEOH�FURSV�GHSHQG�RQ�WKH�YHUVDWLOLW\ �RI�WKH�SDUWLFXODU�ODQG�SDUFHO�
o� ) ODW�YDOOH\ �ERWWRP�DUHDV�DUH�PRVW�OLNHO\ �WR�EH�GHYHORSHG�ILUVW�EXW�VORSHV�! � ƒ�FRXOG�

VWLOO�EH�LUULJDWHG�GDLU\ �ODQG��H�J��XVLQJ�. �OLQH�V\ VWHPV�
o� 0 RVW�RI�WKH�YDOOH\ � IORRUV�EHORZ� . LNLZD�KDYH�JUHDWHU�WKDQ�� � � � � * ' ' � �* URZLQJ�

' HJUHH�' D\ V���ZKLFK�FRXOG�VXLW�JUDSHV���+RZHYHU�VSULQJ�DQG�DXWXPQ�IURVWV�PD\ �
OLPLW�JUDSH�SURGXFWLRQ�

o� 0 DL] H�LV�DOVR�DIIHFWHG�E\ �IURVWV�
o� &KHUULHV�JURZ�ZHOO�LQ�VRPH�KRPH�JDUGHQV��LQ�2 WDJR�WKH\ �UHTXLUH�LUULJDWLRQ�DW� � �

PP�KU�IRU�HYHU\ �GHJUHH�RI�IURVW��ZKLFK�ZRXOG�OLNHO\ �UHVXOW�LQ�ERJJ\ �JURXQG�KHUH��
o� 6RPH�YHJHWDEOH�FURSV�FRXOG�EH�JURZQ��SHDV�ZHUH�JURZQ�XS�DV� IDU�DV�WKH�5DLQ\ �

ZKHQ�7DOOH\ V�RSHUDWHG��DQG�SRWDWRHV�XVHG�WR�EH�JURZQ�DW�. RUHUH�
o� $ ERYH�WKH�5DLQ\ �FRQIOXHQFH��SDVWXUH�RU�EUDVVLFDV�DUH�WKH�PRVW�OLNHO\ �LUULJDWHG�ODQG�

XVHV�
o� 7KH�ZKROH�DUHD�VKDGHG�LQ�) LJXUH�� �LV�FRQVLGHUHG�SRWHQWLDOO\ �LUULJDEOH�
o� ,UULJDWHG�ELRIXHO�FURSV�PD\ �EHFRPH�HFRQRPLF�ZLWKLQ�� � �\ HDUV�
o� +HPS�FRXOG�EH�JURZQ�RYHU�WKLV�ZKROH�DUHD��
o� ) RU� EHUULHV� DQG� FXUUDQWV�� IURVW� LV� OLPLWLQJ� IRU� PRVW� VXFK� DV� ER\ VHQEHUULHV� DQG�

EODFNEHUULHV��WKH�VHDVRQ�LV�WRR�VKRUW�EXW�UDVSEHUULHV�FRXOG�EH�DQG�KDYH�EHHQ�JURZQ�
WKURXJKRXW�WKH�YDOOH\ ��

o� ,UULJDWLRQ� LV� QRW� FXUUHQWO\ � HFRQRPLF� IRU� VKHHS� DQG� EHHI� IDUPV� ±� FRQYHUVLRQ� RI�
WKRVH�ODQG�XVHV�WR�GDLU\ LQJ�RU�FDVK�FURSV�LV�PRVW�OLNHO\ �LI�LUULJDWLRQ�LV�WR�EH�XVHG���
,QYHVWRUV�PD\ �ILQDQFH�ODQG�XVH�FKDQJH�WR�GDLU\ ��

o� 7KH�PRVW�OLNHO\ �FXUUHQW�VFHQDULR�IRU�LUULJDWLRQ�LV�WR�JURZ�JUDVV��
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x� 7KH�OLNHO\ �PRUH�DIIRUGDEOH�FRQFHSW�LV�WR�VWRUH�ZLQWHU�IORZV�IRU�UHOHDVH�GRZQVWUHDP�ZKHQ�
QHHGHG�IRU�LUULJDWLRQ�WKURXJK�WKH�VXPPHU��UDWKHU�WKDQ�D�UHWLFXODWHG�VFKHPH�

�
%DVHG� RQ� SUHOLPLQDU\ � DVVHVVPHQWV� RI� PD[ LPXP� LUULJDWLRQ� SRWHQWLDO� DQG� VWRUDJH� GHPDQG�� D�
WRWDO�RI�� � �� �PLOOLRQ�FXELF�PHWUHV��0 &0 ��RI�VWRUDJH�ZDV�WDUJHWHG�WR�VHUYH�D�SRVVLEOH�� �� � � �
KHFWDUHV�RI�LUULJDWHG�ODQG��
�
: KHUH�DFFHVV�WR�SRVVLEOH�GDP�VLWHV�KDG�EHHQ�REWDLQHG�LQ�DGYDQFH�WKH\ �ZHUH�YLVLWHG��IHDWXUHV�
QRWHG�DQG�SKRWRJUDSKV�WDNHQ��RWKHUZLVH�DV�PXFK�DV�ZDV�SUDFWLFDEOH�ZDV�REVHUYHG�IURP�SXEOLF�
URDG� DFFHVV�� � &RQVLVWHQW� ZLWK� WKH� EULHI�� VWRUDJH� VLWHV� RI� GLIIHUHQW� VL] HV� ZHUH� LGHQWLILHG� E\ �
LQLWLDO� GHVN� VWXG\ �� REVHUYDWLRQV� IURP� WKH� DUHD� LQVSHFWLRQ� DQG� 0 &: $ &� GLVFXVVLRQ�� � 7KUHH�
FDWHJRULHV�RI� / DUJH� �/ � ��0 HGLXP� �0 ��DQG�6PDOO��6��VWRUDJHV�ZHUH�FRQVLGHUHG�DV�GHVFULEHG�
EHORZ���) LJXUHV�� �DQG�� �VKRZ�WKH�IXOO�VXLWH�RI�SRVVLELOLWLHV�LGHQWLILHG��
�
7KLV� LQIRUPDWLRQ� SOXV� WKH� LUULJDWLRQ� GHPDQG� PDSSLQJ� WKHQ� FRQWULEXWHG� WR� D� VKRUWOLVWLQJ� RI�
VLWHV�IROORZLQJ�D�ILHOG�YLVLW�RQ�� �-XQH�� � � � �ZLWK�0 &: $ &�PHPEHUV�DQG�ORFDO�IDUPHUV��
�
�
� �� � 6LQJOH�ODUJH��/ � �VWRUDJH�

7KH�� � � � �7DVPDQ�5HJLRQDO�: DWHU�6WXG\ �SURSRVHG�D�� �0 &0 �VWRUDJH�GDP�DW�³7KH�) RUNV́ �RQ�
WKH� 5DLQ\ � ULYHU� EXW� GLG� QRW� JR� LQWR� GHWDLO� RQ� RWKHU� SRVVLELOLWLHV� WR� VHUYLFH� ODUJHU� DUHDV� RI�
LUULJDWLRQ���,W�ZDV�DVVHVVHG�DW�WKH�WLPH�WKDW�� �0 &0 �ZDV�DERXW�WKH�PD[ LPXP�VXVWDLQDEOH�VL] H�
IRU�D�GDP�DW�WKLV�ORFDWLRQ��
�
5HFRJQLVLQJ�WKH�OLPLWV�RQ�ULYHU�IORZV�DYDLODEOH�IRU�UHVHUYRLU�ILOOLQJ��RQO\ �WZR�SRWHQWLDO�VLQJOH�
ODUJH� �/ � �VWRUDJH�VLWHV�ZHUH�LGHQWLILHG�ZLWKLQ�WKH�VWXG\ �DUHD��ERWK�LQYROYLQJ�WUDQVIHUV� IURP�
DGMDFHQW�FDWFKPHQWV�WR�DFKLHYH�VHFXUH�ILOOLQJ���7KHVH�VLWHV�DQG�WKH�FRUUHVSRQGLQJ�WUDQVIHUV�DUH�
VKRZQ�VFKHPDWLFDOO\ �RQ�) LJXUH�� �ODEHOOHG�/ � �DQG�/ � ��
�
6LWH�/ � �LV�ORFDWHG�RQ�WKH�XSSHU�0 RWXSLNR�ZKHUH�LW�VXEVWDQWLDOO\ �DYRLGV�H[ LVWLQJ�LQIUDVWUXFWXUH��
EXW�LW�ZRXOG�UHTXLUH�UHURXWLQJ�DERXW� � �WR� � �NP�RI�WKH� . RUHUH�7RSKRXVH�URDG��ZRXOG� IORRG�
VRPH�IDUPODQG�DQG�ZRXOG�GURZQ�D�ODUJH�SDWFK�RI�QDWLYH�EXVK���7KH�FDWFKPHQW�DERYH�WKH�GDP�
LV�RQO\ �DERXW�� � �NPð��DQG�VR�KDV�OLPLWHG�LQILOO�FDSDFLW\ ���7KH�RQO\ �SUDFWLFDO�ZD\ �LQ�ZKLFK�WKLV�
GDP�FRXOG�EH�NHSW�IXOO�ZRXOG�EH�WR�SXPS�IURP�WKH�%XOOHU�5LYHU�MXVW�EHORZ�WKH�/ DNH�5RWRLWL�
RXWOHW�IURP�WKH�� � �RI�%XOOHU�IORZ�DYDLODEOH�XQGHU�WKH�%XOOHU�: DWHU�&RQVHUYDWLRQ�2 UGHU���$ �
VWDWLF�OLIW�RI�DERXW�� � �P�ZRXOG�DSSO\ �DORQJ�ZLWK�KHDG�ORVVHV�LQ�VRPH�� � NP�RI�ULVLQJ�PDLQ�WR�
WKH� 7RSKRXVH� VDGGOH� EHWZHHQ� WKH� %XOOHU� DQG� 0 RWXSLNR� FDWFKPHQWV�� � &OHDUO\ � WKHUH� DUH�
VLJQLILFDQW�FXOWXUDO�DQG�HQYLURQPHQWDO�LVVXHV�DVVRFLDWHG�ZLWK�D�GHYHORSPHQW�RI�WKLV�NLQG�DV�
ZHOO�DV�KHDGZRUNV�SXPSLQJ�FRVWV���7UDQVIHU�RI�WKH�LQYDVLYH�DOJDH�' LG\ PR��DOUHDG\ �LGHQWLILHG�
LQ�WKH�XSSHU�%XOOHU�DQG�QRZ�LQ�WKH�ORZHU�0 RWXHND��ZRXOG�EH�DQRWKHU�EDUULHU��
�
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6LWH�/ � �LQYROYHV�D�GDP�DFURVV�WKH�EDVH�RI�%LJ�* XOO\ �DERYH�WKH�5DLQ\ �0 RWXSLNR�FRQIOXHQFH���
+HUH�WKH�FRPELQHG�+RURSLWR�DQG�5DLQ\ �5LYHU�FDWFKPHQWV�WRWDO�FORVH�WR�� � � �NP � �DQG�ZLWK�DQ�
RYHUVL] HG� UHVHUYRLU�� LQILOO� VHFXULW\ � PD\ � EH� DFKLHYDEOH�� � 7R� ILOO� WKH� UHVHUYRLU�� LW� ZRXOG� EH�
QHFHVVDU\ �WR�GLYHUW�ZLQWHU�IORZ�IURP�WKH�5DLQ\ �5LYHU�DQG�WKLV�ORRNV�WR�EH�DFKLHYDEOH�XQGHU�
JUDYLW\ �IURP�DQ�LQWDNH�DQG�UDFH�DW�DERXW�5/ �� � � �� � � � �PHWUH�FRQWRXU���DV�VKRZQ�RQ�) LJXUH�� ���
7KH�UHVHUYRLU�ZRXOG�IORRG�GDLU\ �IDUPODQG�DQG�IRUHVWU\ �LQ�WKH�VRXWK��+RURSLWR��EUDQFK�RI�%LJ�
* XOO\ ��DQG�ZRXOG�DOVR� IORRG�DQ�DUHD�RI�QDWLYH� IRUHVW�RQ�WKH�QRUWKHUQ�VLGH�RI�WKH�UHVHUYRLU���
7KLV�VLWH�DOVR�KDV�HQYLURQPHQWDO�LVVXHV�VXFK�DV�ILVK�SDVVDJH��
�
: KLOH�WKH�DERYH�KDYH�EHHQ�RXWOLQHG� IRU�FRPSOHWHQHVV��LW�LV�GRXEWIXO�WKDW�HLWKHU�VLWH�ZRXOG�
JDLQ� UHVRXUFH� FRQVHQW� ZLWKRXW� RQHURXV� FRQGLWLRQV� DQG� FRVWV�� � ,Q� SULQFLSOH�� D� ODUJH� VWRUDJH�
FRXOG�EH�EXLOW�ORZHU�GRZQ�WKH�0 RWXSLNR�EXW�QRW�ZLWKRXW�ZKDW�LV�OLNHO\ �WR�EH�DQ�XQDFFHSWDEOH�
OHYHO�RI�HIIHFW�RQ�IDUPV�DQG�LQIUDVWUXFWXUH��
�
�
� �� � 0 HGLXP �VL] HG��0 ��VWRUDJHV�

0 HGLXP�VL] HG�VWRUDJHV�DUH�WDNHQ�DV�WKRVH�HQDEOLQJ�XSZDUGV�RI�DERXW�� �� �0 &0 �RI�VWRUDJH���
7KH� HLJKW� VLWHV� LGHQWLILHG� RQ� ) LJXUHV� � � DQG� � � DUH� VXPPDULVHG� DV� IROORZV�� ZLWK� VWRUDJH�
SRWHQWLDO�EDVHG�RQ�ILUVW�FXW�HVWLPDWHV�RI�FDWFKPHQW�\ LHOG��
x� 0 � � LQ� WKH� DUHD� RI� WKH� XSSHU� 0 RWXSLNR� / � � VLWH�� VL] HG� RQ� WKH� EDVLV� RI� LQIORZ� IURP� WKH�

0 RWXSLNR�FDWFKPHQW�RQO\ ��KDV�DQ�DSSUR[ LPDWH�SRWHQWLDO�� �0 &0 ��
x� 0 � � DW� . LNLZD� DSSUR[ LPDWHO\ � � NP� GRZQVWUHDP� RI� 0 � � RQ� WKH� 0 RWXSLNR� ULYHU� DOVR� KDV�

SRWHQWLDO�VWRUDJH�JUHDWHU�WKDQ�� �0 &0 ��
x� 0 � �EHORZ�WKH�5DLQ\ �5LYHU�³ ) RUNV́ �VLWH�SUHYLRXVO\ �LGHQWLILHG�ZRXOG�UHGXFH�WKH�LPSDFW�RQ�

' 2 &�DGPLQLVWHUHG�QDWLYH�EXVK�ZKLOH�VWLOO�DFKLHYLQJ�PXFK�WKH�VDPH�VWRUDJH�FDSDFLW\ �RI�
DERXW�� �0 &0 ���

x� 0 � � DW� WKH� PRXWK� RI� WKH� 6RXWK� %UDQFK� RI� %LJ� * XOO\ � �+RURSLWR�� KDV� DQ� DSSUR[ LPDWH�
SRWHQWLDO�RI�� �� �0 &0 ��

x� 0 � � DFURVV� HLWKHU� RU� ERWK� RI� $ ODQ� DQG� %HQ� JXOOLHV� KDV� DQ� DSSUR[ LPDWH�SRWHQWLDO� RI� � �� �
0 &0 �EXW�ZRXOG�UHTXLUH�D�GLYHUVLRQ�IURP�WKH�5DLQ\ �RU�%LJ�* XOO\ �WR�DFKLHYH�LWV�PD[ LPXP�
SRWHQWLDO�RI�DERXW�� �0 &0 �LI�QHLWKHU�0 � �QRU�0 � �LV�GHYHORSHG��

x� 0 � �DW�WKH�PRXWK�RI�WKH�%UHZHUWRQ�PD\ �SRVVLEO\ �EH�VWUHWFKHG�WR�� �� �0 &0 �RI�VWRUDJH�LI�
OLPLWHG�WR�IORRGLQJ�RQO\ �D�VPDOO�DPRXQW�RI�WKH�QDWLYH�EXVK�DQG�ILOOHG�E\ �RZQ�FDWFKPHQW�
LQIORZ� LI� 0 � � GRHV� QRW� DSSO\ �� RWKHUZLVH� D� JUDYLW\ � WUDQVIHU� IURP� WKH� 0 RWXSLNR� DSSHDUV�
SRVVLEOH�DV�LQGLFDWHG�LQ�) LJXUH�� ��

x� 0 � �RQ�WKH�8 SSHU�%UHZHUWRQ�DERYH�WKH�H[ WHQVLYH�] RQH�RI�QDWLYH�EXVK�LQ�WKH�ORZHU�VHFWLRQ�
RI�WKH�YDOOH\ �KDV�DQ�DSSUR[ LPDWH�SRWHQWLDO�RI�� �0 &0 �EDVHG�RQ�RZQ�FDWFKPHQW�LQIORZV���

x� 0 � �DW�WKH�ERWWRP�HQG�RI�/ RQJ�* XOO\ �KDV�VRPH�� �0 &0 �SURYLGHG�E\ �RZQ�FDWFKPHQW�IORZ��
�
�
� �� � 6P DOOHU�VFDOH��6��IDUP �VWRUDJHV�

,QGLYLGXDO�IDUP�VWRUDJHV�FDQ�EH�EXLOW�LQ�D�VLGH�JXOO\ �ZKHUH�WKHUH�LV�RQH�RQ�WKH� IDUP� �PRUH�
SDUWLFXODUO\ �RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�0 RWXSLNR��RU�DV� ³WXUNH\ V�QHVẂ�VWRUDJHV�RQ�WKH� IODW��
LQYROYLQJ�FXW�DQG� ILOO�DQG�H[ SORLWDWLRQ�RI�DQ\ �ORFDO�EURDG�JXOO\ �RU�WHUUDFH�HGJH�ODQGIRUPV���
8 VXDOO\ �WKH�ODWWHU�W\ SH�KDV�D�UHODWLYHO\ �VKDOORZ�GHSWK�DQG�DW�� �P�DYHUDJH�GHSWK��D�� � � �� � � �P � �
VWRUDJH�VHUYLQJ�DURXQG�� � � �KHFWDUHV��ZRXOG�FRYHU�� � �KHFWDUHV���$ SDUW�IURP�WDNLQJ�XS�ZKDW�LV�
DOPRVW�FHUWDLQ�WR�EH�SURGXFWLYH�ODQG��WKH�ODWWHU�W\ SH�LQYROYHV�WKH�H[ WUD�FRVW�RI�VHDOLQJ�DJDLQVW�
OHDNDJH� EHFDXVH� RI� WKH� PRUH� SHUPHDEOH� VRLOV� RQ� WKH� IODWV�� ZKHUHDV� JXOOLHV� LQ� WKH� 0 RXWHUH�
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JUDYHOV��ZKLFK�DUH�WLJKW��QHHG�RQO\ �D�VKDOORZ�FXW�RII�WKURXJK�VXUILFLDO�JUDYHOV��GHSHQGLQJ�RQ�
ORFDWLRQ���0 RXWHUH�JUDYHOV�DUH�YLVLEOH�FORVH�WR�WKH�VXUIDFH�LQ�WKH�XSSHU�FDWFKPHQW�EXW�PD\ �EH�
WRR�GHHS�WR�UHDFK�FRVW�HIIHFWLYHO\ �LQ�WKH�ORZHU�FDWFKPHQW��
�
) LJXUHV�� �DQG�� �DOVR�LQGLFDWH�SRWHQWLDO�VPDOOHU�VFDOH�VWRUDJHV�ODEHOOHG�6� �WR�6� � �EDVHG�RQ�D�
WDUJHW�RI�DURXQG�� � � �� � � �P � �VDIH�VWRUDJH�DQG�DGRSWLQJ�DV�D�SUHOLPLQDU\ �³UXOH�RI�WKXPÉ �WKDW�D�
JXOO\ �GDP�VKRXOG�QRW�H[ FHHG�� � �P�KHLJKW���: LWKRXW�SXPSLQJ�IURP�WKH�ULYHU�DV�EDFNXS��VRPH�
� � � � KHFWDUHV� RI� FDWFKPHQW� LV� UHTXLUHG� IRU� � � � �� � � � P � � RI� VWRUDJH�� � 7KH� VPDOOHU� JXOOLHV� DUH�
JHQHUDOO\ �UHJXODU�ZLWK�D�ORQJLWXGLQDO�EDVH�VORSH�RI�DERXW�� �LQ� � � �WR�� �LQ� � � ��D�QDUURZ�EDVH�
DERXW�� � � �WR�� � � P�ZLGH�DQG�VLGH�VORSHV�RI�DURXQG�� � �WR�� � �GHJUHHV���( [ FHSW�ZKHUH�WKHUH�LV�D�
ORFDO�ZLGHQLQJ�LQ�WKH�YDOOH\ �IORRU�DV�RFFXUV�W\ SLFDOO\ �DW�IRUNV�LQ�WKH�YDOOH\ ��D�� � �P�KLJK�GDP�
FDQ� RQO\ � VWRUH� DURXQG� � � � �� � � � P � � WR� � � � �� � � � P � �� � ,QGLFDWLYH� RU� LOOXVWUDWLYH� WXUNH\ ¶V� QHVW�
SRVVLELOLWLHV� DUH� EDVHG� RQ� � � P� ZDWHU� GHSWK�� � &OHDUO\ � PDQ\ � FRQILJXUDWLRQV� DUH� SRVVLEOH�� VR�
WKRVH�PDUNHG�GR�QRW�UHSUHVHQW�DOO�SRVVLELOLWLHV�� �6LPLODUO\ �RQO\ �ZKDW�DSSHDU�WR�EH�WKH�PRUH�
SURPLVLQJ�JXOO\ �GDP�SRVVLELOLWLHV�DUH�VKRZQ�DQG�GDPV�KLJKHU�WKDQ�� � �P��LI�DIIRUGDEOH��ZRXOG�
RSHQ�XS�RWKHU�VLWHV��
�
$ �FRQFHSWXDO�GHVLJQ�IRU�D�IDUP�VFDOH�JXOO\ �GDP�LV�VKRZQ�LQ�) LJXUH�� ��
�
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� �� ,UULJDWLRQ�: DWHU�1 HHGV�$ VVHVVP HQW�

+DYLQJ�DVFHUWDLQHG�WKH�PD[ LPXP�LUULJDEOH�DUHD�DQG�WKH�VFDOH�RI�SRWHQWLDO�VWRUDJHV��GHWDLOHG�
DQDO\ VLV� RI� LUULJDWLRQ� ZDWHU� QHHGV� ZDV� XQGHUWDNHQ�� EDVHG� RQ� ERWK� SODQQLQJ� FRQVWUDLQWV� IRU�
ZDWHU�DOORFDWLRQ�LQ�WKH�0 RWXSLNR��DQG�K\ GURORJLFDO�DQDO\ VLV�RI�DYDLODEOH�VWUHDP�IORZV���7KLV�
DQDO\ VLV�LV�QHHGHG�IRU�VL] LQJ�VWRUDJH�DW�VKRUWOLVWHG�VLWHV��
�
� �� � $ OORFDWLRQ�OLP LWV�DQG�FXUUHQW�DOORFDWLRQV�

7KLV� VHFWLRQ� UHYLHZV� WKH� SODQQLQJ� FRQVWUDLQWV� LPSRVHG� E\ � HLWKHU� WKH� 0 RWXHND� : DWHU�
&RQVHUYDWLRQ� 2 UGHU� �: &2 �� RU� WKH� ZDWHU� PDQDJHPHQW� UXOHV� LQ� WKH� &RXQFLO¶V� 7DVPDQ�
5HVRXUFH� 0 DQDJHPHQW� 3ODQ� �750 3��� � 7KH� 0 RWXHND� : &2 � ZDV� JD] HWWHG� LQ� � � � � � DQG� VHWV�
OLPLWV� RQ� GDPPLQJ� DQG� DEVWUDFWLRQ� RI� ZDWHU� WR� SURWHFW� QDWLRQDOO\ � LPSRUWDQW� YDOXHV� RI� WKH�
0 RWXHND�FDWFKPHQW���7KH�0 RWXSLNR�5LYHU�LV�UHFRJQLVHG�LQ�6FKHGXOH�� �RI�WKH�: &2 �IRU�ILVK�
SDVVDJH� DQG� WURXW� VSDZQLQJ� LQ� VSDZQLQJ� WULEXWDULHV� GXULQJ� WKH� PRQWKV� RI� 0 D\ � WR� 2 FWREHU�
LQFOXVLYH�� LW� DOVR� FRQWULEXWHV� IORZ� WR� WKH� PDLQVWHP� 0 RWXHND� 5LYHU� ZKLFK� LV� UHFRJQLVHG� LQ�
6FKHGXOH�� �IRU�LWV�EURZQ�WURXW�ILVKHU\ ��
�
&ODXVH�� �RI�WKH�: &2 �SURKLELWV�GDPPLQJ�RI�WKH�0 RWXSLNR�DQG�5DLQ\ �ULYHUV��EHFDXVH�RI�WKHLU�
FRQWULEXWLRQ� RI� IORZ� WR� RXWVWDQGLQJ� IHDWXUHV� LQ� WKH� 0 RWXHND� EHORZ� WKH� : DQJDSHND�
FRQIOXHQFH���7KLV�PHDQV�WKDW�REWDLQLQJ�UHVRXUFH�FRQVHQW�IRU�DQ\ �GDPVLWHV�LGHQWLILHG�IRU�ZDWHU�
DXJPHQWDWLRQ�LQ�WKH�PDLQVWHP�5DLQ\ �RU�0 RWXSLNR�ULYHUV�ZRXOG�UHTXLUH�D�FKDQJH�WR�WKH�: &2 ��
ZKLFK�LV�OLNHO\ �WR�EH�D�OHQJWK\ �SURFHVV��
�
&ODXVH� � � VSHFLILHV� KLJK� OHYHO� OLPLWV� RQ� IORZ� DOWHUDWLRQ� LQ� WKH� 0 RWXHND� 5LYHU� EHORZ� WKH�
: DQJDSHND�� DQG� PLQLPXP� UHVLGXDO� IORZV� LQ� WKH� 0 RWXSLNR� 5LYHU� GXULQJ� WKH� ZLQWHU� WURXW�
VSDZQLQJ�SHULRG�0 D\ �WR�2 FWREHU�LQFOXVLYH�� � : DWHU�DOORFDWLRQ�OLPLWV�VXEVHTXHQWO\ �VHW�LQ�WKH�
750 3�DSSO\ �WR�WKH�QRQ�DXJPHQWHG�ZDWHUV�RI�WKH�0 RWXSLNR�FDWFKPHQW��
�
7KH�UHOHYDQW�: &2 �UXOHV�DUH�� � � � �F��DQG��H��LL����
�
� � � � � 1R�UHVRXUFH�FRQVHQW�PD\ �EH�JUDQWHG�RU�UXOH�LQFOXGHG�LQ�D�UHJLRQDO�SODQ�WKDW² �
�

F�� ZLOO�FDXVH��HLWKHU�E\ �LWVHOI�RU�LQ�FRPELQDWLRQ�ZLWK�DQ\ �RWKHU�H[ LVWLQJ�FRQVHQWV�
RU�UXOHV��DOWHUDWLRQ�RI�WKH�IORZ�RI�WKDW�SDUW�RI�WKH�0 RWXHND�5LYHU�VSHFLILHG�LQ�
6FKHGXOH�� �E\ �PRUH�WKDQ�� � � �DV�PHDVXUHG�E\ �WKH�UHVLGXDO�IORZ�DW�: RRGVWRFN��
RU�

G�� ZLOO�FDXVH��HLWKHU�E\ �LWVHOI�RU�LQ�FRPELQDWLRQ�ZLWK�DQ\ �RWKHU�H[ LVWLQJ�FRQVHQWV�
RU�UXOHV��DOWHUDWLRQ�RI�WKH�IORZ�RI�ZDWHU�LQ�DQ\ �SDUW�RI�WKH�: DQJDSHND�5LYHU�E\ �
PRUH�WKDQ�� � �DV�PHDVXUHG�E\ �WKH�UHVLGXDO�IORZ�DW�: DOWHU
V�3HDN��RU�

H�� 7KDW�ZLOO�FDXVH��HLWKHU�E\ �LWVHOI�RU�LQ�FRPELQDWLRQ�ZLWK�DQ\ �RWKHU�H[ LVWLQJ�
FRQVHQWV�RU�UXOHV��LQFOXGLQJ�H[ LVWLQJ�VXUIDFH�DQG�JURXQGZDWHU�WDNHV��UHGXFWLRQ�
RI�WKH�QDWXUDOO\ �RFFXUULQJ�LQVWDQWDQHRXV�IORZ�RI�WKDW�SDUW�RI�WKH�ULYHUV��
LGHQWLILHG�LQ�6FKHGXOH�� �EHORZ�WKH�IROORZLQJ�WKUHVKROG�PLQLPXP�IORZV��GXULQJ�
WKH�PRQWKV�RI�0 D\ �WR�2 FWREHU�LQFOXVLYH��

L�� � � � � �OLWUHV�VHFRQG�LQ�WKH�0 RWXHND�5LYHU�LPPHGLDWHO\ �DERYH�LWV�
FRQIOXHQFH�ZLWK�WKH�0 RWXSLNR�5LYHU��DW�1� � � � � � �� � � ��

LL�� � � � �OLWUHV�VHFRQG�LQ�WKH�0 RWXSLNR�5LYHU�LPPHGLDWHO\ �DERYH�LWV�
FRQIOXHQFH�ZLWK�WKH�0 RWXHND�5LYHU��DW�1� � � � � � �� � � ��
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LLL�� � � � �OLWUHV�VHFRQG�LQ�WKH�7DGPRU�5LYHU�DW�WKH�0 XGVWRQH�UHFRUGHU��
�
,Q� WKH� 750 3� WKH� IROORZLQJ� DOORFDWLRQ� OLPLWV� KDYH� VXEVHTXHQWO\ � EHHQ� VHW� IRU� VXEFDWFKPHQW�
ZDWHU�PDQDJHPHQW�] RQHV��
�

7DEOH�� � �$ OORFDWLRQ�OLP LWV�DIIHFWLQJ�LUULJDWLRQ�LQ�WKH�0 RWXSLNR�FDWFKP HQW��IURP �75 0 3�) LJV�� � �� ( �DQG�) ��

�
: $ 7( 5�0 $ 1 $ * ( 0 ( 1 7�=2 1 ( � $ / / 2 &$ 7,2 1 �/ ,0 ,7�

�OLWUHV�SHU�VHFRQG��
8 SSHU�0 RWXHND�=RQH� � � � � �

: DQJDSHND�
0 RWXSLNR�
7DGPRU��WRWDO�DXJPHQWHG�IORZ��
7DSDZHUD�3ODLQV�

� � � �
� � � �
� � �
� � � �

�
7KH� � � � ZDWHU� SHUPLWV� LQ� WKH� 0 RWXSLNR� FDWFKPHQW� DXWKRULVH� LUULJDWLRQ� RI� � � � � KD�� � 7KHVH�
SHUPLWV�WRWDO�� � � �O�V�DOORFDWHG��EDVHG�RQ�ZHHNO\ �ZDWHU�YROXPHV�DOORFDWHG��DQG�DV�WKLV�HTXDOV�
WKH�DOORFDWLRQ�OLPLW�VSHFLILHG� IRU�WKH�0 RWXSLNR�FDWFKPHQW�LQ�WKH�7DVPDQ� ' LVWULFW�&RXQFLO¶V�
750 3��) LJ�� � �� ( ��) � ��WKH�FDWFKPHQW�LV�FXUUHQWO\ �IXOO\ �DOORFDWHG���: DWHU�DOORFDWLRQV�DERYH�WKH�
: RRGVWRFN�ULYHU�IORZ�UHFRUGHU�WRWDOOHG�� � � �O�V�LQ�� � � � ��L�H��DURXQG�� � � �DOORFDWHG��
�
7KH�� � �\ HDU�ORZ�IORZ�DW�: RRGVWRFN�LV�� � � � �O�V�DQG�WKH�� � �\ HDU�LV�� � � � �O�V���,Q�WKHRU\ ��GDPV�
FRXOG� EH� UHTXLUHG� WR� UHOHDVH� D� UHVLGXDO� IORZ� ZKHQ� IORZV� DUH� EHORZ� DERXW� D� � � \ HDU� UHWXUQ�
SHULRG� DW� : RRGVWRFN� �� � � � �� �� �  � � � � � O�V��� � +RZHYHU�� WKLV� ZRXOG� SUREDEO\ � RQO\ � DIIHFW�
PDLQVWHP�0 RWXSLNR�GDPV�DQG�WKHVH�ZRXOG�DOVR�KDYH�ORFDO�UHVLGXDO�IORZ�UHTXLUHPHQWV���7KHVH�
GDPV�ZRXOG�EH�UHOHDVLQJ�ZDWHU�IRU�LUULJDWLRQ�VXSSO\ �GXULQJ�ORZ�IORZ�SHULRGV�DQ\ ZD\ ��
�
: &2 � FODXVH� �H��LL�� OLPLWV� 0 D\ �2 FW� IORZV� WR� QR� OHVV� WKDQ� � � � � O�V� LQ� WKH� ORZHU� 0 RWXSLNR���
7KHUH�LV�QR�UHFRUGHU�EXW�PRQWKO\ �ZLQWHU�ORZ� IORZV�HVWLPDWHG�E\ �7' &� IURP�&KULVWLHV� IORZ�
PRQLWRULQJ� VLWH� LQ� WKH� 0 RWXSLNR� DERYH� WKH� 5DLQ\ � FRQIOXHQFH�� DQG� IURP� 0 RWXHND� * RUJH�
UHFRUGV�DV�DW�� � � � �ZHUH�DV�VKRZQ�LQ�7DEOH�� ��

7DEOH�� � ��( VWLP DWHG�P RQWKO\ �ULYHU�IORZV�$ SULO�2 FWREHU�LQ�WKH�0 RWXSLNR�5 LYHU�

�
� ( VWLPDWHG�IORZV�IRU�0 RWXSLNR�DW�4 XLQQH\ V�%XVK�

�
/ RZHVW� UHFRUGHG� � � GD\ �
PLQLPXP�IORZ��O�V��

0 HDQ�$ QQXDO�/ RZ�) ORZ�0 $ / ) ��
�XVLQJ�RQO\ �GDWD�IURP�PRQWK�VKRZQ�LQ�O�V��

$ SULO� � � � � � � � � �
0 D\ � � � � � � � � � �
-XQH� � � � � � � � � �
-XO\ � � � � � � � � � �
$ XJXVW� � � � � � � � � � �
6HSWHPEHU� � � � � � � � � � �
2 FWREHU� � � � � � � � � �

�
,I�GDPV�ZHUH�FRQVLGHUHG� IRU�WKH�PDLQVWHP�0 RWXSLNR�RU�5DLQ\ ��WKHLU�GHVLJQ�ZRXOG�QHHG�WR�
DOORZ� UHVLGXDO� IORZ� WR� PDLQWDLQ� D� SURSRUWLRQDO� FRQWULEXWLRQ� WR� WKH� � � � � O�V� PLQLPXP� IORZ�
UHTXLUHG�IURP�0 D\ �WR�2 FWREHU�� �7ULEXWDU\ �VLWHV��EHFDXVH�RI�WKHLU�SURSRUWLRQDO�VL] H��PD\ �QRW�
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KDYH�D�VLJQLILFDQW�LPSDFW�RQ�ZLQWHU�IORZV�DQG�WKHUHIRUH�ORFDO�UHVLGXDO�IORZ�QHHGV�ZRXOG�EH�
WKH�PDLQ�FRQVLGHUDWLRQ�LQ�D�FRQVHQW�SURFHVV����
�
5HVLGXDO� IORZ� ZLOO� QHHG� WR� EH� VHW� WDNLQJ� LQWR� DFFRXQW� 750 3� SROLF\ � � � �� �� � � UHODWLQJ� WR�
DGYHUVH� HIIHFWV� RI� GDPV�� DQG� SROLF\ � � � �� �� � UHFRJQLVLQJ� EHQHILFLDO� HIIHFWV� RI� ZDWHU�
DXJPHQWDWLRQ�� � ) RU� DQ� DXJPHQWDWLRQ� VFKHPH� UHOHDVLQJ� ZDWHU� LQWR� ULYHUV� IRU� GRZQVWUHDP�
DEVWUDFWLRQ��WKH�DXJPHQWHG�IORZ�UHJLPH�DOVR�QHHGV�WR�WDNH�LQWR�DFFRXQW�WKH�XVHV�DQG�YDOXHV�
IRU� WKH� 0 RWXSLNR� 5LYHU� OLVWHG� LQ� 750 3� 6FKHGXOH� � � �� �� DSDUW� IURP� WKH� FRQWULEXWLRQ� WR� WKH�
QDWLRQDOO\ � LPSRUWDQW� YDOXHV� GHULYLQJ� IURP� WKH� : &2 � GLVFXVVHG� DERYH�� 6FKHGXOH� � � �� �
H[ SOLFLWO\ �LGHQWLILHV�WKH�0 RWXSLNR�DV�KDYLQJ�UHJLRQDOO\ �VLJQLILFDQW�QDWLYH�ILVK�KDELWDW���
�
,Q� VXPPDU\ �� WKH� : &2 � � � � � : RRGVWRFN� OLPLW� LV� XQOLNHO\ � WR� KDYH� D� VLJQLILFDQW� HIIHFW� RQ�
UHVLGXDO�IORZV�UHTXLUHG�IURP�0 RWXSLNR�GDPV��QRU�LQ�RXU�RSLQLRQ�DUH�WKH�750 3�SROLF\ �DQG�
UXOHV� OLNHO\ � WR� UHTXLUH� D� VLJQLILFDQW� DGGLWLRQDO� VWRUDJH� UHTXLUHPHQW� WR� PHHW� UHVLGXDO� IORZ�
UHTXLUHPHQWV�� � %HFDXVH� WKH� : &2 � FXUUHQWO\ � SURKLELWV� GDPV� RQ� WKH� PDLQVWHP� 0 RWXSLNR� RU�
5DLQ\ �ULYHUV��SUHIHUHQFH�KDV�EHHQ�JLYHQ�WR�LGHQWLI\ LQJ�VLWHV�RQ�WULEXWDU\ �FDWFKPHQWV���7KH�� � � �
O�V�0 D\ �2 FWREHU�PLQLPXP�IORZ�IRU�WKH�0 RWXSLNR�LV�XQOLNHO\ �WR�VLJQLILFDQWO\ �LQIOXHQFH�GDP�
VL] LQJ� EXW� ZLOO� QHHG� FRQVLGHUDWLRQ� DORQJVLGH� 750 3� ZDWHU� SROLF\ � DQG� UXOHV� ZKHQ� UHVLGXDO�
IORZV�DUH�DGGUHVVHG�LQ�UHVRXUFH�FRQVHQW�DSSOLFDWLRQV�IRU�SUHIHUUHG�VLWH�V���
�
�
� �� � ,QIORZ�P RGHOOLQJ�XVLQJ�WKH�/ DQGFDUH�5 HVHDUFK�: $ 7< , ( / ' �P RGHO�

7R�JDLQ�DQ�LQLWLDO�DVVHVVPHQW�RI�WKH�OLPLWV�RI�VWRUDJH�DEOH�WR�EH�ILOOHG�DW�HDFK�VLWH��VWUHDPIORZ�
\ LHOGV� IRU� WKH� PHGLXP� �0 �� DQG� VPDOO� �6�� VLWHV� ZHUH� HVWLPDWHG� XVLQJ� : $ 7< ,( / ' � � ZDWHU�
EDODQFH�PRGHO��) DKH\ �HW�DO��� � � � � �� �$ �GDLO\ �IORZ�ZDV�VLPXODWHG�XVLQJ�UDLQIDOO�IURP�* ROGHQ�
' RZQV��� � � � � � � � � � �DQG�. LNLZD�DQG�&KULVWLHV��� � � � � � � � � � ���5DLQIDOOV�IRU�5DLQ\ �5LYHU�ZHUH�
FKHFNHG�DJDLQVW�� � �\ HDUV�RI�PRQWKO\ �UDLQIDOO��� � � � � � � � � � �SURYLGHG�E\ �UHWLUHG�IDUPHU�$ UWKXU�
+DZNH� IURP� KLV� JDXJH� DW� 1 � � �� � � � � � �� � ( DFK� FDWFKPHQW� IRU� WKH� SURSRVHG� UHVHUYRLUV� ZDV�
VLPXODWHG� ZLWK� WKH� FXUUHQW� ODQG� FRYHU� �GHULYHG� IURP� / &' %� ,,� � DQG� D� SRVWXODWHG� SRVVLEOH�
PD[ LPXP� IRUHVWU\ � �ZKHUH� DOO� SDVWXUH� LV� UHSODFHG� ZLWK� H[ RWLF� IRUHVWU\ ��� ,Q� GLVFXVVLRQ� ZLWK�
0 &: $ &��WKH�WDUJHW�VHFXULW\ �RI�VXSSO\ �IRU�GHVLJQ�LV�IRU�WKH�UHVHUYRLU�WR�ILOO�QLQH�\ HDUV�RXW�RI�
WHQ��
�
7HVWLQJ�RI�WKH�PRGHO�IRU�WKH�0 RWXSLNR�FDWFKPHQW�DJDLQVW�WKH�IORZ�UHFRUG�DW�&KULVWLHV��� � � � �
� � � � � �VXJJHVWV�WKDW�LW�LV�DEOH�WR�VLPXODWH�WKH�JHQHUDO�WUHQGV�EXW�LV�XQGHU�SUHGLFWLQJ�WKH�KLJK�
IORZV��) LJXUHV�� �DQG�� � � ���1 R�SDUWLFXODU�VLWH�FDOLEUDWLRQ�ZDV�DWWHPSWHG�WR�LPSURYH�WKH�PRGHO�
UXQV�DQG�: $ 7< ,( / ' �FDQ�EH�FRQVLGHUHG�D�FRQVHUYDWLYH�HVWLPDWRU�RI�IORZV��
�
: $ 7< ,( / ' � ZDV� GHVLJQHG� IRU� XVH� LQ� VPDOO� FDWFKPHQWV� �� � � � NP � � � VR� WKH� VLPXODWLRQ� IRU�
&KULVWLHV��� � � �NP � � �LV�ODUJHU�WKDQ�ZRXOG�QRUPDOO\ �EH�FRQVLGHUHG���+RZHYHU�PRVW�FDWFKPHQWV�
PRGHOOHG�LQ�WKLV�VWXG\ �ZHUH�ZHOO�ZLWKLQ�WKH�PRGHO¶V�GHVLJQ�UDQJH��
�
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�
) LJXUH�� ����0 HDVXUHG�YV�P RGHOOHG�P RQWKO\ �UXQRII�IRU�WKH�0 RWXSLNR�5 LYHU�DW�&KULVWLHV��� � � � � � � � � ���7KH�
SLQN�OLQH�LV�� �� �UHSUHVHQWLQJ�D�SHUIHFW�ILW�EHWZHHQ�P HDVXUHG�DQG�P RGHOOHG�UXQRII��
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&DWFKPHQW�0 � ��0 RGHOOHG�

&DWFKPHQW��0 RWXSLNR��0 HDVXUHG�

�
) LJXUH�� � ����7LP H�VHULHV�RI�P HDVXUHG��SLQN��YV�P RGHOOHG��EODFN��P RQWKO\ �IORZV�DW�&KULVWLHV��

�
7KH�UHVXOWV�IURP�WKHVH�VLPXODWLRQV�DUH�VKRZQ�LQ�7DEOH�� ��$ OO�IORZV�DUH�IRU�WKH�LUULJDWLRQ�\ HDU�
�� �0 D\ �WR�� � �$ SULO��LPPHGLDWHO\ �SUHFHGLQJ�ZKHQ�WKH�ORZ�IORZ�LQWHUYDOV�ZHUH�VLPXODWHG���4 � � �
LV� WKH� � �GD\ � GXUDWLRQ� ORZ� IORZ� ZLWK� D� ILIW\ � \ HDU� DYHUDJH� UHFXUUHQFH� LQWHUYDO�� DV� FDOFXODWHG�
IURP�WKH�&KULVWLHV�ULYHU�IORZ�UHFRUG���7KLV�RFFXUUHG�LQ�0 D\ �� � � � �DQG�WKLV�PHDQV�WKH�LUULJDWLRQ�
\ HDU� RI� � � � � �� � � ZDV� XVHG� IRU� VLPXODWLQJ� WRWDO� LQIORZV� IRU� D� 4 � � � \ HDU�� � ' HSHQGLQJ� RQ� WKH�



� � �
�

/ DQGFDUH�5HVHDUFK�

VWDWLVWLFDO� GLVWULEXWLRQ� XVHG�� WKLV� \ HDU¶V� LQIORZV� KDYH� DQ� DYHUDJH� UHFXUUHQFH� LQWHUYDO� RI�
EHWZHHQ�� � �DQG�� � �\ HDUV��
�
4 � � �LV�WKH�� �GD\ �GXUDWLRQ�ORZ�IORZ�ZLWK�D�WHQ�\ HDU�DYHUDJH�UHFXUUHQFH�LQWHUYDO��DV�FDOFXODWHG�
IURP�WKH�&KULVWLHV�ULYHU�IORZ�UHFRUG���7KLV�RFFXUUHG�LQ�0 D\ �� � � � �DQG�WKLV�PHDQV�WKH�LUULJDWLRQ�
\ HDU� RI� � � � � �� � � ZDV� XVHG� IRU� VLPXODWLQJ� WRWDO� LQIORZV� IRU� D� 4 � � � \ HDU�� � ' HSHQGLQJ� RQ� WKH�
GLVWULEXWLRQ�XVHG��WKLV�\ HDU¶V�LQIORZV�KDYH�DQ�DYHUDJH�UHFXUUHQFH�LQWHUYDO�RI�EHWZHHQ�� � �DQG�
� � � \ HDUV�� �4 PHG�LV�WKH�PHGLDQ�LQSXW�IORZ�LQ�DQ�³LUULJDWLRQ�\ HDÚ� � � �0 D\ �WR�� � �$ SULO��� �7KLV�
RFFXUUHG�LQ�� � � � �� � �EDVHG�RQ�WKH�&KULVWLHV�ULYHU�IORZ�DQDO\ VLV��
�
$ � FRQVHUYDWLYH� HVWLPDWH� IRU� D� UHVLGXDO� IORZ�� L�H�� D� PLQLPXP� IORZ� WR� EH� UHOHDVHG� IURP� WKH�
VWRUDJH�� ZDV� FDOFXODWHG� IURP� WKH� � � WK� SHUFHQWLOH� IORZ� LQ� WKH� 0 RWXSLNR� DW� &KULVWLHV� IORZ�
GXUDWLRQ� FXUYH�� � 7KLV� ZDV� OLQHDUO\ � VFDOHG� IRU� WKH� VL] H� RI� FDWFKPHQW� DERYH� HDFK� GDP� VLWH���
,QIORZV�WR�VWRUDJH�ZHUH�WKHQ�FDOFXODWHG�UHOHDVLQJ�MXVW�WKH�FDOFXODWHG�UHVLGXDO� IORZ��ZLWK�QR�
IOXVKHV�� � ) RU�WKH�5DLQ\ �LW�ZDV�DVVXPHG�WKH�VDPH�UHVLGXDO� IORZ�DSSOLHG�DV� IRU�0 RWXSLNR�DW�
&KULVWLHV��
�
) RUHVWU\ �VFHQDULRV�ZHUH�VLPXODWHG�LQ�: $ 7< ,( / ' �E\ �UHSODFLQJ�SDVWXUH�ZLWK�IRUHVW�DQG�DQ\ �
UHFHQWO\ �FXW�IRUHVWU\ �ZLWK�PDWXUH�FDQRS\ ���) RU�VLWH�0 � ��5DLQ\ ��WKHUH�ZDV�QR�DYDLODEOH�VSDFH�
IRU�IRUHVWU\ �DQG�IRU�6� �IRUHVWU\ �LV�DOUHDG\ �WKH�SUHGRPLQDQW�ODQG�XVH���7KHVH�IRUHVWU\ �VFHQDULRV�
UHSUHVHQW�WKH�ZRUVW�FDVH�IRU�LQIORZV��L�H��D�IXOO\ �FDQRS\ �FRYHU�RQ�DOO�DYDLODEOH�JURXQG��ZLWKRXW�
UHSODFLQJ�DQ\ �QDWLYH�YHJHWDWLRQ���
�

7DEOH�� � �$ QQXDO�IORZ�YROXP HV�LQWR�SURSRVHG�GDP �VLWHV���$ OO�IORZV�DUH�PLOOLRQV��[ �� � � � �P � �SHU�\ HDU��0 &0 ����
9 DOXHV�LQ�EUDFNHWV�DUH�IRU�IXOO�IRUHVW�FRYHU�VFHQDULRV���6LWH�UHIHUHQFHV�DUH�IRU�PHGLXP��0 ��DQG�VPDOO��6��
UHVHUYRLU�VLWHV�VKRZQ�LQ�) LJXUHV�� �	 �� ���6KDGLQJ�LQGLFDWHV�DGHTXDWH�VWRUDJH�IRU�� �0 &0 �IRU�PHGLXP�DQG�
� �� 0 &0 �IRU�VPDOO�VWRUDJHV��4 � � �LV�WKH�IORZ�LQ�D�� � �\ HDU�GURXJKW��HVWLPDWHG�WR�KDYH�DQ�DYHUDJH�UHFXUUHQFH�
LQWHUYDO�RI�� � �\ HDUV���4 � � �LV�D�WHQ�\ HDU�GURXJKW�DQG�4 PHG�LV�WKH�PHGLDQ�IORZ��RFFXUUHG�� � � �RI�WKH�WLPH�RI�WKH�
PRGHOOHG�SHULRG���

3URSRVHG�
GDP �VLWH�

4 � � �
� � � � � �� � � �

4 � � �
� � � � � �� � � �

4 P HG�
� � � � � �� � � �

/ RZHVW�
LQIORZ�

&RP P HQW�

0 � � 8 SSHU�
0 RWXSLNR�

� �� �
� � �� � �

� � �� �
� � � �� � �

� � �� �
� � � �� � �

� � � � �� � � ( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV��Q�E��QR�UHVLGXDO�IORZ��

0 � � ZLWK�
UHVLGXDO�
IORZ�

� �� � �

� � �� � � �

� �� � �

� � �� � � �

� � �� � �

� � � �� � � �
�

: RXOG� QRW� KDYH� HQRXJK� IORZ� LQ�
4 � � � HYHQW� ±� IRUHVWU\ � H[ DFHUEDWHV�
SUREOHP�

0 � �. LNLZD�
� � �� � �
� � � �� � � �

� � �� � �
� � � �� � � �

� � �� � �
� � � �� � � �

� � � � �� � � ( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV��Q�E��QR�UHVLGXDO�IORZ��

0 � � ZLWK�
UHVLGXDO�
IORZ�

� �� � �

� � �� � � �

� � �� � �

� � � �� � � �

� � �� � �

� � � �� � � �
�

( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV�� ( QRXJK� IRU� � � 0 � P � �

H[ FHSW�IRU�4 � � �

0 � � 8 SSHU�
5DLQ\ �

� �� � �
� � �

� � �� � �
� � �

� � �� � �
� � �

� � � � �� � � ( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV��Q�E��QR�UHVLGXDO�IORZ��

0 � � ZLWK�
UHVLGXDO�
IORZ�

� �� � �

� � �

� � �� � �

� � �

� � �� � �

� � �
�

( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV�� � 1 �%�� 5HVLGXDO� IORZ� LV�
SUREDEO\ � WRR� ORZ� IRU� ) LVK� 	 �
* DPH�� � ) RUHVWU\ � LV� XQUHDOLVWLF� LQ�
WKLV�FDWFKPHQW�

0 � � � �� � � � �� � � � �� � � � � � � �� � � &DQ� VXSSO\ � � �� 0 � P � � XQGHU� DOO�
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+ RURSLWR� �� �� � � � � � �� � � � � � �� � � � VFHQDULRV� EXW� QR� DOORZDQFH� IRU�
UHVLGXDO�IORZ��

0 � �
%HQ	 $ ODQ�

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� � � � �� � �
1 R� FKDQFH� RI� ILOOLQJ� � 0 � P� � DQG�
QR� DOORZDQFH� IRU� UHVLGXDO� IORZ��
: RXOG�QHHG�WUDQVIHU�IURP�5DLQ\ �

0 � �( \ OHV�
� �� � �

� � �� � � �

� �� � �

� � �� � � �

� �� � �

� � �� � � �
� � � � �� � � ( QRXJK� IRU� � 0 � P � � XQGHU� DOO�

VFHQDULRV��Q�E��QR�UHVLGXDO�IORZ��

0 � �
%UHZHUWRQ�

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� � � � �� � �

( QRXJK� IRU� � 0 � P � � XQGHU� DOO�
VFHQDULRV� �Q�E�� QR� UHVLGXDO� IORZ����
: RXOG� QRW� QHHG� WUDQVIHU� LI� RQO\ �
� 0 �P � �

0 � � / RQJ�
* XOO\ �

� �� � �

� � �� � � �

� �� � �

� � �� � � �

� �� � �

� � �� � � �
� � � � �� � �

&DQ�DFKLHYH�� 0 �P � �/ DUJH�DPRXQW�
RI�³FXUUHQẂ�IRUHVWU\ �LV�FXWRYHU�VR�
IRUHVWU\ � VFHQDULR� QHHGV� VHULRXV�
FRQVLGHUDWLRQ��

� � � � � �

6� �5RFN\ �
� �� � �

� � �� � � �

� �� � �

� � �� � � �

� �� � �

� � �� � � �
� � � � �� � �

&DQ� VXSSO\ � � �� � DW�ZRUVW� FDVH� DQG�
ZHOO� RYHU� WKLV� DW� 4 � � �� 1 %� QR�
UHVLGXDO�IORZ�

6� �0 HOYLOOH�
� �� � �
� � �

� �� � �
� � �

� �� � �
� � �

� � � � �� � �

&DQ� VXSSO\ � � �� � DW�ZRUVW� FDVH� DQG�
� �� � DW� 4 � � �� 1 %� QR� UHVLGXDO� IORZ�
) RUHVWU\ � LV� DOUHDG\ � SUHGRPLQDQW�
ODQG�XVH�

6� �
7KRPSVRQ�

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� � � � �� � � &DQ� VXSSO\ � � �� � DW�ZRUVW� FDVH� DQG�
� �� �DW�4 � � ��1 %�QR�UHVLGXDO�IORZ�

6� � �
3LQFKEDFN�

� �� � �

� � �� � � �

� �� � �

� � �� � � �

� �� � �

� � �� � � �
� � � � �� � � &DQ� VXSSO\ � � �� � DW�ZRUVW� FDVH� DQG�

� �� �DW�4 � � ��1 %�QR�UHVLGXDO�IORZ��

6� � �: H\ FR�
� �� � �

� � �� � � �

� �� � �

� � �� � � �

� �� � �

� � �� � � �

�

� � �� � � � ±�
� � � � �� � �

&DQ�VXSSO\ �� �� � �DW�ZRUVW�FDVH�DQG�
� �� � �DW�4 � � ��1 %�QR�UHVLGXDO�IORZ��
) RUHVWU\ � KDV� VHYHUH� HIIHFW� KHUH��
ZRUVW�FDVH�FRXOG�DFWXDOO\ �EH�� �� � �

6� � $ �+ \ DWW�
� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

�
� � �� � � � ±�
� � � � �� � �

&DQ�VXSSO\ �� �� � �DW�ZRUVW�FDVH�DQG�
� �� � � DW� 4 � � �� 1 %� QR� UHVLGXDO� IORZ�
) RUHVWU\ � KDV� VHYHUH� HIIHFW� KHUH��
ZRUVW�FDVH�FRXOG�DFWXDOO\ �EH�� �� �

6� � �
3LQFKEDFN� �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

�
� � �� � � � ±�
� � � � �� � �

&DQ�VXSSO\ �� �� � �DW�ZRUVW�FDVH�DQG�
� �� � �DW�4 � � ��1 %�QR�UHVLGXDO�IORZ��
) RUHVWU\ � KDV� VHYHUH� HIIHFW� KHUH��
ZRUVW�FDVH�FRXOG�DFWXDOO\ �EH�� �� �

6� � �5DLQH�
� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � �

� �� � �
� � �� � � � ±�
� � � � �� � �

&DQ�VXSSO\ �� �� � �DW�ZRUVW�FDVH�DQG�
� �� � � DW� 4 � � �� 1 %� QR� UHVLGXDO� IORZ�
) RUHVWU\ � KDV� VHYHUH� HIIHFW� KHUH��
ZRUVW�FDVH�FRXOG�DFWXDOO\ �EH�� �� � �

�
�
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� �� ' DP �6LWH�6KRUWOLVW�

7KH�UHVXOWV�VKRZQ�LQ�7DEOH�� ��DQG�D�IXUWKHU�ILHOG�YLVLW�ZLWK�WKH�0 &: $ &�DQG�ORFDO�IDUPHUV�RQ�
� � � 2 FWREHU� � � � � � ZHUH� XVHG� WR� VKRUWOLVW� WKH� SRWHQWLDO� VLWHV�� � 7KLV� ZDV� EDVHG� RQ� D� URXJK�
HVWLPDWH�RI�D�VWRUDJH�YROXPH�RI�DURXQG�WKUHH�PLOOLRQ�P � �� � �0 &0 ��WR�VXSSO\ �� � � � �KHFWDUHV�RI�
LUULJDEOH�DUHD���7KH�VKRUWOLVWHG�VLWHV�ZHUH�WKHQ�SXW�WKURXJK�D�PRUH�ULJRURXV�PRGHOOLQJ�H[ HUFLVH�
WR�IXOO\ �DVVHVV�WKHLU�FDSDELOLW\ ��VHFWLRQ�� �� � ���) DFWRUV�DIIHFWLQJ�VKRUWOLVWLQJ�DUH�H[ SODLQHG�LQ�WKH�
IROORZLQJ�VHFWLRQV��
�
�
� �� � * HRORJ\ �

7KH�JHRORJ\ �RI�WKH�0 RWXSLNR�FDWFKPHQW�KDV�EHHQ�PDSSHG�DQG�GHVFULEHG�LQ�WKH�JHRORJLFDO�
PDS�VKHHW�1 � � �0 RWXSLNR�DW�D�VFDOH�RI�� �� � �� � � ��-RKQVWRQ��� � � � � ���7KH�PDS�LQGLFDWHV�WKDW�WKH�
VHGLPHQWV�LQ�WKH�0 RWXSLNR�YDOOH\ �FRPSULVH�UHFHQW�DQG�3OHLVWRFHQH�DOOXYLDO�VWUDWD�RYHUO\ LQJ�
ROGHU� 3OLRFHQH� 0 RXWHUH� * UDYHO�� ZLWK� 0 RXWHUH� * UDYHO� IRUPLQJ� WKH� YDOOH\ � VLGHV� DQG�
VXUURXQGLQJ�KLOOV��
�
7KH� JHRORJLFDO� PDS� GHVFULEHV� WKH� 0 RXWHUH� * UDYHO� ) RUPDWLRQ� DV� D� FOD\ �ERXQG� JUDYHO�
FRPSULVLQJ� JHQHUDOO\ � JUH\ ZDFNH� JUDYHOV�� FREEOHV� DQG� VFDWWHUHG� ERXOGHUV�� � � 2 YHUO\ LQJ� WKH�
0 RXWHUH�* UDYHO�DUH�YDULRXV�DOOXYLDO�VWUDWD��JHQHUDOO\ �JUH\ ZDFNH�GHULYHG�JUDYHO�VWUDWD�DQG�UH�
ZRUNHG�0 RXWHUH�* UDYHO�� � ,Q�DGGLWLRQ�GHSRVLWV�RI�ORHVV� �ZHDNO\ �FHPHQWHG�VLOW��DUH�FRPPRQ�
ZLWKLQ�WKH�DOOXYLDO�JUDYHOV��
�
6RXWK��XSVWUHDP��RI�. LNLZD�WKH�XQGHUO\ LQJ�VWUDWD�FKDQJHV�DV�WKH�0 RXWHUH�* UDYHO�ZHGJHV�RXW���
7KH� DOOXYLDO� VWUDWD� LQ� WKH� YDOOH\ � ERWWRPV� DUH� XQGHUODLQ� E\ � D� FRPSOH[ � VHTXHQFH� RI� ROGHU�
JUH\ ZDFNH� W\ SH� GHSRVLWV� ZLWK� LQWUXVLRQV� RI� LJQHRXV� VWUDWD� DQG� QXPHURXV� IDXOW� WUDFHV�� � 7KH�
DFWLYH�IDXOWV�LQ�WKH�0 RWXSLNR�DUHD�DUH�WKH�: DLPHD�DQG�: KDQJDPRD�) DXOWV�ZKLFK�UXQ�URXJKO\ �
VRXWK� ZHVW� WR� QRUWK� HDVW� IURP� 7RSKRXVH� WKURXJK� WKH� WRS� RI� WKH� 0 RWXSLNR� 9 DOOH\ � WRZDUGV�
1 HOVRQ���7KH�RWKHU�DFWLYH�IDXOW�LV�WKH�$ OSLQH�) DXOW�ZKLFK�UXQV�URXJKO\ �HDVW�WR�ZHVW�IURP�6W�
$ UQDXG�WRZDUGV�%OHQKHLP�DORQJ�WKH�: DLUDX�YDOOH\ ��
�
) RU�WKRVH�GDPV�QRUWK��GRZQVWUHDP��RI�. LNLZD�WKH�PDMRU�VHLVPLF�ULVN�ZLOO�FRPH�IURP�JURXQG�
VKDNLQJ�GXULQJ�DQ�HDUWKTXDNH���6RXWK�RI�. LNLZD��WKH�PDSSHG�IDXOW�WUDFHV�FURVVLQJ�WKH�YDOOH\ �
ZRXOG�UHTXLUH�FDUHIXO�FRQVLGHUDWLRQ�RI�WKH�IDXOW�KD] DUG�IRU�DQ\ �GDPV�LQ�WKLV�XSSHU�0 RWXSLNR�
DUHD�� � $ � VHLVPLF� ULVN� DVVHVVPHQW� LV� RXWVLGH� WKH� VFRSH� RI� WKLV� VWXG\ � KRZHYHU� WKH� FORVH�
SUR[ LPLW\ �RI�WKH�$ OSLQH�) DXOW�DQG�WKH�: DLPHD�: KDQJDPRD�) DXOWV�IRU�WKH�GDP�VLWHV�VRXWK�RI�
. LNLZD�ZRXOG�OHDG�WR�KLJKHU�SHDN�JURXQG�DFFHOHUDWLRQV�IRU�GDP�GHVLJQ�WKDQ�WKRVH�GDPV�LQ�WKH�
5DLQ\ �DQG�ORZHU�0 RWXSLNR�&DWFKPHQWV���
�
�
� �� � �7RSRJUDSK\ �

7KH�PDLQ�0 RWXSLNR�YDOOH\ �LV�ZLGH�DQG�IODW�ZLWK�VWHHS�VLGHV���7KH�WULEXWDULHV�WR�WKH�PDLQ�ULYHU�
KRZHYHU�DUH�JHQHUDOO\ �VWHHS��QDUURZ�VLGHG�YDOOH\ V����7KH�PDLQ�0 RWXSLNR�YDOOH\ �ZDV�IRUPHG�
E\ � D� ODUJH� JODFLHU� ZKLFK� KDV� FDUYHG� RXW� WKH� 8 �VKDSHG� YDOOH\ � SURILOH�� 7KH� WULEXWDULHV�
PHDQZKLOH�ZHUH�IRUPHG�E\ �VPDOOHU�JODFLHUV�RU�PRUH�UHFHQW�ULYHU�DFWLRQ��
�
' DP� VLWHV� RII� WKH� PDLQ� ULYHU� WHQG� WR� EH� GLVDGYDQWDJHRXV� WR� GDP� VWRUDJH� DV� WKH\ � UHTXLUH�
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UHODWLYHO\ �KLJK�GDPV�WR�DFKLHYH�D�XVHDEOH�VWRUDJH����7KLV�UHVXOWV�LQ�KLJKHU�WKDQ�QRUPDO�FRVWV�
SHU�P � �RI�ZDWHU�VWRUHG�WKDQ�WKRVH�IRXQG�LQ�DUHDV�ZLWK�PRUH�IDYRXUDEOH�WRSRJUDSK\ ��
�
�
� �� � / DQG�2 ZQHUVKLS�

/ DQG�RZQHUVKLS�DIIHFWV�WKH�VKRUWOLVWLQJ�RI�GDP�VLWHV��DV�ZLOOLQJQHVV�WR�QHJRWLDWH�D�VDOH�RI�WKH�
UHVHUYRLU�DUHD�ZLOO�DIIHFW�WKH�YLDELOLW\ �DQG�WLPLQJ�RI�WKH�SURMHFW����+RZHYHU��ODQGRZQHUV�KDYH�
EHHQ�KDSS\ �WR�DOORZ�DFFHVV�IRU�WKLV�SUH�IHDVLELOLW\ �SKDVH��
�
7KH�+RURSLWR�VLWH�DIIHFWV�GDLU\ �JUD] LQJ�DQG�IUHHKROG�IRUHVWU\ �ODQG���7KH�GDLU\ �IDUPHU��0 LFKDHO�
: LOVRQ��KDV�LQGLFDWHG�WKDW�KH�KDV�QR�REMHFWLRQ�WR�WKH�SURSRVDOV��: H\ HUKDHXVHU��IRUHVWU\ ��KDV�
LQGLFDWHG� WKDW� WKH\ � KDYH� QR� SKLORVRSKLFDO� REMHFWLRQ� WR� HLWKHU� WKH� +RURSLWR� RU� %HQ	 $ ODQ�
SURSRVDOV�DOWKRXJK�WKH\ �UHVHUYH�MXGJHPHQW�RQ�VXSSRUW�IRU�DQ\ �ILQDO�SURSRVDO���7KH�0 HOYLOOH�
WULEXWDU\ �WR�WKH�5DLQ\ �LV�VFUXE�FRYHUHG�IDUP�ODQG�ZLWK�PLQLPDO�JUD] LQJ��LW�ZDV�VXJJHVWHG�E\ �
WKH�ORFDO�ODQGRZQHU�DV�EHLQJ�SUHIHUDEOH�WR�D�PDLQVWHP�5DLQ\ �5LYHU�VLWH��
�
7KH�. LNLZD�VLWH�RQ�WKH�PDLQVWHP�0 RWXSLNR�LV�IHUWLOH�JUD] LQJ�ODQG�ZKLFK�LI�UHPRYHG�IURP�WKH�
FXUUHQW� IDUP��PD\ �DIIHFW�LWV�YLDELOLW\ �� � 5RFN\ � * XOO\ �LV�DOVR�SULYDWHO\ �RZQHG� IDUP�ODQG�DQG�
GHSHQGLQJ� RQ� WKH� H[ DFW�ORFDWLRQ� RI� D� GDP�� WKH� UHVHUYRLU� PD\ � IORRG� DQ� H[ LVWLQJ� ODUJH� VKHG���
&KLQDPDQ¶V�&UHHN�LV�DOVR�YDOOH\ �IORRU�JUD] LQJ�ODQG���7KH�%HQ	 $ ODQ�JXOOLHV�DUH�IRUHVWU\ �ODQG�
RSHUDWHG�XQGHU�&URZQ�) RUHVW�/ LFHQFH�E\ �: H\ HUKDHXVHU���3RUWLRQV�RI�7' &�URDG�UHVHUYH�DQG�
' 2 &�PDUJLQDO�VWULSV�DUH�DOVR�DIIHFWHG�DW�PRVW�RI�WKHVH�ORFDWLRQV��
�
�
� �� � : DWHU�' HOLYHU\ �2 SWLRQV�

7KHUH�DUH�WKUHH�PDLQ�GHOLYHU\ �RSWLRQV�ZLWK�YDULDWLRQV�RI�WKHP�SRVVLEOH��QDPHO\ ��
x� 5HOHDVH�IURP�VWRUDJH�LQWR�WKH�ULYHU�V\ VWHP�DQG�LQGLYLGXDO��RU�VKDUHG��IDUPHU�H[ WUDFWLRQV�

IURP�WKH�ULYHU�E\ �SXPSLQJ��
x� ' HOLYHU\ �IURP�D�ODUJH�RU�FRPPXQLW\ �EDVHG�VWRUDJH�WR�IDUPV�YLD�D�SLSHG�QHWZRUN�ZLWK�RQ�

IDUP�ERRVWHU�SXPSLQJ��WKH�H[ WHQW�GHSHQGLQJ�RQ�ZKDW�SUHVVXUH�PD\ �EH�DYDLODEOH�LQ�WKH�
SLSH�DW�WKH�IDUP�JDWH��

x� ,Q�WKH�FDVH�RI�VPDOOHU�VFDOH��H�J��VLQJOH��IDUP�LUULJDWLRQ��SXPSLQJ�IURP�DQ�RQ�IDUP�GDP��
ZKLFK�PLJKW�DOVR�LQYROYH�WRS�XS�SXPSLQJ�LQWR�WKH�GDP�IURP�DYDLODEOH�ULYHU�IORZV��

�
$ V�GHVFULEHG�HOVHZKHUH�LQ�WKLV�UHSRUW��LQGLYLGXDO�IDUP�VWRUDJH�LV�QRW�DQ�RSWLRQ�SUHIHUUHG�E\ �
0 &: $ &���2 I�WKH�ILUVW�WZR�GHOLYHU\ �V\ VWHPV�GHVFULEHG��WKH�VHFRQG�LV�PRUH�FDSLWDO�LQWHQVLYH�
DQG�DOWKRXJK�LW�UHGXFHV�SXPSLQJ�FRVWV��LW�LV�UDUHO\ �DGRSWHG��SDUWLFXODUO\ �LQ�D�VLWXDWLRQ�VXFK�DV�
H[ LVWV�LQ�WKH�0 RWXSLNR�ZKHUH�WKH�LUULJDWLRQ�DUHD�LV�UHODWLYHO\ �ORQJ�DQG�QDUURZ�� �7KH�UHFHQW�
' RZQODQGV�VFKHPH�LQ�2 WDJR�LV�DQ�H[ FHSWLRQ��EXW�WKH�SULQFLSDO�UHDVRQ�IRU�DGRSWLQJ�D�SLSHG�
QHWZRUN�WKHUH��LV�WKDW�VXSSO\ �KDV�WR�EH�SXPSHG�IURP�WKH� : DLWDNL�RYHU�D�KLJK�ULGJH��VR�WKH�
SUHVVXUH�DYDLODEOH�LQ�D�SLSHG�QHWZRUN�EHORZ�WKH�ULGJH�LV�VXIILFLHQW�WR�JLYH�RQ�IDUP�SUHVVXUH�
DQG�DYRLG�RQ�IDUP�SXPSLQJ�SOXV�D�VXEVWDQWLDO�SRZHU�V\ VWHP�XSJUDGH��
�
%DVHG�RQ�FRPPLWWHH�FRQVXOWDWLRQ��WKLV�VWXG\ �DVVXPHV�WKDW�ZDWHU�GHOLYHU\ �WR�IDUPV�ZLOO�EH�E\ �
IDUPHU� DEVWUDFWLRQ� RI� ZDWHU� UHOHDVHG� LQWR� WKH� ULYHU� V\ VWHP�� � &RUUHVSRQGLQJ� ORVVHV� WR�
JURXQGZDWHU�KDYH�EHHQ�FRQVLGHUHG�LQ�6HFWLRQ�� �� ��
�
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� �� � 6KRUWOLVWLQJ�6LWHV�

$ V�WKH�VWXG\ �DQG�FRQVXOWDWLRQV�ZLWK�0 &: $ &�SURJUHVVHG��WKH�SRWHQWLDO�LUULJDWLRQ�DUHD�DQG�
ZDWHU� GHPDQGV� ZHUH� UHILQHG� DV� RXWOLQHG� LQ� 6HFWLRQV� � � DQG� � �� � 7KLV� LQIRUPDWLRQ� ZDV�
FRQVLGHUHG�E\ �WKH�FRPPLWWHH�DORQJ�ZLWK�WKH�UDQJH�RI�VWRUDJH�SRVVLELOLWLHV�GHVFULEHG�LQ�6HFWLRQ�
� �� �VR�DV�WR�VHOHFW�ILYH�VWRUDJH�VLWHV�IRU�FRPSDUDWLYH�WHFKQLFDO�DQG�FRVW�HYDOXDWLRQ���) ROORZLQJ�
D�VLWH�LQVSHFWLRQ�LQYROYLQJ�' 2 &��) LVK�DQG�* DPH��7' &��0 &: $ &�DQG�WKH�/ DQGFDUH�5HVHDUFK�
DQG� 7RQNLQ� 	 � 7D\ ORU� FRQVXOWDQWV� RQ� � � -XQH� � � � � �� WKH� FRPPLWWHH� VHOHFWHG� IRXU� VLWHV� IURP�
WKRVH�SUHYLRXVO\ �LGHQWLILHG�DQG�DGGHG�D�ILIWK�VPDOO��6��VLWH�ZKLFK�KDG�QRW�EHHQ�OLVWHG�E\ �WKH�
VWXG\ � WHDP�� � $ W� WKLV� VWDJH� WKH� FRPPLWWHH� FKRVH� QRW� WR� LQFOXGH� D� VR�FDOOHG� WXUNH\ ¶V� QHVW�
H[ DPSOH�IURP�WKH�SRVVLELOLWLHV�VKRZQ�RQ�WKH�RULJLQDO�OLVW��
�
7KH�VHOHFWHG�ILYH�VLWHV�ZHUH��
x� 6� ��ODEHOOHG�5RFN\ ��
x� 6� ��ODEHOOHG�0 HOYLOOH��
x� 6�VLWH��ODEHOOHG�&KLQDPDQ¶V��&* ��
x� 0 � ��ODEHOOHG�+RURSLWR��
x� 0 � ��ODEHOOHG�. LNLZD��
�
7KH�ORFDWLRQ�RI�WKHVH�VHOHFWHG�VLWHV�LV�VKRZQ�RQ�) LJXUH�� � �DQG�SKRWRV�LQ�) LJXUH�� � �� �7KHVH�
VLWHV�DUH�DOO�ORFDWHG�XSVWUHDP�RI�WKH�5DLQ\ �0 RWXSLNR�FRQIOXHQFH�DQG�RQO\ �E\ �PL[ �DQG�PDWFK�
RU�FRPELQDWLRQV�LQ�VRPH�FDVHV�ZRXOG�EH�DEOH�WR�VHUYH�WKH�IXOO�DUHD�ZLWK�WKH�KLJKHVW�LUULJDWLRQ�
SRWHQWLDO����,QGLFDWLYH�FRVW�HVWLPDWHV�ZHUH�FDOFXODWHG�IRU�HDFK�RI�WKHVH�ILYH�VKRUW�OLVWHG�VLWHV���
7R�DVVLVW�ZLWK�WKHVH�FRVW�HVWLPDWHV�VLWH�YLVLWV�ZHUH�PDGH�WR�HDFK�RI�WKHVH�SRWHQWLDO�VWRUDJHV�
DQG�D�WDSHG��$ EQH\ ��FURVV�VHFWLRQDO�SURILOH�ZDV�PHDVXUHG�DFURVV�WKH�DSSUR[ LPDWH�GDP�VLWH��
�
%DVHG� RQ� WKHVH� FURVV�VHFWLRQDO� SURILOHV� WKH� DSSUR[ LPDWH� YROXPH� RI� HDUWKZRUNV� DW� WKH� GDP�
VLWHV� ZDV� HVWLPDWHG� DQG� ZDV� WKH� LQLWLDO� EDVLV� IRU� WKH� GDP� DUUDQJHPHQW� DQG� WKHUHIRUH� WKH�
LQGLFDWLYH�FRVW�HVWLPDWH���' HWDLOV�RQ�WKH�HVWLPDWHG�FRVWV�DUH�JLYHQ�LQ�6HFWLRQ�� ��
�
) ROORZLQJ�SUHVHQWDWLRQ�RI�LQLWLDO�FRVW�HVWLPDWHV�IRU�WKHVH�ILYH�VLWHV�WR�0 &: $ &�LW�ZDV�GHFLGHG�
WR� ORRN� PRUH� FDUHIXOO\ � DW� RQH� RI� WKH� VLWHV�� 0 � � +RURSLWR�� � ,Q� DGGLWLRQ� WKH� ZRUN� VFRSH� ZDV�
H[ WHQGHG�DQG�D�VL[ WK�GDP�VLWH�0 � �DW�%HQ	 $ OODQ�* XOO\ �ZDV�WR�EH�FRQVLGHUHG�IXUWKHU�DQG�PRUH�
GHWDLOHG� FRVW� HVWLPDWHV� GUDZQ� XS� EDVHG� RQ� DQ� DVVXPSWLRQ� RI� FRQMXQFWLYH� XVH� RI� UHOHDVHG�
VWRUDJH� ZDWHU� SOXV� QDWXUDOO\ � DYDLODEOH� VWUHDPIORZ� LQ� WKH� 0 RWXSLNR�� � +RZHYHU� QR� WDSH� DQG�
$ EQH\ �SURILOLQJ�ZDV�FDUULHG�RXW�DW�WKH�0 � �VLWH��
�
7KH� %HQ	 $ ODQ� GDP� VLWH� 0 � � KDV� D� VPDOO� FDWFKPHQW� DUHD� ZKLFK� OLPLWV� LWV� SRWHQWLDO� XQOHVV�
DGGLWLRQDO� IORZ� LV� WUDQVIHUUHG� LQWR� LW� IURP� WKH� 5DLQ\ � RU� %LJ� * XOO\ � 6WUHDP�� � $ Q� LQWDNH�
GRZQVWUHDP� RI� WKH� + RURSLWR� VLWH� KDV� EHHQ� DVVXPHG� ZLWK� D� JUDYLW\ � WUDQVIHU� WR� 0 � ���
&RQFHSWXDOO\ ��WKLV�NLQG�RI�DUUDQJHPHQW�PDNHV�0 � �VLPLODU�WR�WXUNH\ V�QHVW�VWRUDJHV�ZKLFK�UHO\ �
RQ�GLYHUWHG�LQIORZ�IRU�ILOOLQJ��
�
$ � FRPSUHKHQVLYH� DVVHVVPHQW� RI� DOO� VWRUDJH� RSWLRQV� ZKLFK� H[ DPLQH� KRZ� FRVW� YDULHV� ZLWK�
VWRUDJH�YROXPH�DQG�LUULJDWLRQ�DUHD�VHUYHG�LV�EH\ RQG�WKH�VFRSH�RI�WKLV�VWXG\ �DQG�DOVR�FRXOG�EH�
PLVOHDGLQJ� EHFDXVH� RI� WKH� OHYHO� RI� DFFXUDF\ � DFKLHYDEOH� DW� WKLV� VWDJH� ZLWKRXW� GHWDLOHG� ILHOG�
VXUYH\ V�� � 7KLV� LQLWLDO� DVVHVVPHQW� ZDV� EDVHG� RQ� DVVXPHG� LUULJDEOH� DUHDV� VHUYHG� E\ � HDFK�
VWRUDJH�� WKRVH� DUHDV� EHLQJ� FKRVHQ� LQ� UHODWLRQ� WR� LQILOO�VWRUDJH� SRWHQWLDO� DQG� MXGJHPHQW� RQ�
DQWLFLSDWHG�UHODWLYH�VWRUDJH�FRVWV���7KHVH�VLWHV��DQG�WKH�LUULJDWLRQ�DUHDV�DVVXPHG�WR�EH�VHUYHG�
DUH�GHVFULEHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ�� �ZLWK�WKH�HYDOXDWLRQ�SURFHVV�DQG�FRPSDUDWLYH�FRVWV��
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/ DQGFDUH�5HVHDUFK�

�

&KLQDPDQ¶V�* XOO\ �

�

�

0 HOYLOOH�* XOO\ ��6� � �

�

+RURSLWR�9 DOOH\ ��0 � � �

�

�

5RFN\ �* XOO\ ��6� � �

�

0 RWXSLNR�DW�. LNLZD��0 � � �

�

) LJXUH�� � � ��3KRWRJUDSKV�RI�HDFK�VKRUWOLVWHG�GDP �VLWH��

�
�
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� �� � 6WRUDJH�P RGHOOLQJ�

7KH�GHWHUPLQDWLRQ�RI�ZKDW�VL] H�RI�GDP�ZDV�UHTXLUHG�ZDV�DQ�LWHUDWLYH�SURFHVV�XVLQJ�D�VHULHV�RI�
OLQNHG�PRGHOV�IRU�GLIIHUHQW�VWDJHV���7KH�� �VWDJHV�ZHUH��
0 RGHO�LUULJDWLRQ�GHPDQG�IRU�WKH�LUULJDEOH�ODQG�SUHYLRXVO\ �LGHQWLILHG��
0 RGHO�WKH�DPRXQW�RI�ZDWHU�IORZLQJ�LQWR�HDFK�SRWHQWLDO�UHVHUYRLU�XVLQJ�: $ 7< ,( / ' ��
6LPXODWH� D� WLPH� VHULHV� RI� UHVHUYRLU� VWRUDJH� YROXPHV� EDVHG� RQ� SUHOLPLQDU\ � VLWH� WRSRJUDSK\ �
PHDVXUHPHQWV�DQG�WKH�UHOHDVH�UHTXLUHG�WR�PHHW�WKH�LUULJDWLRQ�GHPDQG�LQ�VWHS�� ��
7KH�DLP�ZDV�WR�FDOFXODWH�WKH�DFWXDO�DPRXQW�RI�LUULJDWLRQ�ZDWHU�WKDW�ZRXOG�KDYH�EHHQ�UHTXLUHG�
WR�PHHW� IXOO�GHPDQG� � � \ HDUV�RXW�RI� � � � LI�WKH�VFKHPH�KDG�EHHQ�RSHUDWLQJ� IRU�WKH�SHULRG�RI�
FOLPDWH�UHFRUG��L�H��VLQFH�� � � � ��
�
� �� �� � ,UULJDWLRQ�GHP DQG�
�
,UULJDWLRQ� GHPDQG� ZDV� PRGHOOHG� XVLQJ� D� UXOH�EDVHG�� VRLO� PRLVWXUH� EDODQFH� DSSURDFK�� � 7KH�
PRGHO�RSHUDWHV�E\ �WDNLQJ�LUULJDWLRQ�SUDFWLFH�DQG�VRLO�SDUDPHWHUV��7DEOH�� � �DQG�D�WLPH�VHULHV�RI�
GDLO\ �UDLQIDOO�DQG�PRQWKO\ �SRWHQWLDO�HYDSRUDWLRQ�WR�FDOFXODWH�WKH�DPRXQW�RI�LUULJDWLRQ�UHTXLUHG�
WR�NHHS�WKH�VRLO�PRLVWXUH�DERYH�D�FHUWDLQ�GHILFLW���7KLV�LV�WKHQ�PXOWLSOLHG�E\ �WKH�DUHD�RI�ODQG�
XQGHU�LUULJDWLRQ�WR�SURGXFH�DQ�LUULJDWLRQ�GHPDQG�ILJXUH�LQ�P � �GD\ ��
�

7DEOH�� � �,QSXW�SDUDP HWHUV�DQG�YDULDEOHV�XVHG�LQ�LUULJDWLRQ�GHP DQG�P RGHO��

3DUDPHWHU�RU�YDULDEOH� 1 RWHV�

,UULJDWLRQ�VHDVRQ��VWDUW�DQG�HQG�PRQWK�� 7KH�PRQWKV�ZKHQ�LUULJDWLRQ�FRXOG�RFFXU�LI�WKH�VRLO�
LV�GU\ �HQRXJK��6HW�DW�2 FWREHU�WR�0 D\ �IRU�JUDVV�

,UULJDWLRQ�WULJJHU��PP�� 7KH�VRLO�PRLVWXUH�GHILFLW�YDOXH�DW�ZKLFK�LUULJDWLRQ�
LV�WULJJHUHG���6HW�DW�� � PP�IRU�JUDVV��

5HDGLO\ �DYDLODEOH�ZDWHU��PP�� 7KH�DPRXQW�RI�ZDWHU�LQ�WKH�VRLO�DEOH�WR�EH�DFFHVVHG�
E\ �SODQWV���6HW�DW�� � PP�IRU�0 RWXSLNR�YDOOH\ �VRLOV�

' DLO\ �UDLQIDOO��PP�� 2 EWDLQHG�IURP�7DSDZHUD�UDLQ�JDXJH�

0 RQWKO\ � SRWHQWLDO� HYDSRUDWLRQ� IURP� D�
JUDVV�VXUIDFH��PP��

2 EWDLQHG� IURP� QHDUHVW� 0 HWHRURORJLFDO� VWDWLRQ�
�1 HOVRQ�$ LUSRUW��DQG�GLVDJJUHJDWHG�WR�GDLO\ �YDOXHV��

�
�
) LJXUHV�� � �DQG�� � �XVH�WKH�\ HDU�EHWZHHQ�-XQH�� � � � �DQG�0 D\ � � � � � �WR�LOOXVWUDWH�WKH�ZD\ �WKH�
PRGHO�ZRUNV�IRU�LUULJDWLQJ�SDVWXUH���7KH�LUULJDWLRQ�VHDVRQ�GHILQHV�WKH�WLPH�ZKHQ�LUULJDWLRQ�LV�
OLNHO\ �WR�EH�QHHGHG��UHG�OLQH�LQ�) LJXUH�� � � ���,UULJDWLRQ�LV�DSSOLHG�ZKHQ�WKH�VRLO�PRLVWXUH�GHILFLW�
UHDFKHV�� � PP��IRU�JUDVV�����
�
7KH�DPRXQW�RI�ZDWHU�DSSOLHG�GHSHQGV�RQ�WKH�WLPH�RI�\ HDU�DQG�LV�GHVLJQHG�WR�PDWFK�SRWHQWLDO�
HYDSRUDWLRQ�� � ,Q� WKLV� ZD\ � WKH� LUULJDWLRQ� PDLQWDLQV� WKH� VRLO� PRLVWXUH� DW� D� � � PP� GHILFLW� DQG�
LUULJDWLRQ� FRQWLQXHV� XQWLO� UDLQIDOO� UHFKDUJHV� WKH� VRLO� PRLVWXUH�� � ,Q� WKLV� ZD\ � FRQWLQXRXV�
LUULJDWLRQ�RFFXUV��ZKLFK�VLPXODWHV�WKH�PRYLQJ�RI�LUULJDWLRQ�HTXLSPHQW�DURXQG�D�IDUP��
�
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$FWXDO�LUULJDWLRQ

0 D[ LP XP �LUULJDWLRQ

�
) LJXUH�� � ����0 RGHOOHG�LUULJDWLRQ�GHP DQG�IRU�� � � � � � � ���7KH�UHG�OLQH�LV�WKH�PD[ LPXP�LUULJDWLRQ�WKDW�ZRXOG�EH�
DSSOLHG�DW�D�VLWH�ZLWKRXW�UDLQ���%DUV�VKRZ�WKH�LUULJDWLRQ�ZKLFK�ZRXOG�KDYH�EHHQ�DSSOLHG�ZKHQHYHU�WKH�VRLO�
PRLVWXUH�ZDV�GU\ �HQRXJK��
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$ FWXDO�LUULJDWLRQ

6 RLO�P RLVWXUH�GHILFLW

�
) LJXUH�� � ���6RLO�P RLVWXUH�GHILFLW�DQG�P RGHOOHG�LUULJDWLRQ�IRU�� � � � � � � ���7KH�EOXH�OLQH�LV�WKH�VRLO�PRLVWXUH�
GHILFLW���7KH�EDUV�VKRZ�WKH�LUULJDWLRQ�DSSOLHG��K\ SRWKHWLFDOO\ ��ZKHQ�WKH�VRLO�PRLVWXUH�GHILFLW�UHDFKHG�� � PP��

�
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7KH�SDUDPHWHUV�LQ�7DEOH�� �FDQ�EH�DOWHUHG�IRU�GLIIHUHQW�YHJHWDWLRQ�FRYHUV���) RU�WKH�SXUSRVHV�RI�
WKLV� SURMHFW�� WKH� PRGHO� ZDV� UXQ� IURP� � � � � � WR� � � � � � DVVXPLQJ� LUULJDWHG� SDVWXUH� IRU� WKH�
LUULJDWLRQ� GHPDQG�� � 7KH� PRGHO� ZDV� FKHFNHG� DJDLQVW� D� VKRUW� GDWDVHW� RI� UHFRUGHG� ZDWHU�
H[ WUDFWLRQ� IRU� � � � KHFWDUHV� RI� LUULJDWHG� SDVWXUH� LQ� WKH� : DQJDSHND� �VXPPHU� RI� � � � � � � � � ���
) LJXUH� � � �VKRZV�WKH�REVHUYHG�YV�SUHGLFWHG�H[ WUDFWLRQV� IRU�WKH� � � �ZHHN�SHULRG�� �7KHUH�LV�D�
ZLGH�VFDWWHU�LQ�WKH�JUDSK��VXJJHVWLQJ�WKDW�WKH�PRGHO�LV�SRRU�DW�SUHGLFWLQJ�WKH�WLPH�RI�KLJK�DQG�
ORZ�LUULJDWLRQ�UDWHV��KRZHYHU��RYHU�WKH�WRWDO�� � �ZHHN�SHULRG�WKH�PRGHO�SUHGLFWHG�� � � �RI�WKH�
ZDWHU� DFWXDOO\ � XVHG�� L�H�� LW� SUHGLFWHG� � � � OHVV� WKDQ� ZDV� DFWXDOO\ � H[ WUDFWHG�� � ) RU� LUULJDWLRQ�
GHPDQG�VSUHDG�RYHU�D�ODUJH�DUHD�ZLWK�D�UDQJH�RI�LUULJDWLRQ�VFKHGXOLQJ�KDELWV��L�H��FRQVHUYDWLYH�
ZDWHU�XVH�DV�ZHOO�DV�QRQ�FRQVHUYDWLYH��WKH�PRGHO�SHUIRUPV�DGHTXDWHO\ � IRU�SUHGLFWLQJ�ZDWHU�
GHPDQG��
�

�

� � � �

� � � �

� � � �
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) LJXUH�� � � ��2 EVHUYHG�YV�SUHGLFWHG�LUULJDWLRQ�H[ WUDFWLRQ�IRU�D�IDUP �DW�: DQJDSHND�ZLWK�� � �ZHHNV�RI�ZHHNO\ �
P HWHU�UHDGLQJV�GXULQJ�VXP P HU�RI�� � � � � � � ���5HG�OLQH�LV�� �� ���$ OWKRXJK�WKH�VFDWWHU�LV�ODUJH�WKH�WRWDO�YROXPHV�
H[ WUDFWHG�RYHU�D�� � �ZHHN�SHULRG�DJUHH�ZLWKLQ�� � ��

�
�
� �� �� � 5 HVHUYRLU�LQIORZV�
�
) RU�WKH�VKRUWOLVWHG�VLWHV��WKH�: $ 7< ,( / ' �PRGHO�GHVFULEHG�LQ�VHFWLRQ�� �� �ZDV�XVHG�WR�VLPXODWH�
GDLO\ � LQIORZV� WR� D� K\ SRWKHWLFDO� UHVHUYRLU� RYHU� WKH� SHULRG� � � � � � WR� � � � � �� � 7KH� UDLQIDOO� ZDV�
VFDOHG�IURP�7DSDZHUD�DQG�RWKHU�QHDUE\ �JDXJHV�WR�SURYLGH�WKH�EHVW�HVWLPDWH�IRU�WKH�FDWFKPHQW�
RI�FRQFHUQ���/ DQG�FRYHU�ZDV�DVVXPHG�IL[ HG��EDVHG�RQ�WKH�� � � � �/ &' %�,,�ODQG�FRYHU�PDSV��
�
) RU�VHYHUDO�VFHQDULRV�H[ WUD�ZDWHU�ZDV�GLYHUWHG�LQWR�WKH�UHVHUYRLU�IURP�QHDUE\ �VWUHDPV���,Q�WKLV�
FDVH� D� UXOH�EDVHG� V\ VWHP� ZDV� XVHG� ZKHUHE\ � WKH� GLYHUWHG� IORZ� ZDV� OLPLWHG� WR� D� GHILQHG�
PD[ LPXP� �L�H�� WKH� VL] H� RI� WKH� GLYHUVLRQ� FKDQQHO�� XQOHVV� WKH� PRGHOOHG� VWUHDPIORZ� IRU� WKDW�
VWUHDP�VRXUFH�IHOO�EHORZ�D�FULWLFDO�WKUHVKROG��H�J��D�GURXJKW�IORZ�4 � � �QDWXUDOO\ �RFFXUULQJ�IRU�
OHVV�WKDQ�� � �RI�WKH�WLPH���
�
�
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� �� �� � 5 HVHUYRLU�VWRUDJH�DQG�UHOHDVH�
�
5HVHUYRLU� VWRUDJH� ZDV� PRGHOOHG� EDVHG� RQ� PHDVXUHPHQWV� RI� WKH� YDOOH\ � GLPHQVLRQV�� � 7KLV�
DOORZHG�UHODWLRQVKLSV�WR�EH�GUDZQ�XS�EHWZHHQ�GDP�KHLJKW�DQG�VWRUDJH�YROXPH��IRU�H[ DPSOH��
) LJXUH�� � � ���7KH�GDLO\ �VWRUDJH�LQ�WKH�UHVHUYRLU�ZDV�WKHQ�FDOFXODWHG�EDVHG�XSRQ��
x� 0 RGHOOHG�LQSXW�IURP�WKH�FDWFKPHQW�DERYH��P� �GD\ ���
x� ( YDSRUDWLRQ�IURP�WKH�VXUIDFH�RI�WKH�UHVHUYRLU��PRGHOOHG�IURP�SRWHQWLDO�HYDSRUDWLRQ�GDWD�

�P� �GD\ ���
x� 6SLOODJH�IURP�WKH�UHVHUYRLU�ZKHQ�LW�ILOOHG�WR�WKH�GDP�KHLJKW��P� �GD\ ���
x� 5HOHDVH�RI�ZDWHU�IURP�WKH�UHVHUYRLU�WR�PHHW�WKH�LUULJDWLRQ�GHPDQG��P� �GD\ ���
x� 5HOHDVH�RI�ZDWHU�WR�PHHW�D�UHVLGXDO�IORZ�UHTXLUHPHQW��P� �GD\ ���
x� $ �UHOHDVH�RI�DQ�DGGLWLRQDO�� � � �RI�LUULJDWLRQ�GHPDQG�WR�DOORZ�IRU�QRQ�UHFRYHUDEOH�IORZ�

ORVVHV�WR�JURXQGZDWHU��P� �GD\ ���
�

+RURSLWR��0 � ��VLWH

�

� � �� � �

� � �� � �

� � �� � �

�
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/ HYHO��5 / �P �

�
) LJXUH�� � � �5 HODWLRQVKLS�EHWZHHQ��UHVHUYRLU�VWRUDJH�DQG�DUHD��SLQN�OLQH���DQG�UHVHUYRLU�VWRUDJH�DQG�GDP �
KHLJKW��EOXH�OLQH��EDVHG�RQ�WRSR�P DSSLQJ�DQG�$ EQH\ �VXUYH\ �RQO\ �

�
7KH�UHVHUYRLU�VWRUDJH�DQG�UHOHDVH�PRGHO�ZDV�VHW�XS�IRU�WKH�� � �\ HDUV�RI�UDLQIDOO�ZLWK�WKH�GDP�
KHLJKW� DQG� WKH� DPRXQW� RI� LUULJDWHG� ODQG� DEOH� WR� EH� DOWHUHG�� � $ Q� LWHUDWLYH� SURFHVV� ZDV� WKHQ�
XQGHUWDNHQ�WR�ILQG�WKH�PD[ LPXP�DPRXQW�RI�ODQG�WKDW�FRXOG�LUULJDWHG�IRU�D�FHUWDLQ�GDP�VL] H�
JLYHQ�D�� �� � �\ HDU�IUHTXHQF\ �RI�WKH�UHVHUYRLU�EHLQJ�HPSWLHG�GXULQJ�WKH�VLPXODWHG�� � �\ HDUV��
�
( [ DPSOHV�RI�WKH�PRGHO�RXWSXW�DUH�VKRZQ�LQ�) LJXUH�� � �DQG�� � ���,Q�WKLV�H[ DPSOH�WKH�UHVHUYRLU�LV�
HPSWLHG�� �WLPHV�LQ�WKH�� � �\ HDU�UHFRUG�ZKLFK�LQGLFDWHV�WKDW�� � � KD�LV�WKH�PD[ LPXP�DPRXQW�RI�
ODQG�DEOH�WR�EH�LUULJDWHG�ZLWK�WKH�� �� � �\ HDU�VHFXULW\ ��
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�
) LJXUH�� � � ��6LP XODWHG�UHVHUYRLU�OHYHO�IRU�D�� � P �KLJK�GDP �RQ�WKH�+ RURSLWR��VLWH�0 � � �LUULJDWLQJ�� � � KD�RI�
JUDVV��

�

+RURSLWR��0 � �
' UDZ GRZ Q�' XUDWLRQ�&XUYH

$ QQXDO�GDWD

�

�

� �

� �

� �

� �

� � � � � � � � � � � � � � � � � � � � �� � � �� � � �
 � � � � � �

3HUFHQW�7LP H�' UDZ GRZ Q�,V�( [ FHHGHG
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�
) LJXUH�� � � ��' UDZGRZQ�IUHTXHQF\ �IRU�D�� � P �KLJK�GDP �RQ�WKH�+ RURSLWR��VLWH�0 � � �LUULJDWLQJ�� � � KD�RI�JUDVV���
� � � �RI�WKH�WLPH�WKH�UHVHUYRLU�LV�GUDZQ�GRZQ�WKH�IXOO�UDQJH��� � P���

�
� �� � 6XP P DU\ �RI�VWRUDJH�QHHGHG�

7KH� UHVXOWV� RI� WKH� PRGHOOLQJ� RI� VWRUDJH� UHTXLUHPHQWV� DUH� JLYHQ� LQ� ) LJXUH� � � � DQG� 7DEOH� � ���
) LJXUH� � � �VKRZV�WKDW�RQO\ �WKH�PDLQVWHP�0 RWXSLNR�DW�. LNLZD� �0 � � �DQG�WKH�+RURSLWR� �0 � � �
KDYH�HQRXJK�VWRUDJH�YROXPH�DQG�FDWFKPHQW�DUHD�WR�VHUYLFH�� � � � KD�RI�LUULJDWHG�SDVWXUH�IRU�D�� �
\ HDU�RXW�RI�� � �VHFXULW\ �RI�VXSSO\ �� � �� � � ��
�
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$ IWHU�GLVFXVVLRQ�ZLWK�WKH�0 &: $ &�DQG�IXUWKHU�FRQVLGHUDWLRQ�RI�VLWHV�DEOH�WR�EH�ILOOHG�ZLWK�D�
GLYHUVLRQ��WKH�� � �� �NP � �+RURSLWR��0 � � �DQG�� �� �NP � �%HQ	 $ ODQ��0 � � �ZHUH�UH�HYDOXDWHG���7KH�
+RURSLWR�VFHQDULR�LQFRUSRUDWHG�D�GLYHUVLRQ�IURP�WKH�5DLQ\ �DQG�WKH�%HQ	 $ ODQ�ZDV�FRQVLGHUHG�
ZLWK�D�SRVVLEOH�GLYHUVLRQ�IURP�WKH�+RURSLWR���7KH�ILQDO�VKRUWOLVWHG�RSWLRQV�DUH�VXPPDULVHG�LQ�
VHFWLRQ�� ��
�
,Q� WKH� FDVH� RI� WKH� GLYHUVLRQ� IURP� WKH� 5DLQ\ � LQWR� WKH� +RURSLWR�� WKH� 5DLQ\ � 5LYHU� ZDV� QHYHU�
DOORZHG�WR�GURS�EHORZ�DQ�HVWLPDWHG�4 � � � IORZ� �WKH� IORZ�H[ FHHGHG� � � � �RI�WKH�WLPH��H[ FHSW�
ZKHUH�LW�GLG�VR�QDWXUDOO\ ���7KH�UHVXOWV�IURP�WKLV�PRGHOOLQJ�DUH�VXPPDULVHG�LQ�7DEOH�� ���7KLV�
VKRZV�WKDW�IRU�WKH�+RURSLWR��0 � � ��D�GLYHUVLRQ�ZRXOG�DOORZ�WKH�GDP�KHLJKW�WR�EH�� P�OHVV�WKDQ�
ZLWKRXW�D�GLYHUVLRQ� IRU� � � � � KD�RI�LUULJDWHG�ODQG�� � ) RU�WKH�%HQ	 $ ODQ� �0 � � �VLWH�D�GLYHUVLRQ�
PDNHV� WKH� VLWH� IHDVLEOH�� � : LWKRXW� D� GLYHUVLRQ� WKH� GDP� KHLJKW� ZRXOG� KDYH� WR� EH� � � � � � P ��
ZKHUHDV�ZLWK�D�GLYHUVLRQ�WKH�KHLJKW�FRXOG�EH�� � P�IRU�� � � � KD�RI�LUULJDWHG�ODQG��
�

�
) LJXUH�� � � ��6XP P DU\ �RI�P RGHOOHG�VFHQDULRV���' DP �KHLJKW�YV�P D[ LP XP �LUULJDWHG�DUHD�IRU�D�UHVHUYRLU�QRW�
IXOO\ �ILOOLQJ�� �\ HDU�RXW�RI�� � ��
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7DEOH�� � �' DP �KHLJKWV�DQG�VWRUDJH�YROXP HV�UHTXLUHG�WR�LUULJDWH�� � � � KD��ILUVW�� �FROXP QV��DQG�� � � � KD��ODVW�
� �FROXP QV��IRU�WKH�+ RURSLWR��0 � ��DQG�%HQ	 $ ODQ��0 � � �VLWHV�ZLWK�DQG�ZLWKRXW�DGGLWLRQDO�GLYHUWHG�LQIORZ��
1 �%��7KH�%HQ	 $ ODQ�VLWH�ZLWKRXW�DQ\ �GLYHUVLRQ�FDQQRW�SURYLGH�HQRXJK�ZDWHU�WR�IHDVLEO\ �LUULJDWH�� � � � KD���' DP�
KHLJKWV�GR�QRW�LQFOXGH�DQ\ �DOORZDQFH�IRU�IUHHERDUG��

�

5 HVHUYRLU� ' DP � + HLJKW�
�� � � � KD��

6WRUDJH��
� � � � � KD��

' DP �+ HLJKW�
�� � � � KD��

6WRUDJH�
�� � � � KD��

+RURSLWR��0 � � � � � P� � �� 0 �P � � � � P� � �� 0 �P � �

0 � � � �
GLYHUVLRQ� � � �� P� � �� 0 �P � � � � P� � �� 0 �P � �

%HQ� � � $ ODQ�
�0 � � � � � P� � �� 0 �P � � 8 QIHDVLEO\ �KLJK� ! � �� 0 �P � �

0 � � � �
GLYHUVLRQ� � � P� � �� 0 �P � � � � P� � �� 0 �P � �

�
�

� �� 4 XDOLWDWLYH�( IIHFWV�$ VVHVVP HQW�

�
� �� � 5 0 $ �LVVXHV�LQFOXGLQJ�UHVLGXDO�IORZ�QHHGV�

5HVRXUFH�FRQVHQWV�ZLOO�QHHG�WR�EH�REWDLQHG�IRU�FRQVWUXFWLRQ�ZRUNV��GDPPLQJ�DQG�GLVFKDUJLQJ�
ZDWHU� IURP� WKH� SURSRVHG� UHVHUYRLU�� � ' DP� FRQVWUXFWLRQ� RQ� 0 RXWHUH� * UDYHO� VLWHV� KDV� EHHQ�
FRPPRQSODFH�LQ�7DVPDQ�' LVWULFW�DQG�FRQVHQW�SURFHVVHV�DUH�ZHOO�HVWDEOLVKHG���: DWHU�SODQQLQJ�
LVVXHV�UHODWLQJ�WR�WKH�0 RWXHND�: DWHU�&RQVHUYDWLRQ�2 UGHU�DQG�WKH�&RXQFLO¶V�7DVPDQ�5HVRXUFH�
0 DQDJHPHQW�3ODQ�ZHUH�GLVFXVVHG�DERYH�LQ�VHFWLRQ�� �� ��
�
�
� �� � 6HGLP HQWDWLRQ�DQG�ZDWHU�TXDOLW\ �

6HGLPHQWDWLRQ�DQG�ZDWHU�TXDOLW\ �ULVNV�DULVH�IURP�WZR�SKDVHV�RI�D�ZDWHU�DXJPHQWDWLRQ�SURMHFW��
WKH�FRQVWUXFWLRQ�SKDVH�DQG�WKH�RSHUDWLRQDO�SKDVH���1 HOVRQ�FRQVWUXFWLRQ�ILUPV�DUH�ZHOO�YHUVHG�
LQ� FRQWUROOLQJ� VHGLPHQW� JHQHUDWLRQ� GXULQJ� FRQVWUXFWLRQ� RI� GDPV� LQ� 0 RXWHUH� * UDYHOV�� DV�
HYLGHQFHG�E\ �WKH�UHFHQW�FRPSOHWLRQ�RI�WKH�: DL�LWL�&RPPXQLW\ �' DP���&RQGLWLRQV�ZRXOG�DOVR�
EH�DSSOLHG�WR�UHVRXUFH�FRQVHQWV�IRU�WKH�SURMHFW�WR�FRQWURO�WKHVH�ULVNV��
�
$ � ORQJHU� WHUP� VHGLPHQWDWLRQ� ULVN� LV� GHSRVLWLRQ� ZLWKLQ� WKH� UHVHUYRLU�� � $ V� WKH� 0 RWXSLNR�
FDWFKPHQW� LV� XQGHUODLQ� E\ � FOD\ �ERXQG� 0 RXWHUH� * UDYHO�� DQ\ � UHVHUYRLU� VLWH� LQ� D� WULEXWDU\ �
FDWFKPHQW�LV�OLNHO\ �WR�KDYH�D�ORZ�VHGLPHQW�ORDG�� �0 RVW�VHGLPHQW�WUDQVSRUWHG�IURP�0 RXWHUH�
* UDYHO� FDWFKPHQWV� LV� FDUULHG� DV� VXVSHQGHG� ORDG� GXULQJ� IORRG� HYHQWV� ZHOO� DERYH� WKH� PHDQ�
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IORZ���$ �UHYLHZ�RI�VHGLPHQW�\ LHOGV�DFURVV�WKH�0 RWXHND�FDWFKPHQW��%DVKHU�DQG�+LFNV��� � � � � �
VXJJHVWV�D�OLNHO\ �VSHFLILF�VHGLPHQW�\ LHOG�LQ�WKH�UDQJH�� �W�NP � �\ U�EDVHG�RQ�D�VPDOO�QDWLYH�IRUHVW�
FDWFKPHQW�DW�%LJ�%XVK�WR�� � � �W�NP � �\ U�EDVHG�RQ�\ LHOGV�IURP�WKH�PL[ HG�IRUHVW�DQG�SDVWXUH�RI�
WKH� PXFK� ODUJHU� 6WDQOH\ � %URRN�� � � 7KHVH� ILJXUHV� VXJJHVW� WKDW� VHGLPHQWDWLRQ� SRWHQWLDO� IRU� D�
+RURSLWR�GDP�ZRXOG�EH�RI�WKH�RUGHU�RI�� � � � �WR�� � � � � �P � �HYHU\ �WHQ�\ HDUV��DQG�IRU�%HQ	 $ ODQ�
DURXQG� � � � � WR� � � � � � � P � � HYHU\ � WHQ� \ HDUV�� * LYHQ� WKH� ODQG� FRYHU� LQ� ERWK� FDWFKPHQWV��
VHGLPHQWDWLRQ�LV�PRUH�OLNHO\ �WR�EH�DW�WKH�ORZ�HQG�RI�WKHVH�UDQJHV���: KHQ�FRPSDUHG�ZLWK�ZDWHU�
VWRUDJH�YROXPHV�LQ�WKH�PLOOLRQV�RI�FXELF�PHWUHV��VHGLPHQWDWLRQ�UDWHV�DSSHDU�UHODWLYHO\ �ORZ��
�
: DWHU�TXDOLW\ �PD\ �EH�GLIIHUHQW�LQ�IORZ�UHOHDVHV�IURP�D�GDP�WKDQ�WKDW�RI�WKH�RULJLQDO�VWUHDP��
%HQHILFLDO� HIIHFWV� LQFOXGH� LPSURYHG� ZDWHU� FODULW\ � EHFDXVH� RI� VHGLPHQW� LQWHUFHSWLRQ� E\ � WKH�
VWRUDJH��UHGXFHG�GDLO\ �WHPSHUDWXUH�IOXFWXDWLRQV�DQG�UHGXFHG�RUJDQLF�PDWWHU���,I�WKH�UHVHUYRLU�
EHFRPHV�VWUDWLILHG��ZKLFK�PD\ �RFFXU�LQ�LWV�HDUO\ �OLIH��WKH�ERWWRP�ZDWHUV�PD\ �EHFRPH�DQR[ LF�
DQG�UHGXFHG�GLVVROYHG�R[ \ JHQ�OHYHOV�PD\ �LQFUHDVH�SKRVSKRUXV��LURQ�DQG�PDQJDQHVH�OHYHOV���
7KLV�FDQ�EH�DYRLGHG�ZLWK�D�PXOWL�OHYHO�GLVFKDUJH�RXWOHW�IURP�WKH�UHVHUYRLU��DQG�LV�RIIVHW�LQ�DQ\ �
FDVH� E\ � WKH� OLNHO\ � KLJKHU� WKDQ� QDWXUDOO\ � RFFXUULQJ� UHVLGXDO� IORZ� EHORZ� WKH� GDP� DQG� WKH�
GLOXWLRQ�ZLWK�PDLQVWHP�QDWXUDO�ULYHU�IORZ��
�
7KH� H[ SDQVLRQ� RI� LUULJDWLRQ� LQ� WKH� 0 RWXSLNR� DQG� LQWHQVLILFDWLRQ� RI� ODQG� XVH� OLNHO\ � ZLWK�
LUULJDWLRQ� DUH� OLNHO\ � WR� KDYH� FRQVHTXHQWLDO� ZDWHU� TXDOLW\ � LPSDFWV� LQ� WKH� 0 RWXSLNR� 5LYHU�
EHFDXVH�RI�LQFUHDVHG�QXWULHQW�DQG�SDWKRJHQ�GLVFKDUJHV�YLD�JURXQGZDWHU�OHDFKLQJ�DQG�UXQRII���
7KLV�FRXOG�KDYH�HIIHFWV�LQ�WKH�0 RWXHND�EHORZ�WKH�0 RWXSLNR�FRQIOXHQFH��DQG�KLJKOLJKWV�WKH�
LPSRUWDQFH�RI�XVLQJ�LUULJDWLRQ�ZDWHU�HIILFLHQWO\ ���8 QGHU�FXUUHQW�750 3�UXOHV��WKHVH�HIIHFWV�RI�
LQWHQVLILFDWLRQ� DUH� XQOLNHO\ � WR� EH� D� FRQVLGHUDWLRQ� LQ� REWDLQLQJ� UHVRXUFH� FRQVHQWV� IRU� WKH�
VFKHPH��
�
�
� �� � $ TXDWLF�HFRORJ\ �

$ �TXDOLWDWLYH�VWXG\ �RI�SUHVHQW�ILVKHU\ �YDOXHV�DW�VKRUWOLVWHG�VLWHV�ZDV�FDUULHG�RXW�LQ�FRQMXQFWLRQ�
ZLWK�1 HLO�' HDQV�RI�) LVK�	 �* DPH�LQ�ZLQWHU�� � � � ��DQG�XVLQJ�HOHFWULF�ILVKLQJ�IRXQG��
x� 6RXWK�%UDQFK�%LJ� * XOO\ �DW�+RURSLWR� �0 � �� � � � � GHJ&� ��EXOOLHV��WURXW��ORQJILQ�HHO��GZDUI�

JDOD[ LDV�
x� : HVW� %UDQFK� %LJ� * XOO\ � DW� ' HDQ� : DONHU
V� �DGMDFHQW� WULEXWDU\ �� � � ORQJILQ� HHO�� EXOOLHV��

MXYHQLOH�WURXW�
x� &KLQDPDQV� * XOO\ � � � VKRUWILQ� DQG� ORQJILQ� HHOV�� NRXUD�� XSODQG� EXOO\ � �QR� WURXW�� QR� GZDUI�

JDOD[ LDV��
x� 0 RWXSLNR�DW�. LNLZD��0 � � �� �SRRU�DEXQGDQFH���� � GHJ&���ORQJILQ�HHO��\ HDUOLQJ�WURXW��XSODQG�

EXOO\ ��
�
%DVHG�RQ�WKHVH�REVHUYDWLRQV�DQG�FRPPHQWV�IURP�' 2 &�DQG�) LVK�	 �* DPH�VWDII�GXULQJ�WKH�WZR�
ILHOG� YLVLWV�� HIIHFWV� RQ� DTXDWLF� HFRORJ\ � IRU� WULEXWDU\ � VLWHV� DUH� QRW� FRQVLGHUHG� WR� EH� D� PDMRU�
LVVXH���0 RVW�QDWLYH�ILVK�ZRXOG�EH�XQDIIHFWHG��DOWKRXJK�HHO�SDVVDJH�PD\ �QHHG�FRQVLGHUDWLRQ���
7URXW�SDVVDJH�LV�XQOLNHO\ �WR�EH�DQ�LVVXH�DQG�LW�LV�SRVVLEOH�D�SRSXODWLRQ�RI�WURXW�FRXOG�HVWDEOLVK�
LQ�WKH�UHVHUYRLU��
�
&UHDWLRQ�RI�D�UHVHUYRLU�ZLOO�RYHU�WLPH�UHVXOW�LQ�D�VKLIW�IURP�UXQQLQJ�ZDWHU�VSHFLHV�WR�VWLOO�ZDWHU�
EHQWKLF�VSHFLHV�� �$ V�WKH�0 RWXSLNR�VKRUWOLVWHG�VLWHV�DUH�RQ�WULEXWDULHV�ZKLFK�GU\ �XS�LQ�VRPH�
VXPPHUV�� FUHDWLRQ� RI� D�UHVHUYRLU� ZLWK� HYHQ� D� VPDOO� UHVLGXDO� IORZ� LV� OLNHO\ �WR� EH� EHQHILFLDO�
RYHUDOO���7KH�UHVHUYRLU�ZLOO�DOVR�SURYLGH�KDELWDW�IRU�DTXDWLF�ELUGV��
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� �� � ,QGLJHQRXV�YHJHWDWLRQ�

+HDGZDWHUV� IRU� ERWK� WKH� +RURSLWR� DQG� %HQ	 $ ODQ� VLWHV� FRPSULVH� PL[ HG� QDWLYH� EXVK� LQ�
FRQVHUYDWLRQ�HVWDWH��DQG�SLQH�IRUHVW�PDQDJHG�E\ �: H\ HUKDHXVHU���$ W�WKH�+RURSLWR�VLWH��PDWXUH�
SLQHV�DUH�GXH�IRU�KDUYHVW�ZLWKLQ�WKH�QH[ W�ILYH�\ HDUV��ZKLOH�WKH�%HQ	 $ ODQ�LV�EHLQJ�KDUYHVWHG�
QRZ���7LPLQJ�ZDWHU�DXJPHQWDWLRQ�ZLWK�IRUHVW�KDUYHVWLQJ�ZRXOG�PDNH�JRRG�ILQDQFLDO�VHQVH��
�
�
� �� � 5 HFUHDWLRQDO�HIIHFWV�

&UHDWLQJ�D�UHVHUYRLU�DW�DQ\ �RI�WKH�OLVWHG�VLWHV�FRXOG�EULQJ�UHFUHDWLRQDO�EHQHILWV�IURP�ZDWHUIRZO�
KXQWLQJ�WR�ILVKLQJ�WR�ERDWLQJ��GHSHQGLQJ�RQ�DFFHVV�DUUDQJHPHQWV���) ORZ�UHOHDVHV�ZLOO�LQFUHDVH�
VXPPHU� IORZV� LQ� WKH� 0 RWXSLNR� 5LYHU� ZLWK� FRQVHTXHQW� HQKDQFHG� ILVKHU\ � DQG� VZLPPLQJ�
EHQHILWV���
�
�
� �� � ' DP �EUHDN�KD] DUG�

' DP�EUHDN�KDV�WR�EH�FRQVLGHUHG�XQGHU�WKH�5HVRXUFH�0 DQDJHPHQW�$ FW�DV�D�ORZ�SUREDELOLW\ �
HIIHFW� RI� KLJK� SRWHQWLDO� FRQVHTXHQFH�� � %HFDXVH� RI� WKH� KLJK� SRWHQWLDO� FRQVHTXHQFH�� WKH�
DSSURDFK�WDNHQ�LV�WR�HQJLQHHU�WKH�ULVN�DV�FRPSOHWHO\ �DV�UHDVRQDEO\ �SRVVLEOH�RXW�RI�WKH�GDP�
WKURXJK� GHIHQVLYH� GHVLJQ�� FRQVWUXFWLRQ�� TXDOLW\ � DVVXUDQFH�� SHULRGLF� UHYLHZV� EHQFKPDUNHG�
DJDLQVW�LQFUHDVLQJ�LQGXVWU\ �NQRZOHGJH�RI�IORRG�DQG�HDUWKTXDNH�ULVN��KRZ�GDPV�SHUIRUP��DQG�
RQJRLQJ�PRQLWRULQJ���' DPEUHDN�FRQVLGHUDWLRQV�DUH�WDNHQ�LQWR�DFFRXQW�LQ�WKH�QHZ�' DP�6DIHW\ �
$ FW� DQG� WKH� SUHFDXWLRQV� GHSHQG� RQ� ZKHWKHU� WKH� GDP� LV� FODVVHG� DV� +LJK�� 0 HGLXP� RU� / RZ�
3RWHQWLDO�,PSDFW���5HVRXUFH�FRQVHQWV�ZLOO�UHTXLUH�WKH�SRWHQWLDO�IORRG�SDWK�IURP�GDPEUHDN�WR�
EH�HVWLPDWHG��
�
' DPEUHDN�WRZDUGV�WKH�SHDN�RI�DQ�H[ WUHPH�IORRG��H�J��WKURXJK�VSLOOZD\ �LQDGHTXDF\ ��PD\ �QRW�
DGG�VXEVWDQWLDOO\ �WR�WKH�SK\ VLFDO�GDPDJH�GRZQVWUHDP�DQG�LQ�VXFK�D� IORRG��WKRVH�DW�ULVN�DUH�
OLNHO\ �WR�EH�HYDFXDWHG�EHIRUH�WKH�IORRG�SHDN��WKXV�UHGXFLQJ�RU�HOLPLQDWLQJ�WKH�ULVN�WR�OLIH���,I�
GDPEUHDN�RFFXUV�IURP�DQ�H[ WUHPH�HDUWKTXDNH��WKHUH�ZLOO�QRUPDOO\ �EH�LQVXIILFLHQW�WLPH�IRU�DQ\ �
GRZQVWUHDP�HYDFXDWLRQ��LW�W\ SLFDOO\ �WDNLQJ�RQO\ �KDOI�DQ�KRXU�RU�VR�IRU�WKH�GDP�WR�IDLO�LI�LW�KDV�
D�ZHDNQHVV���( DUWKTXDNH��RU�VXQQ\ �GD\ ��IDLOXUH�ULVN�LV�WKHUHIRUH�XVXDOO\ �WKH�PRUH�FULWLFDO�FDVH�
DGRSWHG�IRU�DQDO\ VLV��
�
' DPEUHDN� GHYHORSPHQW� WLPH� DQG� SHDN� IORZ� FDSDFLW\ � LV� UHODWHG� WR� VWRUHG� ZDWHU� GHSWK� DQG�
ZKLOH�DQDO\ WLFDO�PHWKRGV�YDU\ �DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�GDP�LQIOXHQFH�WKH�UHVXOW��WKHUH�LV�
VRPH�FRQVLVWHQF\ �LQ�IORRG�VL] H�HVWLPDWHV�ZKLFK�FDQ�SURYLGH�DQ�LQGLFDWLRQ�RI�ZKDW�PLJKW�EH�
H[ SHFWHG�IRU�D�WKHRUHWLFDO�GDPEUHDN�RI�WKH�OLNHO\ �VL] H�RI�GDP�ZKLFK�FRXOG�EH�EXLOW�WR�VHUYH�WKH�
0 RWXSLNR�DUHD���$ V�WKH�IORRG�ZDYH�WUDYHOV�GRZQ�WKH�YDOOH\ ��LW�VSUHDGV�RXW�DQG�UHGXFHV�LQ�VL] H��
EXW�JLYHQ�WKH�QDWXUH�DQG�JUDGLHQW�RI�WKH�YDOOH\ �XSVWUHDP�RI�WKH�FRQIOXHQFH�ZLWK�WKH�0 RWXHND�
LQ�UHODWLRQ�WR�ZKHUH�WKH�GDP�LV�OLNHO\ �WR�EH�ORFDWHG��QRW�PXFK�IORZ�UHGXFWLRQ�LV�H[ SHFWHG�LQ�
WKH�0 RWXSLNR�9 DOOH\ ��EDVHG�RQ�SULRU�GHWDLOHG�VWXGLHV��
�
$ W�WKLV�VWDJH�RI�0 RWXSLNR�VWXG\ ��GDPEUHDN�FRQVLGHUDWLRQV�FDQ�RQO\ �EH�EURDGO\ �LQGLFDWLYH�DQG�
XVHIXO�LQ�DSSUHFLDWLQJ�WKH�LVVXHV�WR�EH�IDFHG�LQ�PRUH�GHWDLOHG�VWXGLHV���) RU�WKH�VL] HV�RI�GDP�
VKRUWOLVWHG��WKH�OLNHO\ �GHSWK�RI�ZDWHU�VWRUDJH�IRU�D�VXQQ\ �GD\ �GDPEUHDN�LV�LQ�WKH�UDQJH�� � �WR�
� � P�� �3HDN�GLVFKDUJHV�FRXOG�WKHUHIRUH�EH�LQ�WKH�UDQJH� � � � � �WR� � � � � �P � �V�� � 7KLV�FRPSDUHV�
ZLWK�WKH�HVWLPDWHG�� � � �\ HDU�IORRG�RI�DURXQG�� � � �P � �V��MXVW�EHORZ�WKH�5DLQ\ �FRQIOXHQFH����
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5RXJK� RUGHU� HVWLPDWHV� RI� WKH� H[ WHQW� RI� IORRGLQJ� LQGLFDWH� WKDW� DURXQG� � � � � WR� � � � P� RI� WKH�
DSSUR[ LPDWH�� � � � �P�ZLGH�ULYHU�IODWV�ZRXOG�EH�IORRGHG�� � : HUH�WKLV�WR�RFFXU��WKHQ�WKHUH�DUH�
OLNHO\ �WR�EH�ORZ�O\ LQJ�GZHOOLQJV�EHORZ�WKH�GDPV�ZKLFK�ZRXOG�EH�LQ�WKH�IORRG�SDWK��DOEHLW�ZLWK�
D�UHODWLYHO\ �PRGHVW�IORZ�GHSWK�� �$ OVR�DW�ULVN�ZRXOG�EH�DQ\ �WUDIILF�RQ�WKH�7RSKRXVH�. RUHUH�
5RDG�DQG�RQ�6WDWH�+LJKZD\ �� ���7KXV��ZKLOH�D�IXOO�WHFKQLFDO�DVVHVVPHQW�RI�GDPEUHDN�KD] DUG�
DQG�SRWHQWLDO�HIIHFWV�ZLOO�EH�QHHGHG�ODWHU�RQFH�D�SUHIHUUHG�GDPVLWH�LV�FKRVHQ��LQGLFDWLRQV�DUH�
WKDW�D�GDP�IRU�WKH�0 RWXSLNR�DUHD�LV�OLNHO\ �WR�EH�DW�OHDVW�LQ�WKH�0 HGLXP�,PSDFW�&DWHJRU\ ��
�
�
� �� � ,ZL�µIDWDO�IODZV¶�DVVHVVP HQW�

7KH� 0 RWXHND� ,ZL� 5HVRXUFH� 0 DQDJHPHQW� . RPLWL� �0 ,50 $ . �� QRZ� 7LDNLQD� 7H� 7DLDR�� KDV�
EHHQ�UHSUHVHQWHG�RQ�0 &: $ &�E\ �0 LFN�3DUN��7H�$ WLDZD����$ V�SDUW�RI�WKLV�SURMHFW��0 ,50 $ . �
ZDV�DOVR�FRQWUDFWHG�WR�SURYLGH�DQ�LZL�SHUVSHFWLYH��DW�WKH�OHYHO�RI�D�µIDWDO�IODZV¶�DQDO\ VLV�IRU�
VKRUWOLVWHG�VLWHV���7KH�DLP�ZDV�WR�LGHQWLI\ �DQ\ �EDUULHUV�EDVHG�RQ�LZL�YDOXHV�ZKLFK�PLJKW�DIIHFW�
WKH�SULRULWLVDWLRQ�RI�VKRUWOLVWHG�VLWHV���,I�WKH�ZDWHU�DXJPHQWDWLRQ�SURMHFW�SURFHHGV�WR�IHDVLELOLW\ ��
GHVLJQ�DQG�FRQVHQW�VWDJHV��D�PRUH�GHWDLOHG�&XOWXUDO�,PSDFW�$ VVHVVPHQW�ZRXOG�EH�QHHGHG�IRU�
WKH� FKRVHQ�VLWH�� � 7KH�0 ,50 $ . � µ) DWDO� ) ODZV¶� UHSRUW� LV� DWWDFKHG�DV� $ SSHQGL[ � � �� � 1 R� IDWDO�
IODZV�ZHUH�IRXQG�IRU�WKH�VLWHV�LGHQWLILHG���
�
�
� �� � 3RWHQWLDO�IRU�P LWLJDWLQJ�HIIHFWV�

7KH�IROORZLQJ�PLWLJDWLRQ�PHDVXUHV�FRXOG�EH�FRQVLGHUHG��H[ FOXGLQJ�ODQG�DFTXLVLWLRQ�LVVXHV�����
x� SURYLVLRQ�RI�UHSODFHPHQW�IRUHVWU\ �DFFHVV�URDG�WR�XSSHU�+RURSLWR�RU�%HQ�DQG�$ ODQ�JXOOLHV�
x� SURYLVLRQ�IRU�SXEOLF�DFFHVV�DQG�XVH�RI�WKH�UHVHUYRLU�DUHD�IRU�UHFUHDWLRQ�
x� ZHWODQG�SODQWLQJV�DURXQG�WKH�PDUJLQV�RU�KHDGZDWHUV�RI�WKH�SURSRVHG�UHVHUYRLU�
x� SURYLVLRQ�IRU�D�FRQWLQXRXV�UHVLGXDO�IORZ�DQG�SRWHQWLDO�HHO�SDVVDJH���
�
�
� �� � 6XP P DU\ �P DWUL[ �RI�HIIHFWV�

7DEOH�� �VXPPDULVHV�TXDOLWDWLYHO\ �WKH�PDMRU�IDFWRUV�±�DSDUW�IURP�FRVW���DIIHFWLQJ�VHOHFWLRQ�RI�
VLWHV�IRU�IXUWKHU�LQYHVWLJDWLRQ��
�
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/ DQGFDUH�5HVHDUFK�

� �� &RVW�( VWLP DWHV�

�
� �� � 6FRSH�DQG�EDVLV�IRU�FRVWLQJV�

7KH�UDQJH�RI�RSWLRQV�DGRSWHG�IRU�LQGLFDWLYH�FRPSDUDWLYH�FRVWLQJV�LV�VHW�RXW�LQ�7DEOH�� � ��
�
7DEOH�� � � �6LWHV�DQG�DVVXP HG�LUULJDEOH�DUHDV�IRU�FRVWLQJ���7KH�VL] H�RI�GDP �LV�WKH�VP DOOHVW�SRVVLEOH�WR�VHUYH�
WKH�DVVXP HG�LUULJDWHG�DUHD�ZLWK�D�� � � � �\ HDU�VXUHW\ �RI�VXSSO\ ��
�

6LWH�1 DP H� $ VVXP HG�$ UHD�
6HUYHG��KD��

�KD��

,QILOO�6RXUFH� 5 HTXLUHG�
6WRUDJH�9 ROXP H�
�0 &0 ��

' DP �+ HLJKW�

�P ��

&KLQDP DQV�

5RFN\ ��6� � �

0 HOYLOOH��6� ��

+ RURSLWR��0 � � �

+ RURSLWR��0 � � �

. LNLZ D��0 � ��

� � � �

� � � �

� � � �

� � � �

� �� � � �

� �� � � �

2 Z Q�FDWFKP HQW�

�������´ �����������´ �

�������´ �����������´ �

�������´ �����������´ �

�������´ �����������´ �

�������´ �����������´ �

� �� �

� �� �

� �� � �

� �� �

� �� �

� �� �

� � �� � � �

� � �� � � �

� � �� � � �

� � �� � � �

� � �� � � �

� � �� � � �

+ RURSLWR��0 � � �

+ RURSLWR��0 � � �

+ RURSLWR��0 � � �

%HQ	 $ ODQ��0 � � �

� � � �

� �� � � �

� �� � � �

� �� � � �

´ �����������´ �

´ �����������´ �

´ �����������´ �

2 Z Q�FDWFKP HQW�
SOXV�GLYHUVLRQ�

� �� � �

� �� � �

� �� �

� �� � �

� � �� � � ��

� � �� � � �

� � �� � � �

� � �� � � �

� � � �,QLWLDO�VHOHFWLRQ�EDVHG�RQ�) LJXUHV�� �DQG�� ��

� � � �+ HLJKW�WR�DFKLHYH�VWRUDJH�SOXV�MXGJHP HQW�EDVHG�DOORZ DQFH�IRU�IORRG�VWRUDJH� SDVVDJH�SOXV�IUHHERDUG�DERYH�
IORRG�OHYHO��UDQJLQJ�� �WR�� �P �GHSHQGLQJ�RQ�GDP �DQG�IORRG�SHDN�VL] H����

� � � �%DVHG�RQ�UHYLVHG�VWRUDJH�DVVHVVP HQW�LQFOXGLQJ�UXQ�RI�ULYHU�XVDJH��SHU�VHFWLRQ�� �� � �

�
7KH� DSSURDFK� WR� FRVWLQJ� KDV� EHHQ� FRQVLVWHQW� WR� SUHVXPH� UHODWLYLW\ � DQG� KDV� GUDZQ� RQ� WKH�
WHDP¶V�H[ SHULHQFH�DQG�FRVW�GDWDEDVH��ZKLFK�LQFOXGH�LQYROYHPHQW�LQ�HDUWK�GDPV�LQ�WKH�UHJLRQ�
DQG�: DL�LWL�GDP�LQ�SDUWLFXODU���$ �NH\ �DVVXPSWLRQ�LV�WKDW�WLJKW�0 RXWHUH�IRUPDWLRQ�PDWHULDO�FDQ�
EH�NH\ HG�LQWR�DW�VKDOORZ�GHSWK�WR�FXW�RII�OHDNDJH�WKURXJK�VXUILFLDO�YDOOH\ �GHSRVLWV���9 DULRXV�
H[ SRVXUHV�LQ�WKH�EDQNV�RI�WKH�0 RWXSLNR�5LYHU�LQGLFDWH�WKDW�WKLV�LV�D�UHDVRQDEOH�DVVXPSWLRQ���
+RZHYHU��D�FRQWLQJHQF\ �RU�XQFHUWDLQW\ �DOORZDQFH�RI�� � � �KDV�EHHQ�LQFOXGHG�LQ�FRVWLQJV��
�
' DP�KHLJKWV�DUH�EDVHG�RQ�WKH�VWRUDJH�DQDO\ VHV�VXPPDULVHG�LQ�VHFWLRQ�� �� �ZLWK�DOORZDQFHV�IRU�
IORRG�VWRUDJH�IUHHERDUG�DQG�D�VPDOO�DPRXQW�RI�GHDG�VWRUDJH��UHVXOWLQJ�LQ�DQ�DGGLWLRQDO�� �WR�� P�
RI�KHLJKW�GHSHQGLQJ�RQ�FDWFKPHQW�VL] H�DQG�VL] H�RI�ODUJH�IORRGV��
�
,W�VKRXOG�EH�QRWHG�WKDW�LQGLFDWLYH�FRVWLQJV�FDQQRW�EH�DVVLJQHG�SDUWLFXODU�DFFXUDF\ ��JLYHQ�WKH�
SUHOLPLQDU\ �QDWXUH�RI�WKH�VWXG\ �DQG�OLPLWHG�GDWD�DEOH�WR�EH�XWLOLVHG���) RU�H[ DPSOH��WKHUH�KDYH�
EHHQ�QR�JHRWHFKQLFDO�RU�VXEVXUIDFH�LQYHVWLJDWLRQV��DQG�H[ FHSW�IRU�YDOOH\ �SURILOLQJ�DW�GDPVLWHV�
�%HQ�$ ODQ�VLWH�H[ FOXGHG�GXH�WR�ODWH�DGGLWLRQ���WKH�RQO\ �WRSRJUDSKLFDO�LQIRUPDWLRQ�XVHG�LV�IURP�
SXEOLVKHG� PDSV� DW� � � P� FRQWRXU� LQWHUYDO�� IURP� ZKLFK� HOHYDWLRQ� YHUVXV� VWRUDJH� YROXPH�
UHODWLRQVKLSV�KDYH�EHHQ�GHULYHG�� �+RZHYHU��D�FRQVLVWHQW�DSSURDFK�KDV�EHHQ�DGRSWHG�VR�WKDW�
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UHODWLYLW\ �EHWZHHQ�RSWLRQV�LV�SUHVHUYHG�ZLWK�UHDVRQDEOH�FRQILGHQFH��
�
: KHUH�UHOHYDQW��FRPSDUDEOH�SUHFHGHQWV�KDYH�EHHQ�GUDZQ�RQ�IRU�OXPS�VXP�FRVWLQJ�RI�FHUWDLQ�
VWUXFWXUHV��H�J��LQOHW�RXWOHW�SLSHZRUN���$ IWHU�WRWDOOLQJ�WKH�EDVH�FRVWV�IRU�WKH�GDP��WKH�IROORZLQJ�
KDYH�EHHQ�DSSOLHG�WR�GHULYH�WKH�WRWDO�LQGLFDWLYH�FRVW��
x� $ GG� � � � � WR� EDVH� FRVW� WR� FRYHU� FRQWUDFWRU� HVWDEOLVKPHQW�� HQJLQHHULQJ� FRVWV� DQG� D�

FRQWLQJHQF\ �XQFHUWDLQW\ �DOORZDQFH�RI�� � � �RQ�WKH�EDVH�FRVW��
x� / DQG�DFTXLVLWLRQ�DW�DQWLFLSDWHG�FRVWV�IRU�IDUPODQG�DQG�IRUHVWU\ ��
x� � � �RQ�WKH�DERYH�FRVWV�DV�D�OLNHO\ �DOORZDQFH�IRU�FRQVWUXFWLRQ�ILQDQFLQJ��
�
7KHVH�FDSLWDO�FRVWV�DOORZ�IRU�DUUDQJHPHQWV�WR�UHOHDVH�IURP�WKH�GDP�LQWR�WKH�ULYHU�V\ VWHP�EXW�
H[ FOXGH�RSHUDWLQJ�DQG�PDLQWHQDQFH�FRVWV�DQG�WKH�FRVWV�RI�H[ WUDFWLQJ�IURP�WKH�ULYHU�DQG�RQ�
IDUP�LUULJDWLRQ�V\ VWHPV��
�
' DP�FRQVWUXFWLRQ�LWHPV�LQFOXGHG�LQ�WKH�EDVH�FRVW�DUH��
x� ' DP�IRRWSULQW�VWULSSLQJ�
x� %RUURZ�DUHD�VWULSSLQJ�
x� %XON�GDP�ILOO�
x� ' DP�ILOWHUV�DQG�ULSUDS�SURWHFWLRQ�
x� ' DP�LQWHUQDO�GUDLQDJH�DQG�PRQLWRULQJ�
x� ,QVWUXPHQWDWLRQ�
x� / RFDO�DFFHVV�URDGLQJ�
x� ( [ SRVHG�ERUURZ�DQG�GDP�IDFH�WRSVRLOLQJ�
x� 6WUHDP�GLYHUVLRQ�
x� 6SLOOZD\ V�
x� ,UULJDWLRQ�UHOHDVH�V\ VWHPV�
�
7R�JLYH�DQ�LQGLFDWLRQ�RI�WKH�SHUFHQWDJH�FRVWV�IRU�WKHVH�FRQVWUXFWLRQ�LWHPV�ZH�KDYH�DYHUDJHG�
RXU�FRVW�HVWLPDWHV�IRU�0 � �+RURSLWR�DQG�0 � �%HQ	 $ ODQ�IRU�D�� � � � KD�LUULJDEOH�DUHD�LQ�7DEOH�
� � �EHORZ���1 RWH�IRU�FRPSDUDWLYH�SXUSRVHV�WKH�FRVWV�H[ FOXGH�WKH�ULYHU�GLYHUVLRQ�IRU�0 � ��
�
7DEOH�� � � �&RVW�( VWLP DWH�%UHDNGRZQ�IRU�' DP �&RQVWUXFWLRQ�
�
' HVFULSWLRQ�RI�ZRUNV� � �WRWDO�RI�WRWDO�FRVW�

%XON�HDUWKZRUNV�±�ILOO� � � �

%XON�HDUWKZRUNV�±�VWULSSLQJ�RI�GDP�IRRWSULQW�DQG�ERUURZ�DUHD� � �

' DP�ILOWHUV�DQG�ULS�UDS�SURWHFWLRQ� � � �

' DP�LQWHUQDO�GUDLQDJH��PRQLWRULQJ�DQG�LQVWUXPHQWDWLRQ� � �

/ RFDO�DFFHVV�URDGV� � �

' DP�VWUXFWXUHV��VSLOOZD\ �DQG�UHOHDVH�V\ VWHPV� � � �

&RQWLQJHQF\ �XQFHUWDLQW\ ��GHVLJQHUV�IHHV��FRQWUDFWRUV�HVWDEOLVKPHQW� � � �

/ DQG�DQG�ILQDQFLQJ� � � �

�
�
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� �� � ,QLWLDO�&RVW�( VWLP DWHV�

3ULRU�WR�FDUU\ LQJ�RXW�RXU�FRVWLQJ�H[ HUFLVH�D�UHYLHZ�ZDV�PDGH�RI�WKH�GDP�KHLJKWV�DQG�SRWHQWLDO�
VWRUDJH�YROXPHV�WR�GHWHUPLQH�ZKLFK�RI�WKH�GDPV�ZRXOG�EH�PRVW�FRVW�HIIHFWLYH�DQG�WKRVH�GDPV�
ZKLFK�ZHUH�FOHDUO\ �OHVV�HFRQRPLF���7KHVH�ILQGLQJV�DUH�GLVFXVVHG�EHORZ��
�
7KH�GDP�VLWH�DW�&KLQDPDQ¶V�KDV�D�VPDOO�\ LHOG�SRWHQWLDO��� � � �KD�LUULJDEOH��DQG�WR�DFKLHYH�WKDW�
SRWHQWLDO��D�KLJK��� � P��DQG�H[ SHQVLYH�GDP�LV�UHTXLUHG���7KXV�&KLQDPDQ¶V�KDV�EHHQ�SXW�WR�RQH�
VLGH�DQG�QRW�FRVWHG��
�
: KHQ� 5RFN\ � DQG� 0 HOYLOOH� DUH� FRPSDUHG� �DQG� IRU� � � � � KHFWDUHV� ZKLFK� DSSHDUV� QHDU� WKH�
RSWLPXP�VL] H�RI�GHYHORSPHQW�IRU�HDFK���0 HOYLOOH�DSSHDUV�WKH�EHWWHU�RSWLRQ�EHFDXVH��
x� 7KHUH�ZRXOG�EH�OHVV�HPEDQNPHQW�ZRUNV�DQG�FRVWV�IRU�0 HOYLOOH�
x� 7KHUH� ZRXOG� EH� OHVV� JUDYHO� FDUULHG� LQWR� WKH� UHVHUYRLU� GXH� WR� WKH� GLIIHUHQW� FDWFKPHQW�

JHRORJ\ ��
x� 7KH�ORFDWLRQ�RI�0 HOYLOOH�LV�FORVHU�WR�SRWHQWLDO�LUULJDEOH�DUHDV����
�
7KXV�5RFN\ �DOVR�KDV�QRW�EHHQ�FRVWHG��EXW�LI�DQ�DSSUHFLDWLRQ�RI�FRVWV�LV�UHTXLUHG��LW�PD\ �EH�
DURXQG� � � � � KLJKHU� WKDQ� WKH� 0 HOYLOOH� FRVW�� ZKLFK� DV� ZLOO� EH� VHHQ� ODWHU�� DOUHDG\ � DSSHDUV�
XQDIIRUGDEOH��
�
7DEOH� � � �JLYHV�WKH�UHVXOWV�RI�WKH�FRVWLQJV� IRU�0 HOYLOOH��WKH�WZR�+RURSLWR�FDVHV�DQG�. LNLZD�
ZLWK�DOO�LUULJDWLRQ�GHPDQG�PHW�IURP�GDP�UHOHDVHV��L�H��ZLWKRXW�DQ\ �RI�WKH�LUULJDWLRQ�GHPDQG�
PHW�IURP�QDWXUDO�ULYHU�IORZV��7KH�LQGLFDWHG�FRVWV�IRU�WKHVH�WKUHH�SURPSWHG�H[ WHQGLQJ�FRVWLQJ�
WR�RWKHU�+RURSLWR�FDVHV��DORQJ�ZLWK�WKH�UHILQHPHQW�RI�VWRUDJH�YROXPHV�GLVFXVVHG�LQ�SUHFHGLQJ�
VHFWLRQV�DQG�DVVXPLQJ�XVH�RI�DYDLODEOH�UXQ�RI�ULYHU�IORZV��
�
7DEOH�� � � �,QLWLDO�LQGLFDWLYH�FRVWLQJV��ZLWK�DOO�LUULJDWLRQ�GHP DQG�P HW�IURP �GDP �UHOHDVHV�
�

6LWH�1 DP H� $ VVXP HG�DUHD�
VHUYHG��KD��

&RVW�LQFOXGLQJ�ODQG�
DQG�ILQDQFLQJ��
� � �P LOOLRQ��

&RP SDUDWLYH�FRVW�KD��
� � �KD��

0 HOYLOOH�6� � � � � � � �� � 0 � � �� � � �

+RURSLWR�0 � � � � � � � �� � 0 � � �� � � �

+RURSLWR�0 � � � �� � � � � �� � 0 � � �� � � �

. LNLZD�0 � � � �� � � � � � �� � 0 � � �� � � �

�

� �� � 6HFRQG�6WDJH�&RVWLQJV�

$ IWHU�WKH�SUHVHQWDWLRQ�RI�WKH�LQLWLDO�FRVWLQJV�WR�0 &: $ &�LW�ZDV�GHFLGHG�WR�FDUU\ �RXW�D�IXUWKHU�
UHYLHZ�RI�+RURSLWR�VLWH�0 � ��DQG�WKH�%HQ	 $ ODQ�VLWH�0 � ���7KH�H[ WUD�DQDO\ VLV�FRQVLGHUHG�WZR�
IXUWKHU� IDFWRUV�� WKH� XVH� RI� QDWXUDO� IORZV� LQ� WKH� 0 RWXSLNR� EHIRUH� GUDZLQJ� RQ� WKH� VWRUDJH�
UHVHUYRLU�� DQG� WKH� FRVW� EHQHILWV� RI� WUDQVIHUULQJ� ZDWHU� IURP� DQRWKHU� FDWFKPHQW� LQWR� WKH�
SURSRVHG�UHVHUYRLUV��
�
&DOFXODWLRQ�RI�WKH�DPRXQW�RI�UXQ�RI�ULYHU� IORZ�DEOH�WR�EH�WDNHQ� IURP�WKH�0 RWXSLNR�EHIRUH�
IORZ�UHOHDVHV�IURP�WKH�GDP�ZHUH�QHHGHG�XVHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SHUPDQHQW�ULYHU�



� � �
�

/ DQGFDUH�5HVHDUFK�

IORZ�JDXJH�DW�&KULVWLHV�DQG�WKH� IORZ�DW�4 XLQQH\ V� �REWDLQHG� IURP�0 DUWLQ� ' R\ OH�DW�7DVPDQ�
' LVWULFW�&RXQFLO��� � $ Q�H[ WUD�UXOH�ZDV�LQVHUWHG�LQWR�WKH�FRPELQHG�PRGHOV�WR�VD\ �WKDW�ZKHUH�
WKHUH�ZDV�DQ�LUULJDWLRQ�GHPDQG��WKH�ZDWHU�ZDV�H[ WUDFWHG� ILUVW� IURP�WKH�ULYHU�DQG�DGGLWLRQDO�
GHPDQG�WKHQ�VXSSOLHG�IURP�WKH�UHVHUYRLU����
�
7KH�DPRXQW�DYDLODEOH� IRU�H[ WUDFWLRQ� IURP�WKH�ULYHU�ZDV�GHWHUPLQHG�DV�WKH� IORZ�DERYH�WKDW�
QHHGHG� WR� SUHYHQW� WKH� ULYHU� DW� 4 XLQQH\ V� %XVK� IURP� GU\ LQJ� XS�� � 7' &� PHDVXUHPHQWV� KDYH�
VKRZQ� WKDW� ZKHQ� WKH� 0 RWXSLNR� DW� &KULVWLHV� IDOOV� EHORZ� � � � � O�V� WKH� ULYHU� EHORZ� 4 XLQQH\ ¶V�
%XVK�VWDUWV�WR�GU\ �XS���7KHUHIRUH�DQ\ �IORZ�DERYH�� � � �O�V�DW�&KULVWLHV�ZDV�GHHPHG�³DYDLODEOH́ �
IRU�LUULJDWLRQ���1 RWH�WKDW�WKLV�GRHV�QRW�µIODW�OLQH¶�WKH�0 RWXSLNR�K\ GURJUDSK�DV�WKH�PDMRULW\ �RI�
WKH�WLPH�WKHUH�ZDV�QR�LUULJDWLRQ�GHPDQG�DQG�WKH�ULYHU�IORZHG�ZHOO�DERYH�� � � �O�V���2 YHUDOO�WKH�
LPSDFW�RQ�GDP�VL] HV�RI�XVLQJ�0 RWXSLNR�QDWXUDO�IORZV�ZDV�VPDOO��L�H��LW�RQO\ �UHGXFHG�WKH�GDP�
KHLJKWV�E\ �D�VPDOO�DPRXQW���7KLV�ZDV�EHFDXVH�WKH�WLPH�RI�LUULJDWLRQ�GHPDQG�LV�QRUPDOO\ �ZKHQ�
WKH�0 RWXSLNR�LV�IORZLQJ�DW�ORZ�OHYHOV�DQG�WKHUH�LV�OLWWOH�DYDLODEOH�QDWXUDO�IORZ��
�
) RU�WKH�%HQ	 $ ODQ�GDP�VLWH�WR�EH�ZRUNDEOH��D�WUDQVIHU�RI�ZDWHU�IURP�HLWKHU�WKH�5DLQ\ �RU�%LJ�
* XOO\ �LV�UHTXLUHG���7KH�FRVW�RI�WKLV�WUDQVIHU�LV�DQ�DGGLWLRQDO�FRVW�QRW�UHTXLUHG�IRU�+RURSLWR���
�
,W�ZDV�DQWLFLSDWHG�WKDW�WKH�FRVW�HIIHFWLYHQHVV�RI�+RURSLWR�FRXOG�LPSURYH�E\ �WUDQVIHU�RI�LQIORZ�
IURP�WKH�DGMDFHQW�WULEXWDU\ � �: HVW�%UDQFK�RI�%LJ� * XOO\ ��DQG�SUHOLPLQDU\ �FRQVLGHUDWLRQ�ZDV�
JLYHQ� WR� WKLV� FDVH�� XVLQJ� WKH� UHYLVHG� K\ GURORJLFDO�DEVWUDFWLRQ� DVVXPSWLRQV�� � 7KH� UHVXOWV�
VKRZHG�RQO\ �D�VPDOO�LPSURYHPHQW�LQ�WKH�� � � � � � � � �KHFWDUH�UDQJH��SUREDEO\ �QRW�RIIVHW�E\ �WKH�
FRVW�RI�WKH�WUDQVIHU���&RVWLQJ�ZDV�QRW�WDNHQ�IXUWKHU�IRU�WKLV�SRVVLELOLW\ ��
�
: LWK� WKH� UHYLVHG� K\ GURORJLFDO�DEVWUDFWLRQ� DVVXPSWLRQV�� WKH� GDP� KHLJKWV� DQG� EDVH� FRVWV�
UHGXFHG�IRU�WKH�+RURSLWR�VLWH��7DEOH�� � � ���) RU�D�GDP�KHLJKW�RI�� � P��LQFOXGLQJ�IUHHERDUG��DW�
+RURSLWR�WKH�DUHD�VHUYHG�LQFUHDVHG�IURP�� � � � �KHFWDUHV�WR�� � � � �KHFWDUHV���7DEOH�� � �JLYHV�WKH�
UHVXOWV�IRU�ZKDW�DSSHDU�WR�EH�WKH�PRVW�SURPLVLQJ�RSWLRQV��XVLQJ�WKH�UHYLVHG�VWRUDJH�DQDO\ VLV�
DQG�H[ WHQGLQJ�FRVWV�WR�LQFOXGH�ODQG�DFTXLVLWLRQ�DQG�FRQVWUXFWLRQ�ILQDQFLQJ���
�
7DEOH�� � � �6HFRQG�VWDJH��ILQDO��FRVWLQJ�
�

6LWH�1 DP H� $ VVXP HG�DUHD�
VHUYHG��KD��

&RVW�LQFOXGLQJ�ODQG�
DQG�ILQDQFLQJ��
� � �P LOOLRQ��

&RP SDUDWLYH�FDSLWDO�
FRVW�KD��
� � �KD��

+RURSLWR�0 � � � � � � � �� � 0 � � �� � � �

+RURSLWR�0 � � � �� � � � � �� 0 � � �� � � �

+RURSLWR�0 � � � �� � � � � �� � 0 � � �� � � �

%HQ�$ ODQ�0 � � � �� � � � � �� � 0 � � �� � � �

�

� �� � $ IIRUGDELOLW\ �

$ IIRUGDELOLW\ � RI� ZDWHU� DXJPHQWDWLRQ� EDVHG� RQ� WKH� FDSLWDO� FRVWV� IRU� WKH� WZR� SUHIHUUHG� VLWHV�
JLYHQ�LQ�7DEOH� � � �GHSHQGV�RQ�UHWXUQV�OLNHO\ � IURP� IXWXUH�LUULJDWHG�ODQG�XVHV��WKH�LQGLYLGXDO�
JHRJUDSK\ � DQG� ILQDQFLDO� VLWXDWLRQ� IRU� ODQGRZQHUV� MRLQLQJ� WKH� SURMHFW�� DQG� IXQGLQJ�
DUUDQJHPHQWV�� �2 QH�RI�WKH�PDLQ�DGYDQWDJHV�RI�LUULJDWLRQ�LV�WKDW�LW�LQFUHDVHV�SURGXFWLRQ�DQG�
PLQLPLVHV�YDULDELOLW\ �LQ�\ HDU�WR�\ HDU�SURGXFWLRQ�FDXVHG�E\ �FOLPDWH�YDULDELOLW\ ��
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7R�GHFLGH�ZKHWKHU�WR�SDUWLFLSDWH�LQ�D�0 RWXSLNR�ZDWHU�DXJPHQWDWLRQ�VFKHPH��ODQGRZQHUV�LQ�
WKH�0 RWXSLNR�FDWFKPHQW�ZLOO�QHHG�WR�PDNH�D�MXGJHPHQW�EDVHG�RQ�IDFWRUV�VXFK�DV��

x� 7KHLU� RXWORRN� IRU� UHWXUQV� IURP� SRWHQWLDO� LUULJDWHG� ODQG� XVHV�� WKH� WLPHIUDPH� IRU� WKDW�
RXWORRN�� DQG� LQ� VRPH� FDVHV� WKHLU� ZLOOLQJQHVV� WR� FKDQJH� WKHLU� IDUPLQJ� IURP� GU\ ODQG� WR�
LUULJDWHG�SURGXFWLRQ�

x� ( IIHFW�RI�VHFXUH�ZDWHU�DYDLODELOLW\ �RQ�WKH�FDSLWDO�YDOXH�DQG�YHUVDWLOLW\ �RI�WKHLU�IDUPV�
x� 3UHVVXUHV� IRU� UHJLRQDO� LUULJDWHG� SURGXFWLRQ� WR� PRYH� WRZDUGV� WKH� XSSHU� 0 RWXHND�

FDWFKPHQW�IURP�FRDVWDO�DUHDV�EHFDXVH�RI�VXEGLYLVLRQ�DQG�LQFUHDVHG�SURSHUW\ �SULFHV�
x� ,QFUHDVLQJ�YHUVDWLOLW\ � IRU�LUULJDWHG�ODQG�XVHV�DV�JOREDO�ZDUPLQJ�RYHU� � � � \ HDUV�LQFUHDVHV�

VXPPHU�WHPSHUDWXUHV�DQG�UHGXFHV�IURVW�ULVN��SRWHQWLDOO\ �H[ WHQGLQJ�WKH�JURZLQJ�VHDVRQ�
x� 7KHLU� IDUP¶V� ILQDQFLDO� VLWXDWLRQ�� DQG� DVVHVVPHQW� RI� ULVN� DVVRFLDWHG� ZLWK� LQYHVWLQJ� LQ�

LUULJDWLRQ�
x� 7KH�IXQGLQJ�DUUDQJHPHQWV�IRU�WKH�VFKHPH��LQFOXGLQJ�WKH�UHSD\ PHQW�SHULRG�IRU�WKH�FDSLWDO�

ZRUNV��DQG�WKH�SHUFHQWDJH�FRQWULEXWLRQ�WR�VFKHPH�FRVWV�IURP�FRPPXQLW\ �VRXUFHV�VXFK�DV�
UDWHV��

�
7DEOH�� � �LQGLFDWHV�SHU�KHFWDUH�FDSLWDO�FRVWV�IRU�WKH�0 RWXSLNR�: DWHU�$ XJPHQWDWLRQ�6FKHPH�LQ�
WKH�UDQJH�� � � � � �WR�� � � � � �SHU�KHFWDUH��ZLWK�ORZHU�SHU�KHFWDUH�FRVWV�IRU�ODUJHU�VFDOH�RSWLRQV���

 $ �SUHOLPLQDU\ �HFRQRPLF�DQDO\ VLV�LQGLFDWHV�WKDW�EDVHG�RQ�UHSD\ LQJ�WKH�FDSLWDO�FRVW�RYHU�D�� � ��
� � �RU�� � �\ HDU�SHULRG�DW�� � �LQWHUHVW�UDWH�IRU�D�GDP�VHUYLFLQJ�� � � � �KD�WKH�FRVW�SHU�KHFWDUH�SHU�
\ HDU�IRU�WKH�+RURSLWR�0 � �ZRXOG�EH�� � � � ��� � � � �DQG�� � � � �UHVSHFWLYHO\ �DQG�IRU�WKH�%HQ�$ OOHQ�
0 � � RSWLRQ� ZRXOG� EH� � � � � �� � � � � � DQG� � � � � �� $ W� D� KLJKHU� LQWHUHVW� UDWH� WKHVH� FRVWV� ZRXOG� EH�
KLJKHU���
�
&RPSDULQJ�WKHVH�FRVWV�ZLWK�RWKHU�VFKHPHV�VXJJHVWV�D�VLPLODU�OHYHO�RI�DIIRUGDELOLW\ ���$ QQXDO�
FKDUJHV� IRU� WKH� : DL�LWL� VFKHPH� UHFHQWO\ � FRPPLVVLRQHG� DUH� � � � � �KD�\ U� IRU� H[ LVWLQJ� ZDWHU�
SHUPLW�KROGHUV�DQG�� � � � �KD�\ U�IRU�QHZ�XVHUV�IRU�D�� � �\ HDU�ORDQ�WHUP���&KDUJHV�IRU�WKH�+XQWHU�
' RZQV�VFKHPH�LQ�6RXWK�&DQWHUEXU\ �DQG�WKH�1 RUWK�2 WDJR�,UULJDWLRQ�&RPSDQ\ �DUH�� � � � �DQG�
� � � � �KD�\ U�UHVSHFWLYHO\ ���7KH�: DL�LWL�VFKHPH�LV�VLPLODU�WR�WKH�0 RWXSLNR�RSWLRQV�LQ�WKDW�ZDWHU�
LV� UHOHDVHG� LQWR� WKH� ULYHU� IRU� GRZQVWUHDP� DEVWUDFWLRQ�� DQG� RSHUDWLQJ� FRVWV� ZLOO� EH� ORZ���
+RZHYHU��ODQGRZQHUV�IDFH�WKH�DGGLWLRQDO�FRVWV�RI�RQ�IDUP�FDSWXUH�DQG�GHOLYHU\ �RI�WKHLU�VKDUH�
RI�WKH�ZDWHU��
�
&RVWV�IRU�D�0 RWXSLNR�VFKHPH�ZLOO�EH�LQIOXHQFHG�E\ �WKH�RZQHUVKLS�VWUXFWXUH�FKRVHQ�IRU�WKH�
VFKHPH���$ Q\ �VFKHPH�ZRXOG�EH�YROXQWDU\ �ZLWK�ODQGRZQHUV�DEOH�WR�QRPLQDWH�WKH�QXPEHU�RI�
KHFWDUHV�RI�ODQG�IRU�ZKLFK�WKH\ �UHTXLUH�LUULJDWLRQ�ZDWHU���7KH�: DL�LWL�VFKHPH�RSHUDWHV�RQ�WKLV�
EDVLV� DQG� LV� IXQGHG� WKURXJK� 7DVPDQ� ' LVWULFW� &RXQFLO�� ZKR� UHFRYHU� WKH� DQQXDO� SHU� KHFWDUH�
FKDUJH�WKURXJK�D�UDWH�SURSRUWLRQDO�WR�WKH�ZHHNO\ �ZDWHU�DOORFDWLRQ�RQ�WKHLU�LQGLYLGXDO�ZDWHU�
SHUPLWV���$ OO�XVHUV�SD\ �WKH�VDPH�DQQXDO�UDWH�SHU�KHFWDUH�RI�LUULJDWLRQ��EXW�QHZ�XVHUV�DOVR�SD\ �
DQ�XSIURQW�VLQJOH�FDSLWDO�FRQWULEXWLRQ�RI�� � �� � � �KD��DPRUWLVHG�RYHU�� � � \ HDUV��WKLV�HTXDOV�WKH�
IXUWKHU�� � � � �KD�\ U�PHQWLRQHG�DERYH�����
�
7KH� PDLQ� DOWHUQDWLYH� RZQHUVKLS� VWUXFWXUHV� ZRXOG� EH� D� SULYDWH� HQWLW\ �VXFK� DV� D� FRRSHUDWLYH�
FRPSDQ\ �� LQFRUSRUDWHG� VRFLHW\ � RU� SDUWQHUVKLS�� RU� D� SXEOLF� FRPSDQ\ � ZLWK� VKDUHKROGHUV�
SRWHQWLDOO\ � IURP� EH\ RQG� WKH� JURXS� RI� LUULJDWRUV� XWLOL] LQJ� WKH� VFKHPH�� � 5DLVLQJ� WKH� FDSLWDO�
UHTXLUHG�PD\ �EH�D�EDUULHU� IRU�D�SULYDWH�HQWLW\ ��DQG�PRUH�FRVWO\ �WKDQ�IXQGV�UDLVHG�WKURXJK�D�
&RXQFLO�ORDQ���+RZHYHU��WKH�RSWLRQ�RI�DQ�LQYHVWRU��H�J��D�ODQGRZQHU�RI�WKH�GDPVLWH��SURYLGLQJ�
VRPH�RI�WKH�FDSLWDO�QHHGHG�WR�LQLWLDWH�D�VFKHPH�LV�ZRUWK�FRQVLGHULQJ��
�
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) LQDOO\ �� DQ� HFRQRPLF� DQDO\ VLV� RI� WKH� DIIRUGDELOLW\ � RI� WKH� VFKHPH� IRU� D� YDULHW\ � RI� LUULJDWHG�
FURSV�LV�EH\ RQG�WKH�VFRSH�RI�WKLV�SUH�IHDVLELOLW\ �VWXG\ �� �$ W�WKLV�VWDJH��0 RWXSLNR�ODQGRZQHUV�
VKRXOG�FRQVLGHU�WKHLU�LQGLYLGXDO�FLUFXPVWDQFHV�WR�PDNH�D�MXGJHPHQW�RQ�ZKHWKHU�WR�H[ SUHVV�
LQWHUHVW� LQ� WDNLQJ� WKH� FRQFHSW� IXUWKHU�� � 7R� DVVLVW� WKLV� EX\ �LQ�� 0 &: $ &� LV� FRQVLGHULQJ�
VXSSRUWLQJ�D�GHWDLOHG�FRVW�EHQHILW�DQDO\ VLV��
�

� �� 5 HFRP P HQGDWLRQV�

7KLV� VWXG\ � KDV� VKRUWOLVWHG� DQG� FRVWHG� WZR� SUHIHUUHG� RSWLRQV� IRU� D� UXQ�RI�ULYHU� ZDWHU�
DXJPHQWDWLRQ�VFKHPH�LQ�WKH�0 RWXSLNR���) RU�D�VFKHPH�WR�SURFHHG��D�SUHIHUUHG�VLWH�QHHGV�WR�EH�
FKRVHQ�� WKH� OHYHO� RI� VXSSRUW� �LUULJDEOH� DUHD�� QHHGV� WR� EH� GHWHUPLQHG� IURP� SRWHQWLDO� ZDWHU�
XVHUV��DQG�D�IHDVLELOLW\ �VWXG\ �FDUULHG�RXW���
�
7KHVH� VWHSV� ZLOO� SURYLGH� WKH� LQIRUPDWLRQ� QHHGHG� IRU� GHWDLOHG� GHVLJQ�� UHVRXUFH� FRQVHQW�
DSSOLFDWLRQV�� DPHQGPHQWV� WR� 7' &� ZDWHU� DOORFDWLRQ� UXOHV� DQG� LPSOHPHQWDWLRQ� RI� ZKDWHYHU�
V\ VWHP�RI�FKDUJHV�LV�GHFLGHG��
�
) URP�DQ�HQJLQHHULQJ�VWDQGSRLQW��VFKHPH�GHYHORSPHQW�FRXOG�SRWHQWLDOO\ �LQYROYH�WZR�VHSDUDWH�
VWRUDJHV�RU�+RURSLWR�DORQH�FRXOG�EH�GHVLJQHG�WR�EH�LQFUHDVHG�LQ�FDSDFLW\ �LQ�D�VHFRQG�VWDJH���
7UDQVIHU� IURP� DQ� DGMDFHQW� FDWFKPHQW� FRXOG� DOVR� EH� SDUW� RI� 6WDJH� � � RI� D� WZR� VWDJHG�
GHYHORSPHQW�IRU�HLWKHU�WKH�+RURSLWR�RU�%HQ	 $ ODQ�VLWHV��
�
7R� UHILQH� FRVWV� IRU� LQSXW� WR� WKH� FRVW�EHQHILW� DQG� GHYHORSPHQW� VWUDWHJ\ �� WKH� IROORZLQJ� DUH�
UHFRPPHQGHG��
x� LPSURYHG�WRSRJUDSKLFDO�GDWD�IRU�UHVHUYRLU�VWRUDJH�YROXPH�KHLJKW�DFFXUDF\ �
x� PRUH�GHWDLOHG�K\ GURORJLFDO�PRGHOOLQJ�IRU�WKH�FKRVHQ�VLWH�
x� RQ�VLWH�JHRWHFKQLFDO�LQYHVWLJDWLRQV��DW�OHDVW�LQYROYLQJ�SLWWLQJ�DQG�ORJJLQJ�WR�PDS�YDOOH\ �

IORRU�GHSRVLWV�DQG�GHSWKV�WR�0 RXWHUH�FOD\ �IRXQGDWLRQ�
x� RXWOLQH� GHVLJQ� RI� GDPV� DQG� DVVRFLDWHG� FRPSRQHQWV� HQDEOLQJ� PRUH� DFFXUDWH� VL] LQJ� DQG�

FRVWLQJ�� ZLWK� FRVW� YHUVXV� KHLJKW� RU� DUHD� VHUYHG� FXUYHV� IRU� HDFK� VLWH� ZLWKLQ� WKH� DJUHHG�
LUULJDWLRQ�DUHD�OLPLWV��

x� GHWDLOHG�DVVHVVPHQW�RI�HQYLURQPHQWDO�HIIHFWV��LQ�SDUWLFXODU�WR�GHWHUPLQH�DQ\ �UHVLGXDO�IORZ�
UHTXLUHPHQWV�DQG�IDFWRUV�DIIHFWLQJ�WKH�GHVLJQ�

x� DVVHVVPHQW�RI�FKDQJHV�WR�ZDWHU�DOORFDWLRQ�UXOHV�IRU�WKH�0 RWXSLNR�ZKLFK�ZRXOG�QHHG�WR�EH�
QRWLILHG�IRU�VXEPLVVLRQV�LQ�WKH�750 3�

x� LI� UDWLQJ� RQ� WKH� EDVLV� RI� ZDWHU� DOORFDWHG� WR� ODQGRZQHUV� LV� FKRVHQ� DV� WKH� FKDUJLQJ�
PHFKDQLVP�� GHFLVLRQV� RQ� VHWWLQJ� WKH� UDWHV� OHYHO� WKURXJK� &RXQFLO¶V� $ QQXDO� 3ODQQLQJ�
SURFHVV��

�

� � �� $ FNQRZOHGJHP HQWV�	 �$ SSOLFDELOLW\ �

7KDQNV�WR�PHPEHUV�RI�WKH�0 RWXSLNR�&DWFKPHQW�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH�FKDLUHG�E\ �
( GZLQ�1 HZSRUW��DQG�WR�0 &: $ &�SURMHFW�PDQDJHU�-RVHSK�7KRPDV�IRU�JXLGDQFH�DQG�UHYLHZ�
FRPPHQWV� RQ� WKH� UHSRUW�� DQG� WR� -RKQ� * ULPVWRQ� RI� 7RQNLQ� 	 � 7D\ ORU� IRU� HDUO\ � LQSXW� LQWR�
VHOHFWLRQ�RI�VLWHV�IRU�VWRUDJHV��
�
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7KLV� UHSRUW� KDV� EHHQ� SUHSDUHG� IRU� WKH� EHQHILW� RI� WKH� 0 RWXSLNR� &DWFKPHQW� : DWHU�
$ XJPHQWDWLRQ�&RPPLWWHH�DQG�7DVPDQ�' LVWULFW�&RXQFLO�EDVHG�RQ�WKH�EULHI�RI�ZRUN�JLYHQ�WR�
/ DQGFDUH�5HVHDUFK��DQG�LW�PD\ �QRW�EH�UHOLHG�XSRQ�LQ�RWKHU�FRQWH[ WV�RU�IRU�DQ\ �RWKHU�SXUSRVH�
ZLWKRXW�RXU�SULRU�UHYLHZ�DQG�DJUHHPHQW��
�

� � �� 5 HIHUHQFHV�

%DUULQJHU��-�5 �) �� � � � � �� �0 HVR�VFDOH�PDSSLQJ�RI�6RLO�7HPSHUDWXUHV�LQ�WKH�0 DFNHQ] LH�%DVLQ��
1 HZ�=HDODQG��H[ WHQGHG�DEVWUDFW���3URFHHGLQJV�RI�* HRFRPSXWDWLRQ�� � � � ��SS� � � � � � � ���
�
%DUULQJHU�� -�5 �) ��� / LOEXUQH�� / �5 �� � � � � �� � ' HYHORSLQJ� IXQGDPHQWDO� GDWD� OD\ HUV� WR� VXSSRUW�
HQYLURQPHQWDO� PRGHOOLQJ� LQ� 1 HZ� =HDODQG�� SURJUHVV� DQG� SUREOHPV�� � WK� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� ,QWHJUDWLQJ� * ,6� DQG� ( QYLURQPHQWDO� 0 RGHOLQJ� �* ,6�( 0 � � �� %DQII�� $ OEHUWD��
&DQDGD��6HSWHPEHU�� �� �� ��� � � � ��
�
%DVKHU��/ ���+LFNV��0 ��� � � � ��5HYLHZ�RI�H[ LVWLQJ�GDWD�RQ�HURVLRQ�UDWHV�DQG�VHGLPHQW�\ LHOG�IRU�
WKH� 0 RWXHND� FDWFKPHQW� ±� SURJUHVV� UHSRUW�� � ,&0 � UHSRUW� � � � � � � � �� � �� / DQGFDUH� 5HVHDUFK��
/ LQFROQ��
�
&KLWWHQGHQ��( �7���+RGJVRQ��/ ���' RGVRQ��. �-��� � � � ��6RLOV�DQG�DJULFXOWXUH�RI�: DLPHD�&RXQW\ ��
1 HZ�=HDODQG��6RLO�%XUHDX�%XOOHWLQ�� � ��' 6,5 ��: HOOLQJWRQ��
�
) DKH\ ��%�' ���-DFNVRQ��5 �-���' DYLH��7�-�$ ��� � � � ��8 VHU¶V�* XLGH�IRU�WKH�/ DQG�8 VH�&KDQJH�: DWHU�
%DODQFH�0 RGHO��: $7<,( / ' ���/ DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/ &� � � � �� � � �
�
* ULIILWKV�� ( �� � � � � ��&ODVVLILFDWLRQ�RI�ODQG� IRU�LUULJDWLRQ�LQ�1 HZ�=HDODQG��1 HZ�=HDODQG�6RLO�
%XUHDX�6FLHQWLILF�UHSRUW�� � ��' 6,5 ��: HOOLQJWRQ��
�
-RKQVWRQ��0 �5 ��� � � � ���* HRORJLFDO�PDS�1 � � �0 RWXSLNR��� �� � �� � � ��' 6,5 ��,* 1 6��
�
/ LQFROQ�( QYLURQPHQWDO�� � � � ���7DVPDQ�5HJLRQDO�: DWHU�6WXG\ ���5HSRUWV�� � � � �� � � �SUHSDUHG�IRU�
7DVPDQ�5HJLRQDO�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH��) HEUXDU\ �� � � � ��
�
�

� � �� $ SSHQGL[ �, � �) DWDO�) ODZ�$ QDO\ VLV�RI�WKH�0 RWXSLNR�: DWHU�$ XJP HQWDWLRQ�
6FKHP H��$ �WDQJDWD�ZKHQXD�NL�0 RWXHND�SHUVSHFWLYH�

$ SSHQGL[ � � �KDV�EHHQ�FRPSLOHG�E\ � ' HDQ�: DONHU�RQ�EHKDOI�RI�7DQJDWD�: KHQXD�NL�0 RWXHND�
IROORZLQJ�D�ILHOG�WULS�LQ�2 FWREHU�� � � � �WR�VRPH�RI�WKH�ILYH�LQLWLDOO\ �VKRUWOLVWHG�VLWHV�DQG�D�KXL�
KHOG�LPPHGLDWHO\ �IROORZLQJ�WKDW�ILHOG�YLVLW��
�
�
� � �� � ,QWURGXFWLRQ�

7KLV�VWDWHPHQW�LV�WKDW�RI�7DQJDWD� : KHQXD� . L�0 RWXHND�GHYHORSHG�WKURXJK�WKH�UHJLRQDO�LZL�
UHVRXUFH� PDQDJHPHQW� DGYLVRU\ � VHUYLFH� 7LDNLQD� WH� 7DLDR� / WG�� 7DQJDWD� ZKHQXD� NL� 0 RWXHND�
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ZKDNDSDSD�WR�7H�b ZKLQD�0 DUDH�WKURXJK�1 Jl WL�5DUXD�DQG�7H�$ WLDZD�DQG�KDYH�PDQDZKHQXD�
VWDWXV� LQ� WKH� 0 RWXHND� FDWFKPHQW�� 1 Jl WL� 7DPD�� : KDNDW• � ,QFRUSRUDWLRQ� DQG� 1 Jl WL� 5DUXD�
$ WLDZD�7UXVW�DOVR�KDYH�DQ�LQWHUHVW�LQ�WKH�0 RWXHND�FDWFKPHQW��
�
7KLV� ³ IDWDO� IODZ� DQDO\ VLV́ � KDV� EHHQ� GHYHORSHG� LQ� RUGHU� WR� JLYH� WKH� 0 RWXSLNR� : DWHU�
$ XJPHQWDWLRQ�&RPPLWWHH�DQ�LQGLFDWLRQ�RI�WKH�W\ SH�DQG�VFDOH�RI�LVVXHV�WKDW�DUH�RI�FRQFHUQ�WR�
WDQJDWD� ZKHQXD� LQ� WKH� GHYHORSPHQW� RI� D� 0 RWXSLNR� : DWHU� $ XJPHQWDWLRQ� 6FKHPH�� ,Q�
SDUWLFXODU�LWV�SXUSRVH�LV�WR�LGHQWLI\ �DQ\ �FXOWXUDO�LPSDFW�RU�LPSDFWV�RI�WKH�SURMHFW�WKDW�ZRXOG�
SUHFOXGH� WKH� FRQVWUXFWLRQ� RU� RSHUDWLRQ� RI� WKH� VFKHPH� DV� ZHOO� DV� DQ\ � SRVVLEOH� PLWLJDWLRQ�
PHDVXUHV�� ,Q� WKH� FDVH� RI� ³ IDWDO� IODZV́ �� RIWHQ� WKH� PLWLJDWLRQ� FRVWV� DUH� H[ WUHPHO\ � KLJK�� RU�
DPHQGLQJ�WKH�SURSRVDO�LV�LPSUDFWLFDO��
�
7KLV�DQDO\ VLV�LV�QRW�PHDQW�WR�UHSODFH�DQ\ �FXOWXUDO�LPSDFW�DVVHVVPHQW�RI�WKH�SURSRVHG�VFKHPH�
RU�JLYH�DQ\ �VROXWLRQV�WR�WKH�FRQFHUQV�RI�WDQJDWD�ZKHQXD��7KLV�UHSRUW�GRHV�QRW�UHSUHVHQW�WKH�
VXSSRUW�RU�RWKHUZLVH�RI�WDQJDWD�ZKHQXD�IRU�WKH�0 RWXSLNR�: DWHU�$ XJPHQWDWLRQ�6FKHPH�QRU�
DQ\ � RI� WKH� GDP� VLWHV�� 7KH� QDWXUH� RI� WKH� SURFHVV� �EHLQJ� EULHI�� PHDQV� WKDW� VRPH� LVVXHV� RI�
FRQFHUQ�WR�WDQJDWD�ZKHQXD�PD\ �QRW�KDYH�EHHQ�UDLVHG��,W�LV��KRZHYHU��XQOLNHO\ �WKDW�DQ\ �QHZ�
LVVXHV�WKDW�DUH�UDLVHG�WKURXJK�WKH�FXOWXUDO�LPSDFW�DVVHVVPHQW�SURFHVV�ZLOO�EH�ZKDW�FRXOG�EH�
FRQVLGHUHG�WR�EH�³ IDWDO�IODZV́ ��
�
�
� � �� � 7KH�3URSRVDO�

7KH�0 RWXSLNR�FDWFKPHQW�LQ�WKH�XSSHU�UHDFKHV�RI�WKH�0 RWXHND�FDWFKPHQW�KDV�D�UHODWLYHO\ �ORZ�
UDLQIDOO�� / RZ� VXPPHU� IORZV� LQ� WKH� 0 RWXSLNR� DQG� OLPLWHG� JURXQGZDWHU� RSSRUWXQLWLHV� KDYH�
VHUYHG�WR�UHVWULFW�JURZWK�LQ�LUULJDWHG�DJULFXOWXUH��&XUUHQWO\ �WKHUH�DUH�RQO\ �� � �ZDWHU�SHUPLWV�LQ�
WKH�DUHD��FRYHULQJ�WKH�LUULJDWLRQ�RI�DERXW�� � � �KD�DQG�VXEVFULELQJ�WR�WKH�DOORFDWLRQ�OLPLW�RI�� � � �
O�V�LQ�WKH�7DVPDQ� ' LVWULFW�&RXQFLO¶V�ZDWHU�PDQDJHPHQW�SODQ��7KH�7DVPDQ� ' LVWULFW�&RXQFLO�
FRQVLGHUV�WKH�FXUUHQW�ZDWHU�UHVRXUFHV�RI�WKH�0 RWXSLNR�WR�EH�IXOO\ �DOORFDWHG�DQG�LV�QRW�LQ�WKH�
SRVLWLRQ�RI�EHLQJ�DEOH�WR�SHUPLW�IXUWKHU�DEVWUDFWLRQ�IURP�WKH�V\ VWHP��
�
) ROORZLQJ� GLVFXVVLRQV� DERXW� WKH� SUREOHP� WKH� 0 RWXSLNR� : DWHU� $ XJPHQWDWLRQ� &RPPLWWHH�
�0 &: $ &��ZDV�HVWDEOLVKHG�WR�ORRN�DW�YDULRXV�RSSRUWXQLWLHV�IRU�WKH�DXJPHQWDWLRQ�DQG�KDUYHVW�
RI�ZDWHU��$ �VWXG\ �LV�FXUUHQWO\ �XQGHUZD\ �ZKLFK�DLPV�WR�HQKDQFH�ZDWHU�DYDLODELOLW\ � IRU�ERWK�
FXUUHQW�FRQVXPSWLYH�XVHUV�DQG�SRWHQWLDO�QHZ�XVHUV��7KH�VWXG\ �DOVR�DLPV�WR�HQKDQFH�IORZV�LQ�
WKH� 0 RWXSLNR� 5LYHU� IRU� SRWHQWLDO� HQYLURQPHQWDO�FRPPXQLW\ � EHQHILWV� GRZQVWUHDP���
�
7KH�7DVPDQ�5HJLRQDO� : DWHU�6WXG\ ��FRPSOHWHG�LQ� � � � � ��LQLWLDOO\ �LGHQWLILHG�D�WRWDO�RI�DERXW�
� � � � �KD�RI�ODQG�VXLWDEOH�IRU�LUULJDWHG�DJULFXOWXUH�LQ�WKH�FDWFKPHQW�� ,W�PDLQO\ �FRPSULVHG�WKH�
IHUWLOH�DOOXYLDO�IODWV��7KH�FDWFKPHQW�KDV�D�IXUWKHU�� � � �ODQGRZQHUV��ZLWKRXW�ZDWHU�SHUPLWV��ZKR�
FRXOG� SRWHQWLDOO\ � EHQHILW� LI� WKHUH� ZDV� PRUH� ZDWHU� DYDLODEOH�� ) XUWKHU� ZRUN� E\ � / DQGFDUH�
5HVHDUFK�DQG�0 &: $ &�PHPEHUV�UHGXFHG�WKH�IHDVLEOH�LUULJDEOH�DUHD�GRZQ�WR�� �� � � �KHFWDUHV��
7KLV� ILJXUH� KDV� EHHQ� UHGXFHG� WR� � � � � � KHFWDUHV� IRU� SUDFWLFDO� UHDVRQV�� 3UHOLPLQDU\ � FURS�
DVVHVVPHQW�VKRZHG�WKDW�RWKHU�FURSV�DSDUW�IURP�SDVWXUH�FRXOG�EH�LUULJDWHG�LQ�WKH�0 RWXSLNR��
7KHVH�LQFOXGHG�SRWDWRHV��VHDVRQDO�YHJHWDEOHV��RWKHU�PDUNHW�JDUGHQLQJ�FURSV��EHUULHV��KRSV�DQG�
SRVVLEO\ �HYHQ�FKHUULHV���
�
7KH�LQLWLDO�VWXG\ �UHSRUWHG�WKDW�WKH�PRVW�IHDVLEOH�RSWLRQV�IRU�WKH�KDUYHVW�RI�ZDWHU�ZRXOG�EH�WKH�
FRQVWUXFWLRQ�RI�RQH�RU�PRUH�VPDOO�WR�PHGLXP�VL] HG�GDPV��7KH�GDP�V��ZRXOG�EH�GHVLJQHG�WR�
KDUYHVW�DQG�VWRUH�ZDWHU�GXULQJ�WKH�ZHWWHU�ZLQWHU�DQG�VSULQJ�PRQWKV�DQG�UHOHDVH�LW�GXULQJ�WKH�
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GULHU�PRQWKV� �W\ SLFDOO\ �VXPPHU�DQG�HDUO\ �DXWXPQ���7KH�UHOHDVH�RI�ZDWHU�ZRXOG�EH�GLUHFWO\ �
LQWR�WKH�ULYHU�V\ VWHP��8 QGHU�WKLV�GHVLJQ�QR�SLSHV�ZRXOG�EH�XVHG�VDYH�IRU�WKRVH�XVHG�E\ �WKH�
IDUPHUV�WR�GUDZ�ZDWHU�IURP�WKH�ULYHU�RU�JURXQGZDWHU�V\ VWHP��
�
7R�GDWH�ILYH�RSWLRQV�IRU�ZDWHU�VWRUDJH�GDPV�KDYH�EHHQ�VKRUWOLVWHG��7ZR�VLWHV�DUH�LQ�WKH�5DLQ\ �
5LYHU�SDUW�RI�WKH�FDWFKPHQW��7KHVH�DUH�0 � ��+RURSLWR��DQG�6� ��0 HOYLOOH���7KH�RWKHU�WKUHH�VLWHV�
DUH� LQ� WKH� 0 RWXSLNR� SURSHU�� 7KHVH� DUH� 0 � � �0 RWXSLNR��� 6� � �5RFN\ �� DQG� DOWHUQDWLYH� 6� �
�&KLQDPDQ¶V��� 7KH� OHWWHUV� 0 � DQG� 6� UHIHU� WR� PHGLXP� DQG� VPDOO� UHVSHFWLYHO\ �� ,W� KDV� EHHQ�
VXJJHVWHG�DW�WKLV�VWDJH�WKDW�IRU�WKH�� � � � �KHFWDUHV�GHVFULEHG�DERYH�WR�EH�IXOO\ �LUULJDEOH��� �\ HDUV�
RXW�RI�� � � �D�PHGLXP�$ 1 ' �D�VPDOO�GDP�ZRXOG�EH�UHTXLUHG��6PDOOHU�VFKHPHV�FRXOG�RSHUDWH�RQ�
HLWKHU� RQH� RU� WZR� VPDOO� GDP� RSWLRQV� RU� VWDJHG� GHSHQGHQW� RQ� GHPDQG�� +RZHYHU� GXH� WR�
HFRQRPLHV�RI�VFDOH�WKH�RQH�PHGLXP�RQH�VPDOO�RSWLRQ�LV�SUREDEO\ �WKH�PRVW�FRVW�HIIHFWLYH��
�
�
� � �� � 7KH�3URFHVV�WR�' DWH�

7KH� 5HVRXUFH� 0 DQDJHPHQW� $ FW� � � � � � DIILUPV� JXDUDQWHHV� VHW� RXW� LQ� 7H� 7LULWL� R� : DLWDQJL�
SDUWLFXODUO\ � WKURXJK� WKH� RIWHQ� TXRWHG� VHFWLRQV� � �H��� � �D�� DQG� � �� 7KHVH� DUH�� 6� � �H�� ³ 7KH�
UHODWLRQVKLS�RI�0 DRUL�DQG�WKHLU�FXOWXUH�DQG�WUDGLWLRQV�DQG�WKHLU�DQFHVWUDO�ODQGV��ZDWHU��VLWHV��
ZDDKL� WDSX�� DQG� RWKHU� WDRQJD́ �� 6� � �D�� ³ . DLWLDNLWDQJD�´ � DQG� 6� � ZKHUHE\ � ORFDO� DXWKRULWLHV�
PXVW� ³ 7DNH� WKH� SULQFLSOHV� RI� WKH� 7UHDW\ � RI� : DLWDQJL� LQWR� DFFRXQW�´ � 7KH� SULQFLSOHV� RI� WKH�
7UHDW\ �RI�: DLWDQJĹ �ZHUH�LQLWLDOO\ �RXWOLQHG�LQ�WKH�7UHDW\ �RI�: DLWDQJL�$ FW��� � � � ��
�
,Q� WKH� SDVW� WDQJDWD� ZKHQXD� KDYH� RIWHQ� UHFHLYHG� QRWLILFDWLRQ� RI� D� GHYHORSPHQW� WKURXJK� WKH�
UHVRXUFH�FRQVHQW�SURFHVV��2 IWHQ�WKLV�ZDV�WRR�ODWH�WR�LQFRUSRUDWH�WKH�FRQFHUQV�RI�LZL�LQWR�WKH�
GHYHORSPHQW�RU�DYRLG��UHPHG\ �RU�PLWLJDWH�WKHVH�FRQFHUQV��8 QSURGXFWLYH�RXWFRPHV�VXFK�DV�
LZL�UHOXFWDQWO\ �JLYLQJ�WKHLU�FRQVHQW��LZL�KROGLQJ�XS�WKH�SURFHVV�GXH�WR�FRQVXOWDWLRQ�LVVXHV�RU�
LZL�REMHFWLQJ�WR�WKH�SURSRVDO�RXWULJKW�ZHUH�QRW�XQFRPPRQ��
�
,Q� WKLV� SURFHVV� WDQJDWD� ZKHQXD� ZHUH� FRQVXOWHG� HDUO\ � RQ� LQ� WKH� SURFHVV� SULRU� WR� WKH�
GHYHORSPHQW� RI� WKH� SURSRVDO� WKURXJK� WKH� SUHYLRXV� 0 RWXHND� ,ZL� 5HVRXUFH� 0 DQDJHPHQW�
$ GYLVRU\ �. RPLWL��0 ,50 $ . ���$ Q�LZL�UHSUHVHQWDWLYH�ZDV�DSSRLQWHG�WR�WKH�0 &: $ &�WR�UHOD\ �
SURJUHVV�WR�WDQJDWD�ZKHQXD�RQ�WKH�GHYHORSPHQW�RI�WKH�SURSRVDO��+H�KDV�DWWHQGHG�D�QXPEHU�RI�
0 &: $ &� PHHWLQJV� DQG� UHSRUWHG� EDFN� WR� 0 ,50 $ . �� 2 Q� � � � 2 FWREHU� � � � � � 0 ,50 $ . �
PHPEHUV�DWWHQGHG�D�VLWH�YLVLW�WR�WKH�ILYH�VKRUWOLVWHG�ZDWHU�VWRUDJH�VLWHV�ZLWK�WKH�0 &: $ &��WKH�
SURMHFW�PDQDJHU�DQG�FRQVXOWDQWV¶�UHSUHVHQWDWLYHV��
�
7KLV� GRFXPHQW� KDV� EHHQ� GHYHORSHG� IURP� WKH� VLWH� YLVLW�� H[ DPLQDWLRQ� RI� SUHYLRXV� FXOWXUDO�
LPSDFW� DVVHVVPHQWV� DQG� GLVFXVVLRQV� ZLWK� WDQJDWD� ZKHQXD�� 7KH� 1 Jl � $ WXD� . DLWLDNL� PRGHO�
DVVLVWHG� LQ� WKLV� DQDO\ VLV� WR� LGHQWLI\ �SRWHQWLDO�FXOWXUDO� LPSDFW� LVVXHV� DQG� IURP� WKLV� DQ\ � IDWDO�
IODZV�IRU�WKH�VKRUWOLVWHG�VLWHV��) LJXUH�� � �� �EHORZ����
�
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7DQH0 DKXWD
7KH�IHUWLOLW\ �IRUFH��
$WXDRI�QJDKHUH
�IRUHVWV��	 �QJD
P DQX �ELUGV�

7XP DWDXHQJD
$WXDRI�ZDU�	 �
WDQJDWD�SHRSOH�

7DZ KLULP DWHD
$WXDRI�WKH�ZLQG�	 �
DLU

5 DQJLQXL
7KH�VN\ �IDWKHU��LP P HDVXUDEOH�XQLYHUVH

7DQJDURD
$WXDRI�QJD
P RDQD�VHDV���
DZD�ULYHUV��	 �
URWR�ODNHV�

3DSDWXDQXNX
( DUWK�P RWKHU��SODQHW�HDUWK

+DXP LHWLNHWLNH
$WXDRI�ZLOG�IRRGV�
LQFOXGLQJ�IHUQ�URRWV

1 JD $ WXD
. DLWLDNL

7KH�VSLULWXDO�
JXDUGLDQV

5 RQJRP DWDQH
$WXDRI�SHDFH�	 �
FXOWLYDWHG�IRRGV

�

�

��

�

�

7DQH0 DKXWD
7KH�IHUWLOLW\ �IRUFH��
$WXDRI�QJDKHUH
�IRUHVWV��	 �QJD
P DQX �ELUGV�

7XP DWDXHQJD
$WXDRI�ZDU�	 �
WDQJDWD�SHRSOH�

7DZ KLULP DWHD
$WXDRI�WKH�ZLQG�	 �
DLU

5 DQJLQXL
7KH�VN\ �IDWKHU��LP P HDVXUDEOH�XQLYHUVH

7DQJDURD
$WXDRI�QJD
P RDQD�VHDV���
DZD�ULYHUV��	 �
URWR�ODNHV�

3DSDWXDQXNX
( DUWK�P RWKHU��SODQHW�HDUWK

+DXP LHWLNHWLNH
$WXDRI�ZLOG�IRRGV�
LQFOXGLQJ�IHUQ�URRWV

1 JD $ WXD
. DLWLDNL

7KH�VSLULWXDO�
JXDUGLDQV

5 RQJRP DWDQH
$WXDRI�SHDFH�	 �
FXOWLYDWHG�IRRGV

�

�

��

�

�

�
�
) LJXUH�� � ���1 JD�$ WXD�. DLWLDNL�PRGHO�
�
7KH� 1 Jl � $ WXD� . DLWLDNL� PRGHO� LOOXVWUDWHV� WKH� HQYLURQPHQWDO� GRPDLQV� RI� VL[ � NH\ � VSLULWXDO�
JXDUGLDQV� ZLWKLQ� WKH� HPEUDFH� RI� 5DQJLQXL� DQG� 3DSDWXDQXNX�� ,Q� HVVHQFH� WKHVH� 1 Jl � $ WXD�
. DLWLDNL�ZHUH� ³FRQVXOWHǴ �WKURXJK�WDQJDWD�ZKHQXD�NL�0 RWXHND�LQ�RUGHU�DUULYH�DW�D�KROLVWLF�
RYHUYLHZ�RI�WKH�SURSRVDO�DQG�LWV�SRWHQWLDO�HIIHFWV��7KHVH�DWXD�DUH�7DQJDURD��7l QH�0 DKXWD��
7DZKLULPDWHD�� +DXPLHWLNHWLNH�� 5RQJRPDWDQH�� DQG� 7XPDWDXHQJD�� 7KHLU� N UHUR� �VWDWHPHQWV��
DUH�RXWOLQHG�LQ�WKDW�RUGHU��
�
�
� � �� � 1 Jl �. DLWLDNL�6WDWHP HQWV�

7KH�VWDWHPHQWV�DUH�D�EULHI�RXWOLQH��7KH\ �GR�QRW�FRYHU�WKH�LVVXHV�RI�FRQFHUQ�RU�EHQHILW�LQ�GHWDLO�
RU�LQGHHG�HYHQ�FRYHU�DOO�RI�WKH�LVVXHV��1 HLWKHU�GR�WKH\ �SUHVHQW�DQ\ �VROXWLRQV��7KHVH�QHHG�WR�EH�
GHDOW�ZLWK�WKURXJK�WKH�FXOWXUDO�LPSDFW�DVVHVVPHQW�SURFHVV��
�
7DQJDURD� LV� WKH� DWXD� RI� WKH� RFHDQ�� WKH� IUHVKZDWHU� WKDW� IORZV� LQWR� LW� DQG� ZHWODQGV�� 7KH�
FRQFHUQV�RI�7DQJDURD�LQFOXGH��

o�7KH� PDLQWHQDQFH� RU� HQKDQFHPHQW� RI� FXOWXUDO� DQG� VSLULWXDO� YDOXHV� RI� WKH� 0 RWXSLNR�
LQFOXGLQJ� PDXUL� �OLIH� VXSSRUWLQJ� FDSDFLW\ � RU� SURGXFWLYLW\ �� DQG� ZDLUXD� �VSLULWXDO�
HVVHQFH���

o�&XUUHQW�DQG�IXWXUH�DEVWUDFWLRQV�RI�ZDWHU��7KH�VFKHPH�LV�GHVLJQHG�WR�SURYLGH�D�VHFXUH�
VXSSO\ �IRU�WKHVH�DEVWUDFWLRQV��
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o�5HGXFWLRQ� LQ� WKH� TXDOLW\ � RI� ZDWHU�� SDUWLFXODUO\ � IRU� GRZQVWUHDP� ³XVHUV́ � LQFOXGLQJ� WKH�
HQYLURQPHQW��2 YHU�DEVWUDFWLRQ�DQG�LQWHQVLILFDWLRQ�RI�ODQGXVH�DUH�ERWK�VHHQ�DV�IDFWRUV�
FRQWULEXWLQJ�WR�GHWHULRUDWLQJ�ZDWHU�TXDOLW\ ���

o�,PSURYHPHQW� LQ� ZDWHU� TXDOLW\ �� : DWHU� DXJPHQWDWLRQ� LV� VHHQ� DV� D� SRVVLEOH� ZD\ � RI�
DOOHYLDWLQJ�WKLV�SUREOHP��H�J��GXULQJ�ORZ�IORZV��

o�,QFUHDVHG� ELRVHFXULW\ � ULVNV� WKURXJK� ³QRUPDOLVLQJ´ � WKH� ZDWHU� IORZ�� ) ORRGLQJ� DQG�
GURXJKWV� PD\ � EH� DQ� LQFRQYHQLHQFH� EXW� WKH\ � GR� VHUYH� WR� PDNH� ULYHU� V\ VWHPV� OHVV�
KRVSLWDEOH�WR�DOLHQ�SODQWV�DQG�DQLPDOV��

o�7KH�UHWHQWLRQ�RI�JUDYHO�DQG�VHGLPHQWV�LQ�D�VWRUDJH�UHVHUYRLU�PD\ �OHDG�WR�HURVLRQ��LPSDFW�
RQ� LQVWUHDP� YDOXHV� DQG� UHGXFH� WKH� VXSSO\ � RI� WKH� VDLG� PDWHULDO� GRZQVWUHDP� IRU�
XWLOLVDWLRQ��

o�7KH�PDLQWHQDQFH�RU�HQKDQFHPHQW�RI� ILVK�DQG�HHO�SRSXODWLRQV�LQFOXGLQJ�LVVXHV�RI� ILVK�
SDVVDJH��

�
7 l QH� 0 DKXWD� LV� WKH� DWXD� RI� WKH� IRUHVWV�� ELUGV� DQG� RWKHU� FUHDWXUHV�� +H� LV� DOVR� WKH� DWXD� RI�
IHUWLOLW\ ��7KH�FRQFHUQV�RI�7l QH�LQFOXGH��

o�7KH�ORVV�DQG�RU�UHGXFWLRQ�LQ�QDWLYH�YHJHWDWLRQ��7KLV�LV�ERWK�RQ�VLWH��L�H��XQGHU�WKH�DUHD�
WDNHQ�XS�E\ �WKH�GDP�DQG�UHVHUYRLU��DQG�RII�VLWH��RQ�QDWLYH�UHPQDQWV�GRZQVWUHDP�RQ�
ODQG�WKDW�EHFRPHV�LUULJDEOH���

o�2 SSRUWXQLWLHV�IRU�WKH�UHVWRUDWLRQ�DQG�PDQDJHPHQW�RI�QDWLYH�YHJHWDWLRQ��
o�3UHVVXUH�RQ�UHPQDQW�ZHWODQGV�GRZQVWUHDP�GXH�WR�LQWHQVLILFDWLRQ�RI�ODQGXVH��
o�2 SSRUWXQLWLHV�WR�FUHDWH�ZHWODQGV�DVVRFLDWHG�ZLWK�WKH�GDP��
o�3RWHQWLDO�UHGXFWLRQ�LQ�ELUGOLIH�DQG�ELUG�SDWKZD\ V�DVVRFLDWHG�ZLWK�GDP�FRQVWUXFWLRQ�DQG�

RSHUDWLRQ���
o�3RWHQWLDO�RSSRUWXQLWLHV�IRU�LQFUHDVLQJ�ELUG�QXPEHUV�SDUWLFXODUO\ �ZDWHUIRZO��

�
7DZKLULP DWHD�LV�WKH�ZLQG�DWXD�RI�ZLQG��ZHDWKHU�DQG�FOLPDWH��7KH�FRQFHUQV�RI�7DZKLULPDWHD�
LQFOXGH��

o�&OLPDWH� FKDQJH� DQG� WKH� HIIHFW� WKDW� WKLV� PD\ � KDYH� RQ� WKH� SUHGLFWLRQV� IRU� ZDWHU�
DYDLODELOLW\ ��PRGHOLQJ�DQG�FRQWLQJHQF\ �SODQV��

o�&2 � � HPLVVLRQV� IURP� WKH� FRQVWUXFWLRQ� DQG� RSHUDWLRQ� RI� WKH� GDP� DQG� 1 HZ� =HDODQG¶V�
FRPPLWPHQW�WR�WKH�. \ RWR�SURWRFRO�

o�,QWHQVLILFDWLRQ� RI� ODQGXVH� WKURXJK� LQFUHDVHG� LUULJDWLRQ� DQG� DQ� DVVRFLDWHG� LQFUHDVH� LQ�
SHVWLFLGHV��KHUELFLGHV�DQG�RWKHU�DLUERUQH�FKHPLFDOV��

�
5 RQJRP DWDQH�LV�WKH�DWXD�RI�SHDFH�DQG�FXOWLYDWHG�IRRGV��7KH�FRQFHUQV�RI�5RQJR�LQFOXGH��

o�7KH� ORVV� RU� JDLQ� RI� FRPPHUFLDO� RSSRUWXQLWLHV� FUHDWHG� E\ � WKH� GHYHORSPHQW� RI� WKH�
VFKHPH��

o�/ DQGXVHV�WKDW�XVH�KLJK�YROXPHV�RI�ZDWHU�IRU�ORZ�YDOXH�XVH�YHUVXV�ORZ�YROXPHV�IRU�KLJK�
YDOXH��L�H��ZDWHU�GHPDQG�DQG�FURS�VXLWDELOLW\ ���

�
+ DXP LHWLNHWLNH�LV�WKH�DWXD�RI�ZLOG�IRRGV��7KH�FRQFHUQV�RI�+DXPLH�LQFOXGH��

o�7KH�ORVV�RI�RSSRUWXQLWLHV�WR�PDQDJH�DQG�KDUYHVW�PDKLQJD�NDL�RU�ZLOG�IRRGV��
o�7KH�JDLQ�LQ�RSSRUWXQLWLHV�WR�PDQDJH�DQG�KDUYHVW�PDKLQJD�NDL�RU�ZLOG�IRRGV��

�
7XP DWDXHQJD�LV�WKH�DWXD�RI�ZDU�DQG�SHRSOH��7KH�FRQFHUQV�RI�7XPDWDXHQJD�LQFOXGH��

o�7KH�UHFRJQLWLRQ�RI�WKH�UROH�RI�WDQJDWD�ZKHQXD�DV�NDLWLDNL�DQG�WKHLU�DELOLW\ �WR�SUDFWLFH�
UDQJLWLUDWDQJD��NDLWLDNLWDQJD�DQG�PDQDDNLWDQJD��

o�7KH�SURWHFWLRQ�RI�ZDDKL�WDSX�RU�VLWHV�RI�FXOWXUDO�VLJQLILFDQFH��
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o�7KH�KHDOWK�RI�SHRSOH��SDUWLFXODUO\ �WKRVH�ZKR�VZLP��GULQN�RU�KDUYHVW�UHVRXUFHV�IURP�LQ�
DQG�DURXQG�WKH�ULYHU�V\ VWHPV��

o�7KH�HTXLWDEOH�DQG�IDLU�DOORFDWLRQ�RI�ZDWHU��
�
�
� � �� � $ QDO\ WLFDO�0 DWUL[ �

) RU� DQ� LQLWLDO� DVVHVVPHQW�� WKH� � � VLWHV� ZHUH� UDWHG� E\ � WKRVH� WDQJDWD� ZKHQXD� PHPEHUV� WKDW�
DWWHQGHG� WKH� VLWH� YLVLW� RQ� � � � 2 FWREHU� � � � � �� 8 VLQJ� WKH� YDOXHV� XQGHU� HDFK� RI� WKH� 1 Jl � $ WXD�
. DLWLDNL�DV�FULWHULD�HDFK�ZDV�JLYHQ�D�UDWLQJ�DV�SDUW�RI�WKH�VFUHHQLQJ�SURFHVV��7KHVH�DSSHDU�LQ�
WKH�PDWUL[ �EHORZ���
�
7KH� LQLWLDO� VFUHHQLQJ� RI� WKH� ILYH� DOWHUQDWLYH� VLWHV� ZDV� SULPDULO\ � TXDOLWDWLYH� DQG� XVHG� WKUHH�
UDWLQJV��KLJK��PHGLXP�DQG�ORZ��
�
7KH� � KLJK� �UDWLQJ�DSSOLHG�WR�WKRVH�LVVXHV�WKDW�SRWHQWLDOO\ �PD\ �SURGXFH�SRVLWLYH�HIIHFWV��WKH�
� PHGLXP� �UDWLQJ�DSSOLHV�WR�WKRVH�LVVXHV�WKDW�ZLOO�SUREDEO\ �SURGXFH�OLWWOH�RU�QR�HIIHFW��DQG�WKH�
� ORZ� � UDWLQJ� DSSOLHV� WR� WKRVH� LVVXHV� WKDW� DUH� OLNHO\ � WR� SURGXFH� QHJDWLYH� HIIHFWV� �RU� WKH�
RSSRUWXQLWLHV�IRU�PLWLJDWLRQ�DUH�GHHPHG�WR�EH�ORZ���) URP�WKLV�WKH�WDQJDWD�ZKHQXD�GHWHUPLQHG�
WKH�SURVSHFW�RI�� IDWDO�IODZV� �LQ�DQ\ �RI�WKH�SURSRVHG�VLWHV��) DWDO�IODZV�ZHUH�GHILQHG�DV��VHYHUH�
FRQVWUDLQWV� RU� FRPELQDWLRQV� RI� FRQVWUDLQWV� WKDW� IURP� D� WDQJDWD� ZKHQXD� SHUVSHFWLYH� PDGH� D�
SDUWLFXODU�VLWH�QRW�YLDEOH���
�
7DEOH�� � � �3UHOLP LQDU\ �LQGLFDWRUV�RI�DFFHSWDELOLW\ �RI�GLIIHUHQW�VLWHV����
�
� 0 � �

0 RWXSLNR�
0 � �
+RURSLWR�

6� ��
5RFN\ �

6� �
&KLQDPDQ�

6� �
0 HOYLOOH�

7DQJDURD� � � � � �
0 DXUL��: DLUXD� � � � � �
: DWHU�DEVWUDFWLRQ� +LJK� +LJK� 0 HG�/ RZ� 0 HG�/ RZ� 0 HG�+LJK�
: DWHU�TXDOLW\ � / RZ� / RZ� 0 HG� 0 HG� 0 HG�
%LRVHFXULW\ �ULVN� / RZ� / RZ� 0 HG� 0 HG� 0 HG�
* UDYHO�IORZ� / RZ� / RZ� �� 0 HG� 0 HG�
) LVK�PDQDJHPHQW� � � � � �
7 l QH�0 DKXWD� � � � � �
1 DWLYH�YHJHWDWLRQ��ZLOGOLIH�ORVV� / RZ� 0 HG� / RZ� �� / RZ�
1 DWLYH�YHJHWDWLRQ�RSSRUWXQLWLHV� / RZ� 0 HG�+LJK� 0 HG� / RZ� +LJK�
: HWODQG�RSSRUWXQLWLHV� 0 HG� +LJK� / RZ� 0 HG� 0 HG�+LJK�
: LOGOLIH�RSSRUWXQLWLHV� 0 HG�+LJK� 0 HG�+LJK� / RZ� 0 HG� 0 HG�+LJK�
7DZKLULP DWHD� � � � � �
&OLPDWH�FKDQJH� 0 HG� 0 HG� 0 HG� 0 HG� 0 HG�
&2 � �HPLVVLRQV� / RZ� / RZ� 0 HG� 0 HG� 0 HG�
,QWHQVLILFDWLRQ�RI�ODQGXVH� 0 HG� 0 HG� / RZ� / RZ� / RZ�
5 RQJRP DWDQH� � � � � �
&RPPHUFLDO�RSSRUWXQLWLHV� +LJK� +LJK� 0 HG� 0 HG� 0 HG�+LJK�
: DWHU�GHPDQG�FURS�VXLWDELOLW\ � +LJK� +LJK� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK�
+ DXP LHWLNHWLNH� � � � � �
/ RVV�RI�PDKLQJD�NDL� / RZ� 0 HG� 0 HG� 0 HG� / RZ�
2 SSRUWXQLWLHV�IRU�PDKLQJD�NDL� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK�
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7XP DWDXHQJD� � � � � �
. DLWLDNLWDQJD��HWF�ORVV� 0 HG� 0 HG� 0 HG� 0 HG� 0 HG�
. DLWLDNLWDQJD��HWF�RSSRUWXQLW\ � 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK� 0 HG�+LJK�
: l KL�7DSX� � � � � �
3XEOLF�KHDOWK�DQG�XVH� � � � � �
( TXLWDEOH�DOORFDWLRQ�RI�ZDWHU� � � � � �
�
1 %�� 7KLV� WDEOH� LV� LQGLFDWLYH� RQO\ �� ,WV� SXUSRVH� LV� WR� KLJKOLJKW� FRQFHUQV� DQG� EHQHILWV� RI� WKH�
SURSRVDO� 0 RWXSLNR� : DWHU� $ XJPHQWDWLRQ� 6FKHPH� DV� ZHOO� DV� SRVVLEOH� RSSRUWXQLWLHV� IRU�
HQKDQFHPHQW�RU�PLWLJDWLRQ��7KH�WDEOH�GRHV�QRW�UHSUHVHQW�WDQJDWD�ZKHQXD�SUHIHUHQFH�IRU�DQ\ �
VLWH�RU�LQGHHG�VXSSRUW�IRU�WKH�VFKHPH��
�
3DUWV�RI�WKH�PDWUL[ �KDYH�EHHQ�OHIW�EODQN�IRU�YDULRXV�UHDVRQV��,Q�WHUPV�RI�WKH�PDXUL��ZDLUXD�LW�
ZDV�IHOW�WR�EH�LQDSSURSULDWH�WR�JUDGH�WKHVH�WKLQJV��DW�OHDVW�DW�WKLV�VWDJH���2 WKHU�EODQNV�LQGLFDWH�
D�ODFN�RI�LQIRUPDWLRQ�RU�WKH�UDWLQJ�ZDV�GHSHQGHQW�RQ�WKH�GHJUHH�RI�PLWLJDWLRQ��RU�LW�VLPSO\ �GLG�
QRW�PDNH�VHQVH�� ,Q�WHUPV�RI�Zl KL�WDSX�WKH�IHHOLQJ�ZDV�WR�UDWH�DOO�RI�WKH�VLWHV�ORZ�EDVHG�RQ�
JHQHUDO�LQIRUPDWLRQ�DERXW�WKH�VLWH��$ V� \ HW�WKLV�KDV�QRW�EHHQ�GRQH�DV�PRUH�VSHFLILF�OLQHV�RI�
LQTXLU\ � KDYH� QRW� \ HW� SURGXFHG� WKH� LQIRUPDWLRQ� WR� PDNH� WKLV� FDOO� RU� UHIXWH� LW�� 7KLV� OLQH� RI�
LQTXLU\ � LV� RQJRLQJ�� ,Q� WHUPV� RI� ZDWHU� DOORFDWLRQ� WDQJDWD� ZKHQXD� GR� QRW� KDYH� LQIRUPDWLRQ�
UHODWLQJ� WR� WKLV�� 7KHUH� LV� DQ� DVVXPSWLRQ� KRZHYHU�� WKDW� WKH� DOORFDWLRQ� ZLOO� EH� IDLU� DQG� WKDW�
VXIILFLHQW�ZDWHU�OHIW�LQ�WKH�V\ VWHP�IRU�WKH�EHQHILW�RI�DTXDWLF�IORUD�DQG�IDXQD��DQG�UHFUHDWLRQDO�
XVHUV�L�H��WKDW�PLQLPXP�IORZV�ZLOO�EH�JHQHURXV�DQG�VRFLDOO\ �DQG�VFLHQWLILFDOO\ �EDVHG��
�
,Q�FRQFOXVLRQ�QR�³ IDWDO�IODZV́ �KDYH�EHHQ�LGHQWLILHG�IURP�WKH�SHUVSHFWLYH�RI�WDQJDWD�ZKHQXD�NL�
0 RWXHND�IRU�DOO�RU�DQ\ �RI�WKH�VKRUWOLVWHG�GDP�VLWHV��,W�LV�XQOLNHO\ �WKDW�DQ\ �QHZ�³ IDWDO�IODZV́ �
ZLOO� FRPH� WR� OLJKW� LQ� WKH� IXWXUH�� 7KH� VXSSRUW� RU� RWKHUZLVH� RI� WKLV� 0 RWXSLNR� : DWHU�
$ XJPHQWDWLRQ�6FKHPH�KDV�QRW�EHHQ�VHFXUHG�WKURXJK�WKLV�SURFHVV��7KLV�ZLOO�HPHUJH�WKURXJK�
WKH�GHYHORSPHQW�RI�D�FXOWXUDO�LPSDFW�DVVHVVPHQW�RI�WKH�SUHIHUUHG�VFKHPH��
�

� � �� $ SSHQGL[ �, , � �&RP P XQLW\ �&RQVXOWDWLRQ�

�
� � �� � 0 RWXSLNR�&DWFKP HQW�: DWHU�$ XJP HQWDWLRQ�&RP P LWWHH�

7KLV� VWXG\ � KDV� EHHQ� JXLGHG� E\ � WKH� 0 RWXSLNR� &DWFKPHQW� : DWHU� $ XJPHQWDWLRQ� &RPPLWWHH�
ZKR�PHW�VL[ �WLPHV��DWWHQGHG�WKUHH�ILHOG�YLVLWV���LQ�WZR�FDVHV�ZLWK�D�ZLGHU�JURXS�RI� IDUPHUV�
IURP�WKH�YDOOH\ �±�DQG�WZR�SXEOLF�PHHWLQJV�WR�GLVFXVV�WKH�ILQGLQJV��
�
7KH�0 &: $ &�FRPSULVHV�( GZLQ�1 HZSRUW��FKDLUPDQ���( YDQ�%DLJHQW��7RP�&DUVRQ��0 LFN�3DUN�
�7H�$ WLDZD���1 HLO� ' HDQV��) LVK�	 �* DPH���&U�6WXDUW�%U\ DQW��7' &���&U�5LFKDUG�. HPSWKRUQH�
�7' &���0 XUUD\ �( DUZDNHU��-RKQ�+ \ DWW��-XOLDQ�5DLQH��0 DUWLQ�5XWOHGJH�5XGL�7HWWHURR�� ' 2 &���
0 DUN�) UHHPDQ�DQG�SURMHFW�PDQDJHU�-RVHSK�7KRPDV��
�
� � �� � &RP P XQLW\ �P HHWLQJV�� � � � ��

3UHOLPLQDU\ � UHVXOWV� RI� WKH� SURMHFW� LQFOXGLQJ� WKH� ILQDO� FRVWLQJV� ZHUH� SUHVHQWHG� WR� D� SXEOLF�
PHHWLQJ� DW� 7DSDZHUD� RQ� � � � ) HEUXDU\ � � � � � � E\ � $ QGUHZ� ) HQHPRU�� 0 DUN� ' DZVRQ� DQG� 7LP�
' DYLH�� � 7KH� PHHWLQJ� ZDV� DWWHQGHG� E\ � DERXW� � � � SHRSOH�� / DQGRZQHUV� LQ� DWWHQGDQFH� ZHUH�
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VXSSRUWLYH�RI�WKH�ZRUN�GRQH�DQG�KDG�D�ZDLW�DQG�VHH�DWWLWXGH�RQ�WKH�FRVWLQJV���7KH�0 &: $ &�
QRWHG�WKHUH�ZDV�QR�QHJDWLYLW\ �WRZDUGV�WKH�SURSRVDO�QRU�H[ WUHPH�VXSSRUW����$ PRQJ�WKH�TXHULHV�
ZHUH� HIIHFWV� RQ� JUDYHO� PRYHPHQW� EHORZ� D� GDP�� UHFUHDWLRQDO� RSSRUWXQLWLHV� RQ� D� UHVHUYRLU��
DIIRUGDELOLW\ ��DQG�SRWHQWLDO�FKDQJHV�RI�ODQG�XVH�WR�XVH�WKH�ZDWHU�� �7KHUH�ZDV�VXSSRUW� IRU�D�
FRVW�EHQHILW�VWXG\ �WR�EH�FDUULHG�RXW�SHQGLQJ�GHFLVLRQV�RQ�FRPSOHWLRQ�RI�D�IXOO�IHDVLELOLW\ �VWXG\ �
IRU�D�SUHIHUUHG�VLWH���$ �VHFRQG�FRPPXQLW\ �PHHWLQJ�ZDV�KHOG�DW�7DSDZHUD�RQ�� �-XO\ �� � � � �WR�
SUHVHQW�WKH�ILQDO�UHVXOWV�RI�WKLV�VWXG\ �� �5HVXOWV�ZHUH�DOVR�SUHVHQWHG�WR�WKH�( QYLURQPHQW�DQG�
3ODQQLQJ�&RPPLWWHH�RI�7DVPDQ�' LVWULFW�&RXQFLO�DQG�WR�7LDNLQD�WH�7DLDR�/ WG��
�
� � �� � / DQGRZQHU�VXUYH\ �

2 Q� � � � $ SULO� � � � � �� 7' &� VHQW� D� 0 RWXSLNR� &DWFKPHQW� / DQGRZQHU� 6XUYH\ � WR� � � � � SURSHUW\ �
RZQHUV� LQ� WKH� FDWFKPHQW� WR� JDXJH� VXSSRUW� IRU� � � � � KD� RI� LUULJDWLRQ� IURP� WKH� VKRUWOLVWHG�
+RURSLWR�DQG�%HQ	 $ ODQ�RSWLRQV����7KHUH�ZHUH�� � �VXUYH\ �IRUPV�UHWXUQHG���7' &¶V�DQDO\ VLV�RI�
VXUYH\ �UHVSRQVHV�LV�UHSURGXFHG�EHORZ��
�

0 RWXSLNR�/ DQGRZQHUV�) LQDO�5 HSRUW�
�
( [ HFXWLYH�6XP P DU\ �
7KH�0 RWXSLNR�&DWFKPHQW�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH��0 &: $ &��UHFHLYHG�D�WRWDO�RI�� � �
UHVSRQVHV�WR�LWV�ODQGRZQHU�VXUYH\ ��7KLV�UHSUHVHQWHG�D�UHVSRQVH�UDWH�RI�� � � ��&RXQFLO�ZRUNV�RQ�
REWDLQLQJ�D�PLQLPXP�� � �UHVSRQVH�UDWH�IRU�LWV�VXUYH\ V�DQG�SXEOLF�FRQVXOWDWLRQV��%HFDXVH�WKH�
VXUYH\ �EDVH�ZDV�UHODWLYHO\ �VPDOO��UHVSRQVHV�PDGH�E\ �DW�OHDVW� � � �RI�ODQGRZQHUV�KDYH�EHHQ�
LQFOXGHG�LQ�WKH�VXUYH\ �UHVXOWV��
�
) URP� WKH� UHVSRQVHV� LW� DSSHDUV� WKH� PDMRULW\ � �� � � � � RI� SHRSOH� WKLQN� ZDWHU� DXJPHQWDWLRQ� LV�
UHTXLUHG��7KH�DJH�GLVWULEXWLRQ�RI�WKLV�DQVZHU�ZDV�
�

$ JH� � �
8 QGHU�� � � � � �� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � �� � � �

�
� � �� � �VDLG�QR��WKH�DJH�GLVWULEXWLRQ�RI�WKLV�DQVZHU�ZDV��
�

$ JH� � �
� � � � � � � � � �
� � � � � � � �

�
� � � �GLGQ¶W�NQRZ��7KH�DJH�GLVWULEXWLRQ�RI�WKLV�DQVZHU�ZDV�
�

$ JH� � �
� � � � � � � � �� � �
� � � � � � � � � �
� � � � � � � �

�
�
�$ QG�� � �� � �GLGQ¶W�DQVZHU�IRU�YDULRXV�UHDVRQV��
�



� � �
�

/ DQGFDUH�5HVHDUFK�

7KH�PDLQ�LVVXHV�UDLVHG�LQ�WKH�VXUYH\ �LQFOXGHG��
�
x� � � � �RI�UHVSRQGHQWV�VDLG�WKDW�WKHUH�ZDV�FXUUHQWO\ �QR�ZDWHU�DYDLODEOH� IRU�DOORFDWLRQ�DQG�

WKHUH�ZDV�QHHG�WR�LQFUHDVH�WKH�DPRXQW�RI�ZDWHU�DYDLODEOH�IRU�LUULJDWLRQ��2 I�WKHVH�WKH�DJH�
GLVWULEXWLRQ�ZDV�

�
$ JH� � �
8 QGHU�� � � � � �� � �
� � � � � � � � �� � �
� � � � � � � � � �

�
x� � � � � RI� UHVSRQGHQWV� VDLG� ZDWHU� DXJPHQWDWLRQ� ZRXOG� PDNH� EHWWHU� XVH� RI� WKH� ZDWHU�� 2 I�

WKHVH�WKH�DJH�GLVWULEXWLRQ�ZDV��
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � � � �

�
x� � � �VDLG�ZDWHU�DXJPHQWDWLRQ�ZRXOG�SURYLGH�WKH�DELOLW\ �WR�FDUU\ �PRUH�VWRFN��2 I�WKHVH�WKH�

DJH�GLVWULEXWLRQ�ZDV��
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �

�
x� � � � �RI�UHVSRQGHQWV�WKRXJKW�WKH�FRVW�ZRXOG�EH�WRR�KLJK��2 I�WKHVH�WKH�DJH�GLVWULEXWLRQ�ZDV��
�

$ JH� � �
� � � � � � � � � �
� � � � � � � �

�
x� � � � �WKRXJKW�WKH\ �ZHUH�WRR�IDU�IURP�WKH�SURSRVHG�VFKHPH�WR�WDNH�SDUW��2 I�WKHVH�WKH�DJH�

GLVWULEXWLRQ�ZDV��
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �

�
x� � � � �SUHIHUUHG�+RURSLWR��2 I�WKHVH�WKH�DJH�GLVWULEXWLRQ�ZDV��
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
x� � � � �VDLG�WKH\ �ZRXOG�VXSSRUW�D�EURDG�DVVHVVPHQW�RI�WKH�FRVW�DQG�SRWHQWLDO�EHQHILWV��2 I�

WKHVH�WKH�DJH�GLVWULEXWLRQ�ZDV��
�
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$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
x� � � � �LQGLFDWHG�WKDW�WKH\ �GLG�QRW�ZDQW�WR�EH�SDUW�RI�D�ZDWHU�DXJPHQWDWLRQ�VFKHPH��2 I�WKHVH�

WKH�DJH�GLVWULEXWLRQ�ZDV�
�

$ JH� � �
8 QGHU�� � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
4 XHVWLRQV�LQ�WKH�VXUYH\ �VROLFLWHG�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVSRQVHV��7KH�TXDQWLWDWLYH�
UHVSRQVHV�DUH�UHFRUGHG�E\ �WKH�QXPEHU�RI� \ HV��QR��RU�GRQ¶W�NQRZ�UHVSRQVHV��7KH�TXDOLWDWLYH�
UHVSRQVHV�UHFRUG�WKH�QXPEHU�RI�SHRSOH�ZKR�UDLVHG�D�SDUWLFXODU�LVVXH��
�
7KLV� UHSRUW� KDV� FDSWXUHG� WKH� SULRULW\ � RXWFRPHV� XQGHU� HDFK� RI� WKH� TXHVWLRQV� DVNHG� LQ� WKH�
VXUYH\ ��
�
%DFNJURXQG�
7KH�0 RWXSLNR�&DWFKPHQW�: DWHU�$ XJPHQWDWLRQ�&RPPLWWHH�XQGHUWRRN�D�VXUYH\ �RI�UHVLGHQWV�LQ�
YDULRXV�SDUWV�RI�WKH�FDWFKPHQW�LQFOXGLQJ�WKH�5DLQ\ ��8 SSHU�0 RWXSLNR��/ RZHU�0 RWXSLNR�DQG�
. RUHUH�WR�JDXJH�VXSSRUW�IRU�D�FRPPXQLW\ �GDP�RQ�WKH�0 RWXSLNR�5LYHU�
�
7KH�0 RWXSLNR�5LYHU�DQG�LWV�WULEXWDULHV�DUH�WKH�ZDWHU�VRXUFHV�WKDW�UHFKDUJH�WKH�DTXLIHUV�LQ�WKH�
FDWFKPHQW� WKDW� LQ� WXUQ� VXSSO\ � LUULJDWLRQ� ZDWHU� WR� ODQGRZQHUV�� $ W� SUHVHQW� WKH� ZDWHU� LQ� WKH�
0 RWXSLNR�FDWFKPHQW�LV�IXOO\ �DOORFDWHG��
�
7ZR�GDP�VLWHV�KDYH�EHHQ�VKRUWOLVWHG�IRU�IXUWKHU�LQYHVWLJDWLRQ��2 QH�DW�+RURSLWR�DQG�RQH�LQ�WKH�
$ ODQ�DQG�%HQ�JXOOLHV���
�
/ DQGRZQHUV�LQ�WKH�DUHD�ZHUH�VXUYH\ HG�WR�JDXJH�VXSSRUW� IRU�D�FRPPXQLW\ �GDP�WKDW�ZRXOG�
DOORZ�IRU�D�IXUWKHU�� � � � �KHFWDUHV�RI�ODQG�WR�EH�LUULJDWHG��
�
2 EMHFWLYHV�
x� 7R�FRQGXFW�D�TXHVWLRQQDLUH�VXUYH\ �RI�ODQGRZQHUV�LQ�WKH�0 RWXSLNR�FDWFKPHQW�
x� ' HWHUPLQH�WKH�OHYHO�RI�VXSSRUW�IRU�D�ZDWHU�VWRUDJH��GDP��RSWLRQ�DPRQJ�ODQGRZQHUV�LQ�WKH�

FDWFKPHQW�
x� 3URYLGH� D� UHSRUW� RQ� WKH� ILQGLQJV� DQG� UHSRUW� EDFN� WR� WKH� 0 RWXSLNR� &DWFKPHQW� : DWHU�

$ XJPHQWDWLRQ�&RPPLWWHH��
�
�
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0 HWKRGRORJ\ �
7KH� 0 RWXSLNR� &DWFKPHQW� : DWHU� $ XJPHQWDWLRQ� &RPPLWWHH� SUHSDUHG� D� TXHVWLRQQDLUH� WLWOHG�
µ0 RWXSLNR� &DWFKPHQW� / DQGRZQHU� 6XUYH\ ¶� WKDW� ZDV� SRVWHG� WR� � � � � SURSHUW\ � RZQHUV� LQ� WKH�
0 RWXSLNR� FDWFKPHQW�� 7KH� VXUYH\ � TXHVWLRQQDLUH� VRXJKW� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH�
UHVSRQVHV��7KHUH�ZHUH�D�WRWDO�RI�� � �TXHVWLRQV�DV�IROORZV��
�

�
7KH�VXUYH\ �DLPHG�WR�JDXJH�WKH�OHYHO�RI�VXSSRUW� IRU�WKH�ZDWHU�VWRUDJH�RSWLRQ� �GDP��DPRQJ�
ODQGRZQHUV�� ,W�DOVR�VRXJKW�TXDOLWDWLYH�UHVSRQVHV�WR�JHW�D�SLFWXUH�RI�ZKDW�SHRSOH�EHOLHYH�WKH�
LVVXHV�UHJDUGLQJ�ZDWHU�VKRUWDJHV�DQG�ZDWHU�VWRUDJH��
�
$ �WRWDO�RI� � � �UHVSRQVHV�ZHUH�UHFHLYHG� IURP�ODQGRZQHUV��ZKLFK�HTXDWHV�WR�D� � � � �UHVSRQVH�
UDWH�� &RXQFLO� ZRUNV� RQ� D� PLQLPXP� � � � UHVSRQVH� UDWH� IRU� LWV� FRQVXOWDWLRQV�� $ V� WKLV� ZDV� D�

� ��' R�\ RX�WKLQN�ZDWHU�DXJPHQWDWLRQ�LV�UHTXLUHG�LQ�WKH�0 RWXSLNR�FDWFKPHQW"�
�

< HV� 1 R� ' RQ¶W�NQRZ�
�

� D��&DQ�\ RX�JLYH�VRPH�UHDVRQV�ZK\ �RU�ZK\ �QRW"�
�

� ��: RXOG�\ RX�ZDQW�WR�EH�SDUW�RI�D�VFKHPH�WKDW�ZRXOG�SURYLGH�PRUH�ZDWHU�WR�WKH�0 RWXSLNR�DUHD"��3OHDVH�
QRWH�WKDW�DQ\ �LQGLFDWLRQ�RI�VXSSRUW�DW�WKLV�VWDJH�LV�QRW�JRLQJ�WR�EH�WDNHQ�DV�DQ�DEVROXWH�FRPPLWPHQW��EXW�
ZLOO�KHOS�WKH�&RPPLWWHH�PHDVXUH�WKH�OHYHO�RI�VXSSRUW�IRU�DXJPHQWDWLRQ��

�
< HV� 1 R� ' RQ¶W�NQRZ�

�
� D��3OHDVH�JLYH�UHDVRQV�ZK\ �RU�ZK\ �QRW�

�
� ��7ZR�VLWHV�KDYH�EHHQ�VKRUWOLVWHG�IRU�ZDWHU�VWRUDJH�±�RQH�DW�+ RURSLWR�DQG�RQH�DW�$ ODQ�DQG�%HQ�JXOOLHV��
3OHDVH�JLYH�UHDVRQV�ZK\ �\ RX�PD\ �SUHIHU�RQH�VLWH�RYHU�WKH�RWKHU�

�
� ��: RXOG�\ RX�VXSSRUW�D�FRVW�EHQHILW�DQDO\ VLV�RQ�VWRUDJH�RSWLRQV�IRU�WKLV�FDWFKPHQW"�

�
< HV� 1 R� ' RQ¶W�NQRZ�

�
� ��+RZ�PDQ\ �KHFWDUHV�ZRXOG�\ RX�SRWHQWLDOO\ �ZDQW�WR�LUULJDWH�LI�\ RX�WRRN�SDUW�LQ�D�ZDWHU�DXJPHQWDWLRQ�
VFKHPH"�
� D��6KRUW�WHUP�KD��QH[ W�� �\ HDUV�" �
� E��/ RQJHU�WHUP�KD"�

�
� ��: KLFK�SDUW�RI�WKH�FDWFKPHQW�DUH�\ RX�LQ"�

�
5DLQ\ � 8 SSHU��0 RWXSLNR� . RUHUH� / RZHU�0 RWXSLNR�

�
� ��: RXOG�\ RX�XVH�ZDWHU�IRU�DQ\ �SXUSRVH�RWKHU�WKDQ�LUULJDWLRQ�DQG�LI�VR��ZKDW�HTXLYDOHQW�DUHD"�

�
� ��,V�WKHUH�DQ\ WKLQJ�HOVH�\ RX�ZRXOG�OLNH�WR�UDLVH�UHJDUGLQJ�ZDWHU�DXJPHQWDWLRQ�LQ�0 RWXSLNR"�

�
: RXOG�\ RX�SOHDVH�WHOO�DV�D�OLWWOH�DERXW�\ RXUVHOI��

�
0 DOH� ) HPDOH�

�
$ JH�EUDFNHW��
�

� � � � �
\ HDUV�

� � � � � �
\ HDUV�

� � � � � �
\ HDUV�

� � � �\ HDUV�

�
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WDUJHWHG�VXUYH\ �WKDW�ZHQW�RXW�WR�RQO\ � � � � �SHRSOH��RQO\ �LVVXHV�UDLVHG�E\ � � � �RU�PRUH�SHRSOH�
KDYH�EHHQ�LQFOXGHG�LQ�WKH�RXWFRPH�VWDWHPHQWV��
�
7LP HIUDP H�
�
7KH�VXUYH\ V�ZHUH�SRVWHG�WR�KRXVHKROGV�LQ�WKH�0 RWXSLNR�FDWFKPHQW�DURXQG�WKH�� � �$ SULO�� � � � ��
5HVSRQGHQWV�ZHUH�DVNHG�WR�UHWXUQ�WKH�TXHVWLRQQDLUHV�E\ �� �0 D\ �� � � � ��
�
+ RZ�WKH�VXUYH\ �GHVFULEHG�WKH�VFKHP H�

�
7KH�FRPPLWWHH�VRXJKW�IHHGEDFN�RQ�WKH�SURSRVHG�VROXWLRQ�WR�ZDWHU�VKRUWDJHV��7KH�IROORZLQJ�
UHVSRQVHV�JLYH�D�SLFWXUH�RI�WKH�SULRULWLHV�DQG�FRQFHUQV�UDLVHG�E\ �ODQGRZQHUV�LQ�WKH�0 RWXSLNR�
&DWFKPHQW��
�
2 XWFRP HV�IURP �WKH�0 RWXSLNR�&DWFKP HQW�ODQGRZQHU�VXUYH\ �
: H�UHFHLYHG�� � �VXUYH\ �IRUPV�EDFN��EXW�QRW�DOO�UHVSRQGHQWV�DQVZHUHG�DOO�WKH�TXHVWLRQV��7KH�
UHVSRQVH�WRWDOV�GR�QRW�DOZD\ V�DGG�XS�WR�� � ��

5HVLGHQWV�LQ�WKH�0 RWXSLNR�&DWFKPHQW�KDYH�H[ SHULHQFHG�ZDWHU�VKRUWDJHV�LQ�WKH�VXPPHU�IRU�PDQ\ �
\ HDUV��7KLV�LV�EHFDXVH�WKHUH�LV�QRW�HQRXJK�ZDWHU�LQ�WKH�ULYHUV�DQG�XQGHUJURXQG�DTXLIHUV�WR�FRSH�
ZLWK�WKH�GHPDQG�IRU�LUULJDWLRQ��GULQNLQJ�ZDWHU�VXSSOLHV��DQG�RWKHU�VXSSO\ �QHHGV��
�
7KH�0 RWXSLNR�5LYHU�DQG�LWV�WULEXWDULHV�DUH�WKH�ZDWHU�VRXUFHV�WKDW�UHFKDUJH�WKH�DTXLIHUV�WKDW�LQ�WXUQ�
VXSSO\ � LUULJDWLRQ� ZDWHU� WR� ODQGRZQHUV� LQ� WKH� FDWFKPHQW�� $ W� SUHVHQW� WKH� ZDWHU� LQ� WKH� 0 RWXSLNR�
FDWFKPHQW�LV�IXOO\ �DOORFDWHG��
�
/ DQGRZQHUV� LQ� WKH� DUHD� OHG� DQ� DXJPHQWDWLRQ� VWXG\ � WKDW� EHJDQ� LQ� � � � � �� 7KH� VWXG\ � KDV� GHILQHG�
LUULJDWLRQ�QHHGV�DQG�KDV�LGHQWLILHG�WKH�H[ WHQW�RI�LUULJDEOH�ODQG�LQ�WKH�0 RWXSLNR�FDWFKPHQW��2 YHU�WKH�
SDVW� WZR� \ HDUV� WKH� FRPPLWWHH� KDV� ORRNHG� DW� D� UDQJH� RI� SRVVLEOH� GDP� VLWHV� ZLWK� WKH� DLP� RI�
HVWDEOLVKLQJ�D�FRPPXQLW\ �ZDWHU�DXJPHQWDWLRQ�VFKHPH�WR�PHHW�ERWK�FXUUHQW�DQG�IXWXUH�GHPDQG��
�
7ZR�GDP�VLWHV�KDYH�EHHQ�VKRUWOLVWHG�IRU�IXUWKHU�LQYHVWLJDWLRQ��2 QH�DW�+RURSLWR�DQG�RQH�LQ�WKH�$ ODQ�
DQG�%HQ�JXOOLHV��7KH�SUHOLPLQDU\ �FRVWV�DUH�EDVHG�RQ�D�PLQLPXP�RI�� � � � �KHFWDUHV�RI�LUULJDEOH�ODQG��
ZKLFK�LV�FRQVLGHUHG�DQ�HFRQRPLF�VL] H�IRU�D�FRPPXQLW\ �GDP��7KH�FDSLWDO�FRVW�IRU�WKH�+RURSLWR�VLWH�
LV�HVWLPDWHG�DW�� � �� � � �SHU�KHFWDUH�DQG� IRU�$ ODQ�DQG�%HQ�JXOOLHV�LW�ZRXOG�EH� � � �� � � �SHU�KHFWDUH��
7KLV� ZRXOG� EH� D� RQH�RII� FDSLWDO� LQYHVWPHQW�� ,I� WKH� IXQGV� ZHUH� WR� EH� ERUURZHG� RYHU� D� � � �\ HDU�
SHULRG��WKH�FRVW�WR�ODQGRZQHUV�ZRXOG�EH�DURXQG� � � � � �SHU�KHFWDUH�SHU� \ HDU� IRU�WKH�SHULRG�RI�WKH�
ORDQ���
�
6LWH� &DSLWDO�&RVW�SHU�KHFWDUH� $ QQXDO�FRVW�SHU�KHFWDUH�RYHU�

� � �\ HDUV�
+RURSLWR� � � �� � � � � � � � ��PLQLPXP�� � � � �KHFWDUHV�
$ ODQ�DQG�%HQ�* XOOLHV� � � �� � � � � � � � � �PLQLPXP� � � � � �

KHFWDUHV��
�
) LVK�DQG�* DPH��WKH�' HSDUWPHQW�RI�&RQVHUYDWLRQ�DQG�,ZL�KDYH�UHYLHZHG�RI�WKH�VLWHV��1 R�IDWDO�IODZV�
ZHUH�LGHQWLILHG�E\ �WKHVH�JURXSV��
�
7KH�FRPPXQLW\ �GDP�SURSRVDO�ZRXOG�EH�D�µUXQ�RI�WKH�ULYHU¶�VWRUH�LQ�WKH�ZLQWHU�DQG�UHOHDVH�LQ�WKH�
VXPPHU�VFKHPH��ZKLFK�ZRXOG�HQKDQFH�WKH�PLQLPXP� IORZ�RI�WKH�ULYHU�LQ�VXPPHU�� : DWHU�FRXOG�
WKHQ�EH�SXPSHG�IURP�WKH�ULYHU�RU�IURP�ZHOOV�E\ �ODQGRZQHUV��7KH�VWRUH�DQG�UHOHDVH�RSWLRQ�DOVR�KDV�
HFRORJLFDO�EHQHILWV�LQ�WHUPV�RI�HQKDQFLQJ�WKH�QDWXUDO�ULYHU�IORZV�LQ�GU\ �VHDVRQV��
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� �� ' R�\ RX�WKLQN�ZDWHU�DXJPHQWDWLRQ�LV�UHTXLUHG�LQ�WKH�0 RWXSLNR�&DWFKPHQW" �
�
) URP� WKH� UHVSRQVHV� LW� DSSHDUV� WKH� PDMRULW\ � �� � � � � RI� SHRSOH� WKLQN� ZDWHU� DXJPHQWDWLRQ� LV�
UHTXLUHG��7KH�DJH�GLVWULEXWLRQ�RI�WKLV�DQVZHU�ZDV�
�

$ JH� � �
8 QGHU�� � � � � �� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � �� � � �

�
� � �� � �VDLG�QR��ZLWK�DQ�DJH�GLVWULEXWLRQ�RI�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � �

�
� � � �GLGQ¶W�NQRZ�
ZLWK�DQ�DJH�GLVWULEXWLRQ�RI�
�

$ JH� � �
� � � � � � � � �� � �
� � � � � � � � � �
� � � � � � � �

�
�DQG�� � �� � �GLGQ¶W�DQVZHU�IRU�YDULRXV�UHDVRQV��
�
� D��: K\ �RU�ZK\ �QRW" �
�
� � � � RI� UHVSRQGHQWV� VDLG� ZDWHU� DXJPHQWDWLRQ� ZDV� QHHGHG� EHFDXVH� WKHUH� ZDV� QR� ZDWHU�
DYDLODEOH�IRU�DOORFDWLRQ�WR�IDUPHUV�IRU�LUULJDWLRQ��
�

$ JH� � �
8 QGHU�� � � � � �� � �
� � � � � � � � �� � �
� � � � � � � � � �

�
� � � � VDLG� ZDWHU� DXJPHQWDWLRQ� ZRXOG� NHHS� PDLQWDLQ� WKH� IORZ� LQ� WKH� ULYHU� \ HDU� URXQG� DQG�
ZRXOG�PDNH�EHWWHU�XVH�RI�WKH�ZDWHU�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � � � �

�
� � � �VDLG�DXJPHQWDWLRQ�ZRXOG�ERRVW�ORZ�ULYHU�IORZV�LQ�VXPPHU�DQG�UHFKDUJH�WKH�DTXLIHU�
�
�
�
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� � �VDLG�LW�ZDV�XQHFRQRPLF�IRU�VKHHS�DQG�EHHI�IDUPLQJ�
�

$ JH� � �
� � � � � � � � � � �

�
� � �VDLG�DXJPHQWDWLRQ�ZRXOG�SURYLGH�RQJRLQJ�ORFDO�EHQHILWV�
�

$ JH� � �
� � � � � � � � � � �

�
� �� : RXOG�\ RX�ZDQW�WR�EH�SDUW�RI�D�VFKHPH�WKDW�ZRXOG�SURYLGH�PRUH�ZDWHU�WR�WKH�0 RWXSLNR�

DUHD" ��
�
� � � �VDLG�QR���
�

$ JH� � �
� � � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
� � � �VDLG�\ HV�
�

$ JH� � �
� � � � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
� � � �ZHUH�XQVXUH�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � �

�
�
� D��: K\ �RU�ZK\ �QRW" �
�
� � � �WKRXJKW�WKH�FRVW�ZRXOG�EH�WRR�KLJK�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � �

�
� � � �VDLG�WKH\ �ZHUH�WRR�IDU�IURP�WKH�SURSRVHG�VLWHV�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �

�
�
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�

/ DQGFDUH�5HVHDUFK�

� � �VDLG�WKH\ �DOUHDG\ �KDYH�D�IORRGLQJ�SUREOHP�
�

$ JH� � �
� � � � � � � � � � �

�
� � �VDLG�LUULJDWLRQ�ZRXOG�DOORZ�WKHP�WR�FDUU\ �PRUH�VWRFN�
�

$ JH� � �
� � � � � � � � � �

�
� � �VDLG�WKH\ �KDYH�VXLWDEOH�ODQG�IRU�LUULJDWLRQ�
�

$ JH� � �
� � � � � � � � � � �

�
�
� �� 3UHIHUUHG�VLWH�±�+RURSLWR�RU�$ODQ�	 �%HQ" �
�
� � � � RI� UHVSRQGHQWV� SUHIHUUHG� WKH� +RURSLWR� VLWH� EHFDXVH� LW� ZDV� WKH� FKHDSHU� RSWLRQ�� EHWWHU�
FDWFKPHQW��PRUH�IDUPV�FRXOG�EH�LQYROYHG�
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
� � �KDG�QR�SUHIHUHQFH�
�
� �� : RXOG�\ RX�VXSSRUW�D�EURDG�DVVHVVPHQW�RI�WKH�FRVW�DQG�SRWHQWLDO�EHQHILW�RI�VWRUDJH�RSWLRQV�

IRU�WKLV�FDWFKPHQW" �
�
� � � �VDLG�\ HV�
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � �� � � �

�
� � � �VDLG�QR�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � � � �

�
�
�
�
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�
� � � �ZHUH�XQVXUH�
�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � � � �

�
�
� �� +RZ� PD\ � KHFWDUHV� ZRXOG� \ RX� SRWHQWLDOO\ � ZDQW� WR� LUULJDWH� LI� \ RX� WRRN� SDUW� LQ� D� ZDWHU�

DXJPHQWDWLRQ�VFKHPH" �
�
,Q�WKH�VKRUW�WHUP�� � � � �VDLG�EHWZHHQ�� � � �� �KHFWDUHV�
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �

�
�
� � � � � �VDLG�� � �KHFWDUHV�
�

$ JH� � �
� � � � � � � � � � �

�
�
,Q�WKH�ORQJ�WHUP�� � � � �VDLG�� � �KHFWDUHV�
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �

�
� � � � � �VDLG�XS�WR�� � � �KHFWDUHV�
�

$ JH� � �
� � � � � � � � � � �

�
� �� : KLFK�SDUW�RI�WKH�FDWFKPHQW�ZHUH�UHVSRQGHQWV�IURP"�
�
5DLQ\ � � � � � �� �
�

$ JH� � �
� � � � � � � � � � �

�
8 SSHU�0 RWXSLNR� � � � � �
�

$ JH� � �
� � � � � � � � � �
� � � � � � � � � �



� � �
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/ DQGFDUH�5HVHDUFK�

�
. RUHUH�� � � � � � �
�

$ JH� � �
� � � � � � � � �� � �
� � � � � � � � �� � �
� � � � � � � �

�
/ RZHU�0 RWXSLNR� � � � � �
�

$ JH� � �
8 QGHU�� � � � � �� � �
� � � � � � � � �� � �
� � � � � � � � �� � �
� � � � � � �� � �

�
1 RW�VWDWHG� � � � � � �
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �
� � � � � �� � � �

�
� �� : RXOG�\ RX�XVH�ZDWHU�IRU�DQ\ �SXUSRVH�RWKHU�WKDQ�LUULJDWLRQ�DQG�LI�VR�ZKDW�HTXLYDOHQW�DUHD"

� � �
�
1 R�±�LUULJDWLRQ�RQO\ �±�� � � �
�

$ JH� � �
8 QGHU�� � � � � � �
� � � � � � � � � �
� � � � � � � � � �

�
�
� �� ,V� WKHUH� DQ\ WKLQJ� HOVH� \ RX� ZRXOG� OLNH� WR� UDLVH� UHJDUGLQJ� ZDWHU� DXJPHQWDWLRQ� IRU�

0 RWXSLNR"�
�
x� 2 QH�PD\ �RQO\ �ZDQW�WR�LUULJDWH�� � KD�RXW�RI�� � � KD�LQ�RQH�\ HDU�DFFRUGLQJ�WR�FURS�URWDWLRQV��%XW�WR�

FRPPLW�WR�� � � KD�PD\ �EH�WRR�H[ SHQVLYH��
x� ' RQ¶W�VXSSRUW�LW�±�OLYH�ZLWKLQ�\ RXU�RZQ�VXVWDLQDEOH�PHDQV�
x� $ Q\ �VFKHPH�ZRXOG�KDYH�WR�EH�YROXQWDU\ �
x� &XUUHQW�SHUPLW�KROGHUV�VKRXOG�FRQWULEXWH�
x� %HFDXVH�RWKHU�ZDWHU�DXJPHQWDWLRQ�SURMHFWV�KDYH�JRQH�RYHU�EXGJHWV��GRQ¶W�WKLQN�WKLV�RQH�ZRXOG�EH�

FRVW�HIIHFWLYH�HLWKHU�
x� 1 RW�YLDEOH�LQ�WKLV�YDOOH\ �
x� : RXOG�QRW�ZDQW�WR�SD\ �WRZDUGV�D�VFKHPH�ZH�ZRXOG�QRW�EHQHILW�IURP�
x� : KDW�ZRXOG�KDSSHQ�WR�WKH�GDPV�LQ�WKH�HYHQW�RI�D�IORRG"�
x� : KDW�FDQ�E�H�SURGXFHG�LQ�WKLV�DUHD"�
x� : KLOH�LQ�QDWLYH�IRUHVW�FDWFKPHQW�GLGQ¶W�GU\ �XS�
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�

/ DQGFDUH�5HVHDUFK�

x� &RXOG�DVVLVW�ZLWK�FRQWURO�RI�DXWXPQ�ZLQWHU�IORRGLQJ��
x� %HOLHYH�FRVW�LV�YHU\ �PXFK�DW�WRS�HQG�RI�VFDOH�IRU�JUDVV�JURZWK�
x� 6PDOOHU�WXUNH\ �QH[ W�RU�DQ\ �SRWHQWLDOO\ �ORZHU�FRVW�RSWLRQV�VKRXOG�EH�IXOO\ �H[ SORUHG�
x� 6KRXOG�EH�FRPELQHG�ZLWK�JUDYHO�H[ WUDFWLRQ�ULJKW�WKURXJK�WKH�0 RWXSLNR�ZKLFK�ZRXOG�DOVR�UHVLVWV�

ULYHU�IORZV�
x� $ XJPHQWDWLRQ� ZRXOG� EHQHILW� WKH� ZLGHU� FRPPXQLW\ � QRW� MXVW� IDUPLQJ�� &DSLWDO� FRVWV� VKRXOG� EH�

VKDUHG�E\ �DOO�ZKR�ZRXOG�EHQHILW�LQFOXGLQJ�UHFUHDWLRQDO�XVHUV�
x� : RXOG�OLNH�FRPPLWWHH�WR�ORRN�DW�FRVW�EHQHILW�DQDO\ VLV�RI�VPDOO�RQ�VLWH�GDPV�
��
5HVSRQGHQWV�ZKR�VWDWHG�WKH\ �ZHUH�QRW�LQ�WKH�FDWFKPHQW�±�� � � �
�

0 DOH� � � � �
) HPDOH� � � � �
1 RW�VWDWHG� � � � �

�
$ JH�JURXSV�
�

� � � � � � � � � �
� � � � � � � � � �
� � � � � � � �

�
�
�
7KH�ZD\ �IRUZDUG�
�
: KLOH� � � � � RI� UHVSRQGHQWV� WKRXJKW� ZDWHU� DXJPHQWDWLRQ� ZDV� UHTXLUHG� LQ� WKH� 0 RWXSLNR�
&DWFKPHQW�RQO\ �� � � �VDLG�WKH\ �ZDQWHG�WR�EH�SDUW�RI�DQ�DXJPHQWDWLRQ�VFKHPH���7KLV�VXJJHVWV�
WKDW�SHRSOH�WKLQN�LW�ZLOO�EH�WRR�FRVWO\ �RU�WKH\ �DUH�QRW�LQ�WKH�ULJKW�SDUW�RI�WKH�FDWFKPHQW�WR�WDNH�
DGYDQWDJH�RI�WKH�SURSRVHG�VFKHPH��IURP�HLWKHU�VLWH���
�
+RURSLWR�LV�FOHDUO\ �WKH�SUHIHUUHG�VLWH�±�RQO\ �RQH�UHVSRQGHQW�SUHIHUUHG�$ ODQ�DQG�%HQ�* XOOLHV��
�
�
�
�


