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&RQWHQWV�

�
6XPPDU\����������������������������������������������������������������������������������������������������������������������������������������
��� ,QWURGXFWLRQ���������������������������������������������������������������������������������������������������������������������������
��� %DFNJURXQG���������������������������������������������������������������������������������������������������������������������������
��� 2EMHFWLYHV�����������������������������������������������������������������������������������������������������������������������������
��� 0HWKRGV��������������������������������������������������������������������������������������������������������������������������������

���� 7KLVWOH�FROOHFWLRQ���������������������������������������������������������������������������������������������������������
���� $QDO\VLV�����������������������������������������������������������������������������������������������������������������������
���� :HHYLO�FROOHFWLRQ���������������������������������������������������������������������������������������������������������
���� 6WDWLVWLFDO�DQDO\VLV�������������������������������������������������������������������������������������������������������

��� 5HVXOWV�����������������������������������������������������������������������������������������������������������������������������������
���� *HRJUDSKLF�GLVWULEXWLRQ�RI�WKH�VXUYH\�������������������������������������������������������������������������
���� 6L]H�RI�DGXOW�ZHHYLOV��������������������������������������������������������������������������������������������������
���� 5RVHWWH�VL]H�DQG�ODUYDO�FRXQWV������������������������������������������������������������������������������������
���� 1XWULHQWV���������������������������������������������������������������������������������������������������������������������

��� &RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������������
��� 5HFRPPHQGDWLRQV����������������������������������������������������������������������������������������������������������������
��� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������������
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������������

$SSHQGL[��� 1RGGLQJ�WKLVWOH�FURZQ�VDPSOLQJ�VKHHW����������������������������������������������������������
�
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6XPPDU\�

�
3URMHFW�DQG�&OLHQW�
$�VWXG\�WR�FRPSDUH�WKH�VL]H�RI�D�ELRFRQWURO�DJHQW��QRGGLQJ�WKLVWOH�FURZQ�ZHHYLO�
�7ULFKRVLURFDOXV�KRUULGXV���EHWZHHQ�GLIIHUHQW�UHJLRQV�RI�1HZ�=HDODQG��DQG�WKH�UHODWLRQVKLS�
ZLWK�QLWURJHQ�DQG�SKRVSKRUXV��OHYHOV�LQ�WKH�KRVW�SODQW��ZDV�XQGHUWDNHQ�IRU�+RUL]RQV�5HJLRQDO�
&RXQFLO�EHWZHHQ�-XO\������DQG�$SULO�������7KH�DLP�RI�WKH�VWXG\�ZDV�WR�VHH�LI�WKH�
SHUIRUPDQFH�RI�WKLV�DJHQW�FRXOG�EH�LPSURYHG�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��ZKHUH�LW�
KDV�EHHQ�VXJJHVWHG�WKDW�SRSXODWLRQV�DUH�ORZ�DQG�SURYLGH�LQDGHTXDWH�FRQWURO��7KLV�SURMHFW�ZDV�
IXQGHG�E\�DQ�(QYLUROLQN�PHGLXP�DGYLFH�JUDQW��+=/&�����
�
2EMHFWLYHV�
•� $VVHVV�ZKHWKHU�VL]H�GLIIHUHQFHV�H[LVW�EHWZHHQ�ZHHYLOV�IURP�WKH�0DQDZDWX�:DQJDQXL�

5HJLRQ�FRPSDUHG�ZLWK�RWKHU�SDUWV�RI�1HZ�=HDODQG��
•� $VVHVV�ZKHWKHU�DQ\�VL]H�GLIIHUHQFHV�DUH�DVVRFLDWHG�ZLWK�QLWURJHQ�DQG�RU�SKRVSKRUXV�

FRQFHQWUDWLRQV�LQ�WKH�KRVW�SODQW��
•� 3URYLGH�PDQDJHPHQW�DGYLFH�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�QRGGLQJ�WKLVWOH�FURZQ�

ZHHYLO�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��
�
0HWKRGV�
•� 1RGGLQJ�WKLVWOH�SODQWV�ZHUH�VRXUFHG�IURP�VHYHQ�UHJLRQDO�FRXQFLOV��0DQDZDWX�:DQJDQXL��

%D\�RI�3OHQW\��+DZNH¶V�%D\��:HOOLQJWRQ��7DVPDQ��&DQWHUEXU\��DQG�6RXWKODQG��$GXOW�
FURZQ�ZHHYLOV�ZHUH�DOVR�FROOHFWHG�IURP�ILYH�RI�WKHVH�UHJLRQV��

�
5HVXOWV�
•� +RUL]RQV�5HJLRQDO�&RXQFLO�VLWHV�KDG�KLJK�ZHHYLO�ODUYDO�GHQVLWLHV��ORZ�WKLVWOH�DEXQGDQFH�

DQG�VPDOOHU�WKLVWOHV�FRPSDUHG�ZLWK�RWKHU�SDUWV�RI�WKH�FRXQWU\��
•� 7KHUH�ZHUH�GLIIHUHQFHV�LQ�ZHHYLO�ERG\�VL]H�EHWZHHQ�VLWHV�RQ�RQH�SURSHUW\�LQ�WKH�

0DQDZDWX�:DQJDQXL�5HJLRQ��:KLOH�HDUO\�VXPPHU�FROOHFWHG�ZHHYLOV�DW�2WXSDH�6WDWLRQ�
:HVW�ZHUH�PRVWO\�VLPLODU�LQ�VL]H�WR�RWKHU�SDUWV�RI�WKH�FRXQWU\��ZHHYLOV�RQ�2WXSDH�6WDWLRQ�
(DVW�ZHUH�KHDYLHU��EXW�KDG�VPDOOHU�HO\WUD��RYHUZLQJV��FRPSDUHG�ZLWK�2WXSDH�:HVW��DQG�
FRPSDUHG�ZLWK�ZHHYLOV�IURP�7DVPDQ�DQG�&DQWHUEXU\��$XWXPQ�FROOHFWHG�ZHHYLOV�DW�
2WXSDH�:HVW�ZHUH��DJDLQ��VLPLODU�WR�RWKHU�SDUWV�RI�WKH�FRXQWU\��EXW�ZHHYLOV�DW�2WXSDH�(DVW�
ZHUH�OLJKWHU�DQG�RU�KDG�VPDOOHU�HO\WUD�FRPSDUHG�ZLWK�2WXSDH�:HVW��+DZNH¶V�%D\�DQG�
&DQWHUEXU\��

•� 1R�FOHDU�UHODWLRQVKLSV�ZHUH�LGHQWLILHG�EHWZHHQ�QLWURJHQ�FRQFHQWUDWLRQ�LQ�WKLVWOHV�DQG�
ZHHYLO�VL]H��

•� 3KRVSKRUXV�PD\�EH�DVVRFLDWHG�WR�VRPH�GHJUHH�ZLWK�WKH�VPDOOHU�VL]H�RI�ZHHYLOV�LQ�DXWXPQ�
DW�2WXSDH�(DVW��

�
&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV�
•� $VVXPLQJ�WKDW�WKH�2WXSDH�VLWHV�DUH�UHSUHVHQWDWLYH�RI�WKH�VLWXDWLRQ�LQ�WKH�0DQDZDWX�

:DQJDQXL�5HJLRQ��QRGGLQJ�WKLVWOH�FURZQ�ZHHYLOV�DSSHDU�WR�EH�GRLQJ�EHWWHU�WKDQ�LQ�RWKHU�
SDUWV�RI�1HZ�=HDODQG�WKDW�SDUWLFLSDWHG�LQ�WKH�VXUYH\��FRQWUDU\�WR�RXU�LQLWLDO�H[SHFWDWLRQ��
7KH�UHDVRQV�ZK\�WKH�SHUIRUPDQFH�RI�WKH�ZHHYLOV�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ�LV�
WKRXJKW�WR�EH�SRRUHU�WKDQ�RWKHU�UHJLRQV�UHPDLQ�XQFOHDU��$�PXFK�PRUH�GHWDLOHG�DQG�
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H[WHQVLYH�VWXG\�ZRXOG�EH�UHTXLUHG�WR�FRQILUP�LI�SHUIRUPDQFH�LV�UHDOO\�ZRUVH�DQG�WKH�
UHDVRQV�ZK\��

•� (IIRUWV�VKRXOG�IRFXV�RQ�ZLGHO\�HVWDEOLVKLQJ�WKH�JUHHQ�WKLVWOH�EHHWOH��&DVVLGD�UXELJQRVD���
ZKLFK�DWWDFNV�DOO�WKLVWOH�VSHFLHV��DQG�LV�OLNHO\�WR�UHGXFH�QRGGLQJ�WKLVWOH�SRSXODWLRQV�
IXUWKHU��

•� 7KHUH�LV�OLNHO\�WR�EH�VRPH�YDOXH�LQ�FRQWLQXLQJ�WR�HVWDEOLVK�WKH�QRGGLQJ�WKLVWOH�FURZQ�
ZHHYLO�DW�VLWHV�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ�ZKHUH�WKH\�DUH�QRW�\HW�SUHVHQW��

•� 7KHUH�LV�QR�DGYDQWDJH�LQ�VRXUFLQJ�ZHHYLOV�IRU�UHGLVWULEXWLRQ�IURP�RXWVLGH�WKH�0DQDZDWX�
:DQJDQXL�5HJLRQ��

•� :HHYLO�FROOHFWLRQ�IRU�UHGLVWULEXWLRQ�VKRXOG�EH�WLPHG�FDUHIXOO\�IRU�PLG��WR�ODWH�DXWXPQ��
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��� ,QWURGXFWLRQ�

�
$�VWXG\�WR�FRPSDUH�WKH�VL]H�RI�D�ELRFRQWURO�DJHQW��QRGGLQJ�WKLVWOH�FURZQ�ZHHYLO�
�7ULFKRVLURFDOXV�KRUULGXV���EHWZHHQ�GLIIHUHQW�UHJLRQV�RI�1HZ�=HDODQG��DQG�WKH�UHODWLRQVKLS�
ZLWK�QLWURJHQ�DQG�SKRVSKRUXV��OHYHOV�LQ�WKH�KRVW�SODQW��ZDV�XQGHUWDNHQ�IRU�+RUL]RQV�5HJLRQDO�
&RXQFLO�EHWZHHQ��-XO\������DQG�$SULO�������7KH�DLP�RI�WKH�VWXG\�ZDV�WR�VHH�LI�WKH�
SHUIRUPDQFH�RI�WKLV�DJHQW�FRXOG�EH�LPSURYHG�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��ZKHUH�LW�
KDV�EHHQ�VXJJHVWHG�WKDW�SRSXODWLRQV�DUH�ORZ�DQG�SURYLGH�LQDGHTXDWH�FRQWURO��7KLV�SURMHFW�ZDV�
IXQGHG�E\�DQ�(QYLUROLQN�PHGLXP�DGYLFH�JUDQW��+=/&�����
�

��� %DFNJURXQG�

�
1RGGLQJ�WKLVWOH�FURZQ�ZHHYLO��17&:���7ULFKRVLURFDOXV�KRUULGXV�VHQVX��3DQ]HU���&ROHRSWHUD��
&XUFXOLRQLGDH���LV�DQ�LQWURGXFHG�ELRFRQWURO�DJHQW�WKDW�FRQWULEXWHV�ERWK�WR�WKLVWOH�ELRPDVV�
UHGXFWLRQ��VKRUW�WHUP��DQG�WR�GHSOHWLRQ�RI�WKH�ORQJ�OLYHG�VHHG�EDQN��ORQJ�WHUP��RI�QRGGLQJ�
WKLVWOH��&DUGXXV�QXWDQV�/���$VWHUDFHDH���,Q�FRQMXQFWLRQ�ZLWK�RWKHU�WKLVWOH�ELRFRQWURO�DJHQWV��
WKH�FURZQ�ZHHYLO�KDV�EHHQ�UHSRUWHG�WR�GUDPDWLFDOO\�UHGXFH�QRGGLQJ�WKLVWOH�LQIHVWDWLRQV�LQ�
PDQ\�SDUWV�RI�WKH�FRXQWU\��
�
,Q�WKH�KLJK�FRXQWU\�DURXQG�7DLKDSH�DQG�7DXPDUXQXL��ZLWKLQ�WKH�0DQDZDWX�:DQJDQXL�
5HJLRQ��SRSXODWLRQV�RI�17&:�KDYH�DSSHDUHG�WR�EH�H[WUHPHO\�VORZ�WR�HVWDEOLVK��DQG�LW�KDV�
EHHQ�VXJJHVWHG�WKDW�SRSXODWLRQV�KDYH�WHQGHG�WR�UHPDLQ�ORZ��SURYLGLQJ�LQDGHTXDWH�FRQWURO��
7KH�UHDVRQV�IRU�WKLV�SRRU�SHUIRUPDQFH�DUH�XQFOHDU��%HFDXVH�WKH\�KDYH�QRW�EHHQ�DEOH�WR�HDVLO\�
KDUYHVW�WKHLU�RZQ�ZHHYLOV��+RUL]RQV�5HJLRQDO�&RXQFLO�KDYH�EHHQ�VRXUFLQJ�DQG�UHOHDVLQJ�
17&:�IURP�RWKHU�UHJLRQV��5HFHQWO\�+RUL]RQV¶�ELRVHFXULW\�VWDII�QRWLFHG�WKDW�ZHHYLOV�VRXUFHG�
IURP�WKH�+DZNH¶V�%D\�DSSHDUHG�WR�EH�VXEVWDQWLDOO\�VPDOOHU�WKDQ�WKRVH�IURP�&DQWHUEXU\��7KLV�
ZDV�RI�LQWHUHVW�JLYHQ�WKDW�DOO�17&:�SUHVHQW�LQ�1HZ�=HDODQG�RULJLQDWHG�IURP�D�VLQJOH�VRXUFH�
SRSXODWLRQ��6L]H�RI�ELRFRQWURO�DJHQWV�LV�RIWHQ�D�FULWLFDO�IDFWRU�LQ�WKHLU�HIIHFWLYHQHVV��DV�LW�FDQ�
LPSDFW�RQ�LQVHFWV¶�DELOLW\�WR�VXUYLYH�ZLQWHU�DQG�ZLWKVWDQG�H[WUHPH�ZHDWKHU�FRQGLWLRQV�DQG�
H[WUHPH�ZHDWKHU�HYHQWV��6L]H�RI�LQGLYLGXDOV�KDV�DOVR�EHHQ�OLQNHG�WR�WKH�DELOLW\�RI�D�VSHFLHV�WR�
HVWDEOLVK�D�YLDEOH�SRSXODWLRQ�VL]H��ZKLFK�LV�D�SUHUHTXLVLWH�WR�HIIHFWLYH�ZHHG�FRQWURO��
�
9DULDWLRQ�LQ�WKH�QXWULWLRQDO�VWDWXV�RI�SODQWV��H�J��QLWURJHQ��SKRVSKRUXV��FDQ�KDYH�D�ODUJH�
LPSDFW�RQ�WKH�ILQDO�VL]H�RI�SODQW�IHHGLQJ�LQVHFWV�VXFK�DV�ZHHG�ELRFRQWURO�DJHQWV��7KH�ILQDO�VL]H�
RI�WKH�LQVHFW�FRXOG�EH�GHWULPHQWDO�WR�LWV�DELOLW\�WR�VXUYLYH�DQG��IRU�ELRFRQWURO�DJHQWV��FRXOG�
UHGXFH�HVWDEOLVKPHQW�VXFFHVV��7KHUHIRUH��WKHUH�ZDV�D�SRVVLELOLW\�WKDW�WKH�SRRU�SHUIRUPDQFH�RI�
17&:�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��DQG�RWKHU�UHJLRQV�LQFOXGLQJ�:DLNDWR�ZKHUH�SRRU�
SHUIRUPDQFH�KDV�EHHQ�FODLPHG��FRXOG�EH�DWWULEXWHG�WR�WKH�VL]H�RI�WKH�ZHHYLOV�WKHUH��DQG�D�
SRVVLELOLW\�WKDW�QXWULHQW�OHYHOV�RI�WKH�QRGGLQJ�WKLVWOH�SODQWV�FRXOG�EH�D�OLPLWLQJ�IDFWRU�IRU�
ZHHYLO�JURZWK��
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��� 2EMHFWLYHV�

�
•� $VVHVV�ZKHWKHU�VL]H�GLIIHUHQFHV�H[LVW�EHWZHHQ�ZHHYLOV�IURP�WKH�0DQDZDWX�:DQJDQXL�

5HJLRQ�FRPSDUHG�ZLWK�RWKHU�SDUWV�RI�1HZ�=HDODQG��
•� $VVHVV�ZKHWKHU�DQ\�VL]H�GLIIHUHQFHV�DUH�DVVRFLDWHG�ZLWK�QLWURJHQ�DQG�RU�SKRVSKRUXV�

FRQFHQWUDWLRQV�LQ�WKH�KRVW�SODQW��
•� 3URYLGH�PDQDJHPHQW�DGYLFH�WR�LPSURYH�WKH�SHUIRUPDQFH�RI�WKH�QRGGLQJ�WKLVWOH�FURZQ�

ZHHYLO�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��
�

��� 0HWKRGV�

�
���� 7KLVWOH�FROOHFWLRQ�
1RGGLQJ�WKLVWOH�URVHWWHV�ZHUH�FROOHFWHG�IURP�WZR�VLWHV�DW�HDFK�RI�WKH�IROORZLQJ�VHYHQ�UHJLRQV��
0DQDZDWX�:DQJDQXL��%D\�RI�3OHQW\��+DZNH¶V�%D\��:HOOLQJWRQ��7DVPDQ��&DQWHUEXU\��DQG�
6RXWKODQG��
�
3DUWLFLSDWLQJ�ELRVHFXULW\�RIILFHUV�ZHUH�UHTXHVWHG�WR�ORFDWH�WZR�VLWHV�ZLWK�GLIIHUHQW�ODQG�XVH��
SUHIHUDEO\�RQH�GDLU\��DVVXPHG�OLNHO\�WR�KDYH�LQFUHDVHG�DQWKURSRJHQLF�QLWURJHQ��DQG�RQH�RWKHU�
ODQG�XVH��EXW�DV�VLPLODU�DV�SRVVLEOH�LQ�DQ\�RWKHU�UHVSHFW��DOWLWXGH��ZHHG�PDQDJHPHQW���7KLV�
SURYHG�WRR�GLIILFXOW��DQG�PRVW�UHJLRQV�SURYLGHG�ERWK�VDPSOHV�IURP�VLWHV�ZLWK�VLPLODU�ODQG�XVH��
2IILFHUV�ZHUH�UHTXHVWHG�WR�UHFRUG�JHQHUDO�LQIRUPDWLRQ�DERXW�HDFK�VLWH��7KH�FROOHFWLRQ�IRUP�LV�
LQFOXGHG�LQ�$SSHQGL[����
�
5RVHWWHV�ZHUH�FROOHFWHG�GXULQJ�ODWH�ZLQWHU�WR�HDUO\�VSULQJ��7KLV�LV�WKH�WLPH�ZKHQ�ZHHYLO�ODUYDH�
DUH�DFWLYHO\�IHHGLQJ�DQG�DIIHFWHG�E\�WKH�OHYHO�RI�SODQW�QXWULHQWV��
�
7KH�QXPEHU�RI�17&:�ODUYDH�LQ�WKH�URVHWWHV�ZDV�UHFRUGHG�WR�JHW�D�SUHOLPLQDU\�PHDVXUH�RI�
SRSXODWLRQ�GLIIHUHQFHV�EHWZHHQ�WKH�UHJLRQV��$Q\�WUDFHV�RI�ZHHYLO�ODUYDH�DQG�WKHLU�IUDVV��ZKLFK�
FRQWDLQ�PXFK�KLJKHU�FRQFHQWUDWLRQV�RI�QXWULHQWV�WKDQ�WKH�SODQW�PDWHULDO�DQG�FRXOG�WKHUHIRUH�
ELDV�WKH�UHVXOWV��ZHUH�WKHQ�UHPRYHG�IURP�WKH�URVHWWHV��7KH�FOHDQ�FURZQV�ZHUH�GULHG�IRU�DW�OHDVW�
���K�DW���Û&�WR�IL[�QXWULHQW�OHYHOV�XQWLO�FKHPLFDO�DQDO\VLV�FRXOG�EH�GRQH��
�
���� &KHPLFDO�DQDO\VLV�
&KHPLFDO�DQDO\VLV�ZDV�GRQH�DW�/DQGFDUH�5HVHDUFK¶V�ODERUDWRU\�LQ�3DOPHUVWRQ�1RUWK��$�
.MHOGDKO�SURFHGXUH��6PLWK�������ZDV�XVHG�WR�GHWHUPLQH�WKH�SHUFHQWDJHV�RI�QLWURJHQ�DQG�
SKRVSKRUXV�SHU�FURZQ�GU\�ZHLJKW��1LQH�WR����FURZQV�SHU�VLWHV�ZHUH�SURFHVVHG��GHSHQGLQJ�RQ�
ZKHWKHU�WKH�LQLWLDO�DPRXQW�RI�PDWHULDO�LQ�WKH�VDPSOH�ZDV�VXIILFLHQW���6DPSOHV�IURP�WKUHH�VLWHV�
ZHUH�QRW�DQDO\VHG�IRU�WKH�IROORZLQJ�UHDVRQV��%D\�RI�3OHQW\¶V�0DWDWD�VLWH�±�URVHWWHV�FROOHFWHG�
ZHUH�ZLQJHG�QRW�QRGGLQJ�WKLVWOH��&DQWHUEXU\¶V�7KH�0RXQG�VLWH�±�ZDV�WR�EH�UHVRZQ�E\�HDUO\�
VXPPHU�VR�ZHHYLOV�FRXOG�QRW�EH�FROOHFWHG��:HOOLQJWRQ¶V�&DSH�3DOOLVHU�VLWH�±�QR�ODUYDH�ZHUH�
UHFRUGHG�IURP�HLWKHU�:HOOLQJWRQ�VLWH��DQG�QR�DGXOW�ZHHYLO�FROOHFWLRQV�PDGH��VR�RQO\�
.DZDNDZD�6WDWLRQ�ZDV�VXEMHFWHG�WR�FKHPLFDO�DQDO\VLV��FKRVHQ�DW�UDQGRP���
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�
���� :HHYLO�FROOHFWLRQ�
,Q�HDUO\�VXPPHU��DGXOW�ZHHYLOV�ZHUH�FROOHFWHG�IURP�VRPH�RI�WKH�VLWHV�XVHG�WR�FROOHFW�URVHWWHV��
,W�ZDV�LQWHQGHG�WKDW�ZHHYLOV�ZRXOG�EH�FROOHFWHG�IURP�DOO�VLWHV��EXW�DW�VRPH�VLWHV�ZHHYLOV�ZHUH�
QRW�IRXQG��DQG�VRPH�FRXQFLOV�WKDW�SDUWLFLSDWHG�LQ�WKH�URVHWWH�FROOHFWLRQ�ZHUH�XQDEOH�WR�FRPPLW�
WLPH�WR�DGXOW�ZHHYLO�FROOHFWLRQ��$OWRJHWKHU��DGXOWV�ZHUH�FROOHFWHG�IURP�VL[�VLWHV�LQ�ILYH�
UHJLRQV��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO�ZHUH�XQDEOH�WR�FROOHFW�LQ�HDUO\�VXPPHU��EHIRUH�
ZHHYLOV�HQWHUHG�VXPPHU�DHVWLYDWLRQ��DQG�DJUHHG�LQVWHDG�WR�FROOHFW�LQ�DXWXPQ��ZKHQ�ZHHYLOV�
FRPH�RXW�IURP�DHVWLYDWLRQ�WR�EHJLQ�UHSURGXFLQJ��$XWXPQ�FROOHFWHG�ZHHYLOV�FDQQRW�EH�GLUHFWO\�
FRPSDUHG�ZLWK�HDUO\�VXPPHU�FROOHFWHG�RQHV�EHFDXVH�DXWXPQ�ZHHYLOV�DUH�WKRVH�WKDW�KDYH�
VXFFHVVIXOO\�VXUYLYHG�D�SHULRG�RI�DHVWLYDWLRQ�GXULQJ�WKH�VXPPHU�GURXJKW�SHULRG��ZLWKRXW�
IHHGLQJ��,I�ODUJHU�VL]H�LV�DVVRFLDWHG�ZLWK�EHWWHU�VXUYLYDO�UDWHV��WKHUH�LV�D�ULVN�WKDW��RQ�DYHUDJH��
DXWXPQ�FROOHFWHG�ZHHYLOV�ZRXOG�EH�ODUJHU�WKDQ�HDUO\�VXPPHU�FROOHFWHG�ZHHYLOV��7KHUHIRUH��WR�
EH�DEOH�WR�PDNH�DQ\�FRPSDULVRQV�EHWZHHQ�ZHHYLOV�IURP�+DZNH¶V�%D\�DQG�IURP�WKH�RWKHU�
UHJLRQV��DXWXPQ�FROOHFWLRQ�ZDV�DOVR�UHTXHVWHG�IURP�WZR�HDUO\�VXPPHU�FROOHFWLRQ�VLWHV��LQ�WKH�
0DQDZDWX�:DQJDQXL�DQG�&DQWHUEXU\�UHJLRQV��
�
7KH�DGXOW�ZHHYLOV�ZHUH�VH[HG�DQG�RYHQ�GULHG�IRU�GU\�ZHLJKW�PHDVXUHPHQWV��2QH�HO\WURQ�
�RYHUZLQJ��ZDV�SOXFNHG�IURP�D�VXEVDPSOH�RI�D�PLQLPXP�RI����LQGLYLGXDOV�����IHPDOHV�DQG�
���PDOHV��SHU�VLWH�DQG�VFDQQHG��7KH�VFDQQHG�LPDJHV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�OHQJWK��
ZLGWK��SHULPHWHU�DQG�DUHD�RI�HDFK�HO\WURQ��XVLQJ�WKH�FRPSXWHU�VRIWZDUH�:LQ)ROLD���
7KH�JHQLWDOLD�RI�DGXOW�PDOHV�ZHUH�H[DPLQHG�WR�FKHFN�WKDW�DOO�WKH�ZHHYLOV�VLW�ZLWKLQ�WKH�VDPH�
VSHFLHV��IRU�PRUH�GHWDLOV�DERXW�WKH�VSHFLHV�FRPSOH[�DQG�LGHQWLILFDWLRQ�GLIILFXOW\�VHH�$ORQVR�
=DUD]DJD�	�6iQFKH]�5XL]��������DQG�*URHQWHPDQ�HW�DO�����������
�
���� 6WDWLVWLFDO�DQDO\VLV�
:HHYLO�GU\�ZHLJKW�DQG�HO\WURQ�DUHD��UHSUHVHQWLQJ�HO\WURQ�VL]H��ZHUH�ERWK�VXEMHFWHG�WR�
DQDO\VLV�RI�YDULDQFH��$129$���ZLWK�VH[��IHPDOHV�YV�PDOHV��DQG�VLWH�DQG�WKHLU�LQWHUDFWLRQ�DV�
H[SODQDWRU\�YDULDEOHV��7KHVH�WHVWV�ZHUH�FRQGXFWHG�VHSDUDWHO\�IRU�HDUO\�VXPPHU��DQG�DXWXPQ�
FROOHFWHG�ZHHYLOV��1XWULHQW�FRQWHQWV�RI�QRGGLQJ�WKLVWOH�URVHWWHV�ZHUH�DOVR�VXEMHFWHG�WR�
$129$��ZLWK�VLWH�DV�WKH�H[SODQDWRU\�YDULDEOH��6H[�UDWLRV�ZHUH�VXEMHFWHG�WR�D�ELQRPLDO�WHVW��
$QDO\VHV�ZHUH�GRQH�XVLQJ�WKH�VWDWLVWLFDO�SDFNDJH�5��5�'HYHORSPHQW�&RUH�7HDP��������
�

��� 5HVXOWV�

�
���� *HRJUDSKLF�GLVWULEXWLRQ�RI�WKH�VXUYH\�
5HJLRQDO�FRXQFLOV�WKDW�SDUWLFLSDWHG�ZHUH��IURP�QRUWK�WR�VRXWK���%D\�RI�3OHQW\��+DZNH¶V�%D\��
0DQDZDWX�:DQJDQXL��:HOOLQJWRQ��7DVPDQ��&DQWHUEXU\�DQG�6RXWKODQG��)LJ������*HQHUDO�
LQIRUPDWLRQ�DERXW�HDFK�VLWH�LV�VXPPDULVHG�LQ�7DEOH����
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�
)LJXUH���'LVWULEXWLRQ�RI�QRGGLQJ�WKLVWOH�URVHWWHV�DQG�FURZQ�ZHHYLO�FROOHFWLRQ�VLWHV��
�
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���� 6L]H�RI�DGXOW�ZHHYLOV�
$OO�PRUSKRORJLFDO�SDUDPHWHUV�WDNHQ��HO\WURQ�OHQJWK��ZLGWK��SHULPHWHU�DQG�DUHD��GLVSOD\HG�D�
VLPLODU�SDWWHUQ��7KHUHIRUH�RQO\�RQH�SDUDPHWHU��HO\WURQ�DUHD��ZDV�VHOHFWHG�WR�UHSUHVHQW�WKH�
PRUSKRORJLFDO�DVSHFW��,Q�DGGLWLRQ��GU\�ZHLJKW�LV�SUHVHQWHG��
�

6HDVRQDO�GLIIHUHQFHV�
)RU�ZHHYLOV�IURP�0DQDZDWX�:DQJDQXL��HO\WURQ�DUHD�RI�HDUO\�VXPPHU�FROOHFWHG�ZHHYLOV�ZDV�
VLJQLILFDQWO\�ODUJHU�WKDQ�RI�DXWXPQ�FROOHFWHG�RQHV��7DEOH�����7KHUH�ZDV�QR�VLJQLILFDQW�
GLIIHUHQFH�LQ�GU\�ZHLJKW�EHWZHHQ�VHDVRQV��
�
7DEOH���$129$�IRU�WKH�HIIHFWV�RI�VH[��PDOHV�YV�IHPDOHV���FROOHFWLRQ�VHDVRQ��HDUO\�VXPPHU�
YV�DXWXPQ��DQG�VLWH��(DVW�YV�:HVW�2WXSDH�6WDWLRQ��RQ�DGXOW�ZHHYLO�GU\�ZHLJKW�DQG�HO\WURQ�
DUHD��6LJQLILFDQW�GLIIHUHQFHV�DUH�LQ�EROG�
�

'U\�ZHLJKW��PJ�� �� �� �� (O\WURQ�DUHD��PP���

GI�
6XP�RI�
6T� )� 3U�!)�� GI�

6XP�RI�
6T� )� 3U�!)��

6H[� �� ������ ����� ������ �� ����� ������ �������
6HDVRQ� �� ���� ����� ������ �� ����� ������ ������
6LWH� �� ����� ����� ������ �� ����� ����� ������
,QWHUDFWLRQ��VH[�î�VHDVRQ� �� ����� ����� ������ �� ����� ����� ������
,QWHUDFWLRQ��VH[�î�VLWH� �� ����� ����� ������ �� ����� ����� ������
,QWHUDFWLRQ��VHDVRQ�î�VLWH� �� ����� ����� ������ �� ����� ����� ������
,QWHUDFWLRQ��VH[�î�VHDVRQ�î�VLWH� �� ����� ����� ������ �� ����� ����� ������
5HVLGXDOV� ���� ������� �� �� ���� ������ �� ��
�
�

6LWH�DQG�VH[�GLIIHUHQFHV�
:HHYLOV�IURP�2WXSDH�6WDWLRQ�:HVW��0DQDZDWX�:DQJDQXL��KDG�VLJQLILFDQWO\�ODUJHU�HO\WUD�
�EXW�ZHUH�QRW�KHDYLHU��WKDQ�ZHHYLOV�IURP�2WXSDH�(DVW��)HPDOHV�ZHUH�FRQVLVWHQWO\�KHDYLHU�DQG�
KDG�ODUJHU�HO\WUD�WKDQ�PDOHV��7DEOH�����
�
7KH�VHDVRQDO�GLIIHUHQFHV�GLFWDWHG�WKDW�GDWD�IURP�VXPPHU��DQG�DXWXPQ�FROOHFWHG�ZHHYLOV�KDG�
WR�EH�DQDO\VHG�VHSDUDWHO\�IRU�WKH�GDWDVHWV�LQFOXGLQJ�PXOWLSOH�UHJLRQV��
�

'U\�ZHLJKW�
,Q�HDUO\�VXPPHU��ZHHYLOV�FROOHFWHG�DW�0DQDZDWX�:DQJDQXL¶V�2WXSDH�6WDWLRQ�(DVW�ZHUH�
VLJQLILFDQWO\�KHDYLHU�WKDQ�ZHHYLOV�FROOHFWHG�IURP�7DVPDQ��'LFNV���DQG�PDUJLQDOO\�QRQ�
VLJQLILFDQWO\�KHDYLHU�WKDQ�ZHHYLOV�IURP�2WXSDH�:HVW�DQG�ZHHYLOV�FROOHFWHG�IURP�&DQWHUEXU\�
�)LJ�����7DEOH�����,Q�DXWXPQ��ZHHYLOV�FROOHFWHG�DW�2WXSDH�(DVW�ZHUH�VLJQLILFDQWO\�OLJKWHU�WKDQ�
ZHHYLOV�FROOHFWHG�IURP�WKH�2WXSDH�:HVW�DQG�IURP�+DZNH¶V�%D\�ZHHYLOV��)LJ�����7DEOH�����
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)LJXUH���5HJLRQDO�GLIIHUHQFHV�LQ�ZHHYLO�GU\�ZHLJKW��EDFN�WUDQVIRUPHG�PHDQV���6(���
�
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7DEOH���$129$�IRU�WKH�HIIHFWV�RI�VLWH��VH[��PDOHV�YV�IHPDOHV���DQG�WKHLU�LQWHUDFWLRQ�RQ�
GLIIHUHQFHV�LQ�ZHHYLO�GU\�ZHLJKW��6LJQLILFDQW�GLIIHUHQFHV�DUH�LQ�EROG�
�

(DUO\�VXPPHU� �� $XWXPQ� ��
GI� 0HDQ�6T� )� 3U�!)�� GI� 0HDQ�6T� )� 3U�!)��

6LWH� �� ������ ����� ������� �� ������ ������� �������
6H[� �� ������ ����� ������ �� ������� ������� �������
,QWHUDFWLRQ� �� ����� ����� ������ �� ������ ������ ������
5HVLGXDOV� ���� ����� � � ���� ������ �� ��
�
�

(O\WURQ�DUHD�
,Q�HDUO\�VXPPHU��WKH�HO\WURQ�DUHD�RI�ZHHYLOV�FROOHFWHG�LQ�ERWK�WKH�HDVWHUQ�DQG�ZHVWHUQ�VLGHV�RI�
0DQDZDWX�:DQJDQXL¶V�2WXSDH�6WDWLRQ�ZDV�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKDW�RI�ZHHYLOV�
FROOHFWHG�IURP�WKH�WZR�7DVPDQ�VLWHV��&DQWHUEXU\�DQG�6RXWKODQG��7DEOH����)LJ������,Q�DXWXPQ��
WKH�HO\WURQ�DUHD�RI�ZHHYLOV�FROOHFWHG�DW�2WXSDH�(DVW�ZDV�VLJQLILFDQWO\�VPDOOHU�WKDQ�WKDW�RI�
ZHHYLOV�FROOHFWHG�IURP�2WXSDH�:HVW�DQG�IURP�+DZNH¶V�%D\�DQG�&DQWHUEXU\��7DEOH����)LJ������
�
7DEOH���$129$�IRU�WKH�HIIHFWV�RI�VLWH��VH[��PDOHV�YV�IHPDOHV���DQG�WKHLU�LQWHUDFWLRQ�RQ�
GLIIHUHQFHV�LQ�HO\WURQ�DUHD��6LJQLILFDQW�GLIIHUHQFHV�DUH�LQ�EROG�
�

(DUO\�VXPPHU� �� $XWXPQ� ��
�� GI� 0HDQ�6T� )� 3U�!)�� GI� 0HDQ�6T� )� 3U�!)��
6LWH� �� ����� ����� ������� �� ����� ����� ������
6H[� �� ����� ������ ������� �� ����� ������ �������
,QWHUDFWLRQ� �� ����� ����� ������ �� ����� ����� ������
5HVLGXDOV� ���� ����� �� �� ���� ����� �� ��
�
�
���� 5RVHWWH�VL]H�DQG�ODUYDO�FRXQWV�
7KH�WZR�VLWHV�RQ�0DQDZDWX�:DQJDQXL¶V�2WXSDH�6WDWLRQ�KDG�D�KLJK�SURSRUWLRQ�RI�VPDOO�
URVHWWHV��D�ORZ�WR�PHGLXP�SURSRUWLRQ�RI�PHGLXP�VL]HG�URVHWWHV��DQG�QR�ODUJH�URVHWWHV�DW�DOO��LQ�
DGGLWLRQ��WKHVH�VLWHV�H[KLELWHG�KLJK�GHQVLWLHV�RI�ODUYDH�SHU�URVHWWH�LQ�FRPSDULVRQ�ZLWK�PRVW�
RWKHU�UHJLRQV��)LJ������DQG�ORZ�WKLVWOH�DEXQGDQFH��7DEOH����VXEMHFWLYH�DVVHVVPHQW���,W�LV�
LQWHUHVWLQJ�WR�QRWH�WKDW�QRGGLQJ�WKLVWOH�FDQ�H[KLELW�GLIIHUHQW�OLIH�VWUDWHJLHV��ZKLFK�DUH�
DVVRFLDWHG�ZLWK�VL]H��LI�FRQGLWLRQV�DUH�IDYRXUDEOH�DQG�WKHUH�DUH�QR�VWUHVV�IDFWRUV�VXFK�DV�
GURXJKW�DQG�RU�KHUELYRU\��QRGGLQJ�WKLVWOH�PD\�UHPDLQ�DW�WKH�URVHWWH�VWDJH�IRU�WZR�\HDUV��
LQFUHDVLQJ�LQ�VL]H�EHIRUH�IORZHULQJ�DQG�WHUPLQDWLQJ�LWV�OLIH��+RZHYHU��ZKHQ�VWUHVVHG��QRGGLQJ�
WKLVWOH�FRXOG�IORZHU�LQ�LWV�ILUVW�\HDU�RI�OLIH��HYHQ�LI�LW�RQO\�UHDFKHG�D�VPDOO�VL]H��7KHUHIRUH��LI�
QRGGLQJ�WKLVWOH�SRSXODWLRQV�DUH�FRQVWDQWO\�XQGHU�KHUELYRU\�SUHVVXUH�WKH\�DUH�OLNHO\�WR�FRQVLVW�
RI�PDLQO\�DQQXDO�LQGLYLGXDOV��ZKLFK�WHQG�WR�EH�VPDOOHU��L�H��OHVV�VXFFHVVIXO���
�
�
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)LJXUH���5HJLRQDO�GLIIHUHQFHV�LQ�HO\WURQ�DUHD��EDFN�WUDQVIRUPHG�PHDQV���6(���
�
�
,W�LV�SRVVLEOH�WKDW�WKH�0DQDZDWX�:DQJDQXL�WKLVWOH�SRSXODWLRQV��ZLWK�JHQHUDOO\�VPDOO�URVHWWHV�
DQG�KLJK�ODUYDO�GHQVLWLHV��UHSUHVHQW�WKLV�VWDWH��KRZHYHU��LW�LV�GLIILFXOW�WR�VD\�WKLV�ZLWK�DQ\�
FHUWDLQW\�IURP�D�VLQJOH�VQDSVKRW�VDPSOLQJ�HYHQW��EHFDXVH�RI�WKH�ELHQQLDO�QDWXUH�RI�QRGGLQJ�
WKLVWOH��6WLOO��VRPH�VXSSRUWLQJ�HYLGHQFH�FRXOG�EH�JDLQHG�IURP�WKH�SDWWHUQ�REVHUYHG�LQ�WKH�RWKHU�
UHJLRQV�VDPSOHG�LQ�WKLV�VXUYH\��UHJLRQV�OLNH�&DQWHUEXU\�DQG�7DVPDQ�ZLWK�UHODWLYHO\�KLJK�
ODUYDO�FRXQWV�DOVR�KDYH�URVHWWH�VL]H�GLVWULEXWLRQV�WHQGLQJ�WRZDUGV�WKH�VPDOOHU�VL]HV��ZKHUHDV�
UHJLRQV�LQ�ZKLFK�QR�ODUYDH�ZHUH�UHFRUGHG��VXFK�DV�%D\�RI�3OHQW\�DQG�:HOOLQJWRQ��KDYH�WKH�
JUHDWHVW�SURSRUWLRQ�RI�ODUJH�URVHWWHV��)LJ������:KLOH�RQO\�D�VQDSVKRW��WKH�ZLGH�JHRJUDSKLF�
VFDOH�RI�WKLV�SDWWHUQ�SURYLGHV�VWURQJ�FLUFXPVWDQWLDO�HYLGHQFH�WR�VXSSRUW�17&:�FRQWULEXWLRQ�WR�
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QRGGLQJ�WKLVWOH�FRQWURO��,W�KDV�WR�EH�QRWHG�WKDW�WKLVWOH�GHQVLW\�ZDV�QRW�TXDQWLILHG�LQ�WKLV�VXUYH\��
7KH�RIILFHUV�ZHUH�UHTXHVWHG�WR�PDNH�D�VXEMHFWLYH�FRPPHQW�DERXW�WKH�GHQVLW\�RI�LQIHVWDWLRQ�
�WKLVWOHV�DUH�UDUH�PRGHUDWHO\�FRPPRQ�YHU\�FRPPRQ���EXW�QRW�DOO�IRUPV�UHWXUQHG�KDG�D�GHQVLW\�
FDWHJRU\�VHOHFWHG��
�

�

�
)LJXUH���5RVHWWH�VL]H�GLVWULEXWLRQ��SHUFHQWDJHV��DQG�WKH�FRUUHVSRQGLQJ�QXPEHU�RI�ODUYDH�SHU�
URVHWWH�LQ�HDFK�URVHWWH�VL]H�FDWHJRU\��EDFN�WUDQVIRUPHG�PHDQ�������&,��IURP�WZR�VLWHV�SHU�
UHJLRQ��RQO\�RQH�VLWH�VKRZQ�IRU�%D\�RI�3OHQW\��URVHWWHV�IURP�WKH�VHFRQG�VLWH�ZHUH�ZLQJHG�
WKLVWOH���
7KH�FRGHV�IRU�VLWH�QDPHV�DUH��IURP�OHIW�WR�ULJKW���+R]��(DVW�DQG�+R]��:HVW� �+RUL]RQV��2WXSDH�6WDWLRQ��HDVW�DQG�
ZHVW�VLGHV�UHVSHFWLYHO\��%R3� �%D\�RI�3OHQW\��6LVDPV��+��%D\��DQG�+��%D\�� �+DZNH¶V�%D\�%URZ�/LQEXUQ�DQG�
/LPHVWRQH�ZRUNV�VLWHV�UHVSHFWLYHO\��*:��DQG�*:�� �*UHDWHU�:HOOLQJWRQ�.DZDNDZD�DQG�&DSH�3DOOLVHU�VLWHV�
UHVSHFWLYHO\��7DV��DQG�7DV�� �7DVPDQ�'LFNV�DQG�:DQWZRRG�VLWHV�UHVSHFWLYHO\��&DQW��DQG�&DQW�� �&DQWHUEXU\�
/HDFKHV�DQG�7KH�0RXQG�VLWHV�UHVSHFWLYHO\��6/DQG���DQG�6/DQG��� �6RXWKODQG�4XDUU\�DQG�%LUFKZRRG�VLWHV�
UHVSHFWLYHO\��
�
�
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���� 1XWULHQWV�
1LWURJHQ�OHYHOV�DW�ERWK�VLWHV�DW�0DQDZDWX�:DQJDQXL¶V�2WXSDH�6WDWLRQ�ZHUH�QRW�VLJQLILFDQWO\�
GLIIHUHQW�IURP�PRVW�RWKHU�VLWHV��DQG�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�OHYHO�DW�7DVPDQ¶V�
'LFNV�VLWH�DQG�&DQWHUEXU\¶V�/HDFKHV�VLWH��)LJ������3KRVSKRUXV�OHYHO�DW�2WXSDH�(DVW�ZDV�
VLJQLILFDQWO\�ORZHU�WKDQ�DW�2WXSDH�:HVW��DV�ZHOO�DV�DOO�RWKHU�VLWHV�H[FHSW�&DQWHUEXU\¶V�
/HDFKHV�VLWH��3KRVSKRUXV�OHYHO�DW�WKH�ODWWHU�ZDV�VLPLODU�WR�WKDW�DW�2WXSDH�(DVW��)LJ������
3KRVSKRUXV�OHYHOV�DW�+DZNH¶V�%D\¶V�/LPHZRUNV�VLWH��DW�7DVPDQV¶�:DQWZRRG�VLWH�DQG�DW�
6RXWKODQG¶V�%LUFKZRRG�VLWH�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�DW�DOO�RWKHU�VLWHV��
�

�

�
)LJXUH���1LWURJHQ�DQG�SKRVSKRUXV�DV�SHUFHQWDJH�RI�GU\�ZHLJKW�RI�QRGGLQJ�WKLVWOH�URVHWWHV�
DFURVV�VLWHV��EDFN�WUDQVIRUPHG�PHDQV���6(���)RU�VLWH�QDPH�FRGHV�VHH�)LJ����FDSWLRQ��
�
�
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1XWULHQW�FRQFHQWUDWLRQV�JHQHUDOO\�GLG�QRW�FRUUHVSRQG�ZHOO�ZLWK�VL]H�SDWWHUQV��7KH�IHZ�SDWWHUQV�
WKDW�FRXOG�EH�GHWHFWHG�DUH�VXPPDULVHG�LQ�7DEOH����)URP�7DEOH���LW�FRXOG�EH�LQIHUUHG�WKDW�
OLJKWHU�GU\�ZHLJKW�DQG�VPDOOHU�HO\WUD�DW�2WXSDH�(DVW�FRPSDUHG�ZLWK�+DZNH¶V�%D\�DQG�2WXSDH�
:HVW�ZHHYLOV�PD\�EH�DVVRFLDWHG�ZLWK�ORZHU�OHYHOV�RI�SKRVSKRUXV��+RZHYHU��SKRVSKRUXV�
OHYHOV�DW�2WXSDH�(DVW�ZHUH�VLPLODU�WR�WKRVH�DW�&DQWHUEXU\��VR�GHILFLHQF\�RI�WKLV�QXWULHQW�FDQQRW�
H[SODLQ�WKH�GLIIHUHQFH�LQ�HO\WURQ�DUHD�EHWZHHQ�WKHVH�WZR�VLWHV��+LJKHU�QLWURJHQ�OHYHOV�DW�
2WXSDH�(DVW�FRPSDUHG�ZLWK�7DVPDQ�DQG�&DQWHUEXU\�PD\�H[SODLQ�WKH�KHDYLHU�GU\�ZHLJKW�RI�
ZHHYLOV�WKHUH�LQ�HDUO\�VXPPHU��EXW�FDQQRW�H[SODLQ�WKH�GLIIHUHQFH�IURP�2WXSDH�:HVW��,W�DOVR�
FDQQRW�H[SODLQ�WKH�VPDOOHU�HO\WURQ�DUHD�DW�2WXSDH�(DVW�FRPSDUHG�ZLWK�7DVPDQ�DQG�
&DQWHUEXU\�VLWHV��
�
%RWK�KLJKHU�QLWURJHQ�DQG�KLJKHU�SKRVSKRUXV�FRUUHVSRQGHG�ZLWK�KHDYLHU�GU\�ZHLJKW�DW�WKH�
7DVPDQ��&DQWHUEXU\�DQG�6RXWKODQG�VLWHV��+RZHYHU��WKH�VLWHV�ZLWK�ORZHU�QXWULHQW�
FRQFHQWUDWLRQV�DOVR�KDG�KLJKHU�ODUYDO�GHQVLWLHV��VR�VPDOOHU�DGXOW�VL]H�LQ�WKHVH�FDVHV�PD\�DOVR�
EH�DVVRFLDWHG�ZLWK�FRPSHWLWLRQ�ZLWKLQ�WKH�FURZQ�DW�WKH�ODUYDO�VWDJHV��(O\WURQ�DUHD�GLG�QRW�
GHPRQVWUDWH�D�VLPLODU�SDWWHUQ�WR�GU\�ZHLJKW�LQ�WKRVH�VLWHV��
�
7DEOH���3DWWHUQV�VKRZLQJ�VRPH�GHJUHH�RI�DVVRFLDWLRQ�EHWZHHQ�QLWURJHQ�DQG�SKRVSKRUXV�
OHYHOV�DW�0DQDZDWX�:DQJDQXL¶V�(DVW�2WXSDH�6WDWLRQ�DQG�ZHHYLO�VL]H�SDUDPHWHUV�
�
2WXSDH�(DVW�� �� �(DUO\�VXPPHU�� �� � $XWXPQ�� �� ��
'U\�ZHLJKW� !� 7DVPDQ� &DQWHUEXU\� 2WXSDH�:HVW� �� 2WXSDH�:HVW� +DZNH¶V�%D\�

(O\WURQ�DUHD� �� 7DVPDQ� &DQWHUEXU\� 6RXWKODQG� �� 2WXSDH�:HVW� +DZNH¶V�%D\� &DQWHUEXU\�

1LWURJHQ� !� 7DVPDQ� &DQWHUEXU\� � !� � � &DQWHUEXU\�

3KRVSKRUXV� ≅� �� &DQWHUEXU\� �� �� 2WXSDH�:HVW� +DZNH¶V�%D\�
�
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��� &RQFOXVLRQV�

�
7KLV�VWXG\�KDV�QRW�EHHQ�DEOH�WR�H[SODLQ�ZK\�DQHFGRWDOO\�17&:�LV�EHOLHYHG�WR�KDYH�
SHUIRUPHG�PRUH�SRRUO\�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ�WKDQ�RWKHU�UHJLRQV��DQG�KDV�
SURYLGHG�VRPH�HYLGHQFH�WR�WKH�FRQWUDU\��$VVXPLQJ�WKDW�2WXSDH�6WDWLRQ�VLWHV�DUH�
UHSUHVHQWDWLYH�RI�17&:�VLWHV�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ��QRGGLQJ�WKLVWOHV�LQ�WKLV�
UHJLRQ�VHHP�WR�VXSSRUW�17&:�SRSXODWLRQV�WKDW�DUH�QR�VPDOOHU�LQ�QXPEHUV�WKDQ�LQ�WKH�RWKHU�
SDUWV�RI�1HZ�=HDODQG�WKDW�SDUWLFLSDWHG�LQ�WKH�VXUYH\��ODUYDO�GHQVLW\�DW�WKH�0DQDZDWX�
:DQJDQXL�VLWHV�ZDV�DW�WKH�KLJKHU�HQG�RI�WKH�VFDOH��DQG�ERWK�VLWHV�VXSSRUWHG�D�KLJK�SRSXODWLRQ�
RI�DGXOWV�LQ�HDUO\�VXPPHU��7KH�RQO\�ERG\�VL]H�GLIIHUHQFH�HPHUJHG�LQ�DXWXPQ��/LJKWHU�GU\�
ZHLJKW�LQ�DXWXPQ�LV�QRW�VXUSULVLQJ��DV�ZHHYLOV�HPHUJH�IURP�D�ORQJ�SHULRG�ZLWKRXW�IHHGLQJ�
RYHU�VXPPHU��6PDOOHU�HO\WURQ�DUHD�LQ�DXWXPQ�LV�PRUH�GLIILFXOW�WR�H[SODLQ��EHFDXVH�LW�FRXOG�EH�
H[SHFWHG�WKDW�ODUJHU�LQGLYLGXDOV�ZLOO�EHWWHU�VXUYLYH�WKH�VXPPHU�DHVWLYDWLRQ�SHULRG��2QH�
SRVVLEOH�H[SODQDWLRQ�LV�WKDW�VPDOOHU�ZHHYLOV�HPHUJH�IURP�DHVWLYDWLRQ�VRRQHU�WKDQ�ODUJH�
ZHHYLOV�EHFDXVH�WKH\�UXQ�RXW�RI�IDW�UHVHUYHV�VRRQHU��6XSSRUWLQJ�HYLGHQFH�FRPHV�IURP�WKH�
KHDWKHU�EHHWOH��/RFKPDHD�VXWXUDOLV��LQ�WKH�FHQWUDO�1RUWK�,VODQG��VPDOOHU�EHHWOHV�HPHUJH�IURP�
RYHUZLQWHULQJ�HDUOLHU�WKDQ�GR�ODUJHU�EHHWOHV��DQG�IDW�UHVHUYHV�LQ�EHHWOHV�HPHUJLQJ�HDUO\�DUH�
ORZHU�WKDQ�LQ�EHHWOHV�WKDW�PDLQWDLQ�ORQJHU�RYHUZLQWHULQJ�SHULRGV��3��3HWHUVRQ��SHUV��FRPP����
&ROOHFWLQJ�17&:�LQ�HDUO\�DXWXPQ�LQ�D�GU\�\HDU��EHIRUH�DHVWLYDWLRQ�FRXOG�EH�H[SHFWHG�WR�KDYH�
IXOO\�ILQLVKHG�IRU�DOO�ZHHYLOV��FRXOG�KDYH�PHDQW�VDPSOLQJ�ZDV�ELDVHG�LQ�IDYRXU�RI�VPDOO�
ZHHYLOV��$QRWKHU�SRVVLEOH�H[SODQDWLRQ�PD\�EH�WKDW�ODUJHU�LQGLYLGXDOV�PD\�KDYH�EHWWHU�
GLVSHUVDO�DELOLW\�DQG�PD\�EH�PRUH�OLNHO\�WR�PLJUDWH��)LQDOO\��D�IXUWKHU�SRVVLEOH�H[SODQDWLRQ�
PD\�UHODWH�WR�WKH�UROH�RI�RWKHU�WKLVWOH�VSHFLHV�DYDLODEOH�DW�HDFK�VLWH�DV�DOWHUQDWLYH�KRVWV��
KRZHYHU��SUHVHQFH�RI�RWKHU�WKLVWOH�VSHFLHV�ZDV�QRW�UHFRUGHG�LQ�WKLV�VWXG\��
�
7KHUH�ZDV�VRPH�HYLGHQFH�WKDW�QLWURJHQ�PD\�EH�FRUUHODWHG�ZLWK�ZHHYLO�GU\�ZHLJKW��EXW�QRW�
ZLWK�PRUSKRORJLFDO�VL]H��UHSUHVHQWHG�E\�HO\WURQ�DUHD���,W�ZDV�LPSRVVLEOH�WR�VHSDUDWH�WKH�
SDWWHUQ�RI�GU\�ZHLJKW�GLIIHUHQFHV�IURP�ODUYDO�GHQVLW\��DQG�KHQFH�SRWHQWLDO�FRPSHWLWLRQ���
/RZHU�SKRVSKRUXV�ZDV�WR�VRPH�GHJUHH�FRUUHODWHG�ZLWK�VPDOOHU�ZHHYLOV��
�
7KH�VWXG\�SUHVHQWHG�KHUH�ZDV�GHVLJQHG�WR�GHWHFW�FOHDU�SDWWHUQV�LI�WKH\�RFFXUUHG��$Q\�
FRPSOLFDWHG�SDWWHUQV�ZHUH�QHYHU�LQWHQGHG�WR�EH�SRVVLEOH�WR�LQWHUSUHW�GXH�WR�WKH�IROORZLQJ�
OLPLWDWLRQ�RI�WKH�V\VWHP������7KH�VWXG\�RQO\�FRYHUHG�D�VPDOO�QXPEHU�RI�VLWHV��DQG�WKH\�ZHUH�
QRW�VHOHFWHG�DW�UDQGRP������7KH�VWXG\�RQO\�FRYHUHG�RQH�\HDU��ZKLOH�QRGGLQJ�WKLVWOH�FDQ�EH�
ELHQQLDO��DQG�LV�KLJKO\�VHQVLWLYH�WR�GLIIHUHQW�IDUP�PDQDJHPHQW�RSHUDWLRQV������:KLOH�VDPSOLQJ�
SURWRFROV�ZHUH�SURYLGHG��LW�ZDV�LPSRVVLEOH�WR�JXDUDQWHH�WKDW�WKH\�ZHUH�VWULFWO\�DQG�VLPLODUO\�
IROORZHG�E\�WKH�GLIIHUHQW�VDPSOHUV��+HQFH��D�PXFK�PRUH�GHWDLOHG�DQG�H[WHQVLYH�VWXG\�ZRXOG�
EH�UHTXLUHG�WR�FRQILUP�LI�SHUIRUPDQFH�RI�17&:�LV�UHDOO\�ZRUVH�LQ�WKH�0DQDZDWX�:DQJDQXL�
UHJLRQ�WKDQ�LQ�RWKHU�UHJLRQV�DQG�WKH�UHDVRQV�ZK\��*LYHQ�WKH�UHVRXUFHV�UHTXLUHG�IRU�VXFK�D�
VWXG\�DQG�WKH�IDFW�WKDW�QHZ�WKLVWOH�DJHQWV�OLNH�WKH�JUHHQ�WKLVWOH�EHHWOH��&DVVLGD�UXELJQRVD��DUH�
QRZ�DYDLODEOH�WKDW�DUH�OLNHO\�WR�LPSURYH�WKLVWOH�FRQWURO��UHVRXUFHV�ZRXOG�SUREDEO\�EH�EHWWHU�
GLUHFWHG�DW�WKH�ODWWHU��
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��� 5HFRPPHQGDWLRQV�

�
•� (IIRUWV�VKRXOG�IRFXV�RQ�ZLGHO\�HVWDEOLVKLQJ�WKH�JUHHQ�WKLVWOH�EHHWOH��&DVVLGD�UXELJQRVD���

ZKLFK�DWWDFNV�DOO�WKLVWOH�VSHFLHV��DQG�LV�OLNHO\�WR�UHGXFH�QRGGLQJ�WKLVWOH�SRSXODWLRQV�
IXUWKHU��

•� 7KHUH�LV�OLNHO\�WR�EH�VRPH�YDOXH�LQ�FRQWLQXLQJ�WR�HVWDEOLVK�WKH�QRGGLQJ�WKLVWOH�FURZQ�
ZHHYLO�DW�VLWHV�LQ�WKH�0DQDZDWX�:DQJDQXL�5HJLRQ�ZKHUH�WKH\�DUH�QRW�\HW�SUHVHQW��

•� 7KHUH�LV�QR�DGYDQWDJH�LQ�VRXUFLQJ�ZHHYLOV�IRU�UHGLVWULEXWLRQ�IURP�RXWVLGH�WKH�0DQDZDWX�
:DQJDQXL�5HJLRQ��

•� :HHYLO�FROOHFWLRQ�IRU�UHGLVWULEXWLRQ�VKRXOG�EH�WLPHG�FDUHIXOO\�IRU�PLG��WR�ODWH�DXWXPQ�WR�
DOORZ�ZHHYLOV�VXIILFLHQW�WLPH�WR�HPHUJH�IURP�VXPPHU�DHVWLYDWLRQ��

•� 3KRVSKRUXV�HQULFKPHQW�RQ�D�VPDOO�VFDOH�PD\�LQFUHDVH�WKH�VL]H�RI�ZHHYLOV��EXW�WKLV�ZRXOG�
QHHG�WR�EH�WHVWHG��

�

��� $FNQRZOHGJHPHQWV�

�
7KLV�VXUYH\�FRXOG�QRW�KDYH�WDNHQ�SODFH�ZLWKRXW�WKH�KHOS�RI�UHJLRQDO�FRXQFLO�VWDII�ZKR�
FROOHFWHG�URVHWWHV�DQG�DGXOW�ZHHYLOV�DW�GLIIHUHQW�WLPHV�RI�WKH�\HDU��'HV�3RROH\��%D\�RI�3OHQW\���
'DULQ�8QGHUKLOO��+DZNH¶V�%D\���+DUYH\�3KLOOLSV��*UHDWHU�:HOOLQJWRQ���5RELQ�9DQ�=RHOHQ�
DQG�/LQGVD\�*UXHEHU��7DVPDQ���-HVVH�%\WKHOO�DQG�3HWHU�$\VRQ��6RXWKODQG���DQG�ILQDOO\��
0DOLQGD�0DWWKHZVRQ�DQG�'RQ�&ODUN��+RUL]RQV���ZKR�VSRWWHG�WKH�VL]H�GLIIHUHQFH�DQG�LQLWLDWHG�
WKLV�SURMHFW��,�DOVR�WKDQN�7RP�'XWWRQ�IRU�WKH�FKHPLFDO�DQDO\VLV��$LPHH�0F.LQQRQ��$OH[�
0DWKLHX�DQG�(PLOLH�5RELQ�IRU�WHFKQLFDO�DVVLVWDQFH��DQG�4XHQWLQ�3D\QWHU�IRU�UHYLHZLQJ�DQ�
HDUOLHU�GUDIW�RI�WKH�UHSRUW��7KLV�SURMHFW�ZDV�IXQGHG�E\�DQ�(QYLUROLQN�JUDQW��+=/&�����
�

��� 5HIHUHQFHV�

�
$ORQVR�=DUD]DJD�0$��6iQFKH]�5XL]�0�������5HYLVLRQ�RI�WKH�7ULFKRVLURFDOXV�KRUULGXV�

�3DQ]HU��VSHFLHV�FRPSOH[��ZLWK�GHVFULSWLRQ�RI�WZR�QHZ�VSHFLHV�LQIHVWLQJ�WKLVWOHV�
�&ROHRSWHUD���&XUFXOLRQLGDH��&HXWRUK\QFKLQDH���$XVWUDOLDQ�-RXUQDO�RI�(QWRPRORJ\�����
���±�����

*URHQWHPDQ�5��.HOO\�'��)RZOHU�69��%RXUG{W�*:�������:KLFK�VSHFLHV�RI�WKH�WKLVWOH�
ELRFRQWURO�DJHQW�7ULFKRVLURFDOXV�DUH�SUHVHQW�LQ�1HZ�=HDODQG"�,Q��-XOLHQ�0+��6IRU]D�5��
%RQ�0&��(YDQV�+&��+DWFKHU�3(��+LQ]�+/��5HFWRU�%*�HGV�;,,�,QWHUQDWLRQDO�
6\PSRVLXP�RQ�%LRORJLFDO�&RQWURO�RI�:HHGV��/D�*UDQGH�0RWWH��)UDQFH����±���$SULO�
������3S�����±�����

5�'HYHORSPHQW�&RUH�7HDP�������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��
9LHQQD��$XVWULD��5�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��

6PLWK�95�������$�SKHQRO�K\SRFKORULWH�PDQXDO�GHWHUPLQDWLRQ�RI�DPRQLXP�QLWURJHQ�LQ�
.MHOGDKO�GLJHVWV�RI�SODQW�WLVVXH��&RPPXQLFDWLRQV�LQ�6RLO�6FLHQFH�DQG�3ODQW�$QDO\VLV�����
���±�����
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$SSHQGL[��� 1RGGLQJ�WKLVWOH�FURZQ�VDPSOLQJ�VKHHW�
�
1DPH�RI�FROOHFWRU�	�FRQWDFW�
GHWDLOV�
�
�
&ROOHFWLRQ�GDWH�

�

6LWH�FROOHFWHG�IURP��VLWH�QDPH��
UHJLRQ��*36��DOWLWXGH��
�
�
�

�

,V�QRGGLQJ�WKLVWOH��FLUFOH��� 5DUH�PRGHUDWHO\�FRPPRQ�YHU\�FRPPRQ� � (YHQO\�VSUHDG�SDWFK\�
:KDW�LV�WKH�PRVW�FRPPRQ�URVHWWH�
VL]H�FDWHJRU\�EDVHG�RQ�URXJK�
HVWLPDWH�RI�ORQJHVW�OHDI�OHQJWK"�
�FLUFOH��

6PDOOHU�WKDQ����FP� ���WR����FP� /DUJHU�WKDQ����FP�
�
$�UHODWLYHO\�HYHQ�PL[�

:DV�FURZQ�ZHHYLO�UHOHDVHG�DW�WKLV�
VLWH"�:KHQ"�,I�QRW�ZKHQ�ZDV�LW�
ILUVW�QRWLFHG�KHUH"�

�

$UH�RWKHU�QRGGLQJ�WKLVWOH�DJHQWV�
HVWDEOLVKHG��FLUFOH�"�

5HFHSWDFOH�ZHHYLO�� <HV�1R�8QVXUH�
*DOO�IO\�� � � <HV�1R�8QVXUH�

:KDW�RWKHU�FRQWURO�PHWKRGV�
DJDLQVW�QRGGLQJ�WKLVWOH�DUH�XVHG�
RQ�WKLV�VLWH"�

�

/DQG�XVH��FLUFOH�� 6KHHS� %HHI� 'DLU\� 'HHU� 2WKHU��SOHDVH�VSHFLI\���
+DV�ODQG�XVH�FKDQJHG�LQ�UHFHQW�
\HDUV"�:KHQ"�
�
:KDW�ZDV�WKH�SUHYLRXV�XVH"�

�

+DV�WKH�FXUUHQW�RZQHU�RZQHG�WKH�
SURSHUW\�ORQJ"�
�
�
&DQ�WKH\�FRPPHQW�RQ�ZKHWKHU�
QRGGLQJ�WKLVWOH�KDV�
GHFOLQHG�LQFUHDVHG"�
�

�

�
2WKHU�FRPPHQWV��
�


