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6XPPDU\�)LQDO�5HSRUW�±�2SHUDWLRQ�5HVHDUFK�����������
�
3URMHFW�&RGH��� � �����������
�
%XVLQHVV�,QVWLWXWLRQ��� /DQGFDUH�5HVHDUFK�
�
3URJUDPPH�/HDGHU��� 7LP�'DYLH�
�
3URJUDPPH�7LWOH�� � &RPPHUFLDO�&DWFKPHQW�
�
*RDO��7R�UHYLHZ�H[LVWLQJ�NQRZOHGJH�RQ�WKH�SUHYHQWLRQ��WUHDWPHQW�DQG�PDQDJHPHQW�RI�KLOO�
FRXQWU\�HURVLRQ��
�
&RQWH[W�RI�WKH�SURMHFW���
/DQGFDUH�5HVHDUFK��LQ�FROODERUDWLRQ�ZLWK�$J5HVHDUFK��+RUW5HVHDUFK�DQG�WKH�8QLYHUVLW\�
RI�$XFNODQG��ZDV�FRQWUDFWHG�E\�0$)3ROLF\�WR�UHYLHZ�H[LVWLQJ�NQRZOHGJH�RQ�WKH�
SUHYHQWLRQ��WUHDWPHQW�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ��7KH�VFRSH�RI�WKH�UHYLHZ�
LQFOXGHG��VRXUFHV�DQG�IORZV�RI�VHGLPHQW��PDQDJHPHQW�SUDFWLFHV��DQG�WKHLU�ORQJ�WHUP�
PDQDJHPHQW��XVHG�LQ�WKH�WUHDWPHQW�RI�HURVLRQ��VRFLDO�OHDUQLQJ�DQG�DGDSWDWLRQ�WR�WUHDWLQJ�
DQG�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ��7KH�SURMHFW�DOVR�VRXJKW�WR�LGHQWLI\�JDSV�LQ�H[LVWLQJ�
NQRZOHGJH�DQG�IXWXUH�UHVHDUFK�UHTXLUHPHQWV��
�
$SSURDFK��
$Q�LQYHQWRU\�DQG�V\QWKHVLV�RI�H[LVWLQJ�NQRZOHGJH�DQG�FXUUHQW�ZRUN�RQ�HURVLRQ�SURFHVVHV��
PLWLJDWLRQ�RSWLRQV��DQG�VRFLDO�OHDUQLQJ�LQ�WKH�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�ZDV�
FRPSLOHG��5HJLRQDO�FRXQFLOV��NH\�LQGXVWU\�JURXSV��IDUPLQJ�DQG�IRUHVWU\���FHQWUDO�
JRYHUQPHQW�DJHQFLHV��XQLYHUVLWLHV�DQG�&URZQ�5HVHDUFK�,QVWLWXWHV�ZHUH�VXUYH\HG�WR�DFFHVV�
LQIRUPDWLRQ�RQ�XQSXEOLVKHG�OLWHUDWXUH��FXUUHQW�UHVHDUFK�DQG�UHVHDUFK�FDSDELOLW\��VRXUFHV�
XVHG�WR�SURYLGH�PDQDJHPHQW�LQIRUPDWLRQ��H[SHULHQFH�ZLWK�VRFLDO�OHDUQLQJ�DQG�DGDSWLYH�
PDQDJHPHQW��DQG�LQGLYLGXDO�YLHZV�RQ�LQIRUPDWLRQ�JDSV�DQG�UHVHDUFK�QHHGV��
�
5HFRPPHQGDWLRQV��
)XWXUH�UHVHDUFK�QHHGV��$�VXUYH\�RI�UHJLRQDO�FRXQFLOV��LQGXVWU\��FHQWUDO�JRYHUQPHQW�
DJHQFLHV�DQG�VFLHQFH�SURYLGHUV�LGHQWLILHG�D�ZLGH�YDULHW\�RI�UHVHDUFK�QHHGV�WR�DVVLVW�
LPSURYHG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ��*DSV�LGHQWLILHG�E\�WKH�JUHDWHVW�QXPEHU�RI�
VWDNHKROGHUV�LQFOXGHG��

•� DELOLW\�WR�PHDVXUH�UHJLRQDO�FDWFKPHQW�UDWHV�RI�HURVLRQ�DQG�GHWHUPLQH�ZKDW�LV�
WROHUDEOH��LQFOXGLQJ�PHDVXULQJ�WKH�FRQWULEXWLRQ�IURP�GLIIHUHQW�ODQG�XVHV�DQG�ODQG�
PDQDJHPHQW�SUDFWLFHV��EHLQJ�DEOH�WR�GLVWLQJXLVK�QDWXUDO�DQG�LQGXFHG�HURVLRQ��DQG�
WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�SURFHVVHV�

•� LQWHJUDWHG�UHVHDUFK�RQ�VHGLPHQW�G\QDPLFV��FRQQHFWLYLW\�DQG�ODJV��ZLWKLQ�
FDWFKPHQWV�DQG�GRZQVWUHDP�HIIHFWV��LQFOXGLQJ�VORSH±FKDQQHO�OLQNDJHV�

•� GHYHORSPHQW�RI�HURVLRQ�SUHGLFWLRQ�WRROV�PRGHOV�LQFRUSRUDWLQJ�ODQG�
XVH�PDQDJHPHQW�HIIHFWV�DQG�DEOH�WR�GLVWLQJXLVK�GLIIHUHQW�HURVLRQ�SURFHVVHV�
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•� HIIHFWLYHQHVV�RI�VSDFH�SODQWHG�WUHHV��LQFOXGLQJ�ZLOORZV��SRSODUV�DQG�QDWLYHV��IRU�
HURVLRQ�FRQWURO�DQG�WKHLU�PDQDJHPHQW�UHTXLUHPHQWV��DQG�RWKHU�HURVLRQ�FRQWURO�
PHDVXUHV��RYHU�D�UDQJH�RI�HYHQW�PDJQLWXGHV�

•� FRVW±EHQHILW�DQDO\VLV�RI�GLIIHUHQW�PLWLJDWLRQ�WHFKQLTXHV�LQFOXGLQJ�FR�EHQHILWV�RI�
HURVLRQ�FRQWURO�RQ�FDUERQ�VWRUDJH��UROH�RI�HURVLRQ�LQ�WKH�FDUERQ�EXGJHW�

•� HIIHFWLYH�FRPPXQLW\�HQJDJHPHQW�SURFHVVHV�IRU�HURVLRQ�DQG�FDWFKPHQW�
PDQDJHPHQW��DQG�LPSURYHG�WHFKQRORJ\�WUDQVIHU��

�
6XPPDU\��
�
+LOO�FRXQWU\�GHVFULSWLRQ��+LOO�FRXQWU\�ZDV�GHILQHG�DV�LQFOXGLQJ�
µDOO�ORZODQG�DQG�PRQWDQH�KLOO�DQG�VWHHSODQGV��VORSH�!������FODVVLILHG�DV�ODQG�XVH�
FDSDELOLW\��/8&��FODVV�������RU����DQG�EHLQJ�GHVFULEHG�LQ�WKH�XQLW�GHVFULSWLRQV�LQ�WKH�1HZ�
=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�DV�KLOO�FRXQWU\¶��
7KLV�ODQG�LV�ZLGHO\�DFFHSWHG�DV�FDSDEOH�RI�VXVWDLQDEOH�SDVWRUDO�DQG�FRPPHUFLDO�IRUHVWU\�
SURGXFWLRQ��SURYLGHG�DSSURSULDWH�VRLO�FRQVHUYDWLRQ�PHDVXUHV�DQG�SUDFWLFHV�DUH�XVHG��,W�
FRYHUV����PLOOLRQ�KH[WDUHV��WKH�PDMRULW\�������RI�ZKLFK�RFFXUV�LQ�WKH�1RUWK�,VODQG��LV�
SK\VLFDOO\�GLYHUVH��DQG��DV�D�FRQVHTXHQFH��WKH�SURGXFWLYH�SRWHQWLDO�DQG�LWV�UHVSRQVH�WR�
ODQG�XVH�DQG�HQYLURQPHQWDO�SUHVVXUH�YDU\�VLJQLILFDQWO\��7ZHQW\�RQH�GLIIHUHQW�W\SHV�RI�KLOO�
FRXQWU\�WHUUDLQ�DUH�GHILQHG�����LQ�WKH�1RUWK�,VODQG�DQG���LQ�WKH�6RXWK�,VODQG��EDVHG�RQ�
URFN�W\SH��WRSRJUDSK\��HURVLRQ�SURFHVVHV�DQG�VHYHULW\��$�EURDG�FODVVLILFDWLRQ�RI�HURVLRQ�
VXVFHSWLELOLW\�ZDV�XVHG�WR�JURXS�WKH�WHUUDLQV�LQWR�ORZ��PHGLXP��DQG�KLJK�VXVFHSWLELOLW\��
7KUHH�WHUUDLQV�ZHUH�UDWHG�KLJK��RQ�VRIW�URFN�DQG�FUXVKHG�VRIW�URFN���ILYH�ZHUH�ORZ��RQ�
KDUG�URFNV�RU�HDVLHU�VORSHV��DQG�WKH�UHPDLQGHU�PHGLXP��
�
,Q�WKH�1RUWK�,VODQG��WKH�PDMRULW\�RI�KLOO�FRXQWU\�LV�GHYHORSHG�RQ�VRIW�URFN�DQG�FUXVKHG�VRIW�
URFN�WHUUDLQ�LQ�WKH�VRXWK�HDVW�DQG�ZHVW�RI�WKH�LVODQG��ZLWK�VPDOOHU�DUHDV�RI�YROFDQLF�DVK�
DQG�ORHVV�PDQWOHG�WHUUDLQ��ODUJHO\�RQ�WKH�SHULSKHU\�RI�WKH�&HQWUDO�9ROFDQLF�=RQH���KDUG�
URFN�KLOO�FRXQWU\�RQ�WKH�PDUJLQV�RI�WKH�D[LDO�UDQJHV��DQG�GHHSO\�ZHDWKHUHG�VHGLPHQWDU\�
DQG�LJQHRXV�URFNV��LQ�1RUWKODQG�DQG�RQ�WKH�&RURPDQGHO�3HQLQVXOD���:KLOH�HURVLRQ�LV�
ZLGHVSUHDG��RQO\���������KD�KDV�D�PDSSHG�HURVLRQ�VHYHULW\�RI�VHYHUH��YHU\�VHYHUH�RU�
H[WUHPH��PRVWO\�ORFDWHG�RQ�WKH�(DVW�&RDVW��ZLWK�VPDOOHU�DUHDV�LQ�LQODQG�7DUDQDNL��
&RURPDQGHO�DQG�1RUWKODQG��7KH�1RUWK�,VODQG�KLOO�FRXQWU\�LV�GRPLQDWHG�E\�PDVV�
PRYHPHQW�HURVLRQ��VRLO�VOLS���HDUWKIORZ�DQG�JXOO\�HURVLRQ���
�
,Q�WKH�6RXWK�,VODQG�PRVW�KLOO�FRXQWU\�LV�GHYHORSHG�RQ�KDUG�URFN�WHUUDLQ��ZLWK�PLQRU�DUHDV�
RQ�VRIW�URFNV�DQG�ZHDWKHUHG�KDUG�URFNV��/RHVV�PDQWOHV�PDQ\�KLOO�FRXQWU\�DUHDV�LQ�WKH�HDVW�
RI�WKH�6RXWK�,VODQG��7KH�6RXWK�,VODQG�LV�GRPLQDWHG�E\�VXUIDFH�HURVLRQ��ZLWK�PDVV�
PRYHPHQW�HURVLRQ�IDU�OHVV�H[WHQVLYH�WKDQ�LQ�WKH�1RUWK�,VODQG��/HVV�WKDQ���������KD�KDYH�
DQ�HURVLRQ�VHYHULW\�UDQNLQJ�RI�VHYHUH��YHU\�VHYHUH�RU�H[WUHPH��
�
(URVLRQ�SURFHVVHV��7KHUH�LV�D�VXEVWDQWLDO�ERG\�RI�OLWHUDWXUH�GHVFULELQJ�ERWK�QDWXUDO�DQG�
LQGXFHG�HURVLRQ�LQ�KLOO�FRXQWU\��DOWKRXJK�PXFK�RI�LW�LV�GHVFULSWLYH��SDUWLFXODUO\�WKH�SUH�
����V�OLWHUDWXUH��DQG�LW�LV�SDWFK\�LQ�LWV�JHRJUDSKLFDO�FRYHUDJH�DQG�XQGHUVWDQGLQJ�RI�WKH�
�������������������������������������������������
��6RLO�VOLS�LV�WKH�WHUP�XVHG�LQ�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�WR�UHIHU�WR�VKDOORZ��WUDQVODWLRQDO�
ODQGVOLGHV��
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PHFKDQLFV�DQG�VLJQLILFDQFH�RI�GLIIHUHQW�SURFHVVHV��/DQGVOLGHV��DQG�WKHLU�LPSDFWV��DUH�WKH�
EHVW�VWXGLHG�HURVLRQ�SURFHVV��*XOO\�DQG�HDUWKIORZ�HURVLRQ�DUH�IDU�OHVV�ZHOO�VWXGLHG��
5HVHDUFK�LQWR�KLOO�FRXQWU\�HURVLRQ�LV�SDWFK\�JHRJUDSKLFDOO\��5HFHQW��SRVW�������UHVHDUFK�
KDV�IRFXVHG�RQ�WKH�PRVW�KLJKO\�HURGLEOH�DUHDV��RIWHQ�LQ�UHVSRQVH�WR�WKH�LPSDFWV�RI�VWRUPV��
7KH�:HOOLQJWRQ�DQG�:DLUDUDSD�DUHDV��+DZNH¶V�%D\�DQG�*LVERUQH�DUHDV��SDUWLFXODUO\�/DNH�
7XWLUD�DQG�WKH�:DLSDRD�FDWFKPHQW���WKH�7DUDQDNL�UHJLRQ�DQG�WKH�0DQDZDWX±:DQJDQXL�
DUHD�KDYH�EHHQ�PDMRU�IRFL�IRU�UHVHDUFK��)DU�OHVV�LV�NQRZQ�RI�KLOO�FRXQWU\�HURVLRQ�
SURFHVVHV�LQ�DUHDV�VXFK�DV�1RUWKODQG��&RURPDQGHO��:DLNDWR±.LQJ�&RXQWU\��WKH�&HQWUDO�
1RUWK�,VODQG�9ROFDQLF�3ODWHDX�DQG�WKH�6RXWK�,VODQG��
�
*HRORJ\��URFN�W\SH��LQGXUDWLRQ��UHJROLWK�FRPSRVLWLRQ��GUDLQDJH�DQG�SHUPHDELOLW\���XSOLIW�
UDWHV��DQG�FOLPDWH��UDLQIDOO�DPRXQWV�DQG�LQWHQVLWLHV��IUHTXHQF\�RI�ODUJH�VWRUPV��ODUJHO\�
GHWHUPLQH�WKH�ODQGVFDSH¶V�LQKHUHQW�VXVFHSWLELOLW\�WR�HURVLRQ��LQFOXGLQJ�WKH�UHVSRQVH�WR�
YHJHWDWLRQ�FKDQJH��6XVFHSWLELOLW\�WR�HURVLRQ�LV�UHDGLO\�LGHQWLILDEOH�DW�D�UHJLRQDO�VFDOH�DQG�
LQFUHDVLQJO\�WRROV�DQG�PHWKRGV�DUH�EHFRPLQJ�DYDLODEOH�WKDW�FDQ�EH�XVHG�DW�KLOOVORSH�DQG�
IDUP�VFDOH��/DUJH�VWRUPV��RU�ORQJ�ZHW�SHULRGV��GULYH�PDVV�PRYHPHQW��ODQGVOLGH��
HDUWKIORZ��RQ�KLOOVORSHV��7KHVH�DUH�KLJK�PDJQLWXGH�HYHQWV�WKDW�RFFXU�DW�ORZ�IUHTXHQF\��
)RU�IOXYLDO�HURVLRQ��JXOO\LQJ��EDQN�DQG�FKDQQHO�HURVLRQ��WKH�VPDOOHU�PRUH�IUHTXHQW�VWRUPV�
DUH�PRUH�LPSRUWDQW��L�H��ORZ�PDJQLWXGH��KLJK�IUHTXHQF\�HYHQWV���(DUWKTXDNHV�DUH�D�
VLJQLILFDQW�GULYHU�IRU�GHHS�VHDWHG�PDVV�PRYHPHQWV�DQG�DUH�PXFK�ORZHU�IUHTXHQF\�HYHQWV��
�
6KDOORZ�ODQGVOLGHV�DIIHFW�WKH�JUHDWHVW�SURSRUWLRQ�RI�KLOO�FRXQWU\�WHUUDLQ��HDUWKIORZ��
VOXPSV��DQG�JXOO\�HURVLRQ�DUH�IDU�OHVV�H[WHQVLYH�DQG�IUHTXHQW��7KH�UHODWLYH�LPSDFW�RI�
VKHHWZDVK�HURVLRQ�DQG�LWV�FRQWULEXWLRQ�WR�WKH�VHGLPHQW�EXGJHW�LQ�SDVWRUDO�KLOO�FRXQWU\�
DUHDV�LV�SRRUO\�NQRZQ��6KHHWZDVK�LV�WKH�OHDVW�LPSRUWDQW�RI�WKH�VHGLPHQW�JHQHUDWLQJ�
SURFHVVHV�RQ�IRUHVW�FXWRYHU��ZLWK�VKDOORZ�ODQGVOLGLQJ��URDGV�DQG�ODQGLQJV�JHQHUDWLQJ�WKH�
PRVW�VHGLPHQW��6KDOORZ�ODQGVOLGHV�DQG�JXOO\�HURVLRQ�UHVXOW�LQ�WKH�JUHDWHVW��ORQJ�WHUP��RQ�
VLWH��ORVV�RI�VRLO�GHSWK�DQG�SURGXFWLYH�FDSDFLW\��DQG�RII�VLWH��VHGLPHQWDWLRQ�DQG�IORRGLQJ��
HQYLURQPHQWDO�GHJUDGDWLRQ��3URGXFWLYLW\�RQ�ODQGVOLGH�VFDUV�DIWHU����\HDUV�LV�����RI�WKDW�
IRU�VWDEOH�VLWHV�XQDIIHFWHG�E\�ODQGVOLGLQJ��*XOO\�HURVLRQ�QHHGV�WR�EH�LGHQWLILHG�DQG�WUHDWHG�
HDUO\��8QWUHDWHG�JXOOLHV�LQFUHDVH�LQ�VL]H�DQG�DFWLYLW\�RYHU�WLPH��OHVVHQLQJ�WKH�FKDQFH�RI�
WUHDWPHQW�EHLQJ�VXFFHVVIXO��
�
&ORVHG�FDQRS\�ZRRG\�YHJHWDWLRQ�UHGXFHV�UDWHV�RI�KLOOVORSH�HURVLRQ�E\�DQ�RUGHU�RI�
PDJQLWXGH�RQ�WKH�PRVW�VXVFHSWLEOH�WHUUDLQ��RQ�RWKHU�WHUUDLQ�KLOOVORSH�HURVLRQ�LV�UHGXFHG�
EXW�WKH�GHJUHH�RI�UHGXFWLRQ�LV�QRW�DV�ZHOO�TXDQWLILHG��9HJHWDWLYH�HURVLRQ�FRQWURO�WKURXJK�
UHIRUHVWDWLRQ��UHYHUVLRQ�DQG�SROH�SODQWLQJ�KDV�SURYHQ�VXFFHVVIXO�IRU�FRQWUROOLQJ�PXFK�
HURVLRQ��+RZHYHU��WKH�XVH�RI�SROH�SODQWLQJ�IRU�WKH�WUHDWPHQW�RI�ODUJH�DQG�DFWLYH�PDVV�
PRYHPHQW�IHDWXUHV��HDUWKIORZ�DQG�VOXPS��DQG�JXOO\�HURVLRQ��LQ�WKH�PRVW�KLJKO\�HURGLEOH�
WHUUDLQV��KDV�KDG�RQO\�OLPLWHG�VXFFHVV��6SDFH�SODQWHG�SROHV�FDQ�SURYLGH�SURWHFWLRQ�DJDLQVW�
WKH�LQLWLDWLRQ�RI�VKDOORZ�ODQGVOLGHV�LI�SODQWHG�LQ�VXIILFLHQW�QXPEHUV�DQG�LQ�WKH�DSSURSULDWH�
SRVLWLRQ�RQ�VORSHV��
�
7KH�LPSDFWV�RI�SUH��RU�SRVW�(XURSHDQ�GHIRUHVWDWLRQ�KDYH�SHUVLVWHG�IRU�PRUH�WKDQ�D�
FHQWXU\�HVSHFLDOO\�LQ�WKRVH�ODQGVFDSHV�ZLWK�WKLFN�UHJROLWKV�DQG�RU�VRIW�URFNV��+DUYHVWLQJ�
RI�IRUHVWV�LQFUHDVHV�HURVLRQ�UDWHV�LQ�WKH�VKRUW�WHUP��EXW�RYHU�WKH�OHQJWK�RI�D�IRUHVW�URWDWLRQ�
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SDVWXUH�SURGXFHV�PRUH�VHGLPHQW�WKDQ�IRUHVWU\��&OLPDWH�FKDQJH�LV�OLNHO\�WR�H[DFHUEDWH�
HURVLRQ�SUREOHPV�LQ�WKH�ZRUVW�DIIHFWHG�DUHDV�VLQFH�LW�LV�SUHGLFWHG�WR�FDXVH�KHDYLHU�DQG�RU�
PRUH�IUHTXHQW�H[WUHPH�UDLQIDOOV��
�
(URVLRQ�FRQWURO�LQIRUPDWLRQ�VRXUFHV��7KHUH�LV�D�ZLGH�UDQJH�RI�LQIRUPDWLRQ�VRXUFHV�RQ�
PDQDJHPHQW�RSWLRQV�IRU�SUHYHQWLQJ�DQG�FRQWUROOLQJ�HURVLRQ�LQ�1HZ�=HDODQG�KLOO�FRXQWU\��
7KH�3ODQW�0DWHULDOV�+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ����YROXPHV��VXPPDULVHG�WKH�VWDWH�
RI�NQRZOHGJH�XS�WR�WKH�����V�RQ�YHJHWDWLRQ�RSWLRQV�IRU�PDQDJLQJ�VRLO�HURVLRQ��&RQWURO�RI�
6RLO�(URVLRQ�RQ�)DUPODQG��+LFNV�������ZDV�SXEOLVKHG�E\�0$)�LQ������DQG�VXPPDULVHG�
D�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�RQ�DJULFXOWXUDO�WHFKQLTXHV�IRU�PDQDJLQJ�VRLO�HURVLRQ�
WKURXJKRXW�1HZ�=HDODQG��7KH�6RLO�&RQVHUYDWLRQ�7HFKQLFDO�+DQGERRN��SXEOLVKHG�LQ�������
GHVFULEHV�D�UDQJH�RI�SODQW�DQG�HQJLQHHULQJ�WHFKQLTXHV�IRU�WUHDWLQJ�DOO�KLOO�FRXQWU\�HURVLRQ�
W\SHV��0RVW�UHJLRQDO�FRXQFLOV�XVH�WKHVH�VRXUFHV�DQG�KDYH�GHYHORSHG�ORFDOO\�UHOHYDQW�DQG�
SUDFWLFDO�UHVRXUFHV�WKDW�WKH\�XVH�WR�SURYLGH�DGYLFH�WR�IDUPHUV��IDFW�VKHHWV��QHZVOHWWHUV��
ZHEVLWH�LQIRUPDWLRQ��HWF����0XFK�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�3ODQW�0DWHULDOV�
+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ��DORQJ�ZLWK�PRUH�UHFHQW�UHVHDUFK�DQG�XVHU�NQRZOHGJH�RQ�
VLWH�FKDUDFWHULVDWLRQ��SODQW�VHOHFWLRQ��WUHH±SDVWXUH�LQWHUDFWLRQV��HURVLRQ�ULVNV�DQG�ILQDQFLDO�
SODQQLQJ�KDV�EHHQ�SDFNDJHG�LQWR�D�IUHHO\�DYDLODEOH�GHFLVLRQ�VXSSRUW�V\VWHP�FDOOHG�WKH�
µ*UHHQ�7RROER[¶��7KHUH�KDYH�EHHQ�VHYHUDO�LWHUDWLRQV�RI�D�&RGH�RI�3UDFWLFH�IRU�SODQWDWLRQ�
IRUHVWU\��WKH�PRVW�UHFHQW�RI�ZKLFK�ZDV�SXEOLVKHG�LQ�������SURYLGLQJ�SUDFWLFDO�DGYLFH�IRU�
PDQDJLQJ�WKH�HQYLURQPHQWDO�LPSDFWV�RI�IRUHVWU\��
�
(URVLRQ�FRQWURO�WHFKQLTXHV��2Q�KLOO�VORSHV�ZLWKRXW�D�ZRRG\�FRPSRQHQW��PDLQWDLQLQJ�D�
SHUVLVWHQW��FRPSOHWH�SDVWXUH�FRYHU�UHGXFHV�VXUIDFH�HURVLRQ�SURFHVVHV�RI�ZLQG��VKHHW�ZDVK��
DQG�ULOOLQJ��7KH�PRVW�HIIHFWLYH�YHJHWDWLRQ�IRU�FRQWUROOLQJ�PDVV�PRYHPHQW�RQ�WKH�PRVW�
VHYHUHO\�HURGLQJ�ODQG�LV�PDWXUH�FORVHG�FDQRS\��LQGLJHQRXV�RU�H[RWLF�IRUHVW��L�H��D�FKDQJH�
LQ�ODQG�XVH���
�
7ZR�WLHU�V\VWHPV�XVLQJ�D�ZRRG\�FRPSRQHQW��XVXDOO\�3RSXOXV��6DOL[��(XFDO\SWXV��3LQXV��
RU�$FDFLD�VSS���KDYH�FRPPRQO\�EHHQ�XVHG�WR�UHGXFH�WKH�OLNHOLKRRG�RI�PDVV�PRYHPHQW�
ZKLOH�PDLQWDLQLQJ�SDVWRUDO�ODQG�XVH��7KHVH�DUH�HLWKHU�SODFHG�DW�VWUDWHJLF�SRVLWLRQV�RQ�D�
VORSH��H�J��WKRVH�ZLWK�PD[LPXP�SRWHQWLDO�IRU�HURVLRQ���RU�LQ�D�V\VWHPDWLF�SODQWLQJ�JULG�
DFURVV�WKH�VORSH��7UHHV�IRU�VORSH�VWDELOLVDWLRQ�VKRXOG�EH�SODQWHG�DW���î���P�WR����î����P�
VSDFLQJ�GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�ODQGVOLGLQJ��DQG�LW�LV�UHFRPPHQGHG�WKDW�SODQWLQJ�EH�
H[WHQGHG�EH\RQG�WKH�VOLSSHG�ODQG�RQ�WR�UHODWLYHO\�VWDEOH�JURXQG��/DWHUDO�URRWV�RI�
EURDGOHDYHG�WUHHV�LQWHUORFN�IRU�GLVWDQFHV�RI�XS�WR����P�IURP�WKH�WUXQN��DQG�IRUP�YHU\�
GHQVH�QHWZRUNV�ZLWKLQ���RU���P�RI�WKH�WUXQN��7UHHV�FDQ�EH�SODQWHG�RQ�VOLSSHG�VLWHV�EXW�LW�LV�
UHFRPPHQGHG�WKDW�WKH\�EH�SODQWHG�RQ�VLWHV�ZLWK�SRWHQWLDO�WR�VOLS��UDWKHU�WKDQ�IRU�
UHPHGLDWLRQ��
�
&RQWURO�RI�JXOO\�HURVLRQ�DLPV�WR�UHGXFH�IXUWKHU�GHHSHQLQJ�DQG�XQGHUFXWWLQJ��7KH�VHYHULW\�
RI�WKH�JXOO\�GLFWDWHV�WKH�W\SH�RI�WUHDWPHQW��)RU�VKDOORZ������P�GHHS��DQG�PRGHUDWH���±��P�
GHHS��JXOOLHV��VSDFHG�SODQWLQJ�RI�3RSXOXV�RU�6DOL[�VSS��LQ�FRPELQDWLRQ�ZLWK�HQJLQHHULQJ�
VWUXFWXUHV��H�J��GHEULV�GDPV���ZKLOH�WKH�WUHHV�HVWDEOLVK��LV�UHFRPPHQGHG��7KH�PRVW�
VXFFHVVIXO�V\VWHP�LV�µSDLU�SODQWLQJ¶�XS�WKH�JXOO\�DW��±���P�VSDFLQJ�EHWZHHQ�SDLUV��(DFK�
SDLU�FRPSULVHV�D�WUHH�RQ�RSSRVLWH�VLGHV�RI�WKH�JXOO\��IUHTXHQWO\�EHWZHHQ���DQG���P�DSDUW��
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RU�DOWHUQDWH�SODQWLQJ�LQ�D�µ]LJ]DJ¶�IDVKLRQ�DORQJ�RSSRVLWH�VLGHV�RI�WKH�JXOO\��6HYHUHO\�
HURGLQJ�JXOOLHV�VKRXOG�EH�UHWLUHG�IURP�JUD]LQJ�DQG�FORVHG�SODQWHG�ZLWK�WUHHV��
�
(DUWKIORZV�DQG�VOXPSV�FDQ�EH�VWDELOLVHG�E\�VSDFH�SODQWHG�WUHHV�DQG�DIIRUHVWDWLRQ��DORQJ�
ZLWK�WKH�XVH�RI�VXEVXUIDFH�GUDLQV�DQG�GLYHUVLRQ�EDQNV��7UHH�VSDFLQJV�UHFRPPHQGHG�YDU\�
GHSHQGLQJ�RQ�DWWULEXWHV�VXFK�DV�WKH�H[WHQW�RI�WKH�HDUWKIORZ��LWV�PRYHPHQW�DQG�VWDJH�RI�
GHYHORSPHQW��DQG�GHSWK�WR�WKH�IDLOXUH�SODQH��2Q�LQWHUPLWWHQWO\�PRYLQJ�RU�FUHHSLQJ�
HDUWKIORZV��WUHH�VSDFLQJ�RI������P�PD\�HQDEOH�DGHTXDWH�HURVLRQ�FRQWURO�DQG�VDWLVIDFWRU\�
SDVWXUH�SURGXFWLRQ��ZKHUHDV�IRU�PRUH�DFWLYH��FRQWLQXRXVO\�PRYLQJ�HDUWKIORZV��VSDFLQJV���
��P�DUH�UHFRPPHQGHG�WR�HQFRXUDJH�GHYHORSPHQW�RI�D�GHQVHU�URRW�QHWZRUN��'HHS�
HDUWKIORZV��H�J��VHYHUDO�PHWUHV�GHHS��DUH�PXFK�PRUH�GLIILFXOW�WR�FRQWURO�ZLWK�YHJHWDWLRQ�
DQG�GHZDWHULQJ�ZLWK�IDVW�JURZLQJ�HYHUJUHHQ�VSHFLHV�DQG�VXEVXUIDFH�GUDLQV�DUH�
UHFRPPHQGHG��
�
3RSXOXV�DQG�6DOL[�VSHFLHV�DUH�RIWHQ�SUHIHUUHG�ZKHUH�HURVLRQ�LV�PHGLDWHG�E\�VXUSOXV�VRLO�
ZDWHU�DQG�LW�LV�IHDVLEOH�WR�JUD]H�OLYHVWRFN��VKHHS��GXULQJ�WUHH�HVWDEOLVKPHQW��$FDFLD�VSS��
DQG�(XFDO\SWXV�VSS��DUH�UHFRPPHQGHG�IRU�XVH�RQ�VHDVRQDOO\�GURXJKW�SURQH�VLWHV�VXFK�DV�
WKRVH�RQ�XSSHU�VORSHV�ZLWK�QRUWKHUO\�DVSHFW��ZKHUH�3RSXOXV�VSS��DQG�6DOL[�VSS��FDQ�IDLO�WR�
HVWDEOLVK�RU�VXUYLYH��7ZR�WLHU�V\VWHPV�LQYROYLQJ�3LQXV�UDGLDWD�RULJLQDWHG�DV�D�FRPSRQHQW�
RI�IRUHVWU\�PDQDJHPHQW�LQ�WKH�ODWH�����V�±�HDUO\�����V�DQG�DLPHG�WR�GHULYH�GXDO�EHQHILWV�
RI�WLPEHU�SURGXFWLRQ�DW�PDWXULW\�DQG�PHDW�ZRRO�LQFRPH�LQ�DW�OHDVW�WKH�HDUO\�DQG�
LQWHUPHGLDWH�\HDUV�RI�WKH�WUHH�URWDWLRQ��7KH�V\VWHP�ZDV�DOVR�GHHPHG�WR�EH�XVHIXO�IRU�
HURVLRQ�FRQWURO��WKRXJK�WKHUH�DUH�QR�VSHFLILF�GHWDLOHG�VWXGLHV�RI�WKH�HURVLRQ�EHQHILWV�RI�
DJURIRUHVWU\�V\VWHPV��
�
(IIHFWLYHQHVV�RI�FRQWUROOLQJ�HURVLRQ�ZLWK�YHJHWDWLRQ��7KH�HIIHFWLYHQHVV�RI�PDWXUH��
FORVHG�FDQRS\�LQGLJHQRXV�RU�H[RWLF�IRUHVW�IRU�FRQWUROOLQJ�YDULRXV�W\SHV�RI�PDVV�
PRYHPHQW�LV�ZHOO�GRFXPHQWHG�LQ�D�UDQJH�RI�KLOO�FRXQWU\�WHUUDLQV��LQFOXGLQJ�VRIW�URFN��
FUXVKHG�VRIW�URFN��GHHSO\�ZHDWKHUHG�URFNV��DQG�VWHHS�KDUG�URFN���DQG�HYHQW�VL]HV��
LQFOXGLQJ�H[WUHPH�VWRUP�HYHQWV�VXFK�DV�&\FORQH�%ROD��,Q�WZR�WLHU�V\VWHPV�ZKHUH�WUHHV�DUH�
VSDFHG�WR�HQDEOH�VDWLVIDFWRU\�HURVLRQ�FRQWURO�DQG�WKH�PDLQWHQDQFH�RI�DQ�XQGHUVWRUH\�
SDVWXUH�IRU�OLYHVWRFN�JUD]LQJ��PHDVXUHV�RI�HIIHFWLYHQHVV�IRU�HURVLRQ�FRQWURO�DUH�QRW�DV�ZHOO�
GRFXPHQWHG�VFLHQWLILFDOO\�DV�IRU�PDWXUH�IRUHVWV��,W�LV�HVWLPDWHG�PDWXUH�WUHHV�RI�3RSXOXV�
VSS��DQG�6DOL[�VSS��DQG�RWKHU�EURDGOHDYHG�VSHFLHV�DW�VSDFLQJV�RI����P�RU�OHVV�FDQ�UHGXFH�
ODQGVOLGLQJ�LQ�SDVWXUH�E\���±�����ZKHUHDV�SDUWLDO�SODQWLQJ�RI�HURVLRQ�SURQH�VORSHV�ZLWK�
WUHHV�FDQ�UHGXFH�ODQGVOLGLQJ�E\���±�����DQG�VLPLODUO\�IRU�DUHDV�ZKHUH�ROGHU�WUHH�VWDQGV�
KDYH�QRW�EHHQ�PDLQWDLQHG��7KH�HIIHFWLYHQHVV�RI�3RSXOXV�DQG�6DOL[�IRU�FRQWUROOLQJ�JXOO\�
DQG�HDUWKIORZ�HURVLRQ�LQ�VRIW�URFN�WHUUDLQ�LQ�WKH�*LVERUQH±(DVW�&RDVW�UHJLRQ�ZDV�
GHWHUPLQHG�LQ�����±���IROORZLQJ�&\FORQH�%ROD��)RU�JXOOLHV�����P�GHHS��WUHH�VSDFLQJ�RI�
�±��P�ZDV�VXFFHVVIXO�LQ���RI����VLWHV��ZKHUHDV�D�VSDFLQJ�RI��±��P�ZDV�VXFFHVVIXO�LQ����RI�
���VLWHV��(URVLRQ�FRQWURO�RQ�HDUWKIORZ�VLWHV�ZLWK�VKDOORZ�XQWUHDWHG�WRH�JXOO\LQJ�ZDV�
VXFFHVVIXO�ZKHUH�VSDFLQJ�ZDV��±��P����RI���VLWHV���EXW�ORZHU�SURSRUWLRQV�RI�VLWHV�ZHUH�
VXFFHVVIXO�ZKHUH�VSDFLQJ�ZDV��±���P����RI����VLWHV��RU�JUHDWHU�WKDQ����P����RI����VLWHV���
7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�LQWHUDFWLRQ�EHWZHHQ�URRWV�RI�QHLJKERXULQJ�WUHHV�DW�FORVHU�
VSDFLQJV�ZDV�D�PDMRU�IDFWRU�LQ�WUHDWPHQW�VXFFHVV��5HFHQW�ZRUN�RQ�WKH�HIIHFWLYHQHVV�RI�
VSDFHG�WUHHV��PRVWO\�3RSXOXV�VSS��DQG�(XFDO\SWXV�VSS���KDV�PHDVXUHG�DWWULEXWHV�RI�



�

/DQGFDUH�5HVHDUFK�

�

LQGLYLGXDO�WUHHV�DQG�WUHH�VSDFLQJV��VR�WKDW�EHWWHU�LQIRUPDWLRQ�LV�EHFRPLQJ�DYDLODEOH�RQ�WKH�
FRQGLWLRQ�DQG�DUUDQJHPHQW�RI�WUHHV�DQG�WKHLU�URRW�V\VWHPV�WR�DOORZ�EHWWHU�
UHFRPPHQGDWLRQV�RQ�DSSURSULDWH�WUHH�VSDFLQJV�WR�PLQLPLVH�HURVLRQ��
�
6RFLDO�OHDUQLQJ�IRU�PDQDJLQJ�HURVLRQ��7KH�UHFRJQLWLRQ�WKDW�VRLO�HURVLRQ�LQ�ODUJH�WUDFWV�
RI�1HZ�=HDODQG�KLOO�FRXQWU\�LV�LQ�ODUJH�SDUW�D�UHVXOW�RI�ODQG�XVH�SUDFWLFHV��DQG�WKH�QHHG�WR�
DGGUHVV�VRFLDO�RU�EHKDYLRXUDO�IDFWRUV�DV�µGULYHUV¶�RI�DFFHOHUDWHG�VRLO�HURVLRQ��KDV�EHHQ�
DFNQRZOHGJHG�VLQFH�WKH�����V��+RZHYHU��UHVHDUFK�VSHFLILFDOO\�DGGUHVVLQJ�VRFLDO�DVSHFWV�
RI�WKH�LPSDFW�RI�ODQG�PDQDJHPHQW�RQ�VRLO�HURVLRQ�LQ�1HZ�=HDODQG�LV�OLPLWHG��:KLOH�RXU�
XQGHUVWDQGLQJ�RI�VRLO�HURVLRQ�DV�D�SK\VLFDO�SURFHVV�LV�ZHOO�DGYDQFHG��WKHUH�LV�OLWWOH�
SXEOLVKHG�UHVHDUFK�WKDW�VSHFLILFDOO\�DGGUHVVHV�ODQG�PDQDJHPHQW�IURP�D�VRFLDO�RU�
EHKDYLRXUDO�SHUVSHFWLYH��*LYHQ�WKH�EURDG�DFFHSWDQFH�WKDW�HURVLRQ�UHPDLQV�1HZ�=HDODQG¶V�
IXQGDPHQWDO�HQYLURQPHQWDO�WKUHDW��SDUWLFXODUO\�LQ�DJULFXOWXUH��WKH�H[WHQW�DQG�GHSWK�RI�
UHVHDUFK�DYDLODEOH�RQ�WKH�VRFLDO�DQG�EHKDYLRXUDO�FDXVHV�RI�WKH�SUREOHP��DQG�LWV�VROXWLRQ��
UHPDLQV�VXUSULVLQJO\�VPDOO��
�
:KLOH�ODUJH�VWRUPV�FRQWLQXH�WR�KDYH�D�VHYHUH�LPSDFW�RQ�PDQ\�KLOO�FRXQWU\�DUHDV��WKHUH�LV�
OLWWOH�HYLGHQFH�WKDW�WKLV�KDV�JHQHUDWHG�DQ\�VL]HDEOH�ERG\�RI�VRFLDO�VFLHQFH�UHVHDUFK�WR�
H[SRVH�HLWKHU�WKH�GULYHUV�RI�SUH�H[LVWLQJ�PDQDJHPHQW�SUDFWLFHV�RU�DWWLWXGHV�WR�WKH�QHHG�IRU�
IXWXUH�FKDQJH��6RPH�FRPPHQWDWRUV�VXJJHVW�HURVLRQ�PD\�ZHOO�KDYH�ZRUVHQHG�LQ�WKH�
DIWHUPDWK�RI�WKH�DJULFXOWXUDO�DQG�ORFDO�JRYHUQPHQW�UHIRUPV�RI�WKH�����V�DV�D�FRQVHTXHQFH�
RI�D�GHFOLQH�LQ�IDUPHUV¶�DELOLW\�WR�DIIRUG�WUHHV��DOWKRXJK�LW�LV�VXJJHVWHG�WKDW�DV�HFRQRPLF�
FRQGLWLRQV�LPSURYH�WKLV�FRXOG�EH�H[SHFWHG�WR�UHYHUVH��7KH�LQKHUHQW�DVVXPSWLRQ�EHKLQG�WKH�
����V¶�UHIRUPV�ZDV�WKDW�WKH�PDUNHW�ZRXOG�UHVXOW�LQ�D�PRUH�HIILFLHQW�SDWWHUQ�RI�ODQG�XVH�
�LPSOLFLWO\�WKLV�ZDV�H[SHFWHG�WR�LQYROYH�PRUH�WUHHV�UHSODFLQJ�SDVWXUH�LQ�HURVLRQ�SURQH�KLOO�
FRXQWU\���EXW�WKLV�KDV�QRW�RFFXUUHG��
�
5HFHQW�UHVHDUFK�KDV�PRUH�H[SOLFLWO\�H[DPLQHG�EHKDYLRXUDO�IDFWRUV�DVVRFLDWHG�ZLWK�
LQGLYLGXDO�ODQGKROGHUV¶�YLHZV�RQ�HURVLRQ�PDQDJHPHQW�DQG�FRQWURO��1HZ�=HDODQG¶V�
FRPPLWPHQW�WR�D�IUHH�PDUNHW�PRGHO�WR�SURPRWH�ODQG�XVH�FKDQJH�KDV�LQFUHDVLQJO\�IRFXVHG�
VRFLDO�UHVHDUFK�RQ�µVXVWDLQDEOH�ODQG�XVH¶��DQG�D�SULPDU\�DFFHSWDQFH�WKDW�YROXQWDU\�DFWLRQV�
E\�IDUPHUV�DUH�WKH�NH\�WR�DFKLHYH�GHVLUHG�RXWFRPHV��6RPH�OLWHUDWXUH�VXJJHVWV�WKLV�LV�
ODUJHO\�VHHQ�ZLWKLQ�WKH�FRQWH[W�RI�HFRQRPLF�YLDELOLW\��ZKLOH�RWKHU�VWXGLHV�VXJJHVW�LW�PRUH�
RIWHQ�UHIOHFWV�WKH�XQGHUO\LQJ�HQYLURQPHQWDO�YDOXHV�RI�WKRVH�IDUPHUV�FRQFHUQHG��7KH�
FRQWUDGLFWRU\�HYLGHQFH�VXJJHVWV�D�ODFN�RI�XQGHUVWDQGLQJ�RI�WKH�FKDUDFWHULVWLFV�DQG�YDOXHV�
ZKLFK�GHWHUPLQH�ODQG�PDQDJHPHQW�SUDFWLFHV��,W�LV�DOVR�DFNQRZOHGJHG�WKDW�RYHUVHDV�
YROXQWDU\�DSSURDFKHV�WR�HURVLRQ�FRQWURO�DQG�LPSURYHG�ODQG�PDQDJHPHQW�KDYH�QRW�DOZD\V�
EHHQ�VXFFHVVIXO��5HFHQW�LQLWLDWLYHV��VXFK�DV�WKH�(DVW�&RDVW�)RUHVWU\�3URMHFW�DQG�+RUL]RQ¶V�
6XVWDLQDEOH�/DQG�8VH�,QLWLDWLYH��UHIOHFW�D�UHYLYDO�LQ�LQWHUHVW�E\�FHQWUDO�DQG�ORFDO�
JRYHUQPHQW�LQ�VRLO�HURVLRQ�DQG�VXVWDLQDEOH�ODQG�XVH�LVVXHV��
�
7KHUH�LV�OLWWOH�HYLGHQFH�WKDW�WKHUH�KDV�EHHQ�HLWKHU�DQ�HIIHFWLYH�HIIRUW�E\�EHKDYLRXUDO�
VFLHQWLVWV�RU�WKH�QHFHVVDU\�IXOO�LQWHJUDWLRQ�RI�EHKDYLRXUDO�IDFWRUV�LQWR�PDQDJHPHQW�
SROLFLHV��1RU�KDV�WKHUH�EHHQ�PXFK�HIIRUW�SODFHG�RQ�LQVWLWXWLRQDO�EHKDYLRXU�DQG�WKH�QHHG�
IRU�LQVWLWXWLRQDO�VXSSRUW�LI�YROXQWDU\�VWUDWHJLHV�DUH�WR�UHPDLQ�1HZ�=HDODQG¶V�NH\�VWUDWHJ\�
IRU�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ��7KH�IDLOXUH�WR�PRYH�WR�D�PRUH�LQWHJUDWHG��
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PXOWLGLVFLSOLQDU\�DSSURDFK�LQFRUSRUDWLQJ�D�QXPEHU�RI�GLIIHUHQW�SK\VLFDO�DQG�VRFLDO�
VFLHQFH�GLVFLSOLQHV�LQ�KLOO�FRXQWU\�UHVHDUFK�LV�D�UHVXOW�RI�D�QXPEHU�RI�IDFWRUV�LQFOXGLQJ�
IXQGLQJ�FRQVWUDLQWV��ORZ�SULRULW\�JLYHQ�WR�HURVLRQ�UHVHDUFK�E\�IXQGHUV�DQG�UHVHDUFK�
SURYLGHUV��ODFN�RI�LQWHUHVW�DPRQJ�VRFLDO�VFLHQWLVWV��DQG�WKH�GLIILFXOW\�RI�PDQDJLQJ�
PXOWLGLVFLSOLQDU\�WHDP�DSSURDFKHV��0DQ\�VRFLDO�VFLHQWLVWV�DUH�ZRUNLQJ�RQ�EHKDYLRXUDO�
IDFWRUV�ZLWKLQ�WKH�FRQWH[W�RI�VXVWDLQDEOH�ODQG�PDQDJHPHQW��DQG�FRPPRQO\�UHFRJQLVH�WKDW�
HURVLRQ�FRQWURO�LV�D�NH\�FRPSRQHQW�LQ�WKLV�ZRUN��
�
5HVHDUFK�FDSDELOLW\�DQG�UHVHDUFK�SURJUDPPHV��$�ODUJH�QXPEHU�RI�VFLHQWLVWV�KDYH�
FDSDELOLW\�IRU�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK��EXW�D�IDU�VPDOOHU�QXPEHU�DUH�FXUUHQWO\�
DFWLYHO\�HQJDJHG�LQ�UHOHYDQW�UHVHDUFK��DQG�PDQ\�RI�WKRVH�WKDW�DUH�RQO\�KDYH�D�VPDOO�
SURSRUWLRQ�RI�WKHLU�WLPH�GHYRWHG�WR�KLOO�FRXQWU\�HURVLRQ�LVVXHV��,W�LV�QRW�SRVVLEOH�WR�
DFFXUDWHO\�HVWLPDWH�WKH�QXPEHU�RI�IXOO�WLPH�HTXLYDOHQW�VWDII�ZRUNLQJ�RQ�KLOO�FRXQWU\�
HURVLRQ��$W�OHDVW������PLOOLRQ�SHU�DQQXP�LV�EHLQJ�VSHQW�RQ�DVSHFWV�RI�KLOO�FRXQWU\�
UHVHDUFK��EXW�LW�LV�VFDWWHUHG�DFURVV�D�ZLGH�YDULHW\�RI�SURJUDPPHV�DQG�SURMHFWV��DQG�
UHVHDUFK�SURYLGHUV��DQG�DV�D�FRQVHTXHQFH�LV�SRRUO\�FRRUGLQDWHG��7KHUH�DUH�RQO\�WZR�
FHQWUDO�JRYHUQPHQW��)567��IXQGHG�PDMRU�UHVHDUFK�SURJUDPPHV�WKDW�IRFXV�DOPRVW�HQWLUHO\�
RQ�KLOO�FRXQWU\�HURVLRQ��*16¶V�µ0DUJLQV�6RXUFH�WR�6LQN¶�SURJUDPPH��/DQGFDUH�
5HVHDUFK¶V�µ/DQGVFDSH�5HVLOLHQFH¶�SURJUDPPH�XQGHU�)567�WUDQVLWLRQ�IXQGLQJ���2WKHU�
)567�IXQGHG�SURJUDPPHV�UXQ�E\�(QVLV��*16��1,:$��/DQGFDUH�5HVHDUFK��DQG�6/85,�
KDYH�PLQRU�FRPSRQHQWV�RI�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK�ZLWKLQ�WKHP��'LUHFW�UHJLRQDO�
FRXQFLO�IXQGLQJ�DQG�(QYLUROLQN�DUH�VLJQLILFDQW�VRXUFHV�RI�IXQGLQJ��
�
)XWXUH�UHVHDUFK�QHHGV��$�VXUYH\�RI�UHJLRQDO�FRXQFLOV��LQGXVWU\��FHQWUDO�JRYHUQPHQW�
DJHQFLHV�DQG�VFLHQFH�SURYLGHUV�LGHQWLILHG�D�ZLGH�YDULHW\�RI�UHVHDUFK�QHHGV�WR�DVVLVW�
LPSURYHG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ��*DSV�LGHQWLILHG�E\�WKH�JUHDWHVW�QXPEHU�RI�
VWDNHKROGHUV�LQFOXGHG��

•� DELOLW\�WR�PHDVXUH�UHJLRQDO�FDWFKPHQW�UDWHV�RI�HURVLRQ�DQG�GHWHUPLQH�ZKDW�LV�
WROHUDEOH��LQFOXGLQJ�PHDVXULQJ�WKH�FRQWULEXWLRQ�IURP�GLIIHUHQW�ODQG�XVHV�DQG�ODQG�
PDQDJHPHQW�SUDFWLFHV��EHLQJ�DEOH�WR�GLVWLQJXLVK�QDWXUDO�DQG�LQGXFHG�HURVLRQ��DQG�
WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�SURFHVVHV�

•� LQWHJUDWHG�UHVHDUFK�RQ�VHGLPHQW�G\QDPLFV��FRQQHFWLYLW\�DQG�ODJV��ZLWKLQ�
FDWFKPHQWV�DQG�GRZQVWUHDP�HIIHFWV��LQFOXGLQJ�VORSH±FKDQQHO�OLQNDJHV�

•� GHYHORSPHQW�RI�HURVLRQ�SUHGLFWLRQ�WRROV�PRGHOV�LQFRUSRUDWLQJ�ODQG�
XVH�PDQDJHPHQW�HIIHFWV�DQG�DEOH�WR�GLVWLQJXLVK�GLIIHUHQW�HURVLRQ�SURFHVVHV�

•� HIIHFWLYHQHVV�RI�VSDFH�SODQWHG�WUHHV��LQFOXGLQJ�ZLOORZV��SRSODUV�DQG�QDWLYHV��IRU�
HURVLRQ�FRQWURO�DQG�WKHLU�PDQDJHPHQW�UHTXLUHPHQWV��DQG�RWKHU�HURVLRQ�FRQWURO�
PHDVXUHV��RYHU�D�UDQJH�RI�HYHQW�PDJQLWXGHV�

•� FRVW±EHQHILW�DQDO\VLV�RI�GLIIHUHQW�PLWLJDWLRQ�WHFKQLTXHV�LQFOXGLQJ�FR�EHQHILWV�RI�
HURVLRQ�FRQWURO�RQ�FDUERQ�VWRUDJH��UROH�RI�HURVLRQ�LQ�WKH�FDUERQ�EXGJHW�

•� HIIHFWLYH�FRPPXQLW\�HQJDJHPHQW�SURFHVVHV�IRU�HURVLRQ�DQG�FDWFKPHQW�
PDQDJHPHQW��DQG�LPSURYHG�WHFKQRORJ\�WUDQVIHU��
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&RQWHQWV�
�
�
�� ,QWURGXFWLRQ ��������������������������������������������������������������������������������������������������������������� ���
�� %DFNJURXQG ��������������������������������������������������������������������������������������������������������������� ���
�� 2EMHFWLYHV������������������������������������������������������������������������������������������������������������������ ���
�� 0HWKRGV��������������������������������������������������������������������������������������������������������������������� ���
�� 5HVXOWV ����������������������������������������������������������������������������������������������������������������������� ���

���� (URVLRQ�SURFHVVHV ���������������������������������������������������������������������������������������������� ���
������ ([WHQW�DQG�W\SHV�RI�KLOO�FRXQWU\�DQG�WKHLU�HURVLRQ�SURFHVVHV �������������������� ���
������ ,QIRUPDWLRQ�RQ�HURVLRQ�SURFHVVHV�RQ�KLOO�FRXQWU\ ������������������������������������� ���
������ ,GHQWLILFDWLRQ�RI�KLJKO\�HURGLEOH�ODQG�������������������������������������������������������� ���
������ 0RGHOOLQJ�KLOO�FRXQWU\�HURVLRQ������������������������������������������������������������������ ���
������ ,PSDFW�RI�FOLPDWH�FKDQJH�RQ�KLOO�FRXQWU\�HURVLRQ ������������������������������������� ���
������ ,PSOLFDWLRQV�IURP�SURFHVV�VWXGLHV ������������������������������������������������������������� ���

���� (URVLRQ�PDQDJHPHQW ����������������������������������������������������������������������������������������� ���
������ ,QIRUPDWLRQ�VRXUFHV����������������������������������������������������������������������������������� ���
������ .H\�HURVLRQ�PDQDJHPHQW�WHFKQRORJLHV�XVLQJ�SODQWV�RQ�KLOO�FRXQWU\ �������� ���
������ $VVHVVPHQW�RI�HIIHFWLYHQHVV���������������������������������������������������������������������� ���
������ 7UDQVIHUDELOLW\ ������������������������������������������������������������������������������������������� ���

���� 6RFLDO�OHDUQLQJ�H[SHULHQFHV������������������������������������������������������������������������������� ���
������ /LWHUDWXUH�UHYLHZ ��������������������������������������������������������������������������������������� ���
������� ,QWHUYLHZV �������������������������������������������������������������������������������������������������� ���

���� &XUUHQW�UHVHDUFK�DQG�LQYHVWLJDWLRQ�������������������������������������������������������������������� ���
������ &DSDELOLW\ �������������������������������������������������������������������������������������������������� ���
������ &XUUHQW�UHVHDUFK�SURJUDPPHV�DQG�SURMHFWV ����������������������������������������������� ���

���� ,QIRUPDWLRQ�JDSV�DQG�UHVHDUFK�QHHGV ���������������������������������������������������������������� ���
�� &RQFOXVLRQV ��������������������������������������������������������������������������������������������������������������� ���
�� $FNQRZOHGJHPHQWV ��������������������������������������������������������������������������������������������������� ���
�� 5HIHUHQFHV ����������������������������������������������������������������������������������������������������������������� ���
$SSHQGL[���±�%LEOLRJUDSK\�RI�UHIHUHQFHV�UHOHYDQW�WR�KLOO�FRXQWU\�HURVLRQ��������������������� ����
$SSHQGL[���±�/LVW�RI�DJHQFLHV�DQG�SHRSOH�FRQWDFWHG ������������������������������������������������������ ����
$SSHQGL[���±�5HVSRQVHV�UHFHLYHG�IURP�UHJLRQDO�FRXQFLOV�DQG�LQGXVWU\������������������������� ����
$SSHQGL[���±�5HVSRQVHV�UHFHLYHG�IURP�XQLYHUVLWLHV�DQG�&5,V �������������������������������������� ����
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�� ,QWURGXFWLRQ�
�
0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��0$)��UHFHQWO\�HVWDEOLVKHG�WKH�6XVWDLQDEOH�/DQG�
0DQDJHPHQW��6/0��KLOO�FRXQWU\�HURVLRQ�SURJUDPPH�WR�SURYLGH�WDUJHWHG�JRYHUQPHQW�
VXSSRUW�WR�FRPPXQLWLHV�WKDW�QHHG�WR�SURWHFW�HURVLRQ�SURQH�KLOO�FRXQWU\�ZKLOH�DOVR�
UHWDLQLQJ�WKH�PD[LPXP�SUDFWLFDO�SURGXFWLRQ�IURP�WKHLU�ODQG��6/0�DLPV�WR�EXLOG�UHVLOLHQFH�
LQWR�ODQG�EDVHG�LQGXVWULHV�DQG�FRPPXQLWLHV��UHGXFH�WKH�ULVNV�WKH\�IDFH�IURP�DGYHUVH�
FOLPDWLF�HYHQWV��DQG�SURPRWH�ORQJ�WHUP�HFRQRPLF�JURZWK�ZLWKLQ�HQYLURQPHQWDO�OLPLWV��
�
$V�SDUW�RI�WKH�SURFHVV�RI�GHYHORSLQJ�WKH�6/0�KLOO�FRXQWU\�HURVLRQ�SURJUDPPH�0$)�KDV�
VRXJKW�WR�LGHQWLI\�WKH�LQIRUPDWLRQ�QHHGHG�WR�XQGHUSLQ�ORQJ�WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�
HURVLRQ��,Q�-XO\������0$)�UHOHDVHG�D�UHTXHVW�IRU�SURSRVDOV��5)3��WR�XQGHUWDNH�D�
VWRFNWDNH�RI�FXUUHQW�NQRZOHGJH�DQG�LGHQWLI\�IXWXUH�SULRULW\�NQRZOHGJH�JDSV�UHODWLQJ�WR�
WKH�SUHYHQWLRQ��WUHDWPHQW�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�LQ�1HZ�=HDODQG��
LQFOXGLQJ�SK\VLFDO��VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�GLPHQVLRQV��7KH�5)3�UHTXHVWHG�
WZR�FRPSRQHQWV��

•� D�UHYLHZ�RI�H[LVWLQJ�NQRZOHGJH��ERWK�SXEOLVKHG�DQG�XQSXEOLVKHG��RQ�WKH�
SUHYHQWLRQ��WUHDWPHQW��DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�

•� LGHQWLILFDWLRQ�RI�JDSV�LQ�H[LVWLQJ�UHVHDUFK��IXWXUH�NQRZOHGJH�QHHGV��DQG�WKH�
UHTXLUHPHQWV�WR�WUDQVIHU�WKH�LQIRUPDWLRQ�WR�ODQG�PDQDJHUV�DQG�DVVRFLDWHG�
VWDNHKROGHUV��

0$)�VWDWHG�WKDW�WKH�VFRSH�RI�WKH�UHYLHZ�VKRXOG�FRYHU��VRXUFHV�DQG�IORZV�RI�VHGLPHQW��WKH�
VSHFLILF�PDQDJHPHQWV��WHFKQRORJLHV�DQG�SUDFWLFHV�XVHG�LQ�WKH�WUHDWPHQW�RI�HURVLRQ�DQG�WKH�
ORQJ�WHUP�PDQDJHPHQW�RI�WKRVH�WUHDWPHQWV��DQG�VRFLDO�OHDUQLQJ�DQG�DGDSWDWLRQ�WR�WUHDWLQJ�
DQG�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ��6RPH�LVVXHV�ZHUH�VSHFLILFDOO\�H[FOXGHG�IURP�WKH�
UHYLHZ��QXWULHQW�PDQDJHPHQW�DQG�ZDWHU�TXDOLW\��ULYHU�SURWHFWLRQ�DQG�IORRG�FRQWURO��DQG�
IDFWRUV�LQIOXHQFLQJ�ODQG�XVH�FKDQJH��0$)�ZLVKHV�WR�XVH�WKH�LQIRUPDWLRQ�JDS�DQG�IXWXUH�
QHHGV�DQDO\VLV�LQ�LWV�RZQ�SROLF\�DQG�RSHUDWLRQDO�DFWLYLWLHV��DQG�LQ�LWV�LQWHUDFWLRQV�ZLWK�WKH�
0LQLVWU\�RI�5HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\�DQG�WKH�)RXQGDWLRQ�IRU�5HVHDUFK��6FLHQFH�
DQG�7HFKQRORJ\��
�
/DQGFDUH�5HVHDUFK��LQ�DVVRFLDWLRQ�ZLWK�$J5HVHDUFK��+RUW5HVHDUFK�DQG�WKH�8QLYHUVLW\�RI�
$XFNODQG��6FKRRO�RI�*HRJUDSK\��*HRORJ\�DQG�(QYLURQPHQWDO�6FLHQFH���UHVSRQGHG�WR�WKH�
5)3�ZLWK�D�FROODERUDWLYH�SURSRVDO�ZKLFK�ZDV�VXFFHVVIXO�LQ�JDLQLQJ�IXQGLQJ��
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�� %DFNJURXQG�
�
(URVLRQ�LV�D�VLJQLILFDQW�HQYLURQPHQWDO�LVVXH�IDFLQJ�DJULFXOWXUDO�DQG�IRUHVWU\�ODQG�XVHV�LQ�
ODUJH�SDUWV�RI�WKH�KLOO�FRXQWU\�RI�1HZ�=HDODQG��,W�FDXVHV�ERWK�RQ�VLWH��ORVV�RI�VRLO�
SURGXFWLYH�FDSDFLW\�DQG�ZDWHU�KROGLQJ�FDSDFLW\��DQG�RII�VLWH��GHFOLQLQJ�ZDWHU�TXDOLW\��
ULYHU�DJJUDGDWLRQ��LQFUHDVHG�YXOQHUDELOLW\�RI�LQIUDVWUXFWXUH�WR�VHYHUH�FOLPDWLF�HYHQWV��
HIIHFWV��$V�ZHOO�DV�WKH�HQYLURQPHQWDO�FRVWV�WKHUH�DUH�PDMRU�ILQDQFLDO�ULVNV�WR�LQGLYLGXDOV��
FRPPXQLWLHV��ORFDO�DQG�FHQWUDO�JRYHUQPHQW�DQG�VRFLDO�FRQVHTXHQFHV�RI�UHSHDWHG�HURVLRQ�
DQG�IORRGLQJ�HYHQWV��
�
'HVSLWH�D�KHDY\�LQYHVWPHQW�LQ�VRLO�FRQVHUYDWLRQ�DQG�FDWFKPHQW�LQLWLDWLYHV�RYHU�WKH�SDVW����
\HDUV��WKURXJK�FDWFKPHQW�ERDUGV�DQG�UHJLRQDO�FRXQFLOV��WKH�SUREOHP�RI�KLOO�FRXQWU\�
HURVLRQ�FRQWLQXHV�WR�SHUVLVW�DQG�LV�OLPLWLQJ�WKH�JURZWK�RI�IDUPLQJ�FRPPXQLWLHV�LQ�KHDYLO\�
DIIHFWHG�DUHDV��7KHUH�LV�D�ORQJ�KLVWRU\��H[WHQGLQJ�EDFN�WR�WKH�����V��RI�EDVLF�DQG�DSSOLHG�
UHVHDUFK�LQWR�ERWK�HURVLRQ�SURFHVVHV�DQG�WKH�WUHDWPHQW�DQG�SUHYHQWLRQ�RI�KLOO�FRXQWU\�
HURVLRQ��VHH�0F&DVNLOO�������5RFKH��������'HVSLWH�WKLV�ULFK�SDVW�WKHUH�UHPDLQ�ODUJH�WUDFWV�
RI�1HZ�=HDODQG�KLOO�FRXQWU\�ZKHUH�HURVLRQ�KDV�D�VLJQLILFDQW�LPSDFW�DQG�ZKHUH�WKH�ORQJ�
WHUP�VXVWDLQDELOLW\�RI�IDUPLQJ�DQG�RU�IRUHVWU\�LV�XQFHUWDLQ��3HULRGLF�ODUJH�VWRUP�HYHQWV�
�H�J��&\FORQH�$OLVRQ��0DUOERURXJK�������&\FORQH�%ROD��(DVW�&RDVW�1RUWK�,VODQG�������
&\FORQH�+LOGD��7DUDQDNL±:DQJDQXL�������0DQDZDWX±:DQJDQXL��)HEUXDU\�������
1RUWKODQG��-XO\±$XJXVW�������FRQWLQXH�WR�FDXVH�ZLGHVSUHDG�HURVLRQ�DQG�LPSRVH�PDVVLYH�
RQ�VLWH�DQG�RII�VLWH�UHSDLU�FRVWV�RQ�IDUPHUV��ORFDO��UHJLRQDO�DQG�FHQWUDO�JRYHUQPHQW��:KLOH�
SODQWDWLRQ�IRUHVWU\�ODQG�XVH�FDQ�KDYH�D�EHQHILFLDO�HIIHFW�LQ�UHGXFLQJ�HURVLRQ�LQ�WKH�ORQJ�
WHUP��H�J��3KLOOLSV�HW�DO��������(\OHV�	�)DKH\��������WKHUH�DUH�VLJQLILFDQW�ULVNV�GXULQJ�WKH�
KDUYHVWLQJ�SKDVH��H�J��3HDUFH�	�+RGJNLVV�������1=�)RUHVW�2ZQHUV�$VVRFLDWLRQ�������
WKDW�KDYH�FDXVHG�PDQ\�UHJLRQDO�FRXQFLOV�WR�KHDYLO\�UHJXODWH�IRUHVWU\�DFWLYLWLHV�LQ�KLOO�
FRXQWU\��
�
0DQ\�FRPPHQWDWRUV�DJUHH�WKHUH�LV�D�QHHG�IRU�UDWLRQDOLVDWLRQ�RI�ODQG�XVH�LQ�WKH�HURGLEOH�
KLOO�FRXQWU\�WR�UHGXFH�WKH�LPSDFW�RI�HURVLRQ�WKURXJK�D�SURFHVV�RI�LGHQWLILFDWLRQ�RI�KLJKO\�
HURGLEOH�ODQG�DQG�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�PRUH�VXVWDLQDEOH�ODQG�XVH�RSWLRQV�LQ�
KLOO�FRXQWU\��7KLV�ZLOO�EHFRPH�HYHQ�PRUH�LPSHUDWLYH�LQ�WKH�IXWXUH�ZLWK�WKH�OLNHOLKRRG�WKDW�
FOLPDWH�FKDQJH�ZLOO�LQFUHDVH�FOLPDWH�YDULDELOLW\�DQG�WKH�LQFLGHQFH�RI�ODUJH�VWRUP�HYHQWV�
WKDW�FDXVH�PXFK�RI�WKH�HURVLRQ��H�J��%DVKHU��������
�
7KLV�UHSRUW�UHYLHZV��

•� LQIRUPDWLRQ�RQ�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�DQG�WKHLU�PDQDJHPHQW�
•� H[SHULHQFHV�ZLWK�VRFLDO�OHDUQLQJ�DQG�DGDSWLYH�PDQDJHPHQW�DSSURDFKHV�WR�KLOO�

FRXQWU\�HURVLRQ�PDQDJHPHQW�
•� UHVHDUFK�FDSDELOLW\�DQG�FXUUHQW�UHVHDUFK�DQG�LQYHVWLJDWLRQV�LQWR�KLOO�FRXQWU\�

HURVLRQ�DQG�PDQDJHPHQW��DQG�LQFOXGHV�
•� DQ�LQIRUPDWLRQ�JDS�DQG�UHVHDUFK�QHHGV�DQDO\VLV�JDLQHG�IURP�VXUYH\LQJ�UHJLRQDO�

FRXQFLOV��NH\�LQGXVWU\�UHSUHVHQWDWLYHV��IDUPLQJ�DQG�IRUHVWU\���FHQWUDO�JRYHUQPHQW�
DJHQFLHV��XQLYHUVLWLHV�DQG�&URZQ�5HVHDUFK�,QVWLWXWHV��

�
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�� 2EMHFWLYHV�
�
7KH�VSHFLILF�REMHFWLYHV�RI�WKH�ZRUN�ZHUH�WR��

•� FRPSLOH�DQ�LQYHQWRU\�DQG�V\QWKHVLV�RI�H[LVWLQJ�NQRZOHGJH�DQG�FXUUHQW�ZRUN�RQ�
HURVLRQ�SURFHVVHV��PLWLJDWLRQ�RSWLRQV�DQG�WKHLU�ORQJ�WHUP�HIIHFWLYHQHVV�LQ�WKH�
PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�

•� PDNH�WKLV�LQYHQWRU\�DYDLODEOH�WR�DOO�VWDNHKROGHUV�ZLWK�DQ�LQWHUHVW�LQ�PDQDJLQJ�KLOO�
FRXQWU\�HURVLRQ�DQG�SURPRWLQJ�VXVWDLQDEOH�ODQG�XVH�

•� VHHN�DJUHHPHQW�RQ�IXWXUH�LQIRUPDWLRQ�QHHGV�DQG�DSSURDFKHV�WR�XQGHUSLQ�ORQJ�
WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ�WKURXJK�DQ�LQFOXVLYH�SURFHVV�LQYROYLQJ�DOO�
VWDNHKROGHUV��LQFOXGLQJ�NH\�LQGXVWULHV��IDUPLQJ�DQG�IRUHVWU\���VFLHQWLVWV��SROLF\�
DQG�UHJXODWRU\�DJHQFLHV��

7KH�SURMHFW�ZDV�VSOLW�LQWR�WZR�REMHFWLYHV��2EMHFWLYH���ZDV�D�UHYLHZ�RI�KLOO�FRXQWU\�HURVLRQ�
SURFHVVHV�DQG�PDQDJHPHQW��2EMHFWLYH���ZDV�D�ZRUNVKRS�RQ�IXWXUH�UHVHDUFK�QHHGV���
7KLV�UHSRUW�GHVFULEHV�WKH�ZRUN�FRPSOHWHG�LQ�2EMHFWLYH����,W�DOVR�LQFOXGHV�LQIRUPDWLRQ�
JDWKHUHG�IURP�LQGLYLGXDO�VWDNHKROGHUV�RQ�IXWXUH�UHVHDUFK�QHHGV��WKDW�ZLOO�IRUP�WKH�EDVLV�RI�
WKH�ZRUNVKRS�IRU�REMHFWLYH����
�

�� 0HWKRGV�
�
$�ELEOLRJUDSK\�RI�LQIRUPDWLRQ�RQ�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�DQG�VHGLPHQW�VRXUFHV�
DQG�DQ�DVVHVVPHQW�RI�WKHLU�UHODWLYH�FRQWULEXWLRQ�WR�KLOO�FRXQWU\�HURVLRQ�SUREOHPV�ZDV�
FRPSLOHG��$SSHQGL[�����,W�EXLOW�RQ�SUHYLRXV�UHYLHZV�XQGHUWDNHQ�E\�/DQGFDUH�5HVHDUFK�DV�
SDUW�RI�UHVHDUFK�WR�FRPSLOH�GDWD�WR�XQGHUSLQ�WKH�GHYHORSPHQW�RI�HURVLRQ�PRGHOV��(OOLRWW�
HW�DO���������ZRUN�RQ�WKH�DQDO\VLV�RI�WKH�FRQWULEXWLRQ�RI�HURVLRQ�WR�WKH�FDUERQ�EXGJHW�RI�
1HZ�=HDODQG��%DVKHU��������DQG�SULRU�FRQWUDFW�ZRUN�IRU�D�UDQJH�RI�FOLHQWV��H�J��+XQWHU�
HW�DO��������%DVKHU�������/\QQ�����D��E��3KLOOLSV�	�0DUGHQ�������ZLWK�XSGDWLQJ�WR�
HQVXUH�UHFHQW�SXEOLFDWLRQV�ZHUH�LQFOXGHG��,W�DOVR�GUHZ�RQ�FRPSUHKHQVLYH�ELEOLRJUDSKLHV�
DQG�DQDO\VHV�RI�ODQGVOLGH�HURVLRQ�FRPSLOHG�E\�9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��*ODGH�
������������������*ODGH�	�&UR]LHU�������������DQG�*16�6FLHQFH��3DJH��������
�
7KH�ELEOLRJUDSK\�LQFOXGHV�ERWK�SXEOLVKHG�DQG�XQSXEOLVKHG�OLWHUDWXUH��GHULYHG�IURP�
HOHFWURQLF�OLWHUDWXUH�VHDUFKHV��RI�XQLYHUVLW\�DQG�&URZQ�5HVHDUFK�,QVWLWXWH��&5,��OLEUDULHV��
VFLHQWLILF�MRXUQDOV�DQG�ZHEVLWHV��DQG�VXUYH\V�RI�NH\�DJHQFLHV�WKDW�PD\�KDYH�KHOG�
XQSXEOLVKHG�VRXUFHV�RI�LQIRUPDWLRQ��UHJLRQDO�FRXQFLOV��XQLYHUVLWLHV�DQG�&5,V���.H\�
GDWDEDVHV�VXFK�DV�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��1=/5,��1:$6&2��������
WKH�GHULYHG�HURVLRQ�WHUUDLQ�FODVVLILFDWLRQ��DQG�WKH�UHFHQWO\�GHYHORSHG�VXVSHQGHG�VHGLPHQW�
\LHOG�FDOFXODWRU��+LFNV�HW�DO��������ZHUH�XVHG�WR�SURYLGH�DQ�DQDO\VLV�RI�WKH�VSDWLDO�H[WHQW�
DQG�VHYHULW\�RI�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�DQG�WR�DVVHVV�WKH�WUDQVIHUDELOLW\�RI�HURVLRQ�
SURFHVV�DQG�PDQDJHPHQW�LQIRUPDWLRQ��
�
,QIRUPDWLRQ�VRXUFHV�LGHQWLI\LQJ�ERWK�WKH�DSSURSULDWH�PDQDJHPHQW�SUDFWLFHV�WR�WUHDW�KLOO�
FRXQWU\�HURVLRQ�SUREOHPV�DQG�WKH�ORQJ�WHUP�PDQDJHPHQW�QHHGV�WR�HQVXUH�WKRVH�SUDFWLFHV�
UHPDLQ�HIIHFWLYH�ZHUH�DOVR�FRPSLOHG��$SSHQGL[����WKURXJK�OLWHUDWXUH�VHDUFKV�DQG�E\�
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FRQWDFWLQJ�UHJLRQDO�FRXQFLOV�DQG�NH\�LQGXVWULHV��SDVWRUDO�IDUPLQJ��IRUHVWU\��WR�LGHQWLI\�
ZKDW�VRXUFHV�RI�LQIRUPDWLRQ�WKH\�XVHG�ZKHQ�SURYLGLQJ�DGYLFH�RQ�KLOO�FRXQWU\�HURVLRQ�
PDQDJHPHQW��$SSHQGL[���OLVWV�WKH�RUJDQLVDWLRQV�DQG�LQGLYLGXDOV�FRQWDFWHG�DQG�$SSHQGL[�
��VXPPDULVHV�WKH�UHVSRQVHV�UHFHLYHG��$Q�LQYHQWRU\�RI�GHFLVLRQ�VXSSRUW�WRROV�DYDLODEOH�WR�
PDQDJH�KLOO�FRXQWU\�HURVLRQ�ZDV�DOVR�FRPSLOHG��7KH�UHYLHZ�DOVR�LQFOXGHV�DQ�DQDO\VLV�RI�
WKH�HIIHFWLYHQHVV�RI�HURVLRQ�FRQWURO�PHDVXUHV�ZKHUH�WKLV�LV�DYDLODEOH��H�J��/XFNPDQ�	�
7KRPSVRQ�����D��E��7KRPSVRQ�	�/XFNPDQ�����D��E��������������3KLOOLSV�HW�DO��������
0DUGHQ��������������
�
/LWHUDWXUH�RQ�1HZ�=HDODQG�VRFLDO�UHVHDUFK�LQWR�HURVLRQ�PDQDJHPHQW�LQ�KLOO�FRXQWU\�ZDV�
FRPSLOHG��$SSHQGL[����DQG�VXPPDULVHG��WKHQ�IROORZHG�XS�E\�WHOHSKRQH�LQWHUYLHZV�ZLWK�
NH\�LQIRUPDQWV��.H\�LQIRUPDQWV�ZHUH�LQGLYLGXDOV�ZKR�KDYH�H[SHULHQFH�LQ�DQG�D�JRRG�
XQGHUVWDQGLQJ�RI�HURVLRQ�PDQDJHPHQW�LQ�KLOO�FRXQWU\�DUHDV��6WDUWLQJ�ZLWK�NH\�LQGLYLGXDOV�
ZH�NQHZ��D�VQRZEDOOLQJ�WHFKQLTXH�ZDV�XVHG�WR�LGHQWLI\�RWKHU�DSSURSULDWH�SDUWLFLSDQWV�DQG�
LQIRUPDWLRQ�ZDV�VRXJKW�IURP�WKHP�DERXW�WKHLU�H[SHULHQFHV�ZLWK�PDQDJLQJ�HURVLRQ�LQ�KLOO�
FRXQWU\��7KHLU�H[SHULHQFHV�DUH�VXPPDULVHG�LQ�VHFWLRQ��������
�
$Q�LQYHQWRU\�RI�SUHVHQW�UHVHDUFK�DFWLYLWLHV�E\�&5,V��XQLYHUVLWLHV�DQG�UHJLRQDO�FRXQFLOV�
ZDV�FRPSLOHG��$SSHQGLFHV���DQG����WKDW�LQFOXGHV�HURVLRQ�SURFHVV�UHVHDUFK��UHFHQW�
DGYDQFHV�LQ�GHYHORSPHQW�RI�PRGHOOLQJ�DQG�SUHGLFWLRQ�WRROV��DGYDQFHV�LQ�XQGHUVWDQGLQJ�
PDQDJHPHQW�RSWLRQV��DQG�VRFLDO�OHDUQLQJ�UHVHDUFK��7KLV�LQIRUPDWLRQ�ZDV�VRXJKW�GLUHFWO\�
IURP�D�ZLGH�YDULHW\�RI�UHVHDUFK�SURYLGHUV�DQG�PDQDJHPHQW�DJHQFLHV��,W�LV�VXPPDULVHG�
�VHFWLRQ��������LQ�WHUPV�RI�WKH�EDODQFH�EHWZHHQ�VWUDWHJLF�DQG�DSSOLHG�UHVHDUFK��DQG�
WHFKQRORJ\�GHYHORSPHQW��$Q�DQDO\VLV�RI�WKH�DYDLODEOH�UHVHDUFK�FDSDELOLW\�WR�GHDO�ZLWK�KLOO�
FRXQWU\�HURVLRQ�SUREOHPV�FRYHUV�WKH�IXOO�VSHFWUXP�IURP�IXQGDPHQWDO�ELRSK\VLFDO�SURFHVV�
UHVHDUFK�WKURXJK�WR�VRFLDO�OHDUQLQJ�DQG�DGDSWLYH�PDQDJHPHQW��
�
$V�SDUW�RI�WKH�VXUYH\�RI�UHVHDUFK�SURYLGHUV�DQG�PDQDJHPHQW�DJHQFLHV�ZH�DOVR�VRXJKW�
FRPPHQW�RQ�NH\�LQIRUPDWLRQ�JDSV�DQG�UHVHDUFK��$�SUHOLPLQDU\�DVVHVVPHQW�RI�LQIRUPDWLRQ�
JDSV�DQG�UHVHDUFK�QHHGV�KDV�EHHQ�VXPPDULVHG�LQFRUSRUDWLQJ�WKLV�IHHGEDFN��7KH�LQGLYLGXDO�
IHHGEDFN�LV�OLVWHG��$SSHQGLFHV���DQG����DQG�LW�KDV�EHHQ�VXPPDULVHG�E\�JURXSLQJ�LW�LQWR�
FODVVHV�RI�OLNH�UHVHDUFK�QHHGV��VHFWLRQ�������
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�� 5HVXOWV�
�
���� (URVLRQ�SURFHVVHV�
�
������ ([WHQW�DQG�W\SHV�RI�KLOO�FRXQWU\�DQG�WKHLU�HURVLRQ�SURFHVVHV�
�
1HZ�=HDODQG�LV�D�SUHGRPLQDQWO\�KLOO\�DQG�PRXQWDLQRXV�FRXQWU\��$Q�DUHD�RI����PLOOLRQ�
KHFWDUHV�������KDV�VORSHV�JUHDWHU�WKDQ������DQG�LV�FRPPRQO\�FDOOHG�µKLOO�FRXQWU\¶��7KLV�LV�
IXUWKHU�GLYLGHG�LQWR�µKLOO�ODQG¶����±�����DQG�µVWHHSODQG¶��LI�VORSH�H[FHHGV�������'6,5�
�������7KH�UDQJH�RI�VORSH�DQG�HOHYDWLRQ��FRXSOHG�ZLWK�D�ZLGH�ODWLWXGLQDO�UDQJH��D�PLG�
RFHDQLF�VHWWLQJ�HQFRPSDVVLQJ�VXEWURSLFDO�WR�FRRO�WHPSHUDWH�FOLPDWHV��DQG�FRPSOH[�
JHRORJLF�DQG�WHFWRQLF�UHJLPHV�PHDQV�WKDW�1HZ�=HDODQG¶V�µKLOO�FRXQWU\¶�LV�SK\VLFDOO\�
GLYHUVH��$V�D�FRQVHTXHQFH�RI�WKLV�GLYHUVLW\��WKH�SURGXFWLYH�SRWHQWLDO�RI�1HZ�=HDODQG¶V¶�
KLOO�FRXQWU\��DQG�LWV�UHVSRQVH�WR�FOLPDWLF�HYHQWV��ODQG�XVH�SUHVVXUH�DQG�HQYLURQPHQWDO�
FKDQJH�YDULHV�VLJQLILFDQWO\�DFURVV�WKH�FRXQWU\��
�
7R�SURYLGH�WKH�LQLWLDO�VSDWLDO�FRQWH[W�IRU�WKLV�VWXG\�D�JHQHUDOLVHG�ZRUNLQJ�GHILQLWLRQ�RI�
µKLOO�FRXQWU\¶�ZDV�GHYHORSHG��DQG�WKLV�WHUUDLQ�H[WUDFWHG�IURP�WKH�1HZ�=HDODQG�/DQG�
5HVRXUFH�,QYHQWRU\��1=/5,��GDWDEDVH��1:$6&2��������+LOO�FRXQWU\�LV�GHILQHG�DV��
DOO�ORZODQG�DQG�PRQWDQH�KLOO�DQG�VWHHSODQGV��VORSH�!������FODVVLILHG�DV�ODQG�XVH�
FDSDELOLW\��/8&��FODVV�������RU����DQG�EHLQJ�GHVFULEHG�LQ�WKH�XQLW�GHVFULSWLRQV�DV�µKLOO�
FRXQWU\¶��7KH�ODQG�XVH�FDSDELOLW\�FODVVHV�DUH�WKRVH�GHILQHG�DQG�XVHG�LQ�WKH�1HZ�=HDODQG�
/DQG�5HVRXUFH�,QYHQWRU\�UHJLRQDO�VWXGLHV��0LQLVWU\�RI�:RUNV��02:��������1:$6&2�
������������%ODVFKNH�������1REOH�������)OHWFKHU�������3DJH�������������������
+DUPVZRUWK�������/\QQ�������-HVVHQ�HW�DO���������
�
7KH�KLOO�FRXQWU\�WHUUDLQ�H[WUDFWHG�XQGHU�WKLV�GHILQLWLRQ�LV�ZLGHO\�DFFHSWHG�DV�FDSDEOH�RI�
VXVWDLQDEOH�SDVWRUDO�DQG�FRPPHUFLDO�IRUHVWU\�SURGXFWLRQ��SURYLGHG�DSSURSULDWH�VRLO�
FRQVHUYDWLRQ�PHDVXUHV�DUH�LQ�SODFH��1:$6&2��������)LJXUH���VKRZV�WKH�QDWLRQDO�
GLVWULEXWLRQ�RI�KLOO�FRXQWU\�DV�GHILQHG�DERYH��7KH�PDMRULW\�����RFFXUV�LQ�WKH�1RUWK�,VODQG��
DQG�RQO\�����LQ�WKH�6RXWK�,VODQG��
�
%DVHG�RQ�DQ�DQDO\VLV�RI�WKH�1=/5,�SK\VLFDO�GDWD��IRFXVLQJ�RQ�HURVLRQ�W\SH�DQG�VHYHULW\��
DQG�XVLQJ�D�SUHYLRXV�µ(URVLRQ�&DUERQ¶�WHUUDLQ�DQDO\VLV��/DQGFDUH�5HVHDUFK�XQSXEO�������
VSHFLILF�W\SHV�RI�KLOO�FRXQWU\�FDQ�EH�UHFRJQLVHG��7DEOH����)LJ������$�VXPPDU\�GHVFULSWLRQ�
RI�WKH�HURVLRQ�SURFHVVHV��WRSRJUDSK\��URFN�W\SHV��DQG�VXVSHQGHG�VHGLPHQW�\LHOGV�IRU�WKH�
���W\SHV�RI�KLOO�FRXQWU\�LV�JLYHQ�LQ�7DEOHV���DQG����3UHVHQW�HURVLRQ�W\SH�DQG�VHYHULW\�DUH�
WKRVH�GHILQHG�DQG�DVVHVVHG�LQ�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�ILUVW�HGLWLRQ�
ZKRVH�GDWD�ZHUH�ODUJHO\�FRPSLOHG�LQ�WKH�����V�DQG�����V��02:�������(\OHV�������RU�
WKH�VHFRQG�HGLWLRQ������±����ZKHUH�DYDLODEOH��5HVXOWV�RI�WKH�ILUVW�HGLWLRQ�PDSSLQJ�ZHUH�
�������������������������������������������������
��/8&�FODVV�DV�GHILQHG�LQ�02:���������µORZODQG¶�DQG�µPRQWDQH¶�IROORZ�WKH�DOWLWXGH�WHPSHUDWXUH�UHODWHG�
ELRFOLPDWLF�]RQHV�RI�:DUGOH���������
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SUHYLRXVO\�VXPPDULVHG�DW�QDWLRQDO�VFDOH�E\�(\OHV���������$�EURDG�FODVVLILFDWLRQ�RI�
HURVLRQ�VXVFHSWLELOLW\��ORZ��PHGLXP��KLJK��IRU�HDFK�RI�WKH����KLOO�FRXQWU\�W\SHV�LV�JLYHQ�LQ�
7DEOH����,W�LV�GHULYHG�IURP�DQDO\VLV�RI�WKH�SUHVHQW��7DEOH����DQG�SRWHQWLDO�HURVLRQ�
�FRQVLGHULQJ�LQKHUHQW�VRLO��VORSH�DQG�FOLPDWH�FKDUDFWHULVWLFV��LQ�WKH�1=/5,��
�
2I�WKH�����PLOOLRQ�KHFWDUHV�LQ�WKH�1RUWK�,VODQG��WKH�PDMRULW\�LV�GHYHORSHG�RQ�VRIW�URFN�DQG�
FUXVKHG�VRIW�URFN�WHUUDLQ�LQ�WKH�VRXWK�HDVW�DQG�ZHVW�RI�WKH�LVODQG������������KD������±�VHH�
)LJ���D���9ROFDQLF�DVK�DQG�ORHVV�PDQWOHG�WHUUDLQ�FRPSULVHV�DQRWKHU����������������KD���
ODUJHO\�RQ�WKH�SHULSKHU\�RI�WKH�&HQWUDO�9ROFDQLF�=RQH��+DUG�URFN�KLOO�FRXQWU\��H[FOXVLYH�
RI�WKH�LJQHRXV�KDUG�URFN�KLOO�FRXQWU\��LV�ODUJHO\�FRQFHQWUDWHG�RQ�WKH�PDUJLQV�RI�WKH�D[LDO�
UDQJHV����������KD����������ZKHUHDV�WKH�KLOO�FRXQWU\�GHYHORSHG�RQ�GHHSO\�ZHDWKHUHG�
VHGLPHQWDU\�DQG�LJQHRXV�URFNV����������KD���������LV�ORFDWHG�SUHGRPLQDQWO\�LQ�
1RUWKODQG�DQG�RQ�WKH�&RURPDQGHO�3HQLQVXOD��,Q�WKH�1RUWK�,VODQG�DSSUR[LPDWHO\�
��������KD�KDV�D�PDSSHG�HURVLRQ�VHYHULW\�RI�VHYHUH��YHU\�VHYHUH�RU�H[WUHPH��)LJ������
PRVWO\�ORFDWHG�RQ�WKH�(DVW�&RDVW��ZLWK�VPDOOHU�DUHDV�LQ�LQODQG�7DUDQDNL��&RURPDQGHO�DQG�
1RUWKODQG��7KH�1RUWK�,VODQG�KLOO�FRXQWU\�LV�GRPLQDWHG�E\�PDVV�PRYHPHQW�HURVLRQ��)LJ��
����6RLO�VOLS�DQG�VKHHW�HURVLRQ�DUH�WKH�PRVW�ZLGHO\�GLVWULEXWHG�IROORZHG�E\�HDUWKIORZ�DQG�
JXOO\�HURVLRQ��)LJV��±����6HGLPHQW�\LHOG�LV�KLJKHVW�LQ�WKH�QRUWKHUQ�HDVW�FRDVW��DQG�KLJK�
WKURXJKRXW�PXFK�RI�WKH�UHVW�RI�WKH�HDVW�FRDVW��LQODQG�7DUDQDNL�DQG�SDUWV�RI�1RUWKODQG��)LJ��
����0HDQ�VHGLPHQW�\LHOGV�DUH�KLJKHVW�LQ�WKH�FUXVKHG�VRIW�URFN�KLOO�FRXQWU\�DQG�KLOO\�
VWHHSODQGV��DQG�VWHHS�VRIW�URFN�KLOO�FRXQWU\��
�
,Q�FRQWUDVW�WR�WKH�1RUWK�,VODQG������RI�WKH�6RXWK�,VODQG¶V�����PLOOLRQ�KHFWDUHV�RI�KLOO�
FRXQWU\�LV�GHYHORSHG�RQ�KDUG�URFN�WHUUDLQ��7DEOH�����2QO\���������KD�LV�GHYHORSHG�RQ�VRIW�
URFNV��ODUJHO\�LQ�FRDVWDO�0DUOERURXJK��IULQJLQJ�WKH�1RUWK�DQG�6RXWK�&DQWHUEXU\�
GRZQODQGV��QRUWK�DQG�FRDVWDO�2WDJR��ZHVWHUQ�6RXWKODQG��DQG�UHVWULFWHG�DUHDV�RI�ORZODQG�
1HOVRQ�DQG�WKH�:HVW�&RDVW��)LJ���E���6WHHS�ZHDWKHUHG�KLOO�FRXQWU\�RQ�ERWK�VFKLVW�DQG�
JUH\ZDFNH��DQG�ZHDWKHUHG�LJQHRXV�URFN��LV�OLPLWHG�WR�WKH�0DUOERURXJK�6RXQGV�DQG�
ORZODQG�1HOVRQ��/RHVV�PDQWOHV�VLJQLILFDQW�DUHDV�HVSHFLDOO\�LQ�WKH�HDVW��ZKHUHDV�PRUDLQLF�
KLOO�FRXQWU\�LV�UHVWULFWHG�WR�WKH�LQODQG�EDVLQV�DQG�KHDGZDWHUV�RI�WKH�PDMRU�ULYHU�V\VWHPV��,Q�
WKH�6RXWK�,VODQG�OHVV�WKDQ���������KD�KDV�DQ�HURVLRQ�VHYHULW\�UDQNLQJ�RI�VHYHUH��YHU\�
VHYHUH�RU�H[WUHPH��)LJ�������8QOLNH�WKH�1RUWK�,VODQG��WKH�6RXWK�,VODQG�LV�GRPLQDWHG�E\�
VXUIDFH�HURVLRQ�W\SHV��)LJ�������0DVV�PRYHPHQW�LV�WKH�GRPLQDQW�IRUP�RI�HURVLRQ�RQ�WKH�
:HVW�&RDVW��DQG�LV�FRPPRQ�LQ�1HOVRQ��0DUOERURXJK��1RUWK�&DQWHUEXU\��%DQNV�3HQLQVXOD�
WKH�2WDJR�3HQLQVXOD��SDUWV�RI�2WDJR�DQG�ZHVWHUQ�6RXWKODQG��7XQQHO�JXOO\LQJ�LV�DOVR�IDU�
PRUH�FRPPRQ�LQ�WKH�6RXWK�,VODQG��6KHHW�DQG�VRLO�VOLS�HURVLRQ�DUH�WKH�PRVW�FRPPRQ�
IRUPV�RI�HURVLRQ�LQ�WKH�6RXWK�,VODQG�KLOO�FRXQWU\��)LJV����������ZKLOH�JXOO\�DQG�HDUWKIORZ�
HURVLRQ�DUH�IDU�OHVV�FRPPRQ��)LJV����������6HGLPHQW�\LHOGV�WHQG�WR�EH�IDU�ORZHU�LQ�WKH�
6RXWK�,VODQG��)LJ������DQG�DUH�KLJKHVW�RQ�WKH�:HVW�&RDVW�EHFDXVH�RI�WKH�KLJKHU�UDLQIDOO��
7KH\�DUH�DOVR�KLJK�LQ�SDUWV�RI�1RUWK�&DQWHUEXU\��FRDVWDO�2WDJR�DQG�6RXWKODQG��0HDQ�
VHGLPHQW�\LHOGV�DUH�KLJKHVW�LQ�WKH�VWHHS�VRIW�URFN�KLOO�FRXQWU\��
�
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�)LJ����([WHQW�RI�KLOO�FRXQWU\�LQ�1HZ�=HDODQG��



�

/D
QG
FDU

H�5
HVH

DUF
K���

7D
EOH

���
%U

LHI
�GH

VFU
LSW

LRQ
�RI

�KL
OO�F

RX
QWU

\�W
HUU

DLQ
V��

� �
7\

SH�
RI�

KLO
O�F
RX

QWU
\�D

QG
�EU

LHI
�GH

VFU
LSW

LRQ
�

$U
HD�

�KD
��

'R
PL

QD
QW�

HUR
VLR

Q�W
\S
HV�

�
(U
RVL

RQ
�

VXV
FHS

WLE
LOLW

\
�

66
<Á

�
�W�N

P�
�\U

��
1R

UWK
�,V

ODQ
G�

+L
OO�F

RX
QWU

\��
��
±�
��G

HJ
UHH

V��
�Z
LWK

�VW
UR
QJ

O\�
UR
OOLQ

J�W
R�P

RG
HUD

WHO
\�V

WHH
S�V

ORS
HV�

�
�

�
�

���
/R

HVV
�KL

OO�F
RX
QWU

\�
/R

Z�
HOH

YD
WLR

Q�K
LOO�

FR
XQ
WU\

�GH
YHO

RS
HG
�RQ

�GH
HS
��!

��P
��OR

HVV
��R
YH
UO\

LQJ
�ER

WK�
VRI

W��
URF

N�D
QG
�KD

UG�
�UR

FN
�WH
UUD

LQ�
�

��
���

��
�

6K
HHW

��6
RLO

�
VOL
S��
7X

QQ
HO�

JX
OO\

�
0H

GLX
P�

��
��OR

Z�
�

���
7H

SK
ULF

��D
VK�

�KL
OO�

FRX
QWU

\�
0D

QWO
HG
�Z
LWK

�\R
XQ
J�W

HS
KUD

��D
QG
�RU

�RO
GH
U�WH

SK
UD�

�OD
WH�
3OH

LVWR
FHQ

H�H
DUO

\�+
ROR

FHQ
H��

�
RU�

WHS
KUL

F�O
RHV

V�WR
�GH

SWK
V�R

I��
���
±�!

���
�P

��
���

��
���

��
6R

LO�V
OLS

��
6K

HHW
��*

XOO
\�

0H
GLX

P�
�

��
���

PH
G��

���
+D

UG�
LJQ

HR
XV�

URF
N�

KLO
O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�KD
UG�

\R
XQ
J�E

DVD
OW�G

RP
HV�

DQ
G�F

RQ
HV�

�
��
���

��
6K

HHW
��6

RLO
�

VOL
S�

/R
Z�

��
��OR

Z�
�

���
&U

XVK
HG
�VR

IW�U
RF
N�

KLO
O�F
RX

QWU
\�Z

LWK
�

PR
GH
UDW

H�W
R�V

HY
HUH

�
HUR

VLR
Q�

'H
YHO

RS
HG
�RQ

�VR
IW�F

UXV
KHG

�7H
UWLD

U\�
DJ
HG
�P

XG
VWR

QH
��VD

QG
VWR

QH
��D
UJL

OOLW
H��
RU�

DQ
FLH

QW�
YR
OFD

QLF
�UR

FN
��IU

HT
XHQ

WO\
��Z

LWK
�WH
SK
UD�

FR
YHU

���Z
LWK

�P
RG
HUD

WH�
WR�

VHY
HUH

�
HDU

WKI
ORZ

�GR
PL

QD
WHG

�HU
RVL

RQ
��D
QG
�VR

IW�F
UXV

KH
G�D

UJL
OOLW

H��
VDQ

GVW
RQ
H��
RU�

JUH
\Z

DFN
H��

ZL
WK�

VHY
HUH

�JX
OO\

�GR
PL

QD
WHG

�HU
RVL

RQ
��

��
���

��
�

(D
UWK

IOR
Z�
�

*X
OO\

��6
KH
HW�

+L
JK
�

��
���

��
�YH

U\�
KLJ

K��

���
6R

IW�U
RF
N�K

LOO�
FRX

QWU
\��

'H
YHO

RS
HG
�RQ

�VR
IW�V

DQ
GVW

RQ
H��
PX

GVW
RQ
H�R

U�V
RIW

�WR
�YH

U\�
VWU
RQ
J�F

DOF
DUH

RX
V�

VHG
LP

HQ
WDU

\�U
RFN

V��
���

��
���

��
6R

LO�V
OLS

��
(D

UWK
IOR

Z�
�

6K
HHW

�
0H

GLX
P�

�
��
���

PH
G��

���
+D

UG�
URF

N�K
LOO�

FRX
QWU

\�
'H

YHO
RS
HG
�RQ

�KD
UG�

XQ
ZH

DWK
HUH

G�W
R�P

RG
HUD

WHO
\�Z

HDW
KH
UHG

�JU
H\
ZD

FN
H�D

QG
�

DUJ
LOOL

WH�
�

��
���

��
�

6R
LO�6

OLS
��

6K
HHW

��6
FUH

H�
/R

Z�
��
���

PH
G�

���
'H

HS
O\�

ZH
DWK

HUH
G�

KLO
O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�UH
VLG

XD
O�Z

HDW
KH
UHG

�WR
�KL

JK
O\�

�RI
WHQ

�GH
HS
O\�

�Z
HDW

KH
UHG

�UR
FN
V��

��
���

��
�

6R
LO�V

OLS
��

6K
HHW

��
(D

UWK
IOR

Z�
0H

GLX
P�

��
���

PH
G��

�
+L

OO\
�VW
HHS

ODQ
GV
��!

���
�GH

JU
HHV

���Z
LWK

�P
RG

HUD
WHO

\�V
WHH

S�W
R�V

WHH
S�V

ORS
HV�

�
�

�
�

�
���
6WH

HS
�WH
SK
ULF

��D
VK�

�
KLO

O�F
RX

QWU
\�

&R
YHU

HG�
ZL
WK�

\R
XQ
J�W

HS
KUD

��D
QG
�RU

�RO
GH
U�WH

SK
UD�

�OD
WH�
3OH

LVW
RF
HQH

�HD
UO\

�+
ROR

FHQ
H��

RU�
WHS

KUL
F�O
RHV

V�WR
�GH

SWK
V�R

I��
���
±�!

���
P�

�
��
���

��
�

6R
LO�V

OLS
��

6K
HHW

��'
HEU

LV�
DY
DOD

QFK
H�

0H
GLX

P�
�

��
���

PH
G��

���
6WH

HS
�KD

UG�
LJQ

HRX
V�

URF
N�K

LOO�
FR
XQ
WU\

�
'H

YHO
RS
HG
�RQ

�IUH
VK�

WR�
VOL
JK
WO\

�Z
HDW

KHU
HG�

KD
UG�

ZH
OGH

G�U
K\
ROL

WLF
�UR

FN
��R
U�E

RX
OGH

U\�
DQ
GHV

LWLF
�OD
KD
U�G

HS
RVL

WV��
��
���

��
6R

LO�V
OLS

��
6K

HHW
��'

HEU
LV�

DY
DOD

QFK
H�

0H
GLX

P�
��
��OR

Z�
�

��
��6

WHH
S�F

UXV
KH
G�

URF
N�K

LOO�
FR
XQ
WU\

�
'H

YHO
RS
HG
�RQ

�FU
XVK

HG
�DU

JLO
OLWH

�Z
LWK

�JX
OO\

�GR
PL

QD
WHG

�HU
RVL

RQ
��

��
���

��
*X

OO\
��

(D
UWK

IOR
Z�
�

6K
HHW

�
+L
JK
�

��
���

��
�YH

U\�
KLJ

K��
��
��6

WHH
S�V

RIW
�UR

FN�
KLO

O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�VR
IW�V

DQ
GVW

RQ
H��
PX

GVW
RQ
H��
DQG

�VD
QG
\�J

UDY
HOV

��
���

��
���

��
6R

LO�V
OLS

��
6K

HHW
��

+L
JK
�

��
��
��K

LJK
��



�

/D
QG

FDU
H�5

HVH
DUF

K�

�� �
7\

SH�
RI�

KLO
O�F
RX

QWU
\�D

QG
�EU

LHI
�GH

VFU
LSW

LRQ
�

$U
HD�

�KD
��

'R
PL

QD
QW�

HUR
VLR

Q�W
\S
HV�

�
(U
RVL

RQ
�

VXV
FHS

WLE
LOLW

\
�

66
<Á

�
�W�N

P�
�\U

��
(D

UWK
IOR

Z�
��
��6

WHH
S�K

DUG
�UR

FN
�

KLO
O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�XQ
ZH

DWK
HUH

G�W
R�P

RG
HUD

WHO
\�Z

HDW
KH
UHG

�KD
UG�

JUH
\Z

DFN
H�D

QG
�

DUJ
LOOL

WH�
�

��
���

��
�

'H
EUL

V�
DY
DOD

QFK
H��

6R
LO�V

OLS
��

6K
HHW

�

/R
Z�

��
���

PH
G��

��
��6

WHH
S�G

HHS
O\�

ZH
DWK

HUH
G�K

LOO�
FRX

QWU
\�

'H
YHO

RS
HG
�RQ

�UH
VLG

XD
O�Z

HDW
KH
UHG

�WR
�KL

JK
O\�

�RI
WHQ

�GH
HS
O\�

�Z
HDW

KH
UHG

�UR
FN
V�

�LQ
FOX

GLQ
J�L

JQ
HR
XV�

URF
NV�

�JU
H\
ZD

FNH
�DQ

G�D
UJL

OOLW
H��

�
��
���

��
�

6R
LO�V

OLS
��

6K
HHW

��'
HEU

LV�
DY
DOD

QFK
H�

0H
GLX

P�
��
���

PH
G��

6R
XWK

�,V
ODQ

G�
+L

OO�F
RX

QWU
\��

��
±�
��G

HJ
UHH

V��
�Z
LWK

�VW
UR
QJ

O\�
UR
OOLQ

J�W
R�P

RG
HUD

WHO
\�V

WHH
S�V

ORS
HV�

�
�

�
�

��
��0

RUD
LQL

F�K
LOO�

FRX
QWU

\�
/R

Z�
HOH

YD
WLR

Q�Y
DOO
H\
�RU

�ED
VLQ

�IOR
RU�

KLO
O�F
RX
QWU

\��
GHY

HOR
SH
G�R

Q�P
RUD

LQH
�DQ

G�
GLV

VHF
WHG

�RX
WZ

DVK
�DO
OXY

LXP
��

��
��

��
�

6K
HHW

��6
RLO

�
VOL
S��
*X

OO\
�

/R
Z�

��
���

KLJ
K��

��
��/

RH
VV�

KLO
O�

FRX
QWU

\��
/R

Z�
HOH

YD
WLR

Q�K
LOO�

FR
XQ
WU\

�GH
YHO

RS
HG
��R

Q�G
HHS

��!
��P

��OR
HVV

��R
YHU

O\L
QJ
�ER

WK�
VRI

W�
URF

N�D
QG
�KD

UG�
URF

N�W
HUU

DLQ
��

�
��
��

��
�

6K
HHW

��6
RLO

�
VOL
S��
7X

QQ
HO�

JX
OO\

�
0H

GLX
P�

��
���

PH
G��

��
��6

RIW
�UR

FN
�KL

OO�
FRX

QWU
\��

'H
YHO

RS
HG
�RQ

�VR
IW�P

XG
VWR

QH�
�VD

QG
VWR

QH
�RU

�FR
QJ
ORP

HUD
WH�
�VR

IW�W
R�Y

HU\
�VWU

RQ
J�

FDO
FDU

HR
XV�

URF
NV�

�
��
��

��
�

6R
LO�V

OLS
��

6K
HHW

��*
XOO

\�
0H

GLX
P�

��
���

PH
G��

��
��+

DUG
�UR

FN�
KLO

O�
FRX

QWU
\�

'H
YHO

RS
HG
�RQ

�KD
UG�

VHG
LP

HQ
WDU

\�D
QG
�VF

KLV
W�UR

FN
V��K

DUG
�FR

DUV
H�J

UDL
QH
G�L

JQ
HR
XV�

DQ
G�

PH
WDP

RUS
KLF

�UR
FNV

��IL
QH�

JUD
LQH

G�L
JQ
HR
XV�

URF
NV�

�
���

��
���

��
6K

HHW
��6

RLO
�

VOL
S��
:
LQG

�
/R

Z�
��
��OR

Z�
�

�
+L

OO\
�VW
HHS

ODQ
GV
��!

��
�GH

JU
HHV

���Z
LWK

�P
RG

HUD
WHO

\�V
WHH

S�W
R�V

WHH
S�V

ORS
HV�

�
�

�
�

��
��6

WHH
S�V

RIW
�UR

FN�
KLO

O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�VR
IW�V

HG
LP

HQ
WDU

\�P
XG
VWR

QH
��VD

QG
VWR

QH�
DQ
G�F

RQ
JOR

PH
UDW

H��
�

�
��
���

��
�

6R
LO�6

OLS
��

6K
HHW

��'
HEU

LV�
DY
DOD

QFK
H�

0H
GLX

P�
��
��
��K

LJK
��

��
��6

WHH
S�K

DUG
�UR

FN
�

KLO
O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�KD
UG�

VHG
LP

HQ
WDU

\�D
QG
�VF

KLV
W�UR

FN
V��F

RDU
VH�

JUD
LQH

G�L
JQ

HR
XV�

DQ
G�

PH
WDP

RUS
KLF

�UR
FNV

��IL
QH�

JUD
LQH

G�L
JQ
HR
XV�

URF
NV�

�DQ
G�F

DUE
RQ
DWH

�UR
FNV

��
��
���

��
�

6K
HHW

��6
RLO

�
VOL
S��

6F
UHH

�
0H

GLX
P�

��
��OR

Z�
�

��
��6

WHH
S�Z

HDW
KH
UHG

�
KLO

O�F
RX

QWU
\�

'H
YHO

RS
HG
�RQ

�Z
HDW

KHU
HG�

KD
UG�

VFK
LVW�

DQ
G�J

UH\
ZD

FN
H�U

RF
NV�

LQ�
WKH

�0
DUO

ER
URX

JK
�

6R
XQ
GV�

�HV
SH
FLD

OO\
�RQ

�WK
H�O
RZ

HU�
VOR

SH
V��
��

��
�P

���
��
���

��
�

6K
HHW

��6
RLO

�
VOL
S��
6F

UHH
�

0H
GLX

P�
��
��OR

Z�
�

��
��6

WHH
S�Z

HDW
KH
UHG

�
LJQ

HR
XV�

URF
N�K

LOO�
FRX

QWU
\��

'H
YHO

RS
HG
�RQ

�Z
HDW

KHU
HG�

KD
UG�

FR
DUV

H�J
UDL

QH
G�L

JQ
HR
XV�

URF
NV�

�H�
J��
6H
SD
UDW

LRQ
�3R

LQW
�

*U
DQ
LWH
�LQ

�WK
H�0

RWX
HND

�FD
WFK

PH
QW�

��
�

��
���

��
6R

LO�V
OLS

��
6K

HHW
��'

HEU
LV�

DY
DOD

QFK
H�

0H
GLX

P�
��
���

PH
G��

��7
KH
�GL

YLV
LRQ

�EH
WZ
HHQ

�VR
IW�D

QG
�KD

UG�
FR
QIR

UP
V�WR

�WK
H�V

HSD
UDW

LRQ
�EH

WZ
HHQ

�VR
IW�D

QG
�P

RG
HUD

WHO
\�K

DUG
�RI

�/\
QQ
�	

�&U
LSS

HQ
���

��
���

S��
���

�Á�
$Y

HUD
JH
�VX

VSH
QG
HG
�

VHG
LP

HQ
W�\

LHO
G�I

RU�
WHU

UDL
Q�G

HUL
YHG

�IUR
P�

GD
WD�
GH
VFU

LEH
G�L

Q�+
LFN

V�H
W�D
O���

��
��
��

� � � �



�

/D
QG
FDU

H�5
HVH

DUF
K���

7D
EOH

���
'R

PL
QD
QW�

HUR
VLR

Q�W
\S

HV�
DQ
G�V

HY
HUL

WLH
V�D

V�P
DS
SH
G�L

Q�W
KH
�1
=/

5,
�IR

U�H
DFK

�KL
OO�F

RX
QWU

\�W
HUU

DLQ
�W\

SH
��

� �
$U

HD
��K

D��
7\

SH
�RI

�KL
OO�F

RX
QWU

\�D
QG
�EU

LHI
�GH

VFU
LSW

LRQ
�

'R
PL

QD
QW�

�
(U
RVL

RQ
�VH

YH
ULW\

���
�DU

HD�
LQ�

PD
SS
HG
�FO
DVV

��
�

�
HUR

VLR
Q�

��
��

��
��

��
1R

UWK
�,V

ODQ
G�

+L
OO�F

RX
QWU

\��
��
±�
��G

HJ
UHH

V��
�Z
LWK

�VW
UR
QJ

O\�
UR
OOLQ

J�W
R�P

RG
HUD

WHO
\�V

WHH
S�V

ORS
HV�

�
�

�
�

�
�

���
/R

HVV
�KL

OO�
FRX

QWU
\�

��
���

��
�

/R
Z�
HOH

YD
WLR

Q�K
LOO�

FR
XQ
WU\

�GH
YH
ORS

HG
�RQ

�GH
HS
��!

��P
��OR

HVV
��

RY
HUO

\LQ
J�E

RWK
�VR

IW�U
RFN

�DQ
G�K

DUG
�UR

FN
�WH
UUD

LQ�
�

6V
�

6K
�

7�
��
�

��
�

��
�� ��

�
��

�
�

�

���
7H

SK
ULF

��D
VK�

�
KLO

O�F
RX

QWU
\�

���
��
���

��
0D

QWO
HG
�Z
LWK

�\R
XQ
J�W

HS
KUD

��D
QG
�RU

�RO
GHU

�WH
SK

UD�
�OD

WH�
3OH

LVW
RF
HQH

�HD
UO\

�+
ROR

FHQ
H��

�RU
�WH
SK
ULF

�OR
HVV

�WR
�GH

SWK
V�R

I��
��±

!�
���

P�
�

6V
�

6K
�

*�
��
�

��
�

��
�� �� ��

��
�

��
�

�
�

���
+D

UG�
LJQ

HR
XV�

URF
N�K

LOO�
FR
XQ
WU\

�
��
���

��
'H

YH
ORS

HG�
RQ
�KD

UG�
\R

XQ
J�E

DVD
OW�G

RP
HV�

DQ
G�F

RQ
HV�

�
6K

�
6V
�

*�
��
�

��
�

��
�� ��

�
�

�

���
&U

XVK
HG
�VR

IW�
URF

N�K
LOO�

FR
XQ
WU\

�
ZL
WK�

PR
GHU

DWH
�

WR�
VHY

HUH
�

HUR
VLR

Q�

��
���

��
�

'H
YH
ORS

HG�
RQ
�VR

IW�F
UXV

KH
G�7

HUW
LDU

\�D
JHG

�P
XG
VWR

QH�
�VD

QG
VWR

QH
��

DUJ
LOOL

WH�
�RU

�DQ
FLH

QW�
YR

OFD
QLF

�UR
FN
��R

IWH
Q�Z

LWK
�WH
SK
UD�

FR
YH
U���

PR
GH
UDW

H�W
R�V

HY
HUH

�HD
UWK

IOR
Z�
GR

PL
QD
WHG

�HU
RVL

RQ
��D
QG
�VR

IW�F
UXV

KH
G�

DUJ
LOOL

WH�
�VD

QG
VWR

QH
��R
U�J

UH\
ZD

FN
H�Z

LWK
�VH

YH
UH�

JX
OO\

�HU
RVL

RQ
��

(I� *� 6K
�

6V
�

��
�

�� ��
�

��

��
�

�� �� ��

�� �� � ��

�� �� � ��
�

��
�

� � �
���
6R

IW�U
RF
N�K

LOO�
FRX

QWU
\��

���
��
���

��
'H

YH
ORS

HG�
RQ
�VR

IW�V
DQG

VWR
QH�

�P
XG
VWR

QH�
RU�

VRI
W�WR

�YH
U\�

VWU
RQ
J�

FDO
FDU

HR
XV�

VHG
LP

HQ
WDU

\�U
RFN

V��
6V
�

(I� 6K
�

7�

��
�

��
�

��
�

��

��
�

�� �� ��

��
�

��
�

��
�

�
�

���
+D

UG�
URF

N�K
LOO�

FRX
QWU

\�
��
���

��
�

'H
YH
ORS

HG�
RQ
�KD

UG�
XQ
ZH

DWK
HUH

G�W
R�P

RG
HUD

WHO
\�Z

HDW
KHU

HG�
JUH

\Z
DFN

H�D
QG
�DU

JLO
OLWH

��
6V
�

6K
�

6F
�

��
�

��
�

��
�� �� ��

�
� � �

� � �
�

���
'H

HS
O\�

ZH
DWK

HUH
G�K

LOO�
FRX

QWU
\�

��
���

��
�

'H
YH
ORS

HG�
RQ
�UH

VLG
XDO

�Z
HDW

KH
UHG

�WR
�KL

JK
O\�

�RI
WHQ

�GH
HS
O\�

�
ZH

DWK
HUH

G�U
RFN

V��
6K

���
6V
�

(I� 7�

��
�

��
�

��
�

��

�� �� � ��

� ��
�

� �

� � � �

�

�
+L

OO\
�VW
HHS

ODQ
GV
��!

��
�GH

JU
HHV

���Z
LWK

�P
RG

HUD
WHO

\�V
WHH

S�W
R�V

WHH
S�V

ORS
HV�

�
�

�
�

�
�

�
���
6WH

HS
�WH
SK
ULF

�
�DV

K��
KLO

O�
FRX

QWU
\�

��
���

��
�

&R
YH
UHG

�Z
LWK

�\R
XQ
J�W

HS
KUD

��D
QG
�RO

GHU
�WH
SK
UD�

�OD
WH�

3OH
LVW
RF
HQH

�HD
UO\

�+
ROR

FHQ
H��

RU�
WHS

KUL
F�O
RH
VV�

WR�
GHS

WKV
�RI

���
��±

!�
���

P�
�

6V
�

6K
�

'D
�

��
�

��
�

��
�

�� �� ��
� ��

�
��

�
� � �

�

���
6WH

HS
�KD

UG�
LJQ

HR
XV�

URF
N�

��
���

��
'H

YH
ORS

HG�
RQ
�IUH

VK�
WR�

VOL
JK

WO\
�Z
HDW

KH
UHG

�KD
UG�

ZH
OGH

G�U
K\

ROL
WLF
�

URF
N��

RU�
ER
XOG

HU\
�DQ

GH
VLWL

F�O
DK
DU�

GHS
RVL

WV��
6V
�

6K
�

��
�

��
��
�

��
�

�� �
�

�



�

/D
QG

FDU
H�5

HVH
DUF

K�

�� �
$U

HD
��K

D��
7\

SH
�RI

�KL
OO�F

RX
QWU

\�D
QG
�EU

LHI
�GH

VFU
LSW

LRQ
�

'R
PL

QD
QW�

�
(U
RVL

RQ
�VH

YH
ULW\

���
�DU

HD�
LQ�

PD
SS
HG
�FO
DVV

��
�

�
HUR

VLR
Q�

��
��

��
��

��
KLO

O�F
RX

QWU
\�

*�
��
�

��
�

��
��
��6

WHH
S�

FUX
VKH

G�U
RFN

�
KLO

O�F
RX

QWU
\�

��
���

��
'H

YH
ORS

HG�
RQ
�FU

XVK
HG�

DUJ
LOOL

WH�
ZL
WK�

JX
OO\

�GR
PL

QD
WHG

�HU
RVL

RQ
��

�
*� 6K

�
6V
�

��
�

�� ��
�

��
�

�� ��
��
�

� ��
��

�� �
��
��6

WHH
S�V

RIW
�

URF
N�K

LOO�
FR
XQ
WU\

�
�

���
��
���

��
'H

YH
ORS

HG�
RQ
�VR

IW�V
DQG

VWR
QH�

�P
XG
VWR

QH�
�DQ

G�V
DQ
G\

�JU
DYH

OV��
�

6V
�

6K
�

(I� 'D
�

*�
�

��
�

�� �� ��
�

��

��
�

�� �� �� ��
�

�� ��
�

�� ��
�

��
�

�� ��
�

� ��
�

��
�

�

��
��6

WHH
S�K

DUG
�

URF
N�K

LOO�
FR
XQ
WU\

�
��
���

��
�

'H
YH
ORS

HG�
RQ
�XQ

ZH
DWK

HUH
G�W

R�P
RG
HUD

WHO
\�Z

HDW
KH
UHG

�KD
UG�

JUH
\Z

DFN
H�D

QG
�DU

JLO
OLWH

��
'D

�
6V
�

6K
�

6F
�

��
�

��
�

�� ��

�� �� �� ��

�� ��
�

� �

�
�

��
��6

WHH
S�G

HHS
O\�

ZH
DWK

HUH
G�K

LOO�
FRX

QWU
\�

��
���

��
�

'H
YH
ORS

HG�
RQ
�UH

VLG
XDO

�Z
HDW

KH
UHG

�WR
�KL

JK
O\�

�RI
WHQ

�GH
HS
O\�

�
ZH

DWK
HUH

G�U
RFN

V��
LQF

OXG
LQJ

�LJ
QHR

XV�
URF

NV�
�JU

H\
ZD

FN
H�D

QG
�

DUJ
LOOL

WH�
��

6V
�

6K
�

'D
�

��
�

��
�

��
�

�� �� ���
�

��
�

� ��
�

�
�

6R
XWK

�,V
ODQ

G�
+L

OO�F
RX

QWU
\��

��
±�
��G

HJ
UHH

V��
�Z
LWK

�VW
UR
QJ

O\�
UR
OOLQ

J�W
R�P

RG
HUD

WHO
\�V

WHH
S�V

ORS
HV�

�
�

�
�

�
�

��
��0

RUD
LQL

F�
KLO

O�F
RX

QWU
\�

��
���

��
�

/R
Z�
HOH

YD
WLR

Q�Y
DOO
H\
�RU

�ED
VLQ

�IOR
RU�

KLO
O�F
RX
QWU

\��
GH
YHO

RS
HG�

RQ
�

PR
UDL

QH�
DQ
G�G

LVV
HFW

HG�
RX
WZ
DVK

�DO
OXY

LXP
��

6K
�

6V
�

*�
��
�

��
�

��
�

���
�

�� ��
�

�� ��
�

��
�

��
�

��
�

� �
��
��/

RH
VV�

KLO
O�

FRX
QWU

\�
��
���

��
�

/R
Z�
HOH

YD
WLR

Q�K
LOO�

FR
XQ
WU\

�GH
YH
ORS

HG
��R
Q�G

HHS
��!

��P
��OR

HVV
��

RY
HUO

\LQ
J�E

RWK
�VR

IW�U
RFN

�DQ
G�K

DUG
�UR

FN
�WH
UUD

LQ�
�

6K
�

6V
�

7�
��
�

��
�

��
��
�

�� ��
��

�
��

�
��

�
� � ��

�
�

��
��6

RIW
�UR

FN
�

KLO
O�F
RX

QWU
\��

��
���

��
�

'H
YH
ORS

HG�
RQ
�VR

IW�P
XG
VWR

QH
��VD

QG
VWR

QH�
RU�

FR
QJ
ORP

HUD
WH�
�VR

IW�W
R�

YH
U\�

VWU
RQ
J�F

DOF
DUH

RX
V�U
RF
NV�

�
6K

�
6V
�

*� �

��
�

��
�

��
�� �� ��

��
�

��
�

��
�

�

��
�

��
�

��
�

�

��
�

� ��
�

�
��
��+

DUG
�UR

FN�
KLO

O�F
RX

QWU
\�

�KD
��

���
��
���

��
'H

YH
ORS

HG�
RQ
�KD

UG�
VHG

LP
HQ
WDU

\�D
QG
�VF

KLV
W�UR

FNV
��K

DUG
�FR

DUV
H�

JUD
LQH

G�L
JQ
HR
XV�

DQ
G�P

HWD
PR

USK
LF�
URF

NV�
�ILQ

H�J
UDL

QH
G�L

JQ
HR
XV�

URF
NV�

�
6K

�
6V
�

:�
��
�

�� ��
�� �� ��

�� �
�

�

�
+L

OO\
�VW
HHS

ODQ
GV
��!

��
�GH

JU
HHV

���Z
LWK

�P
RG

HUD
WHO

\�V
WHH

S�W
R�V

WHH
S�V

ORS
HV�

�
�

�
�

�
�

��
��6

WHH
S�V

RIW
�

URF
N�K

LOO�
FR
XQ
WU\

�
��
���

��
�

'H
YH
ORS

HG�
RQ
�VR

IW�V
HGL

PH
QWD

U\�
PX

GVW
RQ
H��
VDQ

GVW
RQ
H�D

QG
�

FR
QJ
ORP

HUD
WH�
��

6V
�

6K
�

'D
�

��
�

��
�

��
�

��
�

��
�

��
�

�� ��
�

��
�

��
�

� � �

�� �



�

/D
QG
FDU

H�5
HVH

DUF
K���

�
$U

HD
��K

D��
7\

SH
�RI

�KL
OO�F

RX
QWU

\�D
QG
�EU

LHI
�GH

VFU
LSW

LRQ
�

'R
PL

QD
QW�

�
(U
RVL

RQ
�VH

YH
ULW\

���
�DU

HD�
LQ�

PD
SS
HG
�FO
DVV

��
�

�
HUR

VLR
Q�

��
��

��
��

��
�

��
��6

WHH
S�K

DUG
�

URF
N�K

LOO�
FR
XQ
WU\

�
�

��
���

��
�

0R
GH
UDW

HO\
�VWH

HS
�WR

�VWH
HS�

KLO
O�F
RX
QWU

\�G
HY
HOR

SHG
�RQ

�KD
UG�

VHG
LP

HQ
WDU

\�D
QG
�VF

KLV
W�UR

FNV
��F
RD
UVH

�JU
DLQ

HG�
LJQ

HR
XV�

DQG
�

PH
WDP

RUS
KLF

�UR
FN
V��I

LQH
�JU

DLQ
HG�

LJQ
HR
XV�

URF
NV�

�FD
UER

QD
WH�
URF

NV�
�

6K
�

6V
�

6F
�

��
�

��
�

��
��
�

�� ��
�� ��

�
��

��
�

��
�

�
� � �

��
��6

WHH
S�

ZH
DWK

HUH
G�K

LOO�
FRX

QWU
\�

��
���

��
�

0R
GH
UDW

HO\
�VWH

HS
�WR

�VWH
HS�

KLO
O�F
RX
QWU

\�G
HY
HOR

SHG
�RQ

�Z
HDW

KH
UHG

�
KD
UG�

VFK
LVW
�DQ

G�J
UH\

ZD
FN
H�U

RFN
V�LQ

�WK
H�0

DUO
ER

URX
JK
�6R

XQ
G��

HVS
HFL

DOO
\�R

Q�W
KH�

ORZ
HU�

VOR
SH
V��
��

��
�P

���
6K

�
6V
�

6F
�

��
�

��
�

��
�

��
��

�
��

�
�

�

��
��6

WHH
S�

ZH
DWK

HUH
G�

LJQ
HR
XV�

URF
N�

KLO
O�F
RX

QWU
\��

��
���

��
0R

GH
UDW

HO\
�VWH

HS
�WR

�VWH
HS�

KLO
O�F
RX
QWU

\�G
HY
HOR

SHG
�RQ

�Z
HDW

KH
UHG

�
KD
UG�

FR
DUV

H�J
UDL

QHG
�LJ

QH
RX
V�U
RF
NV�

�H�
J��
6H
SDU

DWL
RQ
�3R

LQW
�*
UDQ

LWH
�

LQ�
WKH

�0
RWX

HN
D�F

DWF
KP

HQ
W���

�

6K
�

6V
�

��
�

��
�

��
�

��
�

�
�

�

7\
SH
V�R

I�H
URV

LRQ
��(

\OH
V��

��
���

'D
�±�

GHE
ULV
�DY

DOD
QFK

H�
(I�

±�H
DUW

KIO
RZ

�
*�
±�J

XOO
\�

6V
�±�
VRL

O�VO
LS�

6K
�±�

VKH
HW�

6F
�±�

VFU
HH�

7�±
�WX

QQ
HO�
JX
OO\

�
�



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ���D�'LVWULEXWLRQ�RI�KLOO�FRXQWU\�W\SHV�LQ�WKH�1RUWK�,VODQG��1HZ�=HDODQG��



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ���E��'LVWULEXWLRQ�RI�KLOO�FRXQWU\�W\SHV�LQ�WKH�6RXWK�,VODQG��1HZ�=HDODQG��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ����(URVLRQ�VHYHULW\�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��
�



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ����'RPLQDQW�HURVLRQ�W\SHV�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ����'LVWULEXWLRQ�RI�VRLO�VOLS�HURVLRQ�RQ�1RUWK�,VODQG�KLOO�FRXQWU\���
�

�������������������������������������������������
��1RWH�WKDW�WKH�PDSV��)LJV�����DQG�������VKRZ�WKH�GLVWULEXWLRQ�RI�1=/5,�SRO\JRQV�DIIHFWHG�E\�HDFK�HURVLRQ�
W\SH��QRW�WKH�DFWXDO�DUHD�GLUHFWO\�DIIHFWHG�E\�HDFK�HURVLRQ�W\SH��



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ����'LVWULEXWLRQ�RI�VKHHW�HURVLRQ�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ����'LVWULEXWLRQ�RI�HDUWKIORZ�HURVLRQ�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��
�



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ����'LVWULEXWLRQ�RI�JXOO\�HURVLRQ�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ����6HGLPHQW�\LHOG�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��IURP�+LFNV�DQG�6KDQNDU��������



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ�����(URVLRQ�VHYHULW\�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ�����'RPLQDQW�HURVLRQ�W\SHV�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ�����'LVWULEXWLRQ�RI�VKHHW�HURVLRQ�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ�����'LVWULEXWLRQ�RI�VRLO�VOLS�HURVLRQ�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ�����'LVWULEXWLRQ�RI�JXOO\�HURVLRQ�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

��

�
)LJ�����'LVWULEXWLRQ�RI�HDUWKIORZ�HURVLRQ�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��



�

/DQGFDUH�5HVHDUFK�

���

�
)LJ�����6HGLPHQW�\LHOG�RQ�6RXWK�,VODQG�KLOO�FRXQWU\��IURP�+LFNV�DQG�6KDQNDU��������
�



�

/DQGFDUH�5HVHDUFK�

��

������ ,QIRUPDWLRQ�RQ�HURVLRQ�SURFHVVHV�RQ�KLOO�FRXQWU\�
�
1HZ�=HDODQG�LV�ZLGHO\�UHFRJQLVHG�DV�KDYLQJ�KLJK�UDWHV�RI�ERWK�QDWXUDO�DQG�PDQ�LQGXFHG�
HURVLRQ��7KH�H[WHQW�DQG�W\SH�RI�QDWXUDO�HURVLRQ�LV�GHWHUPLQHG�E\�WKH�FRPSOH[�LQWHUSOD\�
EHWZHHQ�JHRORJ\��URFN�W\SH��ZHDWKHULQJ��VWUXFWXUH��DQG�UHJLRQDO�SODWH�WHFWRQLFV���FOLPDWH�
�SDUWLFXODUO\�UDLQIDOO�DPRXQWV�DQG�LQWHQVLWLHV��IUHTXHQF\�RI�ODUJH�VWRUPV��DQG�YHJHWDWLRQ��
SURGXFLQJ�UHJLRQDO�YDULDWLRQ�LQ�WKH�VXVFHSWLELOLW\�RI�WKH�ODQG�WR�HURVLRQ��)RU�H[DPSOH��VHYHUH�
HDUWKIORZ�DQG�JXOO\�HURVLRQ�DUH�FORVHO\�UHODWHG�WR�WKH�H[WHQVLYH�DUHDV�RI�PXGVWRQH�DQG�
FUXVKHG�URFN�WHUUDLQ�LQ�WKH�1RUWK�,VODQG��,Q�WKH�6RXWK�,VODQG�JXOO\�HURVLRQ�LV�ODUJHO\�
DVVRFLDWHG�ZLWK�KLOO�FRXQWU\�GHYHORSHG�RQ�HDVLO\�HURGHG�VRIW�PXGVWRQH��VDQGVWRQH��DQG�ZHDNO\�
FRQVROLGDWHG�FRQJORPHUDWH��DQG�UHJLRQDO�IDXOW�DQG�FUXVK�]RQHV��5HJLRQDO�VWXGLHV�E\�*ULIILWKV�
�������������DQG�+LFNV�HW�DO���������VKRZ�WKDW�DQQXDO�UDLQIDOO�LV�WKH�GRPLQDQW�IDFWRU�
LQIOXHQFLQJ�UDWHV�RI�HURVLRQ��DV�PHDVXUHG�E\�VXVSHQGHG�VHGLPHQW�\LHOGV��DQG�QXPHURXV�
VWXGLHV�SRLQW�WR�WKH�LPSRUWDQFH�RI�ODUJH�VWRUPV�DV�WULJJHUV�IRU�ZLGHVSUHDG�ODQGVOLGLQJ��
�
,PSRVHG�RQ�WKHVH�QDWXUDO�GULYHUV�RI�HURVLRQ�LV�WKH�HIIHFW�RI�KLVWRULFDO�GHIRUHVWDWLRQ�DQG�ODQG�
XVH�ZKLFK�KDV�LQFUHDVHG�HURVLRQ�WR�D�JUHDWHU�RU�OHVVHU�GHJUHH�GHSHQGLQJ�RQ�WKH�ODQGV¶�LQKHUHQW�
VXVFHSWLELOLW\�WR�HURVLRQ��1XPHURXV�VWXGLHV�GHPRQVWUDWH�WKH�OLQNDJH�EHWZHHQ�LQFUHDVHG�
VHGLPHQWDWLRQ�UDWHV��(XURSHDQ�VHWWOHPHQW�DQG�GHIRUHVWDWLRQ��H�J��7UXVWUXP�	�3DJH�������3DJH�
HW�DO������D��E���3DJH�HW�DO���������DOVR�GHPRQVWUDWH�WKH�GUDPDWLF�HQKDQFHPHQW�RI�WKH�
VXVFHSWLELOLW\�WR�VKDOORZ�UHJROLWK�ODQGVOLGLQJ�ZLWK�WKH�UHPRYDO�RI�WKH�LQGLJHQRXV�IRUHVW�FRYHU�
LQ�WKH�HDVW�FRDVW�RI�WKH�1RUWK�,VODQG��'HIRUHVWDWLRQ�FDQ�OHDG�WR�DW�OHDVW�D����IROG�LQFUHDVH�LQ�
HURVLRQ�ERWK�LQ�WKH�ORQJ�WHUP�DQG�GXULQJ�ODUJH�VWRUPV��ZKLOH�VKRUW�WHUP�VHGLPHQW�\LHOG�
LQFUHDVHV�RI�XS�WR�����WLPHV�DIWHU�IRUHVW�KDUYHVWLQJ�KDYH�EHHQ�UHFRUGHG��H�J��)DKH\�HW�DO��
�������*ODGH��������UHYLHZV�HYLGHQFH�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�ODQG�XVH��YHJHWDWLRQ��
FKDQJH�DQG�ODQGVOLGLQJ��8VLQJ�VHGLPHQWDWLRQ�UDWHV�DV�D�VXUURJDWH�IRU�HURVLRQ�UDWHV�KH�VKRZV�
VHGLPHQWDWLRQ�UDWHV�IURP�D�VHULHV�RI�1RUWK�,VODQG�VLWHV�LQFUHDVHG�E\��±���WLPHV�IROORZLQJ�
GHIRUHVWDWLRQ��0XFK�RI�WKH�LQFUHDVH�RFFXUV�ZKHQ�WKH�WUHH�URRWV�ORVH�WKHLU�VWUHQJWK��DERXW��±��
\HDUV�DIWHU�IRUHVW�UHPRYDO��+RZHYHU��WKH�LPSDFW�RI�GHIRUHVWDWLRQ�SHUVLVWV�LQ�PDQ\�GHIRUHVWHG�
DUHDV�ZLWK�WKLFN�UHJROLWK�RU�VRIW�URFNV�ZKLFK�FRQWLQXH�WR�HURGH�IDVWHU�WKDQ�VLPLODU�IRUHVWHG�
DUHDV�IRU�DW�OHDVW�D�FHQWXU\��3DJH�HW�DO���������
�
7KHUH�LV�D�VXEVWDQWLDO�ERG\�RI�OLWHUDWXUH�GHVFULELQJ�ERWK�QDWXUDO�DQG�LQGXFHG�HURVLRQ�LQ�KLOO�
FRXQWU\��VHH�$SSHQGL[�����DOWKRXJK�PXFK�RI�LW�LV�GHVFULSWLYH��SDUWLFXODUO\�WKH�SUH�����V�
OLWHUDWXUH��DQG�LW�LV�SDWFK\�LQ�LWV�JHRJUDSKLFDO�FRYHUDJH�DQG�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLFV�
DQG�VLJQLILFDQFH�RI�GLIIHUHQW�SURFHVVHV��/DQGVOLGHV�DUH�WKH�EHVW�VWXGLHG�HURVLRQ�SURFHVV��DUH�
YHU\�ZLGHVSUHDG��DQG�D�PDMRU�FRQWULEXWRU�WR�KLOOVORSH�HURVLRQ�DQG�VHGLPHQW�\LHOG��*ODGH�DQG�
&UR]LHU��������DQG�3DJH��������SURYLGH�H[WHQVLYH�ELEOLRJUDSKLHV�DQG�VRPH�DQDO\VLV�RI�WKH�
H[WHQVLYH�ODQGVOLGH�OLWHUDWXUH��*ODGH��������DQDO\VHV�ODQGVOLGH�HYHQWV�LQ�1HZ�=HDODQG�WR�
HVWDEOLVK�WKH�IUHTXHQF\�DQG�PDJQLWXGH�RI�ODQGVOLGH�WULJJHULQJ�VWRUP�HYHQWV�VXJJHVWLQJ�WKDW�
GDLO\�UDLQIDOOV�DV�VPDOO�DV����PP�FDQ�WULJJHU�ODQGVOLGHV��JLYHQ�KLJK�DQWHFHGHQW�PRLVWXUH�
FRQGLWLRQV���DQG�WKDW�GDLO\�UDLQIDOOV�LQ�H[FHVV�RI�����PP�WULJJHU�H[WHQVLYH�ODQGVOLGLQJ�LQ�
PDQ\�DUHDV��&UR]LHU��������FRQFOXGHV�WKDW�PRVW�FRPPRQ�ODQGVOLGH�HYHQWV�DUH�WULJJHUHG�E\�
VWRUP�UDLQIDOO�ZLWK�FULWLFDO�LQWHQVLWLHV�JRYHUQHG�E\�WKH�SUHYDLOLQJ�DQWHFHGHQW�PRLVWXUH�
FRQGLWLRQV��UDLQIDOO�GXUDWLRQ�DQG�DPRXQW��6LQFH�WKH�RQVHW�RI�(XURSHDQ�GHIRUHVWDWLRQ��LQFUHDVHG�
VHGLPHQW�SURGXFWLRQ�RYHU�PXFK�RI�1HZ�=HDODQG�KDV�ODUJHO\�EHHQ�GHWHUPLQHG�E\�ODQGVOLGH�
HYHQWV��*ODGH��������2Q�XQVWDEOH�VORSHV��WKRXVDQGV�RI�ODQGVOLGHV�FDQ�EH�WULJJHUHG�E\�KLJK�
PDJQLWXGH�ORZ�IUHTXHQF\�FOLPDWLF�HYHQWV�GXULQJ�VWRUPV�ZLWK�HVWLPDWHG�UHWXUQ�SHULRGV�LQ�
H[FHVV�RI����\HDUV��H�J��*ODGH��������������������(DUWKTXDNHV�DUH�DOVR�FDSDEOH�RI�WULJJHULQJ�
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PXOWLSOH�RFFXUUHQFH�UHJLRQDO�ODQGVOLGH�HYHQWV��EXW�DW�D�IDU�ORZHU�IUHTXHQF\�WKDQ�WKHLU�UDLQIDOO�
WULJJHUHG�FRXQWHUSDUWV��+DQFR[�HW�DO���������
�
,Q�FRQWUDVW��JXOO\��H�J��%HWWV�HW�DO��������*RPH]�HW�DO��������0DUGHQ�HW�DO��������3DUNQHU�HW�DO��
������������DQG�HDUWKIORZ�HURVLRQ��H�J��:DVVRQ�	�+DOO�������0F&RQFKLH�������=KDQJ�HW�DO��
����D��E��������7URWWHU�������DUH�IDU�OHVV�ZHOO�VWXGLHG��+RZHYHU��LQ�DW�OHDVW�VRPH�HDVW�FRDVW�
DUHDV�JXOOLHV�FRYHU�PXFK�OHVV�DUHD�WKDQ�ODQGVOLGHV�EXW�PDNH�D�IDU�ODUJHU�FRQWULEXWLRQ�WR�
VHGLPHQW�\LHOG�DV�ORZ�PDJQLWXGH�KLJK�IUHTXHQF\�UDLQIDOO�HYHQWV�DFWLYDWH�JXOO\�HURVLRQ��3DJH�
HW�DO���������
�
5HVHDUFK�LQWR�KLOO�FRXQWU\�HURVLRQ�LV�SDWFK\�JHRJUDSKLFDOO\��5HFHQW��SRVW�������UHVHDUFK�KDV�
IRFXVHG�RQ�WKH�PRVW�KLJKO\�HURGLEOH�DUHDV��RIWHQ�LQ�UHVSRQVH�WR�WKH�LPSDFWV�RI�VWRUPV��7KH�
:HOOLQJWRQ�DQG�:DLUDUDSD�DUHDV�UHFHLYHG�FRQVLGHUDEOH�DWWHQWLRQ�DIWHU�D�ZHW�SHULRG�GXULQJ�WKH�
����V��H�J��2ZHQ�������&UR]LHU�HW�DO��������������&UR]LHU��������������7KH�HDVW�FRDVW�RI�WKH�
1RUWK�,VODQG��SDUWLFXODUO\�/DNH�7XWLUD�DQG�WKH�:DLSDRD�FDWFKPHQW��KDV�EHHQ�D�PDMRU�UHVHDUFK�
IRFXV�VLQFH�&\FORQH�%ROD�LQ�������VXPPDULVHG�LQ�3DJH�HW�DO��������DQG�WKH�7DUDQDNL�UHJLRQ�
ZDV�ZHOO�VWXGLHG�IROORZLQJ�&\FORQH�+LOGD�LQ�������H�J��7UXVWUXP�	�'H5RVH�������'H5RVH�HW�
DO��������������7UXVWUXP�HW�DO��������'H5RVH��������0RUH�UHFHQWO\�WKH�0DQDZDWX±:DQJDQXL�
DUHD�KDV�EHHQ�D�IRFXV�IROORZLQJ�WKH������VWRUPV��H�J��)XOOHU�	�+HHUGHJHQ�������+DQFR[�	�
:ULJKW�����D��E��'\PRQG�HW�DO��������+DQFR[�HW�DO���������)DU�OHVV�LV�NQRZQ�RI�KLOO�FRXQWU\�
HURVLRQ�SURFHVVHV�LQ�DUHDV�VXFK�DV�1RUWKODQG��&RURPDQGHO��:DLNDWR±.LQJ�&RXQWU\��WKH�
&HQWUDO�1RUWK�,VODQG�9ROFDQLF�3ODWHDX��DQG�WKH�6RXWK�,VODQG��
�
$Q�DQDO\VLV�RI�LQIRUPDWLRQ�DYDLODEOH�IRU�WKH�UDQJH�RI�HURVLRQ�WHUUDLQV�GHVFULEHG�LQ�VHFWLRQ�
������LV�JLYHQ�EHORZ��7KH�WHUUDLQV�DUH�JURXSHG�DFFRUGLQJ�WR�WKHLU�VXVFHSWLELOLW\�WR�HURVLRQ��7KH�
IRFXV�LV�RQ�TXDQWLWDWLYH�UDWKHU�WKDQ�GHVFULSWLYH�LQIRUPDWLRQ�RQ�HURVLRQ�SURFHVVHV�DQG�UDWHV��
�
�������� /DQG�ZLWK�D�ORZ�HURVLRQ�VXVFHSWLELOLW\�
�
,Q�WKH�1RUWK�,VODQG�WKLV�LQFOXGHV�WKH�KDUG�URFN�KLOO�FRXQWU\�RQ�LJQHRXV�URFNV��WHUUDLQ�����DQG�
WKH�KLOO�FRXQWU\�DQG�KLOO\�VWHHSODQGV�IURP�ZHDNO\�ZHDWKHUHG�JUH\ZDFNH�DQG�DUJLOOLWH��WHUUDLQV�
��DQG������9HU\�OLWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�WHUUDLQV���DQG����3URFHVV�EDVHG�GDWD�IRU�WKLV�
WHUUDLQ�ODUJHO\�FRQVLVWV�RI�RQH�RII�VLWH�LQYHVWLJDWLRQV�RI�PDWHULDO�SURSHUWLHV�DQG�HQJLQHHULQJ�
JHRORJ\�LQVLJKWV�LQWR�WKH�PHFKDQLVPV�DQG�LQIOXHQFHV�OHDGLQJ�WR�WKH�IDLOXUH�RI�ODUJH�VFDOH�PDVV�
PRYHPHQWV��SUHGRPLQDQWO\�URWDWLRQDO�VOXPSLQJ��6HOE\�������5LGGROOV�������0F0DQXV�������
%HHWKDP�������'DYLHV��������
�
)RU�WKH�KLOO\�VWHHSODQGV��WHUUDLQ�����WKHUH�DUH�GHVFULSWLRQV�RI�WKH�VWDWH�RI�YHJHWDWLRQ�FRYHU�DQG�
HURVLRQ�LQ�VWHHS�KLOO�FRXQWU\�PXFK�RI�ZKLFK�KDV�1DWLRQDO�3DUN�VWDWXV�RU�LV�LQ�WKH�SURFHVV�RI�
UHYHUWLQJ�WR�P QXND�N QXND�DQG�RU�VKUXEE\�KDUGZRRG��&XQQLQJKDP�������&XQQLQJKDP�	�
6WULEOLQJ��������5HVHDUFK�LQFOXGHV�GHVFULSWLRQ�RI�SUHGRPLQDQWO\�VKDOORZ�ODQGVOLGHV��WKHLU�
FDXVHV�DQG�UHODWLRQVKLSV�ZLWK�YHJHWDWLRQ�FRYHU��-DFNVRQ�������0DUGHQ�������+HLQH��������
6WRUPV��6HOE\��������ZHDWKHULQJ��'DYLHV�������DQG�HDUWKTXDNHV��'HOORZ�������+DQFR[�HW�DO��
������KDYH�EHHQ�LGHQWLILHG�DV�WKH�SULQFLSDO�WULJJHULQJ�PHFKDQLVPV��$QLPDO�EURZVLQJ�KDV�DOVR�
EHHQ�FLWHG�DV�D�FRQWULEXWLQJ�IDFWRU��0DUGHQ��������7KH�GLVWULEXWLRQ�DQG�SURSHUWLHV�RI�VRLOV�LQ�
WKLV�WHUUDLQ�KDYH�EHHQ�XVHG�WR�UHFRQVWUXFW�WKH�KLVWRU\�RI�HURVLRQDO�HYHQWV��+XEEDUG�������
+XEEDUG�	�1HDOO��������,QFLGHQFHV�RI�JHRORJLFDO�FRQWUROV�RQ�WKH�IRUPDWLRQ�RI�ODUJH�
ODQGVOLGHV��5HDG�HW�DO��������DQG�JXOOLHV��3DUNQHU�HW�DO��������������KDYH�DOVR�EHHQ�
GRFXPHQWHG��
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�
9HU\�OLWWOH�UHVHDUFK�DSSHDUV�WR�KDYH�EHHQ�XQGHUWDNHQ�RQ�SDVWRUDO�KLOO�FRXQWU\�LQ�WKLV�WHUUDLQ�
�6HOE\��������0RVW�RI�WKH�LVVXHV�DVVRFLDWHG�ZLWK�WKLV�WHUUDLQ�IRFXV�RQ�WKH�GRZQVWUHDP�ULYHU�
PDQDJHPHQW�RI�VHGLPHQW�DQG�IORRGLQJ��%ODNHO\�������0RVOH\�������DQG�WKH�UHFRJQLWLRQ�RI�
ODQGVOLGHV�DV�D�KD]DUG�LQ�XUEDQ�DUHDV�VXFK�DV�:HOOLQJWRQ��'HOORZ�������+DQFR[�HW�DO���������
�
,Q�WKH�6RXWK�,VODQG�WKLV�LQFOXGHV�WKH�KLOO�FRXQWU\�IURP�PRUDLQH��WHUUDLQ�����DQG�KDUG�URFN�
�WHUUDLQ������7KHVH�WHUUDLQV�DUH�VXVFHSWLEOH�WR�PDVV�PRYHPHQW�HURVLRQ�HVSHFLDOO\�VRLO�VOLS�DQG�
GHEULV�DYDODQFKHV�ZKHQ�VXEMHFWHG�WR�ORQJ�GXUDWLRQ�KLJK�LQWHQVLW\�UDLQIDOO�HYHQWV��H�J��%HOO�
������%RZULQJ�HW�DO���������3XEOLVKHG�LQIRUPDWLRQ�VSHFLILF�WR�WKLV�W\SH�RI�KLOO�FRXQWU\�LV�
ODUJHO\�GHVFULSWLYH��DQG�UDUHO\�FRQWDLQV�TXDQWLWDWLYH�HVWLPDWHV�RI�UDWHV�RI�VHGLPHQW�JHQHUDWLRQ��
7KH�GRPLQDQW�HURVLRQ�SURFHVVHV�KDYH�EHHQ�LGHQWLILHG�LQ�ERWK�FHQWUDO�JRYHUQPHQW�DJHQF\�DQG�
UHJLRQDO�FRXQFLO�UHSRUWV��H�J��1:$6&2�����±����&XII��������7KH�NH\�VHGLPHQW�JHQHUDWLQJ�
SURFHVVHV�DFWLYH�LQ�WKHVH�ODQGVFDSHV�LQFOXGH�ORFDOLVHG�SRLQW�VRXUFHV��H�J��IDXOW�FRQWUROOHG�
JXOOLHV��FUXVK�]RQHV�DQG�DVVRFLDWHG�VOXPSV���ULSDULDQ�HURVLRQ��VKDOORZ�ODQGVOLGHV�DQG�
VKHHWZDVK��7KH�PDLQ�HURVLRQ�WULJJHULQJ�PHFKDQLVPV�DUH�FRQVLGHUHG�WR�EH�VWRUP�HYHQWV�RU�
HDUWKTXDNHV��IROORZLQJ�SUH��RU�SRVW�(XURSHDQ�GHIRUHVWDWLRQ��H[FOXVLYH�RI�ORFDOLVHG�SRLQW�
VRXUFHV�VXFK�DV�IDXOW�FRQWUROOHG�JXOOLHV��FUXVK�]RQHV�DQG�DVVRFLDWHG�VOXPSV��
�
�������� /DQG�ZLWK�D�PHGLXP�HURVLRQ�VXVFHSWLELOLW\�
�
,Q�WKH�1RUWK�,VODQG�WKLV�LQFOXGHV�WKH�ORHVV�KLOO�FRXQWU\��WHUUDLQ�����WKH�WHSKULF�KLOO�FRXQWU\�DQG�
KLOO\�VWHHSODQGV��WHUUDLQV��������WKH�VRIW�URFN�KLOO�FRXQWU\��WHUUDLQ�����WKH�GHHSO\�ZHDWKHUHG�KLOO�
FRXQWU\�DQG�KLOO\�VWHHSODQGV��WHUUDLQV���������DQG�WKH�KLOO\�VWHHSODQGV�RQ�KDUG�LJQHRXV�URFN�
�WHUUDLQ�����
�
,Q�WKH�ORHVV�KLOO�FRXQWU\�D�ODUJH�ERG\�RI�LQIRUPDWLRQ�RQ�VRLO�VOLS�HURVLRQ��VKDOORZ�ODQGVOLGHV��
KDV�EHHQ�FROOHFWHG�RYHU�WKH�\HDUV�DQG�LQFOXGHV�TXDQWLWDWLYH�GDWD�RQ�IDFWRUV�WKDW�SUHGLVSRVH�
VORSHV�LQ�WKLV�WHUUDLQ�WR�VRLO�VOLS��&UR]LHU�HW�DO���������'DWD�FDSWXUH�ZDV�DLGHG�E\�WKH�
LQWURGXFWLRQ�RI�UHPRWH�VHQVLQJ�DQG�XVHG�H[SHULPHQWDOO\�DV�D�TXLFN�PHDQV�RI�VXUYH\LQJ�
HURVLRQ�DQG�FDWFKPHQW�FRQGLWLRQ��6WHSKHQV�HW�DO���������6WRUP�GDPDJH�DVVHVVPHQWV�KDYH�
JHQHUDWHG�D�ZHDOWK�RI�GDWD�RQ�HURVLRQ�H[WHQW��DVSHFW�DQG�VORSH�SRVLWLRQ��UXQRXW�GLVWDQFH�HWF��
7KLV�KDV�LQ�WXUQ�EHHQ�UHODWHG�WR��D��H[LVWLQJ�ODQG�XVH�DQG��E��VWRUP�UDLQIDOO�LQWHQVLW\�DQG�
GXUDWLRQV��JLYLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�IUHTXHQF\±PDJQLWXGH�UHODWLRQV�IRU�VRLO�VOLS�
HURVLRQ�LQ�WKLV�WHUUDLQ��7KHUH�DUH�VHYHUDO�GHWDLOHG�VWXGLHV�FKDUDFWHULVLQJ�HDUWKIORZ�PRYHPHQW�
SDWWHUQV�DQG�UDWHV��WKH�WKUHVKROGV�DW�LQLWLDWLRQ�DQG�FHVVDWLRQ�RI�PRYHPHQWV��WKH�UROH�RI�
DQWHFHGHQW�PRLVWXUH�FRQGLWLRQV��UDLQIDOO�DQG�SRUH�ZDWHU�SUHVVXUH�DQG�FRPSRVLWLRQ�DQG�
VWUHQJWK�RI�HDUWKIORZ�PDWHULDO��2ZHQ�������0F&RQFKLH��������7KH�PRVW�YDOXDEOH�GDWD�RQ�
HURVLRQ�SURFHVVHV��VRLO�VOLS�DQG�HDUWKIORZV��DUH�FRQWDLQHG�LQ�VWXGHQW�WKHVHV�DQG�KDYH�EHHQ�
FROOHFWHG�GXULQJ�WKH�FRXUVH�RI�ORQJ�WHUP�VWXGLHV�DW�HVWDEOLVKHG�ILHOG�VLWHV�ORFDWHG�LQ�WKH�
:DLUDUDSD��H�J��2ZHQ�������&UR]LHU��������7KHUH�KDV�EHHQ�OLPLWHG�UHVHDUFK�RQ�WXQQHO�JXOO\�
HURVLRQ�LQ�WKLV�WHUUDLQ��.HUULVRQ��������
�
6RLO�FRQVHUYDWLRQ�HIIRUWV�KDYH�EHHQ�ZHOO�GRFXPHQWHG��WKRXJK�PDQ\�DUH�SLFWRULDO�DQG�RU�
GHVFULSWLYH��.LQJ��������0RVW�GHDO�ZLWK�WKH�UHYHJHWDWLRQ�RI�VRLO�VOLSV��WKH�LQIOXHQFH�RI�VRLO�
FRQVHUYDWLRQ�SODQWLQJ�RQ�SDVWRUDO�SURGXFWLYLW\��WRSVRLO�DQG�SDVWXUH�ELRPDVV�UHFRYHU\��DQG�
ORQJ�WHUP�LPSDFWV�RI�VRLO�VOLS�HURVLRQ�DV�D�FRQVWUDLQW�WR�VXVWDLQDELOLW\��H�J��7UXVWUXP�HW�DO��
������/DPEHUW�HW�DO��������6SDUOLQJ�HW�DO���������
�
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,Q�WKH�WHSKULF�KLOO�FRXQWU\�DQG�KLOO\�VWHHSODQGV��WHUUDLQ����SURFHVV�VWXGLHV�GHDO�ZLWK�WKH�
PHDVXUHPHQW�RI�VHGLPHQW�JHQHUDWLRQ�DQG�GHOLYHU\�WR�ZDWHUZD\V��3KLOOLSV�	�1HOVRQ�������
IURP�JXOO\�HURVLRQ��+HDO\��������VKHHWZDVK��0DUGHQ�HW�DO���������ODQGLQJ�IDLOXUH��3HDUFH�	�
+RGJNLVV�������DQG�WUDFNLQJ��6PLWK�	�)HQWRQ�������SUHGRPLQDQWO\�ZLWKLQ�H[RWLF�IRUHVWV��
&ROOHFWLRQ�RI�PXFK�RI�WKH�UDZ�GDWD�KDV�EHHQ�FRPPLVVLRQHG�E\�WKH�IRUHVWU\�LQGXVWU\�DQG�LV�
FRQWDLQHG�LQ�FOLHQW�FRQWUDFW�UHSRUWV��5HSRUWV�KDYH�D�VWURQJ�PDQDJHPHQW�IRFXV�GHDOLQJ�ODUJHO\�
ZLWK�WKH�LPSDFWV�RI�IRUHVW�KDUYHVWLQJ�RQ�VHGLPHQWDWLRQ�UDWHV�DQG�RQ�FDWFKPHQW�K\GURORJ\�
�&RNHU�HW�DO��������5RZH�������5RZH�	�0DUGHQ�������������5RZH�HW�DO���������������7KHUH�
DUH�OLPLWHG�GDWD�RQ�ODQGVOLGHV�ZLWK�RQH�SDSHU�RQ�GHEULV�IORZV��&RVWHOOR�������DQG�DQRWKHU�RQ�
FUHHS��6HOE\��������6LPLODUO\��IHZ�SDSHUV�GHDO�ZLWK�HURVLRQ±ODQG�XVH�UHODWLRQVKLSV�RQ�
SDVWRUDO�KLOO�FRXQWU\�LQ�WKLV�WHUUDLQ��+HDO\�������6HOE\�������'RQV��������
�
1R�UHIHUHQFHV�ZHUH�IRXQG�VSHFLILF�WR�WKH�KLOO\�VWHHSODQG�WHSKULF�WHUUDLQ������
�
,Q�WKH�VRIW�URFN�KLOO�FRXQWU\��WHUUDLQ����SURFHVV�EDVHG�UHVHDUFK�LV�SUHGRPLQDQWO\�FRQFHUQHG�
ZLWK�VRLO�VOLSV�DQG�HDUWKIORZV�LQ�D�SDVWRUDO�KLOO�FRXQWU\�VHWWLQJ��6RLO�VOLS�UHVHDUFK�LV�ODUJHO\�
IRFXVHG�RQ�WKHLU�GLVWULEXWLRQ��&UR]LHU�HW�DO���������QDWXUH�RI�WKH�IDLOHG�PDWHULDOV��%URRNV�HW�DO��
�������FRQWUROOLQJ�IDFWRUV��&UR]LHU�������%URRNV�HW�DO���������WULJJHUV��&UR]LHU��������DQG�
UXQ�RXW�EHKDYLRXU��&UR]LHU��������)LQGLQJV�OHG�WR�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�D�WZR�
GLPHQVLRQDO�FRXSOHG�VRLO�K\GURORJ\±VORSH�VWDELOLW\�PRGHO�IRU�VRLO�VOLSV�LQ�+DZNH¶V�%D\�
�%URRNV�HW�DO���������������(DUWKIORZ�VWXGLHV�LQFOXGHG�UHDO�WLPH�PRQLWRULQJ�RI�VRLO�PRLVWXUH�
FRQGLWLRQV�OHDGLQJ�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�VRLO�PRLVWXUH�LQ�WKH�FRQWURO�RI�
HDUWKIORZ�LQLWLDWLRQ��SURSDJDWLRQ�DQG�FHVVDWLRQ�RI�PRYHPHQW��0F&RQFKLH�������0F&RQFKLH�
HW�DO���������6HYHUDO�SXEOLFDWLRQV�JLYH�DQ�HQJLQHHULQJ�SHUVSHFWLYH�RQ�WKH�PHFKDQLVPV�
LQYROYHG�LQ�ODUJH�VFDOH��GHHS�VHDWHG�ODQGVOLGH�IDLOXUHV��7KH\�SURYLGH�YDOXDEOH�LQVLJKWV�LQWR�WKH�
VXVFHSWLELOLW\�RI�WKLV�WHUUDLQ�WR�SRWHQWLDO�ODUJH�VFDOH�ODQGVOLGLQJ��3HWWLQJD�����D����6WRFNEULGJH�
�������2QH�SXEOLFDWLRQ�UDLVHV�PDQDJHPHQW�LVVXHV�DULVLQJ�IURP�ODQGVOLGH�DQG�UHODWHG�DFWLYLW\�
�&UR]LHU��������
�
3XEOLVKHG�LQIRUPDWLRQ�IRU�KLOO�FRXQWU\�GHULYHG�IURP�GHHSO\�ZHDWKHUHG�URFNV��WHUUDLQ����KDV�D�
VWURQJ�HQJLQHHULQJ�JHRORJ\�IRFXV�RQ�VLWH�LQYHVWLJDWLRQV�RI�URFN�SURSHUWLHV��GHIHFWV��:LOOLDPV�
������DQG�ZHDWKHULQJ��'DYLHV�������OHDGLQJ�WR�ODUJH�VFDOH�PDVV�PRYHPHQW�IDLOXUH�LQ�WKH�
$XFNODQG��:DLNDWR��&RURPDQGHO�DQG�1RUWKODQG�DUHDV�RI�WKLV�WHUUDLQ��:DUG�����D��:DOGYRJHO�
������0F0DQXV�������:K\WH�������$VKE\�������6LPSVRQ�������7LOVOH\�������&KDSPDQ�
������+LOO��������7KHUH�DUH�OLPLWHG�GDWD�RQ�VRLO�SLSLQJ�DQG�WXQQHO�JXOO\LQJ�SUHGRPLQDQWO\�
VWHPPLQJ�IURP�VWXGHQW�LQYHVWLJDWLRQV�LQ�1RUWKODQG��:DUG�����E��9LVVHUV�������*ROGVPLWK�	�
6PLWK��������6WXGLHV�RQ�VKDOORZ�ODQGVOLGHV�GRFXPHQW�WKHLU�GLVWULEXWLRQ��FODVVLILFDWLRQ��FDXVHV�
DQG�PRGH�RI�IDLOXUH��5RGJHUV�������5RGJHUV�	�6HOE\��������7KH�LQLWLDWLRQ�RI�ODQGVOLGHV�LV�
PRVWO\�DWWULEXWHG�WR�KLJK�LQWHQVLW\�UDLQIDOO�HYHQWV��6HOE\��������������'DWD�LQFOXGH�
FRPSDULVRQV�RI�ODQGVOLGH�RFFXUUHQFH�DFURVV�GLIIHUHQW�ODQG�XVHV�DQG�WKHLU�LQFUHDVHG�LQFLGHQFH�
DV�D�FRQVHTXHQFH�RI�IRUHVW�UHPRYDO��3DUNHU��������0DQ\�SXEOLFDWLRQV�UHFRXQW�GLIIHUHQW�
HSLVRGHV�RI�ODQGVOLGLQJ�GXULQJ�WKH�����±��V�ZKLFK�LPSDFWHG�DUHDV�RI�LQGLJHQRXV�IRUHVW�
�6HOE\�������������3DLQ�����D��E��������������5RGJHUV�������5RGJHUV�	�6HOE\��������
/LPLWHG�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�JXOO\�HURVLRQ�DQG�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�XVHG�WR�
FRQWURO�LW��6FKRXWHQ�������6FKRXWHQ�	�+DPEXHFKHQ��������
�
,Q�WKH�KLOO\�VWHHSODQGV�GHULYHG�IURP�GHHSO\�ZHDWKHUHG�URFNV��WHUUDLQ�����VWRUP�GDPDJH�
DVVHVVPHQWV�GRFXPHQW�WKH�GLVWULEXWLRQ�RI�VKDOORZ�ODQGVOLGLQJ�LQ�UHODWLRQ�WR�VORSH�DQG�VLWH�
IDFWRUV��DQG�DJH�DQG�W\SH�RI�YHJHWDWLRQ�FRYHU��LQFOXGLQJ�SDVWXUH��6DOWHU�HW�DO��������0DUGHQ�	�
5RZDQ�����D��E���2QH�VWXG\�TXDQWLILHG�WKH�YROXPH�RI�VHGLPHQW�GHOLYHUHG�WR�VWUHDPV�E\�



�

/DQGFDUH�5HVHDUFK�

��

ODQGVOLGHV�LQLWLDWHG�RQ�IRUHVW�FXWRYHU�GXULQJ�VWRUPV��0DUGHQ�HW�DO���������$QRWKHU�DVVHVVHG�
WKH�ULVN�RI�VWRUP�LQLWLDWHG�ODQGVOLGHV�WR�H[RWLF�IRUHVW�LQ�WKH�&RURPDQGHO��3KLOOLSV�HW�DO���������
6ORSHZDVK�DQG�VHGLPHQW�\LHOG�UHVHDUFK�LV�UHODWHG�WR�IRUHVW�PDQDJHPHQW�SUDFWLFHV�LQ�DQ�H[RWLF�
IRUHVW�HVWDWH��6ORSHZDVK�UHVHDUFK�GRFXPHQWV�WKH�UDWH�RI�VHGLPHQW�JHQHUDWLRQ�RYHU�D���\HDU�
SHULRG�IROORZLQJ�IRUHVW�FOHDUIHOOLQJ��0DUGHQ�HW�DO���������6HGLPHQW�\LHOG�GDWD�DUH�DOVR�
DYDLODEOH�IURP�WKH�VDPH�VLWH��3KLOOLSV�HW�DO���������7KHUH�LV�OLPLWHG�UHVHDUFK�RQ�JHRORJLFDO�
FRQWUROV�RQ�ODQGVOLGLQJ�LQ�WKLV�WHUUDLQ��/RZH�������$VKE\��������
�
)RU�WKH�KLOO\�VWHHSODQGV�RQ�KDUG�LJQHRXV�URFN�����WKHUH�DUH�QR�UHOHYDQW�VWXGLHV��
�
7KH�6RXWK�,VODQG�KLOO�FRXQWU\�ZLWK�D�PHGLXP�HURVLRQ�VXVFHSWLELOLW\�LQFOXGHV�WKH�ORHVV�KLOO�
FRXQWU\��WHUUDLQ������WKH�VRIW�URFN�KLOO�FRXQWU\��WHUUDLQ������DQG�DOO�WKH�KLOO\�VWHHSODQGV�
�WHUUDLQV������������������
�
)RU�WKH�ORHVV�KLOO�FRXQWU\��WHUUDLQ�����SXEOLVKHG�LQIRUPDWLRQ�LV�ODUJHO\�GHVFULSWLYH��DQG�WKHUH�
DUH�QR�ORQJ�WHUP�VWXGLHV�RU�TXDQWLWDWLYH�GDWD�RQ�HURVLRQ�UDWHV�IURP�ORHVV�KLOO�FRXQWU\��6RPH�
ORFDOLVHG�VHPL�TXDQWLWDWLYH�HYHQW�EDVHG�VWXGLHV�RI�PRELOLVHG�VHGLPHQW�YROXPHV�DQG�GHOLYHU\�
UDWLR�WR�VWUHDPV�DUH�DYDLODEOH��H�J��+DUYH\��������7KH�GLVWULEXWLRQ�DQG�PHFKDQLVP�RI�
IRUPDWLRQ�RI�WXQQHO�JXOOLHV�KDYH�EHHQ�WKH�IRFXV�RI�VHYHUDO�VWXGLHV��*LEEV�������/DIIDQ�	�
&XWOHU�����D��E��7UDQJPDU�������/\QQ�	�(\OHV��������
�
0RUH�LQIRUPDWLRQ�LV�DYDLODEOH�IRU�WKH�VRIW�URFN�KLOO�FRXQWU\�DQG�KLOO\�VWHHSODQGV��WHUUDLQV�����
�����SDUWLFXODUO\�IRU�VPDOO�IRUHVWHG�FDWFKPHQWV�DQG�WKHLU�UHVSRQVH�WR�KDUYHVWLQJ��SULPDULO\�RQ�
ZHDNO\�FRQVROLGDWHG�FRQJORPHUDWH��VDQGVWRQHV�DQG�PXGVWRQHV��0HGLXP�WHUP�VXVSHQGHG�
VHGLPHQW�\LHOG�GDWD�IRU�XQGLVWXUEHG�IRUHVWHG�FDWFKPHQWV�UDQJH�IURP���W�NP��\U�RQ�WKH�
0RXWHUH�*UDYHOV�XQGHU�DQ�DQQXDO�UDLQIDOO�RI������PP�\U��'0�+LFNV��������WR����W�NP��\U�RQ�
WKH�2OG�0DQ�*UDYHOV�DW�KLJKHU�UDLQIDOOV�RI������PP�\U��2
/RXJKOLQ�HW�DO���������6HGLPHQW�
\LHOG�LQFUHDVHV�XS�WR�����WLPHV�DW�KDUYHVWLQJ��GHSHQGHQW�RQ�KDUYHVWLQJ�PHWKRG��KDYH�EHHQ�
UHFRUGHG��2
/RXJKOLQ�HW�DO���������������6HGLPHQW�\LHOGV�RI�XS�WR�������W�NP��LQ�LQGLYLGXDO�
VWRUPV��!���\U�UHWXUQ�SHULRG��KDYH�DOVR�EHHQ�PHDVXUHG��2
/RXJKOLQ�HW�DO���������/RZ�
IUHTXHQF\�ODUJH�VWRUPV�DUH�FRQVLGHUHG�SULPDULO\�UHVSRQVLEOH�IRU�PRVW�RI�WKH�VHGLPHQW�\LHOG�LQ�
ERWK�XQGLVWXUEHG�DQG�GLVWXUEHG�IRUHVWHG�FDWFKPHQWV��2
/RXJKOLQ�HW�DO���������,Q�XQGLVWXUEHG�
FDWFKPHQWV�WKH�VWRUP�LQGXFHG�LQFUHDVHG�VHGLPHQW�\LHOGV�DUH�QRW�QHFHVVDULO\�DFFRPSDQLHG�E\�
DQ�LQFUHDVHG�LQFLGHQFH�RI�ODQGVOLGHV��LQGLFDWLQJ�WKH�VLJQLILFDQFH�RI�RWKHU�IRUPV�RI�HURVLRQ�
�H�J��ULSDULDQ�HURVLRQ��WR�VHGLPHQW�\LHOG��
�
7KLV�WHUUDLQ�LV�VXVFHSWLEOH�WR�ERWK�PDVV�PRYHPHQW�DQG�IOXYLDO�HURVLRQ�HVSHFLDOO\�VRLO�VOLS�
�VKDOORZ�ODQGVOLGH���JXOO\��GHEULV�DYDODQFKH��DQG�VOXPS�LQ�ORQJ�GXUDWLRQ�KLJK�LQWHQVLW\�
UDLQIDOO�HYHQWV��H�J��%HOO�������2¶/RXJKOLQ�	�3HDUFH�������%RZULQJ�HW�DO��������2¶/RXJKOLQ�
HW�DO���������3RVW�VWRUP�PHDVXUHPHQWV�RI�GHSRVLWV�DQG�RU�GLPHQVLRQV�RI�HURGHG�DUHDV�JLYH�
EDFNJURXQG�GHQXGDWLRQ�UDWHV�RI�DSSUR[LPDWHO\�����W�NP��\U�RQ�WKH�ODUJHO\�VWHHS��GLVVHFWHG��
PDVVLYH�VDQGVWRQH�DQG�VLOWVWRQH�WHUUDLQ�RI�WKH�1RWRZQ�DUHD�RI�WKH�:HVW�&RDVW��DQQXDO�UDLQIDOO�
�����PP�\U���,Q�WKH�VDPH�DUHD��VHGLPHQW�\LHOGV�RI�����±�����W�NP��\U�IROORZHG�FOHDUIHOOLQJ�
�2¶/RXJKOLQ�	�3HDUFH��������7KHUH�DUH�D�IHZ�ODUJH�VWHHS�ZDOOHG�DFWLYH�JXOO\�V\VWHPV�EXW�
WKH\�DUH�UHVWULFWHG�LQ�GLVWULEXWLRQ�WR�WKH�PXGVWRQH��VDQGVWRQH�RU�FRQJORPHUDWH�OLWKRORJLHV��H�J��
DORQJ�WKH�&ODUHQFH�FRDVW��%HOO��������
�
,Q�FRQWUDVW�WR�D�IRUHVW�FRYHU��VXVSHQGHG�VHGLPHQW�\LHOGV�RQ�WKH�0RXWHUH�*UDYHOV�IURP�SDVWXUH�
UDQJH�IURP����WR����W�NP��\U��6HGLPHQW�\LHOG�GDWD�IURP�VPDOO�FDWFKPHQWV�ZHUH���W�NP��\U�
XQGHU�SLQH�IRUHVW�DQG����W�NP��\U�XQGHU�SDVWXUH��'0�+LFNV��������7KH�VWRUP�HYHQWV�ZKLFK�
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ZHUH�PRVW�HIIHFWLYH�LQ�WUDQVSRUWLQJ�VHGLPHQW�ZHUH�WKRVH�WKDW�UHRFFXUUHG�HYHU\�IHZ�PRQWKV��
6PLWK��������������DOVR�OLVWV�PHDVXUHG�VHGLPHQW�\LHOGV�IRU�WKLV�WHUUDLQ�DV����W�NP��\U�XQGHU�
SDVWXUH��DQG����DQG����W�NP��\U�IURP�WZR�FDWFKPHQWV�XQGHU�SDVWXUH�ZLWK�ULSDULDQ�SLQH��6KH�
VXJJHVWHG�LQFUHDVHG�HURVLRQ�LQ�WKH�SDVWXUH�FDWFKPHQWV�ZLWK�ULSDULDQ�SLQH�ZDV�DVVRFLDWHG�ZLWK�
SRRU�JURXQG�FRYHU�LQ�ULSDULDQ�IRUHVW�FDXVLQJ�RYHUODQG�IORZ�DQG�VWUHDPEDQN�HURVLRQ��
�
7KH�VWHHS�KDUG�URFN�DQG�VWHHS�ZHDWKHUHG�KLOO�FRXQWU\�WHUUDLQV����������DUH�VXVFHSWLEOH�WR�PDVV�
PRYHPHQW�HURVLRQ��HVSHFLDOO\�VRLO�VOLS�DQG�GHEULV�DYDODQFKHV�ZKHQ�VXEMHFWHG�WR�ORQJ�GXUDWLRQ�
KLJK�LQWHQVLW\�UDLQIDOO�HYHQWV��H�J��%HOO�������%RZULQJ�HW�DO���������0HGLXP�UHWXUQ�SHULRG�
VWRUPV�WULJJHU�PDVV�PRYHPHQW�IDLOXUHV�UHJDUGOHVV�RI�ODQG�XVH�RQ�WKH�PRUH�VWURQJO\�ZHDWKHUHG�
VORSHV������P�LQ�WKH�PRUH�KXPLG�FOLPDWHV�RI�WKH�0DUOERURXJK�6RXQGV��3KLOOLSV�HW�DO���������
3XEOLVKHG�LQIRUPDWLRQ�VSHFLILF�WR�WKLV�W\SH�RI�KLOO�FRXQWU\�LV�ODUJHO\�GHVFULSWLYH��DQG�UDUHO\�
FRQWDLQV�TXDQWLWDWLYH�HVWLPDWHV�RI�UDWHV�RI�VHGLPHQW�JHQHUDWLRQ��H�J��&RNHU��������7KH�
GRPLQDQW�HURVLRQ�SURFHVVHV�KDYH�EHHQ�LGHQWLILHG�LQ�ERWK�FHQWUDO�JRYHUQPHQW�DJHQF\��DQG�
UHJLRQDO�FRXQFLO�UHSRUWV��H�J��1:$6&2�����±����0DUOERURXJK�&DWFKPHQW�%RDUG��
0DUOERURXJK�6RXQGV�/DQG�5HVRXUFH�6XUYH\�����V��XQSXEO����7KH�NH\�VHGLPHQW�JHQHUDWLQJ�
SURFHVVHV�DFWLYH�LQ�WKHVH�ODQGVFDSHV�LQFOXGH�ORFDOLVHG�SRLQW�VRXUFHV��H�J��IDXOW�FRQWUROOHG�
JXOOLHV��FUXVK�]RQHV�DQG�DVVRFLDWHG�VOXPSV���ULSDULDQ�HURVLRQ��VKDOORZ�ODQGVOLGHV��DQG�
VKHHWZDVK��7KH�PDLQ�HURVLRQ�WULJJHULQJ�PHFKDQLVPV�DUH�FRQVLGHUHG�WR�EH�VWRUP�HYHQWV�RU�
HDUWKTXDNHV��IROORZLQJ�SUH��RU�SRVW�(XURSHDQ�GHIRUHVWDWLRQ��H[FOXVLYH�RI�ORFDOLVHG�SRLQW�
VRXUFHV�VXFK�DV�IDXOW�FRQWUROOHG�JXOOLHV��FUXVK�]RQHV�DQG�DVVRFLDWHG�VOXPSV��/LPLWHG�
TXDQWLWDWLYH�GDWD�RQ�DQQXDO�VHGLPHQW�GHOLYHU\�UDWHV�IURP�VSHFLILF�VRXUFHV�DUH�DYDLODEOH��H�J��
IURP�D�IRUHVWU\�URDG�QHWZRUN��GHWHUPLQHG�XVLQJ�UXQRII�SORWV�E\�)DKH\�	�&RNHU����������
�
2Q�WKH�PRUH�DUHDOO\�UHVWULFWHG��GHHSO\�ZHDWKHUHG�LJQHRXV�URFN�WHUUDLQ��WHUUDLQ�����TXDQWLWDWLYH�
GDWD�DUH�OLPLWHG�WR�SRVW�VWRUP�PHDVXUHPHQWV�RI�GHSRVLWV�DQG�RU�GLPHQVLRQV�RI�HURGHG�DUHDV��
SULPDULO\�WKRVH�DVVRFLDWHG�ZLWK�IRUHVWU\�URDG�QHWZRUNV��6HGLPHQW�\LHOGV�IURP�VXUIDFH�HURVLRQ�
IURP�IRUHVWU\�URDGV�KDV�EHHQ�PHDVXUHG�DW����W�NP���DQG�WKDW�IRU�PDVV�PRYHPHQW�HURVLRQ�
DVVRFLDWHG�ZLWK�IRUHVWU\�DFWLYLWLHV�DW�����W�NP��\U��)DKH\�	�&RNHU�������&RNHU�	�)DKH\�
�������ZKLOH�GHQXGDWLRQ�UDWHV�IRU�QDWXUDO�HURVLRQ�DUH�HVWLPDWHG�WR�EH�����W�NP��\U��$GDPV�
������)DKH\�	�&RNHU��������7KLV�WHUUDLQ�LV�VXVFHSWLEOH�WR�PDVV�PRYHPHQW�HURVLRQ��GHEULV�
VOLGH�DQG�GHEULV�DYDODQFKHV��DQG�VOXPSV�ZKHQ�VXEMHFWHG�WR�ORQJ�GXUDWLRQ�KLJK�LQWHQVLW\�
UDLQIDOO�HYHQWV��ZKLFK�WULJJHU�IDLOXUHV�UHJDUGOHVV�RI�ODQG�XVH��&RNHU�	�)DKH\��������
�
�������� /DQG�ZLWK�D�KLJK�HURVLRQ�VXVFHSWLELOLW\�
�
,Q�WKH�1RUWK�,VODQG�WKLV�LQFOXGHV�WKH�FUXVKHG�URFN�WHUUDLQV��WHUUDLQV��������DQG�WKH�KLOO\�
VWHHSODQGV�RQ�VRIW�URFN��WHUUDLQ������1R�6RXWK�,VODQG�WHUUDLQV�DUH�UDQNHG�DV�KDYLQJ�KLJK�
HURVLRQ�VXVFHSWLELOLW\�DOWKRXJK�ORFDOO\��DQG�GXULQJ�ODUJH�VWRUPV��SDUWV�RI�VRPH�RI�WKH�WHUUDLQV�
�SDUWLFXODUO\�WKH�VWHHS�VRIW�URFN�KLOO�FRXQWU\��DUH�KLJKO\�VXVFHSWLEOH�WR�HURVLRQ��
�
0RVW�OLWHUDWXUH�GHDOLQJ�ZLWK�HURVLRQ�DQG�ODQG�XVH�LVVXHV�LQ�KLOO�FRXQWU\�LV�IURP�VWXGLHV�LQ�VRIW�
URFN�WHUUDLQ��0DQ\�RI�WKH�UHIHUHQFHV�FLWHG�IRU�µFUXVKHG�VRIW�URFN�WHUUDLQ¶�DOVR�KDYH�UHOHYDQFH�
WR�VRIW�URFN�WHUUDLQV���������DQG�YLFH�YHUVD��
�
3URFHVV�IRFXVHG�UHVHDUFK�LQFOXGHV�VWXGLHV�RI�HDUWKIORZ�PDWHULDOV��7URWWHU�������DQG�
PRYHPHQW�UDWHV�IURP�ORQJ�WHUP�VWXG\�VLWHV�ORFDWHG�LQ�SDVWRUDO�KLOO�FRXQWU\��:DVVRQ�������
:DVVRQ�	�+DOO��������������7KHUH�LV�D�ODUJH�DPRXQW�RI�OLWHUDWXUH�TXDQWLI\LQJ�PDJQLWXGH±�
IUHTXHQF\�UHODWLRQVKLSV�IRU�VWRUP�LQLWLDWHG�ODQGVOLGHV��H�J��5HLG�	�3DJH�������DQG�WKH�YROXPH�
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RI�VHGLPHQW�JHQHUDWHG�E\�WKHP��H�J��3DJH�HW�DO���������6LPLODUO\�WKHUH�LV�D�ODUJH�ERG\�RI�
OLWHUDWXUH�RQ�DVVHVVPHQWV�RI�WKH�HURVLRQ�FRQWURO�HIIHFWLYHQHVV�RI�SDVW�VRLO�FRQVHUYDWLRQ�HIIRUWV�
ERWK�LQ�WKH�ORQJHU�WHUP��+DPLOWRQ�	�.HOPDQ�������7RGG�������������6XWKHUODQG�HW�DO��������
6HGGRQ�������3HDUFH�������+D\ORFN�	�7URWWHU�������0LOOHU�������+LFNV�������.HOOLKHU�HW�DO��
������2VKDND�HW�DO��������3KLOOLSV�HW�DO��������DQG�DV�D�FRQVHTXHQFH�RI�GDPDJH�VXVWDLQHG�
GXULQJ�&\FORQH�%ROD��+LFNV�����E��F������D���0RVWO\�WKH\�DUH�GHVFULSWLYH��KRZHYHU��WKHUH�DUH�
VHYHUDO�NH\�DWWHPSWV�WR�TXDQWLI\�WKH�SHUIRUPDQFH�RI�ELRORJLFDO�HURVLRQ�FRQWURO�PHDVXUHV�
�+LFNV�����E��/XFNPDQ�	�7KRPSVRQ�����D��E��7KRPSVRQ�	�/XFNPDQ�����D��E��������
�������0XFK�RI�WKLV�OLWHUDWXUH�KDV�SUHYLRXVO\�EHHQ�VXPPDULVHG�DQG�UHYLHZHG�E\�3KLOOLSV�HW�DO��
��������
�
7KH�UHVHDUFK�KDV�DOPRVW�VROHO\�EHHQ�XQGHUWDNHQ�LQ�(DVW�&RDVW�UHJLRQ�ZLWK�YHU\�OLWWOH�IURP�
VLPLODU�WHUUDLQ�LQ�1RUWKODQG��
�
)RU�WKH�VWHHS�FUXVKHG�URFN�KLOO\�VWHHSODQGV��WHUUDLQ�����WKH�OLWHUDWXUH�LV�GRPLQDWHG�E\�UHVHDUFK�
RQ�WKH�LQLWLDWLRQ��GHYHORSPHQW�DQG�UHPHGLDWLRQ�RI�JXOO\�HURVLRQ�DQG�HDUWKIORZV��)RU�JXOO\�
HURVLRQ��WKHUH�DUH�VXEVWDQWLDO�GDWDEDVHV�RQ�WKHLU�VSDWLDO�GLVWULEXWLRQ�DQG�ORFDWLRQ�LQ�UHODWLRQ�WR�
JHRORJ\�DQG�YHJHWDWLRQ�FRYHU��0DUGHQ�XQSXEOLVKHG���*XOO\�GHYHORSPHQW�KDV�EHHQ�FDSWXUHG�
XVLQJ�VHTXHQWLDO�DHULDO�SKRWRJUDSK\�DQG�'(0V�RI�JXOOLHV�XVHG�WR�FDOFXODWH�VHGLPHQW�
JHQHUDWLRQ�UDWHV��'H�5RVH�HW�DO��������%HWWV�HW�DO��������0DUGHQ�HW�DO���������6HGLPHQW�
GHOLYHU\�UDWLRV�GXULQJ�DQG�DIWHU�D�PDMRU�F\FORQLF�HYHQW�KDYH�EHHQ�FDOFXODWHG�IRU�PDMRU�JXOO\�
V\VWHPV��'H�5RVH�HW�DO��������*RPH]�HW�DO��������.DVDL�HW�DO���������7KH�UROH�RI�ZHDWKHULQJ�
DQG�VWUXFWXUDO±WHFWRQLF�LQIOXHQFHV�RQ�JXOO\�GHYHORSPHQW�KDV�EHHQ�LQYHVWLJDWHG�DW�D�FXUVRU\�
OHYHO��3HDUFH�HW�DO��������'¶$WK��������
�
0XFK�RI�WKH�UHVHDUFK�RQ�HDUWKIORZ�DQG�LQWHUUHODWHG�SURFHVVHV�LQ�WKLV�WHUUDLQ�KDV�EHHQ�GRQH�DW�
0DQJDWX�)RUHVW�RYHU�WKH�SDVW�WZR�GHFDGHV��0DUGHQ�HW�DO���������'DWD�LQFOXGH�HDUWKIORZ�
GLVSODFHPHQW�UDWHV��LQFOXGLQJ�FRPSDULVRQ�EHWZHHQ�IRUHVWHG�DQG�XQIRUHVWHG�HDUWKIORZV���
LQWHUQDO�GHIRUPDWLRQ�SDWWHUQV��FKDUDFWHULVDWLRQ�RI�HDUWKIORZ�PDWHULDO�SURSHUWLHV��PHDVXUHPHQW�
RI�SRUH�ZDWHU�IOXFWXDWLRQV�DQG�VRLO�PRLVWXUH�FRQWHQW��DQG�WKH�K\GRORJLFDO�HIIHFWV�RI�
UHIRUHVWDWLRQ�DQG�GHIRUHVWDWLRQ�RQ�HDUWKIORZV�DQG�RWKHU�HURVLRQ�SURFHVVHV��3HDUFH�������
3HDUFH�HW�DO��������=KDQJ�HW�DO������D��E���������7KH�UKHRORJLFDO�SDUDPHWHUV�RI�GHEULV�IORZ�
PDWHULDO�IURP�D�PDVV�PRYHPHQW�±�JXOO\�FRPSOH[�KDYH�DOVR�EHHQ�LQYHVWLJDWHG��3KLOOLSV�������
DQG�VKHHWZDVK�HURVLRQ�UDWHV�KDYH�EHHQ�PHDVXUHG�IRU�D���\HDU�SHULRG�IROORZLQJ�IRUHVW�
KDUYHVWLQJ��0DUGHQ�	�5RZDQ��������
�
7KH�ILQGLQJV�RI�WKH�SURFHVV�UHODWHG�OLWHUDWXUH�KDYH�LPSOLFDWLRQV�IRU�WKH�PDQDJHPHQW�RI�JXOO\�
�0DUGHQ�HW�DO���������HDUWKIORZ��2¶/RXJKOLQ�	�=KDQJ�������DQG�VKHHWZDVK�HURVLRQ��0DUGHQ�
	�5RZDQ�������LQ�WKLV�KLOO�FRXQWU\�WHUUDLQ��'HPRQVWUDWLRQ�RI�WKH�LQIOXHQFH�RI�IRUHVWU\�LQ�
UHVWRULQJ�VWDELOLW\�WR�HDUWKIORZ�WRSRJUDSK\��UHGXFLQJ�ODQGVOLGLQJ�DQG�LQ�FORVLQJ�GRZQ�JXOOLHV�
LV�SDUWLFXODUO\�VLJQLILFDQW�WR�WKH�PDQDJHPHQW�RI�WKLV�WHUUDLQ��0DUGHQ��������
�
,Q�WKH�KLOO\�VWHHSODQG�VRIW�URFN�WHUUDLQ������UHVHDUFK�LV�SUHGRPLQDQWO\�RQ�VKDOORZ�ODQGVOLGH�
HURVLRQ�ZLWK�IHZHU�DFFRXQWV�GRFXPHQWLQJ�WKH�H[LVWHQFH�DQG�RQJRLQJ�EHKDYLRXU�RI�GHHSHU�
VHDWHG�PDVV�PRYHPHQWV��%HO]�������.HU�������6WRXW��������0RVW�DFFRXQWV�DWWULEXWH�WKH�
LQFLGHQFH�RI�VKDOORZ�ODQGVOLGLQJ�WR�EH�D�FRQVHTXHQFH�RI�IRUHVW�FOHDULQJ��7UXVWUXP�	�'H�5RVH�
������7KRUQ�������DQG�WULJJHUHG�E\�KHDY\�UDLQIDOO�HYHQWV��0DUGHQ�HW�DO��������0DUGHQ�	�
5RZDQ�������'H�5RVH�������3DJH�HW�DO������D��E��)UDQVHQ�	�%URZQOLH�������(NDQD\DNH�	�
3KLOOLSV�����D���(DUWKTXDNH�DFWLYLW\�LV�WKH�SUHIHUUHG�PHFKDQLVP�OHDGLQJ�WR�WKH�IDLOXUH�RI�ODUJH�
ODQGVOLGHV��(GZDUGV�������&UR]LHU�HW�DO���������$VSHFWV�RI�VKDOORZ�ODQGVOLGH�UHVHDUFK�LQFOXGH�
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SRVW�GHIRUHVWDWLRQ�VRLO�ORVV��'H�5RVH�HW�DO��������7KRUQ��������PHDVXUHPHQW�DQG�PRGHOOLQJ�
RI�VRLO�PRLVWXUH�DQG�SRUH�ZDWHU�SUHVVXUH�EHIRUH�DQG�GXULQJ�IDLOXUH��(NDQD\DNH�	�3KLOOLSV�
����D���������UDLQIDOO�LQWHQVLW\�±�ODQGVOLGH�GLVWULEXWLRQ�UHODWLRQVKLSV��'H�5RVH��������WKH�
LQIOXHQFH�RI�GLIIHUHQW�YHJHWDWLRQ�W\SHV�DQG�DJH�RQ�ODQGVOLGH�LQLWLDWLRQ�GXULQJ�VWRUP�HYHQWV�
�0DUGHQ�HW�DO��������DQG�UDWHV�RI�VRLO�UHFRYHU\�RQ�ODQGVOLGH�VFDUV��7UXVWUXP�	�'H�5RVH�
�������0RGHOV�RI�VOLS�HURVLRQ�ULVN��)UDQVHQ��������������DQG�WR�GHWHUPLQH�WKUHVKROGV�IRU�WKH�
LQLWLDWLRQ�RI�ODQGVOLGHV�XQGHU�QHDU�VDWXUDWHG�FRQGLWLRQV��(NDQD\DNH�	�3KLOOLSV�����D��������
RQ�VWHHS�VRIW�URFN�KLOO�FRXQWU\�KDYH�EHHQ�GHULYHG�IURP�WKHVH�VWXGLHV��
�
,Q�RQH�ODQGPDUN�VWXG\�VHGLPHQW�\LHOGV�IURP�D�SDVWXUH�DQG�D�SLQH�IRUHVW�FDWFKPHQW�ZHUH�
FRPSDUHG�RYHU�D����\HDU�SHULRG��)DKH\�	�0DUGHQ�������)DKH\�HW�DO���������GXULQJ�ZKLFK�WKH�
IRUHVWHG�FDWFKPHQW�ZDV�KDUYHVWHG��DQG�VKRZHG��
D��� )RU�WKH�SUH�KDUYHVW�SHULRG��VHGLPHQW�\LHOGV�IURP�WKH�IRUHVWHG�FDWFKPHQW�ZHUH�OHVV�WKDW�

IURP�WKH�SDVWXUHG�FDWFKPHQW�
E��� 'XULQJ�WKH�ORJJLQJ�SKDVH�RI�WKH�KDUYHVW�SHULRG�VHGLPHQW�JHQHUDWLRQ�IURP�WKH�IRUHVW�

FDWFKPHQW�H[FHHGHG�WKDW�IURP�WKH�SDVWXUHG�FDWFKPHQW�E\��±��WLPHV�EXW�UHWXUQHG�WR�SUH�
KDUYHVW�OHYHOV�ZLWKLQ��±��\HDUV�RI�FRPSOHWLRQ�RI�KDUYHVWLQJ�

F��� 7KH�PDLQ�VRXUFHV�RI�VHGLPHQW�ZHUH�IURP�EDQNV��VLGHFDVW�IDLOXUHV��VKDOORZ�ODQGVOLGHV�DQG�
VHGLPHQW�VWRUHG�LQ�WKH�FKDQQHO�EHG�

G��� 6ORSHZDVK�RQ�FXWRYHU�ZDV�QRW�DQ�LPSRUWDQW�VHGLPHQW�JHQHUDWLQJ�SURFHVV�
H��� 2YHU�WKH�GXUDWLRQ�RI�WKH�VWXG\�WKH�VXVSHQGHG�VHGLPHQW�\LHOG�RI�WKH�SDVWXUHG�FDWFKPHQW�

H[FHHGHG�WKDW�RI�WKH�IRUHVWHG�FDWFKPHQW�E\��±��WLPHV�
I�� ,Q�WKH�DEVHQFH�RI�D�%ROD�W\SH�HYHQW�DW�RU�VKRUWO\�DIWHU�KDUYHVWLQJ��WRWDO�VXVSHQGHG�

VHGLPHQW�\LHOGV�RYHU�D�IXOO�IRUHVW�URWDWLRQ��F�����\HDUV��LQ�WKLV�WHUUDLQ�ZLOO�EH�VXEVWDQWLDOO\�
OHVV�WKDQ�WKRVH�IURP�FDWFKPHQWV�LQ�SDVWXUH�

$OO�DVSHFWV�RI�WKLV�VWXG\�KDYH�EHHQ�SXEOLVKHG�LQ�(\OHV�	�)DKH\���������
�
0XFK�RI�WKH�OLWHUDWXUH�RQ�VRLO�FRQVHUYDWLRQ�SUDFWLFHV��LQFOXGLQJ�UHIRUHVWDWLRQ��SROH�SODQWLQJ�
DQG�UHYHUVLRQ��DQG�PHDVXUHV�RI�WKHLU�SHUIRUPDQFH�VWHP�IURP�UHVHDUFK�XQGHUWDNHQ�LQ�WKLV�
WHUUDLQ��$VVHVVPHQWV�RI�VRLO�FRQVHUYDWLRQ�SHUIRUPDQFH�LQFOXGH��SRVW�VWRUP�ODQGVOLGH�GDPDJH�
DVVHVVPHQWV��3KLOOLSV�HW�DO��������0DUGHQ�HW�DO��������������%HUJLQ�HW�DO���������WUHH�URRW�
H[FDYDWLRQV��:DWVRQ�	�2¶/RXJKOLQ�������:DWVRQ�HW�DO���������������������������DQG�ZDWHU�
EDODQFH�FRPSDULVRQV�IRU�WKH�GLIIHUHQW�YHJHWDWLRQ�W\SHV��5RZH�HW�DO��������DQG�DVVRFLDWHG�
SODQWLQJ�VWUDWHJLHV�GHQVLWLHV��3KLOOLSV�HW�DO��������+LFNV�����F���:KLOH�WKH�HIIHFWLYHQHVV�DQG�
SHUIRUPDQFH�RI�IRUHVWU\�DQG�UHYHUVLRQ�LV�UHDGLO\�TXDQWLILDEOH�DQG�LV�VXSSRUWHG�E\�PHDVXUHG�
GDWD��LW�KDV�SURYHQ�PRUH�GLIILFXOW�WR�PHDVXUH�WKH�SHUIRUPDQFH�RI�SROH�SODQWLQJV�RWKHU�WKDQ�E\�
VHPL�TXDQWLWDWLYH�RU�GHVFULSWLYH�PHDQV��/LPLWHG�UHVHDUFK�RQ�WKH�RYHUVRZLQJ�RI�VOLSV��4XLOWHU�
HW�DO��������DQG�YHJHWDWLRQ�DQG�VRLO�UHFRYHU\�RQ�VKDOORZ�ODQGVOLGHV��6PDOH�HW�DO��������KDV�
EHHQ�XQGHUWDNHQ�LQ�WKLV�WHUUDLQ��,Q�UHFRJQLWLRQ�RI�WKH�VHYHULW\�RI�HURVLRQ�DQG�LWV�LPSDFWV�RQ�
SDVWRUDO�SURGXFWLYLW\�LQ�WKLV�WHUUDLQ�VHYHUDO�SXEOLFDWLRQV�KDYH�DWWHPSWHG�WR�UDLVH�WKH�LVVXH�RI�
VXVWDLQDELOLW\�DQG�WKH�QHHG�WR�SURWHFW�UHPDLQLQJ�VRLO�UHVRXUFHV��H�J��%URZQ�	�%ODFN�������
%ODVFKNH�HW�DO��������7DUDQDNL�5HJLRQDO�&RXQFLO�������+LFNV�HW�DO���������2QH�VWXG\�
SURYLGHV�DQ�HFRQRPLF�DQDO\VLV�RI�WKH�LPSDFW�RI�D�VLQJOH�VWRUP�HYHQW�RQ�KLOO�FRXQWU\�IDUPV�
�.RUWH��������
�
������ ,GHQWLILFDWLRQ�RI�KLJKO\�HURGLEOH�ODQG�
�
:KLOH�WKH�1=/5,�GDWD�SURYLGH�D�EURDG�QDWLRQDO�DQG�UHJLRQDO�SLFWXUH�RI�VXVFHSWLELOLW\�WR�
HURVLRQ��DV�GHVFULEHG�LQ�VHFWLRQ���������WKH\�DUH�LQDGHTXDWH�IRU�XVH�DW�GHWDLOHG�VFDOHV�
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�SDUWLFXODUO\�IDUP�VFDOH���5HFHQWO\�ZRUN�RQ�GHILQLQJ�KLJKO\�HURGLEOH�ODQG��+(/��KDV�EHHQ�
XQGHUWDNHQ�LQ�WKH�0DQDZDWX��3DJH�HW�DO��������'\PRQG�	�6KHSKHUG�������XVLQJ�VRPH�RI�WKH�
UHVHDUFK�UHVXOWV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��+LJKO\�HURGLEOH�ODQG�ZDV�GHILQHG�DV�µODQG�
ZLWK�D�SRWHQWLDO�IRU�VHYHUH�HURVLRQ��RU�PRGHUDWH�HURVLRQ�ZKHUH�VHGLPHQW�GLUHFWO\�HQWHUV�D�
ZDWHUFRXUVH��LI�LW�GRHV�QRW�KDYH�SURWHFWLYH�ZRRG\�YHJHWDWLRQ¶��,W�ZDV�LGHQWLILHG�IURP�ODQG�XVH�
FDSDELOLW\�XQLW��SULPDULO\�GHWHUPLQHG�E\�URFN�W\SH���D�VORSH�WKUHVKROG�IRU�HDFK�/8&�XQLW�
�UDQJLQJ�IURP����WR�������DQG�WKH�SUHVHQFH�RI�PRGHUDWH�RU�VHYHUH�HDUWKIORZ�HURVLRQ��
6XEVHTXHQWO\�WKLV�DSSURDFK�ZDV�GHYHORSHG�LQWR�D�PRGHO�RI�ODQGVOLGH�VXVFHSWLELOLW\��'\PRQG�
HW�DO���������LQFOXGLQJ�DQ�DQDO\VLV�RI�ZKHWKHU�VHGLPHQW�ZLOO�EH�GHOLYHUHG�LQWR�D�VWUHDP�V\VWHP��
7KH�DSSURDFK�KDV�QRZ�KDV�EHHQ�H[WHQGHG�WR�WKH�ZKROH�RI�WKH�1RUWK�,VODQG�E\�'\PRQG�HW�DO��
��������
�
7KH�PRGHO�RI�ODQGVOLGH�VXVFHSWLELOLW\�ZDV�WHVWHG�DIWHU�WKH������0DQDZDWX�VWRUP�E\�
FRPSDULQJ�WKH�GLVWULEXWLRQ�RI�ODQG�FODVVLILHG�DV�KLJKO\�HURGLEOH�ZLWK�WKH�PDS�RI�DFWXDO�HURVLRQ�
VFDUV��'\PRQG�HW�DO���������7KH�ODQGVOLGH�VXVFHSWLELOLW\�PRGHO�SUHGLFWHG�ODQG�VXVFHSWLEOH�WR�
ODQGVOLGLQJ�ZLWK�PRGHUDWH�DFFXUDF\������RI�HURVLRQ�VFDUV�LQ�WKH�)HEUXDU\������VWRUP�
RFFXUUHG�RQ�KLOOVLGHV�FRQVLGHUHG�VXVFHSWLEOH�WR�ODQGVOLGLQJ��7KH�PRGHUDWH�DFFXUDF\�DURVH�
EHFDXVH�WKH�PRGHO�LQFRUSRUDWHG�D�FRQFHSW�RI�VORSH�WKUHVKROGV��DERYH�ZKLFK�WKH�SUREDELOLW\�RI�
ODQGVOLGLQJ�LV�KLJK�DQG�EHORZ�ZKLFK�WKH�SUREDELOLW\�LV�ORZ���7KLV�FRQFHSW�ZDV�LQDGHTXDWH��WKH�
�����VWRUP�VKRZHG�WKDW�RQ�ODQG�EHORZ�WKH�VORSH�WKUHVKROGV�WKH�UHODWLRQVKLS�EHWZHHQ�VORSH�
DQG�WKH�SUREDELOLW\�RI�ODQGVOLGLQJ�ZDV�DSSUR[LPDWHO\�OLQHDU��DQG�WKDW�WKHUH�ZDV�VLJQLILFDQW�
ODQGVOLGLQJ�RQ�VORSHV�EHORZ�WKH�WKUHVKROGV�XVHG��
�
������ 0RGHOOLQJ�KLOO�FRXQWU\�HURVLRQ��
�
5HFHQWO\�VHYHUDO�DSSURDFKHV�WR�PRGHOOLQJ�KLOO�FRXQWU\�HURVLRQ�KDYH�EHHQ�GHYHORSHG�WKDW�DUH�
VWDUWLQJ�WR�SURYLGH��D��WRROV�IRU�DVVHVVLQJ�WKH�LPSDFW�RI�ODQG�PDQDJHPHQW�VFHQDULRV�DQG��E��D�
PHDQV�RI�V\QWKHVLVLQJ�WKH�UHVXOWV�RI�WKH�PXOWLWXGH�RI�SURFHVV�EDVHG�VWXGLHV��
�
7KH�1HZ�=HDODQG�(PSLULFDO�(URVLRQ�0RGHO��1=((0����GHYHORSHG�E\�/DQGFDUH�5HVHDUFK�
�'\PRQG�	�%HWWV�LQ�SUHVV���XVHV�HPSLULFDO�UHODWLRQVKLSV�EHWZHHQ�PHDVXUHG�VHGLPHQW�\LHOG�
DQG�UDLQIDOO�WR�UHVSUHDG�VHGLPHQW�\LHOG�DFURVV�WKH�ODQGVFDSH�DQG�GHWHUPLQH�VSDWLDOO\�
GLVWULEXWHG�DYHUDJH�DQQXDO�HURVLRQ�UDWHV��,W�EXLOGV�RQ�WKH�HDUOLHU�ZRUN�RI�+LFNV�HW�DO���������
������UHODWLQJ�VHGLPHQW�\LHOG�WR�UDLQIDOO��URFN�W\SH�DQG�HURVLRQ�WHUUDLQ�E\�LQFRUSRUDWLQJ�WKH�
LPSDFW�RI�YHJHWDWLRQ�FRYHU�RQ�VHGLPHQW�\LHOG��7KH�FRYHU�IDFWRU�DVVXPHV�D�IDFWRU�RI����
GLIIHUHQFH�EHWZHHQ�ZRRG\�DQG�KHUEDFHRXV�YHJHWDWLRQ�FRYHU�DQG�DOORZV�WKH�DQDO\VLV�RI�ODQG�
XVH�VFHQDULRV�LQYROYLQJ�YHJHWDWLRQ�FRYHU�FKDQJH�IURP�SDVWXUH�WR�ZRRG\�YHJHWDWLRQ��,Q�
UHVSUHDGLQJ�VWUHDP�VHGLPHQW�\LHOG�DFURVV�WKH�ODQGVFDSH�WR�GHWHUPLQH�DYHUDJH�DQQXDO�HURVLRQ�
UDWHV��1=((0��DVVXPHV�D�VHGLPHQW�GHOLYHU\�UDWLR�RI����L�H��LW�DVVXPHV�DOO�VHGLPHQW�LQ�WKH�
VWUHDP�V\VWHP�KDV�EHHQ�LPPHGLDWHO\�GHOLYHUHG�ZLWK�QR�VWRUDJH�RI�VHGLPHQW�RQ�KLOOVORSHV�WR�
EXIIHU�VHGLPHQW�GHOLYHU\���1=((0�KDV�DOVR�EHHQ�LQFRUSRUDWHG�LQWR�D�K\EULG�HPSLULFDO�
SURFHVV�EDVHG�PRGHO��GHYHORSHG�LQ�$XVWUDOLD��6HG1HW��:LONLQVRQ�HW�DO���������WR�HYDOXDWH�WKH�
LPSDFW�RI�YDULRXV�VRLO�FRQVHUYDWLRQ�RSWLRQV�IRU�UHGXFLQJ�HURVLRQ�UDWHV�LQ�WKH�0DQDZDWX�
�6FKLHUOLW]�HW�DO���������
�
&/8(6��&DWFKPHQW�/DQG�8VH�IRU�(QYLURQPHQWDO�6XVWDLQDELOLW\�V\VWHP��LV�DQRWKHU�HPSLULFDO�
PRGHO��XQGHU�GHYHORSPHQW�E\�1,:$��WKDW�HVWLPDWHV�QLWURJHQ�DQG�SKRVSKRUXV�ORDGV�LQ�
VWUHDPV�LQ�VSHFLILF�ORFDWLRQV�XQGHU�GLIIHUHQW�ODQG�XVH�VFHQDULRV��,W�XVHV�WKH�UHJLRQDO�
UHJUHVVLRQ�EDVHG�PRGHO�SUHGLFWLRQ�DSSURDFK�RI�63$552:��63DWLDOO\�5HIHUHQFHG�
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5HJUHVVLRQV�2Q�:DWHUVKHG�$WWULEXWHV��WR�HVWLPDWH�ORDGV��,W�LV�FXUUHQWO\�EHLQJ�GHYHORSHG�WR�
SURYLGH�HVWLPDWHV�RI�VHGLPHQW�ORDG��6��(OOLRWW�SHUV��FRPP���������
�
7KHVH�PRGHOOLQJ�DSSURDFKHV�SURYLGH�VLPSOH�WRROV�IRU�HYDOXDWLQJ�WKH�LPSDFW�RI�FKDQJLQJ�ODQG�
FRYHU�RQ�KLOOVORSH�HURVLRQ�UDWHV�DQG�SUHGLFWLQJ�WKH�RXWFRPH�IURP�GLIIHUHQW�VRLO�FRQVHUYDWLRQ�
VFHQDULRV��H�J��6FKLHUOLW]�HW�DO��������DQG�DUH�DSSHDOLQJ�EHFDXVH�RI�WKH�OLPLWHG�GDWD�
UHTXLUHPHQWV��+RZHYHU��WKH\�DUH�HPSLULFDO�LQ�DSSURDFK��DUH�OLPLWHG�E\�WKH�DVVXPSWLRQV�
XQGHUO\LQJ�PRGHO�IRUPXODWLRQ��JHQHUDOO\�SURYLGH�OLWWOH�GHWDLO�RQ�HURVLRQ�SURFHVVHV��DQG�
ODUJHO\�UHPDLQ�WR�EH�ULJRURXVO\�WHVWHG��
�
7KH�DOWHUQDWLYH�DSSURDFK�KDV�EHHQ�WR�GHYHORS�SURFHVV�EDVHG�PRGHOV�VLPXODWLQJ�VLQJOH�RU�
PXOWLSOH�SURFHVVHV��([DPSOHV�RI�WKLV�DSSURDFK�LQFOXGH�WKH�FRXSOHG�VORSH�VWDELOLW\±
K\GURORJ\±YHJHWDWLRQ�PRGHOV�XVHG�WR�PRGHO�VKDOORZ�ODQGVOLGH�SURFHVVHV�E\�&UR]LHU���������
%URRNV�HW�DO���������������DQG�(NDQD\DNH�DQG�3KLOOLSV������D��E���������0RUH�
FRPSUHKHQVLYH�PRGHOV�VLPXODWLQJ�PXOWLSOH�SURFHVVHV�DUH�FXUUHQWO\�LQ�GHYHORSPHQW�ZLWK�D�
PDMRU�IRFXV�RQ�6+(75$1��(OOLRWW�HW�DO��������$GDPV�	�(OOLRWW�������(NDQD\DNH�	�%DVKHU�
������%DVKHU�HW�DO���������7KLV�W\SH�RI�PRGHO�FDQ�VLPXODWH�PXOWLSOH�SURFHVVHV�EXW�WKHLU�
DSSOLFDWLRQ�LV�OLPLWHG�E\�WKH�ODUJH�GDWD�UHTXLUHPHQWV�WR�FDOLEUDWH�DQG�YHULI\�WKHP��&XUUHQW�
HIIRUWV�DUH�DLPLQJ�WR�GHYHORS�K\EULG�PRGHOV�FRXSOLQJ�VRPH�SURFHVV�UHSUHVHQWDWLRQ�ZLWK�
UHDOLVWLF�GDWD�UHTXLUHPHQWV��H�J��6HG1HW��6FKLHUOLW]�HW�DO���������
�
������ ,PSDFW�RI�FOLPDWH�FKDQJH�RQ�KLOO�FRXQWU\�HURVLRQ��
�
7KH�PDLQ�IHDWXUHV�RI�WKH�1HZ�=HDODQG�FOLPDWH�SURMHFWLRQV�IRU�WKH�����V�DQG�����V��0I(�
����D��XSGDWHG�LQ�1,:$�������DUH��

•� 0HDQ�WHPSHUDWXUH�LV�SURMHFWHG�WR�LQFUHDVH��PLG�VFHQDULR�����±����&�E\�����V�DQG�
���±����&�E\�����V��ZLWK�WKH�VWURQJHVW�ZDUPLQJ�LQ�ZLQWHU��DQG�D�WHQGHQF\�IRU�VOLJKWO\�
PRUH�ZDUPLQJ�LQ�WKH�HDVW�DQG�QRUWK��

•� 'DLO\�WHPSHUDWXUH�H[WUHPHV�ZLOO�LQFUHDVH�ZLWK�IHZHU�FROG�WHPSHUDWXUHV�DQG�IURVWV�DQG�
PRUH�KLJK�WHPSHUDWXUH�HSLVRGHV�SURMHFWHG��

•� 0HDQ�UDLQIDOO�LPSDFWV�ZLOO�YDU\�DURXQG�WKH�FRXQWU\��ZLWK�D�WHQGHQF\�IRU�DQQXDO�
UDLQIDOO�WR�GHFUHDVH�LQ�WKH�QRUWK�DQG�HDVW�DQG�LQFUHDVH�LQ�WKH�VRXWK�DQG�ZHVW��DVVRFLDWHG�
ZLWK�D�VWURQJHU�ZHVW�HDVW�UDLQIDOO�JUDGLHQW��&KDQJHV�RI�WKH�RUGHU�RI�í��WR�����E\�WKH�
����V�DQG�í���WR������E\�WKH�����V�DUH�H[SHFWHG��

•� +HDYLHU�DQG�RU�PRUH�IUHTXHQW�H[WUHPH�UDLQIDOOV�DUH�H[SHFWHG��HVSHFLDOO\�ZKHUH�PHDQ�
UDLQIDOO�LQFUHDVHV�DUH�SUHGLFWHG��VLQFH�D�ZDUPHU�DWPRVSKHUH�FDQ�KROG�PRUH�PRLVWXUH�
�DERXW����PRUH�IRU�HYHU\���&�LQFUHDVH�LQ�WHPSHUDWXUH���7KHUH�PD\�EH�XS�WR�D�IRXU�
IROG�UHGXFWLRQ�LQ�VWRUP�UHWXUQ�SHULRG�E\�WKH�����V��DOWKRXJK�WKHUH�LV�OLWWOH�TXDQWLWDWLYH�
LQIRUPDWLRQ�DYDLODEOH���7KH�IUHTXHQF\�RI�H[WUD�WURSLFDO�F\FORQHV��ZKLFK�EULQJ�ODUJH�
VWRUP�HYHQWV�WR�WKH�QRUWK�DQG�HDVW�RI�1HZ�=HDODQG��LV�SUHGLFWHG�WR�GHFUHDVH�EXW�WKHLU�
LQWHQVLW\�LV�H[SHFWHG�WR�LQFUHDVH��

•� $Q�LQFUHDVH�LQ�ERWK�PHDQ�DQQXDO�ZHVWHUO\�ZLQGIORZ�DQG�VHYHUH�ZLQGV�WKDW�FDXVH�ZLQG�
HURVLRQ��

�

�������������������������������������������������
��*UD\�HW�DO���������DQG�0)(������E��SURYLGH�JXLGDQFH�RQ�KRZ�WR�DVVHVV�OLNHO\�FKDQJHV�LQ�H[WUHPH�UDLQIDOO�
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7KH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�VRLOV�DQG�ODQGVFDSH�SURFHVVHV�KDV�EHHQ�UHYLHZHG�E\�%DVKHU�
�������XVLQJ�HDUOLHU�HVWLPDWHV�RI�OLNHO\�FOLPDWH�FKDQJH�VFHQDULRV����7KH�GLUHFW�HIIHFW�RI�
FOLPDWH�FKDQJH�RQ�HURVLRQ�LV�OLNHO\�WR�EH�UHIOHFWHG�LQ�FKDQJHV�WR�WKH�UDWHV�RI�HURVLRQ�SURFHVVHV�
UDWKHU�WKDQ�WKH�W\SHV�RI�HURVLRQ�RFFXUULQJ��7KH�JUHDWHVW�HIIHFWV�DUH�OLNHO\�WR�RFFXU�WKURXJK�
FKDQJHV�WR�SUHFLSLWDWLRQ�SURFHVVHV�DQG�UHJLPHV��ZKLFK�ZLOO�DIIHFW�UDWHV�RI�HURVLRQ�SURFHVVHV�
DQG�UHFRYHU\�RI�YHJHWDWLRQ�IROORZLQJ�HURVLRQ��7KH�SDWWHUQ�RI�HURVLRQ�ZRXOG�EH�VLPLODU�WR�WKH�
SUHVHQW��EXW�WKH�UDWHV�RI�LQGLYLGXDO�HURVLRQ�SURFHVVHV�ZRXOG�EH�GHWHUPLQHG�E\�FKDQJHV�LQ�WKH�
IUHTXHQF\�DQG�PDJQLWXGH�RI�UDLQ�DQG�ZLQG�VWRUPV��$QQXDO�UDLQIDOO�LV�WKH�GRPLQDQW�FRQWURO�RQ�
UDWHV�RI�HURVLRQ��DV�PHDVXUHG�E\�VXVSHQGHG�VHGLPHQW�\LHOGV��*ULIILWKV�������������+LFNV�HW�DO��
�������DQG�LI�UDLQIDOO�LQFUHDVHV�DV�SUHGLFWHG�IRU�PDQ\�SDUWV�RI�WKH�FRXQWU\��WKHQ�HURVLRQ�UDWHV�
FDQ�EH�H[SHFWHG�WR�LQFUHDVH�VXEVWDQWLDOO\��6LQFH�PRVW�HURVLRQ�RFFXUV�LQ�ODUJH�VWRUP�HYHQWV��
DQG�WKHVH�DUH�SUHGLFWHG�WR�LQFUHDVH�HYHQ�LQ�DUHDV�ZKHUH�DQQXDO�UDLQIDOO�GHFUHDVHV��IXUWKHU�
LQIRUPDWLRQ�RQ�OLNHO\�FKDQJHV�LQ�WKHLU�SDWWHUQV��IUHTXHQF\�DQG�LQWHQVLW\�LV�QHHGHG�WR�
TXDQWLWDWLYHO\�DVVHVV�WKH�OLNHO\�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�KLOO�FRXQWU\�HURVLRQ��&OLPDWH�
VFHQDULRV�VXJJHVW�WKDW�IRU�PDQ\�DUHDV�WKHUH�ZRXOG�EH�DQ�LQFUHDVH�LQ�KLJK�LQWHQVLW\�VWRUPV��L�H��
PRUH�UDLQ�RQ�IHZHU�GD\V��DQG�DQ�LQFUHDVH�LQ�LQWHQVLW\�RI�F\FORQLF�VWRUPV�RI�WURSLFDO�RULJLQ�
HVSHFLDOO\�LQ�WKH�1RUWK�,VODQG�DQG�QRUWK�HDVW�RI�WKH�6RXWK�,VODQG��7URSLFDO�F\FORQLF�VWRUPV�
WHQG�WR�FDXVH�PDVV�PRYHPHQW�HURVLRQ�DQG�IORRGLQJ�RYHU�ZLGH�DUHDV�DV�H[SHULHQFHG�GXULQJ�
&\FORQHV�$OLVRQ��%HOO�������DQG�%ROD��7URWWHU��������/LNHO\�FKDQJHV�LQ�WKHLU�IUHTXHQF\�DQG�
PDJQLWXGH�DUH�FXUUHQWO\�SRRUO\�NQRZQ��
�
7HPSHUDWXUH�FKDQJHV�ZLOO�PRGLI\�ZDWHU�EDODQFH��:LWK�WKH�SURMHFWHG�LQFUHDVHV�LQ�HURVLRQ�
UDWHV��ZDWHU�VWRUDJH�DQG�UHWHQWLRQ�FDSDELOLW\�RI�KLOOVORSHV�ZLOO�EH�VHYHUHO\�UHGXFHG�EHFDXVH�WKH�
VWRUDJH�FDSDFLW\�SURYLGHG�E\�WKH�SRURXV�UHJROLWK�ZLOO�EH�GHSOHWHG�ZLWK�UHPRYDO�OHDGLQJ�WR�
LQFUHDVHG�GURXJKWLQHVV�HVSHFLDOO\�LQ�HDVWHUQ�UHJLRQV��$V�D�FRQVHTXHQFH�PRUH�ODQG�ZLOO�EH�
H[SRVHG�WR�VKHHW�DQG�ZLQG�HURVLRQ�ZLWK�GURXJKW�HIIHFWLQJ�YHJHWDWLRQ�FRYHU�DQG�UH�
HVWDEOLVKPHQW��
�
7KH�QHZO\�H[SRVHG�VOLS�VXUIDFHV�ZLOO�DOVR�UDSLGO\�VKHG�UXQRII�ZDWHU��'RZQVWUHDP�FKDQQHOV�
ZLOO�EH�DIIHFWHG�E\�WKH�LQFUHDVHG�IUHTXHQF\�DQG�PDJQLWXGH�RI�VWRUP�IORZV�DQG�FRQVHTXHQWO\�
PD\�EHFRPH�GHVWDELOLVHG��:KHUH�WKHUH�LV�D�KLJK�GHJUHH�RI�FRXSOLQJ�EHWZHHQ�HURVLRQ�
SURFHVVHV�DQG�WKH�GUDLQDJH�V\VWHP��VHGLPHQW�VXSSO\�ZLOO�EH�HQKDQFHG��/RZ�JUDGLHQW�
ZDWHUFRXUVHV�ZLOO�FRQVHTXHQWO\�DJJUDGH��UHGXFLQJ�FKDQQHO�FDSDFLW\�DQG�SURPRWLQJ�RYHUEDQN�
IORRGLQJ��
�
7KH�UHJLRQDO�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�VRLOV�DQG�ODQGVFDSH�SURFHVVHV�RQ�WKH�KLOO�FRXQWU\�
FDQ�EH�VXPPDULVHG�DV�IROORZV��DIWHU�%DVKHU��������
1RUWKHUQ�1RUWK�,VODQG��1RUWKODQG��$XFNODQG�DQG�HDVWHUQ�%D\�RI�3OHQW\�DUH�SUHGLFWHG�WR�
EHFRPH�GULHU��ZKLOH�:DLNDWR�DQG�ZHVWHUQ�%D\�RI�3OHQW\�DUH�OLNHO\�WR�EH�ZHWWHU��$�GHFUHDVH�LQ�
WKH�IUHTXHQF\�RI�KLJK�PDJQLWXGH�WURSLFDO�F\FORQLF�VWRUPV���LV�SUHGLFWHG��EXW�DQ�LQFUHDVH�LQ�
WKHLU�LQWHQVLW\�OHDGLQJ�WR�ODUJHU�VWRUPV��PRUH�IORRGLQJ�DQG�EDQN�HURVLRQ��DQG�DQ�LQFUHDVH�LQ�
PDVV�PRYHPHQW�DQG�VXUIDFH�HURVLRQ��$UHDV�PRVW�VXVFHSWLEOH�WR�LQFUHDVHG�PDVV�PRYHPHQW�DUH�
WKH�GHHSO\�ZHDWKHUHG�VHGLPHQWDU\�DQG�LJQHRXV�URFNV��HVSHFLDOO\�ZKHUH�WKH\�DUH�GHHSO\�
GLVVHFWHG��VWHHSO\�VORSLQJ�DQG�FOHDUHG�RI�IRUHVW��DQG�WKH�KLJKO\�HURGLEOH�YROFDQLF�PDWHULDOV�RI�
WKH�.LQJ�&RXQWU\�DQG�SXPLFH�ODQGV�RI�WKH�5RWRUXD±7DXSR�GLVWULFWV��
7DUDQDNL±0DQDZDWX±:HOOLQJWRQ��0RVW�RI�WKLV�DUHD�LV�OLNHO\�WR�EHFRPH�ZHWWHU��DSDUW�IURP�
HDVWHUQ�DUHDV�RI�WKH�:DLUDUDSD�$Q�LQFUHDVHG�LQFLGHQFH�RI�ODQGVOLGH�HURVLRQ�RQ�WKH�VWHHS�
�������������������������������������������������
��7KH������,3&&�HVWLPDWHV�RI�FOLPDWH�FKDQJH�DOWHU�WKH�PDJQLWXGH�RI�OLNHO\�WHPSHUDWXUH�ULVH�EXW�SURYLGH�OLWWOH�
PRUH�GHWDLO�RQ�LPSDFWV�RQ�UDLQIDOO�DPRXQWV��LQWHQVLWLHV�RU�IUHTXHQF\�RI�ODUJH�VWRUPV��
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7HUWLDU\�VRIW�URFN�KLOO�FRXQWU\�LV�OLNHO\��HVSHFLDOO\�RQ�GHIRUHVWHG�VORSHV��ZLWK�SUHGLFWHG�KLJKHU�
DQQXDO�UDLQIDOO�DQG�KLJKHU�LQWHQVLW\�UDLQIDOOV��
*LVERUQH±+DZNH¶V�%D\±:DLUDUDSD��7KLV�DUHD�LV�OLNHO\�WR�EHFRPH�GULHU�RYHUDOO��+RZHYHU��
WKHUH�LV�OLNHO\�WR�EH�D�VLJQLILFDQW�LQFUHDVH�LQ�ODQGVOLGH�HURVLRQ�RQ�WKH�VWHHS�7HUWLDU\�VRIW�URFN�
KLOO�FRXQWU\��HVSHFLDOO\�RQ�GHIRUHVWHG�VORSHV��ZLWK�SUHGLFWHG�KLJKHU�LQWHQVLW\�UDLQIDOOV�DQG�
LQWHQVLW\�RI�H[WUD�WURSLFDO�F\FORQHV��L�H��PRUH�µ%ROD¶�OLNH�VWRUPV�ZLWK�PDMRU�HIIHFWV�RQ�WKH�KLOO�
FRXQWU\���
1HOVRQ±0DUOERURXJK��0RVW�RI�WKLV�DUHD�LV�OLNHO\�WR�EHFRPH�ZHWWHU��DSDUW�IURP�FRDVWDO�
0DUOERURXJK�ZKLFK�FRXOG�EH�GULHU��$Q�LQFUHDVHG�LQFLGHQFH�RI�QRUWKHUO\�VWRUPV��ZLWK�DQ�
LQFUHDVH�LQ�HURVLRQ�UDWHV�DQG�UHGXFHG�UHWXUQ�SHULRG�RI�KLJK�PDJQLWXGH�IORRGV��*UHDWHU�HURVLRQ��
HVSHFLDOO\�LQ�WKH�0DUOERURXJK�6RXQGV��
&DQWHUEXU\��(DVWHUQ�&DQWHUEXU\�FRXOG�EH�GULHU��ZKLOH�UDLQIDOO�PD\�LQFUHDVH�LQ�WKH�6RXWKHUQ�
$OSV��,QFUHDVHG�VRLO�ZDWHU�GHILFLWV�DQG�WHPSHUDWXUHV��ZLWK�GHFUHDVHG�UDLQIDOOV�DQG�KLJKHU�
WHPSHUDWXUHV�FRXOG�UHVXOW�LQ�PRUH�SURORQJHG�GURXJKWV�OHDGLQJ�WR�LQFUHDVHG�SRWHQWLDO�IRU�
VXUIDFH�HURVLRQ��
:HVWODQG±)LRUGODQG��7KH�LQFUHDVH�LQ�HURVLRQ�DQG�IORRGLQJ�GXH�WR�LQFUHDVHG�UDLQIDOO�ZRXOG�
EH�VOLJKW�VLQFH�WKHUH�ZRXOG�EH�IHZHU�KLJK�LQWHQVLW\�VWRUPV��
2WDJR±6RXWKODQG��,QFUHDVLQJ�DULGLW\�LQ�FHQWUDO�DQG�FRDVWDO�DUHDV��OHDGLQJ�WR�LQFUHDVHG�
SRWHQWLDO�IRU�VXUIDFH�HURVLRQ��$�SUHGLFWHG�LQFUHDVH�LQ�PDVV�PRYHPHQW�HURVLRQ�LQ�FRDVWDO�
UHJLRQV�ZLWK�DQ�LQFUHDVHG�LQWHQVLW\�RI�H[WUD�WURSLFDO�F\FORQLF�VWRUPV��/LNHO\�WR�EH�
FRQVLGHUDEO\�ZHWWHU�LQ�WKH�ZHVW�DQG�LQ�6RXWKODQG��FDXVLQJ�DQ�LQFUHDVH�LQ�HURVLRQ�DQG�IORRGLQJ��
�
������ ,PSOLFDWLRQV�IURP�SURFHVV�VWXGLHV�
�
6HYHUDO�NH\�ILQGLQJV�KDYH�FRPH�RXW�RI�WKH�H[WHQVLYH�OLWHUDWXUH�RQ�HURVLRQ�SURFHVVHV��

•� *HRORJ\��URFN�W\SH��LQGXUDWLRQ��UHJROLWK�FRPSRVLWLRQ��GUDLQDJH�DQG�SHUPHDELOLW\���
XSOLIW�UDWHV��DQG�FOLPDWH��UDLQIDOO�DPRXQWV��LQWHQVLWLHV��ODUJHO\�GHWHUPLQH�WKH�
ODQGVFDSH¶V�LQKHUHQW�VXVFHSWLELOLW\�WR�HURVLRQ��6XVFHSWLELOLW\�WR�HURVLRQ�LV�UHDGLO\�
LGHQWLILDEOH�DW�D�UHJLRQDO�VFDOH�DQG�LQFUHDVLQJO\�DW�KLOOVORSH�DQG�IDUP�VFDOH��

•� 6KDOORZ�ODQGVOLGHV�DIIHFW�WKH�JUHDWHVW�SURSRUWLRQ�RI�KLOO�FRXQWU\�WHUUDLQ��HDUWKIORZ��
VOXPSV��DQG�JXOO\�HURVLRQ�DUH�IDU�OHVV�H[WHQVLYH�DQG�IUHTXHQW��7KH�UHODWLYH�LPSDFW�RI�
VKHHWZDVK�HURVLRQ�DQG�LWV�FRQWULEXWLRQ�WR�WKH�VHGLPHQW�EXGJHW�LQ�SDVWRUDO�KLOOFRXQWU\�
DUHDV��IDUP�VFDOH�FDWFKPHQWV�HURVLRQ�WHUUDLQV�UHJLRQV�QDWLRQDOO\��LV�SRRUO\�NQRZQ��
6KHHWZDVK�LV�WKH�OHDVW�LPSRUWDQW�RI�WKH�VHGLPHQW�JHQHUDWLQJ�SURFHVVHV�RQ�IRUHVW�
FXWRYHU��ZLWK�VKDOORZ�ODQGVOLGLQJ��URDGV�DQG�ODQGLQJV�JHQHUDWLQJ�WKH�PRVW�VHGLPHQW��
6KDOORZ�ODQGVOLGHV�DQG�JXOO\�HURVLRQ�UHVXOW�LQ�WKH�JUHDWHVW�ORQJ�WHUP��RQ�VLWH��VRLO�
ORVV��DQG�RII�VLWH��VHGLPHQWDWLRQ�DQG�IORRGLQJ��HQYLURQPHQWDO�GHJUDGDWLRQ��

•� /DUJH�VWRUPV��RU�ORQJ�ZHW�SHULRGV��GULYH�PDVV�PRYHPHQW��ODQGVOLGH��HDUWKIORZ��VOXPS��
RQ�KLOOVORSHV��7KHVH�DUH�KLJK�PDJQLWXGH�HYHQWV�WKDW�RFFXU�DW�ORZ�IUHTXHQF\��,Q�
FDWFKPHQWV�ZKHUH�WKHVH�IHDWXUHV�GRPLQDWH�WKH�ODQGVFDSH��VHGLPHQW�SURGXFWLRQ�IURP�
PDVV�PRYHPHQWV�GRPLQDWHV�FDWFKPHQW�VHGLPHQW�EXGJHWV�GXULQJ��DQG�IRU�D�VKRUW�WLPH�
DIWHU��VWRUP�HYHQWV��

•� )RU�IOXYLDO�HURVLRQ��JXOO\LQJ��EDQN�DQG�FKDQQHO�HURVLRQ��WKH�VPDOOHU�PRUH�IUHTXHQW�
VWRUPV�DUH�PRUH�LPSRUWDQW��L�H��ORZ�PDJQLWXGH��KLJK�IUHTXHQF\�HYHQWV��EHFDXVH�WKH\�
DUH�GLUHFWO\�FRQQHFWHG�WR�WKH�VWUHDP�QHWZRUN��$�VXEVWDQWLDO�SURSRUWLRQ�RI�WKH�VHGLPHQW�
JHQHUDWHG�EHWZHHQ�ODUJH�FOLPDWLF�HYHQWV�FDQ�EH�JHQHUDWHG�E\�WKHVH�SURFHVVHV��DQG�LQ�DW�
OHDVW�VRPH�ODQGVFDSHV�WKH\�FDQ�GRPLQDWH�RYHUDOO�VHGLPHQW�JHQHUDWLRQ��5HFRYHU\�RI�
ULYHU�QHWZRUNV�IURP�WKH�LPSDFWV�RI�JXOO\�GHULYHG�VHGLPHQWDWLRQ�LV�VORZHU��GHFDGHV�WR�
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PLOOHQLXP��WKDQ�IRU�ULYHUV�SHULRGLFDOO\�LPSDFWHG�E\�RWKHU�VHGLPHQW�SURGXFLQJ�
SURFHVVHV��DQQXDO�WR�GHFDGH���

•� ,Q�DOO�WHUUDLQV��EXW�SDUWLFXODUO\�LQ�WHUUDLQV�LGHQWLILHG�DV�KLJKO\�HURGLEOH��JXOO\�HURVLRQ�
QHHGV�WR�EH�LGHQWLILHG�DQG�WUHDWHG�HDUO\��8QWUHDWHG�JXOOLHV�LQFUHDVH�LQ�VL]H�DQG�DFWLYLW\�
RYHU�WLPH��OHVVHQLQJ�WKH�FKDQFH�RI�WUHDWPHQW�EHLQJ�VXFFHVVIXO��

•� (DUWKTXDNHV�DUH�D�VLJQLILFDQW�GULYHU�IRU�GHHS�VHDWHG�PDVV�PRYHPHQWV�EXW�DUH�IDU�OHVV�
IUHTXHQW��

•� &ORVHG�FDQRS\�ZRRG\�YHJHWDWLRQ��HYHUJUHHQ�VSHFLHV��UHGXFHV�UDWHV�RI�KLOOVORSH�
HURVLRQ�E\�DQ�RUGHU�RI�PDJQLWXGH�RQ�WKH�PRVW�VXVFHSWLEOH�WHUUDLQ��2Q�RWKHU�OHVV�
VXVFHSWLEOH�WHUUDLQV�KLOOVORSH�HURVLRQ�LV�UHGXFHG�EXW�WKH�GHJUHH�RI�UHGXFWLRQ�LV�QRW�DV�
ZHOO�TXDQWLILHG��HVSHFLDOO\�IRU�VSDFH�SODQWHG�SROHV��

•� 7KH�LPSDFWV�RI�SUH��RU�SRVW�(XURSHDQ�GHIRUHVWDWLRQ�KDYH�SHUVLVWHG�IRU�PRUH�WKDQ�D�
FHQWXU\�HVSHFLDOO\�LQ�WKRVH�ODQGVFDSHV�ZLWK�WKLFN�UHJROLWKV�DQG�RU�VRIW�URFNV��

•� +DUYHVWLQJ�RI�IRUHVWV�LQ�KLJKO\�HURGLEOH�WHUUDLQ�LQFUHDVHV�HURVLRQ�UDWHV�LQ�WKH�VKRUW�
WHUP��EXW�RYHU�WKH�OHQJWK�RI�D�IRUHVW�URWDWLRQ��F����±���\HDUV��SDVWXUH�SURGXFHV�IRXU�
WLPHV�PRUH�VHGLPHQW�WKDQ�IRUHVWU\��

•� $FURVV�DOO�WHUUDLQV��YHJHWDWLYH�HURVLRQ�FRQWURO�WKURXJK�UHIRUHVWDWLRQ��UHYHUVLRQ�DQG�
SROH�SODQWLQJ�KDV�SURYHQ�VXFFHVVIXO�IRU�FRQWUROOLQJ�PXFK�RI�WKH�HURVLRQ��+RZHYHU��WKH�
XVH�RI�SROH�SODQWLQJ�IRU�WKH�WUHDWPHQW�RI�ODUJH�DQG�DFWLYH�PDVV�PRYHPHQW�IHDWXUHV�
�HDUWKIORZ�DQG�VOXPS��DQG�JXOO\�HURVLRQ��LQ�WKH�PRVW�KLJKO\�HURGLEOH�WHUUDLQV��KDV�KDG�
RQO\�OLPLWHG�VXFFHVV��6SDFH�SODQWHG�SROHV�FDQ�SURYLGH�SURWHFWLRQ�DJDLQVW�WKH�LQLWLDWLRQ�
RI�VKDOORZ�ODQGVOLGHV�LI�SODQWHG�LQ�VXIILFLHQW�QXPEHUV�DQG�LQ�WKH�DSSURSULDWH�SRVLWLRQ�
RQ�VORSHV��)DLOXUH�WR�UHFRJQLVH�WKLV�KDV�UHVXOWHG�LQ�D�SRRU�RXWFRPH�IRU�PDQ\�SDVW�VRLO�
FRQVHUYDWLRQ�HIIRUWV��

•� 6WRUP�LQLWLDWHG�ODQGVOLGHV�GHSOHWH�WKH�VRLO�UHVRXUFH�RQ�KLOO�FRXQWU\��6RLO�ORVV�DV�D�
FRQVHTXHQFH�RI�UHFXUUHQW�VWRUP�HYHQWV�LV�FXPXODWLYH��6RLO�UHFRYHU\�RQ�ODQGVOLGH�VFDUV�
LV�VORZ��3URGXFWLYLW\�DIWHU����\HDUV�LV�����RI�WKDW�IRU�VWDEOH�VLWHV�XQDIIHFWHG�E\�
ODQGVOLGLQJ��

•� &OLPDWH�FKDQJH�LV�OLNHO\�WR�H[DFHUEDWH�HURVLRQ�SUREOHPV�LQ�WKH�ZRUVW�DIIHFWHG�DUHDV�
VLQFH�LW�LV�SUHGLFWHG�WR�FDXVH�KHDYLHU�DQG�RU�PRUH�IUHTXHQW�H[WUHPH�UDLQIDOOV��7KLV�ZLOO�
UHVXOW�LQ�D�KLJKHU�LQFLGHQFH�RI�ODQGVOLGLQJ��DQG�JXOO\LQJ�LQ�VRPH�DUHDV�ZKHUH�UDLQIDOO�
LQFUHDVHV��DQG�IXUWKHU�GHSOHWLRQ�RI�WKH�VRLO�UHVRXUFH��&RQWLQXHG�VRLO�ORVV�FRPELQHG�
ZLWK�VORZ�VRLO�UHFRYHU\�ZLOO�XOWLPDWHO\�LPSDFW�WKH�HFRQRPLF�YLDELOLW\�RI�KLOO�FRXQWU\�
IDUPV��SDUWLFXODUO\�VPDOO�IDUPV�LQ�WKH�PRUH�KLJKO\�HURGLEOH�WHUUDLQV��

�
���� (URVLRQ�PDQDJHPHQW�
�
������ ,QIRUPDWLRQ�VRXUFHV�
�
7KHUH�LV�D�ZLGH�UDQJH�RI�LQIRUPDWLRQ�VRXUFHV�RQ�PDQDJHPHQW�RSWLRQV�IRU�SUHYHQWLQJ�DQG�
FRQWUROOLQJ�HURVLRQ�LQ�1HZ�=HDODQG�KLOO�FRXQWU\��$�QXPEHU�RI�UHSRUWV��EXOOHWLQV��DUWLFOHV�DQG�
MRXUQDO�SDSHUV�ZHUH�SURGXFHG�LQ�WKH�����V±����V��VHH�$SSHQGL[����LQFOXGLQJ�WKRVH�E\�
&DPSEHOO������D��E��F���������&DPSEHOO�	�$QDUX���������7RGG���������:LONLH���������-RQHV�
	�+RZLH���������DQG�&ULPS���������ZKLFK�GHVFULEH�ERWK�YHJHWDWLYH�DQG�VWUXFWXUDO�PHDVXUHV�
IRU�FRQWUROOLQJ�HURVLRQ��0F&DVNLOO¶V��������ERRN�+ROG�WKLV�/DQG��D�+LVWRU\�RI�6RLO�DQG�:DWHU�
&QVHUYDWLRQ�LQ�1HZ�=HDODQG�SURYLGHV�DQ�H[WHQVLYH�DFFRXQW�RI�WKH�KLVWRU\�DQG�DSSURDFKHV�LQ�
VRLO�FRQVHUYDWLRQ�GXULQJ�HDUOLHU�WLPHV��9DULRXV�SXEOLFDWLRQV�RQ�JXLGHOLQHV�IRU�IRUHVWU\�
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RSHUDWLRQV�ZHUH�SURGXFHG�E\�FDWFKPHQW�ERDUGV��IRUHVWU\�LQGXVWU\�ERGLHV�DQG�WKH�1DWLRQDO�
:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�GXULQJ�WKH�����V�DQG�����V��DV�VXPPDULVHG�LQ�WKH�
)RUHVWU\�&RGH�RI�3UDFWLFH��9DXJKDQ�HW�DO��������DQG�XSGDWHG�PRUH�UHFHQWO\�LQ�1HZ�=HDODQG�
)RUHVW�2ZQHUV�$VVRFLDWLRQ���������$�KLJKO\�VLJQLILFDQW�SXEOLFDWLRQ�LQ�WKH�����V�ZDV�WKH�
3ODQW�0DWHULDOV�+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ��FRPSULVLQJ�WKUHH�YROXPHV��9ROXPH���±�
3ULQFLSOHV�DQG�3UDFWLFHV��YDQ�.UDD\HQRRUG�	�+DWKDZD\�����D���9ROXPH���±�,QWURGXFHG�
3ODQWV��YDQ�.UDD\HQRRUG�	�+DWKDZD\�����E���DQG�9ROXPH���±�1DWLYH�3ODQWV��3ROORFN��������
7KLV�SXEOLFDWLRQ�ZDV�WKH�FXOPLQDWLRQ�RI�VFLHQWLILF�UHVHDUFK�FRQGXFWHG�GXULQJ�WKH�SUHYLRXV�����
\HDUV�E\�WKH�IRUPHU�1DWLRQDO�3ODQW�0DWHULDOV�&HQWUH�RI�WKH�:DWHU�DQG�6RLO�'LYLVLRQ�RI�WKH�
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��DQG�WKH�YDVW�H[SHULHQFH�RI�VRLO�FRQVHUYDWRUV�RI�WKH�
IRUPHU�FDWFKPHQW�ERDUGV��,W�ZDV�DQ�LPSRUWDQW�UHIHUHQFH�VRXUFH�IRU�DQ\RQH�ZLWK�DQ�LQWHUHVW�LQ�
VRLO�FRQVHUYDWLRQ�DQG�ZDV�D�FRPPRQ�VLJKW�RQ�ERRNVKHOYHV�IRU�D�QXPEHU�RI�\HDUV�DIWHU�LWV�
UHOHDVH��0DQ\�SDUWV�RI�WKH�SXEOLFDWLRQ�DUH�VWLOO�UHOHYDQW�WRGD\��DOWKRXJK�QHZ�FRSLHV�DUH�
XQDYDLODEOH��
�
$Q�LPSRUWDQW�VHTXHO�WR�WKH�3ODQW�0DWHULDOV�+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ�ZDV�WKH�UHSRUW�
SUHSDUHG�IRU�0$)�3ROLF\�WLWOHG�&RQWURO�RI�6RLO�(URVLRQ�RQ�)DUPODQG��+LFNV��������7KLV�
VXPPDULVHG�WKH�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�RQ�DJULFXOWXUDO�WHFKQLTXHV�IRU�PDQDJLQJ�VRLO�
HURVLRQ�WKURXJKRXW�1HZ�=HDODQG�DQG�ZDV�DLPHG�DW�HQFRXUDJLQJ�ODQGKROGHUV�WR�FRQWURO�
HURVLRQ�RQ�WKHLU�SURSHUWLHV��6L[�\HDUV�ODWHU��WKH�6RLO�&RQVHUYDWLRQ�7HFKQLFDO�+DQGERRN��+LFNV�
	�$QWKRQ\�������SUHSDUHG�E\�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��0I(��DQG�RWKHU�SDUWLHV�ZDV�
UHOHDVHG��7KLV�FRPSUHKHQVLYH�KDQGERRN�GHVFULEHV�D�UDQJH�RI�SODQW�DQG�HQJLQHHULQJ�
WHFKQLTXHV�IRU�WUHDWLQJ�YDULRXV�HURVLRQ�W\SHV�HQFRXQWHUHG�LQ�KLOO�FRXQWU\�VXFK�DV�VRLO�DQG�HDUWK�
VOLS��HDUWKIORZ��JXOO\�DQG�VOXPS�HURVLRQ��&RQWULEXWRUV�WR�WKH�SXEOLFDWLRQ�ZHUH�H[SHULHQFHG�
UHVHDUFKHUV�DQG�RU�ODQG�PDQDJHUV�LQ�FDWFKPHQW�ERDUGV�RU�UHJLRQDO�FRXQFLOV��DQG�WKH�
SXEOLFDWLRQ�LV�DQ�LPSRUWDQW�UHIHUHQFH��,W�LV�LOOXVWUDWHG�ZLWK�SKRWRJUDSKV�DQG�GUDZLQJV�DQG�
FRQWDLQV�NH\�UHOHYDQW�OLWHUDWXUH�IRU�IXUWKHU�GHWDLOHG�GHVFULSWLRQ�DQG�XQGHUVWDQGLQJ��7KH�
KDQGERRN�WLWOHG�0DQDJLQJ�:DWHUZD\V�RQ�)DUPV��$QWKRQ\�������IRFXVHV�RQ�ZDWHUZD\V�RQ�
IODW�WR�JHQWO\�VORSLQJ�ODQG��EXW�LQFOXGHV�VRPH�H[DPSOHV�RI�H[SHULHQFHV�ZLWK�YHJHWDWLRQ�LQ�
FDWFKPHQW�FRQWURO�VFKHPHV�DLPHG�DW�DGGUHVVLQJ�VLJQLILFDQW�HURVLRQ�SUREOHPV��
�
7KH�DERYH�NH\�SXEOLFDWLRQV�DUH�FRPSOHPHQWHG�E\�DQ�H[WHQVLYH�OLVW�RI�SDSHUV�SXEOLVKHG�LQ�
1HZ�=HDODQG�DQG�LQWHUQDWLRQDO�VFLHQWLILF�MRXUQDOV��VHH�$SSHQGL[�����DUWLFOHV�IHDWXUHG�LQ�
LQGXVWU\�PDJD]LQHV�VXFK�DV�1HZ�=HDODQG�7UHH�*URZHU��H�J��&DLUQV�������)UHHPDQ�������
%HUJLQ�������+RFNLQJ�������.QRZOHV�������DQG�*LVERUQH�'LVWULFW�&RXQFLO¶V�µ&RQVHUYDWLRQ�
4XRUXP¶��H�J��$QRQ������D������D��E��+DPEOLQJ�������+XJKHV�������'RXJODV�HW�DO��������
0F,YRU�	�'RXJODV��������DQG�LWHPV�LQ�IDUPLQJ�QHZVSDSHUV�VXFK�DV�&RXQWU\:LGH��H�J��$QRQ��
����E�F������������F�G���&RPSXWHU�GHYHORSPHQWV�KDYH�UHVXOWHG�LQ�PDQ\�RUJDQLVDWLRQV�
KDYLQJ�H[WHQVLYH�ZHEVLWHV��H�J��DOO�UHJLRQDO�FRXQFLOV�XQLWDU\�DXWKRULWLHV��DOO�&URZQ�5HVHDUFK�
,QVWLWXWHV�DQG�XQLYHUVLWLHV��DQG�D�QXPEHU�RI�WKHVH�KDYH�OLVWLQJV�RU�OLQNV�WR�H[WHQVLYH�UHOHYDQW�
GDWDEDVHV�SHUWDLQLQJ�WR�KLOO�FRXQWU\�HURVLRQ�FRQWURO�DQG�RU�QHZVOHWWHUV�IDFW�VKHHWV�KLJKOLJKWLQJ�
RU�GHVFULELQJ�UHOHYDQW�SUDFWLFDO�VROXWLRQV�WR�DGGUHVV�SDUWLFXODU�HURVLRQ�SUREOHPV��
�
([DPSOHV�IURP�UHJLRQDO�FRXQFLO�ZHEVLWHV�ZLWK�VRLO�FRQVHUYDWLRQ�LQIRUPDWLRQ�DUH��
�ZZZ�HZ�JRYW�Q]�SXEOLFDWLRQV�WHFKQLFDOUHSRUWV�WU�����KWP���WUHH�SODQWLQJ�LQIRUPDWLRQ�
�ZZZ�HZ�JRYW�Q]�HQYLURLQIR�ODQG�WUHHVRQIDUPV�KWP���FRQWURO�RI�HDUWKIORZ�DQG�VOXPS�HURVLRQ�
�ZZZ�WUF�JRYW�Q]�HQYLURQPHQW�ODQG�SGIV���BFRQWUROBHDUWKIORZBHURVLRQ�SGI���
SROH�SODQWLQJ��ZZZ�WUF�JRYW�Q]�HQYLURQPHQW�ODQG�SGIV���BSROHSODQWLQJBEHQHILWV�SGI���
SURWHFWLQJ�IDUPV�IURP�VWRUP�GDPDJH�
�ZZZ�KEUF�JRYW�Q]�/LQN&OLFN�DVS["ILOHWLFNHW ����E/FN4[T04��G	WDELG ���	PLG ���
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����UHSDLULQJ�VOLS�GDPDJH�
�ZZZ�KEUF�JRYW�Q]�/LQN&OLFN�DVS["ILOHWLFNHW '\XGY'5-N�Z��G	WDELG ���	PLG �������
FDWFKPHQW�FRQWURO�VFKHPHV��ZZZ�JZ�JRYW�Q]�VHFWLRQ����FIP���DQG�6XVWDLQDEOH�/DQG�8VH�
,QLWLDWLYH��ZZZ�KRUL]RQV�JRYW�Q]�,PDJHV�3XEOLFDWLRQV�6/8,�6/8,���Y��SGI���
�
0XFK�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�3ODQW�0DWHULDOV�+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ�
�3ROORFN�������YDQ�.UDD\HQRRUG�	�+DWKDZD\�����D�E���DORQJ�ZLWK�PRUH�UHFHQW�UHVHDUFK�DQG�
XVHU�NQRZOHGJH�RQ�VLWH�FKDUDFWHULVDWLRQ��SODQW�VHOHFWLRQ��WUHH±SDVWXUH�LQWHUDFWLRQV��HURVLRQ�
ULVNV�DQG�ILQDQFLDO�SODQQLQJ��KDV�EHHQ�SDFNDJHG�LQWR�D�GHFLVLRQ�VXSSRUW�V\VWHP��/XFNPDQ�
HW�DO��������FDOOHG�WKH�µ*UHHQ�7RROER[¶�UHOHDVHG�LQ������E\�/DQGFDUH�5HVHDUFK�DQG�IUHHO\�
DYDLODEOH�RQ�WKH�,QWHUQHW��KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�VHUYLFHV�JUHHQWRROER[����$Q�
LQLWLDO�HYDOXDWLRQ�RI�WKH�WUHH±SDVWXUH�FRPSRQHQW�RI�WKH�PRGHO�ZDV�FRQGXFWHG�RQ�IDUPV�LQ�WKH�
VRXWKHUQ�1RUWK�,VODQG��'RGG�HW�DO���������
�
������ .H\�HURVLRQ�PDQDJHPHQW�WHFKQRORJLHV�XVLQJ�SODQWV�RQ�KLOO�FRXQWU\�
�
7KH�PDMRU�YHJHWDWLRQ�W\SHV�RQ�KLOO�FRXQWU\�DUH�SDVWXUH�ZLWK�DQG�ZLWKRXW�VSDFHG�WUHHV��
LQGLJHQRXV�VFUXE�IRUHVW��DQG�H[RWLF�IRUHVW��,W�LV�ZHOO�HVWDEOLVKHG�WKDW�VRPH�SDVWRUDO�KLOO�ODQG�
ZLWKRXW�ZRRG\�YHJHWDWLRQ�LV�PRVW�YXOQHUDEOH�WR�HURVLRQ�ZLWK��IRU�H[DPSOH��WKH�LQFLGHQFH�RI�
VKDOORZ�PDVV�PRYHPHQW�VXFK�DV�VKDOORZ�ODQGVOLGHV������P�VRLO�GHSWK��EHLQJ�DW�OHDVW����IROG�
KLJKHU�RQ�VWHHS�VORSHV�LQ�SDVWRUDO�XVH�WKDQ�RQ�WKRVH�FRYHUHG�E\�PDWXUH�LQGLJHQRXV�RU�H[RWLF�
IRUHVW��3KLOOLSV�HW�DO��������0DUGHQ�	�5RZDQ�������%HUJLQ�HW�DO��������+LFNV�������'\PRQG�
HW�DO���������DOWKRXJK�QRW�DOZD\V��%ODVFKNH�HW�DO���������$Q�RYHUYLHZ�RI�WKH�GLIIHUHQW�W\SHV�RI�
YHJHWDWLRQ�FRYHU��LQFOXGLQJ�H[DPSOHV�RI�VSHFLHV�IROORZV��EHIRUH�GHVFULELQJ�PRVWO\�YHJHWDWLRQ�
RSWLRQV�IRU�DGGUHVVLQJ�VSHFLILF�HURVLRQ�W\SHV��
�
+HUEDFHRXV�VSHFLHV��2Q�KLOO�VORSHV�ZLWKRXW�D�ZRRG\�FRPSRQHQW��PDLQWDLQLQJ�D�SHUVLVWHQW��
FRPSOHWH�SDVWXUH�VZDUG�UHGXFHV�WKH�SUHYDOHQFH�DQG�VHYHULW\�RI�VXUIDFH�HURVLRQ�SURFHVVHV�RI�
ZLQG��VKHHW�ZDVK��DQG�ULOOLQJ��+LFNV��������7KLV�FDQ�EH�DFKLHYHG�WKURXJK�VWUDWHJLF�JUD]LQJ�
PDQDJHPHQW�RI�WKH�UHVLGHQW�VZDUG�LQ�VSULQJ�WR�PDLQWDLQ�D�VKRUW��OHDI\�SDVWXUH��UHGXFLQJ�
JUD]LQJ�SUHVVXUH�GXULQJ�GURXJKW��FROG��RU�ZHW�FRQGLWLRQV�WR�DYRLG�ORVV�RI�SODQW�QXPEHU��XVH�RI�
IHUWLOLVHU�WR�PDLQWDLQ�VZDUG�YLJRXU�DQG�JURZWK��DQG�HVWDEOLVKLQJ�LPSURYHG�SDVWXUHV�XVLQJ�VHHG�
PL[HV�FRPSULVLQJ�QHZ�FXOWLYDUV�RI�JUDVV�DQG�OHJXPH�VSHFLHV�VXFK�DV�SHUHQQLDO�U\HJUDVV�
�/ROLXP�SHUHQQH���FRFNVIRRW��'DFW\OLV�JORPHUDWD���WDOO�IHVFXH��)HVWXFD�DUXQGLQDFHD���ZKLWH�
FORYHU��7ULIROLXP�UHSHQV���DQG�VXEWHUUDQHDQ�FORYHU��7ULIROLXP�VXEWHUUDQHXP���&KDUOWRQ�	�
6WHZDUW��������1HZ�FXOWLYDUV�DUH�EHWWHU�DGDSWHG�WR�WKH�KDUVK�FRQGLWLRQV�LQ�KLOO�FRXQWU\�WKDQ�
HDUOLHU�DYDLODEOH�PDWHULDO��.HPS�HW�DO���������,Q�D�UHYLHZ�RI�SUHYLRXV�ZRUN��+LFNV��������
FRQFOXGHG�WKDW�LPSURYHG�SDVWXUHV�UHGXFH�VXUIDFH�HURVLRQ�E\���±����FRPSDUHG�ZLWK�OHYHOV�
RFFXUULQJ�RQ�ODQG�FRYHUHG�ZLWK�XQLPSURYHG�SDVWXUH��DQG�LPSURYHG�SDVWXUHV�LQ�FRPELQDWLRQ�
ZLWK�PRUH�VXEGLYLVLRQ�DQG�EHWWHU�JUD]LQJ�HQDEOHG�D��±��IROG�LQFUHDVH�LQ�VWRFN�FDUU\LQJ�
FDSDFLW\��)DLOXUH�WR�DGHTXDWHO\�FRQWURO�VXUIDFH�HURVLRQ�FDQ�OHDG�WR�PRUH�VHYHUH�HURVLRQ�W\SHV��
IRU�H[DPSOH�ULOOLQJ�SURJUHVVLQJ�WR�FKDQQHO�DQG�JXOO\�IRUPDWLRQ�DQG�DVVRFLDWHG�HURVLRQ��
�
7UHH±SDVWXUH�V\VWHPV��$�ZRRG\�FRPSRQHQW��VKUXE�RU�WUHH��FDQ�EH�LQWURGXFHG�DW�YDULRXV�
VSDFLQJV�LQWR�WKH�SDVWXUH��HLWKHU�DW�VWUDWHJLF�SRVLWLRQV�RQ�D�VORSH��H�J��WKRVH�ZLWK�PD[LPXP�
SRWHQWLDO�IRU�HURVLRQ���RU�LQ�D�V\VWHPDWLF�SODQWLQJ�JULG�DFURVV�WKH�VORSH�WR�UHGXFH�WKH�
OLNHOLKRRG�RI�PDVV�PRYHPHQW��ODQGVOLGLQJ��VOXPSLQJ��DQG�JXOO\�HURVLRQ�LPSDFWLQJ�QHJDWLYHO\�
RQ�OLYHVWRFN�SURGXFWLRQ��7KHVH�WZR�WLHU�V\VWHPV��NQRZQ�DV�WUHH±SDVWXUH�V\VWHPV��DJURIRUHVWU\�
V\VWHPV��DQG�VLOYRSDVWRUDO�V\VWHPV��KDYH�EHHQ�XVHG�ZLGHO\�LQ�PDQ\�SDVWRUDO�KLOO�FRXQWU\�
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DUHDV�RI�1HZ�=HDODQG��*LOOLQJKDP�������3HUFLYDO�	�+DZNH�������+DZNH�������.QRZOHV�
������0HDG�������0LOOHU�HW�DO��������:DOO�HW�DO��������3RZHU�HW�DO��������������*XHYDUD�
(VFREDU�HW�DO��������'RXJODV�HW�DO���������6SHFLHV�XVHG�LQ�WKHVH�V\VWHPV�LQFOXGH�WKRVH�RI�WKH�
JHQHUD�$FDFLD��(XFDO\SWXV��3LQXV��3RSXOXV��DQG�6DOL[��3RSXOXV�DQG�6DOL[�VSHFLHV�DUH�RIWHQ�
SUHIHUUHG�ZKHUH�HURVLRQ�LV�PHGLDWHG�E\�VXUSOXV�VRLO�ZDWHU�DQG�JUD]LQJ�OLYHVWRFN��VKHHS��
GXULQJ�WUHH�HVWDEOLVKPHQW�LV�IHDVLEOH��:LONLQVRQ��������6RPH�$FDFLD�VSS��DQG�(XFDO\SWXV�
VSS��DUH�UHFRPPHQGHG�IRU�XVH�RQ�VHDVRQDOO\�GURXJKW�SURQH�VLWHV��+DWKDZD\�	�.LQJ�������
+DWKDZD\�	�6KHSSDUG�������6KHSSDUG�	�%XOORFK�������%XOORFK�������VXFK�DV�WKRVH�RQ�
XSSHU�VORSHV�ZLWK�QRUWKHUO\�DVSHFW��ZKHUH�3RSXOXV�VSS��DQG�6DOL[�VSS��FDQ�IDLO�WR�HVWDEOLVK�RU�
VXUYLYH��
�
7ZR�WLHU�V\VWHPV�LQYROYLQJ�3LQXV�UDGLDWD�RULJLQDWHG�DV�D�FRPSRQHQW�RI�IRUHVWU\�PDQDJHPHQW�
LQ�WKH�ODWH�����V�±�HDUO\�����V�DQG�DLPHG�WR�GHULYH�GXDO�EHQHILWV�RI�WLPEHU�SURGXFWLRQ�DW�
PDWXULW\�DQG�PHDW�ZRRO�LQFRPH�LQ�DW�OHDVW�WKH�HDUO\�DQG�LQWHUPHGLDWH�\HDUV�RI�WKH�WUHH�
URWDWLRQ��7KH�V\VWHP�ZDV�DOVR�GHHPHG�WR�EH�XVHIXO�IRU�HURVLRQ�FRQWURO��WKRXJK�WKHUH�DUH�QR�
VSHFLILF�GHWDLOHG�VWXGLHV�RI�WKH�HURVLRQ�EHQHILWV�RI�DJURIRUHVWU\�V\VWHPV��$�UHFHQW�6RXWK�2WDJR�
KDUYHVW�RI�3��UDGLDWD�DW�����VWHPV�SHU�KHFWDUH��VSK��FRQFOXGHG�WKDW�WKHUH�ZDV�D�ODFN�RI�YROXPH�
RI�ORJV�IURP�VXFK�D�V\VWHP�FRPSDUHG�ZLWK�WUHHV�JURZQ�LQ�SODQWDWLRQ�DW�����VSK�DQG�WKDW�µ\RX�
FDQQRW��LW�VHHPV��KDYH�LW�ERWK�ZD\V¶��-RQHV�	�&XOOHQ��������7KHUH�DUH�SUREDEO\�IHZ�H[DPSOHV�
RI�RQ�IDUP�WZR�WLHU�V\VWHPV�LQYROYLQJ�3��UDGLDWD��,W�LV�SUHGLFWHG�WKDW�WKLV�ZLOO�UHPDLQ�LQ�WKH�
IRUHVHHDEOH�IXWXUH�EHFDXVH�RI�ORZ�UHWXUQV�IRU�WKH�WLPEHU��WKH�WUHH¶V�HYHUJUHHQ��GHQVH��FDQRS\�
GUDPDWLFDOO\�UHGXFHV�WKH�\LHOG�DQG�FKDQJHV�WKH�TXDOLW\�RI�WKH�SDVWXUH�XQGHUVWRUH\��DQG�WKH�
VSHFLHV��OLNH�PDQ\�DOWHUQDWLYHV��QHHGV�WR�EH�SODQWHG�DV�VHHGOLQJV�DQG�JUD]LQJ�VWRFN�H[FOXGHG�
GXULQJ�WKH�HDUO\�VWDJHV�RI�WUHH�HVWDEOLVKPHQW��
�
$Q�HPHUJLQJ�SUREOHP�ZLWK�WZR�WLHU�V\VWHPV�LV�WKH�JURZWK�RI�ODUJH�WUHHV�DQG�WKHLU�SRWHQWLDO�WR�
WRSSOH�DV�WKH\�DJH�RU�GXULQJ�VHYHUH�VWRUPV��/DUJH�WUHHV�FDQ�EH�D�OLDELOLW\�WR�OLYHVWRFN��IDUP�
LQIUDVWUXFWXUH��EXLOGLQJV��IHQFHV��WUDFNV���DQG�HYHQ�IDUPHUV��DQG�LW�LV�QRZ�UHFRPPHQGHG�WKDW�
WUHHV�EH�PDQDJHG�RYHU�WKHLU�OLIHWLPH�WR�DYRLG�SRWHQWLDO�SUREOHPV��$VSHFWV�RI�WUHH�PDQDJHPHQW�
ZHUH�LQYHVWLJDWHG�LQ�D�UHFHQWO\�FRPSOHWHG�SURMHFW��0$)�6))�*UDQW���������LQFOXGLQJ�
VWUDWHJLF�XVH�RI�DSSURSULDWH�KHUELFLGHV�DQG�FRQFHQWUDWLRQV�WR�NLOO�ODUJH�WUHHV��DQG�PHWKRGV�WR�
UHGXFH�FDQRS\�VL]H�VXFK�DV�SROODUGLQJ�SDUW�RU�DOO�RI�WKH�FDQRS\�HYHU\���RU���\HDUV��3UDFWLFDO�
JXLGHOLQHV�RQ�WKHVH�DQG�RWKHU�DVSHFWV�RI�JURZLQJ�DQG�PDQDJLQJ�3RSXOXV�VSS��DQG�6DOL[�VSS��
RQ�IDUPV�KDYH�EHHQ�SURGXFHG��1DWLRQDO�3RSODU�DQG�:LOORZ�8VHUV�*URXS��������
�
5RRW�JURZWK�DQG�VWUHQJWK�RI�3LQXV�UDGLDWD�KDYH�EHHQ�GHWHUPLQHG�LQ�VHYHUDO�VWXGLHV�WR�
HVWLPDWH�WKH�VSHFLHV¶�OLNHO\�FRQWULEXWLRQ�WR�KLOO�VORSH�VWDELOLW\��:DWVRQ�	�2¶/RXJKOLQ�������
(NDQD\DNH�HW�DO��������:DWVRQ�HW�DO���������DQG�FRPSDULVRQV�KDYH�EHHQ�FRQGXFWHG�ZLWK�RWKHU�
VSHFLHV��LQFOXGLQJ�3RSXOXV�VSS���EHFDXVH�RI�WKHLU�VXLWDELOLW\�IRU�VLPLODU�HURVLRQ�FRQWURO�
IXQFWLRQV��.QRZOHV��������7KH�PD[LPXP�WHQVLOH�VWUHQJWK�RI�OLYH�URRWV�RI�3��UDGLDWD��PHDQ�
GLDPHWHU�����PP��UDQJH����±�����PP��DYHUDJHG������03D��:DWVRQ�HW�DO��������DQG����03D�
KDV�EHHQ�XVHG�DV�D�JHQHUDO�HVWLPDWH��.QRZOHV��������,Q�FRQWUDVW��URRWV�RI�3RSXOXV�VSS����±��
PP�GLDPHWHU��KDYH�D�WHQVLOH�VWUHQJWK�RI�����±�����03D��HVWLPDWHG�IURP�GDWD�LQ�+DWKDZD\�	�
3HQQ\�������DQG�UHFHQW�HVWLPDWHV�RI�DYHUDJH�PD[LPXP�WHQVLOH�VWUHQJWK�RI�µ9HURQHVH¶�SRSODU�
JURZLQJ�RQ�HURGLEOH�VORSHV�LQ�WKH�VRXWKHUQ�1RUWK�,VODQG�DUH����03D�IRU�URRWV�RI��±��PP�
GLDPHWHU�DQG������0SD�IRU�URRWV�RI��±���PP�GLDPHWHU��0F,YRU�HW�DO��XQSXEO����,W�FDQ�EH�
FRQFOXGHG�WKDW�URRWV�RI�3RSXOXV�VSS��KDYH�KLJKHU�WHQVLOH�VWUHQJWK�WKDQ�3��UDGLDWD��DOWKRXJK�
WKLV�DWWULEXWH�LV�SUREDEO\�OHVV�LPSRUWDQW�WR�VORSH�LQWDFWQHVV�WKDQ�URRW�GLVWULEXWLRQ�DQG�WKH�
LQWHUDFWLRQV�EHWZHHQ�WKH�URRWV�RI�QHLJKERXULQJ�WUHHV�DFURVV�D�VORSH��
�
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3RSXOXV�VSS��KDYH�FDSDFLW\�IRU�H[WHQVLYH�ODWHUDO�VSUHDG�ZLWK�URRWV�!���PP�GLDPHWHU�H[WHQGLQJ�
PRUH�WKDQ����P�IURP�WKH�WUXQN�RI�D�WUHH�DJHG�����\HDUV��0F,YRU�HW�DO���������DQG�URRWV�RI�
ROGHU�WUHHV�FDQ�H[WHQG�EH\RQG����P��&RPSDUDEOH�GLVWULEXWLRQ�GDWD�IRU�ZLGH�VSDFHG�WUHHV�RI�
3LQXV�UDGLDWD�DUH�ODFNLQJ��ZLWK�DOPRVW�DOO�ZRUN�KDYLQJ�EHHQ�FRQGXFWHG�ZLWK�WUHHV�JURZLQJ�LQ�
PRUH�GHQVHO\�SODQWHG�SODQWDWLRQ�IRUHVWV��H�J��3KLOOLSV�HW�DO��������:DWVRQ�HW�DO���������7KH�
ELRPDVV�RI�WKH�URRW�V\VWHP�RI�3��UDGLDWD�H[FHHGV�WKDW�IRU�3RSXOXV�VSS��DW�D�JLYHQ�WUXQN�
GLDPHWHU�DW�EUHDVW�KHLJKW��GEK��DQG�WKH�GLIIHUHQFH�LQFUHDVHV�ZLWK�DJH��.QRZOHV��������)RU�
H[DPSOH��D�JUDSK�SUHVHQWHG�E\�.QRZOHV��������VKRZHG�WKDW�DW�D�GEK�RI����FP��WKH�URRW�
ELRPDVV�RI�3��UDGLDWD�ZDV�����NJ�FRPSDUHG�ZLWK����NJ�IRU�3RSXOXV�VSS��,Q�DQ�HIIRUW�WR�
HVWLPDWH�WKH�OLNHO\�VRLO�ELQGLQJ�DELOLW\�RI�HDFK�VSHFLHV��.QRZOHV��������PXOWLSOLHG�URRW�WHQVLOH�
VWUHQJWK�E\�URRW�ELRPDVV��ZKLFK�JDYH�VLPLODU�YDOXHV�IRU�HDFK�VSHFLHV�DW�GEK�XS�WR����FP��7KLV�
FRQWULEXWHV�WR�WKH�NQRZOHGJH�RQ�WKH�YDOXH�RI�HDFK�VSHFLHV�IRU�VORSH�VWDELOLVDWLRQ��EXW�LW�GRHV�
QRW�DOORZ�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�VSHFLHV�LQ�URRW�GLVWULEXWLRQ��SDUWLFXODUO\�ODWHUDO�VSUHDG��
5HVHDUFK�WR�GHWHUPLQH�VXFK�DWWULEXWHV�RI�HDFK�VSHFLHV�XQGHU�WKH�VDPH�HQYLURQPHQWDO�
FRQGLWLRQV��LQFOXGLQJ�ZLGH�VSDFLQJ��LV�UHTXLUHG�WR�SURYLGH�REMHFWLYH�LQIRUPDWLRQ�WR�UHVROYH�WKH�
ORQJ�UXQQLQJ�GHEDWH�DERXW�WKH�YDOXH�RI�HDFK�VSHFLHV�IRU�VORSH�VWDELOLVDWLRQ��
�
)RUHVWU\��+LOO�VORSHV�ZLWK�PDWXUH�FRYHU�RI�QDWLYH�RU�H[RWLF�IRUHVWU\�KDYH�WKH�ORZHVW�LQFLGHQFH�
RI�HURVLRQ�DQG�WKLV�DSSHDUV�ODUJHO\�LQGHSHQGHQW�RI�VSHFLHV��3KLOOLSV�HW�DO��������%URZQ�������
+LFNV�����D��������0DUGHQ�	�5RZDQ�������+LFNV�	�&ULSSHQ��������%\�IDU�WKH�PDMRU�H[RWLF�
VSHFLHV�IRU�DIIRUHVWDWLRQ�IRU�SURWHFWLRQ�SODQWLQJ�DQG�RU�WLPEHU�LV�3LQXV�UDGLDWD��ZLWK�LQ�H[FHVV�
RI�����PLOOLRQ�KHFWDUHV�LQ�WKH�QDWLRQDO�HVWDWH��2WKHU�H[RWLF�WUHH�VSHFLHV�XVHG�IRU�PXOWLSOH�
SXUSRVHV�LQFOXGLQJ�HURVLRQ�FRQWURO�LQFOXGH�3VHXGRWVXJD�PHQ]LHVLL�DQG�&XSUHVVXV�VSS��7KH�
PDMRU�FRQVLGHUDWLRQV�IRU�HURVLRQ�PDQDJHPHQW�LQ�WUHH�SODQWDWLRQV�IRFXV�RQ�HVWDEOLVKPHQW�DQG�
KDUYHVWLQJ�DFWLYLWLHV��ZKHUH�YHJHWDWLRQ�UHPRYDO�DQG�PHFKDQLFDO�HDUWKZRUNV�WHPSRUDULO\�
LQFUHDVH�VRLO�PRYHPHQW�DQG�WKH�ULVN�RI�VLJQLILFDQW�VRLO�ORVV��7KH�IRUHVWU\�LQGXVWU\�DQG�
JRYHUQPHQW�DJHQFLHV�KDYH�WKXV�GHYHORSHG�H[WHQVLYH�JXLGHOLQHV��1:$6&2�������9DXJKDQ�
������6SLHUV�������DQG�D�FRGH�RI�SUDFWLFH��9DXJKDQ�HW�DO��������1HZ�=HDODQG�)RUHVW�2ZQHUV�
$VVRFLDWLRQ�������WR�JXLGH�RSHUDWLRQDO�SODQQLQJ�DQG�PDLQWDLQ�VRLO�DQG�ZDWHU�YDOXHV�WKURXJK�
PLWLJDWLRQ�RI�HURVLRQ�DQG�VHGLPHQWDWLRQ��7KHVH�IRFXV�KHDYLO\�RQ�WKH�SUDFWLFHV�WKDW�KDYH�EHHQ�
VKRZQ�WR�FRQWULEXWH�PRVW�WR�VHGLPHQW�JHQHUDWLRQ��SDUWLFXODUO\�PDQDJHPHQW�RI�URDGV��ODQGLQJV�
DQG�VWUHDP�FURVVLQJV��
�
&DQRS\�GHYHORSPHQW��DJH�VL]H�DQG�GHQVLW\�RI�YHJHWDWLRQ�DUH�LPSRUWDQW�GHWHUPLQDQWV�RI�
HIIHFWLYHQHVV�IRU�FRQWUROOLQJ�HURVLRQ��)RU�H[DPSOH��RQ�WKH�(DVW�&DSH�DIWHU�&\FORQH�%ROD�
VWUXFN�LQ�0DUFK�������ODQG�ZLWK�LQGLJHQRXV�IRUHVW��!���\HDUV��FORVHG�FDQRS\��HPHUJHQW�
EURDGOHDYHG�VSHFLHV�LQFOXGLQJ�:HLQPDQQLD�UDFHPRVD�DQG�.QLJKWLD�H[FHOVD��DQG�H[RWLF�
3LQXV�UDGLDWD�IRUHVW�DJHG�JUHDWHU�WKDQ���\HDUV��FORVHG�FDQRS\��KDG�DQ�DYHUDJH�RI�OHVV�WKDQ�����
ODQGVOLGHV�KD��0DUGHQ�	�5RZDQ��������7KLV�ZDV�OHVV�WKDQ�IRU�ODQG�VXSSRUWLQJ�SDVWXUH�DQG�
H[RWLF�IRUHVW�OHVV�WKDQ���\HDUV�ROG��QHJOLJLEOH�FDQRS\�FRYHU���ZKLFK�KDG�����ODQGVOLGHV�KD�RU�
JUHDWHU��/DQG�ZLWK�UHJHQHUDWLQJ�VFUXE�FRPSULVLQJ�/HSWRVSHUPXP�VFRSDULXP�DQG�RU�.XQ]HD�
HULFRLGHV��FORVHG�FDQRS\�������ODQGVOLGHV�KD��DQG�H[RWLF�3��UDGLDWD�IRUHVW���±��\HDUV�������
ODQGVOLGHV�KD��KDG�LQWHUPHGLDWH�ODQGVOLGH�GHQVLWLHV��0DUGHQ�	�5RZDQ��������
�
$QRWKHU�VWXG\�LQ�WKH�(DVW�&DSH�VKRZHG�D�KLJKO\�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�WKH�DJH�RI�
PL[HG�VWDQGV�RI�/HSWRVSHUPXP�VFRSDULXP�DQG�.XQ]HD�HULFLRLGHV�DQG�WKH�LQFLGHQFH�RI�
ODQGVOLGHV��%HUJLQ�HW�DO���������5HODWLYH�WR�SDVWXUH��VWDQGV�DJHG����\HDUV�KDG�����OHVV�
ODQGVOLGHV�KD������OHVV�DW����\HDUV��DQG�D�QHDU������UHGXFWLRQ�LQ�ODQGVOLGH�GHQVLW\�LQ�ROGHU�
VWDQGV��2YHU�WLPH��WKHUH�ZDV�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�WKH�VWDQGV�FRPSULVLQJ�
.��HULFRLGHV�DQG�LW�ZDV�VXJJHVWHG�WKDW�WKLV�VSHFLHV�KDV�D�PRUH�HIIHFWLYH�URRW�V\VWHP�IRU�VRLO�
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VWDELOLVDWLRQ�WKDQ�WKDW�RI�\RXQJHU�VWDQGV�ZLWK�D�GRPLQDQFH�RI�/��VFRSDULXP��%HUJLQ�HW�DO��
�������
�
6XUIDFH�HURVLRQ��0DLQWHQDQFH�RI�D�FRPSOHWH��KHDOWK\�JURXQG�FRYHU�LV�HVVHQWLDO�IRU�HIIHFWLYH�
SUHYHQWLRQ�RU�FRQWURO��+LFNV�������+LFNV�	�$QWKRQ\��������7KLV�FDQ�EH�DFKLHYHG�WKURXJK�
SDVWXUH�LPSURYHPHQW�XVLQJ�FXOWLYDUV�RI�JUDVVHV�DQG�OHJXPHV�WKDW�DUH�SHUVLVWHQW�DQG�DGDSWHG�WR�
GURXJKW��ZHW��DQG�FROG��DQG�YDULDEOH�LQWHQVLWLHV�RI�JUD]LQJ�SUHVVXUH��$VVRFLDWHG�ZLWK�WKLV�DUH�
PDQDJHPHQW�RSWLRQV�VXFK�DV�VXEGLYLVLRQ�RI�ODUJH�EORFNV��H�J��VXQQ\�YV�VKDG\�DVSHFWV��DQG�
LPSURYHG�VWRFN�JUD]LQJ�SUDFWLFHV��H�J��GHVWRFNLQJ�SDGGRFNV�DW�SDUWLFXODU�WLPHV�RI�WKH�\HDU��
PRUH�URWDWLRQDO�JUD]LQJ���DQG�PDLQWHQDQFH�RI�VRLO�IHUWLOLW\�WKURXJK�VWUDWHJLF�WRSGUHVVLQJ�DQG�
DQLPDO�WUDQVIHU��&RYHU�RI�XQLPSURYHG�SDVWXUH�VZDUGV�FDQ�DOVR�EH�PDLQWDLQHG�XVLQJ�VRPH�RI�
WKHVH�PDQDJHPHQW�RSWLRQV��EXW�SDVWXUH�JURZWK�UHVSRQVHV�DUH�QRW�JHQHUDOO\�DV�ODUJH�DV�ZKHQ�
DSSOLHG�WR�VZDUGV�FRPSULVLQJ�LPSURYHG�SDVWXUH�FXOWLYDUV��
�
/DQGVOLGH�HURVLRQ��$UHDV�SURQH�WR�ODQGVOLGHV�FDQ�EH�LGHQWLILHG�IURP�WKH�UHPDLQV�RI�SUHYLRXV�
VOLS�VFDUV�DQG�IURP�NQRZOHGJH�RI�WKH�VRLO�W\SH��VORSH��H[LVWLQJ�YHJHWDWLRQ�FRYHU��DQG�WRWDO�
UDLQIDOO�DQG�LWV�GLVWULEXWLRQ��/DQGVOLGLQJ�FDQ�EH�UHGXFHG�RU�SUHYHQWHG�E\��

•� (QVXULQJ�D�GHQVH��KHDOWK\�SDVWXUH�VZDUG�FRXSOHG�ZLWK�HVWDEOLVKPHQW�RI�ZLGH�VSDFHG�
WUHHV��H�J��3RSXOXV�VSS���WR�SURYLGH�GHHSHU�URRW�UHLQIRUFHPHQW�RI�WKH�VXEVWUDWH��DQG�
WUDQVSLUDWLRQ�WR�UHGXFH�VRLO�SRUH�ZDWHU�SUHVVXUH�

•� &KDQJLQJ�ODQG�XVH�WR�UHJHQHUDWLQJ�VFUXE�±�LQGLJHQRXV�IRUHVW��RU��
•� (VWDEOLVKLQJ�H[RWLF�IRUHVW�IRU�FRPPHUFLDO�WLPEHU�SURGXFWLRQ�

�VHH�+DWKDZD\�����D��/DPEUHFKWVHQ�������3ROORFN�������%URZQ�������+LFNV�������+LFNV�	�
$QWKRQ\�������4XLQQ�HW�DO���������
�
5HYHJHWDWLRQ�RI�VOLS�VFDUV�RFFXUV�QDWXUDOO\�WKURXJK�VHHG�GLVSHUVDO�IURP�YHJHWDWLRQ�RQ�
QHLJKERXULQJ�XQHURGHG�JURXQG�DQG�VWRFN�GHIHFDWLRQ��DQG�FDQ�WDNH�����\HDUV�IRU�IXOO�
FRYHUDJH��7KH�SURFHVV�FDQ�EH�KDVWHQHG�E\�RYHUVRZLQJ�ZLWK�DSSURSULDWH�JUDVVHV��OHJXPHV�DQG�
KHUEV�DQG�VHHG�PL[WXUHV�DUH�RIWHQ�WDLORUHG�WR�VLWH�FRQGLWLRQV�WR�DFFRPPRGDWH�YDULDWLRQ�LQ�VXFK�
DWWULEXWHV�DV�DVSHFW��VXQQ\�YV�VKDG\���VRLO�S+��DQG�VRLO�W\SH��/DPEUHFKWVHQ�������/DPEHUW�
HW�DO��������4XLOWHU�HW�DO���������2SLQLRQ�YDULHV�RQ�WKH�EHVW�WLPH�WR�RYHUVRZ�VOLSV��UDQJLQJ�
IURP�DV�VRRQ�DV�SRVVLEOH�DIWHU�ODQGVOLGLQJ��ZKLOH�WKH�VLWHV�DUH�VWLOO�PRLVW��WR�DXWXPQ�RU�VSULQJ�
LQ�OLQH�ZLWK�WKH�WLPLQJ�RI�QRUPDO�RYHUVRZLQJ�SUDFWLFH��7RWDO�VRZLQJ�UDWHV�RI���±����NJ�KD�RU�
HYHQ�KLJKHU�KDYH�EHHQ�XVHG��EXW�IRU�JHQHUDO�SUDFWLFH��WKH\�DUH�XQHFRQRPLF��/LWKHUODQG�HW�DO��
�����D��E��GHVFULEH�H[SHULHQFHV�ZLWK�UHJUDVVLQJ�VOLSV�DQG�VLOW�FRYHUHG�DUHDV�IROORZLQJ�WKH�
�����0DQDZDWX�VWRUP�DQG�VXJJHVW�UHFRPPHQGDWLRQV�IRU�EHVW�SUDFWLFH��9HJHWDWLRQ��ERWK�
SDVWXUH�DQG�SULPDU\�VXFFHVVLRQ�WR�QDWLYHV��DQG�VRLO�UHFRYHU\�UDWHV�DUH�GHVFULEHG�LQ�/DPEHUW�
HW�DO����������'H5RVH�HW�DO����������6PDOH�HW�DO����������DQG�6SDUOLQJ�HW�DO����������7KHVH�
VWXGLHV�LQGLFDWH�ODQGVOLGH�HURVLRQ�FDXVHV�D�SHUPDQHQW�UHGXFWLRQ�LQ�PHDQ�KHUEDJH�SURGXFWLRQ�
DQG�VRLO�GHSWK�RQ�KLOOVORSHV��
�
7UHHV�IRU�VORSH�VWDELOLVDWLRQ�VKRXOG�EH�SODQWHG�DW���î���P�WR����î����P��+DWKDZD\�����D��
GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�ODQGVOLGLQJ��DQG�LW�LV�UHFRPPHQGHG�WKDW�SODQWLQJ�EH�H[WHQGHG�
EH\RQG�WKH�VOLSSHG�ODQG�RQWR�UHODWLYHO\�VWDEOH�JURXQG��/DWHUDO�URRWV�RI�EURDGOHDYHG�WUHHV�
LQWHUORFN�IRU�GLVWDQFHV�RI�XS�WR����P�IURP�WKH�WUXQN��DQG�IRUP�YHU\�GHQVH�QHWZRUNV�ZLWKLQ��±
��P�RI�WKH�WUXQN��+LFNV��������7UHHV�FDQ�EH�SODQWHG�RQ�VOLSSHG�VLWHV�EXW�LW�LV�UHFRPPHQGHG�
WKDW�WKH\�EH�SODQWHG�RQ�VLWHV�ZLWK�SRWHQWLDO�WR�VOLS��+LFNV�	�$QWKRQ\��������UDWKHU�WKDQ�IRU�
UHPHGLDWLRQ��
�
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*XOO\�HURVLRQ��0RVW�FRQWURO�RI�WKLV�HURVLRQ�W\SH�DLPV�WR�UHGXFH�IXUWKHU�GHHSHQLQJ�DQG�
XQGHUFXWWLQJ�LQ�WKH�JXOO\�DQG�LWV�FRQVHTXHQW�HIIHFWV�RQ�VXUURXQGLQJ�VORSH�VWDELOLW\�DQG�
UHGXFLQJ�VHGLPHQW�GLVFKDUJH��+DWKDZD\�����E���7KH�VHYHULW\�RI�WKH�JXOO\�RIWHQ�GLFWDWHV�WKH�
W\SH�RI�WUHDWPHQW��)RU�VKDOORZ�����P�GHHS��JXOOLHV��VSDFHG�SODQWLQJ�RI�3RSXOXV�VSS��RU�6DOL[�
VSS���LQ�FRPELQDWLRQ�ZLWK�HQJLQHHULQJ�VWUXFWXUHV��H�J��GHEULV�GDPV��ZKLOH�WKH�WUHHV�HVWDEOLVK��
LV�UHFRPPHQGHG��)RU�PRGHUDWH���±��P�GHHS��JXOOLHV�WKH�RXWFRPH�RI�WKLV�W\SH�RI�WUHDWPHQW�LV�
OHVV�FHUWDLQ��
�
7UHH�SODQWLQJ�SDWWHUQV�DQG�VSDFLQJV�YDU\�GHSHQGLQJ�RQ�WKH�VHYHULW\�RI�HURVLRQ��ZLWK�WKH�PRVW�
VXFFHVVIXO�V\VWHP�EHLQJ�µSDLU�SODQWLQJ¶�XS�WKH�ZDWHUFRXUVH�DW�VSDFLQJV�RI��±���P�EHWZHHQ�
SDLUV��(DFK�SDLU�FRPSULVHV�D�WUHH�RQ�RSSRVLWH�VLGHV�RI�WKH�ZDWHUFRXUVH��IUHTXHQWO\�EHWZHHQ���
DQG���P�DSDUW��RU�DOWHUQDWH�SODQWLQJ�LQ�D�µ]LJ]DJ¶�IDVKLRQ�DORQJ�RSSRVLWH�VLGHV�RI�WKH�
ZDWHUFRXUVH��+DWKDZD\�����E��+LFNV�������+LFNV�	�$QWKRQ\��������7KH�PDLQ�WUHDWPHQW�
RSWLRQV�IRU�FRQWUROOLQJ�JXOO\�HURVLRQ�ZHUH�SUHVHQWHG�LQ�D�KLHUDUFKLFDO�VWUXFWXUH�E\�7KRPSVRQ�
DQG�/XFNPDQ���������DQG�DOWKRXJK�VRPHZKDW�DUELWUDU\��WKH�FODVVLILFDWLRQ�LV�XVHIXO�LQ�WKH�
FRQWH[W�RI�ODQG�PDQDJHPHQW��7KH\�VXPPDULVHG�WKH�WHFKQLTXHV�FRPPRQO\�XVHG�WR�FRQWURO�
JXOO\LQJ�LQ�VRIW�URFN�WHUUDLQ�LQ�WKH�(DVW�&DSH�UHJLRQ�DV�GHEULV�UHWHQWLRQ�GDPV��FKDQQHO��RU�
SDLU��SODQWLQJ��JXOO\�ZDOO�SODQWLQJ��DQG�DIIRUHVWDWLRQ��
�
6HYHUHO\�HURGHG�JXOOLHV�VKRXOG�EH�UHWLUHG�IURP�JUD]LQJ�DQG�FORVHG�SODQWHG�ZLWK�WUHHV�
�+DWKDZD\�����E��+LFNV�������+LFNV�	�$QWKRQ\��������&RQVLGHUDEOH�H[SHULHQFH�KDV�EHHQ�
JDLQHG�ZLWK�SODQWLQJV�RI�3LQXV�UDGLDWD�EXW�RWKHU�VSHFLHV�PD\�DOVR�EH�XVHG��H�J��3RSXOXV�VSS����
7KH�ODQG�VWDELOLVDWLRQ�UROH�RI�WKH�WUHHV�LV�SDUDPRXQW�DQG�WKHUHIRUH�WKH\�VKRXOG�JHQHUDOO\�QRW�
EH�KDUYHVWHG�IRU�WLPEHU��DOWKRXJK�FXUUHQWO\�PDQ\�JXOOLHV�WKDW�KDYH�SUHYLRXVO\�EHHQ�DIIRUHVWHG�
DUH�EHLQJ�KDUYHVWHG��H�J��DW�0DQJDWX�)RUHVW���6XFFHVVLRQ�WR�LQGLJHQRXV�VFUXE�DQG�IRUHVW�
VKRXOG�EH�D�ORQJ�WHUP�REMHFWLYH��7KHUH�KDV�EHHQ�VRPH�VXFFHVV�ZLWK�UHWLUHPHQW��SODQWLQJ�6DOL[�
VSS���DQG�WKHQ�VHOHFWLYHO\�UHPRYLQJ�WKH�WUHHV�WR�HQFRXUDJH�HVWDEOLVKPHQW�DQG�JURZWK�RI�
LQGLJHQRXV�VSHFLHV��'HSHQGLQJ�RQ�WKH�VHYHULW\�DQG�GLVWULEXWLRQ�RI�JXOO\�HURVLRQ�LQ�D�
FDWFKPHQW��WUHDWPHQW�PD\�UDQJH�IURP�LQGLYLGXDO�JXOOLHV�DQG�WKHLU�SHULPHWHUV�EHLQJ�SODQWHG��WR�
DIIRUHVWDWLRQ�RI�PRVW�RU�DOO�RI�WKH�FDWFKPHQW��
�
(DUWKIORZ�HURVLRQ��7KHUH�LV�D�UDQJH�RI�YHJHWDWLRQ�WHFKQLTXHV�WR�FRQWURO�HDUWKIORZV�LQFOXGLQJ�
RSWLRQV�VXFK�DV�VSDFH�SODQWHG�WUHHV�DQG�DIIRUHVWDWLRQ��QRQ�ELRORJLFDO�RSWLRQV�LQFOXGH�
VXEVXUIDFH�GUDLQV�DQG�GLYHUVLRQ�EDQNV��7KRPSVRQ�	�/XFNPDQ��������7UHH�VSDFLQJV�
UHFRPPHQGHG�YDU\�GHSHQGLQJ�RQ�DWWULEXWHV�VXFK�DV�WKH�H[WHQW�RI�WKH�HDUWKIORZ��LWV�PRYHPHQW�
DQG�VWDJH�RI�GHYHORSPHQW��DQG�GHSWK�WR�WKH�IDLOXUH�SODQH��2Q�LQWHUPLWWHQWO\�PRYLQJ�RU�
FUHHSLQJ�HDUWKIORZV��WUHH�VSDFLQJ�RI�!��P�PD\�HQDEOH�DGHTXDWH�HURVLRQ�FRQWURO�DQG�
VDWLVIDFWRU\�SDVWXUH�SURGXFWLRQ��:KHQ�XVLQJ�EURDGOHDYHG�WUHH�VSHFLHV�IRU�FRQWURO�RI�PDVV�
PRYHPHQW�VXFK�DV�HDUWKIORZV��+LFNV��������UHFRPPHQGHG�WKDW�WUHHV�VKRXOG�EH����P�DSDUW�RU�
FORVHU�WR�HQVXUH�VRPH�LQWHUORFNLQJ�RI�URRWV�IURP�DGMDFHQW�WUHHV��)RU�PRUH�DFWLYH��FRQWLQXRXVO\�
PRYLQJ�HDUWKIORZV��VSDFLQJV�����P�������VSK��DUH�UHFRPPHQGHG�WR�HQFRXUDJH�GHYHORSPHQW�
RI�D�GHQVHU�URRW�QHWZRUN��
�
5HFRPPHQGDWLRQV�RQ�DSSURSULDWH�FRQWURO�WHFKQLTXHV�YDU\�ZLWK�VLWH�JHRPRUSKRORJ\��+LFNV�	�
$QWKRQ\��������2Q�FUXVKHG�DUJLOOLWH��RSWLRQV�DUH�HURVLRQ�FRQWURO�IRUHVWU\��GHZDWHULQJ��DQG�
FRQVWUXFWLRQ�RI�GHEULV�GDPV��ZKHUHDV�RQ�RWKHU�VHGLPHQWDU\�URFNV��SROH�SODQWLQJ�DQG�
GHZDWHULQJ�DUH�UHFRPPHQGHG��6XFFHVVIXO�FRQWURO�RI�VKDOORZ�HDUWKIORZV������P�GHHS��KDV�
EHHQ�DFKLHYHG�XVLQJ�YDULRXV�SODQWLQJV�RI�3RSXOXV�VSS��DQG�6DOL[�VSS��'HHS�HDUWKIORZV��H�J��
VHYHUDO�PHWUHV�GHHS��DUH�PXFK�PRUH�GLIILFXOW�WR�FRQWURO�ZLWK�YHJHWDWLRQ��DQG�GHZDWHULQJ�ZLWK�
IDVW�JURZLQJ�HYHUJUHHQ�VSHFLHV�LV�UHFRPPHQGHG��+LFNV�	�$QWKRQ\��������
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�
6OXPS�HURVLRQ��0LWLJDWLRQ�RSWLRQV�DUH�VLPLODU�WR�WKRVH�XVHG�WR�PDQDJH�HDUWKIORZ�HURVLRQ��
6SDFHG�SODQWLQJ�RI�WUHHV�LQ�SDVWXUH�LV�DQ�HIIHFWLYH�SUHYHQWDWLYH�WHFKQLTXH�IRU�SRWHQWLDOO\�DFWLYH�
VLWHV�RU�WKRVH�ZLWK�OLPLWHG�PRYHPHQW��DQG�PD\�RIIHU�VRPH�FRQWURO�RQ�PRUH�DFWLYH�WHUUDLQ��
'HSWK�RI�WKH�IDLOXUH�SODQH�LV�DQ�LPSRUWDQW�LQIOXHQFH�RQ�KRZ�HIIHFWLYH�VSDFHG�WUHH�SODQWLQJ�ZLOO�
EH��DQG�DW�GHSWKV�JUHDWHU�WKDQ���P��DGGLWLRQDO�FRQWURO�PHWKRGV�VXFK�DV�GUDLQDJH�ZLOO�SUREDEO\�
EH�QHFHVVDU\��(QJLQHHULQJ�PHWKRGV�KDYH�EHHQ�XVHG��+LFNV�������WR�VWDELOLVH�ODUJH��GHHS�
VHDWHG�VOXPSV�LQ�EHGURFN�ZKHUH�HURVLRQ�WKUHDWHQV�YDOXDEOH�LQIUDVWUXFWXUH��H�J��URDGV��
EXLOGLQJV��EXW�WKHLU�KLJK�FRVW�SUHFOXGHV�JHQHUDO�DSSOLFDELOLW\��
�
6HYHUH�VOXPSLQJ�PD\�UHTXLUH�UHWLUHPHQW�IURP�JUD]LQJ�DQG�DIIRUHVWDWLRQ��FORVH�VSDFLQJ��ZLWK�
VSHFLHV�VXFK�DV�3RSXOXV��6DOL[��DQG�3LQXV�UDGLDWD�DQG�RWKHU�FRQLIHUV��+LFNV�	�$QWKRQ\�
�������7KH�SULRULW\�VKRXOG�EH�WR�UHWDLQ�WKH�IRUHVW�ORQJ�WHUP��+DUYHVWLQJ�IRU�WLPEHU�PD\�EH�
FRQVLGHUHG�EXW�FDUH�VKRXOG�EH�WDNHQ�LQ�GHFLGLQJ�ZKLFK�WUHHV�DUH�KDUYHVWHG��5HSODQWLQJ�LV�
UHFRPPHQGHG�DV�VRRQ�DV�SRVVLEOH�DIWHU�KDUYHVWLQJ�WR�HQDEOH�D�QHZ�URRW�V\VWHP�WR�GHYHORS�
EHIRUH�WKH�SUHYLRXV�RQH�GHFD\V�VLJQLILFDQWO\��(QFRXUDJLQJ�WKH�GHYHORSPHQW�RI�LQGLJHQRXV�
IRUHVW�PD\�RIIHU�EHWWHU�ORQJ�WHUP�VWDELOLW\��
�
������ $VVHVVPHQW�RI�HIIHFWLYHQHVV�
�
6XUIDFH�HURVLRQ�FDQ�EH�FRQWUROOHG�HIIHFWLYHO\�E\�PDLQWDLQLQJ�D�FRQWLQXRXV��GHQVH�JURXQG�
FRYHU��+LFNV�������+LFNV�	�$QWKRQ\��������:RUN�UHYLHZHG�E\�+LFNV��������IRXQG�WKDW�
LPSURYHG�SDVWXUHV��QHZ�FXOWLYDUV��IHUWLOLVHU�DGGLWLRQV��JRRG�JUD]LQJ�PDQDJHPHQW��UHGXFHG�
VXUIDFH�HURVLRQ�E\���±����FRPSDUHG�ZLWK�XQLPSURYHG�SDVWXUH��7KH�EHQHILWV�RI�SURYLGLQJ�
FRPSOHWH��ZHOO�PDQDJHG��KHUEDFHRXV�JURXQG�FRYHU�KDYH�EHHQ�NQRZQ�IRU�PDQ\�\HDUV��
�
7KH�PRVW�HIIHFWLYH�YHJHWDWLRQ�IRU�FRQWUROOLQJ�YDULRXV�W\SHV�RI�PDVV�PRYHPHQW�LV�
PDWXUH�FORVHG�FDQRS\��LQGLJHQRXV�RU�H[RWLF�IRUHVW��9DQ�.UDD\HQRRUG�	�+DWKDZD\�����D��E��
+LFNV�������+LFNV�	�$QWKRQ\��������)RU�H[DPSOH��WKH�LQFLGHQFH�RI�VKDOORZ�ODQGVOLGHV������
P�GHSWK��RQ�VWHHS�VORSHV�FRYHUHG�LQ�FORVHG�FDQRS\�IRUHVW�LV�RIWHQ�DW�OHDVW�����OHVV�WKDQ�RQ�
VORSHV�FRYHUHG�E\�SDVWXUH��3KLOOLSV�HW�DO��������0DUGHQ�	�5RZDQ�������%HUJLQ�HW�DO��������
+LFNV�������'\PRQG�HW�DO���������$HULDO�SKRWRJUDSK\�DQG�DVVHVVPHQW�DORQJ�WUDQVHFWV�RU�LQ�
SORWV�DFURVV�D�UDQJH�RI�ODQGVFDSHV�IDUPV�YHJHWDWLRQ�FRYHUV�IROORZLQJ�VWRUP�HYHQWV�KDYH�EHHQ�
FRQGXFWHG�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�YDULRXV�YHJHWDWLRQ�FRYHUV��H�J��3KLOOLSV�HW�DO��
������+LFNV�����D��E��F��0DUGHQ�	�5RZDQ�������7KRPSVRQ�	�/XFNPDQ�������%HUJLQ�HW�DO��
������+LFNV�	�&ULSSHQ�������'\PRQG�HW�DO���������
�
,Q�WZR�WLHU�V\VWHPV�ZKHUH�WUHHV�DUH�VSDFHG�WR�HQDEOH�VDWLVIDFWRU\�HURVLRQ�FRQWURO�DQG�WKH�
PDLQWHQDQFH�RI�DQ�XQGHUVWRUH\�SDVWXUH�IRU�OLYHVWRFN�JUD]LQJ��PHDVXUHV�RI�HIIHFWLYHQHVV�IRU�
HURVLRQ�FRQWURO�DUH�QRW�DV�ZHOO�GRFXPHQWHG�DV�WKRVH�IRU�PDWXUH�IRUHVWV��2QH�RI�WKH�PRVW�
VLJQLILFDQW�FRQWULEXWLRQV�ZLWK�UHVSHFW�WR�VSDFHG�3RSXOXV�VSS��ZDV�HVWLPDWLRQ�RI�WKH�DYHUDJH�
�UDGLDO��UDQJH�RI�LQIOXHQFH�RI�LQGLYLGXDO�WUHHV�RI�3RSXOXV�îHXUDPHULFDQD�DJHG���±���\HDUV�RQ�
WKH�RFFXUUHQFH�RI�ODQGVOLGHV�RQ�HURGLEOH�VORSHV�QHDU�*LVERUQH��+DZOH\�	�'\PRQG��������,W�
ZDV�HVWLPDWHG�WKDW�WKH�WUHHV�UHGXFHG�SDVWXUH�SURGXFWLRQ�ORVVHV�E\�������DQG�DQ�DYHUDJH�WUHH�
VDYHG�����P��RI�JURXQG�IURP�IDLOXUH��7KLV�ZRUN�ZDV�H[WHQGHG�E\�+DZOH\��������WR�GHWHUPLQH�
WKH�LQIOXHQFH�RI�URRW�HQFURDFKPHQW�IURP�QHLJKERXULQJ�WUHHV�RQ�VORSH�VWDELOLW\��$W�D�VSDFLQJ�RI�
�����P�����VSK���+DZOH\��������HVWLPDWHG�WKDW�ODQGVOLGLQJ�DURXQG�RQH�WUHH��LQFOXGLQJ�WKH�
FRQWULEXWLRQ�IURP�D�QHLJKERXULQJ�WUHH��UHGXFHG�IURP������WR�������
�
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([WHQVLYH�VXUYH\V�RI�YHJHWDWLRQ��LQFOXGLQJ�VSDFHG�FRQVHUYDWLRQ�WUHHV��KDYH�EHHQ�FRQGXFWHG�
RQ�HURGHG�ODQGVFDSHV�IROORZLQJ�VWRUPV�LQ�WKH�:DLUDUDSD�LQ�DXWXPQ�������+LFNV�����F���DQG�
0DQDZDWX±5DQJLWLNHL�LQ�VXPPHU�������+LFNV�	�&ULSSHQ��������7KHVH�DQG�VLPLODU�VWXGLHV�
KDYH�SURYLGHG�YDOXDEOH�LQIRUPDWLRQ�RQ�JHQHUDO�HIIHFWLYHQHVV�RI�VSDFHG�WUHHV��%DVHG�RQ�
SHUVRQDO�H[SHULHQFHV��H�J��+LFNV�����E��DQG�WKRVH�RI�FROOHDJXHV��+LFNV��������FRQFOXGHG�WKDW�
PDWXUH�WUHHV�RI�3RSXOXV�VSS��DQG�6DOL[�VSS��DQG�RWKHU�EURDGOHDYHG�VSHFLHV�DW�VSDFLQJV�RI����P�
����VSK��RU�OHVV�FDQ�UHGXFH�PDVV�PRYHPHQW�LQ�SDVWXUH�E\���±�����3DUWLDO�SODQWLQJ�RI�
HURVLRQ�SURQH�VORSHV�ZLWK�WUHHV�FDQ�UHGXFH�PDVV�PRYHPHQW�E\���±�����DQG�VLPLODUO\�IRU�
DUHDV�ZKHUH�ROGHU�WUHH�VWDQGV�KDYH�QRW�EHHQ�PDLQWDLQHG��+LFNV��������7KH�HIIHFWLYHQHVV�RI�
YHJHWDWLRQ�IRU�FRQWUROOLQJ�YDULRXV�W\SHV�RI�HURVLRQ�LV�SUHVHQWHG�LQ�7DEOH����
�
7DEOH��� ([DPSOHV�RI�YHJHWDWLYH�PHWKRGV�IRU�FRQWUROOLQJ�GLIIHUHQW�W\SHV�RI�HURVLRQ��
�0DUGHQ�	�5RZDQ�������7KRPSVRQ�	�/XFNPDQ�������%HUJLQ�HW�DO��������+LFNV�������
'\PRQG�HW�DO���������
�
(URVLRQ�W\SH� 0HWKRG� 5HGXFWLRQ�LQ�HURVLRQ�����
6XUIDFH� &RQWLQXRXV��GHQVH��LPSURYHG�SDVWXUHV� ��±����
/DQGVOLGH� )RUHVW��PDWXUH��

6SDFHG�WUHH�SODQWLQJV�������P�VSDFLQJ���
ZHOO�PDLQWDLQHG�
3DUWLDO�WUHH�SODQWLQJ�DQG�RU�SRRUO\�
PDLQWDLQHG�ROGHU�SODQWLQJV�

0RVWO\�!����
��±����
�
��±����

*XOO\�
�����P�GHHS��

7UHHV�VSDFHG��±��P�
7UHHV�VSDFHG��±��P�

����
����

(DUWKIORZ� 7UHHV�VSDFHG��±��P�
7UHHV�VSDFHG��±���P�

�����
����

��&RPSDUHG�ZLWK�XQLPSURYHG�SDVWXUH����&RPSDUHG�ZLWK�DUHD�RI�VOLSSHG�JURXQG����3HUFHQWDJH�
RI�VLWHV�ZKHUH�WUHDWPHQW�HIIHFWLYH��
�
7KH�HIIHFWLYHQHVV�RI�WUHDWPHQWV�IRU�FRQWUROOLQJ�JXOO\�DQG�HDUWKIORZ�HURVLRQ�LQ�VRIW�URFN�WHUUDLQ�
LQ�WKH�*LVERUQH±(DVW�&RDVW�UHJLRQ�ZDV�GHWHUPLQHG�LQ�����±���IROORZLQJ�&\FORQH�%ROD�LQ�
������7KRPSVRQ�	�/XFNPDQ��������7KH�WUHDWPHQWV�ZHUH�EDVHG�PDLQO\�RQ�WKH�SODQWLQJ�RI�
3RSXOXV�DQG�6DOL[�WUHHV��XVXDOO\�DJHG���±���\HDUV��DQG�WKH�VWXG\�ILQGLQJV�HQDEOHG�PLQLPXP�
WUHH�FRQILJXUDWLRQV��WUHH�VSDFLQJ�DQG�FRYHUDJH�RI�HURVLRQ�ODQGIRUPV��WR�EH�VSHFLILHG��)RU�
H[DPSOH��IRU�JXOOLHV�OHVV�WKDQ���P�GHHS��WUHH�VSDFLQJ�RI��±��P�ZDV�VXFFHVVIXO�LQ���RI����VLWHV��
ZKHUHDV�D�VSDFLQJ�RI��±��P�ZDV�VXFFHVVIXO�LQ����RI����VLWHV��(DUWKIORZ�VLWHV�ZLWK�VKDOORZ��
XQWUHDWHG�WRH�JXOO\LQJ�ZHUH�VXFFHVVIXO�ZKHUH�VSDFLQJ�ZDV��±��P����RI���VLWHV���EXW�ORZHU�
SURSRUWLRQV�RI�VLWHV�ZHUH�VXFFHVVIXO�ZKHUH�VSDFLQJ�ZDV��±���P����RI����VLWHV��RU�JUHDWHU�WKDQ�
���P����RI����VLWHV���7KHVH�UHVXOWV�VXJJHVW�WKDW�WKH�LQWHUDFWLRQ�EHWZHHQ�URRWV�RI�QHLJKERXULQJ�
WUHHV�DW�FORVHU�VSDFLQJV�ZDV�D�PDMRU�IDFWRU�LQ�FRQIHUULQJ�WUHDWPHQW�VXFFHVV��
�
)ROORZLQJ�D�VWRUP�LQ�0DQDZDWX±5DQJLWLNHL�LQ�)HEUXDU\�������WKH�H[WHQW�RI�HURVLRQ�RQ�HLJKW�
ODQGIRUPV��H�J��ULGJHV��XSSHU�VORSHV��IRRW�VORSHV��JXOOLHV��GRZQODQGV��XQGHU�GLIIHUHQW�
YHJHWDWLRQ�FRYHUV�ZDV�GHWHUPLQHG�E\�+LFNV�	�&ULSSHQ���������:LWKLQ�XSSHU�VORSHV��EDUH�
JURXQG�FRPSULVHG�����RI�DUHDV�FRYHUHG�LQ�SDVWXUH�������RI�DUHDV�FRYHUHG�LQ�SDVWXUH�DQG�
VFDWWHUHG�VHFRQGDU\�YHJHWDWLRQ��DQG������RI�DUHDV�FRYHUHG�LQ�SDVWXUH�ZLWK�H[WHQVLYH�
VHFRQGDU\�YHJHWDWLRQ��6HFRQGDU\�YHJHWDWLRQ�LQ�WKHVH�FDWHJRULHV�ZDV�DQ�DPDOJDPDWLRQ�RI�
VFDWWHUHG�DQG�H[WHQVLYH�H[RWLF�WUHHV�DQG�RWKHU�YHJHWDWLRQ��ZKLFK�SUHFOXGHG�LQVLJKWV�LQWR��IRU�
H[DPSOH��WKH�FRQWULEXWLRQ�RI�3RSXOXV�VSS��DQG�6DOL[�VSS��LQ�UHGXFLQJ�ODQGVOLGLQJ�±�WKH�PDLQ�
HURVLRQ�W\SH�RQ�WKLV�ODQGIRUP��$VVXPLQJ�WKDW�������DYHUDJH�RI������DQG�������EDUH�JURXQG�
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RFFXUUHG�VROHO\�XQGHU�VSDFHG�3RSXOXV�DQG�6DOL[�SODQWLQJV��WKH�SUHVHQFH�RI�WKH�WUHHV�UHGXFHG�
HURVLRQ�E\�����FRPSDUHG�ZLWK�XQGHU�RSHQ�SDVWXUH������EDUH�JURXQG���
�
5HFHQW�ZRUN�RQ�WKH�HIIHFWLYHQHVV�RI�VSDFHG�WUHHV��PRVWO\�3RSXOXV�VSS��DQG�(XFDO\SWXV�VSS���
KDV�PHDVXUHG�DWWULEXWHV�RI�LQGLYLGXDO�WUHHV�DQG�WUHH�VSDFLQJV��VR�WKDW�EHWWHU�LQIRUPDWLRQ�LV�
DYDLODEOH�RQ�WKH�FRQGLWLRQ�DQG�DUUDQJHPHQW�RI�WUHHV�RQ�KLOOVORSHV�WKDW�KDYH�UHPDLQHG�LQWDFW�RU�
IDLOHG�GXULQJ�UHFHQW�VWRUPV��,Q�0DQDZDWX±5DQJLWLNHL�����VLWHV��DQG�:DLUDUDSD�����VLWHV���WUHHV�
LQ�JURXSV�RI��±���WUHHV�SHU�VLWH�KDYH�EHHQ�PHDVXUHG�IRU�GEK��KHLJKW��DQG�FDQRS\�ZLGWK��DQG�
WKH�DUHD�RI�IUHVK�VOLS�VFDUV�ZLWKLQ�HDFK�WUHHG�DUHD�GHWHUPLQHG��'RXJODV�	�0F,YRU������
XQSXEO����/DQGVOLGLQJ�RQ�QHDUE\�FRQWURO�VLWHV�RI�SDVWXUH��ZLWK�VLPLODU�VORSH�DQG�DVSHFW��KDV�
DOVR�EHHQ�GHWHUPLQHG��'DWD�DQDO\VLV�LV�EHLQJ�FRQGXFWHG�DQG�ZLOO�TXDQWLI\�WKH�UHGXFWLRQ�LQ�
ODQGVOLGLQJ�GXH�WR�WKH�SUHVHQFH�RI�VSDFHG�WUHHV�RI�NQRZQ�GLPHQVLRQV��
�
6SDFHG�WUHHV�RI�3RSXOXV�VSS��DQG�6DOL[�VSS��ZHUH�DVVHVVHG�DW����VLWHV�LQ�WKH�(DVW�&DSH�LQ�
-DQXDU\������IRU�HIIHFWLYHQHVV�LQ�FRQWUROOLQJ�YDULRXV�HURVLRQ�W\SHV��SDUWLFXODUO\�HDUWKIORZ�DQG�
JXOO\�HURVLRQ��0F,YRU��'RXJODV��0DUGHQ��XQSXEO����)RU�H[DPSOH��D�VLWH�ZLWK�HDUWKIORZ�HURVLRQ�
ZDV�VWDELOLVHG�ZLWK�WUHHV�RI�3RSXOXV�VSS��DJHG�����\HDUV�ZKLFK�ZHUH�SUREDEO\�SODQWHG�DV���P�
SROHV�DW���î���P��6RPH�WUHHV�ZHUH�RQ�D�OHDQ�XS�WR����GHJUHHV��PRVW�ZHUH�YHUWLFDO���WUXQNV�DQG�
EUDQFKHV�ZHUH�VOLJKWO\�GLVWRUWHG��DQG�VHYHUDO�VSDFLQJV�ZHUH�YDULDEOH��ZKLFK�LQGLFDWHG�
FRQWLQXLQJ�PRYHPHQW�RI�WKH�IORZ�VLQFH�SODQWLQJ��'LDPHWHU�DW�EUHDVW�KHLJKW�RI����WUHHV�
DYHUDJHG������FP��6'� �����FP���$OO�ILQGLQJV�ZLOO�EH�LQFOXGHG�LQ�D�UHSRUW�WR�0$)�E\�-XQH�
������
�
5RRW�GHYHORSPHQW�KDV�PDMRU�LPSOLFDWLRQV�IRU�WKH�HIIHFWLYHQHVV�RI�WUHH�SODQWLQJV�RQ�VORSHV�IRU�
UHGXFLQJ�WKH�LQFLGHQFH�DQG�VHYHULW\�RI�ODQGVOLGLQJ�DQG�RWKHU�PDVV�PRYHPHQW�HURVLRQ�W\SHV��
DQG�NQRZOHGJH�RI�LW�LV�YHU\�XVHIXO�IRU�UHFRPPHQGLQJ�DSSURSULDWH�WUHH�VSDFLQJV�WR�PLQLPLVH�
HURVLRQ��2Q�HURGLEOH�KLOOVORSHV�QHDU�3DOPHUVWRQ�1RUWK��WKH�GLVWULEXWLRQ�DQG�DUFKLWHFWXUH�RI�
URRWV�!���PP�LQ�GLDPHWHU�RI�VSDFHG�WUHHV�RI�3RSXOXV�GHOWRLGHV�îQLJUD�µ9HURQHVH¶�DJHG������
DQG�����\HDUV�KDYH�EHHQ�GHWHUPLQHG��0F,YRU�HW�DO��������������������DQG�UHVXOWV�DUH�
SUHVHQWHG�LQ�7DEOH����7KH�WUHHV�DJHG���DQG�����\HDUV�KDG�FRQVLGHUDEO\�JUHDWHU�ODWHUDO�URRW�
GHYHORSPHQW�WKDQ�WKH�WUHHV�DJHG���\HDUV��DQG�WKH�UHVXOWV�LQGLFDWH�WKDW�WKH�ROGHU�WUHHV�DUH�OLNHO\�
WR�KDYH�D�PXFK�PRUH�VLJQLILFDQW�UROH�LQ�VORSH�VWDELOLVDWLRQ��
�
7DEOH��� 'LPHQVLRQV�RI�H[FDYDWHG�µ9HURQHVH¶�SRSODUV�DQG�UHODWLRQVKLSV�EHWZHHQ�WUXQN�
GLPHQVLRQV�DQG�PDVV��H[FOXGLQJ�URRW�FURZQ��DQG�OHQJWK�RI�URRWV�!���PP�LQ�GLDPHWHU��IRU�
WUHHV�RI�WKUHH�DJHV�JURZLQJ�RQ�KLOO�FRXQWU\�QHDU�3DOPHUVWRQ�1RUWK��
�
7UHH�
DJH�
�\U��

+HLJKW�
�P��

'%+�
�FP��

7UXQN�
FURVV�

VHFWLRQDO�
DUHD��FP���

5RRW�
OHQJWK�
�P��

5RRW�
PDVV�

�NJ�'0��
5RRW�
PDVV��

WUXQN�DUHD�
5RRW�OHQJWK��
WUXQN�DUHD�

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

�
6WURQJ��OLQHDU�UHODWLRQVKLSV�EHWZHHQ�GEK�DQG�URRW�PDVV��DQG�GEK�DQG�URRW�OHQJWK��KDYH�EHHQ�
GHYHORSHG�IRU�WKHVH�\RXQJ�WUHHV��Q� ���IURP�0F,YRU�HW�DO���������DQG�XQSXEO��GDWD���DV�
IROORZV��
�

/RJ���VWUXFWXUDO�URRW�PDVV� �������ORJ���GEK�±�������5�� �������
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�
/RJ���VWUXFWXUDO�URRW�OHQJWK� �������ORJ���GEK�±�������5�� ��������

�
7KHVH�UHODWLRQVKLSV�VKRZ�WKH�EHQHILW�RI�PHDVXULQJ�GEK�RI�WUHHV�WR�HVWLPDWH�DWWULEXWHV�RI�URRWV��
DQG�LWV�PHDVXUHPHQW�LV�TXLFN�DQG�HDV\�LQ�WKH�ILHOG��5HODWLRQVKLSV�EHWZHHQ�GEK�DQG�URRW�
DWWULEXWHV�UHPDLQ�WR�EH�GHWHUPLQHG�IRU�ROGHU�WUHHV��
�
7KHUH�LV�LQFUHDVHG�LQWHUHVW�LQ�PRQLWRULQJ�WKH�HIIHFWLYHQHVV�RI�SODQWLQJ�SURJUDPPHV�LQ�ZKROH�
IDUP�SODQV�EHFDXVH�LW�LV�FULWLFDO�IRU�GHWHUPLQLQJ�SURJUHVV�WRZDUGV�GHILQHG�WDUJHWV��H�J��
VHGLPHQW�UHGXFWLRQ��DFURVV�HDFK�IDUP�RYHU�WLPH�DQG�DFKLHYLQJ�SURJUHVV�DW�WKH�FDWFKPHQW�
VFDOH��&DWFKPHQW�VFDOH�VWXGLHV�FOHDUO\�VKRZ�ORZHU�OHYHOV�RI�VHGLPHQW�H[SRUW�DVVRFLDWHG�ZLWK�
KLJKHU�OHYHOV�RI�IRUHVW�FRYHU��H�J��'RQV�������4XLQQ�	�6WURXG��������DQG�WKH�UHGXFWLRQ�LQ�
VHGLPHQW�H[SRUW�UHVXOWLQJ�IURP�DIIRUHVWDWLRQ��4XLQQ�HW�DO���������$�VLPSOH�PRGHO�WKDW�OLQNV�
YHJHWDWLRQ�W\SH�ODQG�XVH�DW�WKH�IDUP�VFDOH�ZLWK�VHGLPHQW�H[SRUW�RII�IDUP�KDV�EHHQ�GHYHORSHG�
�'RXJODV�HW�DO���������7KLV�SURYLGHV�D�EDVLV�IRU�TXDQWLWDWLYH�DVVHVVPHQW�RI�WKH�HIIHFWLYHQHVV�RI�
WUHH�SODQWLQJV�DQG�KDV�LQSXW�GDWD�RI�YHJHWDWLRQ�W\SH��LQGLJHQRXV�VFUXE�IRUHVW��H[RWLF�IRUHVW��
VSDFHG�WUHH���DJH��DUHD��FDQRS\�FRYHU��GEK�DQG�WUHH�H[WHQW��IRU�VSDFHG�WUHHV��SURSRUWLRQ�RI�
WUHHV�WKDW�KDYH�EHHQ�SODQWHG��KDYH�VXUYLYHG�DQG�WKDW�DUH�ZHOO�PDLQWDLQHG���7KH�PRGHO�UHTXLUHV�
ILHOG�YDOLGDWLRQ�RQ�GLIIHUHQW�IDUPV�DQG�LQ�GLIIHUHQW�UHJLRQV�WR�DSSUDLVH�JHQHUDO�DSSOLFDELOLW\�
DQG�LGHQWLI\�ZKHUH�LPSURYHPHQWV�PRGLILFDWLRQV�DUH�QHFHVVDU\��EHIRUH�EHLQJ�DYDLODEOH�IRU�
JHQHUDO�UHOHDVH��
�
������ 7UDQVIHUDELOLW\�
�
,W�LV�LPSRUWDQW�WR�LGHQWLI\�WKH�RSSRUWXQLWLHV�DQG�EDUULHUV�WR�WUDQVIHUDELOLW\�LQ�UHODWLRQ�WR�
NQRZOHGJH��WHFKQLTXHV�DQG�HQG�XVHU�XSWDNH�RI�UHFRJQLVHG�WHFKQRORJ\��7KH�JDSV�LQ�FXUUHQW�
NQRZOHGJH�WKDW�SURYLGH�RSSRUWXQLW\�IRU�QHZ�UHVHDUFK�DOVR�SURYLGH�EDUULHUV�WR�XSWDNH�RI�
FXUUHQW�NQRZOHGJH�E\�HQG�XVHUV��SDUWLFXODUO\�KLOO�FRXQWU\�SDVWRUDO�IDUPHUV��
�
.QRZOHGJH�RI�WKH�URRW�V\VWHPV�RI�WKH�YDULRXV�VSHFLHV�LGHQWLILHG�LQ�6HFWLRQ�������LV�EDVHG�RQ�
ORFDOLVHG�GDWD��)DFWRUV�JRYHUQLQJ�URRW�JURZWK�VXFK�DV�DYDLODELOLW\�RI�ZDWHU��VORSH��GHSWK�RI�
VRLO��VRLO�EXON�GHQVLW\��DQG�WUHH�VSDFLQJ�KDYH�QRW�EHHQ�PHDVXUHG�LQ�PRVW�FDVHV��7KHVH�
YDULDEOHV�DUH�ODUJHO\�GHDOW�ZLWK�E\�XVLQJ�GEK��DQG�QRW�DJH��DV�WKH�LQGHSHQGHQW�YDULDEOH��7KH�
UHODWLRQVKLS�EHWZHHQ�URRW�PDVV�DQG�GEK�LV�ZHOO�HVWDEOLVKHG��:DWVRQ�	�2¶/RXJKOLQ��������,Q�
WKH�DEVHQFH�RI�PRUH�FRPSUHKHQVLYH�GDWD�LW�LV�VHQVLEOH�WR�H[WUDSRODWH�WKHVH�GDWD�WR�RWKHU�
ORFDWLRQV��VRLO�W\SHV�DQG�HURVLRQ�IHDWXUHV��+RZHYHU��IXUWKHU�ILHOG�GDWD�DUH�QHHGHG�WR�DQVZHU�
TXHVWLRQV�DERXW�DSSURSULDWH�VSDFLQJV�RI�ZRRG\�YHJHWDWLRQ�ZLWK�GLIIHULQJ�WUXQN�VL]HV�WR�HQVXUH�
!����VORSH�VWDELOLVDWLRQ�DV�SURYLGHG�E\�KLOO�VORSHV�DIIRUHVWHG�ZLWK�3LQXV�UDGLDWD�DJHG�!���
\HDUV��.QRZOHV��������
�
7HFKQLTXHV�KDYH�EHHQ�DSSOLHG�LQ�PRVW�UHJLRQV�ZKHUH�KLOO�FRXQWU\�LV�HURVLRQ�SURQH��
,QIRUPDWLRQ�RQ�KRZ�WR�GHDO�ZLWK�RQ�IDUP�HURVLRQ�LV�DYDLODEOH�IURP�PRVW�UHJLRQDO�FRXQFLO�
ZHEVLWHV��H�J��ZZZ�WUF�JRYW�Q]�HQYLURQPHQW�ODQG�SGIV���BSROHSODQWLQJBPDLQWHQDQFH��DQG�LQ�
SXEOLVKHG�SDPSKOHWV��7HFKQLTXHV�IRU�PDQDJLQJ�JXOO\�HURVLRQ�KDYH�SURYHG�VXFFHVVIXO�LQ�DOO�
UHJLRQV��ZLWK�ORFDO�XQGHUVWDQGLQJ�RI�WKH�SURFHVVHV�PRGLI\LQJ�WKH�PLWLJDWLRQ�PHDVXUH��H�J��
SODQWLQJ�GHQVLW\��VL]H�RI�SODQWLQJ�PDWHULDO���0RVW�SODQWLQJ�RI�HURVLRQ�SURQH�VORSHV�KDV�IRFXVHG�
RQ�VWDELOLVLQJ�DQG�UHPHGLDWLQJ�VOLS�DUHDV��ZLWK�OLWWOH�DWWHQWLRQ�JLYHQ�WR�VWDELOLVLQJ�DUHDV�EHIRUH�
WKH\�VOLS��6SDFLQJ�UHFRPPHQGDWLRQV�DUH�QRW�VWDQGDUG�IRU�DOO�UHJLRQV��DQG�VSDFH�SODQWLQJ�RI�
WUHHV�DFURVV�VORSHV�IRU�VRLO�VWDELOLVDWLRQ�LV�QRW�ZLGHVSUHDG��
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�
(QG�XVHU�XSWDNH��)URP�UHFHQW�VXUYH\�ZRUN��'RXJODV�	�0F,YRU������XQSXEO���FDUULHG�RXW�LQ�
5DQJLWLNHL��0DQDZDWX�DQG�:DLUDUDSD��LW�ZDV�DSSDUHQW�WKDW�PDQ\�WUHHV�RI�3RSXOXV�VSS��DQG�
6DOL[�VSS��ZHUH�SODQWHG�IURP������WR�������EXW�SODQWLQJ�IURP������WR������ZDV�UHGXFHG�
FRQVLGHUDEO\��,W�ZDV�YHU\�GLIILFXOW�WR�ORFDWH�VLWHV�ZLWK�HLWKHU�3RSXOXV�RU�6DOL[�WUHHV�SODQWHG�IRU�
OHVV�WKDQ����\HDUV�IRU�VRLO�FRQVHUYDWLRQ�RQ�SDVWRUDO�ODQG��7KH�PRVW�UHFHQW�VXUYH\�RI�3RSXOXV�
DQG�6DOL[�QXUVHU\�FXOWLYDWLRQ�ZDV�FRQGXFWHG�LQ�������6WDFH��������&XUUHQW�GDWD�RQ�QXPEHUV�
RI�SROHV�RI�HDFK�VSHFLHV�EHLQJ�XVHG�DUH�QRW�DYDLODEOH��
�
(VWDEOLVKLQJ�RQ�IDUP�SROH�QXUVHULHV�ZDV�FRPPRQ�SUDFWLFH�EHIRUH�������,Q�WKH�*LVERUQH�
UHJLRQ��HVWDEOLVKPHQW�RI�RQ�IDUP�3RSXOXV�QXUVHULHV�IRU�SROH�SURGXFWLRQ�KDV�EHHQ�UHVXUUHFWHG�
DQG�SURPRWHG�VLQFH�������0$)�6))�*UDQW����������7KLV�LQLWLDWLYH�KDV�QRW�\HW�EHHQ�WDNHQ�XS�
LQ�RWKHU�UHJLRQV��SRVVLEO\�EHFDXVH�RI�YDULDEOH�SROH�TXDOLW\�DQG�QXUVHU\�PDQDJHPHQW��5HJLRQDO�
ODQG�PDQDJHUV�DUH�DFWLYH�LQ�DOO�UHJLRQV�SURPRWLQJ�VRLO�FRQVHUYDWLRQ��YLVLWLQJ�ZLWK�ODQGRZQHUV�
DQG�IUHTXHQWO\�PDQDJLQJ�WKH�OD\RXW�DQG�SODQWLQJ�RI�SROHV�RQ�SDVWRUDO�VORSHV��+RZHYHU��WKHUH�
LV�VWLOO�D�ODUJH�DPRXQW�RI�HURVLRQ�RQ�XQSURWHFWHG�KLOO�FRXQWU\�SDVWRUDO�ODQG�IROORZLQJ�HDFK�UDLQ�
VWRUP�HYHQW��H�J��+LFNV�����F��+LFNV�	�&ULSSHQ��������7KH�µRQH�DUJXPHQW�WKDW�DSSHDUV�
XQDVVDLODEOH�LV�WKH�QHHG�WR�ERPEDUG�ODQGRZQHUV�ZLWK�WHFKQLFDO�DQG�HGXFDWLRQDO�LQIRUPDWLRQ�
RQ�WKH�UROH�RI�WUHH�FRYHU�LQ�VRLO�FRQVHUYDWLRQ�DQG�WKH�UDQJH�RI�SRVVLELOLWLHV�DYDLODEOH¶�
�+RFNLQJ��������7KLV�VWDWHPHQW�VHHPV�GLIILFXOW�WR�GLVSXWH��
�
(QG�XVHU�LQIRUPDWLRQ�VRXUFHV��0RVW�RI�WKH�UHJLRQDO�FRXQFLO�XQLWDU\�DXWKRULW\�UHVSRQGHQWV�WR�
D�VXUYH\��$SSHQGL[����FLWHG�WKH�6RLO�&RQVHUYDWLRQ�7HFKQLFDO�+DQGERRN��+LFNV�	�$QWKRQ\�
������DV�DQ�LPSRUWDQW�UHIHUHQFH�VRXUFH�IRU�VWDII��DQG�VRPH�XVHG�LW�WR�DVVLVW�ZLWK�SUHSDULQJ�
QRWHV�KDQGRXWV�IRU�GLVWULEXWLRQ�WR�IDUPHUV�DQG�RWKHU�SDUWLHV��2WKHU�SXEOLFDWLRQV�FLWHG�E\�RQH�
RU�PRUH�DXWKRULWLHV�LQFOXGHG�7UHHV�IRU�WKH�/DQG��0RUWLPHU��������µ9LVXDO�VRLO�DVVHVVPHQW��
9RO�����6RLO�PDQDJHPHQW�JXLGHOLQHV�IRU�KLOO�FRXQWU\�ODQG�XVHV¶�
�KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�UHVHDUFK�VRLO�YVD�ILHOGJXLGH�DVS�DYDLODELOLW\���&RQWURO�RI�
6RLO�(URVLRQ�RQ�)DUPODQG��+LFNV��������DQG�*URZLQJ�3RSODU�DQG�:LOORZ�7UHHV�RQ�)DUPV�
�1DWLRQDO�3RSODU�DQG�:LOORZ�8VHUV�*URXS��������$�QXPEHU�RI�DXWKRULWLHV�UHSRUWHG�KDYLQJ�D�
IHZ�WR�PDQ\�LQ�KRXVH�UHVRXUFHV�VXFK�DV�WHFKQLFDO�KDQGRXWV�DQG�IDFW�VKHHWV�RQ�D�UDQJH�RI�
HURVLRQ�FRQWURO�WRSLFV�VXFK�DV�SODQWLQJ�PDWHULDO��HVWDEOLVKPHQW�DQG�PDQDJHPHQW�WHFKQLTXHV��
DQG�UHWLUHPHQW�SODQWLQJ��2UDO�DGYLFH�WR�ODQGRZQHUV��H�J��YLVLWV��HOHFWURQLF�PHDQV��HPDLO����
VXSSOHPHQWHG�ZLWK�KDQGRXWV��ZDV�D�VLJQLILFDQW�IHDWXUH�VWDWHG�RU�LPSOLHG�E\�UHVSRQGHQWV��7KH�
1HZ�=HDODQG�)RUHVW�&RGH�RI�3UDFWLFH��9DXJKDQ�HW�DO��������LV�DQ�LPSRUWDQW�SXEOLFDWLRQ�IRU�
PDQDJLQJ�SODQWDWLRQ�IRUHVWV�LQ�DQ�HQYLURQPHQWDOO\�VXVWDLQDEOH�ZD\��)HGHUDWHG�)DUPHUV�
LQIRUPV�LWV�PHPEHUVKLS�RI�UHOHYDQW�LQIRUPDWLRQ��
�
�
���� 6RFLDO�OHDUQLQJ�H[SHULHQFHV�
������ /LWHUDWXUH�UHYLHZ�
�
:KLOH�WKH�QHHG�WR�DGGUHVV�VRFLDO�RU�EHKDYLRXUDO�IDFWRUV�DV�WKH�µGULYHUV¶�RI�DFFHOHUDWHG�VRLO�
HURVLRQ�LQ�1HZ�=HDODQG�ZDV�UHFRJQLVHG�DV�IDU�EDFN�DV�WKH���WK�FHQWXU\��VHH�0F&DVNLOO�������
WKLV�FDXVDO�UHODWLRQVKLS�ZDV�ODUJHO\�GLVUHJDUGHG�XQWLO�WKH�����V�DQG�µ��V��'HVSLWH�HDUOLHU�
DFNQRZOHGJHPHQW�RI�D�OLQN�EHWZHHQ�GHIRUHVWDWLRQ��HURVLRQ�DQG�IORRGV��SXEOLF�DFFHSWDQFH�LQ�
1HZ�=HDODQG�RI�WKH�LPSRUWDQFH�RI�ODQG�PDQDJHPHQW�LQ�WKH�SURPRWLRQ�DQG�PDQDJHPHQW�RI�
HURVLRQ�ZDV�D�FRQVHTXHQFH�RI�D�86'$�UHSRUW��%HQQHWW�	�&KDSOLQH��������7KLV�UHSRUW�
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KLJKOLJKWHG�WKH�QHHG�IRU�VRLO�FRQVHUYDWLRQ�LQ�$PHULFD�DQG�H[SOLFLWO\�OLQNHG�HURVLRQ�WR�ODQG�
PDQDJHPHQW�SUDFWLFHV��7KLV�QHZ�DZDUHQHVV�ZDV�HYLGHQW�LQ�D�VXEVHTXHQW�'6,5�UHSRUW�LQ������
WKDW�UHLQIRUFHG�WKH�LPSRUWDQFH�RI�PDQDJHPHQW�SUDFWLFHV�LQ�HURVLRQ�FRQWURO��7D\ORU�HW�DO��
�������7ZR�\HDUV�SUHYLRXVO\�0DODEDU��������KDG�LGHQWLILHG�WKH�QHHG�WR�JHW�ULG�RI�GHHU��
FKDPRLV��DQG�HYHQ�VKHHS�LI�HURVLRQ�ZDV�WR�EH�FRQWUROOHG��,Q�WKH�VDPH�\HDU�DV�WKH�'6,5�UHSRUW��
D�VSHFLDO�DUWLFOH�µ.HHSLQJ�RXU�VRLO�ZKHUH�LW�EHORQJV¶�SXEOLVKHG�LQ�7KH�1HZ�=HDODQG�)DUPHUV�
:HHNO\��������FDOOHG�RQ�IDUPHUV�WR�SOD\�WKHLU�SDUW�DV�ODQG�PDQDJHUV�LQ�VXSSRUW�RI�VRLO�
FRQVHUYDWLRQ��,Q�WKDW�VDPH�\HDU�&RQQHOO��������KLJKOLJKWHG�WKH�WKUHDW�RI�HURVLRQ�SRVHG�E\�WKH�
XVH�RI�WKH�KLOO�FRXQWU\�IRU�VKHHS��6KRUWO\�DIWHUZDUGV��LQ�������WKH�6RLO�&RQVHUYDWLRQ�DQG�
5LYHUV�&RQWURO�$FW�HVWDEOLVKLQJ�FDWFKPHQW�ERDUGV�ZDV�SDVVHG�WR�SURPRWH�DQG�VXSSRUW�VRLO�
FRQVHUYDWLRQ�E\�ODQGKROGHUV��7KLV�OHJLVODWLRQ�ODVWHG�LQWR�WKH�����V��
�
3RSXODU�DZDUHQHVV�WKDW�VRLO�HURVLRQ�DV�IRXQG�LQ�1HZ�=HDODQG�ZDV�QRW�µQRUPDO¶�EXW�LQ�ODUJH�
SDUW�D�UHVXOW�RI�ODQG�XVH�SUDFWLFHV�ZDV�KHLJKWHQHG�E\�&XPEHUODQG����������+LV�VXEVHTXHQW�
YROXPH�6RLO�(URVLRQ�LQ�1HZ�=HDODQG��&XPEHUODQG�������IXUWKHU�HODERUDWHG�DQG�H[WHQGHG�WKLV�
WKHPH��&XPEHUODQG�GRFXPHQWHG�HURVLRQ�DFURVV�WKH�FRXQWU\�E\�DUHD��W\SH��DQG�ODQG�XVH��+H�
GUHZ�DWWHQWLRQ�WR�WKH�IDFW�WKDW�WZR�ILIWKV�RI�WKH�WRWDO�ODQG�DUHD�DQG�WZR�WKLUGV�RI�WKH�RFFXSLHG�
DUHD�VXIIHUHG�IURP�DFFHOHUDWHG�HURVLRQ��LQ�SDUWLFXODU�DV�D�FRQVHTXHQFH�RI�GHIRUHVWDWLRQ�WR�FOHDU�
ODQG�IRU�DJULFXOWXUDO�XVH��+H�DUJXHG�WKH�QHHG�IRU�LQWHUGLVFLSOLQDU\�UHVHDUFK�WKDW�ZRXOG�DGGUHVV�
WKH�LQWHUUHODWHG�FRPSRQHQWV�RI�ODQG�WHQXUH��IDUPLQJ�SUDFWLFHV��ZDWHU�XVH�DQG�WKH�OLNH��SRLQWLQJ�
RXW�WKDW�LI�WKH�UHVRXUFH�EDVH�FRQWLQXHG�WR�EH�QHJOHFWHG��IRRG�RXWSXW�ZRXOG�GHFOLQH��
�
6XEVHTXHQW�DQG�UHFHQW�SXEOLVKHG�UHVHDUFK�WKDW�VSHFLILFDOO\�DGGUHVVHV�VRFLDO�DVSHFWV�RI�WKH�
LPSDFW�RI�ODQG�PDQDJHPHQW�RQ�VRLO�HURVLRQ�LQ�1HZ�=HDODQG�FRXOG�RQO\�FKDULWDEO\�EH�
GHVFULEHG�DV�WKLQ��:KLOH�RXU�XQGHUVWDQGLQJ�RI�VRLO�HURVLRQ�DV�D�SK\VLFDO�SURFHVV�PD\�ZHOO�EH�
JUHDWHU�WKDQ�IRU�DQ\�DVSHFW�RI�HQYLURQPHQWDO�GHJUDGDWLRQ��WKHUH�LV�OLWWOH�SXEOLVKHG�UHVHDUFK�
WKDW�VSHFLILFDOO\�DGGUHVVHV�ODQG�PDQDJHPHQW�IURP�D�VRFLDO�RU�EHKDYLRXUDO�SHUVSHFWLYH��
��
7KUHH�YROXPHV�VWDQG�RXW�EXW�WKHVH�DUH�QRZ�VRPHZKDW�GDWHG��0F&DVNLOO¶V�+ROG�7KLV�/DQG�
��������&XPEHUODQG¶V�/DQGPDUNV��������DQG�5RFKH¶V�/DQG�DQG�:DWHU���������7KH�ILUVW�
H[SORUHV�WKH�KLVWRU\�RI�VRLO�FRQVHUYDWLRQ�LQ�1HZ�=HDODQG��WUDFLQJ�LWV�LQLWLDO�SRSXODU�
UHFRJQLWLRQ�DV�D�FULVLV�LQ�WKH�ODWH�����V�WLOO�WKH�SDVVLQJ�RI�WKH�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�
$FW�ZKLFK�FDPH�LQWR�RSHUDWLRQ�LQ�������/DQGPDUNV�LV�VLJQLILFDQW�DV�WKH�FRPSDQLRQ�YROXPH�WR�
D�79�VHULHV�RI�WKH�VDPH�QDPH��DQG�DOWKRXJK�QRW�GHYRWHG�RQO\�WR�WKH�LVVXH�RI�VRLO�HURVLRQ��LW�
XQGRXEWHGO\�KHLJKWHQHG�SXEOLF�LQWHUHVW�LQ�DQG�DZDUHQHVV�RI�SHRSOH�DQG�ODQG�PDQDJHPHQW�
SUDFWLFHV�LQ�VKDSLQJ�WKH�HQYLURQPHQW��5RFKH¶V��������YROXPH�WUDFHV�WKH�KLVWRU\�RI�ZDWHU�DQG�
VRLO�FRQVHUYDWLRQ�DQG�WKH�UROH�SOD\HG�E\�FHQWUDO�JRYHUQPHQW�EHWZHHQ������DQG�������
LQFOXGLQJ�DQ�HSLORJXH��RQ�WKH�HPHUJHQFH�RI�WKH�5HVRXUFH�0DQDJHPHQW�$FW�������,W�SURYLGHV�
RQH�RI�WKH�PRVW�FRPSUHKHQVLYH�ELEOLRJUDSKLHV�RQ�HURVLRQ�LVVXHV�DQG�WKH�HYROXWLRQ�RI�
VFLHQWLILF�UHVHDUFK�RQ�HURVLRQ��DQG�GHDOV�H[WHQVLYHO\�ZLWK�ODQG�PDQDJHPHQW�SUDFWLFHV��
�
5RFKH��������S�������QRWHV�WKH�UHODWLYH�ODFN�RI�H[WHQVLYH�GHEDWH�RQ�VRLO�DQG�ZDWHU�
FRQVHUYDWLRQ�LQ�WKH�SDVVLQJ�RI�WKH�5HVRXUFH�0DQDJHPHQW�$FW�DQG�WKH�IDFW�WKDW�PDQ\�VWDII�LQ�
WKH�FDWFKPHQW�ERDUGV�PRYHG�LQWR�WKH�QHZ�UHJLRQDO�FRXQFLOV�ZKHUH�WKH\�IDFHG�D�QXPEHU�RI�
FRPSHWLQJ�FODLPV�WKDW�GHIOHFWHG�IURP�WKHLU�IRUPHU�IRFXV��*ODVE\��������HFKRHV�5RFKH¶V�
FRQFHUQ�RYHU�VRLO�FRQVHUYDWLRQ�XQGHU�WKH�5HVRXUFH�0DQDJHPHQW�$FW�DQG�SURYLGHV�D�XVHIXO�
UHYLHZ�RI�UHVHDUFK��ZKLFK�SRLQWV�WR�WKH�LPSRUWDQFH�RI�ODQG�PDQDJHPHQW�SUDFWLFHV�DQG�RI�
�������������������������������������������������
��7KLV�YLHZ�KDV�EHHQ�GLVFUHGLWHG�LQ�VRPH�SDUWV�RI�1HZ�=HDODQG��H�J��6RXWK�,VODQG�KLJK�FRXQWU\��EXW�ODUJHO\�
UHPDLQV�WUXH�IRU�KLOO�FRXQWU\��
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DIIRUHVWDWLRQ�DV�D�PHDQV�RI�FRQWUROOLQJ�HURVLRQ��*ODVE\�DOVR�VXJJHVWV�WKDW��HYHQ�LQ�������ZKLOH�
WKH�LPSRUWDQFH�RI�ODQG�PDQDJHPHQW�SUDFWLFHV�RQ�HURVLRQ�ZDV�ZHOO�DFFHSWHG�E\�VFLHQFH��LW�ZDV�
QHLWKHU�UHFRJQLVHG�QRU�IXOO\�DFFHSWHG�E\�WKH�SXEOLF�DW�ODUJH��2QH�PLJKW�UHDVRQDEO\�KDYH�
H[SHFWHG�WKLV�SHUVSHFWLYH�WR�KDYH�VKLIWHG�DIWHU�&\FORQH�%ROD��ZKLFK�KLW�*LVERUQH�DQG�WKH�(DVW�
&RDVW�LQ�0DUFK�������&HUWDLQO\�WKH�LPSDFW�RI�WKH�F\FORQH�JHQHUDWHG�UHVHDUFK��WHFKQLFDO�DQG�
SRSXODU�SXEOLFDWLRQV�WKDW�KLJKOLJKWHG�WKH�UROH�RI�ODQG�FOHDUDQFH�LQ�WKH�GHYDVWDWLQJ�HURVLRQ�DQG�
IORRGLQJ�ZKLFK�UHVXOWHG��H�J��7URWWHU�������+LFNV�����D��E��F��6LQJOHWRQ�HW�DO������D��E���7KH�
GUDPDWLF�VXPPHU�IORRGV�RI������LQ�WKH�0DQDZDWX�RIIHUHG�D�VLPLODU�µZDNH�XS¶�FDOO��+RZHYHU��
WKHUH�LV�OLWWOH�HYLGHQFH�WKDW�DOO�WKLV�KDV�JHQHUDWHG�DQ\�VL]HDEOH�ERG\�RI�VRFLDO�VFLHQFH�UHVHDUFK�
WR�H[SRVH�HLWKHU�WKH�GULYHUV�RI�SUH�H[LVWLQJ�PDQDJHPHQW�SUDFWLFHV�RU�DWWLWXGHV�WR�WKH�QHHG�IRU�
IXWXUH�FKDQJH��,QGHHG��DQ�RIILFLDO�SXEOLFDWLRQ��µ$VSHFWV�RI�1HZ�=HDODQG¶V�H[SHULHQFH�LQ�
DJULFXOWXUDO�UHIRUP�VLQFH�����¶��:DONHU�	�%HOO��������DFNQRZOHGJHG�WKDW�HURVLRQ�PD\�ZHOO�
KDYH�ZRUVHQHG�LQ�WKH�DIWHUPDWK�RI�WKH�UHIRUPV�DV�D�FRQVHTXHQFH�RI�D�GHFOLQH�LQ�IDUPHUV¶�
DELOLW\�WR�DIIRUG�WUHHV��DOWKRXJK�LW�DUJXHG�WRR�WKDW�DV�HFRQRPLF�FRQGLWLRQV�LPSURYHG�WKLV�FRXOG�
EH�H[SHFWHG�WR�EH�UHYHUVHG��7KH�UHFHQWO\�UHOHDVHG�6WDWH�RI�WKH�(QYLURQPHQW�5HSRUW��0I(�
������VXJJHVWV��IURP�DQ�DQDO\VLV�RI�YHJHWDWLRQ�FKDQJH�IURP�SDVWXUH�WR�WUHHV��WKDW�WKH�DUHD�RI�
KLOO�FRXQWU\�SURQH�WR�HURVLRQ�KDV�UHGXFHG�PDUJLQDOO\������EHWZHHQ������DQG�������
�
7KH�LQKHUHQW�DVVXPSWLRQ�EHKLQG�WKH������UHIRUPV�WKDW�WKH�PDUNHW�ZRXOG�UHVXOW�LQ�D�PRUH�
HIILFLHQW�SDWWHUQ�RI�ODQG�XVH��LPSOLFLW�LQ�WKH�GHEDWH�ZDV�WKDW�WKLV�ZRXOG�LQYROYH�PRUH�WUHHV�
UHSODFLQJ�SDVWXUH�LQ�HURVLRQ�SURQH�KLOO�FRXQWU\��KDV�QRW�RFFXUUHG��%XW�WKH�UDGLFDO�QDWXUH�RI�WKH�
�����UHIRUPV�DQG�WKH�LQQRYDWLYH�QDWXUH�RI�WKH�5HVRXUFH�0DQDJHPHQW�$FW�PD\�KDYH�ORZHUHG�
LQWHUHVW�LQ�HURVLRQ�DQG�GHIOHFWHG�DWWHQWLRQ�WR�RWKHU�LVVXHV��GHHPHG�RI�KLJKHU�SULRULW\��
$QHFGRWDOO\��WKLV�LV�FHUWDLQO\�WKH�YLHZ�RI�PDQ\�VFLHQWLVWV��7KLV�PD\�FHUWDLQO\�JR�VRPH�ZD\�WR�
H[SODLQ�PRUH�UHFHQW�UHVHDUFK�FDUULHG�RXW�VLQFH�������ZKLFK�KDV�PRUH�H[SOLFLWO\�H[DPLQHG�
EHKDYLRXUDO�IDFWRUV�DVVRFLDWHG�ZLWK�LQGLYLGXDO�ODQGKROGHUV�LQ�HURVLRQ�PDQDJHPHQW�DQG�
FRQWURO��0XFK�RI�WKLV�ZRUN�KDV�EHHQ�GRQH�E\�VFLHQWLVWV�LQ�WKH�&5,V��H�J��/XFNPDQ�HW�DO��������
$OOHQ�HW�DO��������3KLOLSV�	�0DUGHQ��������,Q�WKLV��0$)�IXQGLQJ�KDV�EHHQ�IXQGDPHQWDO��
5HFHQW�ZRUN��LQFOXGLQJ�PXFK�RI�WKDW�OLVWHG�DERYH��KDV�H[DPLQHG�ODQG�PDQDJHPHQW�LVVXHV�
�LQFOXGLQJ�VRLO�HURVLRQ��DW�D�IDUP�OHYHO�DQG�ZLWKLQ�WKH�FRQWH[W�RI�VXVWDLQDEOH�ODQG�XVH��H�J��
0RUULV�HW�DO��������3DUPLQWHU�����±����5\DQL\DU�	�3DUNHU�������$OOHQ�HW�DO��������%XFKDQ�
HW�DO��������*LHUD�HW�DO��������6PLWK�HW�DO���������,QGHHG�WKH�SROLF\�HPSKDVLV�RQ�VXVWDLQDELOLW\�
DQG�VXVWDLQDEOH�ODQG�XVH�PD\�KLGH�VRPH�UHVHDUFK�ZLWK�H[SOLFLW�DSSOLFDELOLW\�WR�LVVXHV�RI�
HURVLRQ�PDQDJHPHQW��
�
1HZ�=HDODQG¶V�FRPPLWPHQW��VLQFH�������WR�D�IUHH�PDUNHW�PRGHO�WR�SURPRWH�ODQG�XVH�FKDQJH�
KDV��DV�GHVFULEHG��LQFUHDVLQJO\�IRFXVHG�VRFLDO�UHVHDUFK�RQ�µVXVWDLQDEOH�ODQG�XVH¶��DQG�D�
SULPDU\�DFFHSWDQFH�WKDW�YROXQWDU\�DFWLRQV�E\�IDUPHUV�DUH�WKH�NH\�WR�DFKLHYLQJ�WKH�GHVLUHG�
RXWFRPHV��H�J��$QWKRQL��������+RZHYHU��DOWKRXJK�WKLV�KDV�FKDQJHG�WKH�FRQWH[W�RI�GHEDWH�
WKHUH�LV�OHVV�HYLGHQFH�WKHUH�KDV�EHHQ�DQ�HIIHFWLYH�VKLIW�WR�WKH�QHFHVVDU\�µV\VWHPV�WKLQNLQJ¶�
UHTXLUHG�IRU�HIIHFWLYH�ODQG�XVH�IRU�HURVLRQ�FRQWURO�RU�VXVWDLQDELOLW\�LQ�LWV�IXOOHVW�FRQWH[W��7KXV�
ZKLOH�VXEVHTXHQW�ZRUN�E\�/XFNPDQ�HW�DO���������RXWOLQHV�WKH�GHYHORSPHQW�RI�D�GHFLVLRQ�
VXSSRUW�V\VWHP�WR�SURPRWH�ODQG�PDQDJHPHQW�IRU�VRLO�FRQVHUYDWLRQ�DQG�UHFRJQLVHV�VXFK�
YDULDEOHV�DV�VSHFLHV�FKRLFH��SDVWXUH�SURGXFWLRQ��ODQG�VWDELOLW\�DQG�XVHU�QHHGV��LW�HPSKDVLVHV�
WKH�LQIRUPDWLRQ�UHTXLUHPHQWV�RI�ODQGXVHUV�UDWKHU�WKDQ�WKH�FKDUDFWHULVWLFV�RU�YDOXHV�WKDW�OHDG�
IDUPHUV�WR�DGRSW�PRUH�VXVWDLQDEOH�SUDFWLFHV��3DUPLQWHU¶V������±����ZRUN�KDV�D�VLPLODU�IRFXV��
5\DQL\DU�	�3DUNHU��������DOVR�HPSKDVLVH�WKH�FKDUDFWHULVWLFV�WKDW�HQFRXUDJH�LQGLYLGXDO�IDUPHU�
DGRSWLRQ�RU�FRQVWUDLQ�ODQG�XVH�FKDQJH��LQ�WKH�0DQDZDWX��DQG�VXJJHVW�WKDW�ZKLOH�WKRVH�
LQWHUYLHZHG�VXSSRUWHG�FRQVHUYDWLRQ�DQG�WKH�FRQFHSW�RI�VXVWDLQDELOLW\��DQG�IUHTXHQWO\�ZHUH�
SODQWLQJ�WUHHV��IHZ�LGHQWLILHG�HURVLRQ�DV�D�PDMRU�LVVXH��DQG�PRVW�YLHZHG�HFRQRPLF�YLDELOLW\�DV�
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WKHLU�SULPDU\�FRQFHUQ��$�0$)�3ROLF\�7HFKQLFDO�3DSHU��$QGUHZ�HW�DO���������ZKLFK�IRFXVHV�
RQ�WKH�(DVW�&RDVW��DJDLQ�KLJKOLJKWV�WKH�JHQHUDO�DFFHSWDQFH�RI�HURVLRQ�FRQWURO�DV�SULPDULO\�DQ�
LVVXH�RI�ODQG�XVH�PDQDJHPHQW�DQG�IRU�LQGLYLGXDO�ODQGKROGHUV��/RFDO�JRYHUQPHQWV�UDQNHG�D�
SRRU�VHFRQG��$W�WKH�VDPH�WLPH��UHVSRQGHQWV�ZHUH�SUHWW\�HYHQO\�VSOLW�RQ�ZKHWKHU��VLQFH�������
HURVLRQ�RQ�WKHLU�SURSHUW\�KDG�LPSURYHG�RU�UHPDLQHG�WKH�VDPH��3KLOLSV�	�0DUGHQ���������RQ�
WKH�RWKHU�KDQG��IRFXV�VSHFLILFDOO\�RQ�IRUHVW�FRPSDQLHV�UDWKHU�WKDQ�IDUPHUV��EXW�ZKLOH�
FDXWLRXVO\�RSWLPLVWLF��VWLOO�ILQG�VFRSH�IRU�LPSURYHG�ODQG�PDQDJHPHQW�SUDFWLFHV�IRU�HURVLRQ�
FRQWURO��
�
5KRGHV�HW�DO���������DQG�6PLWK�HW�DO���������SURYLGH�HYLGHQFH�IURP�WKH�1RUWK�,VODQG�KLOO�
FRXQWU\�RI�D�UHODWLYHO\�KLJK�OHYHO�RI�IDUPHUV¶�DZDUHQHVV�RI�HURVLRQ�LVVXHV�DQG�D�VL]HDEOH�
FRPPLWPHQW�WR�ODQG�PDQDJHPHQW�SUDFWLFHV�WR�FRQWURO�HURVLRQ��7KLV�ZRUN�DOVR�LGHQWLILHV�WKH�
IDFW�WKDW�IDUPHU¶V�EHKDYLRXU�DQG�ODQG�XVH�SUDFWLFHV�DUH�ODUJHO\�XQUHODWHG�WR�WKH�HFRQRPLF�
VWDWXV�RI�WKH�IDUPHU��5DWKHU��ODQG�PDQDJHPHQW�IRU�HURVLRQ�FRQWURO��DQG�VXVWDLQDELOLW\��PRUH�
RIWHQ�UHIOHFWV�WKH�XQGHUO\LQJ�HQYLURQPHQWDO�YDOXHV�RI�WKRVH�IDUPHUV�FRQFHUQHG��7KLV�SODLQO\�
UXQV�FRXQWHU�WR�WKH�YLHZ�WKDW�EHKDYLRXU�LV�VROHO\�GHWHUPLQHG�E\�HFRQRPLF�VLJQDOV��EXW�HTXDOO\�
KLJKOLJKWV�WKH�DEVHQFH�RI�DSSURSULDWH�XQGHUVWDQGLQJ�RI�WKH�FKDUDFWHULVWLFV�DQG�YDOXHV�WKDW�
GHWHUPLQH�ODQG�PDQDJHPHQW�SUDFWLFHV��µ%ULGJLQJ�WKH�JDS¶��%XFKDQ�HW�DO��������*LHUD�HW�DO��
�������D�WKUHH�\HDU�FRQWUDFW�VWXG\�PDQDJHG�WKURXJK�0$)�DQG�GXH�WR�EH�FRPSOHWHG�WKLV�\HDU�
�%XFKDQ�HW�DO���������SLFNV�XS�WKLV�LVVXH�DQG�H[SORUHV�WKH�UHODWLRQVKLS�EHWZHHQ�VFLHQFH�DQG�
HQYLURQPHQWDO�NQRZOHGJH�WR�JHQHUDWH�DSSURSULDWH�ODQG�PDQDJHPHQW�SUDFWLFHV��7KH�UHSRUW�
XVHV�VRLO�HURVLRQ�DV�RQH�RI�WKUHH�FDVH�VWXGLHV��,W�KLJKOLJKWV�D�QXPEHU�RI�SRLQWV��LQFOXGLQJ�WKH�
QHHG�IRU�EHKDYLRXU�FKDQJH��RQ�WKH�SDUW�RI�ODQGRZQHUV���DQG�SRLQWV�RXW�WKDW��RYHUVHDV��
YROXQWDU\�DSSURDFKHV�WR�HURVLRQ�FRQWURO�DQG�LPSURYHG�ODQG�PDQDJHPHQW�KDYH�QRW�EHHQ�
VXFFHVVIXO��%HUU\PDQ��������UHSRUWV�RQ�ZRUN�GRQH�ZLWKLQ�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW�
WR�GHYHORS�LQGLFDWRUV�WR�HVWDEOLVK�WKH�VXFFHVV�RI�YROXQWDU\�DSSURDFKHV�LQ�1HZ�=HDODQG��6KH�
VXJJHVWHG�WKUHH�VWHSV�ZHUH�QHHGHG�WR�HYDOXDWH�YROXQWDU\�DSSURDFKHV�WR�VXVWDLQDEOH�ODQG�
PDQDJHPHQW������HQVXUH�WKDW�HQYLURQPHQWDO�REMHFWLYHV�DUH�FOHDUO\�VSHFLILHG�DQG�GRFXPHQWHG��
����REWDLQ�JRRG�EDVHOLQH�GDWD�IRU�PHDVXULQJ�RXU�SURJUHVV�DQG�DGDSWLQJ�SURJUDPPHV�LI�QHHGHG��
DQG�����HVWDEOLVK�SURFHVVHV�WR�WUDFN�FKDQJHV�LQ�WKH�HQYLURQPHQW�RYHU�WLPH�DQG�LGHQWLI\�WKH�
FDXVH�RI�WKRVH�FKDQJHV��
�
$OO�WKLV�UHIOHFWV�D�UHYLYDO�LQ�LQWHUHVW�E\�FHQWUDO�DQG�ORFDO�JRYHUQPHQW�LQ�VRLO�HURVLRQ�DQG�
VXVWDLQDEOH�ODQG�XVH�DIWHU�ZKDW�DPRXQWV�WR�ZKDW�PDQ\�ZRXOG�DUJXH�KDV�EHHQ�DQ�DEGLFDWLRQ�RI�
UHVSRQVLELOLW\�VLQFH�WKH�PLG�����V��,QLWLDWLYHV�VXFK�DV�WKH�(DVW�&RDVW�)RUHVWU\�3URMHFW�DQG�
+RUL]RQ¶V�6XVWDLQDEOH�/DQG�8VH�,QLWLDWLYH��6/8,��DUH�GHVLJQHG�WR�DGGUHVV�DQG�SURPRWH�EHWWHU�
ODQG�XVH�SUDFWLFHV��EXW�ODUJHO\�UHPDLQ�IRFXVHG�DW�WKH�OHYHO�RI�LQGLYLGXDO�ODQGKROGHUV��$V�YDQ�
5RRQ�	�.QLJKW��������SRLQW�RXW��WKHUH�LV�D�QHHG�IRU�D�PXFK�JUHDWHU�IRFXV�RQ�FDWFKPHQW�
PDQDJHPHQW��DQG�UHFRJQLWLRQ�RI�FDWFKPHQWV�DV�WKH�FRUUHFW�RSHUDWLRQDO�VFDOH�IRU�VXFFHVVIXO�
FRQVHUYDWLRQ�LQLWLDWLYHV��
��
:KLOH�WKHUH�LV�D�ORQJ�KLVWRU\�LQ�1HZ�=HDODQG�RI�UHVHDUFK�RQ�VRLO�HURVLRQ��DQG�SDUWLFXODUO\�RQ�
LWV�SK\VLFDO�H[SUHVVLRQ��WKH�HPSKDVLV�RQ�VXVWDLQDEOH�ODQG�PDQDJHPHQW�VLQFH�WKH�SDVVLQJ�RI�WKH�
5HVRXUFH�0DQDJHPHQW�$FW�LQ������KDV�GRQH�OLWWOH�WR�VKLIW�GHEDWH�DQG�JHQHUDWH�D�VROLG�ERG\�RI�
VRFLDO�VFLHQFH�UHVHDUFK�RQ�ODQG�PDQDJHPHQW�SUDFWLFHV�DV�HLWKHU�D�FDXVH�RI�DFFHOHUDWHG�HURVLRQ�
RU�DV�D�PHDQV�RI�FRQWURO��
�
$W�EHVW��JLYHQ�WKH�EURDG�DFFHSWDQFH�WKDW�HURVLRQ�UHPDLQV�1HZ�=HDODQG¶V�IXQGDPHQWDO�
HQYLURQPHQWDO�WKUHDW��SDUWLFXODUO\�LQ�DJULFXOWXUH��WKH�H[WHQW�DQG�GHSWK�RI�UHVHDUFK�DYDLODEOH�RQ�
WKH�VRFLDO�DQG�EHKDYLRXUDO�FDXVHV�RI�WKH�SUREOHP��DQG�LWV�VROXWLRQ��UHPDLQ�VXUSULVLQJO\�
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GLVDSSRLQWLQJ��$V�VXJJHVWHG��PRVW�SK\VLFDO��VRLO�DQG�HURVLRQ��VFLHQWLVWV�UHFRJQLVH�WKDW�ODQG�
PDQDJHPHQW�LV�WKH�NH\�WR�HURVLRQ�FRQWURO�DQG�DFNQRZOHGJH�WKLV�LQ�WKHLU�ZRUN��EXW�WKHUH�LV�
OLWWOH�RU�QR�HYLGHQFH�WKDW�WKHUH�KDV�EHHQ�HLWKHU�DQ�HIIHFWLYH�HIIRUW�E\�EHKDYLRXUDO�VFLHQWLVWV�RU�
WKH�QHFHVVDU\�IXOO�LQWHJUDWLRQ�RI�EHKDYLRXUDO�IDFWRUV�LQWR�PDQDJHPHQW�SROLFLHV��QRU�KDV�WKHUH�
DV�\HW�EHHQ�PXFK�HIIRUW�SODFHG�RQ�LQVWLWXWLRQDO�EHKDYLRXU�DQG�WKH�QHHG�IRU�LQVWLWXWLRQDO�
VXSSRUW��LI�LQGHHG�LQGLYLGXDO�YROXQWDU\�VWUDWHJLHV�DUH�WR�UHPDLQ�1HZ�=HDODQG¶V�NH\�VWUDWHJ\��
�
�
�������,QWHUYLHZV�
�
$�QXPEHU�RI�SHRSOH�ZLWK�VRFLDO�OHDUQLQJ�H[SHULHQFH�ZHUH�LQWHUYLHZHG�WR�DVVHVV�WKHLU�
H[SHULHQFHV�ZLWK��DQG�YLHZV�RQ�WKH�UHOHYDQFH�RI��VRFLDO�OHDUQLQJ�WR�KLOO�FRXQWU\�ODQG�
PDQDJHPHQW��$SSHQGL[�����,Q�DGGLWLRQ�UHJLRQDO�FRXQFLO�VWDII�ZHUH�DVNHG�DERXW�WKHLU�
H[SHULHQFHV�ZLWK�VRFLDO�OHDUQLQJ�DQG�DGDSWLYH�PDQDJHPHQW��
�
6RFLDO�OHDUQLQJ�LV�SHUKDSV�EHVW�YLHZHG�DV�D�MRXUQH\��QRW�DV�D�VWDWH�RU�GHVWLQDWLRQ��DQG�IRU�PDQ\�
ILHOG�VWDII�WKH�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�LV�DQ�RQJRLQJ�SDUW�RI�WKHLU�GD\�WR�GD\�
URXWLQH��$OWKRXJK�RQH�SDUWLFLSDQW�SRLQWHG�RXW�WKDW�WKH�QXPEHU�RI�VWDII�SURPRWLQJ�VRLO�
FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�PDQDJHPHQW�LV�IDU�IHZHU�WKDQ�LQ�������WKRVH�ZKR�DUH�VWLOO�
GLUHFWO\�LQYROYHG�LQ�ODQG�PDQDJHPHQW�KDYH�OHDUQHG�PXFK�DERXW�WKH�WRSLF�DQG�FRQWLQXH�WR�GR�
VR��+RZHYHU��DV�DOVR�QRWHG��PDQ\�RI�WKRVH�IRUPHUO\�GLUHFWO\�LQYROYHG�LQ�ODQG�PDQDJHPHQW�IRU�
HURVLRQ�FRQWURO��HYHQ�LI�VWLOO�HPSOR\HG��ZKHWKHU�LQ�D�UHJLRQDO�FRXQFLO�RU�RWKHU�DJHQF\��DUH�
PRUH�RIWHQ�QRZ�LQ�D�GLIIHUHQW��µKDQGV�RII¶�FDSDFLW\��
�
1RQH�RI�WKRVH�LQWHUYLHZHG�ZHUH�DZDUH�RI�DQ\�FXUUHQW�RU�UHFHQW�VRFLDO�VFLHQFH�UHVHDUFK�
IRFXVHG�VSHFLILFDOO\�RQ�HURVLRQ�RU�VRLO�FRQVHUYDWLRQ�LQ�KLOO�FRXQWU\��:KDW�ZDV�QRWHG�E\�VRPH�
ZDV�WKH�YDOXH�RI�D�µFULVLV¶�VXFK�DV�WKH�(DVW�&RDVW�IORRGV�RI�������&\FORQH�%ROD�LQ�������DQG�
PRUH�UHFHQWO\�WKH�0DQDZDWX�IORRGV�RI������LQ�VWLPXODWLQJ�SROLWLFDO�DQG�VFLHQWLILF�FRQFHUQ�DQG�
LQWHUHVW��
�
,QWHUYLHZHHV�JHQHUDOO\�EHOLHYH�WKDW�KXPDQ�EHKDYLRXU�DQG�ODQG�PDQDJHPHQW�SUDFWLFHV�DV�D�
GLUHFW�FRQWULEXWRU\�IDFWRU�LQ�VRLO�HURVLRQ�DUH�QRZ�EURDGO\�DFFHSWHG�E\�UHVHDUFKHUV�ZLWKLQ�ERWK�
WKH�SK\VLFDO�DQG�VRFLDO�VFLHQFHV��7KLV��DQG�WKH�FXUUHQW�IXQGLQJ�V\VWHP���WKH\�EHOLHYH��KDV�
HQFRXUDJHG�PDQ\�SK\VLFDO�VFLHQWLVWV�WR�H[SOLFLWO\�DGGUHVV�ODQG�PDQDJHPHQW�DQG�EHKDYLRXUDO�
IDFWRUV�LQ�WKHLU�ZRUN��0DQ\�UHVSRQGHQWV�DFNQRZOHGJHG�WKH�QHHG�IRU�D�EURDG��LQFOXVLYH�
DSSURDFK�WR�VXFFHVVIXOO\�HQFRXUDJH�KLOO�FRXQWU\�PDQDJHPHQW�WR�FRQWURO�HURVLRQ�DQG�WKDW�
HURVLRQ�UHVHDUFK�VKRXOG�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKLV�DSSURDFK��+RZHYHU��PRVW�HURVLRQ�
UHVHDUFK�LQ�1HZ�=HDODQG�FRQWLQXHV�WR�EH�GRPLQDWHG�E\�SK\VLFDO�VFLHQWLVWV�ZKRVH�SULPDU\�
H[SHUWLVH�DQG�LQWHUHVW�LV�LQ�SK\VLFDO�SURFHVVHV�UDWKHU�WKDQ�WKH�KXPDQ��HFRQRPLF��RU�SROLWLFDO�
IDFWRUV�WKDW�GULYH�ODQG�XVH�FKDQJH��&RQVHTXHQWO\��ZKLOH�WKH�LPSRUWDQFH�RI�VRFLDO�IDFWRUV�LV�
EURDGO\�DFFHSWHG�E\�UHVHDUFK�VFLHQWLVWV�LW�LV�UDUHO\�WKH�H[SOLFLW�IRFXV�RI�ZRUN��,Q�HIIHFW��
UHVSRQGHQWV�VXJJHVWHG�WKDW�PDQ\�SK\VLFDO�VFLHQWLVWV�VWLOO�DVVXPH�WKDW�WKH�VFLHQWLILF�µIDFWV¶�
IURP�WKHLU�UHVHDUFK�ZLOO�DXWRPDWLFDOO\�JHQHUDWH�DQ�DSSURSULDWH�UHVSRQVH�E\�ODQGXVHUV��$W�WKH�
VDPH�WLPH�WKH�SLYRWDO�UROH�RI�ODQGXVHUV�DQG�UHJLRQDO�FRXQFLOV�LQ�VHFXULQJ�WKH�QHFHVVDU\�
FKDQJHV�RQ�WKH�JURXQG�ZDV�UHSHDWHGO\�KLJKOLJKWHG��
�
7KLV�DSSDUHQW�IDLOXUH�WR�PRYH�WR�D�PRUH�LQWHJUDWHG��PXOWLGLVFLSOLQDU\�DSSURDFK�LQFRUSRUDWLQJ�
D�QXPEHU�RI�GLIIHUHQW�SK\VLFDO�DQG�VRFLDO�VFLHQFH�GLVFLSOLQHV�LV�YDULRXVO\�H[SODLQHG��)XQGLQJ�
FRQVWUDLQWV�IRU�HQYLURQPHQWDO�VFLHQFH�LQ�JHQHUDO�KDYH�DUJXDEO\�GLVFRXUDJHG�D�PRUH�
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FRRSHUDWLYH�DSSURDFK��6RPH�YLHZ�WKH�GLVEDQGPHQW�RI�FDWFKPHQW�ERDUGV�DV�KDYLQJ�ORZHUHG�
WKH�SURILOH�RI�HURVLRQ�DV�D�QDWLRQDO�FRQFHUQ��6RPH�UHVSRQGHQWV�YLHZ�VORZHU�SURJUHVV�LQ�WKH�
PDQDJHPHQW�RI�RQ�IDUP��KLOO�FRXQWU\�VRLO�HURVLRQ�VLQFH������DV�D�FRQVHTXHQFH�RI�WKLV�
GLVEDQGPHQW��2WKHUV�QRWH�WKH�ODFN�RI�LQWHUHVW�DPRQJ�VRFLDO�VFLHQWLVWV�WR�ZRUN�ZLWK�SK\VLFDO�
VFLHQWLVWV��ZKLOH�UHFRJQLVLQJ�WKDW�IRU�DOO�VFLHQWLVWV�PXOWLGLVFLSOLQDU\�WHDP�DSSURDFKHV�WHQG�WR�
EH�FRVWO\�DQG�GLIILFXOW�WR�IRFXV�DQG�PDQDJH��%XW�HTXDOO\��VHYHUDO�UHVSRQGHQWV�EHOLHYHG�WKDW�
SROLF\��FRPPLWPHQW�DQG�IXQGLQJ�DUH�WKH�NH\�WR�VHFXULQJ�PRUH��EHWWHU��HURVLRQ�FRQWURO��$V�\HW��
µEX\�LQ¶�WR�WKH�VXFFHVVIXO��FRVWO\�DQG�VORZ�SDUWLFLSDWRU\�DSSURDFK�GHYHORSHG�DQG�
LPSOHPHQWHG�IRU�UDEELW�PDQDJHPHQW�DQG�ODQG�FRQVHUYDWLRQ�LQ�&HQWUDO�2WDJR�LQ�WKH�����V�KDV�
QRW�EHHQ�EDFNHG�E\�WKH�IXQGLQJ�VXFK�DQ�DSSURDFK�UHTXLUHV��
�
+RZHYHU��LW�LV�DOVR�DFNQRZOHGJHG�WKDW�WKH�VLWXDWLRQ�LV�QRW�DOO�JORRP\��6RPH�UHVSRQGHQWV�
DFNQRZOHGJHG�WKH�SRWHQWLDO�LQKHUHQW�LQ�WKH�QHZ�DSSURDFK�RI�WKH�VXVWDLQDEOH�ODQG�PDQDJHPHQW�
KLOO�FRXQWU\�HURVLRQ�SURJUDPPH��DQQRXQFHG�LQ�������WKDW�LQFOXGHV�VXEVLGLHV�IRU�WKH�
UHWLUHPHQW�RI�DQG�RU�WUHH�SODQWLQJ�RQ�ODQG�YXOQHUDEOH�WR�HURVLRQ��5HVSRQGHQWV�EHOLHYH�WKDW�
ERWK�UHJLRQDO�DXWKRULWLHV�DQG�LQGLYLGXDO�UHVHDUFK�VFLHQWLVWV�UHFRJQLVH�WKH�QHHG�IRU�FKDQJHV�LQ�
ODQG�PDQDJHPHQW�SUDFWLFHV��(TXDOO\��WKH\�EURDGO\�DJUHHG�WKDW�PRVW�IDUPHUV�DFFHSW�WKH�QHHG�
WR�DGGUHVV�ODQG�PDQDJHPHQW�SUDFWLFHV�LI�WKH\�DUH�WR�UHVROYH�WKHLU�HURVLRQ�LVVXHV��7KXV�ZKLOH�
WKH�YROXPH�RI�UHFHQW�VRFLDO�VFLHQFH�UHVHDUFK�WR�LPSURYHPHQWV�LQ�ODQG�PDQDJHPHQW�DSSHDUV�
VOLJKW��WKH�FRQWH[W�KDV�VKLIWHG��7RGD\�PDQ\�VRFLDO�VFLHQWLVWV�DUH�ZRUNLQJ�RQ�EHKDYLRXUDO�
IDFWRUV�ZLWKLQ�WKH�FRQWH[W�RI�VXVWDLQDEOH�ODQG�PDQDJHPHQW��DQG�FRPPRQO\�UHFRJQLVH�WKDW�
HURVLRQ�FRQWURO�LV�D�NH\�FRPSRQHQW�LQ�WKLV�ZRUN��
�
$�VSHFLILF�H[DPSOH�UDLVHG�E\�D�UHVSRQGHQW�SHUKDSV�LOOXVWUDWHV�WKH�ZD\�IRUZDUG��LW�LQYROYHV�WKH�
WULDO�RI�D�QHZ�DSSURDFK�WR�HQFRXUDJH�KLOO�FRXQWU\�HURVLRQ�PDQDJHPHQW�DW�D�FDWFKPHQW�VFDOH�
DQG�DV�SDUW�RI�D�EURDGHU�SURJUDPPH�DLPHG�WR�UHGXFH�UXQRII�DQG�VHGLPHQW�LQSXWV��IURP�DOO�
VRXUFHV��LQWR�DQ�DGMDFHQW�KDUERXU��7KH�RQJRLQJ�ZRUN�LQYROYHV�DQ�HQJDJHPHQW�ZLWK�WKH�ORFDO�
FRPPXQLW\�WR�HQVXUH�WKH�WUDQVIHU�RI�WKH�SURMHFW�IURP�EHLQJ�FRXQFLO�OHG�WR�EHLQJ�FRPPXQLW\�
UXQ��7KLV�SURMHFW��QRZ�LQ�\HDU�IRXU�RI�D�ILYH�\HDU�SURJUDPPH��LV�GHVLJQHG�WR�UXQ�RQ�EH\RQG�LWV�
FXUUHQW�ILYH�\HDU�IXQGLQJ�KRUL]RQ��EXW�XQGHU�GLUHFW�FRPPXQLW\�FRQWURO��,I�VXFFHVVIXO��LW�LV�
DQWLFLSDWHG�WKDW�WKH�H[SHULHQFH�JDLQHG�DQG�UHVRXUFHV�VHFXUHG�ZLOO�EH�WUDQVIHUUHG�WR�DGGUHVV�
RWKHU�SULRULW\�FDWFKPHQWV�LQ�WKH�UHJLRQ��2WKHU�H[DPSOHV�UDLVHG�LQFOXGHG�IXUWKHU�DWWHPSWV�WR�
LQWHJUDWH�RU�WUDQVIHU�UHVHDUFK�ILQGLQJV�WR�ODQGXVHUV��DV�LQ�6XVWDLQDEOH�/DQG�8VH�LQ�WKH�
7DUDQDNL�+LOO�&RXQWU\��7DUDQDNL�5HJLRQDO�&RXQFLO�������DQG�WKH�6XVWDLQDEOH�/DQG�8VH�
,QLWLDWLYH�LQ�WKH�0DQDZDWX��
�
���� &XUUHQW�UHVHDUFK�DQG�LQYHVWLJDWLRQ�
�
������ &DSDELOLW\�
�
7KH�PDMRU�H[SHUWLVH�IRU�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK�OLHV�ZLWKLQ�WKH�XQLYHUVLWLHV�DQG�&5,V��
7KLV�LV�GHVFULEHG�LQ�GHWDLO�LQ�$SSHQGL[���DQG�VXPPDULVHG�LQ�7DEOH����6RPH�UHJLRQDO�FRXQFLOV�
KDYH�VFLHQFH�VWDII��H�J���$5&��(QYLURQPHQW�:DLNDWR��+DZNH¶V�%D\��+RUL]RQV��DQG�FDUU\�RXW�
OLPLWHG�VFLHQWLILF�LQYHVWLJDWLRQV�DQG�6WDWH�RI�WKH�(QYLURQPHQW�PRQLWRULQJ��VHH�$SSHQGL[�����
0RUH�FRPPRQO\�WKH\�FRQWUDFW�RXW�UHVHDUFK�WR�&5,V�DQG�XQLYHUVLWLHV��
�
$PRQJVW�WKH�XQLYHUVLWLHV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ�KDV�KLVWRULFDOO\�KDG�WKH�VWURQJHVW�
LQWHUHVW�LQ�KLOO�FRXQWU\�HURVLRQ�ZLWK�D�ORQJ�UHFRUG�RI�ZRUN�UHODWLQJ�WR�ODQGVOLGHV��DQG�FXUUHQWO\�
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KDV�WZR�VWDII�PHPEHUV�DFWLYH�LQ�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK��8QLYHUVLW\�RI�&DQWHUEXU\��
8QLYHUVLW\�RI�:DLNDWR�DQG�0DVVH\�8QLYHUVLW\�KDYH�VWDII�ZLWK�UHOHYDQW�H[SHUWLVH�EXW�ZLWK�
OLPLWHG�FXUUHQW�DFWLYLW\��7KH�XQLYHUVLWLHV�WHQG�WR�EH�ZRUNLQJ�RQ�IXQGDPHQWDO�SURFHVV�LVVXHV�
�H�J��ODQGVOLGH�PHFKDQLFV��KLOOVORSH�FKDQQHO�FRXSOLQJ���
�
7KH�&5,V�KDYH�D�ZLGH�YDULHW\�RI�VWDII�ZLWK�FDSDELOLW\�IRU�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK�
�$SSHQGL[����LQ�WKH�DUHDV�RI��

•� (URVLRQ�SURFHVV�PHDVXUHPHQW�DQG�XQGHUVWDQGLQJ��/DQGFDUH�5HVHDUFK��*16��
•� 6RLO�PHFKDQLFV�DQG�VORSH�VWDELOLW\��*16��/DQGFDUH�5HVHDUFK��
•� +D]DUG�DQG�ULVN�DVVHVVPHQW��*16��/DQGFDUH�5HVHDUFK��
•� 0RGHOOLQJ��/DQGFDUH�5HVHDUFK��*16��1,:$��(QVLV��
•� 5HPRWH�VHQVLQJ��/DQGFDUH�5HVHDUFK��*16��(QVLV�
•� (URVLRQ�PLWLJDWLRQ�XVLQJ�YHJHWDWLRQ��LQFOXGLQJ�YHJHWDWLRQ�PDQDJHPHQW��$J5HVHDUFK��

+RUW5HVHDUFK��(QVLV��/DQGFDUH�5HVHDUFK��
•� 6RFLDO�VFLHQFH�DQG�QDWXUDO�UHVRXUFH�HFRQRPLFV��$J5HVHDUFK��/DQGFDUH�5HVHDUFK��

(QVLV���
/DQGFDUH�5HVHDUFK�DQG�*16�KDYH�WKH�PRVW�FDSDELOLW\�IRU�HURVLRQ�SURFHVV�DQG�VRLO�PHFKDQLFV�
UHVHDUFK�ZKLOH�$J5HVHDUFK��+RUW5HVHDUFK�DQG�(QVLV�IRFXV�PRUH�RQ�HURVLRQ�PLWLJDWLRQ��
/DQGFDUH�5HVHDUFK�DOVR�KDV�H[SHUWLVH�LQ�WKH�FRQWULEXWLRQ�URRWV�V\VWHPV�PDNH�WR�VORSH�
VWDELOLW\��$SSHQGL[���SURYLGHV�PRUH�GHWDLO�RQ�WKH�FDSDELOLW\�DQG�H[SHUWLVH�RI�HDFK�
RUJDQLVDWLRQ��7KH�&5,V�WHQG�WR�IRFXV�PRUH�RQ�DSSOLHG�UHVHDUFK�DQG�WHFKQRORJ\�GHYHORSPHQW�
�H�J��WKH�UHODWLRQVKLS�EHWZHHQ�YHJHWDWLRQ�FRYHU�DQG�HURVLRQ��GHYHORSPHQW�RI�QHZ�YDULHWLHV�RI�
SRSODUV�DQG�ZLOORZV���:KLOH�D�ODUJH�QXPEHU�RI�SHRSOH�KDYH�FDSDELOLW\�IRU�KLOO�FRXQWU\�HURVLRQ�
UHVHDUFK��D�IDU�VPDOOHU�QXPEHU�DUH�FXUUHQWO\�DFWLYHO\�HQJDJHG�LQ�UHOHYDQW�UHVHDUFK��7DEOH����
DQG�PDQ\�RI�WKRVH�ZKR�DUH�RQO\�KDYH�D�VPDOO�SURSRUWLRQ�RI�WKHLU�WLPH�GHYRWHG�WR�KLOO�FRXQWU\�
HURVLRQ�LVVXHV��)RU�H[DPSOH��$J5HVHDUFK�DQG�/DQGFDUH�5HVHDUFK�KDYH�D�ODUJH�QXPEHU�RI�
VRFLDO�VFLHQFH�UHVHDUFK�VWDII�EXW�QRQH�DUH�DFWLYHO\�LQYROYHG�LQ�KLOO�FRXQWU\�UHVHDUFK��
�
7DEOH��� 6XPPDU\�RI�FDSDELOLW\�IRU�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK�LQ�&5,V�DQG�
XQLYHUVLWLHV���QXPEHUV�FXUUHQWO\�ZRUNLQJ�RQ�VRPH�DVSHFW�RI�KLOO�FRXQWU\�HURVLRQ��QRWH�WKDW�
QRQH�RI�WKHVH�DUH�ZRUNLQJ�IXOO�WLPH�RQ�KLOO�FRXQWU\�HURVLRQ����VWDII�ZLWK�UHOHYDQW�H[SHUWLVH�EXW�
QRW�FXUUHQWO\�ZRUNLQJ�RQ�KLOO�FRXQWU\�HURVLRQ���
�
� &XUUHQWO\�DFWLYH� &DSDELOLW\��
8QLYHUVLW\�RI�:DLNDWR�� ���3K'�VWXGHQW�� ��
0DVVH\�8QLYHUVLW\� �� �
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���� ,QIRUPDWLRQ�JDSV�DQG�UHVHDUFK�QHHGV�
�
$SSHQGLFHV���DQG���OLVW�WKH�UHVSRQVHV�UHFHLYHG�IURP�PDQDJHPHQW�DJHQFLHV�DQG�UHVHDUFK�
SURYLGHUV�DQG�JLYH�LQGLYLGXDO�YLHZV�DERXW�NH\�UHVHDUFK�QHHGV��7KHVH�DUH�VXPPDULVHG�LQ�
7DEOH���DQG�JURXSHG�E\�WKH�W\SH�RI�LQIRUPDWLRQ�JDS�DQG�ZKLFK�DJHQF\�UHJDUGV�LW�DV�D�JDS��
�
7DEOH��� 5HVHDUFK�JDSV�LGHQWLILHG�E\�VXUYH\�UHVSRQGHQWV��
�
*DS� $JHQF\�
1R�SURFHVV�UHVHDUFK�QHHGHG� 7DUDQDNL�5&�
$ELOLW\�WR�PHDVXUH�UHJLRQDO�FDWFKPHQW�UDWHV�RI�HURVLRQ�DQG�
GHWHUPLQH�ZKDW�LV�WROHUDEOH��LQFOXGLQJ�PHDVXULQJ�WKH�FRQWULEXWLRQ�
IURP�GLIIHUHQW�ODQG�XVHV�DQG�ODQG�PDQDJHPHQW�SUDFWLFHV��EHLQJ�DEOH�
WR�GLVWLQJXLVK�QDWXUDO�DQG�LQGXFHG�HURVLRQ��ORQJ�WHUP�DQG�HYHQW�
EDVHG���DQG�WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�SURFHVVHV��VKHHW��
ODQGVOLGHV��EDQN�HURVLRQ��HDUWKIORZ��

1RUWKODQG��$5&��
(:��(%23��
+DZNH¶V�%D\��
(&DQ��)HG�)DUPHUV��
1=)2$��:DLNDWR�
8QL��*16��1,:$��
/&5�

(IIHFWLYH�HURVLRQ�LQGLFDWRUV�IRU�62(�UHSRUWLQJ� $5&��/&5�
,QWHJUDWHG�UHVHDUFK�RQ�VHGLPHQW�G\QDPLFV��FRQQHFWLYLW\�DQG�ODJV��
ZLWKLQ�FDWFKPHQWV�DQG�GRZQVWUHDP�HIIHFWV��LQFOXGLQJ�VORSH±
FKDQQHO�OLQNDJHV�

(:��+DZNH¶V�%D\��
+RUL]RQV��*LVERUQH�
'&��:DLNDWR�8QL��
0DVVH\�8QL��98:��
*16��1,:$��/&5�

)LHOG�VWXGLHV�RI�ODQGVOLGH�IUHTXHQF\�PDJQLWXGH�LPSDFW��LQLWLDWLRQ�
WKUHVKROGV�

98:��*16��
1,:$�

5XQRII�JHQHUDWLRQ�SURFHVVHV� 1,:$�
,PSDFWV�RI�FOLPDWH�FKDQJH�RQ�HURVLRQ� $5&��/&5�
/RQJ�WHUP�LPSDFWV�RI�HURVLRQ��RQ�VRLOV�DQG�ODQGVFDSH�UHVSRQVH�� (&DQ��98:�
(URVLRQ�SUHGLFWLRQ�WRROV�PRGHOV�LQFRUSRUDWLQJ�ODQG�
XVH�PDQDJHPHQW�HIIHFWV�DQG�DEOH�WR�GLVWLQJXLVK�GLIIHUHQW�HURVLRQ�
SURFHVVHV�

(:��7DUDQDNL��
+DZNH¶V�%D\��
*16��/&5�

$GHTXDWHO\�IXQGHG�ZLOORZ�DQG�SRSODU�EUHHGLQJ�SURJUDPPH� 7DUDQDNL��
:HOOLQJWRQ�5&�

%LRPHFKDQLFV�RI�HURVLRQ�FRQWURO���LQFOXGLQJ�DOWHUQDWLYH�WUHH�VSHFLHV� (%23��/&5��
$J5HVHDUFK�

(IIHFWLYHQHVV�RI�WUHHV��LQFOXGLQJ�ZLOORZV��SRSODUV�DQG�QDWLYHV��IRU�
HURVLRQ�FRQWURO�DQG�WKHLU�PDQDJHPHQW�UHTXLUHPHQWV��DQG�RWKHU�
HURVLRQ�FRQWURO�PHDVXUHV��RYHU�D�UDQJH�RI�HYHQW�PDJQLWXGH�

$5&��*LVERUQH�
'&��(&DQ��*16��
/&5��$J5HVHDUFK�

&RVW±EHQHILW�DQDO\VLV�RI�GLIIHUHQW�PLWLJDWLRQ�WHFKQLTXHV�LQFOXGLQJ�
FR�EHQHILWV�RI�HURVLRQ�FRQWURO�RQ�FDUERQ�VWRUDJH��UROH�RI�HURVLRQ�LQ�
FDUERQ�EXGJHW�

(%23��+RUL]RQV��
98:��*16��/&5��
+RUW5HVHDUFK��
(QVLV��1=)2$�

� �
2SWLRQV�IRU�HURVLRQ�PDQDJHPHQW�LQ�QDWLYH�IRUHVWV� (:�
'HVLJQ�DQG�LPSOHPHQWDWLRQ�RI�RSWLPDO�ODQG�XVH�DQG�ODQG� (QVLV��$J5HVHDUFK�



�

/DQGFDUH�5HVHDUFK�

��

PDQDJHPHQW�SDWWHUQV�WR�PD[LPLVH�HURVLRQ�PLWLJDWLRQ�ZKLOH�
UHFRJQLVLQJ�SURGXFWLRQ�YDOXHV�
(IIHFWLYH�FRPPXQLW\�HQJDJHPHQW�SURFHVVHV�IRU�HURVLRQ�DQG�
FDWFKPHQW�PDQDJHPHQW�

$5&��/&5��
+RUW5HVHDUFK�

,PSURYHG�WHFKQRORJ\�WUDQVIHU�� (%23��+DZNH¶V�
%D\��(QVLV�

%LRORJLFDO�DQG�HFRQRPLF�FRVWV�RI�HURVLRQ� 1=)2$��(QVLV�
�

�� &RQFOXVLRQV�
�
7ZHQW\�RQH�GLIIHUHQW�W\SHV�RI�KLOO�FRXQWU\�WHUUDLQ�FDQ�EH�UHFRJQLVHG�EDVHG�RQ�YDULDWLRQ�LQ�
URFN�W\SH��WRSRJUDSK\��HURVLRQ�SURFHVVHV�DQG�VHYHULW\��7KHVH�WHUUDLQV�FDQ�EH�IXUWKHU�
JURXSHG�RQ�LQKHUHQW�HURVLRQ�VXVFHSWLELOLW\�LQWR�ORZ��PHGLXP��KLJK�VXVFHSWLELOLW\��7KUHH�
WHUUDLQV�DUH�UDWHG�KLJK��RQ�VRIW�URFN�DQG�FUXVKHG�VRIW�URFN���ILYH�DUH�ORZ��RQ�KDUG�URFNV�RU�
HDVLHU�VORSHV��DQG�WKH�UHPDLQGHU�PHGLXP��
�
,Q�WKH�1RUWK�,VODQG��WKH�PDMRULW\�RI�KLOO�FRXQWU\�LV�GHYHORSHG�RQ�VRIW�URFN�DQG�FUXVKHG�
VRIW�URFN��ZLWK�VPDOOHU�DUHDV�RI�YROFDQLF�DVK�DQG�ORHVV�PDQWOHG�WHUUDLQ��KDUG�URFN�KLOO�
FRXQWU\�DQG�GHHSO\�ZHDWKHUHG�VHGLPHQWDU\�DQG�LJQHRXV�URFNV��(URVLRQ�LV�ZLGHVSUHDG�EXW�
RQO\���������KD�KDV�D�PDSSHG�HURVLRQ�VHYHULW\�RI�VHYHUH��YHU\�VHYHUH�RU�H[WUHPH��PRVWO\�
ORFDWHG�RQ�WKH�(DVW�&RDVW��ZLWK�VPDOOHU�DUHDV�LQ�LQODQG�7DUDQDNL��&RURPDQGHO�DQG�
1RUWKODQG��7KH�1RUWK�,VODQG�KLOO�FRXQWU\�LV�GRPLQDWHG�E\�PDVV�PRYHPHQW�HURVLRQ��VRLO�
VOLS��HDUWKIORZ�DQG�JXOO\�HURVLRQ���,Q�WKH�6RXWK�,VODQG�PRVW�KLOO�FRXQWU\�LV�GHYHORSHG�RQ�
KDUG�URFN�WHUUDLQ��ZLWK�PLQRU�DUHDV�RQ�VRIW�URFNV��DQG�ZHDWKHUHG�KDUG�URFNV��/RHVV�
PDQWOHV�PDQ\�KLOO�FRXQWU\�DUHDV�LQ�WKH�HDVW�RI�WKH�6RXWK�,VODQG��7KH�6RXWK�,VODQG�LV�
GRPLQDWHG�E\�VXUIDFH�HURVLRQ��ZLWK�IDU�OHVV�H[WHQVLYH�PDVV�PRYHPHQW��/HVV�WKDQ���������
KD�KDYH�DQ�HURVLRQ�VHYHULW\�UDQNLQJ�RI�VHYHUH��YHU\�VHYHUH�RU�H[WUHPH��
�
/DQGVOLGHV��DQG�WKHLU�LPSDFWV��DUH�WKH�EHVW�VWXGLHG�HURVLRQ�SURFHVV�ZLWK�JXOO\�DQG�
HDUWKIORZ�HURVLRQ�IDU�OHVV�ZHOO�VWXGLHG��5HFHQW��SRVW�������UHVHDUFK�KDV�IRFXVHG�RQ�WKH�
PRVW�KLJKO\�HURGLEOH�DUHDV��RIWHQ�LQ�UHVSRQVH�WR�WKH�LPSDFWV�RI�VWRUPV��LQFOXGLQJ�WKH�
:HOOLQJWRQ�DQG�:DLUDUDSD�DUHDV��+DZNH¶V�%D\�DQG�*LVERUQH��7DUDQDNL�UHJLRQ�DQG�WKH�
0DQDZDWX±:DQJDQXL�DUHD��)DU�OHVV�LV�NQRZQ�RI�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�LQ�DUHDV�
VXFK�DV�1RUWKODQG��&RURPDQGHO��:DLNDWR±.LQJ�&RXQWU\��WKH�&HQWUDO�1RUWK�,VODQG�
9ROFDQLF�3ODWHDX�DQG�WKH�6RXWK�,VODQG��
�
*HRORJ\�DQG�FOLPDWH�ODUJHO\�GHWHUPLQH�WKH�ODQGVFDSH¶V�LQKHUHQW�VXVFHSWLELOLW\�WR�HURVLRQ��
LQFOXGLQJ�WKH�UHVSRQVH�WR�YHJHWDWLRQ�FKDQJH��&ORVHG�FDQRS\�ZRRG\�YHJHWDWLRQ�UHGXFHV�
UDWHV�RI�KLOOVORSH�HURVLRQ�E\�DQ�RUGHU�RI�PDJQLWXGH�RQ�WKH�PRVW�VXVFHSWLEOH�WHUUDLQ��RQ�
RWKHU�WHUUDLQ�KLOOVORSH�HURVLRQ�LV�UHGXFHG�EXW�WKH�GHJUHH�RI�UHGXFWLRQ�LV�QRW�DV�ZHOO�
TXDQWLILHG��7KH�LPSDFWV�RI�SUH��RU�SRVW�(XURSHDQ�GHIRUHVWDWLRQ�KDYH�SHUVLVWHG�IRU�PRUH�
WKDQ�D�FHQWXU\�HVSHFLDOO\�LQ�WKRVH�ODQGVFDSHV�ZLWK�WKLFN�UHJROLWKV�DQG�RU�VRIW�URFNV�
6XVFHSWLELOLW\�WR�HURVLRQ�LV�UHDGLO\�LGHQWLILDEOH�DW�D�UHJLRQDO�VFDOH�DQG�LQFUHDVLQJO\�WRROV�
DQG�PHWKRGV�DUH�EHFRPLQJ�DYDLODEOH�WKDW�FDQ�EH�XVHG�DW�KLOOVORSH�DQG�IDUP�VFDOH��/DUJH�
VWRUPV��RU�ORQJ�ZHW�SHULRGV��GULYH�PDVV�PRYHPHQW��ODQGVOLGH��HDUWKIORZ��RQ�KLOOVORSHV�
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�KLJK�PDJQLWXGH��ORZ�IUHTXHQF\�HYHQWV���)RU�IOXYLDO�HURVLRQ��JXOO\LQJ��EDQN�DQG�FKDQQHO�
HURVLRQ��WKH�VPDOOHU�PRUH�IUHTXHQW�VWRUPV�DUH�PRUH�LPSRUWDQW��L�H��ORZ�PDJQLWXGH��KLJK�
IUHTXHQF\�HYHQWV���+DUYHVWLQJ�RI�IRUHVWV�LQFUHDVHV�HURVLRQ�UDWHV�LQ�WKH�VKRUW�WHUP��EXW�RYHU�
WKH�OHQJWK�RI�D�IRUHVW�URWDWLRQ�SDVWXUH�SURGXFHV�PRUH�VHGLPHQW�WKDQ�IRUHVWU\��&OLPDWH�
FKDQJH�LV�OLNHO\�WR�H[DFHUEDWH�HURVLRQ�SUREOHPV�LQ�WKH�ZRUVW�DIIHFWHG�DUHDV�VLQFH�LW�LV�
SUHGLFWHG�WR�FDXVH�KHDYLHU�DQG�RU�PRUH�IUHTXHQW�H[WUHPH�UDLQIDOOV��
�
7KHUH�LV�D�ZLGH�UDQJH�RI�LQIRUPDWLRQ�VRXUFHV�RQ�PDQDJHPHQW�RSWLRQV�IRU�SUHYHQWLQJ�DQG�
FRQWUROOLQJ�HURVLRQ�LQ�1HZ�=HDODQG�KLOO�FRXQWU\�LQFOXGLQJ�WKH�VHPLQDO�SXEOLFDWLRQV�WKH�
3ODQW�0DWHULDOV�+DQGERRN�IRU�6RLO�&RQVHUYDWLRQ��+DWKDZD\�5/�����D���&RQWURO�RI�6RLO�
(URVLRQ�RQ�)DUPODQG��+LFNV��������WKH�6RLO�&RQVHUYDWLRQ�7HFKQLFDO�+DQGERRN��+LFNV�	�
$QWKRQ\�������DQG�WKH�1HZ�=HDODQG�(QYLURQPHQWDO�&RGH�RI�3UDFWLFH�IRU�3ODQWDWLRQ�
)RUHVWU\��1HZ�=HDODQG�)RUHVW�2ZQHUV�$VVRFLDWLRQ��������0RVW�UHJLRQDO�FRXQFLOV�XVH�
WKHVH�VRXUFHV�DQG�KDYH�GHYHORSHG�ORFDOO\�UHOHYDQW�DQG�SUDFWLFDO�UHVRXUFHV�WKDW�WKH\�XVH�WR�
SURYLGH�DGYLFH�WR�IDUPHUV��IDFW�VKHHWV��QHZVOHWWHUV��ZHEVLWH�LQIRUPDWLRQ��HWF����0XFK�RI�
WKH�LQIRUPDWLRQ�KDV�EHHQ�SDFNDJHG�LQWR�D�IUHHO\�DYDLODEOH�GHFLVLRQ�VXSSRUW�V\VWHP�FDOOHG�
WKH�µ*UHHQ�7RROER[¶��
�
7KH�PRVW�HIIHFWLYH�YHJHWDWLRQ�IRU�FRQWUROOLQJ�PDVV�PRYHPHQW�RQ�WKH�PRVW�VHYHUHO\�
HURGLQJ�ODQG�LV�PDWXUH��FORVHG�FDQRS\��LQGLJHQRXV�RU�H[RWLF�IRUHVW��L�H��D�FKDQJH�LQ�ODQG�
XVH���2Q�KLOO�VORSHV�ZLWKRXW�D�ZRRG\�FRPSRQHQW��PDLQWDLQLQJ�D�SHUVLVWHQW��FRPSOHWH�
SDVWXUH�FRYHU�UHGXFHV�VXUIDFH�HURVLRQ�SURFHVVHV�RI�ZLQG��VKHHW�ZDVK��DQG�ULOOLQJ��7ZR�WLHU�
V\VWHPV�XVLQJ�D�ZRRG\�FRPSRQHQW��XVXDOO\�3RSXOXV��6DOL[��(XFDO\SWXV��3LQXV��RU�$FDFLD�
VSHFLHV��KDYH�FRPPRQO\�EHHQ�XVHG�WR�UHGXFH�WKH�OLNHOLKRRG�RI�PDVV�PRYHPHQW�ZKLOH�
PDLQWDLQLQJ�SDVWRUDO�ODQG�XVH��3RSXOXV�DQG�6DOL[�VSHFLHV�DUH�SUHIHUUHG�ZKHUH�HURVLRQ�LV�
PHGLDWHG�E\�VXUSOXV�VRLO�ZDWHU�DQG�JUD]LQJ�OLYHVWRFN�GXULQJ�WUHH�HVWDEOLVKPHQW�LV�IHDVLEOH��
$FDFLD�DQG�(XFDO\SWXV�VSHFLHV�DUH�UHFRPPHQGHG�IRU�XVH�RQ�VHDVRQDOO\�GURXJKW�SURQH�
VLWHV��7ZR�WLHU�V\VWHPV�LQYROYLQJ�3LQXV�UDGLDWD�FDQ�EH�XVHG�WR�GHULYH�GXDO�EHQHILWV�RI�
WLPEHU�SURGXFWLRQ�DW�PDWXULW\�DQG�PHDW�ZRRO�LQFRPH�LQ�DW�OHDVW�WKH�HDUO\�DQG�LQWHUPHGLDWH�
\HDUV�RI�WKH�WUHH�URWDWLRQ��
�
&RQWURO�RI�JXOO\�HURVLRQ�XVHV�VSDFHG�SODQWLQJ�RI�3RSXOXV�RU�6DOL[�VSHFLHV�LQ�FRPELQDWLRQ�
ZLWK�HQJLQHHULQJ�VWUXFWXUHV��H�J��GHEULV�GDPV��ZKLOH�WKH�WUHHV�HVWDEOLVK��7KH�PRVW�
VXFFHVVIXO�V\VWHP�LV�µSDLU�SODQWLQJ¶�XS�WKH�JXOO\�DW�VSDFLQJV�RI��±���P�EHWZHHQ�SDLUV��
6HYHUHO\�HURGLQJ�JXOOLHV�VKRXOG�EH�UHWLUHG�IURP�JUD]LQJ�DQG�FORVHG�SODQWHG�ZLWK�WUHHV��
(DUWKIORZV�DQG�VOXPSV�FDQ�EH�VWDELOLVHG�E\�VSDFH�SODQWHG�WUHHV�DQG�DIIRUHVWDWLRQ��DORQJ�
ZLWK�WKH�XVH�RI�VXEVXUIDFH�GUDLQV�DQG�GLYHUVLRQ�EDQNV��5HFRPPHQGHG�WUHH�VSDFLQJV�YDU\�
GHSHQGLQJ�RQ�DWWULEXWHV�VXFK�DV�WKH�H[WHQW�RI�WKH�HDUWKIORZ��LWV�PRYHPHQW�DQG�VWDJH�RI�
GHYHORSPHQW��DQG�GHSWK�WR�WKH�IDLOXUH�SODQH��
�
7KH�HIIHFWLYHQHVV�RI�PDWXUH��FORVHG�FDQRS\��LQGLJHQRXV�RU�H[RWLF�IRUHVW�IRU�FRQWUROOLQJ�
YDULRXV�W\SHV�RI�PDVV�PRYHPHQW�LV�ZHOO�GRFXPHQWHG�LQ�D�UDQJH�RI�KLOO�FRXQWU\�WHUUDLQV�
�LQFOXGLQJ�VRIW�URFN��FUXVKHG�VRIW�URFN��GHHSO\�ZHDWKHUHG�URFNV�DQG�VWHHS�KDUG�URFN���DQG�
HYHQW�VL]HV��LQFOXGLQJ�H[WUHPH�VWRUP�HYHQWV�VXFK�DV�&\FORQH�%ROD��,Q�WZR�WLHU�V\VWHPV�
ZKHUH�WUHHV�DUH�VSDFHG�WR�HQDEOH�HURVLRQ�FRQWURO�DQG�WKH�PDLQWHQDQFH�RI�DQ�XQGHUVWRUH\�
SDVWXUH�IRU�OLYHVWRFN�JUD]LQJ��PHDVXUHV�RI�HIIHFWLYHQHVV�IRU�HURVLRQ�FRQWURO�DUH�QRW�DV�ZHOO�
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GRFXPHQWHG�VFLHQWLILFDOO\��EXW�ZKDW�VWXGLHV�DUH�DYDLODEOH�VXJJHVW�WKH�LQWHUDFWLRQ�EHWZHHQ�
URRWV�RI�QHLJKERXULQJ�WUHHV�DW�FORVH�VSDFLQJV�ZDV�D�PDMRU�IDFWRU�LQ�WUHDWPHQW�VXFFHVV��
�
:KLOH�XQGHUVWDQGLQJ�RI�VRLO�HURVLRQ�DV�D�SK\VLFDO�SURFHVV�LV�ZHOO�DGYDQFHG��WKHUH�LV�OLWWOH�
SXEOLVKHG�UHVHDUFK�WKDW�VSHFLILFDOO\�DGGUHVVHV�ODQG�PDQDJHPHQW�IURP�D�VRFLDO�RU�
EHKDYLRXUDO�SHUVSHFWLYH��*LYHQ�WKH�EURDG�DFFHSWDQFH�WKDW�HURVLRQ�UHPDLQV�1HZ�=HDODQG¶V�
IXQGDPHQWDO�HQYLURQPHQWDO�WKUHDW��SDUWLFXODUO\�LQ�DJULFXOWXUH��WKH�H[WHQW�DQG�GHSWK�RI�
UHVHDUFK�DYDLODEOH�RQ�WKH�VRFLDO�DQG�EHKDYLRXUDO�FDXVHV�RI�WKH�SUREOHP��DQG�LWV�VROXWLRQ��
UHPDLQ�VXUSULVLQJO\�VPDOO��:KLOH�ODUJH�VWRUPV�FRQWLQXH�WR�KDYH�D�VHYHUH�LPSDFW�RQ�PDQ\�
KLOO�FRXQWU\�DUHDV��WKHUH�LV�OLWWOH�HYLGHQFH�WKDW�WKLV�KDV�JHQHUDWHG�DQ\�VL]HDEOH�ERG\�RI�
VRFLDO�VFLHQFH�UHVHDUFK�WR�H[SRVH�HLWKHU�WKH�GULYHUV�RI�SUH�H[LVWLQJ�PDQDJHPHQW�SUDFWLFHV�
RU�DWWLWXGHV�WR�WKH�QHHG�IRU�IXWXUH�FKDQJH��
�
1HZ�=HDODQG¶V�FRPPLWPHQW�WR�D�IUHH�PDUNHW�PRGHO�WR�SURPRWH�ODQG�XVH�FKDQJH�KDV�
LQFUHDVLQJO\�IRFXVHG�VRFLDO�UHVHDUFK�RQ�µVXVWDLQDEOH�ODQG�XVH¶��DQG�D�SULPDU\�DFFHSWDQFH�
WKDW�YROXQWDU\�DFWLRQV�E\�IDUPHUV�DUH�WKH�NH\�WR�DFKLHYH�GHVLUHG�RXWFRPHV��6RPH�
OLWHUDWXUH�VXJJHVWV�WKLV�LV�ODUJHO\�VHHQ�ZLWKLQ�WKH�FRQWH[W�RI�HFRQRPLF�YLDELOLW\��ZKLOH�
RWKHU�VWXGLHV�VXJJHVW�LW�PRUH�RIWHQ�UHIOHFWV�WKH�XQGHUO\LQJ�HQYLURQPHQWDO�YDOXHV�RI�WKRVH�
IDUPHUV�FRQFHUQHG��7KH�FRQWUDGLFWRU\�HYLGHQFH�VXJJHVWV�D�ODFN�RI�XQGHUVWDQGLQJ�RI�WKH�
FKDUDFWHULVWLFV�DQG�YDOXHV�WKDW�GHWHUPLQH�ODQG�PDQDJHPHQW�SUDFWLFHV��
�
7KHUH�LV�OLWWOH�HYLGHQFH�WKDW�WKHUH�KDV�EHHQ�HLWKHU�DQ�HIIHFWLYH�HIIRUW�E\�EHKDYLRXUDO�
VFLHQWLVWV�RU�WKH�QHFHVVDU\�IXOO�LQWHJUDWLRQ�RI�EHKDYLRXUDO�IDFWRUV�LQWR�PDQDJHPHQW�
SROLFLHV��1RU�KDV�WKHUH�EHHQ�PXFK�HIIRUW�SODFHG�RQ�LQVWLWXWLRQDO�EHKDYLRXU�DQG�WKH�QHHG�
IRU�LQVWLWXWLRQDO�VXSSRUW�LI�YROXQWDU\�VWUDWHJLHV�DUH�WR�UHPDLQ�1HZ�=HDODQG¶V�NH\�VWUDWHJ\�
IRU�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ��7KH�IDLOXUH�WR�PRYH�WR�D�PRUH�LQWHJUDWHG��
PXOWLGLVFLSOLQDU\�DSSURDFK�LQFRUSRUDWLQJ�D�QXPEHU�RI�GLIIHUHQW�SK\VLFDO�DQG�VRFLDO�
VFLHQFH�GLVFLSOLQHV�LQ�KLOO�FRXQWU\�UHVHDUFK�LV�D�UHVXOW�RI�D�QXPEHU�RI�IDFWRUV�LQFOXGLQJ�
IXQGLQJ�FRQVWUDLQWV��ORZ�SULRULW\�JLYHQ�WR�HURVLRQ�UHVHDUFK�E\�IXQGHUV�DQG�UHVHDUFK�
SURYLGHUV��ODFN�RI�LQWHUHVW�DPRQJ�VRFLDO�VFLHQWLVWV��DQG�WKH�GLIILFXOW\�RI�PDQDJLQJ�
PXOWLGLVFLSOLQDU\�WHDP�DSSURDFKHV��
�
$�ODUJH�QXPEHU�RI�VFLHQWLVWV�KDYH�FDSDELOLW\�IRU�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK��EXW�D�IDU�
VPDOOHU�QXPEHU�DUH�FXUUHQWO\�DFWLYHO\�HQJDJHG�LQ�UHOHYDQW�UHVHDUFK��DQG�PDQ\�RI�WKRVH�
ZKR�DUH�RQO\�KDYH�D�VPDOO�SURSRUWLRQ�RI�WKHLU�WLPH�GHYRWHG�WR�KLOO�FRXQWU\�HURVLRQ�LVVXHV��
$W�OHDVW������PLOOLRQ�SHU�DQQXP�LV�EHLQJ�VSHQW�RQ�DVSHFWV�RI�KLOO�FRXQWU\�UHVHDUFK��EXW�LW�LV�
VFDWWHUHG�DFURVV�D�ZLGH�YDULHW\�RI�SURJUDPPHV�DQG�SURMHFWV��DQG�UHVHDUFK�SURYLGHUV��DQG�
DV�D�FRQVHTXHQFH�LV�SRRUO\�FRRUGLQDWHG��2QO\�WZR�FHQWUDO�JRYHUQPHQW��)567��IXQGHG�
PDMRU�UHVHDUFK�SURJUDPPHV�IRFXV�DOPRVW�HQWLUHO\�RQ�KLOO�FRXQWU\�HURVLRQ��*16�
0DUJLQV�
6RXUFH�WR�6LQN
�SURJUDPPH��/DQGFDUH�5HVHDUFK�µ/DQGVFDSH�5HVLOLHQFH¶�SURJUDPPH���
2WKHU�)567�IXQGHG�SURJUDPPHV�UXQ�E\�(QVLV��*16��1,:$��/DQGFDUH�5HVHDUFK��DQG�
6/85,�KDYH�PLQRU�FRPSRQHQWV�RI�KLOO�FRXQWU\�HURVLRQ�UHVHDUFK�ZLWKLQ�WKHP��'LUHFW�
UHJLRQDO�FRXQFLO�IXQGLQJ�DQG�(QYLUROLQN�DUH�VLJQLILFDQW�VRXUFHV�RI�IXQGLQJ��
�
�
�
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5HVHDUFK�JDSV�LGHQWLILHG�E\�WKH�JUHDWHVW�QXPEHU�RI�VWDNHKROGHUV�LQFOXGHG��
•� $ELOLW\�WR�PHDVXUH�UHJLRQDO�FDWFKPHQW�UDWHV�RI�HURVLRQ�DQG�GHWHUPLQH�ZKDW�LV�

WROHUDEOH��LQFOXGLQJ�PHDVXULQJ�WKH�FRQWULEXWLRQ�IURP�GLIIHUHQW�ODQG�XVHV�DQG�ODQG�
PDQDJHPHQW�SUDFWLFHV��EHLQJ�DEOH�WR�GLVWLQJXLVK�QDWXUDO�DQG�LQGXFHG�HURVLRQ��DQG�
WKH�FRQWULEXWLRQ�RI�GLIIHUHQW�SURFHVVHV�

•� ,QWHJUDWHG�UHVHDUFK�RQ�VHGLPHQW�G\QDPLFV��FRQQHFWLYLW\�DQG�ODJV��ZLWKLQ�
FDWFKPHQWV�DQG�GRZQVWUHDP�HIIHFWV��LQFOXGLQJ�VORSH±FKDQQHO�OLQNDJHV�

•� 'HYHORSPHQW�RI�HURVLRQ�SUHGLFWLRQ�WRROV�PRGHOV�LQFRUSRUDWLQJ�ODQG�
XVH�PDQDJHPHQW�HIIHFWV�DQG�DEOH�WR�GLVWLQJXLVK�GLIIHUHQW�HURVLRQ�SURFHVVHV�

•� (IIHFWLYHQHVV�RI�VSDFH�SODQWHG�WUHHV��LQFOXGLQJ�ZLOORZV��SRSODUV�DQG�QDWLYHV��IRU�
HURVLRQ�FRQWURO�DQG�WKHLU�PDQDJHPHQW�UHTXLUHPHQWV��DQG�RWKHU�HURVLRQ�FRQWURO�
PHDVXUHV��RYHU�D�UDQJH�RI�HYHQW�PDJQLWXGHV�

•� &RVW±EHQHILW�DQDO\VLV�RI�GLIIHUHQW�PLWLJDWLRQ�WHFKQLTXHV�LQFOXGLQJ�FR�EHQHILWV�RI�
HURVLRQ�FRQWURO�RQ�FDUERQ�VWRUDJH��UROH�RI�HURVLRQ�LQ�WKH�FDUERQ�EXGJHW�

•� (IIHFWLYH�FRPPXQLW\�HQJDJHPHQW�SURFHVVHV�IRU�HURVLRQ�DQG�FDWFKPHQW�
PDQDJHPHQW��DQG�LPSURYHG�WHFKQRORJ\�WUDQVIHU�

�

�� $FNQRZOHGJHPHQWV�
�
:H�DUH�JUDWHIXO�WR�DOO�WKRVH�ZKR�UHVSRQGHG�WR�RXU�UHTXHVW�IRU�LQIRUPDWLRQ��0HJDQ�%DONV��
&DWKLH�%UXPOH\��'DYH�&DPHURQ��%RE�&DWKFDUW��0LNH�&UR]LHU��1LNNL�(DGH��6DQG\�(OOLRWW��
*DUWK�(\OHV��(ZDQ�)RUG\FH��7UHYRU�)UHHPDQ��,DQ�)XOOHU��+LODU\�*XEE��5HHFH�+LOO��
'HQQLV�+RFNLQJ��+D\GHQ�-RQHV��6XVLH�0F.HDJXH��3DXO�0HWFDOI��*DU\�0RUJDQ��0LNH�
3DJH��-RKQ�3KLOOLSV��9HUD�3RZHU��1LFN�3UHVWRQ��%UHQGDQ�5RGG\��'RQ�6KHDUPDQ��6LPRQ�
6WRNHV��0DOFRP�7RGG��3HWHU�:HLU���
�
-DPHV�%DUULQJHU�SURYLGHG�WKH�PDSV��&KULV�3KLOOLSV��7LP�'DYLH�DQG�&KULVWLQH�%H]DU�
UHYLHZHG�HDUOLHU�GUDIWV�RI�WKLV�UHSRUW��
�
2XU�WKDQNV�WR�0$)�IRU�SURYLGLQJ�IXQGLQJ�IRU�WKLV�ZRUN�XQGHU�FRQWUDFW�QXPEHU�
32/�,19����������
�
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�� 5HIHUHQFHV�
�
$GDPV�-�������&RQWHPSRUDU\�XSOLIW�DQG�HURVLRQ�RI�WKH�6RXWKHUQ�$OSV��1HZ�=HDODQG��

*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ������±�����
$OOHQ�:��.LOYLQJWRQ�0��1L[RQ�&��<HDEVOH\�-�������6XVWDLQDEOH�GHYHORSPHQW�H[WHQVLRQ��

0$)�7HFKQLFDO�3DSHU�1R����������3UHSDUHG�IRU�0$)�3ROLF\�E\�/DQGFDUH�5HVHDUFK��
:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���

$GDPV�5��(OOLRWW�$+�������3K\VLFDOO\�EDVHG�PRGHOOLQJ�RI�VHGLPHQW�JHQHUDWLRQ�DQG�
WUDQVSRUW�XQGHU�D�ODUJH�UDLQIDOO�VLPXODWRU��+\GURORJLFDO�3URFHVVHV���������������

$QGUHZ�3��+D\HV�5��&ROOLHU�+�������(DVW�&RDVW�1RUWK�,VODQG�VXVWDLQDELOLW\�LVVXHV��0$)�
3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���

$QRQ������D��*URZWK�DQG�SURILWDELOLW\�RI�SLQHV�RQ�*LVERUQH�KLOO�FRXQWU\��&RQVHUYDWLRQ�
4XRUXP�������±����

$QRQ������E��3ODQ�FRPEDWV�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��KWWS���ZZZ�FRXQWU\�
ZLGH�FR�Q]�DUWLFOH������KWPO���

$QRQ������F��)DUPHUV�DFW�WR�KDOW�KLOO�VRLO�HURVLRQ��&RXQWU\:LGH�6RXWKHUQ��85/��
KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���

$QRQ��������2YHU�VRZLQJ�SUHYHQWV�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��
KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���

$QRQ������D��0DQDJLQJ�WKH�³WRH´�RI�D�VORSH��&RQVHUYDWLRQ�4XRUXP������±���
$QRQ������E��/DQG�RYHUOD\��$�±�GRWWLQJ�WKH�,¶V�DQG�SODQWLQJ�WKH�W�U�HHV��&RQVHUYDWLRQ�

4XRUXP������±���
$QRQ������F��/DQG�UHWLUHPHQW�RSWLRQ�IRU�5DLQH\V��&RXQWU\:LGH�1RUWKHUQ��85/��

KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���
$QRQ������G��7UHHV�LQVXUDQFH�DJDLQVW�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��

KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���
$QWKRQL�-)�������6RLO�LQ�1HZ�=HDODQG��ZZZ�VHDIULHQGV�RUJ�Q]�HQYLUR�VRLO�VRLOQ]�KWP���
$QWKRQ\�7�������0DQDJLQJ�ZDWHUZD\V�RQ�IDUPV��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�

(QYLURQPHQW��
$VKE\�*&$�������*HRORJLFDO�FRQWUROV�RQ�ODQGVOLGLQJ�LQ�WKH�.DXHUDQJD�9DOOH\��

&RURPDQGHO�5DQJHV��DQG�VRXUFHV�RI�VHGLPHQW�LQ�VWUHDP�FKDQQHOV��06F�WKHVLV��
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

%DVKHU�/5�������6RLO�DQG�ODQGVFDSH�SURFHVVHV��,Q��&OLPDWH�FKDQJH��,PSDFWV�RQ�1HZ�
=HDODQG��LPSOLFDWLRQV�IRU�WKH�HQYLURQPHQW��HFRQRP\�DQG�VRFLHW\��:HOOLQJWRQ��
0LQLVWU\�IRU�WKH�(QYLURQPHQW��3S����±����

%DVKHU�/5�������$�UHYLHZ�RI�HURVLRQ�VWXGLHV�LQ�&DQWHUEXU\��/DQGFDUH�5HVHDUFK�&RQWUDFW�
5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�&RXQFLO��XQSXEOLVKHG������S��

%DVKHU�/5�������(URVLRQ�SURFHVVHV�LQ�WKH�6RXWK�,VODQG��1HZ�=HDODQG��D�VXPPDU\�RI�
H[LVWLQJ�LQIRUPDWLRQ��3UHSDUHG�IRU�WKH�(URVLRQ�&DUERQ�PHHWLQJ��3DOPHUVWRQ�1RUWK��
��±���-XQH������8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�UHSRUW��

%DVKHU�/��(NDQD\DNH�-��3D\QH�-��:DWVRQ�$��%HWWV�+�������/DQGVOLGH�PRGHOOLQJ�DQG�ILHOG�
H[SHULPHQWDWLRQ�IRU�WKH�5DJODQ�)LQH�6HGLPHQW�6WXG\��3URJUHVV�UHSRUW�����±����
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�1,:$�����S��



�

/DQGFDUH�5HVHDUFK�

��

%HHWKDP�5'�������6HLVPLFLW\�DQG�ODQGVOLGLQJ�ZLWK�VSHFLDO�DWWHQWLRQ�WR�1HZ�=HDODQG��
06F�WKHVLV��'HSW��RI�&LYLO�(QJLQHHULQJ��,PSHULDO�&ROOHJH�RI�6FLHQFH�DQG�7HFKQRORJ\��
8QLYHUVLW\�RI�/RQGRQ��8.��

%HOO�'+�������+LJK�LQWHQVLW\�UDLQVWRUPV�DQG�JHRORJLFDO�KD]DUGV��&\FORQH�$OLVRQ��0DUFK�
������.DLNRXUD��1HZ�=HDODQG��%XOOHWLQ�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�
(QJLQHHULQJ�*HRORJ\��������±����

%HO]�'7�������,QYHVWLJDWLRQV�RI�VXEVLGHQFH�DW�8WLNX��6RLO�DQG�:DWHU���������±�����
%HQQHWW�++��&KDSOLQH�:5�������6RLO�HURVLRQ�D�QDWLRQDO�PHQDFH��86'$�&LUFXODU�����
%HUJLQ�'�������,QIRUPDWLRQ�VRXUFHV�RQ�QDWLYH�WUHH�VSHFLHV��1HZ�=HDODQG�7UHH�*URZHU�

��������
%HUJLQ�'2��.LPEHUOH\�02��0DUGHQ�0�������3URWHFWLYH�YDOXH�RI�UHJHQHUDWLQJ�WHD�WUHH�

VWDQGV�RQ�HURVLRQ�SURQH�KLOO�FRXQWU\��HDVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH������±����

%HUU\PDQ�-�������(YDOXDWLRQV�RI�PHWKRGV�IRU�WHVWLQJ�WKH�HIIHFWLYHQHVV�RI�YROXQWDU\�
DSSURDFKHV�WR�VXVWDLQDEOH�ODQG�PDQDJHPHQW��$�OLWHUDWXUH�UHYLHZ��8QSXEOLVKHG�UHSRUW�
IRU�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ���

%HWWV�+'��7UXVWUXP�1$��'H5RVH�5&�������*HRPRUSKLF�FKDQJHV�LQ�D�FRPSOH[�JXOO\�
V\VWHP�PHDVXUHG�IURP�VHTXHQWLDO�GLJLWDO�HOHYDWLRQ�PRGHOV��DQG�LPSOLFDWLRQV�IRU�
PDQDJHPHQW��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV���������±������

%ODNHO\�5-�������'RZQVWUHDP�ULYHU�PDQDJHPHQW�UHODWHG�WR�HURVLRQ�SURFHVVHV�LQ�WKH�
VRXWKHDVWHUQ�5XDKLQH�5DQJH��,Q��1HDOO�9(�HG��)LHOG�H[FXUVLRQ�WR�VRXWKHUQ�5XDKLQHV��
1�=��6RFLHW\�RI�6RLO�6FLHQFH��

%ODVFKNH�30�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�DQG�ODQG�UHVRXUFHV�RI�WKH�%D\�RI�
3OHQW\�9ROFDQLF�3ODWHDX�UHJLRQ���D�EXOOHWLQ�WR�DFFRPSDQ\�1HZ�=HDODQG�/DQG�
5HVRXUFH�,QYHQWRU\�ZRUNVKHHWV��3XEOLVKHG�IRU�WKH�1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�$XWKRULW\�E\�WKH�:DWHU�DQG�6RLO�'LUHFWRUDWH��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW��

%ODVFKNH�30��(\OHV�*2��'H5RVH�5&��+LFNV�'/�����D��3K\VLFDOO\�VXVWDLQDEOH�ODQG�XVHV�
LQ�WKH�7DUDQDNL�5HJLRQ��'6,5�/DQG�5HVRXUFHV�&RQWUDFW�5HSRUW�������IRU�7DUDQDNL�
5HJLRQDO�&RXQFLO��

%ODVFKNH�30��7UXVWUXP�1$��'H5RVH�5&�����E��(FRV\VWHP�SURFHVVHV�DQG�VXVWDLQDEOH�
ODQG�XVH�LQ�1HZ�=HDODQG�VWHHSODQGV��$JULFXOWXUH��(FRV\VWHPV�DQG�(QYLURQPHQW�����
���±�����

%RZULQJ�/'��&XQOLIIH�--��0DFND\�'$��:ULJKW�$)�������(DVW�&RDVW�VXUYH\��D�VWXG\�RI�
FDWFKPHQW�DQG�VWUHDP�FRQGLWLRQ�ZLWK�UHFRPPHQGDWLRQV��0DUOERURXJK�&DWFKPHQW�DQG�
5HJLRQDO�:DWHU�%RDUG��%OHQKHLP��

%URRNV�6��&UR]LHU�0-��3UHVWRQ�1��$QGHUVRQ�0�������5HJROLWK�VWULSSLQJ�DQG�WKH�FRQWURO�
RI�VKDOORZ�WUDQVODWLRQDO�KLOOVORSH�IDLOXUH��DSSOLFDWLRQ�RI�D�WZR�GLPHQVLRQDO�FRXSOHG�
VRLO�K\GURORJ\�VORSH�VWDELOLW\�PRGHO��+DZNH¶V�%D\��1HZ�=HDODQG��*HRPRUSKRORJ\�
�������±�����

%URRNV�6��&UR]LHU�0-��*ODGH�7��$QGHUVRQ�0��������7RZDUGV�HVWDEOLVKLQJ�FOLPDWLF�
WKUHVKROGV�IRU�VORSH�VWDELOLW\��XVH�RI�D�SK\VLFDOO\�EDVHG�FRPELQHG�VRLO�K\GURORJ\�
VORSH�VWDELOLW\�PRGHO��3XUH�DQG�$SSOLHG�*HRSK\VLFV���������±�����

%URZQ�,��%ODFN�5�������6XVWDLQDEOH�ODQG�XVH�DIWHU�&\FORQH�%ROD��1DSLHU��+DZNH
V�%D\�
&DWFKPHQW�%RDUG���
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%URZQ�:-�������/DQGVOLGH�FRQWURO�RQ�1RUWK�,VODQG��1HZ�=HDODQG��7KH�*HRJUDSKLFDO�
5HYLHZ��������±�����

%XFKDQ�'��0HLVWHU�$��*LHUD�1�������%ULGJLQJ�WKH�JDS�EHWZHHQ�HQYLURQPHQWDO�NQRZOHGJH�
DQG�UHVHDUFK��DQG�GHVLUHG�HQYLURQPHQWDO�RXWFRPHV�WR�DFKLHYH�VXVWDLQDEOH�ODQG�
PDQDJHPHQW��3KDVH����5HSRUW�IRU�0DI3ROLF\��

%XFKDQ�'��0HLVWHU�$��*LHUD�1�������%ULGJLQJ�WKH�JDS�EHWZHHQ�HQYLURQPHQWDO�NQRZOHGJH�
DQG�UHVHDUFK��DQG�GHVLUHG�HQYLURQPHQWDO�RXWFRPHV�WR�DFKLHYH�VXVWDLQDEOH�ODQG�
PDQDJHPHQW��0$)�&RQWUDFW�5HSRUW��LQ�SURJUHVV���

%XOORFK�%7�������(XFDO\SWXV�VSHFLHV�VHOHFWLRQ�IRU�VRLO�FRQVHUYDWLRQ�LQ�VHDVRQDOO\�GU\�KLOO�
FRXQWU\�±�WZHOIWK�\HDU�DVVHVVPHQW��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±
����

&DLUQV�(�������7UHHV�IRU�JXOO\�DUHDV��1HZ�=HDODQG�7UHH�*URZHU���������
&DPSEHOO�'$�����D��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH
V�%D\��3DUW�,��

±�,QYHVWLJDWLRQV�LQWR�UXQ�RII�DQG�VRLO�ORVV��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\��������±�����

&DPSEHOO�'$�����E��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH
V�%D\��3DUW�
,,��,QYHVWLJDWLRQV�LQWR�VRLO�HURVLRQ�DQG�IORRGLQJ��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\���$�����±�����

&DPSEHOO�'$�����F��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH¶V�%D\��3DUW�
,,,��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��������±�����

&DPSEHOO�'$�������6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH¶V�%D\��3DUW�
,9��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��������±������

&DPSEHOO�'$��$QDUX�67�������6WDELOLVLQJ�VOLS�HURGHG�VORSHV��6RLO�DQG�:DWHU�����±����
&KDSPDQ�3'�������7KH�DVVHVVPHQW�RI�ODQGVOLGH�PHFKDQLVPV�LQ�WKH�VRXWKHUQ�ODQGVOLGH�

]RQH��6RXWK�$XFNODQG��1�=��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��
&KDUOWRQ�'��6WHZDUW�$�������3DVWXUH�DQG�IRUDJH�SODQWV�IRU�1HZ�=HDODQG��*UDVVODQG�

5HVHDUFK�DQG�3UDFWLFH�6HULHV�����UG�HGQ��1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��1HZ�
=HDODQG�*UDVVODQG�7UXVW���

&RNHU�5-�������6HGLPHQWDWLRQ�DQG�IRUHVW�KDUYHVWLQJ�LQ�WKH�0DUOERURXJK�6RXQGV��06F�
WKHVLV��)RUHVWU\���8QLYHUVLW\�RI�&DQWHUEXU\��

&RNHU�5-��)DKH\�%'�������5RDG�UHODWHG�PDVV�PRYHPHQW�LQ�ZHDWKHUHG�JUDQLWH��*ROGHQ�
'RZQV�DQG�0RWXHND�IRUHVWV��1HZ�=HDODQG��D�QRWH��-RXUQDO�RI�+\GURORJ\��1=������
��±�����

&RNHU�5-��3KLOOLSV�&-��5RZDQ�'�������6HGLPHQW�SRLQW�VRXUFHV�LQ�WKH�3RNDLURD�6WUHDP�
FDWFKPHQW��LPSOLFDWLRQV�IRU�VHGLPHQW�DFFXPXODWLRQ�LQ�/DNH�$QLZKHQXD�DQG�IRU�IRUHVW�
PDQDJHPHQW��&RQWUDFW�5HSRUW�):(�������IRU�7LPEHUODQGV�1=��7DVPDQ�)RUHVWU\��DQG�
%D\�RI�3OHQW\�5HJLRQDO�&RXQFLO��&KULVWFKXUFK��)RUHVW�5HVHDUFK�,QVWLWXWH���

&RQQHOO�53�������/DQG�GHWHULRUDWLRQ�LV�D�JUDYH�SKDVH�RI�RXU�QDWLRQDO�HFRQRP\��VHULRXV�
SRVLWLRQ�RI�ODUJH�DUHDV�RI�RXU�KLOO�FRXQWU\�VKHHS�IDUPV��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUH��-XO\�����3S���±���

&RVWHOOR�'$�������6ORSH�IDLOXUHV�DQG�GHEULV�IORZ�DVVHVVPHQW�DW�0DWDWD��%D\�RI�3OHQW\��
1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

&ULPS�)�������&RQWUROOLQJ�HDUWKIORZ�VOLS�DQG�JXOO\�HURVLRQ��6RLO�DQG�:DWHU�������±����
&UR]LHU�0-�������7KH�PDVV�PRYHPHQW�UHJLPH��UHFHQW�KLVWRU\�RI�ODQGVOLGH�DFWLYLW\�LQ�WKH�

:DLUDUDSD��
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&UR]LHU�0-�������/DQGVOLGHV�DQG�HURVLRQ�LQ�:DLUDUDSD�±�PHFKDQLVPV��FRQWUROOLQJ�IDFWRUV�
DQG�SURFHVVHV�DQG�UHJLRQDO�GLIIHUHQFHV��2FFDVLRQDO�3DSHU�LQ�*HRJUDSK\�1R�����
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&UR]LHU�0-�������0DQDJHPHQW�LVVXHV�DULVLQJ�IURP�ODQGVOLGHV�DQG�UHODWHG�DFWLYLW\��1HZ�
=HDODQG�*HRJUDSKHU����������±����

&UR]LHU�0-�������5XQRXW�EHKDYLRXU�RI�VKDOORZ��UDSLG�HDUWKIORZV��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�1)�6XSSOHPHQWEDQG��������±����

&UR]LHU�0-�������3UHGLFWLRQ�RI�UDLQIDOO�WULJJHUHG�ODQGVOLGHV��D�WHVW�RI�WKH�DQWHFHGHQW�ZDWHU�
VWDWXV�PRGHO��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

&UR]LHU�0-�������0XOWLSOH�RFFXUUHQFH�UHJLRQDO�ODQGVOLGH�HYHQWV�LQ�1HZ�=HDODQG��KD]DUG�
PDQDJHPHQW�LVVXHV��/DQGVOLGHV�������±�����

&UR]LHU�0-��(\OHV�5-��0DU[�6/��0F&RQFKLH�-$��2ZHQ�5&�������'LVWULEXWLRQ�RI�
ODQGVOLSV�LQ�WKH�:DLUDUDSD�KLOO�FRXQWU\��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�
*HRSK\VLFV��������±�����

&UR]LHU�0-��0F&RQFKLH�-$��2ZHQ�5&��(\OHV�5-�������0DVV�PRYHPHQW�HURVLRQ�LQ�WKH�
:DLUDUDSD��8QSXEOLVKHG�UHSRUW��'HSW�RI�*HRJUDSK\��9LFWRULD�8QLYHUVLW\��:HOOLQJWRQ��

&UR]LHU�0-��9DXJKDQ�((��7LSSHWW�-0�������5HODWLYH�LQVWDELOLW\�RI�FROOXYLXP�ILOOHG�
EHGURFN�GHSUHVVLRQV��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

&UR]LHU�0-��'HLPHO�06��6LPRQ�-6�������,QYHVWLJDWLRQ�RI�HDUWKTXDNH�WULJJHULQJ�IRU�GHHS�
VHDWHG�ODQGVOLGHV��7DUDQDNL��1HZ�=HDODQG��4XDWHUQDU\�,QWHUQDWLRQDO�������±����

&XII�-5,�������(URVLRQ�LQ�WKH�XSSHU�2UDUL�FDWFKPHQW��7LPDUX��6RXWK�&DQWHUEXU\�
&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�3XEOLFDWLRQ������

&XPEHUODQG�.%�������$�JHRJUDSKLF�DSSURDFK�WR�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��7KH�
$XVWUDOLDQ�*HRJUDSKHU�������±�����

&XPEHUODQG�.%�������6RLO�HURVLRQ�LQ�1HZ�=HDODQG��D�JHRJUDSKLF�UHFRQQDLVVDQFH��
:HOOLQJWRQ��:KLWFRPEH�	�7RPEV�IRU�WKH�6RLO�&RQVHUYDWLRQ�	�5LYHUV�&RQWURO�
&RXQFLO���

&XPEHUODQG�.%�������/DQGPDUNV��1HZ�6RXWK�:DOHV��5HDGHU¶V�'LJHVW��
&XQQLQJKDP�$�������+HDGZDWHUV�RI�7XWDHNXUL�FDWFKPHQW��VWXG\�RI�DQ�HURVLRQ�SUREOHP�LQ�

+DZNH
V�%D\��1HZ�=HDODQG�)RUHVW�6HUYLFH��)RUHVW�5HVHDUFK�,QVWLWXWH�0HFKDQLFDO�
3DSHU������

&XQQLQJKDP�$��6WULEOLQJ�3:�������7KH�5XDKLQH�5DQJH�±�D�VLWXDWLRQ�UHYLHZ�DQG�
SURSRVDOV�IRU�LQWHJUDWHG�PDQDJHPHQW�RI�WKH�5XDKLQH�5DQJH�DQG�WKH�ULYHUV�DIIHFWHG�E\�
LW��:DWHU�DQG�6RLO�7HFKQLFDO�3XEOLFDWLRQ�����

'¶$WK�0$�������7KH�FOD\�PLQHUDORJ\�DQG�HURVLRQ�RI�WKH�:DLSDRD�5LYHU�&DWFKPHQW��
*LVERUQH��1HZ�=HDODQG��06F�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

'DYLHV�$�������7KH�HIIHFW�ZHDWKHULQJ�KDV�RQ�WKH�VWUHQJWK�DQG�VWDELOLW\�RI�FHQWUDO�1RUWK�
,VODQG�JUH\ZDFNH��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

'HOORZ�*'�������(DUWKTXDNH�JHQHUDWHG�ODQGVOLGHV�LQ�WKH�:HOOLQJWRQ±/RZHU�+XWW�DUHD��
06F�WKHVLV��8QLYHUVLW\�RI�&DQWHUEXU\��&KULVWFKXUFK��

'H5RVH�5&�������(IIHFW�RI�UDLQIDOO�LQWHQVLW\�RQ�WKH�VSDWLDO�GHQVLW\�RI�VKDOORZ�ODQGVOLGHV�
LQ�D�VPDOO�ZDWHUVKHG��7DUDQDNL��1HZ�=HDODQG��,Q��3URFHHGLQJV��,QWHUQDWLRQDO�
6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��7RN\R��-DSDQ��2FWREHU�������3S�����±�����

'H5RVH�5&�������5HODWLRQVKLS�EHWZHHQ�VORSH�PRUSKRORJ\��UHJROLWK�GHSWK��DQG�WKH�
LQFLGHQFH�RI�VKDOORZ�ODQGVOLGHV�LQ�HDVWHUQ�7DUDQDNL�KLOO�FRXQWU\��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�1)�6XSSOHPHQWEDQG��������±����
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'H5RVH�5&��7UXVWUXP�1$��%ODVFKNH�30�������*HRPRUSKLF�FKDQJH�LPSOLHG�E\�UHJROLWK±
VORSH�UHODWLRQVKLSV�RQ�VWHHSODQG�KLOOVORSHV��7DUDQDNL��1HZ�=HDODQG��&DWHQD��������±
�����

'H5RVH�5&��7UXVWUXP�1$��%ODVFKNH�30�������3RVW�GHIRUHVWDWLRQ�VRLO�ORVV�IURP�
VWHHSODQG�KLOOVORSHV�LQ�7DUDQDNL��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV��������±�����

'H5RVH�5&��7UXVWUXP�1$��7KRPVRQ�1$��5REHUWV�$+&�������(IIHFW�RI�ODQGVOLGH�HURVLRQ�
RQ�7DUDQDNL�KLOO�SDVWXUH�SURGXFWLRQ�DQG�FRPSRVLWLRQ��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUDO�5HVHDUFK��������±�����

'H5RVH�5&��*RPH]�%��0DUGHQ�0��7UXVWUXP�1$�������*XOO\�HURVLRQ�LQ�0DQJDWX�)RUHVW��
1HZ�=HDODQG��HVWLPDWHG�IURP�GLJLWDO�HOHYDWLRQ�PRGHOV��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV���������±������

'RGG�0%��:DOFURIW�$��0DFND\�$'��/XFNPDQ�3*�������'HYHORSPHQW�DQG�HYDOXDWLRQ�RI�
D�PRGHO�IRU�SUHGLFWLQJ�WUHH�JURZWK�DQG�FDQRS\�GHYHORSPHQW�DQG�LPSDFWV�RQ�XQGHU�
VWRUH\�IRUDJH�SURGXFWLRQ��1HZ�=HDODQG�,QVWLWXWH�RI�3ULPDU\�,QGXVWU\�0DQDJHPHQW�
-RXUQDO������±����

'RQV�$�������+\GURORJ\�DQG�VHGLPHQW�UHJLPH�RI�D�SDVWXUH��QDWLYH�IRUHVW��DQG�SLQH�IRUHVW�
FDWFKPHQW�LQ�WKH�FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�
6FLHQFH��������±�����

'RXJODV�*��'RGG�0��0DFND\�$��%XGGLQJ�3��3RZHU�,�������1DWLYH�SODQWV�IRU�HURVLRQ�
SUHYHQWLRQ�SODQWLQJ��&RQVHUYDWLRQ�4XRUXP������±���

'RXJODV�*%��:DOFURIW�$6��+XUVW�6(��3RWWHU�-)��)RRWH�$*��)XQJ�/(��(GZDUGV�:51��YDQ�
GHQ�'LMVVHO�&�������,QWHUDFWLRQV�EHWZHHQ�ZLGHO\�VSDFHG�\RXQJ�SRSODUV��3RSXOXV�VSS���
DQG�WKH�XQGHUVWRUH\�HQYLURQPHQW��$JURIRUHVWU\�6\VWHPV��������±�����

'RXJODV�*��'\PRQG�-��0F,YRU�,�������0RQLWRULQJ�DQG�UHSRUWLQJ�RI�ZKROH�IDUP�SODQV�DV�D�
WRRO�IRU�DIIHFWLQJ�ODQG�XVH�FKDQJH��(QYLUROLQN�IXQGHG�UHSRUW���

'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�������0DLQWHQDQFH�RI�YHJHWDWLYH�FRYHU�
LQ�1HZ�=HDODQG��ZLWK�VSHFLDO�UHIHUHQFH�WR�ODQG�HURVLRQ��5HSRUW�RI�&RPPLWWHH�RI�
,QTXLU\��'6,5�%XOOHWLQ������

'HSDUWPHQW�RI�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�������/DQG�DORQH�HQGXUHV��ODQG�XVH�DQG�
WKH�UROH�RI�UHVHDUFK��0ROOR\�/)�FRPSLOHU���:HOOLQJWRQ��'6,5��

'\PRQG�-5��%HWWV�+��LQ�SUHVV���$Q�HURVLRQ�PRGHO�IRU�HYDOXDWLQJ�ODQG�XVH�VFHQDULRV�LQ�
1HZ�=HDODQG��(QYLURQPHQWDO�0RGHOOLQJ�DQG�6RIWZDUH��

'\PRQG�->5@��6KHSKHUG�-��������+LJKO\�HURGLEOH�ODQG�LQ�WKH�0DQDZDWX�:DQJDQXL�
UHJLRQ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�+RUL]RQV�5HJLRQDO�
&RXQFLO����S��

'\PRQG�-��6KHSKHUG�-��3DJH�0��������:RUNVKRS�QRWHV�RQ�HURVLRQ�PRGHOV�IRU�UHJLRQDO�
FRXQFLOV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�����������/DQGFDUH�5HVHDUFK��
3DOPHUVWRQ�1RUWK��

'\PRQG�-5��$XVVHLO�$*��6KHSKHUG�-'��%XHWWQHU�/�������9DOLGDWLRQ�RI�D�UHJLRQ�ZLGH�
PRGHO�RI�ODQGVOLGH�VXVFHSWLELOLW\�LQ�WKH�0DQDZDWX±:DQJDQXL�UHJLRQ�RI�1HZ�=HDODQG��
*HRPRUSKRORJ\�������±����

(GZDUGV�6�������(DUWKTXDNH�WULJJHUHG�ODQGVOLGHV��6RXWK�7DUDQDNL�:DQJDQXL��06F�
�+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

(NDQD\DNH�-&��%DVKHU�/5�������/DQGVOLGH�PRGHOOLQJ�FRPSRQHQW�WR�6+(75$1��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�1,:$�����S����
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(NDQD\DNH�-&��3KLOOLSV�&-�����D��$�PRGHO�IRU�GHWHUPLQLQJ�WKUHVKROGV�IRU�LQLWLDWLRQ�RI�
VKDOORZ�ODQGVOLGHV�XQGHU�QHDU�VDWXUDWHG�FRQGLWLRQV�LQ�WKH�(DVW�&RDVW�5HJLRQ��1HZ�
=HDODQG��-RXUQDO�RI�+\GURORJ\��1=����������±����

(NDQD\DNH�-&��3KLOOLSV�&-�����E��$�PHWKRG�IRU�VWDELOLW\�DQDO\VLV�RI�YHJHWDWHG�KLOOVORSHV��
DQ�HQHUJ\�DSSURDFK��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������±������

(NDQD\DNH�-&��3KLOOLSV�&-�������6ORSH�VWDELOLW\�WKUHVKROGV�IRU�YHJHWDWHG�KLOOVORSHV��D�
FRPSRVLWH�PRGHO��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��������±�����

(NDQD\DNH�-&��0DUGHQ�0��:DWVRQ�$-��5RZDQ�'�������7UHH�URRWV�DQG�VORSH�VWDELOLW\��D�
FRPSDULVRQ�EHWZHHQ�3LQXV�UDGLDWD�DQG�NDQXND��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�
6FLHQFH��������±�����

(OOLRWW�$+��7LDQ�<4��5XWKHUIRUG�-&��&DUOVRQ�:7�������(IIHFW�RI�FDWWOH�WUHDGLQJ�RQ�
LQWHUULOO�HURVLRQ�IURP�KLOO�SDVWXUH��PRGHOOLQJ�FRQFHSWV�DQG�DQDO\VLV�RI�UDLQIDOO�
VLPXODWRU�GDWD��$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������±�����

(OOLRWW�6��*UHHQ�0��6FKPLGW�-��$XVVHLO�$��%DVKHU�/��&ROOLQV�$��'\PRQG�-�������6HGLPHQW�
PRGHO�GHYHORSPHQW��ZRUNVKRS�DQG�VXUYH\�VXPPDU\��1,:$�&OLHQW�5HSRUW�+DP�����
�����1,:$��+DPLOWRQ���

(\OHV�*2�������7KH�GLVWULEXWLRQ�DQG�VHYHULW\�RI�SUHVHQW�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��
1HZ�=HDODQG�*HRJUDSKHU����������±�����

(\OHV�*2�������7KH�1HZ�=HDODQG�ODQG�UHVRXUFH�LQYHQWRU\�HURVLRQ�FODVVLILFDWLRQ��:DWHU�
DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW���

(\OHV�*��)DKH\�%�HGV�������7KH�3DNXUDWDKL�/DQG�8VH�6WXG\��D����\HDU�SDLUHG�FDWFKPHQW�
VWXG\�RI�WKH�HQYLURQPHQWDO�HIIHFWV�RI�3LQXV�UDGLDWD�IRUHVWU\��+%5&�SODQ�1R��������
1DSLHU��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO���

)DKH\�%'��&RNHU�5-�������)RUHVW�URDG�HURVLRQ�LQ�WKH�JUDQLWH�WHUUDLQ�RI�VRXWK�ZHVW�
1HOVRQ��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=���������±�����

)DKH\�%'��&RNHU�5-�������6HGLPHQW�SURGXFWLRQ�IURP�IRUHVW�URDGV�LQ�4XHHQ�&KDUORWWH�
)RUHVW�DQG�SRWHQWLDO�LPSDFW�RQ�PDULQH�ZDWHU�TXDOLW\��0DUOERURXJK�6RXQGV��1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±�����

)DKH\�%'��0DUGHQ�0�������6HGLPHQW�\LHOGV�IURP�D�IRUHVWHG�DQG�D�SDVWXUH�FDWFKPHQW��
FRDVWDO�+DZNH¶V�%D\��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=��������±
�����

)DKH\�%'��-DFNVRQ�5-��5RZH�/.�������/RQJ�WHUP�K\GURORJLFDO�FKDQJHV�DIWHU�EHHFK�
FRQYHUVLRQ�WR�SLQHV��%LJ�%XVK��VRXWKZHVW�1HOVRQ��$EVWUDFWV�1HZ�=HDODQG�
+\GURORJLFDO�6RFLHW\�6\PSRVLXP�2FWREHU�������1HOVRQ���

)DKH\�%��0DUGHQ�0��3KLOOLSV�&�������6HGLPHQW�\LHOGV�DVVRFLDWHG�ZLWK�IRUHVW�KDUYHVWLQJ�
LQ�HURGLEOH�KLOO�FRXQWU\��&RDVWDO�+DZNH
V�%D\��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�
+\GURORJ\��1=��������±����

)OHWFKHU�-5�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�7DUDQDNL�0DQDZDWX�5HJLRQ��D�
EXOOHWLQ�WR�DFFRPSDQ\�WKH�1HZ�=HDODQG�ODQG�UHVRXUFH�LQYHQWRU\�ZRUNVKHHWV��:DWHU�
DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ������:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW���

)UDQVHQ�3-%�������$�PRGHO�RI�VOLS�HURVLRQ�ULVN��FHQWUDO�+DZNH¶V�%D\�FRDVWDO�KLOO�
FRXQWU\��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�3URMHFW�5HSRUW�����5RWRUXD���

)UDQVHQ�3�������$�VLPXODWLRQ�PRGHO�RI�VRLO�VOLS�HURVLRQ�LQ�+DZNH
V�%D\��/RJJLQJ�
,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�5HSRUW�����
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)UDQVHQ�3-%��%URZQOLH�5.�������+LVWRULFDO�VOLS�HURVLRQ�LQ�FDWFKPHQWV�XQGHU�SDVWXUH�DQG�
UDGLDWD�SLQH�IRUHVW��+DZNH¶V�%D\�KLOO�FRXQWU\��1HZ�=HDODQG�)RUHVWU\����������±����

)UHHPDQ�7�������7UHH�SODQWLQJ�HQFRXUDJHG�E\�WKH�*LVERUQH�'LVWULFW�&RXQFLO��1HZ�
=HDODQG�7UHH�*URZHU���������

)XOOHU�,&��+HHUGHJHQ�5*�������7KH�)HEUXDU\������IORRGV�LQ�WKH�0DQDZDWX��1HZ�
=HDODQG��K\GURORJLFDO�VLJQLILFDQFH�DQG�LPSDFW�RQ�FKDQQHO�PRUSKRORJ\��-RXUQDO�RI�
+\GURORJ\��1=��������±�����

*LEEV�+6�������7XQQHO�JXOO\�HURVLRQ�RQ�WKH�:LWKHU�+LOOV��0DUOERURXJK��1HZ�=HDODQG�
-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�$�������±�����

*LHUD�1��0HQ]LHV�6��%XFKDQ�'��$QVWH\�&�������%ULGJLQJ�WKH�JDS�EHWZHHQ�HQYLURQPHQWDO�
NQRZOHGJH�DQG�UHVHDUFK��DQG�GHVLUHG�HQYLURQPHQWDO�RXWFRPHV�WR�DFKLHYH�VXVWDLQDEOH�
ODQG�PDQDJHPHQW��3KDVH����5HSRUW�IRU�0DI3ROLF\��

*LOOLQJKDP�$*�������$JURIRUHVWU\�RQ�VWHHS�KLOO�FRXQWU\��5HVXOWV�WR�\HDU�����,Q��
%LOEURXJK�*:�HG��3URFHHGLQJV�RI�D�7HFKQLFDO�:RUNVKRS�RQ�$JURIRUHVWU\��
:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV��3S����±����

*ODGH�7�������7KH�WHPSRUDO�DQG�VSDWLDO�RFFXUUHQFH�RI�UDLQVWRUP�WULJJHUHG�ODQGVOLGH�
HYHQWV�LQ�1HZ�=HDODQG��,Q��0DXVEDFKHU�5��6FKXOWH�$�HGV�%HLWUDJH�]XU�
3K\VLRJHRJUDSKLH�±�)HVWVFKULIW�IXU�'LHWULFK�%DUVFK��+HLGHOEHUJHU�*HRJUDSKLVFKH�
$UEHLWHQ�+HIW������+HLGHOEHUJ��6HOEVWYHUODJ�GHV�*HRJUDSKLVFKHQ�,QVWLWXWV�GHU�
8QLYHUVLWDW�+HLGHOEHUJ��3S�����±����

*ODGH�7�������7KH�WHPSRUDO�DQG�VSDWLDO�RFFXUUHQFH�RI�UDLQVWRUP�WULJJHUHG�ODQGVOLGH�
HYHQWV�LQ�1HZ�=HDODQG�±�DQ�LQYHVWLJDWLRQ�LQWR�WKH�IUHTXHQF\��PDJQLWXGH�DQG�
FKDUDFWHULVWLFV�RI�ODQGVOLGH�HYHQWV�DQG�WKHLU�UHODWLRQVKLS�ZLWK�FOLPDWLF�DQG�WHUUDLQ�
FKDUDFWHULVWLFV��3K'�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODGH�7�������(VWDEOLVKLQJ�WKH�IUHTXHQF\�DQG�PDJQLWXGH�RI�ODQGVOLGH�WULJJHULQJ�
UDLQVWRUP�HYHQWV�LQ�1HZ�=HDODQG��(QYLURQPHQWDO�*HRORJ\��������±�����

*ODGH�7�������/DQGVOLGH�RFFXUUHQFH�DV�D�UHVSRQVH�WR�ODQG�XVH�FKDQJH��D�UHYLHZ�RI�
HYLGHQFH�IURP�1HZ�=HDODQG��&DWHQD��������±�����

*ODGH�7��&UR]LHU�0-�������5DLQIDOO�UHODWHG�ODQGVOLGHV�LQ�1HZ�=HDODQG��'HSDUWPHQW�RI�
*HRJUDSK\��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODGH�7��&UR]LHU�0-�������/DQGVOLGHV�LQ�1HZ�=HDODQG��D�VHOHFWHG�ELEOLRJUDSK\��5HVHDUFK�
5HSRUW����6FKRRO�RI�(DUWK�6FLHQFHV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODVE\�*3�������$�UHYLHZ�RI�WKH�FRQFHSW�RI�VXVWDLQDEOH�PDQDJHPHQW�DV�DSSOLHG�WR�1HZ�
=HDODQG��-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG����������±����

*ROGVPLWK�35��6PLWK�(+�������7XQQHOOLQJ�VRLOV�LQ�6RXWK�$XFNODQG��1HZ�=HDODQG��
(QJLQHHULQJ�*HRORJ\������±����

*RPH]�%��%DQEXU\�.��0DUGHQ�0��7UXVWUXP�1$��3HDFRFN�'��+RVNLQJ�3�������*XOO\�
HURVLRQ�DQG�VHGLPHQW�SURGXFWLRQ��7H�:HUDURD�6WUHDP��1HZ�=HDODQG��:DWHU�
5HVRXUFHV�5HVHDUFK���������±������

*UD\�:��,EELWW�5��7XUQHU�5��'XQFDQ�0��+ROOLV�0�������$�PHWKRGRORJ\�WR�DVVHVV�WKH�
LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�IORRG�ULVN�LQ�1HZ�=HDODQG��1,:$�&OLHQW�5HSRUW�
&+&����������1DWLRQDO�,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHULF�5HVHDUFK��&KULVWFKXUFK��

*ULIILWKV�*$�������6RPH�VXVSHQGHG�VHGLPHQW�\LHOGV�IURP�6RXWK�,VODQG�FDWFKPHQWV��1HZ�
=HDODQG��:DWHU�5HVRXUFHV�%XOOHWLQ��������±�����

*ULIILWKV�*$�������6SDWLDO�DQG�WHPSRUDO�YDULDELOLW\�LQ�VXVSHQGHG�VHGLPHQW�\LHOGV�RI�
1RUWK�,VODQG�EDVLQV��1HZ�=HDODQG��:DWHU�5HVRXUFHV�%XOOHWLQ��������±������
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*XHYDUD�(VFREDU�$��(GZDUGV�:51��0RUWRQ�5+��.HPS�3'��0DFND\�$'�������7UHH�
ZDWHU�XVH�DQG�UDLQIDOO�SDUWLWLRQLQJ�LQ�D�PDWXUH�SRSODU�SDVWXUH�V\VWHP��7UHH�3K\VLRORJ\�
������±�����

+DPEOLQJ�5�������,QGLJHQRXV�UHYHUVLRQ�±�DQRWKHU�(DVW�&RDVW�)RUHVWU\�3URMHFW�WUHDWPHQW��
&RQVHUYDWLRQ�4XRUXP������±���

+DPLOWRQ�'��.HOPDQ�(++�������6RLO�&RQVHUYDWLRQ�6XUYH\�RI�WKH�:DLSDRD�5LYHU�
&DWFKPHQW��3RYHUW\�%D\��1HZ�=HDODQG��8QSXEOLVKHG�UHSRUW�WR�WKH�6RLO�&RQVHUYDWLRQ�
DQG�5LYHUV�&RQWURO�&RXQFLO���

+DQFR[�*7��:ULJKW�.�����D��/DQGVOLGHV�FDXVHG�E\�WKH�)HEUXDU\������UDLQVWRUPV�DQG�
IORRGV�LQ�VRXWKHUQ�1RUWK�,VODQG��1HZ�=HDODQG��*16�6FLHQFH�5HSRUW����������
:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�	�1XFOHDU�6FLHQFHV���

+DQFR[�*7��:ULJKW�.�����E��$QDO\VLV�RI�ODQGVOLGLQJ�FDXVHG�E\�WKH�)HEUXDU\������
UDLQVWRUPV�LQ�WKH�:DQJDQXL�0DQDZDWX�KLOO�FRXQWU\��VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��*16�6FLHQFH�5HSRUW����������:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�	�
1XFOHDU�6FLHQFHV���

+DQFR[�*7��'HOORZ�*'��3HUULQ�1'�������(DUWKTXDNH�LQGXFHG�VORSH�IDLOXUH�KD]DUG�VWXG\�
LQ�WKH�:HOOLQJWRQ�5HJLRQ²5HYLHZ�RI�KLVWRULFDO�UHFRUGV�RI�HDUWKTXDNH�LQGXFHG�VORSH�
IDLOXUHV��:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�6FLHQFHV���

+DQFR[�*7��3HUULQ�1'��'HOORZ�*'�������(DUWKTXDNH�LQGXFHG�ODQGVOLGLQJ�LQ�1HZ�
=HDODQG�DQG�LPSOLFDWLRQV�IRU�00�LQWHQVLW\�DQG�VHLVPLF�KD]DUG�DVVHVVPHQW��&OLHQW�
5HSRUW�5HSRUW������%��,QVWLWXWH�RI�*HRORJLFDO�	�1XFOHDU�6FLHQFHV��/RZHU�+XWW��

+DQFR[�*7��'HOORZ�*'��0DVVH\�&��3HUULQ�1'�������5HFRQQDLVVDQFH�VWXGLHV�RI�
ODQGVOLGHV�FDXVHG�E\�WKH�-XO\±2FWREHU������UDLQVWRUPV�LQ�VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��*16�6FLHQFH�5HSRUW����������:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�	�
1XFOHDU�6FLHQFHV��

+DUPVZRUWK�*5�������/DQG�8VH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�1RUWKODQG�UHJLRQ��D�
UHSRUW�WR�DFFRPSDQ\�WKH�VHFRQG�HGLWLRQ�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��
/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

+DUYH\�0'�������$Q�DQDO\VLV�RI�WKH�VRLO�VOLSV�WKDW�RFFXUUHG�RQ�WKH�3RUW�+LOOV��
&DQWHUEXU\��EHWZHHQ���±���$XJXVW�������$�SDSHU�SUHVHQWHG�WR�WKH�6RLO�6RFLHW\�RI�
1HZ�=HDODQG��3DOPHUVWRQ�1RUWK��$XJXVW�������

+DWKDZD\�5/�����D��3ODQW�PDWHULDOV�IRU�VORSH�VWDELOLVDWLRQ��,Q��9DQ�.UDD\HQRRUG�&:6�
	�+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���
3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DWKDZD\�5/�����E��3ODQW�PDWHULDOV�IRU�JXOO\�FRQWURO��,Q��9DQ�.UDD\HQRRUG�&:6��
+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���
3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DWKDZD\�5/��.LQJ�0�������6HOHFWLRQ�RI�(XFDO\SWXV�VSHFLHV�IRU�VRLO�FRQVHUYDWLRQ�
SODQWLQJ�LQ�VHDVRQDOO\�GU\�KLOO�FRXQWU\��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�����
���±�����

+DWKDZD\�5/��3HQQ\�'�������5RRW�VWUHQJWK�RI�VRPH�3RSXOXV�DQG�6DOL[�FORQHV��1HZ�
=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

+DWKDZD\�5/��6KHSSDUG�-6�������0DQDJHPHQW�DQG�XVHV�RI�(XFDO\SWXV�VSS���(XFDO\SWV���
,Q��9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
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FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DZNH�0)�������3DVWXUH�SURGXFWLRQ�DQG�DQLPDO�SHUIRUPDQFH�XQGHU�SLQH�DJURIRUHVWU\�LQ�
1HZ�=HDODQG��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��������±�����

+DZOH\�-*�������0HDVXULQJ�WKH�LQIOXHQFH�RI�WUHHV�RQ�ODQGVOLS��3URFHHGLQJV��1HZ�
=HDODQG�$VVRFLDWLRQ�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ�DQQXDO�FRQIHUHQFH��+DYHORFN�
1RUWK��1HZ�=HDODQG��$XJXVW�������

+DZOH\�-*��'\PRQG�-5�������+RZ�PXFK�GR�WUHHV�UHGXFH�ODQGVOLGLQJ"�-RXUQDO�RI�6RLO�
DQG�:DWHU�&RQVHUYDWLRQ��������±�����

+D\ORFN�-$��7URWWHU�&0�������7KH�HURVLRQ�VWDWXV�RI�VHOHFWHG�FDWFKPHQWV�LQ�WKH�(DVW�
&RDVW�3RYHUW\�%D\�UHJLRQ��,QWHUQDO�5HSRUW������6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��
3DOPHUVWRQ�1RUWK��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

+HDO\�-�������5HFHQW�HURVLRQ�LQ�7DXSR�SXPLFH��FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±����

+HLQH�-&�������5HFRUG�RI�VOLSV�RFFXUULQJ�RQ�7DLWD�H[SHULPHQWDO�VWDWLRQ��/RZHU�+XWW��
FDXVHG�E\�WKH�VWRUP�RI�����������1=�6RLO�%XUHDX�'LVWULFW�2IILFH�5HSRUW�:1����
/RZHU�+XWW��'6,5���

+LFNV�'/�������$Q�DVVHVVPHQW�RI�VRLO�FRQVHUYDWLRQ�LQ�WKH�:DLKRUD�FDWFKPHQW��(DVW�
&RDVW��,QWHUQDO�5HSRUW������6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��3DOPHUVWRQ�1RUWK��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

+LFNV�'/�����D��(FRQRPLF�LPSDFW�RI�IDUP�FRQVHUYDWLRQ�RQ�KLOO�FRXQWU\��'6,5�/DQG�
5HVRXUFHV�7HFKQLFDO�5HFRUG�31���3DOPHUVWRQ�1RUWK��'6,5���

+LFNV�'/�����E��)DUP�FRQVHUYDWLRQ�PHDVXUHV¶�HIIHFW�RQ�KLOO�FRXQWU\�HURVLRQ��DQ�
DVVHVVPHQW�LQ�WKH�ZDNH�RI�&\FORQH�%ROD��'6,5�/DQG�DQG�6RLO�6FLHQFHV�7HFKQLFDO�
5HFRUG�31����3DOPHUVWRQ�1RUWK��'6,5���

+LFNV�'/�����F��6WRUP�GDPDJH�WR�EXVK��SDVWXUH�DQG�IRUHVW��VRPH�HYLGHQFH�IURP�&\FORQH�
%ROD��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�31���3DOPHUVWRQ�1RUWK��'6,5���

+LFNV�'/�����D��(URVLRQ�XQGHU�SDVWXUH��SLQH�SODQWDWLRQV��VFUXE�DQG�LQGLJHQRXV�IRUHVW��D�
FRPSDULVRQ�IURP�&\FORQH�%ROD��1HZ�=HDODQG�)RUHVWU\����������±�����

+LFNV�'/�����E��6WRUP�RQ�D�KLOO��7HUUD�1RYD���±����
+LFNV�'/�����F��(IIHFW�RI�VRLO�FRQVHUYDWLRQ�WUHH�SODQWLQJV�RQ�GDPDJH�VXVWDLQHG�E\�WKH�

:KDUHDPD�FDWFKPHQW�GXULQJ�WKH�VWRUP�RI��±���$SULO�������'6,5�/DQG�5HVRXUFHV�
&RQWUDFW�5HSRUW��������IRU�:HOOLQJWRQ�5HJLRQDO�&RXQFLO�����S��

+LFNV�'/�������&RQWURO�RI�VRLO�HURVLRQ�RQ�IDUPODQG��D�VXPPDU\�RI�HURVLRQV¶�LPSDFW�RQ�
1HZ�=HDODQG�DJULFXOWXUH��DQG�IDUP�PDQDJHPHQW�SUDFWLFHV�ZKLFK�FRXQWHUDFW�LW��0$)�
3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���

+LFNV�'/��$QWKRQ\�7�HGV�������6RLO�FRQVHUYDWLRQ�WHFKQLFDO�KDQGERRN��3UHSDUHG�IRU�WKH�
0LQLVWU\�IRU�WKH�(QYLURQPHQW�E\�WKH�1HZ�=HDODQG�5HVRXUFH�0DQDJHPHQW�
$VVRFLDWLRQ��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW���

+LFNV�'��&ULSSHQ�7�������(URVLRQ�RI�0DQDZDWX�:DQJDQXL�KLOO�FRXQWU\�GXULQJ�WKH�VWRUP�
RQ���±���)HEUXDU\�������5HSRUW�SUHSDUHG�IRU�+RUL]RQV�5HJLRQDO�&RXQFLO�E\�
(FRORJLFDO�5HVHDUFK�$VVRFLDWHV��

+LFNV�'/��)OHWFKHU�-5��(\OHV�*2��0F3KDLO�&5��:DWVRQ�0�������(URVLRQ�RI�KLOO�FRXQWU\�
LQ�WKH�0DQDZDWX�:DQJDQXL�UHJLRQ�������LPSDFWV�DQG�RSWLRQV�IRU�VXVWDLQDEOH�ODQGXVH��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)HGHUDWHG�)DUPHUV�����S��
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+LFNV�'0�������6XVSHQGHG�VHGLPHQW�\LHOGV�IURP�SDVWXUH�DQG�H[RWLF�IRUHVW�EDVLQV��
$EVWUDFWV�1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�������7DXSR��

+LFNV�'0��+LOO�-��6KDQNDU�8�������9DULDWLRQ�RI�VXVSHQGHG�VHGLPHQW�\LHOGV�DURXQG�1HZ�
=HDODQG��WKH�UHODWLYH�LPSRUWDQFH�RI�UDLQIDOO�DQG�JHRORJ\��,Q��(URVLRQ�DQG�VHGLPHQW�
\LHOG��JOREDO�DQG�UHJLRQDO�SHUVSHFWLYHV��,$+6�3XEOLFDWLRQ������3S�����±�����

+LFNV�0��6KDQNDU�8�������6XVSHQGHG�6HGLPHQW�<LHOG�(VWLPDWRU��$YDLODEOH�DW�
IWS���IWS�QLZD�FR�Q]�5HVRXUFH0DQDJHPHQW7RROV�6HGPDS���

+LFNV�0��6KDQNDU�8��0F.HUFKDU�$�������6HGLPHQW�\LHOG�HVWLPDWHV��D�*,6�WRRO��:DWHU�	�
$WPRVSKHUH�������±����

+LOO�%;�������$Q�HQJLQHHULQJ�JHRORJLFDO�LQYHVWLJDWLRQ�RI�VORSH�PRYHPHQWV�DW�WKH�
IRRWKLOOV�RI�WKH�+XQXD�5DQJHV��3RQJD�5RDG��3DSDNXUD��06F��*HRORJ\���8QLYHUVLW\�RI�
$XFNODQG��

+RFNLQJ�'�������7KH�EDWWOH�WR�KROG�WKH�KLOOV��1HZ�=HDODQG�7UHH�*URZHU�������±����
+XEEDUG�&%�������7KH�GLVWULEXWLRQ�DQG�SURSHUWLHV�RI�VRLOV�LQ�UHODWLRQ�WR�HURVLRQ�LQ�D�

VHOHFWHG�FDWFKPHQW�RI�WKH�VRXWKHUQ�5XDKLQH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�
WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

+XEEDUG�&%��1HDOO�9(�������$�UHFRQVWUXFWLRQ�RI�ODWH�4XDWHUQDU\�HURVLRQDO�HYHQWV�LQ�WKH�
:HVW�7DPDNL�5LYHU�FDWFKPHQW��VRXWKHUQ�5XDKLQH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��
1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±������

+XJKHV�$�������:DHUHQJD�R�NXUL�6RLO�&RQVHUYDWLRQ�5HVHUYH��&RQVHUYDWLRQ�4XRUXP�����
����

+XQWHU�**��/\QQ�,+��3KLOOLSV�&-�������7KH�VXVFHSWLELOLW\�RI�ODQG�LQ�&DQWHUEXU\�WR�VRLO�
HURVLRQ�DQG�ZDWHU�TXDOLW\�GHJUDGDWLRQ�DVVRFLDWHG�ZLWK�HDUWKZRUNV�DQG�YHJHWDWLRQ�
FOHDUDQFH��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�
&RXQFLO�����S��

-DFNVRQ�5-�������6OLSV�LQ�UHODWLRQ�WR�UDLQIDOO�DQG�VRLO�FKDUDFWHULVWLFV��-RXUQDO�RI�
+\GURORJ\��1=����������±����

-HVVHQ�05��&ULSSHQ�7��3DJH�0-��5LMNVH�:&��+DUPVZRUWK�*5��0F/HRG�0�������/DQG�
8VH�&DSDELOLW\�FODVVLILFDWLRQ�RI�WKH�*LVERUQH�±�(DVW�&RDVW�UHJLRQ��$�UHSRUW�WR�
DFFRPSDQ\�WKH�VHFRQG�HGLWLRQ�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��/DQGFDUH�
5HVHDUFK�6FLHQFH�6HULHV�QR������/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

-RQHV�,(��+RZLH�:5�������7KH�PHDVXUHPHQW�DQG�FRQWURO�RI�VRLO�HURVLRQ�DQG�
VHGLPHQWDWLRQ��3URFHHGLQJV��1HZ�=HDODQG�:DWHU�&RQIHUHQFH��$XFNODQG��������3W�,,��
3S���±����

-RQHV�.��&XOOHQ�1�������:LGH�SODQWLQJ�GRHV�QRW�ZRUN��1HZ�=HDODQG�7UHH�*URZHU��������
.DVDL�0��%ULHUOH\�*-��3DJH�0-��0DUXWDQL�7��7XVWUXP�1$�������,PSDFWV�RI�ODQG�XVH�

FKDQJH�RQ�SDWWHUQV�RI�VHGLPHQW�IOX[�LQ�:HUDDPDLD�FDWFKPHQW��1HZ�=HDODQG��&DWHQD�
������±����

.HOOLKHU�)0��0DUGHQ�0��:DWVRQ�$-�������6WDELOLW\�RI�ODQG�DQG�WUHH�SODQWLQJ�GHQVLW\��
(DVW�&RDVW��1RUWK�,VODQG��)RUHVW�5HVHDUFK�,QVWLWXWH�&RQWUDFW�5HSRUW�):(��������

.HPS�3'��0DWWKHZ�&��/XFDV�5-�������3DVWXUH�VSHFLHV�DQG�FXOWLYDUV��,Q��:KLWH�-��
+RGJVRQ�-�HGV�1HZ�=HDODQG�SDVWXUH�DQG�FURS�VFLHQFH��$XFNODQG��2[IRUG�8QLYHUVLW\�
3UHVV��3S����±����

.HU�'6�������5HQHZHG�PRYHPHQW�RQ�D�VOXPS�DW�8WLNX��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�
DQG�*HRSK\VLFV��������±�������
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.HUULVRQ�*&�������7XQQHO�JXOO\�HURVLRQ�LQ�DQ�(DVW�:DLUDUDSD�KLOO�FRXQWU\�FDWFKPHQW��
%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

.LQJ�0�������:KDUHDPD�&DWFKPHQW�6FKHPH�UHYLHZ�RI����\HDUV�RSHUDWLRQV��6RLO�DQG�
:DWHU��������±���

.QRZOHV�5/�������1HZ�=HDODQG�H[SHULHQFH�ZLWK�VLOYRSDVWRUDO�V\VWHPV��D�UHYLHZ��)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW��������±�����

.QRZOHV�/��������8QGHUVWDQGLQJ�WKH�ZD\�WUHHV�UHGXFH�VRLO�HURVLRQ��1HZ�=HDODQG�7UHH�
*URZHU�������±����

.RUWH�&�������(IIHFW�RI�&\FORQH�%ROD�RQ�KLOO�FRXQWU\�IDUPV�LQ�WKH�*LVERUQH�(DVW�&RDVW�
5HJLRQ��0$)7HFK��XQSXEOLVKHG�UHSRUW��

/DIIDQ�0'��&XWOHU�(-%�����D��/DQGVFDSHV��VRLOV��DQG�HURVLRQ�RI�D�FDWFKPHQW�LQ�WKH�
:LWKHU�+LOOV��0DUOERURXJK�����/DQGVFDSH�SHULRGLFLW\��VORSH�GHSRVLWV�DQG�VRLO�SDWWHUQ��
1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�������±����

/DIIDQ�0'��&XWOHU�(-%�����E��/DQGVFDSHV��VRLOV��DQG�HURVLRQ�RI�D�FDWFKPHQW�LQ�WKH�
:LWKHU�+LOOV��0DUOERURXJK�����0HFKDQLVP�RI�WXQQHO�JXOO\�HURVLRQ�LQ�:LWKHU�KLOO�VRLOV�
IURP�ORHVVLDO�GULIW�DQG�FRPSDULVRQ�ZLWK�RWKHU�ORHVVLDO�VRLOV�LQ�1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

/DPEHUW�0*��&RVWDOO�'$��)RRWH�$*��7UXVWUXP�1$�������5HYHJHWDWLRQ�RI�HURVLRQ�VFDUV�
LQ�:DLUDUDSD�KLOO�FRXQWU\��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ�����
���±�����

/DPEUHFKWVHQ�1&�������0DQDJHPHQW�DQG�XVHV�RI�JUDVVHV��OHJXPHV�DQG�KHUEV�±�DQ�
LQWURGXFWLRQ��,Q��9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�
IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S�����±����

/LWKHUODQG�$��%URZQ�0��.HPS�3��%HQQ�'��6WRELH�/��0F1DEE�,��+XQW�&�����D��6OLS�
UHFRYHU\�VRXWKHUQ�1RUWK�,VODQG�VWRUP�HYHQW�������5HSRUW�IRU�6XVWDLQDEOH�)DUPLQJ�
)XQG�DQG�0HDW�DQG�:RRO�1HZ�=HDODQG��SUHSDUHG�E\�$J5HVHDUFK�IRU�/RZHU�1RUWK�
,VODQG�&RPELQHG�3URYLQFLDO�)HGHUDWHG�)DUPHUV�6WRUP�*URXS��

/LWKHUODQG�$��%URZQ�0��:LOVRQ�0��%HQQ�'��6WRELH�/��0F1DEE�,��+XQW�&��.HPS�3��
9DOHQWLQH�,�����E��6LOW�UHFRYHU\�ORZHU�1RUWK�,VODQG�VWRUP�HYHQW�������5HSRUW�IRU�
6XVWDLQDEOH�)DUPLQJ�)XQG�DQG�0HDW�DQG�:RRO�1HZ�=HDODQG�SUHSDUHG�E\�
$J5HVHDUFK��

/RZH�+-�������5HSRUW�RQ�/DQGVOLGH�DW�:DLKL��7RNDDQX��$SSHQGLFHV�WR�WKH�-RXUQDO�RI�WKH�
+RXVH�RI�5HSUHVHQWDWLYHV�1HZ�=HDODQG�&���������

/XFNPDQ�3��/DXUHQVRQ�0��'RXJODV�*��3KLOOLSV�&��0DFND\�$��:DOFURIW�$��'RGG�0��)XQJ�
/�������'HVLJQLQJ�VXVWDLQDEOH�IDUPV�±�SODQW�VROXWLRQV�IRU�HURGLQJ�KLOO�FRXQWU\��3DSHU�
SUHVHQWHG�DW�0DQDDNL�:KHQXD�&RQIHUHQFH��7H�3DSD��:HOOLQJWRQ��$SULO�������

/XFNPDQ�3��/DXUHQVRQ�0��'RXJODV�*��3KLOOLSV�&��0DFND\�$��:DOFURIW�$��'RGG��0��
)XQJ�/�������'HVLJQLQJ�6XVWDLQDEOH�IDUPV�±�3ODQW�6ROXWLRQV�IRU�(URGLQJ�+LOO�&RXQWU\�
�KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�VHUYLFHV�JUHHQWRROER[�JWEBDUWLFOH��GRF���

/XFNPDQ�3*��7KRPSVRQ�5&�����D��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW���
.QRZOHGJH�EDVHG�V\VWHPV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����'6,5�/DQG�
5HVRXUFHV��:HOOLQJWRQ��

/XFNPDQ�3*��7KRPSVRQ�5&�����E��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH���(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW���
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(IIHFWLYHQHVV�DVVHVVPHQWV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����'6,5�/DQG�
5HVRXUFHV��:HOOLQJWRQ��

/\QQ�,+�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�0DUOERURXJK�UHJLRQ��/DQGFDUH�
5HVHDUFK�6FLHQFH�6HULHV�����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

/\QQ�,+�����D��6RLO�HURVLRQ�PDVV�PRYHPHQW�PDSV�IRU�WKH�.DLNRXUD�HDVW�FRDVW�DQG�3RUW�
+LOOV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�
&RXQFLO�����S��

/\QQ�,+�����E��6RLO�HURVLRQ�PDSV�±�VRXWK�RI�5DNDLD�5LYHU�WR�WKH�VRXWKHUQ�&DQWHUEXU\�
UHJLRQDO�ERXQGDU\��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�
5HJLRQDO�&RXQFLO�����S��

/\QQ�,+��&ULSSHQ�7)�������5RFN�W\SH�FODVVLILFDWLRQ�IRU�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�
,QYHQWRU\��'6,5�/DQG�5HVRXUFHV�6FLHQWLILF�5HSRUW�����/RZHU�+XWW��'6,5�/DQG�
5HVRXUFHV��

/\QQ�,+��(\OHV�*2�������'LVWULEXWLRQ�DQG�VHYHULW\�RI�WXQQHO�JXOO\�HURVLRQ�LQ�1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

0DODEDU�������7KH�PHQDFH�RI�VRLO�HURVLRQ��1HZ�=HDODQG�)DUPHU�:HHNO\�����2FWREHU���
0DUGHQ�0�������*HRORJ\�DQG�LWV�UHODWLRQVKLS�WR�HURVLRQ�LQ�WKH�VRXWKHUQ�5XDKLQH�5DQJH��

1RUWK�,VODQG��1HZ�=HDODQG��3K'�WKHVLV����YROXPHV���0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�
1RUWK��

0DUGHQ�0�������+LOOVORSH�VHGLPHQW�SURGXFWLRQ�IURP�1HZ�=HDODQG�IRUHVWV��:KHUH�LQ�
1="�:KDW�PDWHULDOV"�+RZ�PXFK"�3UHVHQWHG�DW�ZRUNVKRS�RQ�µ3UHGLFWLQJ�HURVLRQ�DQG�
VHGLPHQW�SURGXFWLRQ�LQ�RXU�IRUHVWV¶��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�
(QYLURQPHQWDO�*URXS�0HHWLQJ��5RWRUXD��

0DUGHQ�0�������3UR�DFWLYH�DSSURDFK�WR�JXOO\�PDQDJHPHQW�LQ�WKH�(DVW�&RDVW�5HJLRQ��3DUW�
���)LQDO�5HSRUW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�0$)�3ROLF\�����
S��

0DUGHQ�0�������)XWXUH�SURRILQJ�HURVLRQ�SURQH�KLOO�FRXQWU\�DJDLQVW�VRLO�GHJUDGDWLRQ�DQG�
ORVV�GXULQJ�ODUJH�VWRUP�HYHQWV��KDYH�SDVW�OHVVRQV�EHHQ�KHHGHG"�1HZ�=HDODQG�-RXUQDO�
RI�)RUHVWU\�������±����

0DUGHQ�0��5RZDQ�'�������3URWHFWLYH�YDOXH�RI�YHJHWDWLRQ�RQ�WHUWLDU\�WHUUDLQ�EHIRUH�DQG�
GXULQJ�&\FORQH�%ROD��(DVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�
RI�)RUHVWU\�6FLHQFH��������±�����

0DUGHQ�0��5RZDQ�'�������$VVHVVPHQW�RI�VWRUP�GDPDJH�WR�:KDQJDSRXD�)RUHVW�DQG�LWV�
LPPHGLDWH�HQYLURQV�IROORZLQJ�WKH�VWRUP�RI�0DUFK�������/DQGFDUH�5HVHDUFK�&RQWUDFW�
5HSRUW�/&���������IRU�(DUQVODZ�2QH�����S��

0DUGHQ�0��5RZDQ�'�����E��5HODWLRQVKLS�EHWZHHQ�VWRUP�GDPDJH��DQG�IRUHVW�
PDQDJHPHQW�SUDFWLFHV��:KDQJDSRXD�)RUHVW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&���������IRU�(DUQVODZ�2QH�����S��

0DUGHQ�0��5RZDQ�'�������9HJHWDWLRQ�UHFRYHU\�DQG�LQGLFDWLYH�VHGLPHQW�JHQHUDWLRQ�UDWHV�
E\�VKHHWZDVK�HURVLRQ�IURP�KDXOHU�ORJJHG�VHWWLQJV�DW�0DQJDWX�)RUHVW��1HZ�=HDODQG�
-RXUQDO�RI�)RUHVWU\�������±����

0DUGHQ�0��3KLOOLSV�&-��5RZDQ�'�������'HFOLQLQJ�VRLO�ORVV�ZLWK�LQFUHDVLQJ�DJH�RI�
SODQWDWLRQ�IRUHVWV�LQ�WKH�8DZD�FDWFKPHQW��(DVW�&RDVW�UHJLRQ��,Q��+HQULTXHV�35�HG��
3URFHHGLQJV��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��
+DZNH¶V�%D\��1HZ�=HDODQG����±���1RYHPEHU�������3S�����±�����
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0DUGHQ�0��3KLOOLSV�&-��-DFNVRQ�5-��=KDQJ�;%��(NDQD\DNH�-�������$�GHFDGH�RI�HDUWKIORZ�
UHVHDUFK�DQG�LQWHUUHODWHG�VWXGLHV�LQ�WKH�1RUWK�,VODQG�RI�1HZ�=HDODQG��,Q�3URFHHGLQJV�
RI�,QWHUQDWLRQDO�6\PSRVLXP�RQ�HURVLRQ��GHEULV�IORZV�DQG�HQYLURQPHQW�LQ�PRXQWDLQ�
UHJLRQV��&KHQJGX��&KLQD��-XO\�������,$+6�3XEOLFDWLRQ������3S�����±������

0DUGHQ�0��5RZDQ�'��3KLOOLSV�&�������,PSDFW�RI�F\FORQH�LQGXFHG�ODQGVOLGLQJ�RQ�
SODQWDWLRQ�IRUHVWV�DQG�IDUPODQG�LQ�WKH�(DVW�&RDVW�UHJLRQ�RI�1HZ�=HDODQG��D�OHVVRQ�LQ�
ULVN�PDQDJHPHQW��,Q��6DVVD�.�HG��3URFHHGLQJV�;;�,8)52�:RUOG�&RQJUHVV��$XJXVW�
�±���������7HFKQLFDO�6HVVLRQ�RQ�1DWXUDO�'LVDVWHUV�LQ�0RXQWDLQRXV�$UHDV��7DPSHUH�
)LQODQG��3S�����±�����

0DUGHQ�0��$UQROG�*��*RPH]�%��5RZDQ�'�������3UH��DQG�SRVW�UHIRUHVWDWLRQ�JXOO\�
GHYHORSPHQW�LQ�0DQJDWX�)RUHVW��(DVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��5LYHU�
5HVHDUFK�DQG�$SSOLFDWLRQV��������±������

0DUGHQ�0��5RZDQ�'��3KLOOLSV�&�������6HGLPHQW�VRXUFHV�DQG�GHOLYHU\�IROORZLQJ�
SODQWDWLRQ�KDUYHVWLQJ�LQ�D�ZHDWKHUHG�YROFDQLF�WHUUDLQ��&RURPDQGHO�3HQLQVXOD��1RUWK�
,VODQG��1HZ�=HDODQG��$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������±����

0DUGHQ�0��5RZH�/��5RZDQ�'�������6ORSHZDVK�HURVLRQ�IROORZLQJ�SODQWDWLRQ�KDUYHVWLQJ�
LQ�SXPLFH�WHUUDLQ�DQG�LWV�FRQWULEXWLRQ�WR�VWUHDP�VHGLPHQWDWLRQ��3RNDLURD�&DWFKPHQW��
1RUWK�,VODQG��1HZ�=HDODQG��$EVWUDFW��

0F&DVNLOO�/�������+ROG�WKLV�ODQG��D�KLVWRU\�RI�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�LQ�1HZ�
=HDODQG��:HOOLQJWRQ��$�+��	�$�:��5HHG���

0F&RQFKLH�-$�������(DUWKIORZV��PHDVXUHPHQW�DQG�H[SODQDWLRQ��3K'�WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

0F&RQFKLH�-$��+DZNH�50��'URVW�)��+HQQULFK�.��&UR]LHU�0-�������5HDO�WLPH�
PRQLWRULQJ�RI�VRLO�PRLVWXUH�FRQGLWLRQV�DQG�WKHLU�FRQWURO�RI�VORSH�VWDELOLW\��
3URFHHGLQJV����WK�1HZ�=HDODQG�*HRJUDSK\�&RQIHUHQFH��3S�����±�����

0F,YRU�,5�������3RSXOXV�PD[LPRZLF]LL�¶1=��������¶î�3��QLJUD�µ%ODQF�GH�*DURQQH¶�
H[SHULPHQWDO�FORQH�ZLGH�VSDFHG�WULDO�����±������5HSRUW�WR�:LOORZ�DQG�3RSODU�
5HVHDUFK�&ROOHFWLYH��3URMHFW�6������������+RUW5HVHDUFK�&OLHQW�5HSRUW��������

0F,YRU�,��'RXJODV�*�������3RSODU�URRW�GHYHORSLQJ�DQG�WUHH�VSDFLQJ��&RQVHUYDWLRQ�
4XRUXP������±���

0F,YRU�,5��0HWUDO�%��'RXJODV�*%�������9DULDWLRQ�LQ�URRW�GHQVLW\�RI�SRSODU�WUHHV�DW�
GLIIHUHQW�SODQW�GHQVLWLHV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�$JURQRP\�6RFLHW\�������±
����

0F,YRU�,5��'RXJODV�*%��+XUVW�6(�������5RRW�GHYHORSPHQW�RI�9HURQHVH�SRSODU�RQ�KLOO�
VORSHV��,Q��&XUULH�/'��<DWHV�/-�HGV�3URFHHGLQJV����WK�$QQXDO�)HUWLOLVHU�DQG�/LPH�
5HVHDUFK�&HQWUH�:RUNVKRS�µ'HVLJQLQJ�VXVWDLQDEOH�IDUPV¶���±��)HEUXDU\�������
2FFDVLRQDO�5HSRUW�����3DOPHUVWRQ�1RUWK��)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��
0DVVH\�8QLYHUVLW\��3S�����±�����

0F,YRU�,5��'RXJODV�*%��+XUVW�6(��+XVVDLQ�=��)RRWH�$*�������6WUXFWXUDO�URRW�JURZWK�RI�
\RXQJ�9HURQHVH�SRSODUV�RQ�HURGLEOH�VORSHV�LQ�WKH�VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��$JURIRUHVWU\�6\VWHPV�������±����

0F0DQXV�'$�������$VSHFWV�RI�WKH�HQJLQHHULQJ�JHRORJ\��LQFOXGLQJ�PDVV�PRYHPHQW��RI�
WKH�$OEDQ\�EDVLQ�DQG�3HUHPRUHPR�DUHD��06F��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��

0HDG�'-�������7KH�UROH�RI�DJURIRUHVWU\�LQ�LQGXVWULDOL]HG�QDWLRQV��WKH�VRXWKHUQ�
KHPLVSKHUH�SHUVSHFWLYH�ZLWK�VSHFLDO�HPSKDVLV�RQ�$XVWUDOLD�DQG�1HZ�=HDODQG��
$JURIRUHVWU\�6\VWHPV��������±�����
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0LOOHU�'(.��*LOFKULVW�$1��+LFNV�'/�������7KH�UROH�RI�EURDG�OHDYHG�WUHHV�LQ�VORSH�
VWDELOLVDWLRQ�LQ�1HZ�=HDODQG�SDVWRUDO�IDUPLQJ��,Q��5DOVWRQ�00��+XJKH\�.)'��
2�&RQQRU�.)�HGV�0RXQWDLQV�RI�(DVW�$VLD�DQG�WKH�3DFLILF��1HZ�=HDODQG�&HQWUH�IRU�
0RXQWDLQ�6WXGLHV��/LQFROQ�8QLYHUVLW\��&DQWHUEXU\��1HZ�=HDODQG��3S����±�����

0LOOHU�5&�������(URVLRQ�FRQWURO�HIIHFWLYHQHVV�VXUYH\��(DVW�&DSH�&DWFKPHQW�%RDUG�
LQWHUQDO�UHSRUW���

0LQLVWU\�IRU�WKH�(QYLURQPHQW�����D��&OLPDWH�FKDQJH�HIIHFWV�DQG�DVVHVVPHQW��D�JXLGDQFH�
PDQXDO�IRU�ORFDO�JRYHUQPHQW��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW���

0LQLVWU\�IRU�WKH�(QYLURQPHQW�����E��3UHSDULQJ�IRU�FOLPDWH�FKDQJH��D�JXLGH�IRU�ORFDO�
JRYHUQPHQW�LQ�1HZ�=HDODQG��0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ��

0LQLVWU\�IRU�WKH�(QYLURQPHQW�������(QYLURQPHQW�1HZ�=HDODQG�������:HOOLQJWRQ��
0LQLVWU\�IRU�WKH�(QYLURQPHQW���

0LQLVWU\�RI�:RUNV�������/DQG�XVH�FDSDELOLW\�VXUYH\�KDQGERRN��D�1HZ�=HDODQG�KDQGERRN�
IRU�WKH�FODVVLILFDWLRQ�RI�ODQG��:HOOLQJWRQ��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�
IRU�WKH�6RLO�&RQVHUYDWLRQ�DQG�5LYHUV�&RQWURO�&RXQFLO��

0RUULV�&��/RYHULGJH�$��)DLUZHDWKHU�-�������8QGHUVWDQGLQJ�ZK\�IDUPHUV�FKDQJH�WKHLU�
IDUPLQJ�SUDFWLFHV��7KH�UROH�RI�RULHQWLQJ�SULQFLSOHV�LQ�WHFKQRORJ\�WUDQVIHU��$(58�
5HVHDUFK�5HSRUW������/LQFROQ�8QLYHUVLW\��

0RUWLPHU�.�������7UHHV�IRU�WKH�ODQG��*URZLQJ�WUHHV�LQ�1RUWKODQG�IRU�SURWHFWLRQ��
SURGXFWLRQ�DQG�SOHDVXUH���WK�HGQ��1RUWKODQG�5HJLRQDO�&RXQFLO��$YDLODEOH�DW�
KWWS���ZZZ�QUF�JRYW�Q]��

0RVOH\�03�������(URVLRQ�LQ�WKH�VRXWK�HDVWHUQ�5XDKLQH�5DQJH��LWV�LPSOLFDWLRQV�IRU�
GRZQVWUHDP�ULYHU�FRQWURO��1�=��-RXUQDO�RI�)RUHVWU\�������±����

1DWLRQDO�,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHULF�5HVHDUFK�������&OLPDWH�FKDQJH�,3&&�
)RXUWK�$VVHVVPHQW�5HSRUW��,PSDFWV��1HZ�=HDODQG�DQG�WKH�6RXWK�3DFLILF��DYDLODEOH�DW�
KWWS���ZZZ�QLZD�FUL�Q]�BBGDWD�DVVHWV�SGIBILOH������������LSFFB��SGI��

1DWLRQDO�3RSODU�DQG�:LOORZ�8VHUV�*URXS�������*URZLQJ�SRSODU�DQG�ZLOORZ�WUHHV�RQ�
IDUPV��*XLGHOLQHV�IRU�HVWDEOLVKLQJ�DQG�PDQDJLQJ�SRSODU�DQG�ZLOORZ�WUHHV�RQ�IDUPV���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��1:$6&2������±����1HZ�=HDODQG�
/DQG�5HVRXUFH�,QYHQWRU\�:RUNVKHHWV������������:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������)RUHVW�RSHUDWLRQV�JXLGHOLQHV��
:DWHU�DQG�6RLO�0DQDJHPHQW�3XEOLFDWLRQ����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�2UJDQLVDWLRQ���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������2XU�ODQG�UHVRXUFHV��%XOOHWLQ�WR�
DFFRPSDQ\�1=�/DQG�5HVRXUFH�,QYHQWRU\�:RUNVKHHWV��:HOOLQJWRQ��0LQLVWU\�RI�
:RUNV���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������7KH�6RXWK�,VODQG�ODQG�XVH�
FDSDELOLW\�H[WHQGHG�OHJHQG�IRU�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��YDQ�
%HUNHO�3�HG����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ���

1HZ�=HDODQG�)DUPHU�:HHNO\�������.HHSLQJ�RXU�VRLO�ZKHUH�LW�EHORQJV��
1HZ�=HDODQG�)RUHVW�2ZQHUV�$VVRFLDWLRQ�������1HZ�=HDODQG�HQYLURQPHQWDO�FRGH�RI�

SUDFWLFH�IRU�SODQWDWLRQ�IRUHVWU\��:HOOLQJWRQ��1HZ�=HDODQG�)RUHVW�2ZQHUV�$VVRFLDWLRQ���
1REOH�.(�������/DQG�8VH�&DSDELOLW\�&ODVVLILFDWLRQ�RI�WKH�6RXWKHUQ�+DZNH¶V�%D\�±�

:DLUDUDSD�5HJLRQ��D�EXOOHWLQ�WR�DFFRPSDQ\�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�
:RUNVKHHWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����
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2
/RXJKOLQ�&/��3HDUFH�$-�������,QIOXHQFH�RI�&HQR]RLF�JHRORJ\�RQ�PDVV�PRYHPHQW�DQG�
VHGLPHQW�\LHOG�UHVSRQVH�WR�IRUHVW�UHPRYDO��1RUWK�:HVWODQG��1HZ�=HDODQG��%XOOHWLQ�RI�
WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�(QJLQHHULQJ�*HRORJ\�������±����

2¶/RXJKOLQ�&/��=KDQJ�;�������7KH�LQIOXHQFH�RI�IDVW�JURZLQJ�FRQLIHU�SODQWDWLRQV�RQ�
VKDOORZ�ODQGVOLGLQJ�DQG�HDUWKIORZ�PRYHPHQW�LQ�1HZ�=HDODQG�VWHHSODQGV��,Q��)RUHVW��
HQYLURQPHQW�DQG�VLOYLFXOWXUH��3URFHHGLQJV����WK�,8)52�:RUOG�&RQJUHVV��'LYLVLRQ����
YRO������/XEOMDQD��<XJRVODYLD��6HSWHPEHU�������3S�����±�����

2
/RXJKOLQ�&/��5RZH�/.��3HDUFH�$-�������6HGLPHQW�\LHOGV��IURP�VPDOO�IRUHVWHG�
FDWFKPHQWV�1RUWK�:HVWODQG�±�1HOVRQ��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=������
�±����

2¶/RXJKOLQ�&/��5RZH�/.��3HDUFH��$-�������6HGLPHQW�\LHOG�DQG�ZDWHU�TXDOLW\�UHVSRQVHV�
WR�FOHDUIHOOLQJ�RI�HYHUJUHHQ�PL[HG�IRUHVWV�LQ�ZHVWHUQ�1HZ�=HDODQG��,$+6�3XEOLFDWLRQ�
�����3S�����±����

2¶/RXJKOLQ�&/��5RZH�/.��3HDUFH�$-�������([FHSWLRQDO�VWRUP�LQIOXHQFHV�RQ�VORSH�
HURVLRQ�DQG�VHGLPHQW�\LHOG�LQ�VPDOO�IRUHVWHG�FDWFKPHQWV��1RUWK�:HVWODQG��1HZ�
=HDODQG��,Q��2¶/RXJKOLQ�(0��%UHQ�(-�HGV�3URFHHGLQJV��)LUVW�1DWLRQDO�6\PSRVLXP�RQ�
)RUHVW�+\GURORJ\��0HOERXUQH����±���0D\��������$XVWUDOLDQ�1DWLRQDO�&RQIHUHQFH�
3XEOLFDWLRQ�������3S���±���

2VKDND�2��2PXUD�+��2KDUD�7��+LFNV�'�������(IIHFW�RI�SRSODU�URRWV�RQ�SK\VLFDO�
SURSHUWLHV�RI�VXUIDFH�VRLOV�DW�0DQJDZHND��1HZ�=HDODQG��7UDQVDFWLRQV�RI�WKH�-DSDQHVH�
)RUHVW�6RFLHW\���������±�����

2ZHQ�5&�������0DVV�PRYHPHQW��:DLUDUDSD��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

3DJH�0-�������1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�1RUWKHUQ�+DZNH¶V�%D\�5HJLRQ��
ODQG�XVH�FDSDELOLW\�H[WHQGHG�OHJHQG��:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�2UJDQLVDWLRQ���

3DJH�0-�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�1RUWKHUQ�+DZNH¶V�%D\�5HJLRQ��
:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ������:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW���

3DJH�0-�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�:HOOLQJWRQ�UHJLRQ��/DQGFDUH�
5HVHDUFK�6FLHQFH�6HULHV����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

3DJH�0-�������$�ELEOLRJUDSK\�RI�³UDLQIDOO�LQGXFHG´�ODQGVOLGH�VWXGLHV�LQ�1HZ�=HDODQG��
*16�6FLHQFH�5HSRUW����������:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�
6FLHQFHV���

3DJH�0-��7UXVWUXP�1$��'H5RVH�5&�����D��$�KLJK�UHVROXWLRQ�UHFRUG�RI�VWRUP�LQGXFHG�
HURVLRQ�IURP�ODNH�VHGLPHQWV��1HZ�=HDODQG��-RXUQDO�RI�3DOHROLPQRORJ\��������±�����

3DJH�0-��7UXVWUXP�1$��'\PRQG�-5�����E��6HGLPHQW�EXGJHW�WR�DVVHVV�WKH�JHRPRUSKLF�
HIIHFW�RI�D�F\FORQLF�VWRUP��1HZ�=HDODQG��*HRPRUSKRORJ\�������±������

3DJH�0-��5HLG�/0��/\QQ�,+�������6HGLPHQW�SURGXFWLRQ�IURP�&\FORQH�%ROD�ODQGVOLGHV��
:DLSDRD�FDWFKPHQW��-RXUQDO�RI�+\GURORJ\��1=���������±�����

3DJH�0-��7UXVWUXP�1$��*RPH]�%�������,PSOLFDWLRQV�RI�D�FHQWXU\�RI�DQWKURSRJHQLF�
HURVLRQ�IRU�IXWXUH�ODQG�XVH�LQ�WKH�*LVERUQH�(DVW�&RDVW�UHJLRQ�RI�1HZ�=HDODQG��1HZ�
=HDODQG�*HRJUDSKHU����������±����

3DJH�0>-@��6KHSKHUG�-'��'\PRQG�-5��-HVVHQ�0�������'HILQLQJ�KLJKO\�HURGLEOH�ODQG�IRU�
+RUL]RQV�5HJLRQDO�&RXQFLO��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�
&URZQ�0LQHUDOV��0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW�����S��
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3DLQ�&)�����D��*HRPRUSKLF�HIIHFWV�RI�IORRGV�LQ�WKH�2UHUH�5LYHU�FDWFKPHQW��HDVWHUQ�
+XQXD�5DQJHV��-RXUQDO�RI�+\GURORJ\��1=�������±����

3DLQ�&)�����E��0DVV�PRYHPHQW�DQG�YHJHWDWLRQ�LQ�WKH�2UHUH�ULYHU�FDWFKPHQW��+XQXD�
5DQJHV��0$�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

3DLQ�&)�������7KH�HIIHFW�RI�VRPH�HQYLURQPHQWDO�IDFWRUV�RQ�UDSLG�PDVV�PRYHPHQW�LQ�WKH�
+XQXD�5DQJH��1HZ�=HDODQG��(DUWK�6FLHQFH�-RXUQDO�������±�����

3DLQ�&)�������5DSLG�PDVV�PRYHPHQW�XQGHU�IRUHVW�DQG�JUDVV�LQ�WKH�+XQXD�5DQJHV��1HZ�
=HDODQG��$XVWUDOLDQ�*HRJUDSKLFDO�6WXGLHV������±����

3DUNHU�'&�������7KH�HIIHFWV�RI�GHIRUHVWDWLRQ�RQ�VRLO�SURSHUWLHV�DQG�VORSH�VWDELOLW\��
+DSXDNRKH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ���

3DUNQHU�7��3DJH�0-��0DUXWDQL�7��7UXVWUXP�1$�������'HYHORSPHQW�DQG�FRQWUROOLQJ�
IDFWRUV�RI�JXOOLHV�DQG�JXOO\�FRPSOH[HV��(DVW�&RDVW��1HZ�=HDODQG��(DUWK�6XUIDFH�
3URFHVVHV�DQG�/DQGIRUPV��������±�����

3DUNQHU�7��3DJH�0��0DUGHQ�0��0DUXWDQL�7�������*XOO\�V\VWHPV�XQGHU�XQGLVWXUEHG�
LQGLJHQRXV�IRUHVW��(DVW�&RDVW�5HJLRQ��1HZ�=HDODQG��*HRPRUSKRORJ\��������±������

3DUPLQWHU�7�����±����'HYHORSPHQW�RI�VHOI�DVVHVVPHQW�VFDOHV�IRU�ODQG�RZQHU�UHVRXUFH�
PDQDJHPHQW�JRDOV��KWWS���ZZZ�PDI�JRYW�Q]�PDIQHW�UXUDO�Q]�UHVHDUFK�DQG�
GHYHORSPHQW�UHVHDUFK�UHVXOWV�����±��������VF���KWP�(��(�����

3HDUFH�$-�������&RPSOH[�PDVV�PRYHPHQW�WHUUDLQ�LQ�WKH�(DVWHUQ�5DXNXPDUD�3HQLQVXOD��
1HZ�=HDODQG��OLWKRORJLF�DQG�VWUXFWXUDO�WHFWRQLF�LQIOXHQFHV�DQG�VRPH�HIIHFWV�RI�UHFHQW�
GHIRUHVWDWLRQ�DQG�UHDIIRUHVWDWLRQ��,Q��/DQGVOLGHV�DQG�PXGIORZV�DQG�WKH�SUHYHQWLRQ�RI�
WKHLU�QHJDWLYH�LPSDFW�RQ�WKH�HQYLURQPHQW��3URFHHGLQJV��81(6&2�,QWHUQDWLRQDO�
6HPLQDU��$OPD�$WD��3S�����±�����

3HDUFH�$-�������0DQDJHPHQW�IRU�WKH�SUHYHQWLRQ�DQG�FRQWURO�RI�HURVLRQ��FUHGLELOLW\��
FRPPLWPHQW�DQG�FRPPRQ�VHQVH��3UHVHQWHG�DW�WKH�6\PSRVLXP�RQ�(IIHFWV�RI�)RUHVW�
/DQG�XVH�RQ�(URVLRQ�DQG�6ORSH�6WDELOLW\��+RQXOXOX��+DZDLL���±���0D\�������3S��
���±�����

3HDUFH�$-��+RGJNLVV�3'�������(URVLRQ�DQG�VHGLPHQW�\LHOG�IURP�D�ODQGLQJ�IDLOXUH�DIWHU�D�
PRGHUDWH�UDLQVWRUP��7DLUXD�)RUHVW��1HZ�=HDODQG�)RUHVWU\�������±����

3HDUFH�$-��%ODFN�5'��1HOVRQ�&6�������/LWKRORJLF�DQG�ZHDWKHULQJ�LQIOXHQFHV�RQ�VORSH�
IRUP�DQG�SURFHVV��HDVWHUQ�5DXNXPDUD�5DQJH��1HZ�=HDODQG��,Q��'DYLHV�75+��3HDUFH�
$-�HGV�(URVLRQ�DQG�VHGLPHQW�WUDQVSRUW�LQ�3DFLILF�5LP�VWHHSODQGV��3URFHHGLQJV��
&KULVWFKXUFK�6\PSRVLXP��-DQXDU\�������,$+6�3XEOLFDWLRQ������3S����±�����

3HDUFH�$-��2
/RXJKOLQ�&/��-DFNVRQ�5-��=KDQJ�;%�������5HIRUHVWDWLRQ��RQ�VLWH�HIIHFWV�RQ�
K\GURORJ\�DQG�HURVLRQ��HDVWHUQ�5DXNXPDUD�5DQJH��1HZ�=HDODQG��)RUHVW�+\GURORJ\�
DQG�:DWHUVKHG�0DQDJHPHQW��3URFHHGLQJV��9DQFRXYHU�6\PSRVLXP��$XJXVW�������
,$6+�3XEOLFDWLRQ������3S�����±�����

3HUFLYDO�16��+DZNH�0)�������$JURIRUHVWU\�GHYHORSPHQW�DQG�UHVHDUFK�LQ�1HZ�=HDODQG��
1HZ�=HDODQG�$JULFXOWXUDO�6FLHQFH�������±����

3HWWLQJD�-$�����D��:DLSRDSRD�/DQGVOLGH��D�GHHS�VHDWHG�FRPSOH[�EORFN�VOLGH�LQ�7HUWLDU\�
ZHDN�URFN�IO\VFK��6RXWKHUQ�+DZNH¶V�%D\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�
*HRORJ\�DQG�*HRSK\VLFV��������±�����

3HWWLQJD�-$�����E��3RQXL�/DQGVOLGH��D�GHHS�VHDWHG�ZHGJH�IDLOXUH�LQ�7HUWLDU\�ZHDN�URFN�
IO\VFK��6RXWKHUQ�+DZNH¶V�%D\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�
*HRSK\VLFV��������±�����
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3KLOOLSV�&-�������5KHRORJLFDO�,QYHVWLJDWLRQV�RI�GHEULV�IORZ�PDWHULDOV��3K'�WKHVLV��/LQFROQ�
&ROOHJH��1HZ�=HDODQG���

3KLOOLSV�&��0DUGHQ�0�������/LVW�RI�UHIHUHQFHV�±�IRUHVWU\�HURVLRQ��-XQH�������8QSXEOLVKHG�
/DQGFDUH�5HVHDUFK�5HSRUW���

3KLOOLSV�&-��0DUGHQ�0�������(URVLRQ�DQG�VWRUPZDWHU�FRQWURO�LQ�WKH�)RUHVW�LQGXVWU\��SDVW��
SUHVHQW�DQG�IXWXUH"�,Q��3URFHHGLQJV���UG�6RXWK�3DFLILF�&RQIHUHQFH�RQ�6WRUPZDWHU�DQG�
$TXDWLF�5HVRXUFH�3URWHFWLRQ���±���0D\�������$XFNODQG��1HZ�
=HDODQG��KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]�NQRZOHGJHEDVH�SXEOLFDWLRQV�SXEOLF�1=:
:$B,(&$B3KLOOLSVDQG���0DUGHQBIRUHVW�GRF��

3KLOOLSV�&-��1HOVRQ�&6�������6HGLPHQWDWLRQ�LQ�DQ�DUWLILFLDO�ODNH�±�/DNH�0DWDKLQD��%D\�RI�
3OHQW\��1=�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�6FLHQFH��������±�����

3KLOOLSV�&-��0DUGHQ�0��3HDUFH�$-�������(IIHFWLYHQHVV�RI�UHIRUHVWDWLRQ�LQ�SUHYHQWLRQ�DQG�
FRQWURO�RI�ODQGVOLGLQJ�GXULQJ�ODUJH�F\FORQLF�VWRUPV��,Q��3URFHHGLQJV�RI�,QWHUQDWLRQDO�
8QLRQ�RI�)RUHVW�5HVHDUFK�2UJDQLVDWLRQV���WK�:RUOG�&RQJUHVV���±���$XJXVW�������
�9RO������0RQWUHDO��&DQDGD��3S�����±�����

3KLOOLSV�&-��3UXGHQ�&��&RNHU�5�������)RUHVW�KDUYHVWLQJ�LQ�WKH�0DUOERURXJK�6RXQGV�±�
IO\LQJ�LQ�WKH�IDFH�RI�D�VWRUP"�1HZ�=HDODQG�)RUHVWU\��0D\�����±���

3KLOOLSV�&-��(NDQD\DNH�-&��0DUGHQ�0�������&DQ�SODQWLQJ�SDWWHUQ�PDNH�D�GLIIHUHQFH�WR�
VORSH�VWDELOLW\"�7DLUDZKLWL�&RQVHUYDWLRQ�4XRUXP���������

3KLOOLSV�&��0DUGHQ�0��0LOOHU�'�������5HYLHZ�RI�SODQW�SHUIRUPDQFH�IRU�HURVLRQ�FRQWURO�LQ�
WKH�(DVW�&RDVW�5HJLRQ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�
0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV������S��

3KLOOLSV�&-��0DUGHQ�0��5RZDQ�'�������6HGLPHQW�\LHOG�IROORZLQJ�SODQWDWLRQ�KDUYHVWLQJ��
&RURPDQGHO�3HQLQVXOD��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=������
��±����

3ROORFN�.0�������3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��3DUW���1DWLYH�SODQWV��
:DWHU�	�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��:DWHU�DQG�6RLO�'LUHFWRUDWH��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

3RZHU�,/��'RGG�0%��7KRUUROG�%6�������$�FRPSDULVRQ�RI�SDVWXUH�DQG�VRLO�PRLVWXUH�
XQGHU�$FDFLD�PHODQR[\ORQ�DQG�(XFDO\SWXV�QLWHQV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�
*UDVVODQG�$VVRFLDWLRQ��������±�����

3RZHU�,/��'RGG�0%��7KRUUROG�%6�������'HFLGXRXV�RU�HYHUJUHHQ��'RHV�LW�PDNH�D�
GLIIHUHQFH�WR�XQGHUVWRUH\�SDVWXUH�\LHOG�DQG�ULSDULDQ�]RQH�PDQDJHPHQW"�3URFHHGLQJV�
RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

4XLOWHU�6-��.RUWH�&-��6PLWK�'5�������/RZ�FRVW�UHYHJHWDWLRQ�RI�VOLSV�QHDU�*LVERUQH��
3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

4XLQQ�-0��6WURXG�0-�������:DWHU�TXDOLW\�DQG�VHGLPHQW�DQG�QXWULHQW�H[SRUW�IURP�1HZ�
=HDODQG�KLOO�ODQG�FDWFKPHQWV�RI�FRQWUDVWLQJ�ODQG�XVH��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�
DQG�)UHVKZDWHU�5HVHDUFK��������±�����

4XLQQ�-0��'RGG�0%��7KRUUROG�%6�������:KDWDZKDWD�&DWFKPHQW�0DQDJHPHQW�3URMHFW��
WKH�VWRU\�VR�IDU��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

5HDG�6$/��%HHWKDP�5'��5LOH\�3%�������/DNH�:DLNDUHPRDQD�EDUULHU�D�ODUJH�ODQGVOLGH�
GDP�LQ�1HZ�=HDODQG��,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�
6\PSRVLXP��9RO���������&KULVWFKXUFK���±���)HEUXDU\�������5RWWHUGDP��$$�
%DONHPD��3S������±������
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5HLG�/0��3DJH�0-�������0DJQLWXGH�DQG�IUHTXHQF\�RI�ODQGVOLGLQJ�LQ�D�ODUJH�1HZ�=HDODQG�
FDWFKPHQW��*HRPRUSKRORJ\�������±����

5KRGHV�7��:LOOLV�%��6PLWK�:��0F&DQQ�-�������)DUP�$GMXVWPHQW�DQG�5HVWUXFWXULQJ�LQ�
WKH�1RUWK�,VODQG�+LOO�&RXQWU\��0$)�7HFKQLFDO�3DSHU���������0LQLVWU\�RI�$JULFXOWXUH�
DQG�)RUHVWU\��:HOOLQJWRQ��

5LGGROOV�%:�������(QJLQHHULQJ�JHRORJLFDO�DVSHFWV�RI�VORSH�VWDELOLW\�LQ�+XWW�9DOOH\�DUHD�
UHVXOWLQJ�IURP�LQWHQVH�UDLQIDOO�RI�'HFHPEHU�������1HZ�=HDODQG�*HRPHFKDQLFV�1HZV�
������±����

5RFKH�0�������/DQG�DQG�:DWHU��:DWHU�DQG�6RLO�&RQVHUYDWLRQ�DQG�&HQWUDO�*RYHUQPHQW�
LQ�1HZ�=HDODQG�����±������:HOOLQJWRQ��+LVWRULFDO�%UDQFK��'HSDUWPHQW�RI�,QWHUQDO�
$IIDLUV���

5RGJHUV�1:�������7KH�QDWXUH�DQG�FDXVHV�RI�VKDOORZ�WUDQVODWLRQDO�ODQGVOLGHV�LQ�WKH�
+DSXDNRKH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ��

5RJHUV�1:��6HOE\�0-�������0HFKDQLVP�RI�VKDOORZ�WUDQVODWLRQDO�ODQGVOLGLQJ�GXULQJ�
VXPPHU�UDLQVWRUPV��1RUWK�,VODQG��1HZ�=HDODQG��*HRJUDILVND�$QQDOHU���$����±����

5RZH�/.�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\��
.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�FROOHFWHG�IURP���2FWREHU������WR����
0DUFK�������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&��������$�IRU�WKH�)RUHVWU\�
&RUSRUDWLRQ�RI�1HZ�=HDODQG��

5RZH�/.��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�
%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�FROOHFWHG�XQWLO�0DUFK�
������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�)RUHVWU\�&RUSRUDWLRQ�
RI�1HZ�=HDODQG�����S��

5RZH�/.��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�
%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW����6XPPDU\�RI�UDLQIDOO��VWUHDPIORZ��DQG�
VHGLPHQW�GDWD�FROOHFWHG�XQWLO�0DUFK������DQG�WKH�ILHOG�LQVSHFWLRQ�RI�0D\�������
8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)OHWFKHU�&KDOOHQJH�
)RUHVWV�����S��

5RZH�/.��0DUGHQ�0��7LPSDQ\�*��YDQ�GHU�9RRUW�3�������6HGLPHQWDWLRQ�SURFHVV�DQG�
ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�
FROOHFWHG�XQWLO�'HFHPEHU�������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�
WKH�)RUHVWU\�&RUSRUDWLRQ�RI�1HZ�=HDODQG�����S��

5RZH�/.��0DUGHQ�0��5RZDQ�'�������,QWHUFHSWLRQ�DQG�WKURXJKIDOO�LQ�D�UHJHQHUDWLQJ�
VWDQG�RI�NDQXND��.XQ]HD�HULFRLGHV�YDU��HULFRLGHV���(DVW�&RDVW�UHJLRQ��1RUWK�,VODQG��
1HZ�=HDODQG��DQG�LPSOLFDWLRQV�IRU�VRLO�FRQVHUYDWLRQ��-RXUQDO�RI�+\GURORJ\��1=������
��±����

5RZH�/.��3KLOOLSV�&��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��
1RUWKHUQ�%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�UDLQIDOO��VWUHDPIORZ��
DQG�VHGLPHQW�GDWD�FROOHFWHG�XQWLO�0DUFK������DQG�FRPPHQWDU\�RQ�PRQLWRULQJ�
SURJUDPPH��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)OHWFKHU�&KDOOHQJH�
)RUHVWV�����S��

5\DQL\DU�*3��3DUNHU�:3�������&RQVWUDLQWV�WR�IDUP�OHYHO�DGRSWLRQ�RI�QHZ�VXVWDLQDEOH�
WHFKQRORJLHV�DQG�PDQDJHPHQW�SUDFWLFHV�LQ�1HZ�=HDODQG�SDVWRUDO�DJULFXOWXUH��0$)�
3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���
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6DOWHU�57��&ULSSHQ�7)��1REOH�.(�������6WRUP�GDPDJH�DVVHVVPHQW�RI�WKH�7KDPHV�7H�
$URKD�DUHD�IROORZLQJ�WKH�VWRUP�RI�$SULO�������6RLO�&RQVHUYDWLRQ�&HQWUH�$RNDXWHUH�
3XEOLFDWLRQ����3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW��

6DXQGHUV�:��*ODVVH\�3�FRPSV�������*XLGHOLQHV�IRU�DVVHVVLQJ�SODQQLQJ��SROLF\�DQG�
FRQVHQW�UHTXLUHPHQWV�IRU�ODQGVOLGH�SURQH�ODQG��*16�6FLHQFH�0LVFHOODQHRXV�6HULHV����
:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�6FLHQFHV���

6FKLHUOLW]�&��'\PRQG�-��6KHSKHUG�-�������(URVLRQ�VHGLPHQWDWLRQ�LQ�WKH�0DQDZDWX�
FDWFKPHQW�DVVRFLDWHG�ZLWK�VFHQDULRV�RI�ZKROH�IDUP�SODQV��/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW�/&���������IRU�+RUL]RQV�5HJLRQDO�&RXQFLO�����S��

6FKRXWHQ�&-�������2ULJLQ�DQG�RXWSXW�RI�VXVSHQGHG�DQG�GLVVROYHG�PDWHULDO�IURP�D�
FDWFKPHQW�LQ�1RUWKODQG��1HZ�=HDODQG�ZLWK�SDUWLFXODU�UHIHUHQFH�WR�PDQ�LQGXFHG�
FKDQJHV��&RQWUDFW�UHSRUW�WR�1:$6&$��3XEOLFDWLRQ�����3K\V��*HRJ��DQG�6RLO�6FL��
/DERUDWRU\��8QLYHUVLW\�RI�$PVWHUGDP��7KH�1HWKHUODQGV��

6FKRXWHQ�&-��+DPEXHFKHQ�:+�������:DWHU�TXDOLW\�DQG�HURVLRQ��DVVHVVPHQW�RI�WKH�
LPSDFW�RI�JXOO\LQJ�DQG�RI�VXEVHTXHQWO\�DSSOLHG�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�LQ�D�
1RUWKODQG�PXGVWRQH�FDWFKPHQW��,Q��3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�
DQG�&RQWURO�LQ�1HZ�=HDODQG��&KULVWFKXUFK��$XJXVW�������1HZ�=HDODQG�$VVRFLDWLRQ�
RI�6RLO�&RQVHUYDWRUV��&KULVWFKXUFK��3S�����±�����

6HGGRQ�5&�������$�UHYLHZ�RI�WKH�:KDUHNLUL�6RLO�&RQVHUYDWLRQ�5HVHUYH��WKH�SUREOHPV�
IDFHG��WKH�WUHDWPHQWV�DSSOLHG�DQG�WKHLU�HIIHFWLYHQHVV��%$J6F��+RQV��WKHVLV��0DVVH\�
8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

6HOE\�0-�������6RPH�VOXPSV�DQG�ERXOGHU�ILHOGV�QHDU�:KLWHKDOO��-RXUQDO�RI�+\GURORJ\�
�1=�������±����

6HOE\�0-�������(URVLRQ�E\�KLJK�LQWHQVLW\�UDLQIDOOV�LQ�WKH�ORZHU�:DLNDWR��(DUWK�6FLHQFH�
-RXUQDO�������±�����

6HOE\�0-�������7KH�UHODWLRQVKLSV�EHWZHHQ�ODQG�XVH�DQG�HURVLRQ�LQ�WKH�FHQWUDO�1RUWK�
,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=�����������±����

6HOE\�0-�������5DWHV�RI�VRLO�FUHHS�LQ�SXPLFHRXV�VRLOV�DQG�GHSRVLWV��&HQWUDO�1RUWK�,VODQG��
1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�������±�����

6HOE\�0-�������6ORSH�HURVLRQ�GXH�WR�H[WUHPH�UDLQIDOO��D�FDVH�VWXG\�IURP�1HZ�=HDODQG��
*HRJUDILVND�$QQDOHU�6HULHV���$�����±�����

6KHSSDUG�-6��%XOORFK�%7�������0DQDJHPHQW�DQG�8VHV�RI�$FDFLD�VSS���ZDWWOHV��DQG�
$OEL]LD�VSS���EUXVK�ZDWWOHV���,Q��9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�3ODQW�
PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�
6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
3S���±���

6LPSVRQ�.$�������5RFN�SURSHUWLHV�DQG�VORSH�SURFHVVHV�RI�WKH�:DLWHPDWD�*URXS�VRIW�
URFN��DORQJ�VHFWLRQV�RI�WKH�HDW�FRDVW�RI�$XFNODQG��06F��$SSOLHG�*HRORJ\���8QLYHUVLW\�
RI�$XFNODQG��

6LQJOHWRQ�3/��7URWWHU�&��:LGGRZVRQ�-��%UHQVWUXP�(��%URZQ�/�����D��&\FORQH�%ROD����
$OSKD��'6,5�H[WHQVLRQ�LQIRUPDWLRQ�VHULHV�����

6LQJOHWRQ�3>/@��7URWWHU�&��:LGGRZVRQ�-��.RUWH�&�����E��&\FORQH�%ROD����$OSKD��'6,5�
H[WHQVLRQ�LQIRUPDWLRQ�VHULHV�����
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6PDOH�0&��0F/HRG�0��6PDOH�31�������9HJHWDWLRQ�DQG�VRLO�UHFRYHU\�RQ�VKDOORZ�
ODQGVOLGH�VFDUV�LQ�WHUWLDU\�KLOO�FRXQWU\��(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��1HZ�=HDODQG�
-RXUQDO�RI�(FRORJ\�������±����

6PLWK�&0�������5LSDULDQ�SDVWXUH�UHWLUHPHQW�HIIHFWV�RQ�VHGLPHQW��SKRVSKRUXV��DQG�
QLWURJHQ�LQ�FKDQQHOLVHG�VXUIDFH�UXQ�RII�IURP�SDVWXUHV��1HZ�=HDODQG�-RXUQDO�RI�
0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±������

6PLWK�&0�������5LSDULDQ�DIIRUHVWDWLRQ�HIIHFWV�RQ�ZDWHU�\LHOGV�DQG�ZDWHU�TXDOLW\�LQ�
SDVWXUH�FDWFKPHQWV��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\��������±�����

6PLWK�0��)HQWRQ�7�������6HGLPHQW�\LHOGV�IURP�ORJJLQJ�WUDFNV�LQ�.DLQJDURD�)RUHVW��
/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�5HSRUW������±����

6PLWK�:��0RQWJRPHU\�+��5KRGHV�7�������1RUWK�,VODQG�+LOO�&RXQWU\�)DUPHUV¶�
0DQDJHPHQW�5HVSRQVH�WR�,VVXHV�RI�6XVWDLQDELOLW\��1HZ�=HDODQG�*HRJUDSKHU��������
��±����

6SDUOLQJ�*��5RVV�'��7UXVWUXP�1��$UQROG�*��:HVW�$��6SHLU�7��6FKLSSHU�/��������
5HFRYHU\�RI�WRSVRLO�FKDUDFWHULVWLFV�DIWHU�ODQGVOLS�HURVLRQ�LQ�GU\�KLOO�FRXQWU\�RI�1HZ�
=HDODQG��DQG�D�WHVW�RI�WKH�VSDFH�IRU�WLPH�K\SRWKHVLV��6RLO�%LRORJ\�DQG�%LRFKHPLVWU\�
��������±������

6SLHUV�--.�������/RJJLQJ�RSHUDWLRQV�JXLGHOLQHV��5RWRUXD��1HZ�=HDODQG�/RJJLQJ�,QGXVWU\�
5HVHDUFK�2UJDQLVDWLRQ���

6WDFH�&(������������1HZ�=HDODQG�SRSODU�DQG�ZLOORZ�VXUYH\��+RUW5HVHDUFK�&OLHQW�
5HSRUW��������

6WHSKHQV�35��7UXVWUXP�1$��+LFNV�'/�������([SHULPHQWDO�DHULDO�SKRWRJUDSKLF�VXUYH\�RI�
HURVLRQ�DQG�FDWFKPHQW�FRQGLWLRQ��*ODGVWRQH�'LVWULFW��:DLUDUDSD��,Q��6WHSKHQV�35�HG��
3URFHHGLQJV�RI�:RUNVKRS�RQ�5HPRWH�VHQVLQJ�IRU�6RLO�&RQVHUYDWLRQ�����-XQH�±���-XO\�
������D�UHPRWH�VHQVLQJ�PDQXDO�IRU�VRLO�FRQVHUYDWLRQ��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��0LQLVWU\�RI�
:RUNV�DQG�'HYHORSPHQW��3S�����±�����

6WRFNEULGJH�+0�������0DQJDZKLR�GUDLQDJH�V\VWHP�UHVSRQVH�WR�D�GHHS�VHDWHG�ODQGVOLGH��
:DQJDQXL�5HJLRQ��06F�WKHVLV��5HVHDUFK�6FKRRO�RI�(DUWK�6FLHQFH��9LFWRULD�8QLYHUVLW\�
RI�:HOOLQJWRQ��

6WRXW�0/�������8WLNX�ODQGVOLGH��1RUWK�,VODQG��1HZ�=HDODQG��*HRORJLFDO�6RFLHW\�RI�
$PHULFD��5HYLHZV�LQ�(QJLQHHULQJ�*HRORJ\�������±�����

6XWKHUODQG�1�HW�DO��������(URVLRQ�FRQWURO�VXUYH\�3RYHUW\�%D\��(DVW�&RDVW��8QSXEOLVKHG�
5HSRUW��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

7DUDQDNL�5HJLRQDO�&RXQFLO�������6XVWDLQDEOH�/DQG�8VH�LQ�WKH�7DUDQDNL�+LOO�&RXQWU\�±�D�
FDVH�VWXG\�9ROXPHV�,�DQG�,,��7DUDQDNL�5HJLRQDO�&RXQFLO�7HFKQLFDO�5HSRUW���±�����

7D\ORU�1+�HW�DO��������0DLQWHQDQFH�RI�YHJHWDWLYH�FRYHU�LQ�1HZ�=HDODQG�ZLWK�VSHFLDO�
UHIHUHQFH�WR�ODQG�HURVLRQ��UHSRUW�RI�&RPPLWWHH�RI�,QTXLU\���'6,5�%XOOHWLQ������

7KRPSVRQ�5&��/XFNPDQ�3*�����D��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW�
���'HVFULSWLRQ�RI�NQRZOHGJH�EDVHV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����
'6,5�/DQG�5HVRXUFHV��:HOOLQJWRQ��

7KRPSVRQ�5&��/XFNPDQ�3*�����E��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW�
���(PSLULFDO�JXLGHOLQHV�IRU�HURVLRQ�FRQWURO��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�
����'6,5�/DQG�5HVRXUFHV��:HOOLQJWRQ��
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7KRPSVRQ�5&��/XFNPDQ�3*�������3HUIRUPDQFH�RI�ELRORJLFDO�HURVLRQ�FRQWURO�LQ�VRIW�URFN�
WHUUDLQ��DQG�LPSOLFDWLRQV�IRU�VLOYRSDVWRUDO�V\VWHPV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�
5HFRUG�����'6,5�/DQG�5HVRXUFHV��:HOOLQJWRQ��

7KRPSVRQ�5&��/XFNPDQ�3*�������3HUIRUPDQFH�RI�ELRORJLFDO�HURVLRQ�FRQWURO�LQ�1HZ�
=HDODQG�VRIW�URFN�KLOO�WHUUDLQ��$JURIRUHVWU\�6\VWHPV��������±�����

7KRUQ�&�������3RVW�GHIRUHVWDWLRQ�PDVV�PRYHPHQW�HURVLRQ�LQ�0DNDKX��7DUDQDNL��D�VWXG\�
RI�WKH�UDWH�DQG�SURFHVV�RI�PDVV�PRYHPHQW�HURVLRQ��%6F��+RQV��WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

7LOVOH\�6�������(QJLQHHULQJ�JHRORJ\�DQG�PDVV�PRYHPHQW�RI�WKH�+RZLFN�$OIULVWRQ�
:KLWIRUG�GLVWULFW��VRXWK�HDVW�$XFNODQG��1HZ�=HDODQG��06F��*HRORJ\���8QLYHUVLW\�RI�
$XFNODQG��

7RGG�$'�������1RWHV�RQ�HURVLRQ�FRQWURO�LQ�WKH�3RYHUW\�%D\�&DWFKPHQW�'LVWULFW��
8QSXEOLVKHG�5HSRUW�WR�WKH�3RYHUW\�%D\�&DWFKPHQW�%RDUG��

7RGG�$'�������6WDELOLVDWLRQ�RI�HDUWKIORZV��6RLO�DQG�:DWHU������±����
7UDQJPDU�%%�������6RLOV�DQG�HURVLRQ�RI�WKH�6XPQHU�UHJLRQ�RI�WKH�3RUW�+LOOV��&DQWHUEXU\��

1HZ�=HDODQG��1=�6RLO�6XUYH\�5HSRUW�����/RZHU�+XWW��1HZ�=HDODQG�6RLO�%XUHDX��
'6,5���

7URWWHU�&�������&\FORQH�%ROD��7KH�,QHYLWDEOH�'LVDVWHU��1HZ�=HDODQG�(QJLQHHULQJ��������
��±����

7URWWHU�&0�������:HDWKHULQJ�DQG�UHJROLWK�SURSHUWLHV�DW�DQ�HDUWKIORZ�VLWH��4XDUWHUO\�
-RXUQDO�RI�(QJLQHHULQJ�*HRORJ\��������±�����

7UXVWUXP�1$��'H5RVH�5&�������6RLO�GHSWK�DJH�UHODWLRQVKLS�RI�ODQGVOLGHV�RQ�GHIRUHVWHG�
KLOOVORSHV��7DUDQDNL��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����

7UXVWUXP�1$��3DJH�0-�������7KH�ORQJ�WHUP�HURVLRQ�KLVWRU\�RI�/DNH�7XWLUD�ZDWHUVKHG��
LPSOLFDWLRQV�IRU�VXVWDLQDEOH�ODQG�XVH�PDQDJHPHQW��,Q��+HQULTXHV�35�HG��3URFHHGLQJV��
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��+DZNH¶V�%D\��
1HZ�=HDODQG����±���1RYHPEHU�������3S�����±�����

7UXVWUXP�1$��7KRPDV�9-��/DPEHUW�0*�������6RLO�VOLS�HURVLRQ�DV�D�FRQVWUDLQW�WR�KLOO�
FRXQWU\�SDVWXUH�SURGXFWLRQ��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ�
������±����

7UXVWUXP�1$��%ODVFKNH�30��'H5RVH�5&�������3RVW�GHIRUHVWDWLRQ�VRLO�ORVV�IURP�
VWHHSODQG�KLOOVORSHV�LQ�7DUDQDNL��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV��������±������

9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�����D��3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
FRQVHUYDWLRQ��9ROXPH���3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\���

9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�����E��3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\���

9DQ�5RRQ�0���.QLJKW�6�������7RZDUGV�LQWHJUDWHG�FDWFKPHQW�PDQDJHPHQW��:KDLQJDURD��
1HZ�=HDODQG��:DWHU�6FLHQFH�7HFKQRORJ\��������±�����

9DXJKDQ�/:�������/RJJLQJ�DQG�WKH�HQYLURQPHQW��D�UHYLHZ�RI�UHVHDUFK�ILQGLQJV�DQG�
PDQDJHPHQW�SUDFWLFHV��5RWRUXD��1HZ�=HDODQG�/RJJLQJ�,QGXVWU\�5HVHDUFK�
2UJDQLVDWLRQ���

9DXJKDQ�/��9LVVHU�5��6PLWK�0�������1HZ�=HDODQG�IRUHVW�FRGH�RI�SUDFWLFH���QG�HGQ��
5RWRUXD��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ���
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9LVVHUV�6�������6RLO�SLSLQJ��D�UHYLHZ�ZLWK�VSHFLDO�UHIHUHQFH�WR�1RUWKODQG��$XFNODQG�
6WXGHQW�*HRJUDSKHU������±����

:DOGYRJHO�<6�������5RFN�FRQWURO�RQ�FRPSOH[�VFDUS�IRUP�DQG�WKH�SURFHVVHV�RI�VORSH�
GHQXGDWLRQ�DW�7H�$NDX��6RXWK�$XFNODQG��1HZ�=HDODQG��06F�WKHVLV��*HRORJ\���
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

:DONHU�$��%HOO�%�������$VSHFWV�RI�1HZ�=HDODQG¶V�([SHULHQFH�LQ�$JULFXOWXUDO�5HIRUP�
6LQFH�������0$)3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�
DQG�)RUHVWU\���

:DOO�$-��0DFND\�$'��.HPS�3'��*LOOLQJKDP�$*��(GZDUGV�:51�������7KH�LPSDFW�RI�
ZLGHO\�VSDFHG�VRLO�FRQVHUYDWLRQ�WUHHV�RQ�KLOO�SDVWRUDO�V\VWHPV��3URFHHGLQJV�RI�WKH�
1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

:DUG�$-�����D��0DVV�PRYHPHQW�DQG�UHODWHG�SKHQRPHQD�LQ�WKH�3RURWL�DUHD�RI�1RUWKODQG��
06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

:DUG�$-�����E��3LSH�VKDIW�SKHQRPHQD�LQ�1RUWKODQG��-RXUQDO�RI�+\GURORJ\��1=�������±
�����

:DUGOH�3�������9HJHWDWLRQ�RI�1HZ�=HDODQG��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV���
:DVVRQ�5-�������(DUWKIORZ�PRYHPHQW�DQG�FOLPDWLF�YDULDWLRQ��3URFHHGLQJV��1�=��

+\GURORJLFDO�6RFLHW\�$QQXDO�6\PSRVLXP��3S����±����
:DVVRQ�5-��+DOO�*�������$�ORQJ�UHFRUG�RI�PXGVWRQH�PRYHPHQW�DW�:DHUHQJD�R�NXUL��

1HZ�=HDODQG��=HLWVFKULIW�IXU�*HRPRUSKRORJLH���/����±����
:DVVRQ�5-��+DOO�*�������0XGVOLGH�UHDFWLYDWLRQ��:DHUHQJD�R�.XUL��1HZ�=HDODQG��

$XVWUDOLDQ�*HRJUDSKLFDO�6WXGLHV��������±�����
:DWVRQ�$��2¶/RXJKOLQ�&�������6WUXFWXUDO�URRW�PRUSKRORJ\�DQG�ELRPDVV�RI�WKUHH�DJH�

FODVVHV�RI�3LQXV�UDGLDWD��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����
:DWVRQ�$-��0DUGHQ�0��5RZDQ�'�������7UHH�VSHFLHV�SHUIRUPDQFH�DQG�VORSH�VWDELOLW\��,Q��

%DUNHU�'+�HG��9HJHWDWLRQ�DQG�VORSHV��VWDELOLVDWLRQ��SURWHFWLRQ�DQG�HFRORJ\��/RQGRQ��
3S�����±�����

:DWVRQ�$-��0DUGHQ�0��5RZDQ�'�������5RRW�ZRRG�VWUHQJWK�GHWHULRUDWLRQ�LQ�NDQXND�DIWHU�
FOHDUIHOOLQJ��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±�����

:DWVRQ�$��3KLOOLSV�&��0DUGHQ�0�������5RRW�VWUHQJWK��JURZWK��DQG�UDWHV�RI�GHFD\��URRW�
UHLQIRUFHPHQW�FKDQJHV�RI�WZR�WUHH�VSHFLHV�DQG�WKHLU�FRQWULEXWLRQ�WR�VORSH�VWDELOLW\��
3ODQW�DQG�6RLO��������±����

:DWVRQ�$��3KLOOLSV�&-��0DUGHQ�0�������5RRW�VWUHQJWK��JURZWK�DQG�UDWHV�RI�GHFD\��URRW�
UHLQIRUFHPHQW�FKDQJHV�RI�WZR�WUHH�VSHFLHV�DQG�WKHLU�FRQWULEXWLRQ�WR�VORSH�VWDELOLW\��,Q��
6WRNHV�$�HG��7KH�VXSSRUWLQJ�URRWV�RI�WUHHV�DQG�ZRRG\�SODQWV��IRUP��IXQFWLRQ�DQG�
SK\VLRORJ\��'RUGUHFKW��.OXZHU�$FDGHPLF��3S����±����

:K\WH�'(�������$VSHFWV�RI�WKH�HQJLQHHULQJ�JHRORJ\�RI�WKH�5DQJLWRSXQL�FDWFKPHQW��
$XFNODQG��06F�WKHVLV��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��

:LONLH�'5�������&RQVHUYDWLRQ�ZRUN�FXUHV�VRLO�HURVLRQ�DQG�IORRGLQJ�±�*OHQPDUN�
FDWFKPHQW��6RLO�DQG�:DWHU������±����

:LONLQVRQ�$*�������3RSODUV�DQG�ZLOORZV�IRU�VRLO�HURVLRQ�FRQWURO�LQ�1HZ�=HDODQG��
%LRPDVV�DQG�%LRHQHUJ\��������±�����

:LONLQVRQ�6��+HQGHUVRQ�$��&KHQ�<��6KHUPDQ�%�������6HG1HW�XVHU�JXLGH��&OLHQW�5HSRUW��
&6,52�/DQG�DQG�:DWHU��&DQEHUUD��

:LOOLDPV�$/�������/LWKRORJLF�SURSHUWLHV��GHIHFWV�DQG�VORSH�PRYHPHQW�LQ�ZHDN�URFNV�RI�
WKH�3DNLUL�)RUPDWLRQ��/HLJK��06F�WKHVLV��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��
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=KDQJ�;��3KLOOLSV�&-��0DUGHQ�0�������,QWHUQDO�GHIRUPDWLRQ�RI�D�IDVW�PRYLQJ�HDUWKIORZ��
5DXNXPDUD�3HQLQVXOD��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����

=KDQJ�;��3KLOOLSV�&-��0DUGHQ�0�������$�FRPSDULVRQ�RI�HDUWKIORZ�PRYHPHQW�UDWHV�RQ�
IRUHVWHG�DQG�JUDVVHG�VORSHV��5DXNXPDUD�3HQLQVXOD��1RUWK�,VODQG��1HZ�=HDODQG��
*HRPRUSKRORJ\�������±�����

=KDQJ�;��3KLOOLSV�&-��3HDUFH�$-�������6XUIDFH�PRYHPHQW�LQ�DQ�HDUWKIORZ�FRPSOH[��
5DXNXPDUD�3HQLQVXOD��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����

�
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$SSHQGL[���±�%LEOLRJUDSK\�RI�UHIHUHQFHV�UHOHYDQW�WR�KLOO�
FRXQWU\�HURVLRQ��
�
$GDPV�-(�������/DWH�&HQR]RLF�HURVLRQ�LQ�1HZ�=HDODQG��3K'�WKHVLV��9LFWRULD�8QLYHUVLW\�

RI�:HOOLQJWRQ���
$GDPV�-�������6HGLPHQW�ORDGV�RI�1RUWK�,VODQG�ULYHUV��1HZ�=HDODQG�±�D�UHFRQQDLVVDQFH��

-RXUQDO�RI�+\GURORJ\��1=��������±����
$GDPV�-�������&RQWHPSRUDU\�XSOLIW�DQG�HURVLRQ�RI�WKH�6RXWKHUQ�$OSV��1HZ�=HDODQG��

*HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ������±�����
$GDPV�5��(OOLRWW�$+�������3K\VLFDOO\�EDVHG�PRGHOOLQJ�RI�VHGLPHQW�JHQHUDWLRQ�DQG�

WUDQVSRUW�XQGHU�D�ODUJH�UDLQIDOO�VLPXODWRU��+\GURORJLFDO�3URFHVVHV���������������
$GDPV�5��3DUNLQ�*��5XWKHUIRUG�-&��,EELWW�53��(OOLRWW�$+�������8VLQJ�D�UDLQIDOO�VLPXODWRU�

DQG�D�SK\VLFDOO\�EDVHG�K\GURORJLFDO�PRGHO�WR�LQYHVWLJDWH�UXQRII�SURFHVVHV�LQ�D�
KLOOVORSH�+\GURORJLFDO�3URFHVVHV����������������

$NHKXUVW�16�������(URVLRQ�LQ�WKH�:DLSDRD�&DWFKPHQW��D�SK\VLRJUDSKLF�DQDO\VLV��0$�
WKHVLV��8QLYHUVLW\�RI�$XFNODQG���

$OH[DQGHU�5%��(OOLRWW�$+��6KDQNDU�8��0F%ULGH�*%�������(VWLPDWLQJ�WKH�VRXUFHV�DQG�
WUDQVSRUW�RI�QXWULHQWV�LQ�WKH�:DLNDWR�5LYHU�%DVLQ��1HZ�=HDODQG��:DWHU�5HVRXUFHV�
5HVHDUFK���������±������

$OOHQ�:��.LOYLQJWRQ�0��1L[RQ�&��<HDEVOH\�-�������6XVWDLQDEOH�'HYHORSPHQW�([WHQVLRQ��
0$)�7HFKQLFDO�3DSHU����������3UHSDUHG�IRU�0$)�3ROLF\�E\�/DQGFDUH�5HVHDUFK��
:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���

$OOVRS�)�������7KH�VWRU\�RI�0DQJDWX��WKH�IRUHVW�ZKLFK�KHDOHG�WKH�ODQG��:HOOLQJWRQ��1HZ�
=HDODQG�*RYHUQPHQW�3ULQWHU���

$OSH��6*�������)DUPLQJ�WKH�PRYLQJ�ODQG��06F�WKHVLV��*HRJUDSK\���8QLYHUVLW\�RI�
&DQWHUEXU\��&KULVWFKXUFK��

$QGUHZ�3��+D\HV�5��&ROOLHU�+�������(DVW�&RDVW�1RUWK�,VODQG�VXVWDLQDELOLW\�LVVXHV��0$)�
3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\���

$QRQ��������:KDUHNLUL�'HPRQVWUDWLRQ�)DUP�±�3RYHUW\�%D\��6RLO�DQG�:DWHU�����	�����
��±����

$QRQ��������:KDQJDUHL�HDUWKIORZ�FRQWURO�XQGHUZD\��6RLO�DQG�:DWHU������������
$QRQ��������(DUWK�IORZ�PRYLQJ�RQ��6RLO�DQG�:DWHU������������
$QRQ������D��*URZWK�DQG�SURILWDELOLW\�RI�SLQHV�RQ�*LVERUQH�KLOO�FRXQWU\��&RQVHUYDWLRQ�

4XRUXP�������±����
$QRQ������E��3ODQ�FRPEDWV�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��KWWS���ZZZ�FRXQWU\�

ZLGH�FR�Q]�DUWLFOH������KWPO���
$QRQ������F��)DUPHUV�DFW�WR�KDOW�KLOO�VRLO�HURVLRQ��&RXQWU\:LGH�6RXWKHUQ��85/��

KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���
$QRQ��������2YHU�VRZLQJ�SUHYHQWV�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��

KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���
$QRQ������D��0DQDJLQJ�WKH�³WRH´�RI�D�VORSH��&RQVHUYDWLRQ�4XRUXP������±���

�������������������������������������������������
��1RWH�±�EHFDXVH�RI�WLPH�FRQVWUDLQWV�QRW�DOO�UHIHUHQFHV�KDYH�EHHQ�VLJKWHG�WR�FKHFN�WKHLU�UHOHYDQFH��
�
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$QRQ������E��/DQG�RYHUOD\��$�±�GRWWLQJ�WKH�,¶V�DQG�SODQWLQJ�WKH�W�U�HHV��&RQVHUYDWLRQ�
4XRUXP������±���

$QRQ������F��/DQG�UHWLUHPHQW�RSWLRQ�IRU�5DLQH\V��&RXQWU\:LGH�1RUWKHUQ��85/��
KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���

$QRQ������G��7UHHV�LQVXUDQFH�DJDLQVW�HURVLRQ��&RXQWU\:LGH�1RUWKHUQ��85/��
KWWS���ZZZ�FRXQWU\�ZLGH�FR�Q]�DUWLFOH������KWPO���

$QWKRQ\�7�������0DQDJLQJ�ZDWHUZD\V�RQ�IDUPV��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�
(QYLURQPHQW���

$UDQG��-*�������0DVV�PRYHPHQW�KD]DUG�DW�7H�$URKD��1RUWK�,VODQG��1HZ�=HDODQG��06F�
WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

$UPVWURQJ�-��0DFNHQ]LH�'�������&DWFKPHQW�VFDOH�HURVLRQ�SUHGLFWLRQ�IRU�ODQG�
PDQDJHPHQW�SODQQLQJ��$XVWUDOLDQ�-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ���������±
����

$VKE\�*&$�������*HRORJLFDO�FRQWUROV�RQ�ODQGVOLGLQJ�LQ�WKH�.DXHUDQJD�9DOOH\��
&RURPDQGHO�5DQJHV��DQG�VRXUFHV�RI�VHGLPHQW�LQ�VWUHDP�FKDQQHOV��06F�WKHVLV��
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

%DLOOLH�%�������+DUYHVWLQJ�HIIHFWV�RQ�ZRRG\�GHEULV�LQ�VWUHDPV�DQG�FKDQQHO�EDQN�
GLVWXUEDQFH��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�3URMHFW�5HSRUW������

%DQEXU\�.�������&KDQJHV�LQ�VHGLPHQW�VWRUDJH�LQ�7H�:HUDURD�6WUHDP��(DVW�&RDVW��1HZ�
=HDODQG������±������06F�WKHVLV��*HRJUDSK\���8QLYHUVLW\�RI�$XFNODQG��

%DUJK�%-�������$�VWXG\�RI�WKH�K\GURORJLFDO�DQG�VHGLPHQWRORJLFDO�FKUDFWHULVWLFV�RI�WZR�
FDWFKPHQWV�RI�FRQWUDVWLQJ�ODQG�XVH��0$JU6FL�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�
1RUWK���

%DUJK�%-�������2XWSXW�RI�ZDWHU��VXVSHQGHG�VHGLPHQW�DQG�SKRVSKRUXV�DQG�QLWURJHQ�IRUPV�
IURP�D�VPDOO�IRUHVWHG�FDWFKPHQW��1=�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����

%DUWRQ�,/��'DNLQ�$-��0F3LNH�$0��0F4XDUULH�:*��2JLOYLH�'-*�������)HEUXDU\������
VWRUP�±�HIIHFWV�LQ�WKH�+XQXD�FDWFKPHQWV��$XFNODQG�5HJLRQDO�$XWKRULW\�5HSRUW�
���������

%DUWOHHW�-5�������3URJUHVV�RQ�:KDUHNLUL�'HPRQVWUDWLRQ�)DUP��6RLO�DQG�:DWHU���������±���
%DVKHU�/5�������$�UHYLHZ�RI�HURVLRQ�VWXGLHV�LQ�&DQWHUEXU\��/DQGFDUH�5HVHDUFK�&RQWUDFW�

5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�&RXQFLO��
%DVKHU�/5�������(URVLRQ�SURFHVVHV�LQ�WKH�6RXWK�,VODQG��1HZ�=HDODQG��D�VXPPDU\�RI�

H[LVWLQJ�LQIRUPDWLRQ��3UHSDUHG�IRU�WKH�(URVLRQ�&DUERQ�PHHWLQJ��3DOPHUVWRQ�1RUWK��
��±���-XQH������8QSXEOLVKHG�/DQGFDUH�5HVHDUFK�UHSRUW��3DOPHUVWRQ�1RUWK��

%DVKHU�/5��+LFNV�'0�������5HYLHZ�RI�H[LVWLQJ�GDWD�RQ�HURVLRQ�UDWHV�DQG�VHGLPHQW�\LHOG�
IRU�WKH�0RWXHND�FDWFKPHQW��8QSXEOLVKHG�5HSRUW�IRU�WKH�0RWXHND�,QWHJUDWHG�
&DWFKPHQW�0DQDJHPHQW�3URJUDPPH��

%DVKHU�/5��3KLOOLSV�&�������)XWXUH�VHGLPHQW�LQYHVWLJDWLRQV�DW�:KDWDZKDWD�±�D�UHSRUW�
SUHSDUHG�DV�SDUW�RI�WKH�/DQGFDUH�5HVHDUFK�VXEFRQWUDFW�WR�1,:$��/LQFROQ��/DQGFDUH�
5HVHDUFK���

%DVKHU�/��(NDQD\DNH�-��3D\QH�-��:DWVRQ�$��%HWWV�+�������/DQGVOLGH�PRGHOOLQJ�DQG�ILHOG�
H[SHULPHQWDWLRQ�IRU�WKH�5DJODQ�)LQH�6HGLPHQW�6WXG\��3URJUHVV�UHSRUW�����±����
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�1,:$��

%D\ILHOG�0$��0HLVWHU�$'�������(DVW�&RDVW�)RUHVWU\�3URMHFW�UHYLHZ��UHSRUW�IRU�WKH�
0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\��:HOOLQJWRQ��0$)���



�

/DQGFDUH�5HVHDUFK�

���

%D\ILHOG�0$��0HLVWHU�$'�������(DVW�&RDVW�IRUHVWU\�SURMHFW�UHYLHZ��UHSRUW�WR�0LQLVWU\�RI�
$JULFXOWXUH�DQG�)RUHVWU\��:HOOLQJWRQ��0$)���

%HHWKDP�5'�������6HLVPLFLW\�DQG�ODQGVOLGLQJ�ZLWK�VSHFLDO�DWWHQWLRQ�WR�1HZ�=HDODQG��
06F�WKHVLV��'HSW�RI�&LYLO�(QJLQHHULQJ��,PSHULDO�&ROOHJH�RI�6FLHQFH�DQG�7HFKQRORJ\��
8QLYHUVLW\�RI�/RQGRQ��8.���

%HHWKDP�5'��*UDQW�+�������5HFRQQDLVVDQFH�RI�ODQGVOLGH�DQG�IORRG�GDPDJH�LQ�WKH�
*LVERUQH�DUHD�FDXVHG�E\�WKH������/DERXU�ZHHNHQG�VWRUP��,QVWLWXWH�RI�*HRORJLFDO�DQG�
1XFOHDU�6FLHQFHV�VFLHQFH�UHSRUW��

%HOO�'+�����D��+LJK�LQWHQVLW\�UDLQVWRUPV�DQG�JHRORJLFDO�KD]DUGV��&\FORQH�$OLVRQ��
0DUFK�������.DLNRXUD��1HZ�=HDODQG��%XOOHWLQ�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�
(QJLQHHULQJ�*HRORJ\��������±����

%HOO�'+�����E��6ORSH�HYROXWLRQ�DQG�VORSH�VWDELOLW\��.DZDUDX�YDOOH\��&HQWUDO�2WDJR��1HZ�
=HDODQG��1HZ�=HDODQG�%XOOHWLQ�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�(QJLQHHULQJ�
*HRORJ\������±���

%HOO�'+�������5DLOZD\�DQG�KLJKZD\�VWDELOLW\�SUREOHPV�LQ�WKH�.DLNRXUD�DUHD��1HZ�
=HDODQG��,QVWLWXWH�RI�(QJLQHHUV�$QQXDO�&RQIHUHQFH��9RO������

%HOO�'+�������*HRPRUSKLF�HYROXWLRQ�RI�D�YDOOH\�V\VWHP��WKH�.DZDUDX�YDOOH\��FHQWUDO�
2WDJR��,Q��6RRQV�-0�DQG�6HOE\�0-�HGV�/DQGIRUPV�RI�1HZ�=HDODQG���QG�HGQ��
$XFNODQG��/RQJPDQ�3DXO��3S�����±�����

%HOO�'+��2ZHQV�,)�������+LJK�LQWHQVLW\�UDLQVWRUPV�DQG�PDVV�PRYHPHQW��,Q��3URFHHGLQJV�
$1=$$6�&RQIHUHQFH��$XFNODQG��3S�������

%HOO�'+��3HWWLQJD�-5�������%HGGLQJ�FRQWUROOHG�ODQGVOLGHV�LQ�1HZ�=HDODQG�VRIW�URFN�
WHUUDLQ��,Q��3URFHHGLQJV���WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�/DQGVOLGHV��YRO��9����
/DXVDQQH����±���-XO\�������5RWWHUGDP��$$�%DONHPD��3S����±����

%HOO�'+��7UDQJPDU�%%�������5HJROLWK�PDWHULDOV�DQG�HURVLRQ�SURFHVVHV�RQ�WKH�3RUW�+LOOV��
&KULVWFKXUFK��1HZ�=HDODQG��,Q��)LIWK�,QWHUQDWLRQDO�6\PSRVLXP�DQG�)LHOG�:RUNVKRS�
RQ�/DQGVOLGHV��/DXVDQQH��5RWWHUGDP��$$�%DONHPD��3S����±���

%HO]�'7�������,QYHVWLJDWLRQV�RI�VXEVLGHQFH�DW�8WLNX��6RLO�DQG�:DWHU���������±�����
%HQQHWW�-5�������,PSOLFDWLRQV�RI�DOWHUDWLRQV�LQ�FDWFKPHQW�DQG�VWUHDP�FKDQQHO�

FKDUDFWHULVWLFV�LQ�WKH�8SSHU�0DQJDZKDUD�9DOOH\��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ��

%HQVRQ�:1�������/DQGVOLGHV�DQG�DOOLHG�IHDWXUHV�LQ�WKH�'XQHGLQ�GLVWULFW�LQ�UHODWLRQ�WR�
JHRORJLFDO�VWUXFWXUH��WRSRJUDSK\��DQG�HQJLQHHULQJ��7UDQVDFWLRQV�DQG�3URFHHGLQJV�RI�
WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±�����

%HQVRQ�:1�������/DQGVOLGHV�DQG�WKHLU�UHODWLRQ�WR�HQJLQHHULQJ�LQ�WKH�'XQHGLQ��1HZ�
=HDODQG��(FRQRPLF�*HRORJ\��������±�����

%HUH]RYVN\�2�������/DQGVOLGH�LPSDFW�RQ�3DNLKLNXUD�9DOOH\��%$��+RQV��WKHVLV��5HVHDUFK�
6FKRRO�RI�(DUWK�6FLHQFH��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

%HUJLQ�'�������,QIRUPDWLRQ�VRXUFHV�RQ�QDWLYH�WUHH�VSHFLHV��1HZ�=HDODQG�7UHH�*URZHU�
��������

%HUJLQ�'2��.LPEHUOH\�02��0DUGHQ�0�������+RZ�VRRQ�GRHV�UHJHQHUDWLQJ�VFUXE�FRQWURO�
HURVLRQ"�1HZ�=HDODQG�)RUHVWU\��$XJXVW���������±�����

%HUJLQ�'5��.LPEHUOH\�02��0DUGHQ�0�������3URWHFWLYH�YDOXH�RI�UHJHQHUDWLQJ�WHD�WUHH�
VWDQGV�RQ�HURVLRQ�SURQH�KLOO�FRXQWU\��(DVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH������±����
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%HUU\PDQ�-�������(YDOXDWLRQV�RI�PHWKRGV�IRU�WHVWLQJ�WKH�HIIHFWLYHQHVV�RI�YROXQWDU\�
DSSURDFKHV�WR�VXVWDLQDEOH�ODQG�PDQDJHPHQW��$�OLWHUDWXUH�UHYLHZ��8QSXEOLVKHG�UHSRUW�
IRU�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ���

%HWWV�+�������'LJLWDO�WHUUDLQ�PRGHOOLQJ�RI�JXOO\�V\VWHPV�LQ�WKH�:DLSDRD�FDWFKPHQW��
&DWFKPHQW�&RQQHFWLRQV�1HZVOHWWHU����

%HWWV�+'��'H5RVH�5&�������'LJLWDO�HOHYDWLRQ�PRGHOV�DV�D�WRRO�IRU�PRQLWRULQJ�DQG�
PHDVXULQJ�JXOO\�HURVLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�(DUWK�2EVHUYDWLRQ�DQG�
*HRLQIRUPDWLRQ������±�����

%HWWV�+'��7UXVWUXP�1$��'H5RVH�5&�������*HRPRUSKLF�FKDQJHV�LQ�D�FRPSOH[�JXOO\�
V\VWHP�PHDVXUHG�IURP�VHTXHQWLDO�GLJLWDO�HOHYDWLRQ�PRGHOV��DQG�LPSOLFDWLRQV�IRU�
PDQDJHPHQW��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV���������±������

%LUG�*$�������7KH�QDWXUH�DQG�FDXVHV�RI�FRDVWDO�ODQGVOLGLQJ�RQ�WKH�0DXQJDWDSX�
3HQLQVXOD��7DXUDQJD��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

%LVKRS�'*�������*HRORJ\�RI�DQ�DUHD�RI�DFFHOHUDWHG�HURVLRQ�DW�:DHUHQJD�R�NXUL��QHDU�
*LVERUQH��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±�����

%LVKRS�'*�������(DVW�$EERWVIRUG�ODQGVOLGH��EDVLF�GDWD�DYDLODEOH�DV�DW����2FWREHU�������
/RZHU�+XWW��1�=��*HRORJLFDO�6XUYH\���

%LVKRS�'*��1RUULV�5-�������5LIW�DQG�WKUXVW�WHFWRQLFV�DVVRFLDWHG�ZLWK�D�WUDQVODWLRQDO�EORFN�
VOLGH��$EERWVIRUG��1HZ�=HDODQG��*HRORJ\�0DJD]LQH��������±����

%LVKRS�'*��/LQGTYLVW�-.��5LWFKLH�''��7XUQEXOO�,0�������0RGHUQ�VHGLPHQWDWLRQ�DW�)DOOV�
'DP��XSSHU�0DQXKHULNLD�5LYHU��&HQWUDO�2WDJR��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�
RI�*HRORJ\�DQG�*HRSK\VLFV��������±�����

%LVKRS�5*�������5HSRUW�RQ�VWRUP�RI����'HFHPEHU�������:HOOLQJWRQ�5HJLRQDO�:DWHU�
%RDUG��

%ODFN�5'�������5LYHUV�RI�FKDQJH��(DUO\�KLVWRU\�RI�WKH�8SSHU�:DLSRD�DQG�0DQJDWX�
&DWFKPHQWV��&KULVWFKXUFK��3URWHFWLRQ�)RUHVWU\�'LYLVLRQ��)RUHVWU\�5HVHDUFK�,QVWLWXWH���

%ODFN�5'�������:DLURD�&RXQW\�/DQG�5HVRXUFH�6WXG\��)LQDO�UHSRUW��3URMHFW�������1DSLHU��
+DZNH
V�%D\�&DWFKPHQW�%RDUG���

%ODFN�5'�������5HYHUVLQJ�WKH�HURVLRQ�WUHQG�RQ�HURGLEOH�KLOO�FRXQWU\��(DVW�&RDVW�1RUWK�
,VODQG��,QWHUQDO�UHSRUW��+DZNH¶V�%D\�&DWFKPHQW�%RDUG��1DSLHU���

%ODFNLH�*�������(URVLRQ�DQG�VHGLPHQW�FRQWURO��*XLGHOLQHV�IRU�VRLO�GLVWXUELQJ�DFWLYLWLHV��
+DPLOWRQ��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW����������

%ODLU�6�������&RDVWDO�VWDELOLW\�DQG�IDLOXUH�PHFKDQLVPV�LQ�WKH�YLFLQLW\�RI�5DJODQ�WRZQVKLS��
06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

%ODNHOH\�-3�������'HWHUPLQDWLRQ�RI�UHOHYDQW�LQIRUPDWLRQ�IRU�DVVHVVPHQW�RI�VWDELOLW\�RI�
VRLO�VORSHV��,Q��6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�1DWXUDO�*URXQG��1HZ�=HDODQG��
3S�����±������

%ODNHPRUH�6'�������(FRQRPLF�HIIHFWV�RI�DOWHUQDWLYH�ODQG�XVHV�LQ�WKH�:DLUDUDSD�DQG�
DQDO\VLV�RI�VRLO�VOLS�RYHUVRZLQJ�RI�WKH������VWRUP�GDPDJH�DUHD��,Q��:RUNVKRS�RQ�WKH�
µ,QIOXHQFH�RI�VRLO�VOLS�HURVLRQ�RQ�+LOO�&RXQWU\�3DVWRUDO�3URGXFWLYLW\¶��2FWREHU�������
$RNDXWHUH�6FLHQFH�&HQWUH�,QWHUQDO�5HSRUW�����3S����±����

%ODNHPRUH�6'�������3UHVHQW�VRLO�FRQVHUYDWLRQ�PHWKRGV�XQVXLWDEOH�LQ�:DLUDUDSD��6RLO�DQG�
:DWHU����������±����

%ODNHPRUH�6�������6RLO�FRQVHUYDWLRQ�DQG�KLOO�FRXQWU\�SURGXFWLRQ�±�D�SURYHQ�SDUWQHUVKLS��
0DVWHUWRQ��:DLUDUDSD�&DWFKPHQW�%RDUG��
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%ODVFKNH�30�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�DQG�ODQG�UHVRXUFHV�RI�WKH�%D\�RI�
3OHQW\�9ROFDQLF�3ODWHDX�UHJLRQ���D�EXOOHWLQ�WR�DFFRPSDQ\�1HZ�=HDODQG�/DQG�
5HVRXUFH�,QYHQWRU\�ZRUNVKHHWV��3XEOLVKHG�IRU�WKH�1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�$XWKRULW\�E\�WKH�:DWHU�DQG�6RLO�'LUHFWRUDWH��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW��

%ODVFKNH�30�������9HJHWDWLRQ�DQG�ODQGVFDSH�G\QDPLFV�LQ�HDVWHUQ�7DUDQDNL�KLOO�FRXQWU\��
3K'�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

%ODVFKNH�30�������9HJHWDWLYH�LQGLFDWRUV�RI�HURVLRQ�IUHTXHQF\��,Q��=LHPHU�55��
2
/RXJKOLQ�&/��+DPLOWRQ�/6�HGV�5HVHDUFK�QHHGV�DQG�DSSOLFDWLRQV�WR�UHGXFH�HURVLRQ�
DQG�VHGLPHQWDWLRQ�LQ�WURSLFDO�VWHHSODQGV��,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�+\GURORJLFDO�
6FLHQFHV�����������

%ODVFKNH�30��(\OHV�*2��'H5RVH�5&��+LFNV�'/�����D��3K\VLFDOO\�VXVWDLQDEOH�ODQG�XVHV�
LQ�WKH�7DUDQDNL�5HJLRQ��'6,5�/DQG�5HVRXUFHV�&RQWUDFW�5HSRUW�������IRU�7DUDQDNL�
5HJLRQDO�&RXQFLO��

%ODVFKNH�30��7UXVWUXP�1$��'H5RVH�5&�����E��(FRV\VWHP�SURFHVVHV�DQG�VXVWDLQDEOH�
ODQG�XVH�LQ�1HZ�=HDODQG�VWHHSODQGV��$JULFXOWXUH��(FRV\VWHPV�	�(QYLURQPHQW�����
���±�����

%ODVFKNH�30��7UXVWUXP�1$��+LFNV�'/�������,PSDFWV�RI�PDVV�PRYHPHQW�HURVLRQ�RQ�ODQG�
SURGXFWLYLW\��D�UHYLHZ��3URJUHVV�LQ�3K\VLFDO�*HRJUDSK\�������±����

%ODVFKNH�3��+LFNV�'��0HLVWHU�$�,Q�SUHVV��4XDQWLILFDWLRQ�RI�WKH�IORRG�DQG�HURVLRQ�
UHGXFWLRQ�FR�EHQHILWV��DQG�FR�FRVWV��RI�FOLPDWH�FKDQJH�PLWLJDWLRQ�PHDVXUHV�LQ�1HZ�
=HDODQG��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW���

%ORQJ�5-�������7KH�XQGHUWKUXVW�VOLGH�±�DQ�XQXVXDO�W\SH�RI�PDVV�PRYHPHQW��*HRJUDILVND�
$QQDOHU��6HULHV�$��3K\VLFDO�*HRJUDSK\���$����±�����

%ORQJ�5-�������/DQGIRUP�PRUSKRPHWU\�DQG�ODQGVXUIDFH�HYROXWLRQ�LQ�WKH�XSSHU�
0DQJDZKDUD�FDWFKPHQW��1RUWK�,VODQG��1HZ�=HDODQG��3K'�WKHVLV��8QLYHUVLW\�RI�
6\GQH\��$XVWUDOLD���

%ORQJ�5-�������$�QXPHULFDO�FODVVLILFDWLRQ�RI�VHOHFWHG�ODQGVOLGHV�RI�WKH�GHEULV�VOLGH�±�
DYDODQFKH�±�IORZ�W\SH��(QJLQHHULQJ�*HRORJ\������±������

%ORQJ�5-�������5HODWLRQVKLSV�EHWZHHQ�PRUSKRPHWULF�DWWULEXWHV�RI�ODQGVOLGHV��=HLWVFKULIW�
I�U�*HRPRUSKRORJLH��6XSSOHPHQW�������±�����

%ORQJ�5-�������/DQGVOLGH�IRUP�DQG�KLOOVORSH�PRUSKRORJ\��DQ�H[DPSOH�IURP�1HZ�
=HDODQG��7KH�$XVWUDOLDQ�*HRJUDSKHU��������±�����

%ORQJ�5-��(\OHV�*2�������/DQGVOLGHV��H[WHQW�DQG�HFRQRPLF�VLJQLILFDQFH�LQ�$XVWUDOLD��
1HZ�=HDODQG�DQG�3DSXD�1HZ�*XLQHD��,Q��%UDEE�((��+DUURG�%/�HGV�/DQGVOLGHV��
H[WHQW�DQG�HFRQRPLF�VLJQLILFDQFH��5RWWHUGDP��$$�%DONHPD��3S�����±����

%RRWKUR\G�,.*��4XLQQ�-0��/DQJHU�(5��&RVWOH\�.-��6WHZDUG�*�������5LSDULDQ�EXIIHUV�
PLWLJDWH�HIIHFWV�RI�SLQH�SODQWDWLRQ�ORJJLQJ�RQ�1HZ�=HDODQG�VWUHDPV�����5LSDULDQ�
YHJHWDWLRQ�VWUXFWXUH��VWUHDP�JHRPRUSKRORJ\�DQG�SHULSK\WRQ��)RUHVW�(FRORJ\�DQG�
0DQDJHPHQW���������±�����

%RUODVH�20�������*XOO\�FRQWURO�E\�FKHFN�GDP��6RLO�DQG�:DWHU���������±�����
%R\HQV�16�������0RGHOOLQJ�VHGLPHQW�SURFHVV�EHKDYLRXU�RI�KHDGZDWHU�VWUHDP�FKDQQHOV�

XVLQJ�WHUUDLQ�SDUDPHWHUV�DQG�DVVRFLDWHG�UHODWLRQVKLSV��06F��+RQV��WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

%RZOHU�-0�������6HGLPHQWDWLRQ�LQ�0DQJDKDR�1R����UHVHUYRLU�DQG�HURVLRQ�ZLWKLQ�WKH�
XSSHU�0DQJDKDR�FDWFKPHQW��06F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
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%RZULQJ�/'��&XQOLIIH�--��0DFND\�'$��:ULJKW�$)�������(DVW�&RDVW�VXUYH\��D�VWXG\�RI�
FDWFKPHQW�DQG�VWUHDP�FRQGLWLRQ�ZLWK�UHFRPPHQGDWLRQV��%OHQKHLP��0DUOERURXJK�
&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG���

%UDFNOH\�+/�������/DQG�WR�RFHDQ�WUDQVIHU�RI�HURVLRQ�UHODWHG�RUJDQLF�FDUERQ��:DLSDRD�
VHGLPHQWDU\�V\VWHP��HDVW�FRDVW��1HZ�=HDODQG��3K'�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

%UDFNOH\�+/��3UHVWRQ�1-�������7KH�$XJXVW������VWRUP��LPSDFWV�DQG�OHVVRQV�WR�EH�
OHDUQHG��7DLUDZKLWL�&RQVHUYDWLRQ�4XRUXP��6XPPHU��������±���

%UDVHOO�-RQHV�7/�������7KH�H[SHULHQFH�RI�ZRPHQ�LQ�FR�PDQDJHPHQW�ODQGFDUH�JURXSV�±�
,VVXHV�RI�UHSUHVHQWDWLRQ��SDUWLFLSDWLRQ�DQG�GHFLVLRQ�PDNLQJ��0$)�3ROLF\�7HFKQLFDO�
3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV���

%ULFNHOO�0RVV�5DQNLQH�	�+LOO�������*HRWHFKQLFDO�UHSRUW��$EERWVIRUG�ODQGVOLGH��
:HOOLQJWRQ��(DUWKTXDNH�DQG�:DU�'DPDJH�&RPPLVVLRQ��

%ULGVRQ�-'�������7KH�HIIHFWV�RI�DQ�H[WUHPH�PHWHRURORJLFDO�HYHQW�RQ�VHGLPHQW�SURGXFWLRQ�
LQ�D�VPDOO�VWHHSODQG�FDWFKPHQW��6RXWK�$XFNODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ��

%URDG�+�������/DQG�RQ�WKH�XSJUDGH��7HUUD�1RYD�������±�����
%URRNV�6��&UR]LHU�0-��3UHVWRQ�1��$QGHUVRQ�0�������5HJROLWK�VWULSSLQJ�DQG�WKH�FRQWURO�

RI�VKDOORZ�WUDQVODWLRQDO�KLOOVORSH�IDLOXUH��DSSOLFDWLRQ�RI�D�WZR�GLPHQVLRQDO�FRXSOHG�
VRLO�K\GURORJ\�VORSH�VWDELOLW\�PRGHO��+DZNH¶V�%D\��1HZ�=HDODQG��*HRPRUSKRORJ\�
�������±�����

%URRNV�6��&UR]LHU�0-��*ODGH�7��$QGHUVRQ�0��������7RZDUGV�HVWDEOLVKLQJ�FOLPDWLF�
WKUHVKROGV�IRU�VORSH�VWDELOLW\��XVH�RI�D�SK\VLFDOO\�EDVHG�FRPELQHG�VRLO�K\GURORJ\±
VORSH�VWDELOLW\�PRGHO��3XUH�DQG�$SSOLHG�*HRSK\VLFV���������±�����

%URXJKDP�**�������6RXWK�(DVWHUQ�5XDKLQH�0DQDJHPHQW�6FKHPH�����±������
3DOPHUVWRQ�1RUWK��0DQDZDWX�&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG��

%URZQ�,5�������6WDELOLW\�RI�VORSHV�LQ�VRIW�URFN��,Q��6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�
1DWXUDO�*URXQG��1HZ�=HDODQG��3S������±������

%URZQ�,5�������7KH�VWDELOLW\�RI�VORSHV�LQ�VRIW�URFN��03KLO�WKHVLV��8QLYHUVLW\�RI�
$XFNODQG���

%URZQ�,�������(URVLRQ�KLVWRU\�RI�WKH�:DLURD�&RXQW\��1DSLHU��+DZNH
V�%D\�&DWFKPHQW�
%RDUG���

%URZQ�,��%ODFN�5�������6XVWDLQDEOH�ODQG�XVH�DIWHU�&\FORQH�%ROD��1DSLHU��+DZNH
V�%D\�
&DWFKPHQW�%RDUG���

%URZQ�:-�������7KH�FKDQJLQJ�LPSULQW�RI�WKH�ODQGVOLGH�RQ�UXUDO�ODQGVFDSHV�RI�1HZ�
=HDODQG��/DQGVFDSH�DQG�3ODQQLQJ��������±�����

%URZQ�:-�������/DQGVOLGH�FRQWURO�RQ�1RUWK�,VODQG��1HZ�=HDODQG��7KH�*HRJUDSKLFDO�
5HYLHZ��������±�����

%U\DQ�'*��*DVNLQ�-(��3KLOOLSV�&-��FRPSV�DQG�HGV��������/RJJLQJ�WULDOV��0DQJDWX�6WDWH�
)RUHVW��(DVW�&RDVW��1RUWK�,VODQG��$Q�LQYHVWLJDWLRQ�RI�WKH�HIIHFWV�RI�D�JURXQG�EDVHG�
KDUYHVWLQJ�V\VWHP�RQ�HURVLRQ�SURQH�ODQG�DW�0DQJDWX�6WDWH�)RUHVW��

%XFKDQ�'��0HLVWHU�$��*LHUD�1�������%ULGJLQJ�WKH�JDS�EHWZHHQ�HQYLURQPHQWDO�NQRZOHGJH�
DQG�UHVHDUFK��DQG�GHVLUHG�HQYLURQPHQWDO�RXWFRPHV�WR�DFKLHYH�VXVWDLQDEOH�ODQG�
PDQDJHPHQW��3KDVH����5HSRUW�IRU�0DI3ROLF\��

%XOORFK�%7�������$OGHUV���DOWHUQDWLYH�WUHHV�IRU�VRLO�FRQVHUYDWLRQ��6WUHDPODQG�����
1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��:HOOLQJWRQ��
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%XOORFK�%7�������(XFDO\SWXV�VSHFLHV�VHOHFWLRQ�IRU�VRLO�FRQVHUYDWLRQ�LQ�VHDVRQDOO\�GU\�KLOO�
FRXQWU\�±�WZHOIWK�\HDU�DVVHVVPHQW��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±
����

&DLUQV�(�������7UHHV�IRU�JXOO\�DUHDV��1HZ�=HDODQG�7UHH�*URZHU���������
&DOGHU�**�������&RQVHUYDWLRQ�IDUP�SODQQLQJ�UHVXOWV��6RLO�	�:DWHU��������±���
&DPHURQ�'�������(IIHFW�RI�VRLO�FRQVHUYDWLRQ�WUHH�SODQWLQJV�RQ�GDPDJH�VXVWDLQHG�E\�WKH�

:KDUHDPD�FDWFKPHQW�GXULQJ�WKH�VWRUP�RI��±���$SULO�������%URDGVKHHW����&KULVWPDV�
LVVXH�����±����

&DPHURQ�'0��5DQFH�6-��-RQHV�50��&KDUOHV�(GZDUGV�'$�������7UHHV�DQG�SDVWXUH��D�
VWXG\�RQ�WKH�HIIHFWV�RI�VSDFLQJ��$JURIRUHVWU\�7RGD\��-DQXDU\�0DUFK��������

&DPSEHOO�$3�������0HDVXUHPHQW�RI�PRYHPHQW�RI�DQ�HDUWKIORZ��6RLO�DQG�:DWHU���������±
����

&DPSEHOO�'$�����D��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH
V�%D\��3DUW�,��
±�,QYHVWLJDWLRQV�LQWR�UXQ�RII�DQG�VRLO�ORVV��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\��������±�����

&DPSEHOO�'$�����E��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH
V�%D\��3DUW�
,,��,QYHVWLJDWLRQV�LQWR�VRLO�HURVLRQ�DQG�IORRGLQJ��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\���$�����±�����

&DPSEHOO�'$�����F��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH¶V�%D\��3DUW�
,,,��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��������±�����

&DPSEHOO�'$�����D��6RLO�FRQVHUYDWLRQ�VWXGLHV�DSSOLHG�WR�IDUPLQJ�LQ�+DZNH¶V�%D\��3DUW�
,9��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��������±������

&DPSEHOO�'$�����E��)LUVW�VWHSV�LQ�VRLO�FRQVHUYDWLRQ��%XOOHWLQ����6RLO�&RQVHUYDWLRQ�DQG�
5LYHUV�&RQWURO�&RXQFLO��:HOOLQJWRQ��

&DPSEHOO�'$�������7\SHV�RI�VRLO�HURVLRQ�SUHYDOHQW�LQ�1HZ�=HDODQG��,QWHUQDWLRQDO�8QLRQ�
RI�*HRORJ\�DQG�*HRSK\VLFV�%XOOHWLQ������±����

&DPSEHOO�'$�������'RZQ�WR�WKH�VHD�LQ�VOLSV��%XOOHWLQ����6RLO�&RQVHUYDWLRQ�DQG�5LYHUV�
&RQWURO�&RXQFLO��:HOOLQJWRQ��1��=���

&DPSEHOO�'$�������*LYLQJ�ZLQJV�WR�VRLO�FRQVHUYDWLRQ��6&5&&�%XOOHWLQ�����0LQLVWU\�RI�
:RUNV�DQG�'HYHORSPHQW��

&DPSEHOO�'$�������&RQVHUYDWLRQ�IDUPLQJ�IRU�KLOO�FRXQWU\��%XOOHWLQ�����6RLO�
&RQVHUYDWLRQ�DQG�5LYHU�&RQWURO�&RXQFLO��

&DPSEHOO�'$�������2YHUVRZLQJ�RI�VOLSV��6RLO�	�:DWHU����'HFHPEHU�������
&DPSEHOO�'$�������0HDVXUHPHQW�RI�PRYHPHQW�RI�DQ�HDUWKIORZ��6RLO�	�:DWHU���������±

����
&DPSEHOO�'$��$QDUX�67�������6WDELOLVLQJ�VOLS�HURGHG�VORSHV��6RLO�	�:DWHU��������±����
&DPSEHOO�+-�������(URVLRQDO�VXVFHSWLELOLW\�DQG�ODQGVFDSH�GHYHORSPHQW�RI�GLIIHUHQW�

OLWKRORJLHV��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
&KDQGOHU�03�������6RPH�FDXVHV�DQG�HIIHFWV�RI�VKDOORZ�ODQGVOLGHV�RQ�PXGURFNV��.LQJ�

&RXQWU\��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��
&KDQH\�$/-�������7KH�K\GURORJLFDO�FKDUDFWHULVWLFV�RI�D�VPDOO�KLOO�FRXQWU\�FDWFKPHQW�LQ�

WKH�:DLUDUDSD��%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
&KDSPDQ�3'�������7KH�DVVHVVPHQW�RI�ODQGVOLGH�PHFKDQLVPV�LQ�WKH�VRXWKHUQ�ODQGVOLGH�

]RQH��6RXWK�$XFNODQG��1�=��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��
&KDSPDQ�3'��0RUJDQ�*:�������5HSRUW�RQ�WKH�EHHFK�IRUHVW�HURVLRQ�VXUYH\��6RXWKODQG�

&DWFKPHQW�%RDUG�5HSRUW������
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&KDUOWRQ�'��6WHZDUW�$�������3DVWXUH�DQG�IRUDJH�SODQWV�IRU�1HZ�=HDODQG��*UDVVODQG�
5HVHDUFK�DQG�3UDFWLFH�6HULHV�����UG�HGQ��1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��1HZ�
=HDODQG�*UDVVODQG�7UXVW���

&ODHVVHQV�/��/RZH�'-��+D\ZDUG�%:��6FKDDS�%)��6FKRRUO�-0��9HOGNDPS�$�������
5HFRQVWUXFWLQJ�KLJK�PDJQLWXGH�ORZ�IUHTXHQF\�ODQGVOLGH�HYHQWV�EDVHG�RQ�VRLO�
UHGLVWULEXWLRQ�PRGHOOLQJ�DQG�D�/DWH�+RORFHQH�VHGLPHQW�UHFRUG�IURP�1HZ�=HDODQG��
*HRPRUSKRORJ\�������±����

&ODHVVHQV�/��6FKRRUO�-0��9HOGNDPS�$�������0RGHOOLQJ�WKH�ORFDWLRQ�RI�VKDOORZ�
ODQGVOLGHV�DQG�WKHLU�HIIHFWV�RQ�ODQGVFDSH�G\QDPLFV�LQ�ODUJH�ZDWHUVKHGV��DQ�DSSOLFDWLRQ�
IRU�1RUWKHUQ�1HZ�=HDODQG��*HRPRUSKRORJ\�������±����

&ODSS�%0�������6WUHDP�FKDQQHO�LPSDFWV�IURP�H[WUHPH�HYHQWV��0RKDND�)RUHVW��+DZNH¶V�
%D\��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&ODULGJH�**&�������&OD\�PLQHUDOV��DFFHOHUDWHG�HURVLRQ��DQG�VHGLPHQWDWLRQ�LQ�WKH�
:DLSDRD�5LYHU�FDWFKPHQW��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV�������±
������

&OHJKRUQ�5�������/DQGXVH�RSWLRQV�IRU�HURGLQJ�KLOO�FRXQWU\�QHDU�3RKDQJLQD��%$SSO6F�
�+RQV��WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

&ORXJK�3��+LFNV�'/�������6RLO�FRQVHUYDWLRQ�DQG�WKH�5HVRXUFH�0DQDJHPHQW�$FW��5HSRUW�
WR�0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV�E\�1=�,QVWLWXWH�RI�(FRQRPLF�5HVHDUFK�DQG�
/DQGFDUH�5HVHDUFK��

&ORXJK�3��+LFNV�'/�������6RLO�FRQVHUYDWLRQ�DQG�WKH�5HVRXUFH�0DQDJHPHQW�$FW��
6XPPDU\��0$)�3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0$)��

&RNHU�5-�������$Q�DVVHVVPHQW�RI�WKH�HQYLURQPHQWDO�LPSDFWV�RI�KDUYHVWLQJ�:KDQJDSRXD�
)RUHVW��)5,�&RQWUDFW�5HSRUW��SUHSDUHG�IRU�$XFNODQG�'LVWULFW�2IILFH��7LPEHUODQGV�1=��

&RNHU�5-�������5HFRUGLQJ�VHGLPHQW�SURGXFWLRQ�IURP�JURXQG�EDVHG�ORJJLQJ�±�:DLWDKDQXL�
)RUHVW��7DXSR��)5,�&RQWUDFW�5HSRUW�):(�������IRU�/RJJLQJ�,QGXVWU\�5HVHDUFK�
$VVRFLDWLRQ��5RWRUXD��

&RNHU�5-�������6HGLPHQWDWLRQ�DQG�IRUHVW�KDUYHVWLQJ�LQ�WKH�0DUOERURXJK�6RXQGV��06F�
WKHVLV��)RUHVWU\���8QLYHUVLW\�RI�&DQWHUEXU\��

&RNHU�5-��)DKH\�%'�������5RDG�UHODWHG�PDVV�PRYHPHQW�LQ�ZHDWKHUHG�JUDQLWH��*ROGHQ�
'RZQV�DQG�0RWXHND�IRUHVWV��1HZ�=HDODQG��D�QRWH��-RXUQDO�RI�+\GURORJ\��1=������
��±�����

&RNHU�5-��)DKH\�%'�������6HSDUDWLRQ�3RLQW�JUDQLWH�WHUUDLQ�HURVLRQ�DQG�VHGLPHQWDWLRQ�
ULVN��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�7DVPDQ�'LVWULFW�&RXQFLO��

&RNHU�5-��3HDUFH�$-��)DKH\�%'�������3UHGLFWLRQ�DQG�SUHYHQWLRQ�RI�IRUHVW�ODQGLQJ�
IDLOXUHV�LQ�KLJK�LQWHQVLW\�UDLQIDOO�DUHDV�RI�QRUWKHUQ�1HZ�=HDODQG��,Q��=LHPHU�55��
2¶/RXJKOLQ�&/��+DPLOWRQ�/6�HGV�5HVHDUFK�QHHGV�DQG�DSSOLFDWLRQV�WR�UHGXFH�HURVLRQ�
DQG�VHGLPHQWDWLRQ�LQ�WURSLFDO�VWHHSODQGV��,$+6�3XEOLFDWLRQ���������±������

&RNHU�5-��3KLOOLSV�&-��5RZDQ�'�������6HGLPHQW�SRLQW�VRXUFHV�LQ�WKH�3RNDLURD�6WUHDP�
FDWFKPHQW��LPSOLFDWLRQV�IRU�VHGLPHQW�DFFXPXODWLRQ�LQ�/DNH�$QLZKHQXD�DQG�IRU�IRUHVW�
PDQDJHPHQW��)RUHVW�5HVHDUFK�,QVWLWXWH�&RQWUDFW�5HSRUW�):(�������IRU�7LPEHUODQGV�
1=��7DVPDQ�)RUHVWU\��DQG�%D\�RI�3OHQW\�5HJLRQDO�&RXQFLO���

&RNHU�5-��)DKH\�%'��3D\QH�--�������)LQH�VHGLPHQW�SURGXFWLRQ�IURP�WUXFN�WUDIILF��4XHHQ�
&KDUORWWH�)RUHVW��0DUOERURXJK�6RXQGV��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=������
��±�����
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&RNHU�5-��7LPSDQ\�*�������6HGLPHQWDWLRQ�SURFHVVHV�DQG�ZDWHU�\LHOG��1RUWKHUQ�
%RXQGDU\��.DLQJDURD�)RUHVW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�IRU�)RUHVWU\�
&RUSRUDWLRQ�RI�1HZ�=HDODQG���

&ROOLHU�.��0F*RZDQ�$��6WURXG�0��4XLQQ�-��7KRUUROG�%�������6XVSHQGHG�VHGLPHQW�
PRQLWRULQJ�DW�:KDWDZKDWD������WR�������'DWD�5HSRUW��1,:$�&OLHQW�5HSRUW�
$*5�����1,:$��+DPLOWRQ��

&ROOLHU�.-��5XWKHUIRUG�-&��4XLQQ�-0��'DYLHV�&ROOH\�5-�������)RUHFDVWLQJ�UHKDELOLWDWLRQ�
RXWFRPHV�IRU�GHJUDGHG�1HZ�=HDODQG�SDVWRUDO�VWUHDPV��:DWHU�6FLHQFH�DQG�
7HFKQRORJ\��������±�����

&ROOLQV�-�������&\FORQH�%ROD�DQG�LWV�LPSDFW�RQ�WKH�IRUHVWU\�VHFWRU��1HZ�=HDODQG�
)RUHVWU\���±����

&ROOLQV�5�������7KH�LPSDFW�RI�ODQG�PDQDJHPHQW�SUDFWLFHV�XSRQ�VHGLPHQW�DQG�QXWULHQW�
ORVV�LQ�WKH�XSSHU�0DQJDRWDPD�FDWFKPHQW��1,:$�&OLHQW�5HSRUW�$*5������+DPLOWRQ��

&RQODQG�0$�������$�ODQGVOLGH�DQG�HURVLRQ�ULVN�DVVHVVPHQW�PHWKRGRORJ\�IRU�URDGVLGHV��
06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&RRSHU�$%��%RWWFKHU�$%�������%DVLQ�VFDOH�PRGHOLQJ�DV�WRRO�IRU�ZDWHU�UHVRXUFH�
SODQQLQJ��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK���������±�����

&RRSHU�$%��6PLWK�&0��%RWWFKHU�$%�������3UHGLFWLQJ�UXQRII�RI�ZDWHU��VHGLPHQW��DQG�
QXWULHQWV�IURP�D�1HZ�=HDODQG�JUD]HG�SDVWXUH�XVLQJ�&5($06��7UDQVDWLRQV�RI�WKH�
$PHULFDQ�6RFLHW\�RI�(QJLQHHUV��������±�����

&RUQH�&3�������3URJUHVVLYH�IDLOXUH�LQ�FOD\�VORSHV�±�ZLWK�VSHFLDO�UHIHUHQFH�WR�WKH�UROH�RI�
VRLO�FUHHS��0(QJ�WKHVLV��8QLYHUVLW\�RI�$XFNODQG���

&RXUW�-+�������$�FRPSDULVRQ�EHWZHHQ�VWHHSODQG�VRLO�SURSHUWLHV�XQGHU�SDVWXUH��DJUR�
IRUHVWU\�DQG�QDWLYH�IRUHVW�LQ�WKH�+DNDULPDWD�5DQJHV��:DLNDWR��06F�WKHVLV��8QLYHUVLW\�
RI�:DLNDWR��+DPLOWRQ��

&RVWHOOR�'$�������6ORSH�IDLOXUHV�DQG�GHEULV�IORZ�DVVHVVPHQW�DW�0DWDWD��%D\�RI�3OHQW\��
1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

&RWWRQ�&$�������/DQGVFDSH��DV�GHYHORSHG�E\�WKH�SURFHVVHV�RI�QRUPDO�HURVLRQ���QG�HGQ��
&KULVWFKXUFK��:KLWFRPEH�	�7RPEV���

&RXOWDUG�$--�������7KH�JHRPRUSKLF�GHYHORSPHQW�RI�VRXWK�HDVWHUQ�7DUDQDNL¶V�QDWXUDO�
GDPV��0�6F��+RQV���9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&ULPS�)�������&RQWUROOLQJ�HDUWKIORZ�VOLS�DQG�JXOO\�HURVLRQ��6RLO�DQG�:DWHU����������±����
&UR]LHU�0-�������/DQGVOLGHV�DQG�WKH�'XQHGLQ�GLVWULFW��6FLHQFH�5HFRUG������±����
&UR]LHU�0-�������(DUWKIORZV�DQG�UHODWHG�HQYLURQPHQWDO�IDFWRUV�RI�HDVWHUQ�2WDJR��-RXUQDO�

RI�+\GURORJ\��1=������±����
&UR]LHU�0-�������(DUWKIORZ�RFFXUUHQFH�GXULQJ�KLJK�LQWHQVLW\�UDLQIDOO�LQ�HDVWHUQ�2WDJR��

1HZ�=HDODQG��(QJLQHHULQJ�*HRORJ\�������±����
&UR]LHU�0-�������0DVV�PRYHPHQW�LQ�HDVWHUQ�2WDJR��WKH�UHODWLRQVKLS�RI�VORSH�LQVWDELOLW\�

WR�HQYLURQPHQWDO�IDFWRUV�DQG�LWV�LPSRUWDQFH�WR�VORSH�GHYHORSPHQW�RQ�WKH�2WDJR�
3HQLQVXOD��3K'��*HRJUDSK\��WKHVLV��8QLYHUVLW\�RI�2WDJR��'XQHGLQ��

&UR]LHU�0-�������7HFKQLTXHV�IRU�WKH�PRUSKRPHWULF�DQDO\VLV�RI�ODQGVOLSV��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�������±������

&UR]LHU�0-�������$�WHFKQLTXH�IRU�SUHGLFWLQJ�WKH�SUREDELOLW\�RI�PXGIORZ�DQG�UDSLG�
ODQGVOLGH�RFFXUUHQFH��,Q��/DQGVOLGHV�DQG�PXGIORZV��5HSRUWV�RQ�,QWHUQDWLRQDO�6HPLQDU��
2FW�������$OPD�$WD��8665��81(6&2��2FW�������3S�����±�����
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&UR]LHU�0-�������7KH�PDVV�PRYHPHQW�UHJLPH��UHFHQW�KLVWRU\�RI�ODQGVOLGH�DFWLYLW\�LQ�WKH�
:DLUDUDSD�KLOO�FRXQWU\��1HZ�=HDODQG��1HZ�=HDODQG�*HRPHFKDQLFV�1HZV����1RY����
�±���

&UR]LHU�0-�������)LHOG�DVVHVVPHQW�RI�VORSH�LQVWDELOLW\��,Q��%UXQVGHQ�'��3ULRU�'%�HGV�
6ORSH�LQVWDELOLW\��/RQGRQ��:LOH\��3S�����±�����

&UR]LHU�0-�������/DQGVOLGHV��FDXVHV��FRQVHTXHQFHV�DQG�HQYLURQPHQW��/RQGRQ��
5RXWOHGJH���

&UR]LHU�0-�����D��/DQGVOLGH�KD]DUG�LQ�1HZ�=HDODQG��,Q��&UR]LHU�0-�HG��1DWXUDO�+D]DUGV�
����QDWXUDO�KD]DUG�DVVHVVPHQW�LQ�1HZ�=HDODQG��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��3S��
��±����

&UR]LHU�0-�����E��6ORSH�LQVWDELOLW\�LQ�ORZODQG�2WDJR��,Q��.HDUVOH\�*��)LW]KDUULV�%%�HGV�
6RXWKHUQ�ODQGVFDSHV��'XQHGLQ��'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�2WDJR��3S��
���±�����

&UR]LHU�0-�����F��/DQGVOLGHV�DQG�HURVLRQ�LQ�:DLUDUDSD�±�PHFKDQLVPV��FRQWUROOLQJ�
IDFWRUV�DQG�SURFHVVHV�DQG�UHJLRQDO�GLIIHUHQFHV��2FFDVLRQDO�3DSHU�LQ�*HRJUDSK\�1R����
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&UR]LHU�0-�����G��5HYLHZ�RI�UHJLRQDO�ODQGVOLS�KD]DUG��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��,QWHULP�5HSRUW�WR�:HOOLQJWRQ�5HJLRQDO�&RXQFLO��

&UR]LHU�0-�����D��6FDOH�HIIHFWV�RQ�ORFDWLRQDO�FRQWUROV�RI�UHJROLWK�ODQGVOLGHV��%XOOHWLQ�RI�
*HRPRUSKRORJ\��7XUNH\��������±�����

&UR]LHU�0-�����E��7KH�HIIHFW�RI�VFDOH�RQ�WKH�ORFDWLRQDO�FRQWUROV�RI�UHJROLWK�ODQGVOLGHV��
3S����±���LQ�3URFHHGLQJV�RI�,QWHUQDWLRQDO�)LUVW�5HJLRQDO�*HRPRUSKRORJ\�
&RQIHUHQFH��$QNDUD��7XUNH\��0D\�������

&UR]LHU�0-�HG������F��1DWXUDO�+D]DUGV�����1DWXUDO�+D]DUG�$VVHVVPHQW�LQ�1HZ�=HDODQG��
5HVHDUFK�6FKRRO�RI�(DUWK�6FLHQFHV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&UR]LHU�0-�������0DQDJHPHQW�LVVXHV�DULVLQJ�IURP�ODQGVOLGHV�DQG�UHODWHG�DFWLYLW\��1HZ�
=HDODQG�*HRJUDSKHU����������±����

&UR]LHU�0-�����D��5XQRXW�EHKDYLRXU�RI�VKDOORZ��UDSLG�HDUWKIORZV��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�1)�6XSSOHPHQWEDQG��������±����

&UR]LHU�0-�����E��0DJQLWXGH�IUHTXHQF\�LVVXHV�LQ�ODQGVOLGH�KD]DUG�DVVHVVPHQW��3S�����±
����LQ�0DXVEDFKHU�5�	�6FKXOWH�$�HGV�%HLWUDJH�]XU�3K\VLRJHRJUDSKLH�±�)HVWVFKULIW�
IXU�'LHWULFK�%DUVFK��+HLGHOEHUJHU�*HRJUDSKLVFKH�$UEHLWHQ��6HOEVWYHUODJ�GHV�
*HRJUDSKLVFKHQ�,QVWLWXWV�GHU�8QLYHUVLWDW�+HLGHOEHUJ��+HLGHOEHUJ��

&UR]LHU�0-�������7KH�FOLPDWH�ODQGVOLGH�FRXSOH��D�6RXWKHUQ�+HPLVSKHUH�SHUVSHFWLYH��,Q��
0DWWKHZV�-$��%UXQVGHQ�'��)UHQ]HO�%��*ODVHU�%��:HL ��00�HGV�5DSLG�PDVV�
PRYHPHQW�DV�D�VRXUFH�RI�FOLPDWLF�HYLGHQFH�IRU�WKH�+RORFHQH��6WXWWJDUW��*XVWDY�)LVKHU��
3DOHRFOLPDWH�5HVHDUFK��������±�����

&UR]LHU�0-�����D��7KH�IUHTXHQF\�DQG�PDJQLWXGH�RI�JHRPRUSKLF�SURFHVVHV�DQG�ODQGIRUP�
EHKDYLRXU��=HLWVFKULIW�I�U�*HRPRUSKRORJLH�6XSSOHPHQWEDQG��������±����

&UR]LHU�0-�����E��3UHGLFWLRQ�RI�UDLQIDOO�WULJJHUHG�ODQGVOLGHV��D�WHVW�RI�WKH�DQWHFHGHQW�
ZDWHU�VWDWXV�PRGHO��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

&UR]LHU�0-�����F��,QQRYDWLRQV�LQ�DVVHVVLQJ�UHJLRQDO�KD]DUGV��3S����LQ�*UDSHV�5�HG��
5HVHDUFK�5HSRUW�����6FKRRO�RI�(DUWK�6FLHQFHV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&UR]LHU�0-�����G��+LOO�FRXQWU\�ODQGVOLGH�HSLVRGHV��KRZ�RIWHQ�FDQ�ZH�H[SHFW�WKHP��3S��
�±��LQ�*UDSHV�5�HG��5HVHDUFK�5HSRUW�����6FKRRO�RI�(DUWK�6FLHQFHV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��
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&UR]LHU�0-�����D��0DQDJHPHQW�IUDPHZRUNV�IRU�ODQGVOLGH�KD]DUG�DQG�ULVN��LVVXHV�DQG�
RSWLRQV��,Q��*ODGH�7��$QGHUVRQ�0*��&UR]LHU�0-�HGV�/DQGVOLGH�KD]DUG�DQG�ULVN��
/RQGRQ��:LOH\��3S�����±�����

&UR]LHU�0-�����E��0XOWLSOH�RFFXUUHQFH�UHJLRQDO�ODQGVOLGH�HYHQWV�LQ�1HZ�=HDODQG��KD]DUG�
PDQDJHPHQW�LVVXHV��/DQGVOLGHV�������±�����

&UR]LHU�0-��$JJHWW�*�������:HOOLQJWRQ�D�KD]DUGRXV�SODFH��,Q��0F&RQFKLH�-��:LQFKHVWHU�
'��:LOOLV�5�HGV�'\QDPLF�:HOOLQJWRQ��,QVWLWXWH�RI�*HRJUDSK\��3S�����±����

&UR]LHU�0-��(\OHV�5-�������$VVHVVLQJ�WKH�SUREDELOLW\�RI�UDSLG�PDVV�PRYHPHQW��7KLUG�
$XVWUDOLD�±�1HZ�=HDODQG�&RQIHUHQFH�RQ�*HRPHFKDQLFV��:HOOLQJWRQ�������,QVWLWXWLRQ�
RI�(QJLQHHUV�3URFHHGLQJV�RI�7HFKQLFDO�*URXSV��9RO�����3S������±������

&UR]LHU�0-��*ODGH�7�������)UHTXHQF\�DQG�PDJQLWXGH�RI�ODQGVOLGLQJ��IXQGDPHQWDO�
UHVHDUFK�LVVXHV��=HLWVFKULIW�I�U�*HRPRUSKRORJLH�1)��6XSSOHPHQW���������±�����

&UR]LHU�0-��*ODGH�7�������/DQGVOLGH�KD]DUG�DQG�ULVN��FRQFHSWV�DQG�DSSURDFK��,Q��*ODGH�
7��$QGHUVRQ�0*��&UR]LHU�0-�HGV�/DQGVOLGH�KD]DUG�DQG�ULVN��/RQGRQ��:LOH\��3S���±
����

&UR]LHU�0-��3LOODQV�%-������*HRPRUSKLF�HYHQWV�DQG�ODQGIRUP�UHVSRQVH�LQ�VRXWK�HDVWHUQ�
7DUDQDNL��&DWHQD��������±�����

&UR]LHU�0-��3UHVWRQ�1�������0RGHOOLQJ�FKDQJHV�LQ�WHUUDLQ�UHVLVWDQFH�DV�D�FRPSRQHQW�RI�
ODQGIRUP�HYROXWLRQ�LQ�XQVWDEOH�KLOO�FRXQWU\��,Q��+HUJDUWHQ�6��1HXJHEDXHU�+�HGV�
3URFHVV�PRGHOOLQJ�DQG�ODQGIRUP�HYROXWLRQ��6SULQJHU�9HUODJ��3S�����±�����

&UR]LHU�0-��(\OHV�5-��:KHHOHU�5+�������/DQGVOLSV�LQ�:HOOLQJWRQ�&LW\��6RLO�DQG�:DWHU�
���������±����

&UR]LHU�0-��(\OHV�5-��:KHHOHU�5+�������/DQGVOLSV�LQ�:HOOLQJWRQ��1HZ�=HDODQG�
*HRJUDSKHU����������±����

&UR]LHU�0-��(\OHV�5-��0DU[�6/��0F&RQFKLH�-$��2ZHQ�5&�������'LVWULEXWLRQ�RI�
ODQGVOLSV�LQ�WKH�:DLUDUDSD�KLOO�FRXQWU\��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�
*HRSK\VLFV��������±�����

&UR]LHU�0-��0F&RQFKLH�-$��2ZHQ�5&��(\OHV�5-�������0DVV�PRYHPHQW�HURVLRQ�LQ�WKH�
:DLUDUDSD��8QSXEOLVKHG�UHSRUW��'HSW��RI�*HRJUDSK\��9LFWRULD�8QLYHUVLW\��:HOOLQJWRQ��

&UR]LHU�0-��*DJH�0��3HWWLQJD�-5��6HOE\�0-��:DVVRQ�5-�������7KH�VWDELOLW\�RI�KLOOVORSHV��
,Q��6RRQV�0-��6HOE\�0-�HGV�/DQGIRUPV�RI�1HZ�=HDODQG���VW�HGQ��$XFNODQG��
/RQJPDQ�3DXO���

&UR]LHU�0-��9DXJKDQ�((��7LSSHWW�-0�������5HODWLYH�LQVWDELOLW\�RI�FROOXYLXP�ILOOHG�
EHGURFN�GHSUHVVLRQV��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

&UR]LHU�0-��*DJH�0��3HWWLQJD�-5��6HOE\�0-��:DVVRQ�5-�������7KH�VWDELOLW\�RI�KLOOVORSHV��
,Q��6RRQV�-0��6HOE\�0-�HGV�/DQGIRUPV�LQ�1HZ�=HDODQG���QG�HGQ��$XFNODQG��
/RQJPDQ�3DXO��3S����±����

&UR]LHU�0-��'HLPHO�06��6LPRQ�-6�������,QYHVWLJDWLRQ�RI�HDUWKTXDNH�WULJJHULQJ�IRU�GHHS�
VHDWHG�ODQGVOLGHV��7DUDQDNL��1HZ�=HDODQG��4XDWHUQDU\�,QWHUQDWLRQDO�������±����

&UR]LHU�0-��0F&ROO�5��3UHVWRQ�1�������0LWLJDWLRQ�RSWLRQV�IRU�3XNHUXD�%D\�HDUWKIORZ�
KD]DUG��%DVHG�RQ�UHVHDUFK�UHSRUW�(DUWK�)ORZ�+D]DUG�$VVHVVPHQW��3XNHUXD�%D\��E\�
6DPXHO�0F&ROO��3UHSDUHG�IRU�3RULUXD�&LW\�&RXQFLO�E\�6FKRRO�RI�*HRJUDSK\��
(QYLURQPHQW�DQG�(DUWK�6FLHQFH��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

&UR]LHU�0-��+DQFR[�*��'HOORZ�*��3HUULQ�1�������6OLS�VOLGLQJ�DZD\��ODQGVOLGHV�DQG�
ODQGVOLGH�KD]DUG��,Q��*UDKDP�,-��:ULJKW�,&�HGV�1HZ�=HDODQG�JHRVFLHQFH�LQWR�WKH���VW�
FHQWXU\��:HOOLQJWRQ��*HRORJLFDO�6RFLHW\�RI�1HZ�=HDODQG��3S�����±�����
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&XII�-5,�����D��(URVLRQ�LQ�WKH�XSSHU�2SLKL�FDWFKPHQW��6RXWK�&DQWHUEXU\�&DWFKPHQW�
%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�3XEOLFDWLRQ����7LPDUX���

&XII�-5,�����E��$�GHVFULSWLRQ�RI�WKH�8SSHU�$VKEXUWRQ�FDWFKPHQW�ZLWK�HPSKDVLV�RQ�ODQG�
XVH�FDSDELOLW\�DQG�VRXUFHV�RI�GHWULWXV��6RXWK�&DQWHUEXU\�&DWFKPHQW�%RDUG�DQG�
5HJLRQDO�:DWHU�%RDUG�3XEOLFDWLRQ�����7LPDUX���

&XII�-5,�����D��(URVLRQ�LQ�WKH�XSSHU�2UDUL�FDWFKPHQW��6RXWK�&DQWHUEXU\�&DWFKPHQW�
%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�3XEOLFDWLRQ�����7LPDUX���

&XII�-5,�����E��&RQVHUYDWLRQ�WLOODJH
V�UROH�LQ�UHGXFLQJ�KLOO�FRXQWU\�HURVLRQ��,Q��
&RQVHUYDWLRQ�7LOODJH�6HPLQDU��0RQVDQWR��3S�����±�����

&XII�-5,�������4XDQWLI\LQJ�HURVLRQ�FDXVLQJ�SDUDPHWHUV�LQ�D�1HZ�=HDODQG�ZDWHUVKHG��,Q��
(O�6ZDLI\�6$��0ROGHQKDXHU�:&��/R�$�HGV�6RLO�HURVLRQ�DQG�FRQVHUYDWLRQ��$QNHQ\��
,RZD��86$��6RLO�&RQVHUYDWLRQ�6RFLHW\�RI�$PHULFD��3S����±�����

&XII�-�������5HSRUW�RQ�RQJRLQJ�PRQLWRULQJ�RI�JURXQG�FRYHU�LQ�WKH�VRXWKHUQ�KLOO�FRXQWU\�
LQ�������(QYLURQPHQW�&DQWHUEXU\�7HFKQLFDO�5HSRUW�8�������

&XPEHUODQG�.%�������7KH�UHJLRQDO�PRUSKRORJ\�RI�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��D�
JHRJUDSKLFDO�UHFRQQDLVVDQFH��3K'�WKHVLV��8QLYHUVLW\�RI�&DQWHUEXU\���

&XPEHUODQG�.%�����D��&RQWUDVWLQJ�UHJLRQDO�PRUSKRORJ\�RI�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��
*HRJUDSKLFDO�5HYLHZ����������±�����

&XPEHUODQG�.%�����E��6RLO�HURVLRQ�LQ�1HZ�=HDODQG��D�JHRJUDSKLF�UHFRQQDLVVDQFH��
:HOOLQJWRQ��:KLWFRPEH�	�7RPEV�IRU�WKH�6RLO�&RQVHUYDWLRQ�	�5LYHUV�&RQWURO�
&RXQFLO���

&XQQLQJKDP�$�������'LUHFW�HIIHFW�RI�WKH������HDUWKTXDNH�RQ�WKH�YHJHWDWLRQ�RI�WKH�
2URQJRURQJR�9DOOH\��:HOOLQJWRQ��7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG�
�������±�����

&XQQLQJKDP�$�������&DWFKPHQW�FRQGLWLRQ�LQ�WKH�5XDKLQH�5DQJH�������3URWHFWLRQ�
)RUHVWU\�'LYLVLRQ�5HSRUW�����)RUHVW�5HVHDUFK�,QVWLWXWH��1HZ�=HDODQG�)RUHVW�6HUYLFH��

&XQQLQJKDP�$�������+HDGZDWHUV�RI�7XWDHNXUL�FDWFKPHQW��VWXG\�RI�DQ�HURVLRQ�SUREOHP�LQ�
+DZNH
V�%D\��1HZ�=HDODQG�)RUHVW�6HUYLFH��)RUHVW�5HVHDUFK�,QVWLWXWH�0HFKDQLFDO�
3DSHU������

&XQQLQJKDP�$�������(URVLRQ�DVVHVVPHQW�LQ�1HZ�=HDODQG�PRXQWDLQODQGV��,Q��
3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��
&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
&RQVHUYDWRUV��3S�����±����

&XQQLQJKDP�$��$UQRWW�:%�������2EVHUYDWLRQV�IROORZLQJ�D�KHDY\�UDLQIDOO�RQ�WKH�
5LPXWDND�5DQJH��-RXUQDO�RI�+\GURORJ\��1=�������±�����

&XQQLQJKDP�$��6WULEOLQJ�3:�������7KH�5XDKLQH�5DQJH�±�D�VLWXDWLRQ�UHYLHZ�DQG�
SURSRVDOV�IRU�LQWHJUDWHG�PDQDJHPHQW�RI�WKH�5XDKLQH�5DQJH�DQG�WKH�ULYHUV�DIIHFWHG�E\�
LW��:DWHU�DQG�6RLO�7HFKQLFDO�3XEOLFDWLRQ�����

&XQQLQJKDP�0-�������$�PDWKHPDWLFDO�PRGHO�RI�WKH�SK\VLFDO�SURFHVVHV�RI�DQ�HDUWKIORZ��
-RXUQDO�RI�+\GURORJ\��1=��������±����

&]HUQLQ�$��3KLOOLSV�&-�������6WDELOLVLQJ�FKDUDFWHULVWLFV�RI�WKH�1HZ�=HDODQG�FDEEDJH�WUHH�
�&RUG\OLQH�DXVWUDOLV���3DSHU�SUHVHQWHG�DW��(FR�HQJLQHHULQJ��WKH�XVH�RI�YHJHWDWLRQ�WR�
LPSURYH�VORSH�VWDELOLW\��7KHVVDORQLNL��*UHHFH����±���2FRWEHU�������

&]HUQLQ�$��3KLOOLSV�&-�������%HORZ�JURXQG�PRUSKRORJ\�RI�&RUG\OLQH�DXVWUDOLV��1HZ�
=HDODQG�FDEEDJH�WUHH��DQG�LWV�VXLWDELOLW\�IRU�ULYHUEDQN�VWDELOLVDWLRQ��1HZ�=HDODQG�
-RXUQDO�RI�%RWDQ\��������±�����
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'DML�0�������/DQGVOLGHV�RQ�UHFHQWO\�GHIRUHVWHG�PXGURFN�VORSHV�LQ�WKH�7DXPDUXQXL�
&RXQW\��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

'¶$WK�0$�������7KH�FOD\�PLQHUDORJ\�DQG�HURVLRQ�RI�WKH�:DLSDRD�5LYHU�&DWFKPHQW��
*LVERUQH��1HZ�=HDODQG��06F�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

'DYLGVRQ�&)�������0DVV�PRYHPHQW�RQ�WKH�*LVERUQH�FRDVWOLQH��0$�WKHVLV��8QLYHUVLW\�RI�
&DQWHUEXU\��

'DYLHV�$�������7KH�HIIHFW�ZHDWKHULQJ�KDV�RQ�WKH�VWUHQJWK�DQG�VWDELOLW\�RI�FHQWUDO�1RUWK�
,VODQG�JUH\ZDFNH��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

'DYLHV�75��3KLOOLSV�&-��3HDUFH�$-��=KDQJ�;%�������1HZ�DVSHFWV�RI�GHEULV�IORZ�
EHKDYLRXU��,Q��3URFHHGLQJV��-DSDQ�8�6��6\PSRVLXP�RQ�6QRZ�$YDODQFKH��/DQGVOLGH��
'HEULV�)ORZ�3UHGLFWLRQ�DQG�&RQWURO��7VXNXED��-DSDQ��3S�����±����

'HOORZ�*'�������(DUWKTXDNH�JHQHUDWHG�ODQGVOLGHV�LQ�WKH�:HOOLQJWRQ±/RZHU�+XWW�DUHD��
06F�WKHVLV��8QLYHUVLW\�RI�&DQWHUEXU\��

'HOORZ�*'��0D]HQJDUE�&��&RXVLQV�:-��6FRWW�%-��7RZQVHQG�7�������([HFXWLYH�
6XPPDU\�UHSRUW��*HRORJLFDO�+D]DUGV�LQ�WKH�*LVERUQH�'LVWULFW��,QVWLWXWH�RI�*HRORJLFDO�
	�1XFOHDU�6FLHQFHV�&OLHQW�5HSRUW������'��/RZHU�+XWW���

'H5RVH�5&�������(IIHFW�RI�UDLQIDOO�LQWHQVLW\�RQ�WKH�VSDWLDO�GHQVLW\�RI�VKDOORZ�ODQGVOLGHV�
LQ�D�VPDOO�ZDWHUVKHG��7DUDQDNL��1HZ�=HDODQG��,Q��3URFHHGLQJV��,QWHUQDWLRQDO�
6\PSRVLXP�RQ�)RUHVW�+\GURORJ\��7RN\R��-DSDQ��2FWREHU�������3S�����±�����

'H5RVH�5&�����D��6ORSH�OLPLWDWLRQV�WR�VXVWDLQDEOH�ODQG�XVH�LQ�KLOO�FRXQWU\�SURQH�WR�
ODQGVOLGH�HURVLRQ��8QSXEOLVKHG�UHSRUW��/DQGFDUH�5HVHDUFK��3DOPHUVWRQ�1RUWK��

'H5RVH�5�����E��6ORSH�OLPLWDWLRQV�WR�VXVWDLQDEOH�ODQG�XVH�LQ�KLOO�FRXQWU\�SURQH�WR�
ODQGVOLGH�HURVLRQ��%URDGVKHHW��1RYHPEHU������±�����

'H5RVH�5&�������5HODWLRQVKLS�EHWZHHQ�VORSH�PRUSKRORJ\��UHJROLWK�GHSWK��DQG�WKH�
LQFLGHQFH�RI�VKDOORZ�ODQGVOLGHV�LQ�HDVWHUQ�7DUDQDNL�KLOO�FRXQWU\��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�1)�6XSSOHPHQW��������±����

'H5RVH�5&�������$VVHVVPHQW�RI�VHGLPHQW�VWRUDJH�DQG�WUDQVIHU�UDWHV�DORQJ�D��UG�RUGHU�
FKDQQHO�UHDFK�XVLQJ����&V��8QSXEOLVKHG�&RQWUDFW�5HSRUW��SUHSDUHG�IRU�$J5HVHDUFK��
5XDNXUD��

'H5RVH�5&��7UXVWUXP�1$��%ODVFKNH�30�������*HRPRUSKLF�FKDQJH�LPSOLHG�E\�UHJROLWK�
VORSH�UHODWLRQVKLSV�RQ�VWHHSODQG�KLOOVORSHV��7DUDQDNL��1HZ�=HDODQG��&DWHQD��������±
�����

'H5RVH�5&��7UXVWUXP�1$��%ODVFKNH�30�������3RVW�GHIRUHVWDWLRQ�VRLO�ORVV�IURP�
VWHHSODQG�KLOOVORSHV�LQ�7DUDQDNL��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV��������±�����

'H5RVH�5&��7UXVWUXP�1$��7KRPVRQ�1$��5REHUWV�$+&�������(IIHFW�RI�ODQGVOLGH�HURVLRQ�
RQ�7DUDQDNL�KLOO�SDVWXUH�SURGXFWLRQ�DQG�FRPSRVLWLRQ��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUDO�5HVHDUFK��������±�����

'H5RVH�5&��*RPH]�%��0DUGHQ�0��7UXVWUXP�1$�������*XOO\�HURVLRQ�LQ�0DQJDWX�)RUHVW��
1HZ�=HDODQG��HVWLPDWHG�IURP�GLJLWDO�HOHYDWLRQ�PRGHOV��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV���������±������

'H�6WH�&URL[�)�������,QVWLWXWLRQDO�UHVSRQVH�WR�D�QDWXUDO�HYHQW��&\FORQH�%ROD�LQ�UHWURVSHFW��
06F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

'L[LH�5�������5HFRQQDLVVDQFH�UHYLHZ�RI�VRLO�FRQVHUYDWLRQ�DQG�ZDWHU�FRQWURO�WHFKQLTXHV��
1RUWK�,VODQG��:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��:DWHU�DQG�6RLO�
'LYLVLRQ��
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'RGG�0%��:DOFURIW�$��0DFND\�$'��/XFNPDQ�3*�������'HYHORSPHQW�DQG�HYDOXDWLRQ�RI�
D�PRGHO�IRU�SUHGLFWLQJ�WUHH�JURZWK�DQG�FDQRS\�GHYHORSPHQW�DQG�LPSDFWV�RQ�XQGHU�
VWRUH\�IRUDJH�SURGXFWLRQ��1HZ�=HDODQG�,QVWLWXWH�RI�3ULPDU\�,QGXVWU\�0DQDJHPHQW�
-RXUQDO������±����

'ROPDQ�.�������*XOO\�UHYHJHWDWLRQ�RQ�WKH�(DVW�&RDVW�±�ZLWK�D�IRFXV�RQ�$FDFLDV��
0LVFHOODQHRXV�3XEOLFDWLRQ��1=�)RUHVW�6HUYLFH��*LVERUQH��

'RQV�$�������+\GURORJ\�DQG�VHGLPHQW�UHJLPH�RI�D�SDVWXUH��QDWLYH�IRUHVW��DQG�SLQH�IRUHVW�
FDWFKPHQW�LQ�WKH�FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�
6FLHQFH��������±�����

'RXJODV�*��'RGG�0��0DFND\�$��%XGGLQJ�3��3RZHU�,�������1DWLYH�SODQWV�IRU�HURVLRQ�
SUHYHQWLRQ�SODQWLQJ��&RQVHUYDWLRQ�4XRUXP������±���

'RXJODV�*%��7UXVWUXP�1$��%URZQ�,&�������(IIHFW�RI�VRLO�VOLS�HURVLRQ�RQ�:DLURD�KLOO�
SDVWXUH�SURGXFWLRQ�DQG�FRPSRVLWLRQ��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�
�������±�����

'RXJODV�*%��0DFND\�$'��%XGGLQJ�3-��3RWWHU�-)�������,QWURGXFWLRQ�RI�QDWLYH�SODQWV�
EHQHDWK�H[RWLF�WUHHV�SODQWHG�WR�VWDELOLVH�SDVWRUDO�ODQG��3URFHHGLQJV���WK�,6&2�
FRQIHUHQFH�%ULVEDQH�����-XO\�������

'RXJODV�*%��:DOFURIW�$6��+XUVW�6(��3RWWHU�-)��)RRWH�$*��)XQJ�/(��(GZDUGV�:51��YDQ�
GHQ�'LMVVHO�&�������,QWHUDFWLRQV�EHWZHHQ�ZLGHO\�VSDFHG�\RXQJ�SRSODUV��3RSXOXV�VSS���
DQG�WKH�XQGHUVWRUH\�HQYLURQPHQW��$JURIRUHVWU\�6\VWHPV��������±�����

'RXJODV�*��'\PRQG�-��0F,YRU�,�������0RQLWRULQJ�DQG�UHSRUWLQJ�RI�ZKROH�IDUP�SODQV�DV�D�
WRRO�IRU�DIIHFWLQJ�ODQG�XVH�FKDQJH��(QYLUROLQN�5HSRUW��$J5HVHDUFK��3DOPHUVWRQ�1RUWK��

'UHJQH��+�(��������(URVLRQ�DQG�VRLO�SURGXFWLYLW\�LQ�$XVWUDOLD�DQG�1HZ�=HDODQG��/DQG�
'HJUDGDWLRQ�DQG�5HKDELOLWDWLRQ�����������

'ULYHU�*5�������1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�*LVERUQH�±�(DVW�&RDVW�5HJLRQ��
ODQG�XVH�FDSDELOLW\�H[WHQGHG�OHJHQG��:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�2UJDQLVDWLRQ��

'UXPPRQG�5*�������/DQGVOLGH�LQ�7XNLWXNL�5LYHU��6RLO�DQG�:DWHU��������±�����
'\PRQG�-5��%HWWV�+��LQ�SUHVV���$Q�HURVLRQ�PRGHO�IRU�HYDOXDWLQJ�ODQG�XVH�VFHQDULRV�LQ�

1HZ�=HDODQG��(QYLURQPHQWDO�0RGHOOLQJ�DQG�6RIWZDUH��
'\PRQG�-5��+LFNV�'/�������6WHHSODQG�HURVLRQ�PHDVXUHG�IURP�KLVWRULFDO�DHULDO�

SKRWRJUDSKV��-RXUQDO�RI�6RLO�	�:DWHU�&RQVVHUYDWLRQ��������±�����
'\PRQG�-��-HVVHQ�0�������$�ODQGVOLGH�PRGHO�IRU�DVVHVVLQJ�ODQG�XVH�HIIHFWV��&DWFKPHQW�

&RQQHFWLRQV�1HZVOHWWHU�������
'\PRQG�-��6KHSKHUG�-�������+LJKO\�HURGLEOH�ODQG�LQ�WKH�0DQDZDWX�:DQJDQXL�UHJLRQ��

/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�+RUL]RQV�5HJLRQDO�&RXQFLO���
'\PRQG�-��6KHSKHUG�-��3DJH�0��������:RUNVKRS�QRWHV�RQ�HURVLRQ�PRGHOV�IRU�UHJLRQDO�

FRXQFLOV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�����������/DQGFDUH�5HVHDUFK��
3DOPHUVWRQ�1RUWK��

'\PRQG�-5��-HVVHQ�05��/RYHOO�/5�������&RPSXWHU�VLPXODWLRQ�RI�VKDOORZ�ODQGVOLGLQJ�LQ�
1HZ�=HDODQG�KLOO�FRXQWU\��,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�(DUWK�2EVHUYDWLRQ�DQG�
*HRLQIRUPDWLRQ�������±�����

'\PRQG�-5��$XVVHLO�$*��6KHSKHUG�-'��%XHWWQHU�/�������9DOLGDWLRQ�RI�D�UHJLRQ�ZLGH�
PRGHO�RI�ODQGVOLGH�VXVFHSWLELOLW\�LQ�WKH�0DQDZDWX±:DQJDQXL�UHJLRQ�RI�1HZ�=HDODQG��
*HRPRUSKRORJ\�������±����
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(DUO�-�������'HVWDELOLVLQJ�IDFWRUV�RI�PDVV�PRYHPHQW�LQ�WKH�+D]HOEXUQ�DUHD��6RXWK�
&DQWHUEXU\��%6F��+RQV��GLVVHUWDWLRQ��*HRJUDSK\���8QLYHUVLW\�RI�2WDJR��'XQHGLQ��

(DVW�*5:�������,QFOLQHG�SODQH�VORSH�IDLOXUHV�LQ�WKH�$XFNODQG�:DLWHPDWD�VRLOV��WKUHH�
FDVHV�ZLWK�GLIIHUHQW�UHPHGLDO�PHDVXUHV��,Q��3URFHHGLQJV��6\PSRVLXP�RQ�6WDELOLW\�RI�
6ORSHV�LQ�1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�(QJLQHHUV��9RO�����3S������±�������

(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�%RDUG�������(DVWHUQ�7DUXKHUX�ODQG�XVH�
FDSDELOLW\�VXUYH\��LQFOXGLQJ�UHFRPPHQGHG�ODQG�XVH��*LVERUQH���

(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�%RDUG�������&\FORQH�%HUQLH����±��WK�
$SULO�������,QWHULP�IORRG�UHSRUW�±�:DLSDRD�5LYHU��*LVERUQH���

(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�%RDUG�������:DLQJDURPLD�5LYHU�&DWFKPHQW�
/DQG�8VH�&DSDELOLW\�6XUYH\�5HSRUW��*LVERUQH��

(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�%RDUG�����D��7KH�VWRUP�RI���±��WK�-XO\�
DQG�WKH�LPSOLFDWLRQV�IRU�VRLO�FRQVHUYDWLRQ��5HSRUW�������*LVERUQH��

(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�%RDUG�����E��,QWHULP�5HSRUW��*LVERUQH�±�
3RYHUW\�%D\�)ODWV�IORRG�-XO\���±���������5HSRUW�������*LVERUQH��

(DVW�&DSH�&DWFKPHQW�%RDUG�������(VWLPDWHV�RI�HURVLRQ�FRQWURO�UHTXLUHPHQWV�E\�ODQG�XVH�
FDSDELOLW\�XQLWV��*LVERUQH��

(DVW�&RDVW�&DWFKPHQW�%RDUG�������(URVLRQ�&RQWURO�(IIHFWLYHQHVV�6XUYH\��*LVERUQH��
(DVW�&DSH�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�������:DLKRUD�&DWFKPHQW�

&\FORQH�%ROD�VWRUP�GDPDJH�VXUYH\��8QSXEOLVKHG�UHSRUW��*LVERUQH���
(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�%RDUG��������/DQG�XVH�FDSDELOLW\�VXUYH\�

UHSRUW���:DLKRUD�5LYHU�FDWFKPHQW��(DVW�&DSH�&DWFKPHQW�%RDUG�	�5HJLRQDO�:DWHU�
%RDUG��*LVERUQH��

(DVW�&RDVW�3URMHFW�������5HSRUW�RI�ODQG�XVH�SODQQLQJ�DQG�GHYHORSPHQW�VWXG\�IRU�HURVLRQ�
SURQH�ODQG�RI�WKH�(DVW�&DSH�5HJLRQ��6HFWLRQ����7KH�(DVW�&RDVW��$�UHSRUW�E\�WKH�
3RYHUW\�%D\�&DWFKPHQW�%RDUG��WKH�µ5HG�5HSRUW¶��

(GHQ�'1��3DJH�0-�������3DODHRFOLPDWLF�LPSOLFDWLRQV�RI�D�VWRUP�HURVLRQ�UHFRUG�IURP�ODWH�
+RORFHQH�ODNH�VHGLPHQWV��1RUWK�,VODQG��1HZ�=HDODQG��3DODHRJHRJUDSK\��
3DODHRFOLPDWRORJ\��3DODHRHFRORJ\�������±������±����

(GHQ�'��7UXVWUXP�1�HGV�������:DLSDRD�FDWFKPHQW�VWXG\��OLWHUDWXUH�UHYLHZ��8QSXEOLVKHG�
UHSRUW�IRU�/DQGFDUH�5HVHDUFK�/LPLWHG��3DOPHUVWRQ�1RUWK���

(GZDUGV�6�������(DUWKTXDNH�WULJJHUHG�ODQGVOLGHV��6RXWK�7DUDQDNL�:DQJDQXL��06F�
�+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

(GZDUGV�6(�������7HUUDFH�V\VWHPV�DQG�FRYHU�EHGV��DQ�LQYHVWLJDWLRQ�RI�WKH�HURVLRQDO�DQG�
GHSRVLWLRQDO�KLVWRU\��0DNDKX�9DOOH\��7DUDQDNL��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ���

(GZDUGV�:51��+XJKHV�.$�������7KH�HIIHFW�RI�WUHHV�RQ�VRLO�VWDELOLW\�RI�KLOO�FRXQWU\�
VRLOV��D�VWXG\�RI�WUDQVSLUDWLRQ�DQG�URRW�GLVWULEXWLRQ��'6,5�&OLHQW�5HSRUW���������

(JJHUV�0-�������(QJLQHHULQJ�JHRORJ\�DVVHVVPHQW�RI�VORSH�LQVWDELOLW\�RQ�IRUHVW�ODQGV�LQ�
VRXWK�:HVWODQG��0�6F���(QJLQHHULQJ�JHRORJ\���8QLYHUVLW\�RI�&DQWHUEXU\��
&KULVWFKXUFK��

(JJHUV�0-�������7KH�*UDYH�HDUWKIORZ�FRPSOH[��VRXWK�:HVWODQG��3S������±�����LQ�%HOO�
'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�6\PSRVLXP��9ROXPH������±���
)HEUXDU\�������5RWWHUGDP��$$�%DONHPD��

(NDQD\DNH�-&��%DVKHU�/5�������/DQGVOLGH�PRGHOOLQJ�FRPSRQHQW�WR�6+(75$1��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�1,:$��
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(NDQD\DNH�-&��'\PRQG�-5�������6WUHDPEDQN�HURVLRQ�LQ�1HZ�=HDODQG��PHDVXUHPHQW�DQG�
FRQWURO��/DQGFDUH�5HVHDUFK�'UDIW�&RQWUDFW�5HSRUW�/&����������

(NDQD\DNH�-&��3KLOOLSV�&-�������/LJKWKRXVH�5RDG�ODQGVOLGH��$NDURD�±�PRQLWRULQJ�GXULQJ�
UHPHGLDO�ZRUN��,3(1=�7UDQVDFWLRQV����&(����±����

(NDQD\DNH�-&��3KLOOLSV�&-�����D��$�PRGHO�IRU�GHWHUPLQLQJ�WKUHVKROGV�IRU�LQLWLDWLRQ�RI�
VKDOORZ�ODQGVOLGHV�XQGHU�QHDU�VDWXUDWHG�FRQGLWLRQV�LQ�WKH�(DVW�&RDVW�5HJLRQ��1HZ�
=HDODQG��-RXUQDO�RI�+\GURORJ\��1=�������±����

(NDQD\DNH�-&��3KLOOLSV�&-�����E��$�PHWKRG�IRU�VWDELOLW\�DQDO\VLV�RI�YHJHWDWHG�KLOOVORSHV��
DQ�HQHUJ\�DSSURDFK��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������±������

(NDQD\DNH�-&��3KLOOLSV�&-�������6ORSH�VWDELOLW\�WKUHVKROGV�IRU�YHJHWDWHG�KLOOVORSHV��D�
FRPSRVLWH�PRGHO��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO��������±�����

(NDQD\DNH�-&��3KLOOLSV�&-��0DUGHQ�0�������*HRWHFKQLFDO�LQYHVWLJDWLRQ�RI�D�TXDVL�VWDEOH�
HDUWKIORZ�LQ�VRIW�URFN�WHUUDLQ�±�D�FDVH�VWXG\�IURP�1HZ�=HDODQG��,Q��6SLOKDXV�$)��
%XUNH�'��:KLWH�0&��.DYDQDJK�(�HGV�$*8������)DOO�0HHWLQJ��'HFHPEHU��±����6DQ�
)UDQFLVFR��&DOLIRUQLD��:DVKLQJWRQ�'&��$PHULFDQ�*HRSK\VLFDO�8QLRQ���

(NDQD\DNH�-&��0DUGHQ�0��:DWVRQ�$-��5RZDQ�'�������7UHH�URRWV�DQG�VORSH�VWDELOLW\��D�
FRPSDULVRQ�EHWZHHQ�3LQXV�UDGLDWD�DQG�NDQXND��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�
6FLHQFH��������±������

(NDQD\DNH�-&��3KLOOLSV�&-��0DUGHQ�0�������$�FRPSDULVRQ�RI�PHWKRGV�IRU�VWDELOLW\�
DQDO\VLV�RI�YHJHWDWHG�VORSHV��,Q��3URFHHGLQJV��)LUVW�$VLD�3DFLILF�&RQIHUHQFH�RQ�
*URXQG�DQG�:DWHU�%LRHQJLQHHULQJ�IRU�(URVLRQ�&RQWURO�DQG�6ORSH�6WDELOL]DWLRQ����±���
$SULO�������0DQLOD��3KLOLSSLQHV��3S�����±�����

(OOLRWW�$+��&DUOVRQ�:7�������(IIHFWV�RI�VKHHS�JUD]LQJ�HSLVRGHV�RQ�VHGLPHQW�DQG�QXWULHQW�
ORVV�LQ�RYHUODQG�IORZ��$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK�������±����

(OOLRWW�$+��7LDQ�<4��5XWKHUIRUG�-&��&DUOVRQ�:7�������(IIHFW�RI�FDWWOH�WUHDGLQJ�RQ�
LQWHUULOO�HURVLRQ�IURP�KLOO�SDVWXUH��PRGHOOLQJ�FRQFHSWV�DQG�DQDO\VLV�RI�UDLQIDOO�
VLPXODWRU�GDWD��$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������±�����

(OOLRWW�6��%HOOLQJKDP�0�������1RWHV�RQ�VWRUP�VDPSOHV�IURP�WKH�3XNHPDQJD�KLOOVLGH�
ZHLUV�DQG�0DQJDRWDPD�ZHLU��1,:$�&OLHQW�5HSRUW�$*5������1,:$��+DPLOWRQ��

(OOLRWW�6��*UHHQ�0��6FKPLGW�-��$XVVHLO�$��%DVKHU�/��&ROOLQV�$��'\PRQG�-�������6HGLPHQW�
PRGHO�GHYHORSPHQW��ZRUNVKRS�DQG�VXUYH\�VXPPDU\��1,:$�&OLHQW�5HSRUW�+DP�����
�����1,:$��+DPLOWRQ���

(QYLURQPHQW�&DQWHUEXU\�������(URVLRQ�DQG�6HGLPHQW�&RQWURO�*XLGHOLQHV��(QYLURQPHQW�
&DQWHUEXU\�XQSXEOLVKHG�WHFKQLFDO�UHSRUW��

(QYLURQPHQW�:DLNDWR�������7UHHV�RQ�)DUPV��D�JXLGH�ZLWK�ORFDO�H[SHULHQFH�RI�JURZLQJ�
WUHHV�LQ�WKH�:DLNDWR�5HJLRQ��(QYLURQPHQW�:DLNDWR��+DPLOWRQ��

(ULNVHQ�1�������&UHDWLQJ�IORRG�GLVDVWHUV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����
:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

(VOHU�$(�������7KH�LQIOXHQFH�RI�WKH�SUH�(XURSHDQ�ILUHV�LQ�WKH�7LULWHD�FDWFKPHQW��QRUWKHUQ�
7DUDUXDV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�(FRORJLFDO�6RFLHW\������±�����

(YDQV�*/��0F.HOYH\�5-�������6WDELOLVDWLRQ�RI�IDLOXUHV�LQ�ZHDWKHUHG�PXGVWRQH��3S�����±
����LQ��%HOO�'+�HG��/DQGVOLGHV���3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�6\PSRVLXP��9RO��
����&KULVWFKXUFK����±���)HEUXDU\�������5RWWHUGDP��$$�%DONHPD��

(\OHV�*2�������7KH�GLVWULEXWLRQ�DQG�VHYHULW\�RI�SUHVHQW�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��
1HZ�=HDODQG�*HRJUDSKHU�����������±�����
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(\OHV�*2�������7KH�1HZ�=HDODQG�ODQG�UHVRXUFH�LQYHQWRU\�HURVLRQ�FODVVLILFDWLRQ��:DWHU�
DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW���

(\OHV�*2�������*XOO\�HURVLRQ�FRQWURO�WHFKQLTXHV�IRU�SXPLFH�ODQGV��/LQFROQ��/DQGFDUH�
5HVHDUFK���

(\OHV�*��)DKH\�%�HGV�������7KH�3DNXUDWDKL�/DQG�8VH�6WXG\��D����\HDU�SDLUHG�FDWFKPHQW�
VWXG\�RI�WKH�HQYLURQPHQWDO�HIIHFWV�RI�3LQXV�UDGLDWD�IRUHVWU\��+%5&�SODQ�1R��������
1DSLHU��+DZNH¶V�%D\�5HJLRQDO�&RXQFLO���

(\OHV�*2��1HZVRPH�3)�������$�VRLO�FRQVHUYDWLRQ�DSSURDFK�WR�VXVWDLQDEOH�ODQG�XVH��3S��
���±����LQ�+HQULTXHV�35�HG��3URFHHGLQJV��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XVWDLQDEOH�
/DQG�0DQDJHPHQW��1DSLHU��+DZNH¶V�%D\��1HZ�=HDODQG����±���1RYHPEHU�������

(\OHV�5-�������3UHGLFWLQJ�VOLSV��6RLO�DQG�:DWHU����������±�����
(\OHV�5-�������6OLS�WULJJHULQJ�UDLQIDOOV�LQ�:HOOLQJWRQ�&LW\��1HZ�=HDODQG��1=�-RXUQDO�RI�

6FLHQFH��������±�����
(\OHV�5-�������0DVV�PRYHPHQW�LQ�7DQJRLR�&RQVHUYDWLRQ�5HVHUYH��QRUWKHUQ�+DZNH¶V�

%D\��(DUWK�6FLHQFH�-RXUQDO������±����
(\OHV�5-��(\OHV�*2�������5HFRJQLWLRQ�RI�VWRUP�GDPDJH�HYHQWV��,Q��3URFHHGLQJV����WK�1=�

*HRJUDSK\�&RQIHUHQFH��:HOOLQJWRQ��3S�����±�����
(\OHV�5-��&UR]LHU�0-��:KHHOHU�5+�������/DQGVOLGHV�LQ�:HOOLQJWRQ�&LW\�������6RLO�DQG�

:DWHU����������±�����
(\OHV�5-��&UR]LHU�0-��:KHHOHU�5+�������/DQGVOLSV�LQ�:HOOLQJWRQ�&LW\��1=�*HRJUDSKHU�

���������±����
)DKH\�%'��&RNHU�5-�������)RUHVW�URDG�HURVLRQ�LQ�WKH�JUDQLWH�WHUUDLQ�RI�VRXWK�ZHVW�

1HOVRQ��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=���������±�����
)DKH\�%'��&RNHU�5-�������6HGLPHQW�SURGXFWLRQ�IURP�IRUHVW�URDGV�LQ�4XHHQ�&KDUORWWH�

)RUHVW�DQG�SRWHQWLDO�LPSDFW�RQ�PDULQH�ZDWHU�TXDOLW\��0DUOERURXJK�6RXQGV��1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±�����

)DKH\�%'��0DUGHQ�0�������6HGLPHQW�\LHOGV�IURP�D�IRUHVWHG�DQG�D�SDVWXUH�FDWFKPHQW��
FRDVWDO�+DZNH¶V�%D\��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=��������±
�����

)DKH\�%'��-DFNVRQ�5-��5RZH�/.�������/RQJ�WHUP�K\GURORJLFDO�FKDQJHV�DIWHU�EHHFK�
FRQYHUVLRQ�WR�SLQHV��%LJ�%XVK��VRXWKZHVW�1HOVRQ��$EVWUDFWV��1HZ�=HDODQG�
+\GURORJLFDO�6RFLHW\�6\PSRVLXP��2FWREHU�������1HOVRQ���

)DKH\�%��0DUGHQ�0��3KLOOLSV�&�������6HGLPHQW�\LHOGV�DVVRFLDWHG�ZLWK�IRUHVW�KDUYHVWLQJ�
LQ�HURGLEOH�KLOO�FRXQWU\��&RDVWDO�+DZNH
V�%D\��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�
+\GURORJ\��1=��������±����

)DLUZHDWKHU�-5��0D\HOO�3-��6ZDIILHOG�65�������)RUHVWU\�DQG�DJULFXOWXUH�RQ�WKH�1HZ�
=HDODQG�(DVW�&RDVW��VRFLR�HFRQRPLF�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�ODQG�XVH�FKDQJH��
5HVHDUFK�5HSRUW������/LQFROQ��$JULEXVLQHVV�DQG�(FRQRPLFV�5HVHDUFK�8QLW��/LQFROQ�
8QLYHUVLW\��

)DOFRQHU�%+�������6WDELOLW\�RI�WKH�KLOOVLGH�DW�7DKXQDQXL��1HOVRQ��1HOVRQ�&LW\�&RXQFLO��
)DQWKDP�3�������3UHOLPLQDU\�FRVW�EHQHILW�DQDO\VLV�IRU�WKH�(DVW�&DSH�HURVLRQ�HIIHFWLYHQHVV�

VXUYH\��*LVERUQH��(DVW�&DSH�&DWFKPHQW�%RDUG��
)HQHPRU�$'��3UHVWRQ�1��3DJH�0��7UXVWUXP�1��%DVKHU�/��3KLOOLSV�&��0DUGHQ�0��/DZWRQ�

0�������7KH�UROH�RI�DJULFXOWXUH�DQG�IRUHVWU\�LQ�PLWLJDWLQJ�ODQGVOLGHV�DQG�IORRGV�LQ�
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1HZ�=HDODQG��,QYLWHG�SDSHU�SUHVHQWHG�DW�WKH�-DSDQ�2(&'�([SHUW�0HHWLQJ�RQ�/DQG�
&RQVHUYDWLRQ�,QGLFDWRUV��.\RWR��0D\�������

)LUWK�-��YDQ�'LMN�:$-��0XUSK\�*�������$�SUHOLPLQDU\�VWXG\�RI�WHFKQLTXHV�IRU�HVWLPDWLQJ�
KDUYHVWLQJ�UHODWHG�VRLO�GLVWXUEDQFHV�IURP�DHULDO�SKRWRJUDSKV��)5,�%XOOHWLQ�����

)LW]KDUULV�-�������2YHUVRZLQJ�DQG�UHJUDVVLQJ��,QIRUPDWLRQ�SDSHUV�PDGH�DYDLODEOH�WR�
IDUPHUV�IROORZLQJ�&\FORQH�%ROD��*LVERUQH��0$)�7HFK���

)OHWFKHU�-5�������(URVLRQ�LQ�WKH�3RXDNDL�5DQJH��7DUDQDNL��'LS$JU6F�WKHVLV��'HSW�RI�6RLO�
6FLHQFH��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

)OHWFKHU�-5�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�7DUDQDNL�0DQDZDWX�5HJLRQ��D�
EXOOHWLQ�WR�DFFRPSDQ\�WKH�1HZ�=HDODQG�ODQG�UHVRXUFH�LQYHQWRU\�ZRUNVKHHWV��:DWHU�
DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ������:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW���

)RUHVWU\�&RUSRUDWLRQ�1HZVOHWWHU�������%ROD¶V�KDYRF�DIWHUPDWK��)RUHVWU\�&RUSRUDWLRQ�
1HZVOHWWHU�����:HOOLQJWRQ���

)UDQVHQ�3�����D��,GHQWLI\LQJ�HURVLRQ�ULVN�LQ�VWHHS�KLOO�FRXQWU\�±�D�FDVH�VWXG\��/RJJLQJ�
,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ���������

)UDQVHQ�3-%�����E��$�PRGHO�RI�VOLS�HURVLRQ�ULVN��FHQWUDO�+DZNH¶V�%D\�FRDVWDO�KLOO�
FRXQWU\��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�3URMHFW�5HSRUW������

)UDQVHQ�3-%�����D��(URVLRQ�DQG�UHYHJHWDWLRQ�RI�KDXO�SDWKV�LQ�FDEOH�ORJJHG�VHWWLQJV�±�
1RUWK�,VODQG��1HZ�=HDODQG��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�3URMHFW�5HSRUW�
����

)UDQVHQ�3�����E��$�VLPXODWLRQ�PRGHO�RI�VRLO�VOLS�HURVLRQ�LQ�+DZNH
V�%D\��/RJJLQJ�
,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�5HSRUW�����

)UDQVHQ�3-%��%URZQOLH�5.�������+LVWRULFDO�VOLS�HURVLRQ�LQ�FDWFKPHQWV�XQGHU�SDVWXUH�DQG�
UDGLDWD�SLQH�IRUHVW��+DZNH¶V�%D\�KLOO�FRXQWU\��1HZ�=HDODQG�)RUHVWU\����������±����

)UDQVHQ�3-%��3KLOOLSV�&-��)DKH\�%'�������$Q�RYHUYLHZ�RI�IRUHVW�URDG�HURVLRQ�LQ�1HZ�
=HDODQG��(26��7UDQVDFWLRQV�$PHULFDQ�*HRSK\VLFDO�8QLRQ������������1RYHPEHU�
������

)UDQVHQ�3-%��3KLOOLSV�&-��)DKH\�%'�������)RUHVW�URDG�HURVLRQ�LQ�1HZ�=HDODQG��
RYHUYLHZ��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

)UHHPDQ�7�������7UHH�SODQWLQJ�HQFRXUDJHG�E\�WKH�*LVERUQH�'LVWULFW�&RXQFLO��1HZ�
=HDODQG�7UHH�*URZHU���������

)XOOHU�,&�,Q�SUHVV��*HRPRUSKLF�LPSDFWV�RI�D�����\HDU�IORRG��.LZLWHD�6WUHDP��0DQDZDWX�
FDWFKPHQW��1HZ�=HDODQG��*HRPRUSKRORJ\��

)XOOHU�,&��+HHUGHJHQ�5*�������7KH�)HEUXDU\������IORRGV�LQ�WKH�0DQDZDWX��1HZ�
=HDODQG��K\GURORJLFDO�VLJQLILFDQFH�DQG�LPSDFW�RQ�FKDQQHO�PRUSKRORJ\��-RXUQDO�RI�
+\GURORJ\��1=��������±�����

*DJH�0��%ODFN�5'�������6ORSH�VWDELOLW\�DQG�JHRORJLFDO�LQYHVWLJDWLRQV�DW�0DQJDWX�6WDWH�
)RUHVW��7HFKQLFDO�3DSHU�����)RUHVW�5HVHDUFK�,QVWLWXWH��1HZ�=HDODQG�)RUHVW�6HUYLFH��

*DQH�6:��%ODVFKNH�30��+RSNLUN�'/��7KRPVRQ�1$��7UXVWUXP�1$��9DQ�GH�:HWHULQJK�
5������,PSOHPHQWLQJ�PRUH�VXVWDLQDEOH�ODQG�XVH�LQ�1HZ�=HDODQG�VWHHSODQGV��$�FDVH�
VWXG\�IURP�7DUDQDNL��,Q��+HQULTXHV�35�HG��3URFHHGLQJV��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��+DZNH¶V�%D\��1HZ�=HDODQG����±���
1RYHPEHU�������
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*DUUHWW�-�������&DWFKPHQW�DXWKRULW\�ZRUN�LQ�WKH�5DQJLWLNHL�DUHD��,Q��7UXVWUXP�1$�HG��
7KH�LQIOXHQFH�RI�VRLO�VOLS�HURVLRQ�RQ�KLOO�FRXQWU\�SDVWRUDO�SURGXFWLYLW\��$RNDXWHUH�
,QWHUQDO�5HSRUW�����1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��3S����±����

*DUUHWW�-:��+RJJ�-7�������6HPLQDU�RQ�&DWFKPHQW�&RQWURO��,Q��3URFHHGLQJV��1HZ�
=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWLRQ��0DVVH\�8QLYHUVLW\��1RYHPEHU�������3��
�����

*LEEV�+6�������7XQQHO�JXOO\�HURVLRQ�RQ�WKH�:LWKHU�+LOOV��0DUOERURXJK��1HZ�=HDODQG�
-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�$�������±�����

*LHUD�1��0HQ]LHV�6��%XFKDQ�'��$QVWH\�&�������%ULGJLQJ�WKH�JDS�EHWZHHQ�HQYLURQPHQWDO�
NQRZOHGJH�DQG�UHVHDUFK��DQG�GHVLUHG�HQYLURQPHQWDO�RXWFRPHV�WR�DFKLHYH�VXVWDLQDEOH�
ODQG�PDQDJHPHQW��3KDVH����5HSRUW�IRU�0$)�3ROLF\��

*LOFKULVW�$1��GH=�+DOO�-5��)RRWH�$*��%XOORFK�%7�������3DVWXUH�JURZWK�DURXQG�EURDG�
OHDYHG�WUHHV�SODQWHG�IRU�JUDVVODQG�VWDELOLW\��3S������������LQ�3URFHHGLQJV�RI�WKH�;9,,�
,QWHUQDWLRQDO�*UDVVODQG�&RQJUHVV��

*LOOLQJKDP�$*�������$JURIRUHVWU\�RQ�VWHHS�KLOO�FRXQWU\��UHVXOWV�WR�\HDU�����,Q��%LOEURXJK�
*:�HG��3URFHHGLQJV�RI�D�7HFKQLFDO�:RUNVKRS�RQ�$JURIRUHVWU\��0LQLVWU\�RI�
$JULFXOWXUH�DQG�)LVKHULHV��:HOOLQJWRQ��'XQHGLQ��3S����±����

*LOORQ�0'��+DQFR[�*7�������&URPZHOO�*RUJH�ODQGVOLGHV�±�D�JHQHUDO�RYHUYLHZ��,Q��%HOO�
'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�6\PSRVLXP��9ROXPH�������±���
)HEUXDU\�������5RWWHUGDP��$$�%DONHPD��3S����±�����

*ODGH�7�������7KH�WHPSRUDO�DQG�VSDWLDO�RFFXUUHQFH�RI�UDLQVWRUP�WULJJHUHG�ODQGVOLGH�
HYHQWV�LQ�1HZ�=HDODQG��,Q��0DXVEDFKHU�5��6FKXOWH�$�HGV�%HLWUDJH�]XU�
3K\VLRJHRJUDSKLH�±�)HVWVFKULIW�IXU�'LHWULFK�%DUVFK��+HLGHOEHUJHU�*HRJUDSKLVFKH�
$UEHLWHQ�+HIW������6HOEVWYHUODJ�GHV�*HRJUDSKLVFKHQ�,QVWLWXWV�GHU�8QLYHUVLWDW�
+HLGHOEHUJ��+HLGHOEHUJ��3S�����±�����

*ODGH�7�������7KH�WHPSRUDO�DQG�VSDWLDO�RFFXUUHQFH�RI�UDLQVWRUP�WULJJHUHG�ODQGVOLGH�
HYHQWV�LQ�1HZ�=HDODQG�±�DQ�LQYHVWLJDWLRQ�LQWR�WKH�IUHTXHQF\��PDJQLWXGH�DQG�
FKDUDFWHULVWLFV�RI�ODQGVOLGH�HYHQWV�DQG�WKHLU�UHODWLRQVKLS�ZLWK�FOLPDWLF�DQG�WHUUDLQ�
FKDUDFWHULVWLFV��3K'�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODGH�7�������(VWDEOLVKLQJ�WKH�IUHTXHQF\�DQG�PDJQLWXGH�RI�ODQGVOLGH�WULJJHULQJ�
UDLQVWRUP�HYHQWV�LQ�1HZ�=HDODQG��(QYLURQPHQWDO�*HRORJ\��������±�����

*ODGH�7�������/DQGVOLGH�RFFXUUHQFH�DV�D�UHVSRQVH�WR�ODQG�XVH�FKDQJH��D�UHYLHZ�RI�
HYLGHQFH�IURP�1HZ�=HDODQG��&DWHQD��������±�����

*ODGH�7��&UR]LHU�0-�������7KH�FXUUHQW�VWDWXV�RI�ODQGVOLGH�LQIRUPDWLRQ�V\VWHPV�LQ�1HZ�
=HDODQG��3URFHHGLQJV����WK�1HZ�=HDODQG�*HRJUDSK\�&RQIHUHQFH��&KULVWFKXUFK��
$XJXVW����������±�����

*ODGH�7��&UR]LHU��0-�������7RZDUGV�D�QDWLRQDO�ODQGVOLGH�LQIRUPDWLRQ�EDVH�IRU�1HZ�
=HDODQG��1HZ�=HDODQG�*HRJUDSKHU����������±����

*ODGH�7��&UR]LHU�0-�������5DLQIDOO�UHODWHG�ODQGVOLGHV�LQ�1HZ�=HDODQG��'HSDUWPHQW�RI�
*HRJUDSK\��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODGH�7��&UR]LHU�0-�������/DQGVOLGHV�LQ�1HZ�=HDODQG��D�VHOHFWHG�ELEOLRJUDSK\��5HVHDUFK�
5HSRUW����6FKRRO�RI�(DUWK�6FLHQFHV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

*ODGH�7��&UR]LHU�0-�����D��7KH�QDWXUH�RI�ODQGVOLGH�KD]DUG�LPSDFW��,Q��*ODGH�7��
$QGHUVRQ�0*��&UR]LHU�0-�HGV�/DQGVOLGH�KD]DUG�DQG�ULVN��/RQGRQ��:LOH\��3S����±����
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*ODGH�7��&UR]LHU�0-�����E��$�UHYLHZ�RI�VFDOH�GHSHQGHQF\�LQ�ODQGVOLGH�KD]DUG�DQG�ULVN�
DQDO\VLV��,Q��*ODGH�7��$QGHUVRQ�0*��&UR]LHU�0-�HGV�/DQGVOLGH�KD]DUG�DQG�ULVN��
/RQGRQ��:LOH\��3S����±�����

*ODGH�7��&UR]LHU�0-��6PLWK�3�������(VWDEOLVKLQJ�ODQGVOLGH�WULJJHULQJ�UDLQIDOO�WKUHVKROGV�
XVLQJ�DQ�HPSLULFDO�DQWHFHGHQW�GDLO\�UDLQIDOO�PRGHO��-RXUQDO�RI�3XUH�DQG�$SSOLHG�
*HRSK\VLFV����������±������

*ODGH�7��$QGHUVRQ�0*��&UR]LHU��0-�HGV�������/DQGVOLGH�KD]DUG�DQG�ULVN��/RQGRQ��
:LOH\���

*ODVV�$1�������6RLO�FRQVHUYDWLRQ�RQ�1RUWK�,VODQG�KLOO�FRXQWU\��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUH������±����

*ODVV�$1�������6RLO�FRQVHUYDWLRQ�SUDFWLFHV�LQFUHDVH�GDLU\�SURGXFWLRQ��6RLO�	�:DWHU�������
��±����

*ROGVPLWK�35��6PLWK�(+�������7XQQHOOLQJ�VRLOV�LQ�6RXWK�$XFNODQG��1HZ�=HDODQG��
(QJLQHHULQJ�*HRORJ\���������±����

*RPH]�%��7UXVWUXP�1$�������/DQGVFDSH�GLVWXUEDQFH�DQG�RUJDQLF�FDUERQ�LQ�DOOXYLXP�
ERUGHULQJ�VWHHSODQG�ULYHUV��(DVW�&RDVW�&RQWLQHQWDO�0DUJLQ��1HZ�=HDODQG��
'HYHORSPHQWV�LQ�(DUWK�6XUIDFH�3URFHVVHV�������±�����

*RPH]�%��(GHQ�'1��3HDFRFN�'+��3LQNQH\�(-�������)ORRGSODLQ�FRQVWUXFWLRQ�E\�UHFHQW��
UDSLG�YHUWLFDO�DFFUHWLRQ��:DLSDRD�5LYHU��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV��������±�����

*RPH]�%��(GHQ�'(��+LFNV�'0��7UXVWUXP�1$��3HDFRFN�'+��:LOPVKXUVW�-�������
&RQWULEXWLRQ�RI�IORRGSODLQ�VHTXHVWUDWLRQ�WR�WKH�VHGLPHQW�EXGJHW�RI�WKH�:DLSDRD�5LYHU��
1HZ�=HDODQG��,Q��0DUULRWW�6%��$OH[DQGHU�-�HGV�)ORRGSODLQV��,QWHUGLVFLSOLQDU\�
$SSURDFKHV��6SHFLDO�3XEOLFDWLRQ������*HRORJLFDO�6RFLHW\��/RQGRQ��3S����±����

*RPH]�%��5RVVHU�%-��3HDFRFN�'+��+LFNV�'0��3DOPHU�-$�������'RZQVWUHDP�ILQLQJ�LQ�D�
UDSLGO\�DJJUDGLQJ�JUDYHO�EHG�ULYHU��:DWHU�5HVRXUFHV�5HVHDUFK���������±������

*RPH]�%��%DQEXU\�.��0DUGHQ�0��7UXVWUXP�1$��3HDFRFN�'��+RVNLQJ�3�������*XOO\�
HURVLRQ�DQG�VHGLPHQW�SURGXFWLRQ��7H�:HUDURD�6WUHDP��1HZ�=HDODQG��:DWHU�
5HVRXUFHV�5HVHDUFK���������±������

*RPH]�%��7UXVWUXP�1$��+LFNV�'0��5RJHUV�.0��3DJH�0-��7DWH�.5�������3URGXFWLRQ��
VWRUDJH��DQG�RXWSXW�RI�SDUWLFXODWH�RUJDQLF�FDUERQ��:DLSDRD�5LYHU�EDVLQ��1HZ�=HDODQG��
:DWHU�5HVRXUFHV�5HVHDUFK���������±������

*RPH]�%��%UDFNOH\�+/��+LFNV�'0��1HII�+��5RJHUV�.0�������2UJDQLF�FDUERQ�LQ�
IORRGSODLQ�DOOXYLXP��VLJQDWXUH�RI�KLVWRULF�YDULDWLRQV�LQ�HURVLRQ�SURFHVVHV�DVVRFLDWHG�
ZLWK�GHIRUHVWDWLRQ��:DLSDRD�5LYHU��1HZ�=HDODQG��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�
�����LVVXH�)����

*RRVHQ�'�������3KRWR�DQDO\VLV�RI�WKH�1JDWDSD�$UHD��*LVERUQH��,QWHUQDWLRQDO�,QVLWXWH�IRU�
$HULDO�6XUYH\�DQG�(DUWK�6FLHQFHV��,7&��XQSXEOLVKHG�UHSRUW��(QVFKHGH��7KH�
1HWKHUODQGV���

*UDDI�0�YDQ�GH��:DJWHQGRN�$�������5RDG�UHODWHG�PDVV�ZDVWLQJ�*ROGHQ�'RZQV�DQG�
0RWXHND�)RUHVWV��VRXWK�ZHVW�1HOVRQ��1HZ�=HDODQG��8QSXEOLVKHG�)5,�UHSRUW��)RUHVW�
5HVHDUFK�,QVWLWXWH��&KULVWFKXUFK���

*UDKDP�&�-��&UR]LHU�0-�������2YHUYLHZ�RI�ODQG�LQVWDELOLW\�LQ�WKH�:DLNDWR�5HJLRQ��
5HSRUW�SUHSDUHG�IRU�(QYLURQPHQW�:DLNDWR��

*UDQJH�/,��*LEEV�+6�������6RLO�HURVLRQ�LQ�1HZ�=HDODQG��3DUW���6RXWKHUQ�KDOI�RI�WKH�
1RUWK�,VODQG��1��=��6RLO�%XUHDX�%XOOHWLQ����



�

/DQGFDUH�5HVHDUFK�

���

*UDQW�$3�������+DZNH
V�%D\�IORRG����UG���WK�$SULO��������3URFHHGLQJV��1HZ�=HDODQG�
,QVWLWXWLRQ�RI�(QJLQHHUV�����3S����±����

*UDQW�3-�������0DMRU�UHJLPH�FKDQJHV�RI�WKH�7XNLWXNL�5LYHU��+DZNH¶V�%D\��VLQFH�DERXW�
�����$��'��3DSHU�SUHVHQWHG�DW�WKH���WK�1��=��6FLHQFH�&RQJUHVV��$XFNODQG��

*UDQW�3-�������9DULDWLRQV�RI�UDLQIDOO�IUHTXHQF\�LQ�UHODWLRQ�WR�HURVLRQ�LQ�HDVWHUQ�+DZNH¶V�
%D\��-RXUQDO�RI�+\GURORJ\��1=�������±����

*UDQW�3-�������5HFRUGHG�FKDQQHO�FKDQJHV�RI�WKH�8SSHU�:DLSDZD�5LYHU��5XDKLQH�5DQJHV��
1HZ�=HDODQG�:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��:DWHU�
DQG�6RLO�7HFKQLFDO�3XEOLFDWLRQ�����

*UDQW�3-�����D��0DMRU�SHULRGV�RI�HURVLRQ�DQG�VHGLPHQWDWLRQ�LQ�WKH�1RUWK�,VODQG��1HZ�
=HDODQG��VLQFH�WKH���WK�FHQWXU\��,Q��'DYLHV�75+��3HDUFH�$-�HGV�(URVLRQ�DQG�VHGLPHQW�
WUDQVSRUW�LQ�3DFLILF�5LP�VWHHSODQGV��3URFHHGLQJV�RI�&KULVWFKXUFK�6\PSRVLXP��,$+6�
3XEOLFDWLRQ���������±�����

*UDQW�3-�����E��5HFHQWO\�LQFUHDVHG�WURSLFDO�F\FORQH�DFWLYLW\�DQG�LQIHUHQFHV�RQ�FRDVWDO�
HURVLRQ�DQG�LQODQG�K\GURORJLFDO�UHJLPHV�LQ�1HZ�=HDODQG�DQG�(DVWHUQ�$XVWUDOLD��
&OLPDWLF�&KDQJH�������±�����

*UDQW�3-�������&RDUVH�VHGLPHQW�\LHOGV�IURP�WKH�XSSHU�:DLSDZD�ULYHU�EDVLQ��5XDKLQH�
5DQJH��-RXUQDO�RI�+\GURORJ\��1=��������±����

*UDQW�3-�������5HFHQWO\�LQFUHDVHG�HURVLRQ�DQG�VHGLPHQW�WUDQVSRUW�UDWHV�LQ�WKH�8SSHU�
:DLSDZD�5LYHU�EDVLQ��5XDKLQH�5DQJH��1HZ�=HDODQG��6RLO�&RQVHUYDWLRQ�&HQWUH��
$RNDXWHUH�3XEOLFDWLRQ����:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW��

*UDQW�3-�������0DMRU�SHULRGV�RI�HURVLRQ�DQG�DOOXYLDO�VHGLPHQWDWLRQ�LQ�1HZ�=HDODQG�
GXULQJ�WKH�ODWH�+RORFHQH��-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG�������±�����

*UDQW�3-�������(IIHFWV�RQ�1HZ�=HDODQG�YHJHWDWLRQ�RI�/DWH�+RORFHQH�HURVLRQ�DQG�DOOXYLDO�
VHGLPHQWDWLRQ��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±�����

*UDQW�3-�������'LVWXUEDQFH�LQ�WKH�IRUHVWV�RI�WKH�5XDKLQH�5DQJH�VLQFH�������-RXUQDO�RI�WKH�
5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±�����

*UDQW�3-��+DZNLQV�19��&KULVWLH�:�������5DLQIDOOV�DQG�IORRGV�RI�&\FORQH�$OLVRQ��0DUFK�
������RQ�WKH�QRUWK�HDVWHUQ�5XDKLQH�5DQJH��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
���1DSLHU��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

*UDSHV�5+�������*HRORJ\�DQG�UHYHJHWDWLRQ�RI�DQ������ODQGVOLGH��5XDPDKDQJD�5LYHU��
.RSXDUDQJD��:DLUDUDSD��7XDWDUD�������±����

*UHHQDOO�$)��+DPLOWRQ�'��*ODVV�$��6XWKHUODQG�1��2VERUQH�3�������6RLO�FRQVHUYDWLRQ�
VXUYH\�RI�WKH�3RKDQJLQD�GLVWULFW��QRUWK�HDVW�0DQDZDWX��5HSRUW�WR�6RLO�&RQVHUYDWLRQ�
DQG�5LYHUV�&RQWURO�&RXQFLO��:HOOLQJWRQ���

*UH\�:��+DQFR[�*7�������7KH�)HEUXDU\�ZLWKRXW�D�VXPPHU�±�ZHDWKHU�DQG�ODQGVOLGLQJ�
LVVXHV�UHODWHG�WR�WKH�)HEUXDU\������IORRGV�LQ�WKH�ORZHU�1RUWK�,VODQG��1DWXUDO�+D]DUGV�
8SGDWH����-XQH�������

*ULIILWKV�*$�������6RPH�VXVSHQGHG�VHGLPHQW�\LHOGV�IURP�6RXWK�,VODQG�FDWFKPHQWV��1HZ�
=HDODQG��:DWHU�5HVRXUFHV�%XOOHWLQ��������±�����

*ULIILWKV�*$�������6SDWLDO�DQG�WHPSRUDO�YDULDELOLW\�LQ�VXVSHQGHG�VHGLPHQW�\LHOGV�RI�
1RUWK�,VODQG�EDVLQV��1HZ�=HDODQG��:DWHU�5HVRXUFHV�%XOOHWLQ��������±������

*ULIILWKV�*$��*ODVE\�*3�������,QSXW�RI�ULYHU�GHULYHG�VHGLPHQW�WR�WKH�1HZ�=HDODQG�
FRQWLQHQWDO�VKHOI��,�PDVV��(VWXDULQH��&RDVWDO�DQG�6KHOI�6FLHQFH��������±������
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*URFRWW�**�������/DQGVOLGH�LQYHVWLJDWLRQV��0DLQ�1RUWK�5DLOZD\�/LQH��6RXWK�,VODQG��
1HZ�=HDODQG��06F�WKHVLV��(QJLQHHULQJ�JHRORJ\���8QLYHUVLW\�RI�&DQWHUEXU\��
&KULVWFKXUFK��

*XHYDUD�(VFREDU�$�������$VSHFWV�RI�D�SRSODU�SDVWXUH�V\VWHP�UHODWHG�WR�SDVWXUH�
SURGXFWLRQ�LQ�1HZ�=HDODQG��3K'�WKHVLV��0DVVH\�8QLYHUVLW\��1HZ�=HDODQG��

*XHYDUD�(VFREDU�$��(GZDUGV�:51��0RUWRQ�5+��.HPS�3'��0DFND\�$'�������7UHH�
ZDWHU�XVH�DQG�UDLQIDOO�SDUWLWLRQLQJ�LQ�D�PDWXUH�SRSODU±SDVWXUH�V\VWHP��7UHH�
3K\VLRORJ\�������±�����

*XHYDUD�(VFREDU�$��.HPS�3'��+RGJVRQ�-��0DFND\�$'��(GZDUGV�:51�������&DVH�
VWXG\�RI�D�PDWXUH�3RSXOXV�GHOWRLGV�SDVWXUH�V\VWHP�LQ�D�KLOO�HQYLURQPHQW��3URFHHGLQJV�
RI�WKH�1HZ�=HDODQG�*UDVVODQGV�$VVRFLDWLRQ��������������

*XQQ�:-�������$VVHVVPHQW�RI�PDVV�PRYHPHQW�PHFKDQLVPV�LQ�WKH�7KDPHV�:DLRPX�
UHJLRQ��&RURPDQGHO�3HQLQVXOD��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ��

*XWKULH�6PLWK�+��������7XWLUD��WKH�VWRU\�RI�D�1HZ�=HDODQG�VKHHS�VWDWLRQ��(GLQEXUJK��
%ODFNZRRG��

+DOO�-=�������(DUWKIORZ�HURVLRQ�FRQWURO�WHFKQLTXHV��8QSXEOLVKHG�UHSRUW��:DWHU�DQG�6RLO�
'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

+DPEOLQJ�5�������,QGLJHQRXV�UHYHUVLRQ�±�DQRWKHU�(DVW�&RDVW�)RUHVWU\�3URMHFW�WUHDWPHQW��
&RQVHUYDWLRQ�4XRUXP������±���

+DPLOWRQ�'��.HOPDQ�(++�������6RLO�&RQVHUYDWLRQ�6XUYH\�RI�WKH�:DLSDRD�5LYHU�
&DWFKPHQW��3RYHUW\�%D\��1HZ�=HDODQG��8QSXEOLVKHG�UHSRUW�WR�WKH�6RLO�&RQVHUYDWLRQ�
DQG�5LYHUV�&RQWURO�&RXQFLO���

+DQFR[�*7�������*HRORJLFDO�DVSHFWV�RI�VORSH�VWDELOLW\��,Q��3URFHHGLQJV��6\PSRVLXP�RQ�
6WDELOLW\�RI�6ORSHV�LQ�1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�(QJLQHHUV��9RO������*��3S��
���±������

+DQFR[�*7�����D��3UHOLPLQDU\�UHSRUW�RQ�ODQGVOLGHV��JXOO\�HURVLRQ��DQG�GHEULV�IORRG�
HIIHFWV�LQ�WKH�3DHNDNDULNL�DUHD�DV�D�UHVXOW�RI�WKH���2FWREHU������IORRG��,QVWLWXWH�RI�
*HRORJLFDO�	�1XFOHDU�6FLHQFHV�&OLHQW�5HSRUW������������

+DQFR[�*7�����E��/DQGVOLGHV��JXOO\�HURVLRQ�DQG�GHEULV�IORRG�HIIHFWV�GXULQJ�WKH���
2FWREHU������3DHNDNDULNL�IORRGV��1��=��*HRPHFKDQLFV�1HZV�������±����

+DQFR[�*7�������,PPHGLDWH�UHSRUW�RQ�ODQGVOLGLQJ�FDXVHG�E\�WKH���±���)HEUXDU\������
IORRGV�LQ�WKH�ORZHU�1RUWK�,VODQG��1HZ�=HDODQG��*16�,PPHGLDWH�5HSRUW�/'�����������
0DUFK�������

+DQFR[�*7��:ULJKW�.�������/DQGVOLGHV�FDXVHG�E\�WKH�)HEUXDU\������UDLQVWRUPV�DQG�
IORRGV�LQ�VRXWKHUQ�1RUWK�,VODQG��1HZ�=HDODQG��,QVWLWXWH�RI�*HRORJLFDO�	�1XFOHDU�
6FLHQFHV�6FLHQFH�5HSRUW����������:HOOLQJWRQ��

+DQFR[�*7��:ULJKW�.�������$QDO\VLV�RI�ODQGVOLGLQJ�FDXVHG�E\�WKH�)HEUXDU\������
UDLQVWRUPV�LQ�WKH�:DQJDQXL�0DQDZDWX�KLOO�FRXQWU\��VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��,QVWLWXWH�RI�*HRORJLFDO�	�1XFOHDU�6FLHQFHV�6FLHQFH�5HSRUW�����������

+DQFR[�*7��'HOORZ�*'��3HUULQ�1'�������(DUWKTXDNH�LQGXFHG�VORSH�IDLOXUH�KD]DUG�VWXG\�
LQ�WKH�:HOOLQJWRQ�5HJLRQ²5HYLHZ�RI�KLVWRULFDO�UHFRUGV�RI�HDUWKTXDNH�LQGXFHG�VORSH�
IDLOXUHV��:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�6FLHQFHV���

+DQFR[�*7��3HUULQ�1'��'HOORZ�*'�������(DUWKTXDNH�LQGXFHG�ODQGVOLGLQJ�LQ�1HZ�
=HDODQG�DQG�LPSOLFDWLRQV�IRU�00�LQWHQVLW\�DQG�VHLVPLF�KD]DUG�DVVHVVPHQW��&OLHQW�
5HSRUW�5HSRUW������%��*16�6FLHQFH��/RZHU�+XWW��
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+DQFR[�*7��'HOORZ�*'��0DVVH\�&��3HUULQ�1'�������5HFRQQDLVVDQFH�VWXGLHV�RI�
ODQGVOLGHV�FDXVHG�E\�WKH�-XO\±2FWREHU������UDLQVWRUPV�LQ�VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��*16�6FLHQFH�5HSRUW����������

+DUGHQELFNHU�8��&UR]LHU�0-�������6RLO�SLSHV�DQG�VORSH�VWDELOLW\��,Q��3URFHHGLQJV��)LUVW�
(XURSHDQ�/DQGVOLGH�&RQIHUHQFH��3UDJXH��5RWWHUGDP��$$�%DONHPD��3S�����±�����

+DUGHQELFNHU�8��&UR]LHU�0-��3RWW�$�,Q�SUHVV��7KH�LQIOXHQFH�RI�UDLQIDOO�DQG�VRLO�K\GURORJ\�
RQ�SLSHIORZ�LQ�VWHHS�SDVWXUH�FRYHUHG�KLOO�FRXQWU\��1HZ�=HDODQG��(DUWK�6XUIDFH�
3URFHVVHV�DQG�/DQGIRUPV��

+DUH�:1�������3K\VLFDO�DQG�HFRQRPLFDO�HYDOXDWLRQ�RI�ORQJ�WHUP�VRLO�FRQVHUYDWLRQ�ZRUN�
RQ�D�KLOO�FRXQWU\�IDUP�LQ�6RXWKHUQ�+DZNH¶V�%D\��%$JU6F��+RQV��WKHVLV��0DVVH\�
8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

+DUPVZRUWK�*5�������/DQG�8VH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�1RUWKODQG�UHJLRQ��D�
UHSRUW�WR�DFFRPSDQ\�WKH�VHFRQG�HGLWLRQ�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��
/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

+DUPVZRUWK�*5��3DJH�0-�������$�UHYLHZ�RI�VHOHFWHG�VWRUP�GDPDJH�DVVHVVPHQWV�LQ�1HZ�
=HDODQG��'6,5�/DQG�5HVRXUFHV�6FLHQWLILF�5HSRUW����3DOPHUVWRQ�1RUWK��

+DUPVZRUWK�*5��+RSH�*'��3DJH�0-��0DQVRQ�3$�������$Q�DVVHVVPHQW�RI�VWRUP�GDPDJH�
DW�2WRL�LQ�1RUWKHUQ�+DZNH¶V�%D\��6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH�3XEOLFDWLRQ�
����3DOPHUVWRQ�1RUWK��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

+DUPVZRUWK�*��:DUPHQKRYHQ�7��3RKDWX�3�������$�:DLDSX�FDWFKPHQW�PDQDJHPHQW�
VWUDWHJ\��WR�VWLPXODWH�LQWHUHVW�DQG�SODQQLQJ�LQ�WKH�:DLDSX��D�VWUDWHJ\�WR�XQGHUSLQ�
HQYLURQPHQWDO�PDQDJHPHQW��HFRQRPLF�GHYHORSPHQW�DQG�VXVWDLQ�FXOWXUDO�YDOXHV��$�
GRFXPHQW�IRU�FRPPXQLW\�DQG�VWDNHKROGHU�GLVFXVVLRQ��8QSXEOLVKHG�UHSRUW�IRU�7H�
:KDUH�:DQDQJD�R�1JDWL�3RURX�DQG�0DQDDNL�:KHQXD��

+DUPVZRUWK�*��:DUPHQKRYHQ�7��3RKDWX�3��3DJH�0�������:DLDSX�&DWFKPHQW�7HFKQLFDO�
5HSRUW��0DRUL�FRPPXQLW\�JRDOV�IRU�HQKDQFLQJ�HFRV\VWHP�KHDOWK��/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW����������IRU�7H�:KDUH�:DQDQJD�R�1JDWL�3RURX��5XDWRULD���

+DUULV�&�������7KH�HQJLQHHULQJ�JHRORJ\�DQG�VORSH�PRYHPHQW�RI�URFNV�DQG�VRLO�RQ�WKH�
ZHVW�FRDVW�RI�$XFNODQG�IURP�7H�+HQJD�WR�0XULZDL��06F�WKHVLV��8QLYHUVLW\�RI�
$XFNODQG��

+DUYH\�0'�������$Q�DQDO\VLV�RI�WKH�VRLO�VOLSV�WKDW�RFFXUUHG�RQ�WKH�3RUW�+LOOV��
&DQWHUEXU\��EHWZHHQ���±���$XJXVW�������$�SDSHU�SUHVHQWHG�WR�WKH�6RLO�6RFLHW\�RI�
1HZ�=HDODQG��3DOPHUVWRQ�1RUWK��$XJXVW�������

+DVWLH�:-�������/DQGVOLS�KD]DUG�PRGHOOLQJ��:HOOLQJWRQ�5HJLRQ��1HZ�=HDODQG��,Q��
3URFHHGLQJV��,QDXJXUDO�&ROORTXLXP�RI�WKH�6SDWLDO�,QIRUPDWLRQ�5HVHDUFK�&HQWUH��
8QLYHUVLW\�RI�2WDJR��'XQHGLQ���

+DVWLH�:-�������5HJLRQDO�ODQGVOLS�KD]DUG�DVVHVVPHQW��:HOOLQJWRQ�5HJLRQDO�&RXQFLO��
,QWHULP�5HSRUW�RQ�(PSLULFDO�0RGHO�'HYHORSPHQW�/5��������

+DWKDZD\�5/�������0RUSKRORJ\�DQG�VRLO�ELQGLQJ�FDSDFLW\�RI�WKH�URRW�V\VWHPV�RI�VRPH�
SRSODUV�DQG�ZLOORZV��,Q��3UHYHQWLRQ�DQG�FRQWURO�RI�PDVV�PRYHPHQW�DQG�JXOO\�HURVLRQ��
3URFHHGLQJV�RI�D�VHPLQDU�DUUDQJHG�E\�0LQLVWU\�RI�:RUNV�LQ�FRQMXQFWLRQ�ZLWK�1HZ�
=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV�DQG�3RYHUW\�%D\�&DWFKPHQW�%RDUG����±���
$SULO�������:HOOLQJWRQ��0:'�IRU�WKH�1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�
2UJDQLVDWLRQ�1HZ�=HDODQG��

+DWKDZD\�5�������7UHH�VSHFLHV�IRU�VORSH�VWDELOLW\�FRQWURO��6RLO�&RQVHUYDWLRQ�&HQWUH�
,QWHUQDO�5HSRUW�����3DOPHUVWRQ�1RUWK��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���
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+DWKDZD\�5�������7UHHV�IRU�VRLO�FRQVHUYDWLRQ��1=�)RUHVWU\�6HUYLFH��7UHHV�DQG�7LPEHU�
����

+DWKDZD\�5/�������3ODQW�PDWHULDOV�IRU�VORSH�VWDELOLVDWLRQ��,Q��9DQ�.UDD\HQRRUG�&:6�	�
+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���
3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DWKDZD\�5/�������3ODQW�PDWHULDOV�IRU�JXOO\�FRQWURO��,Q��9DQ�.UDD\HQRRUG�&:6��
+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���
3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DWKDZD\�5/��.LQJ�0�������6HOHFWLRQ�RI�(XFDO\SWXV�VSHFLHV�IRU�VRLO�FRQVHUYDWLRQ�
SODQWLQJ�LQ�VHDVRQDOO\�GU\�KLOO�FRXQWU\��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�����
���±�����

+DWKDZD\�5/��3HQQ\�'�������5RRW�VWUHQJWK�RI�VRPH�3RSXOXV�DQG�6DOL[�FORQHV��1HZ�
=HDODQG�-RXUQDO�RI�%RWDQ\��������±�����

+DWKDZD\�5/��6KHSSDUG�-6�������0DQDJHPHQW�DQG�XVHV�RI�(XFDO\SWXV�VSS���(XFDO\SWV���
,Q��9DQ�.UDD\HQRRUG�&:6�	�+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S����±����

+DZNH�-�������7UHHV�±�D�VDIHJXDUG�DJDLQVW�%ROD��*URZLQJ�7RGD\��-XQH�-XO\�����±����
+DZNH�0)�������3DVWXUH�SURGXFWLRQ�DQG�DQLPDO�SHUIRUPDQFH�XQGHU�SLQH�DJURIRUHVWU\�LQ�

1HZ�=HDODQG��)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��������±�����
+DZOH\�-*�������7KH�JHRPHFKDQLFV�RI�VRLO�FRQVHUYDWLRQ��,Q��*HRPHFKDQLFV�&RQIHUHQFH��

3S�����±�����
+DZOH\�-*�������6ORSH�LQVWDELOLW\�LQ�1HZ�=HDODQG��,Q��6SHGHQ�,*��&UR]LHU�0-�HGV�

1DWXUDO�KD]DUGV�LQ�1HZ�=HDODQG��:HOOLQJWRQ��81(6&2��3S����±�����
+DZOH\�-*�������&RQFHSWV�RI�HURVLRQ�VHYHULW\��,Q��&DPSEHOO�,%�HG��3URFHHGLQJV��6RLO�

'\QDPLFV�DQG�/DQG�8VH�6HPLQDU��%OHQKHLP��0D\�������%OHQKHLP��1HZ�=HDODQG�
6RFLHW\�RI�6RLO�6FLHQFH�DQG�1HZ�=HDODQG�6RLO�&RQVHUYDWRUV�$VVRFLDWLRQ��3S����±����

+DZOH\�-*�������0HDVXULQJ�WKH�LQIOXHQFH�RI�WUHHV�RQ�ODQGVOLS��3URFHHGLQJV��1HZ�
=HDODQG�$VVRFLDWLRQ�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ�$QQXDO�&RQIHUHQFH��+DYHORFN�
1RUWK��$XJXVW�������

+DZOH\�-*�������0DMRU�VWRUP�GDPDJH�±�KRZ�RIWHQ�"�1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
DQG�:DWHU�&RQVHUYDWLRQ�%URDGVKHHW��6XPPHU����������±����

+DZOH\�-*��'\PRQG�-5�������+RZ�PXFK�GR�WUHHV�UHGXFH�ODQGVOLGLQJ"�-RXUQDO�RI�:DWHU�
DQG�6RLO�&RQVHUYDWLRQ��������±�����

+DZOH\�-*��.LQJ�0�������/DQGVOLGHV�RQ�VRPH�VHDVRQDOO\�GU\�KLOO�FRXQWU\�VRLOV�LQ�1HZ�
=HDODQG��8QSXEOLVKHG�5HSRUW��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW�DQG�:DLUDUDSD�&DWFKPHQW�%RDUG��&LWHG�6RLO�	�:DWHU��������������

+D\ORFN�-$�������3DVWXUH�FRQGLWLRQ�DQG�VRLO�GHVLFFDWLRQ�DV�LQIOXHQFHV�RQ�WXQQHO�UHODWHG�
HURVLRQ��0�3KLO��7KHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

+D\ORFN�-$��7URWWHU�&0�������7KH�HURVLRQ�VWDWXV�RI�VHOHFWHG�FDWFKPHQWV�LQ�WKH�(DVW�
&RDVW�3RYHUW\�%D\�UHJLRQ��,QWHUQDO�5HSRUW������6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
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+HLQH�-&�������5HFRUG�RI�VOLSV�RFFXUULQJ�RQ�7DLWD�H[SHULPHQWDO�VWDWLRQ��/RZHU�+XWW��
FDXVHG�E\�WKH�VWRUP�RI�����������1=�6RLO�%XUHDX�'LVWULFW�2IILFH�5HSRUW�:1����
'6,5��/RZHU�+XWW��

+HQQULFK�.3�������3UREDELOLW\�RI�RFFXUUHQFH�DQG�H[WHQW�RI�UDLQIDOO�LQGXFHG�ODQGVOLGHV��
+DZNH¶V�%D\��1HZ�=HDODQG��3K'��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

+HQQULFK�.��&UR]LHU�0-�������$�KLOOVORSH�K\GURORJ\�PHWKRGRORJ\�IRU�FDWFKPHQW�VFDOH�
VORSH�VWDELOLW\�DQDO\VLV��(DUWK�6XUIDFH�SURFHVVHV�DQG�/DQGIRUPV��������±�����

+HX�$-�������$�JHRWHFKQLFDO�LQYHVWLJDWLRQ�LQWR�WKH�VWDELOLW\�RI�ORZHU�7HUWLDU\�PDULQH�VRIW�
URFNV�ZLWKLQ�WKH�:DLNDWR�FRDO�UHJLRQ��6RXWK�$XFNODQG��1HZ�=HDODQG��06F�WKHVLV��
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

+HZVRQ�2�������2WDJR�5HJLRQDO�&RXQFLO���SRSODUV�DQG�ZLOORZV��1HZ�=HDODQG�7UHH�
*URZHU���������������

+LFNV�'/�������*XOO\�VWDELOLVDWLRQ�XQGHU�SLQH�WUHHV�DW�0DQJDWX�)RUHVW��3S�����LQ��&RZLH�
%�HG��(DVW�&RDVW�3URMHFW�5HYLHZ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��:DWHU�DQG�
6RLO�'LYLVLRQ��

+LFNV�'/�������$Q�DVVHVVPHQW�RI�VRLO�FRQVHUYDWLRQ�LQ�WKH�:DLKRUD�FDWFKPHQW��(DVW�
&RDVW��,QWHUQDO�5HSRUW������3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH���

+LFNV�'/�����D��8SVWUHDP�YHUVXV�GRZQVWUHDP�GDPDJH�GXULQJ�ODUJH�VWRUPV�'6,5�/DQG�
5HVRXUFHV�7HFKQLFDO�5HFRUG�31���3DOPHUVWRQ�1RUWK��'6,5���

+LFNV�'/�����E��6WRUP�GDPDJH�WR�EXVK��SDVWXUH�DQG�IRUHVW��VRPH�HYLGHQFH�IURP�&\FORQH�
%ROD��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�31���3DOPHUVWRQ�1RUWK��'6,5��

+LFNV�'/�����F��6RLO�FRQVHUYDWLRQ�RQ�WKH�:DLKRUD�FDWFKPHQW��(DVW�&RDVW��DQ�DVVHVVPHQW�
LQ�WKH�ZDNH�RI�&\FORQH�%ROD��'LYLVLRQ�RI�/DQG�DQG�6RLO�6FLHQFHV�7HFKQLFDO�5HFRUG�
31���3DOPHUVWRQ�1RUWK��'6,5��

+LFNV�'/�����G��6RLO�FRQVHUYDWLRQ�RQ�WKH�:DLKRUD�FDWFKPHQW��(DVW�&RDVW��,Q��
3URFHHGLQJV��1=�$VVRFLDWLRQ�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ�&RQIHUHQFH��1HOVRQ��
3S����±����

+LFNV�'/�����H��(FRQRPLF�LPSDFW�RI�IDUP�FRQVHUYDWLRQ�RQ�KLOO�FRXQWU\��'6,5�/DQG�
5HVRXUFHV�7HFKQLFDO�5HFRUG�31���3DOPHUVWRQ�1RUWK��'6,5��

+LFNV�'/�����I��6RPH�ZD\V�WR�HVWLPDWH�WKH�IUHTXHQF\�RI�HURVLRQ�LQGXFLQJ�UDLQIDOO��
'LYLVLRQ�RI�/DQG�DQG�6RLO�6FLHQFHV�7HFKQLFDO�5HFRUG�/+����/RZHU�+XWW��'6,5���

+LFNV�'/�����J��)DUP�FRQVHUYDWLRQ�PHDVXUHV¶�HIIHFW�RQ�KLOO�FRXQWU\�HURVLRQ��DQ�
DVVHVVPHQW�LQ�WKH�ZDNH�RI�&\FORQH�%ROD��'6,5�/DQG�DQG�6RLO�6FLHQFHV�7HFKQLFDO�
5HFRUG�31����3DOPHUVWRQ�1RUWK��'6,5��

+LFNV�'/�����K��6RPH�K\SRWKHVHV�IRU�HVWLPDWLQJ�ORQJ�WHUP�HIIHFWV�RI�HURVLRQ��'LYLVLRQ�
RI�/DQG�DQG�6RLO�6FLHQFHV�7HFKQLFDO�5HFRUG�31��3DOPHUVWRQ�1RUWK��'6,5��

+LFNV�'/�����D��/DQGVOLGH�GDPDJH�WR�SDVWXUH��SLQH�SODQWDWLRQV��VFUXE�DQG�EXVK�LQ�
7DUDQDNL��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����/RZHU�+XWW��'6,5���

+LFNV�'/�����E��/RQJ�WHUP�LPSDFW�RI�HURVLRQ�RQ�KLOO�FRXQWU\�IDUP�SURGXFWLRQ��D�PHWKRG�
IRU�HVWLPDWLRQ��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����/RZHU�+XWW��'6,5��

+LFNV�'/�����D��(URVLRQ�XQGHU�SDVWXUH��SLQH�SODQWDWLRQV��VFUXE�DQG�LQGLJHQRXV�IRUHVW��D�
FRPSDULVRQ�IURP�&\FORQH�%ROD��1HZ�=HDODQG�)RUHVWU\����������±�����

+LFNV�'/�����E��(IIHFW�RI�VRLO�FRQVHUYDWLRQ�WUHH�SODQWLQJV�RQ�GDPDJH�VXVWDLQHG�E\�WKH�
:KDUHDPD�FDWFKPHQW�GXULQJ�WKH�VWRUP�RI��±���$SULO�������'6,5�/DQG�5HVRXUFHV�
&RQWUDFW�5HSRUW��������IRU�:HOOLQJWRQ�5HJLRQDO�&RXQFLO��'6,5��/RZHU�+XWW���
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+LFNV�'/�����F��6WDELOLVDWLRQ�RI�(DVW�&RDVW�KLOO�FRXQWU\�E\�YDULRXV�YHJHWDWLRQ�FRYHUV��
3DSHU�IRU�µ'6,5�5HVHDUFK�ILQGLQJV�UHOHYDQW�WR�(DVW�&RDVW�/DQG�XVH¶�����0D\�������

+LFNV�'/�����G��(URVLRQ¶V�LPSDFW�RQ�KLOO�FRXQWU\�SDVWXUH�SURGXFWLRQ��D�V\QWKHVLV�RI�
UHVHDUFK�ILQGLQJV��DQG�WKHLU�LPSOLFDWLRQV�IRU�ODQG�XVH�RQ�WKH�(DVW�&RDVW��3DSHU�IRU�
µ'6,5�5HVHDUFK�ILQGLQJV�UHOHYDQW�WR�(DVW�&RDVW�/DQG�8VH¶�����0D\��������

+LFNV�'/�����H��/RQJ�WHUP�LPSDFW�RI�VRLO�FRQVHUYDWLRQ�PHDVXUHV�RQ�KLOO�FRXQWU\�IDUP�
SURGXFWLRQ��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�/+����/RZHU�+XWW��'6,5��

+LFNV�'/�����D��,PSDFW�RI�VRLO�FRQVHUYDWLRQ�RQ�VWRUP�GDPDJHG�KLOO�JUD]LQJ�ODQGV�LQ�
1HZ�=HDODQG��$XVWUDOLDQ�-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ������±����

+LFNV�'/�����E��(IIHFW�RI�VRLO�FRQVHUYDWLRQ�WUHH�SODQWLQJV�RQ�VWUHDP�EDQN�VWDELOLW\��
'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG������/RZHU�+XWW��'6,5��

+LFNV�'/�����F��$�ORZ�WHFK�PHWKRG�IRU�DVVHVVLQJ�HIIHFWV�RI�VRLO�FRQVHUYDWLRQ�LQ�
VWHHSODQGV��,Q��(DGH�'�HG��(QYLURQPHQWDOO\�VRXQG�WHFKQRORJ\�IRU�VXVWDLQDEOH�
GHYHORSPHQW��$7$6�%XOOHWLQ����1HZ�<RUN��81�&HQWHU�IRU�6FLHQFH�DQG�7HFKQRORJ\�
IRU�'HYHORSPHQW��3S����±����

+LFNV�'/�����D��%LEOLRJUDSK\�RI�1HZ�=HDODQG�SXEOLFDWLRQV�UHODWLQJ�WR�WKH�HIIHFWLYHQHVV�
RI�VRLO�FRQVHUYDWLRQ�PHDVXUHV��,QWHUQDO�5HSRUW��/DQGFDUH�5HVHDUFK���8SGDWHG�DV�
$SSHQGL[���RI�+LFNV�������6RLO�HURVLRQ�RQ�DJULFXOWXUDO�ODQG��XQSXEO��FRQWUDFW�UHSRUW�
WR�0$)�3ROLF\���

+LFNV�'/�����E��8VH�RI�HURVLRQ�FODVVLILFDWLRQ�LQ�WKH�FRXUVH�RI�DVVHVVLQJ�HIIHFWLYHQHVV�RI�
VRLO�FRQVHUYDWLRQ�PHDVXUHV��/DQGFDUH�5HVHDUFK�,QWHUQDO�5HSRUW�IRU�)567�3URJUDPPH�
&2������

+LFNV�'/�����D��$�ZD\�WR�HVWLPDWH�WKH�IUHTXHQF\�RI�UDLQIDOO�LQGXFHG�PDVV�PRYHPHQWV�
�QRWH���-RXUQDO�RI�+\GURORJ\��1=����������±�����

+LFNV�'/�����E��&RQWURO�RI�VRLO�HURVLRQ�RQ�IDUPODQG��D�VXPPDU\�RI�HURVLRQV¶�LPSDFW�RQ�
1HZ�=HDODQG�DJULFXOWXUH��DQG�IDUP�PDQDJHPHQW�SUDFWLFHV�ZKLFK�FRXQWHUDFW�LW��0$)�
3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0$)��

+LFNV�'/�����F��'HFLVLRQ�VXSSRUW�SDFNDJH�IRU�VXVWDLQDEOH�ODQG�XVH�LQ�:DLUDUDSD�KLOO�
FRXQWU\��5HSRUW�WR�:HOOLQJWRQ�5HJLRQDO�&RXQFLO��:DLUDUDSD�'LYLVLRQ��0DVWHUWRQ��

+LFNV�'/�������5HYLHZ�RI�VXVWDLQDEOH�ODQG�XVH�FODVVLILFDWLRQ�IRU�7DUDQDNL��5HSRUW�IRU�
7DUDQDNL�5HJLRQDO�&RXQFLO��

+LFNV�'/�����D��7ULDO�RI�D�PHWKRG�IRU�PRQLWRULQJ�VWDWH�RI�WKH�KLOO�FRXQWU\�HQYLURQPHQW��
)LQDO�UHSRUW�IRU�0DQDZDWX�:DQJDQXL�5HJLRQDO�&RXQFLO��

+LFNV�'/�����E��6RLO�HURVLRQ�LQ�7DUDQDNL��D�VXPPDU\�RI�UHVHDUFK�ILQGLQJV��5HSRUW�
SURGXFHG�IRU�7DUDQDNL�5HJLRQDO�&RXQFLO���

+LFNV�'/�����D��7HFKQLFDO�DSSHQGLFHV�WR��5XUDO�ODQG�XVH�RQ�$XFNODQG¶V�VRLOV��VRLO�
HURVLRQ�LQ�$XFNODQG¶V�KLOO�FRXQWU\��VRLO�HURVLRQ�LQ�$XFNODQG¶V�VDQG�FRXQWU\��&RQWUDFW�
UHSRUW�SUHSDUHG�IRU�$XFNODQG�5HJLRQDO�&RXQFLO��

+LFNV�'/�����E��6RLO�HURVLRQ�LQ�$XFNODQG
V�KLOO�FRXQWU\��$�VXUYH\�RI�IUHVK�DQG�UHFHQW�
HURVLRQ�LQ�������&RQWUDFW�UHSRUW�SUHSDUHG�IRU�$XFNODQG�5HJLRQDO�&RXQFLO��

+LFNV�'/�����F��6RLO�HURVLRQ�LQ�$XFNODQG
V�VDQG�FRXQWU\��$�VXUYH\�RI�IUHVK�DQG�UHFHQW�
HURVLRQ�LQ�������&RQWUDFW�UHSRUW�SUHSDUHG�IRU�$XFNODQG�5HJLRQDO�&RXQFLO��

+LFNV�'/�����D��$�VXPPDU\�RI�WHFKQLTXHV�IRU�PHDVXULQJ�HURVLRQ��0LQLVWU\�IRU�WKH�
(QYLURQPHQW�5HSRUW�����:HOOLQJWRQ��
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+LFNV�'/�����E��6RLO�LQWDFWQHVV�PRQLWRULQJ�IRU�WKH�:DLNDWR�5HJLRQ�±�PHWKRGRORJ\�
UHYLHZ�DQG�PRQLWRULQJ�SURJUDPPH�GHVLJQ��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW�
����������

+LFNV�'/�������6RLO�LQWDFWQHVV�DVVHVVPHQW�RI�WKH�:DLNDWR�5HJLRQ��(QYLURQPHQW�:DLNDWR�
7HFKQLFDO�5HSRUW�����������

+LFNV�'/�����D��6RLO�FRQVHUYDWLRQ�VXUYH\�RI�WKH�3RNDLZKHQXD�FDWFKPHQW��(QYLURQPHQW�
:DLNDWR�7HFKQLFDO�5HSRUW����������

+LFNV�'/�����E��6RLO�&RQVHUYDWLRQ�VXUYH\�RI�WKH�0DWDKXUX�FDWFKPHQW��(QYLURQPHQW�
:DLNDWR�7HFKQLFDO�5HSRUW����������

+LFNV�'/�����F��6RLO�FRQVHUYDWLRQ�VXUYH\�RI�WKH�0DQJDUDPD�FDWFKPHQW��(QYLURQPHQW�
:DLNDWR�7HFKQLFDO�5HSRUW����������

+LFNV�'/��$QWKRQ\�7�������6RLO�FRQVHUYDWLRQ�WHFKQLFDO�KDQGERRN��3UHSDUHG�IRU�WKH�
0LQLVWU\�IRU�WKH�(QYLURQPHQW�E\�WKH�1HZ�=HDODQG�5HVRXUFH�0DQDJHPHQW�
$VVRFLDWLRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ��

+LFNV�'��&ULSSHQ�7�������(URVLRQ�RI�0DQDZDWX�:DQJDQXL�KLOO�FRXQWU\�GXULQJ�WKH�VWRUP�
RQ� ������ )HEUXDU\� ������ 5HSRUW� SUHSDUHG� IRU� +RUL]RQV� 5HJLRQDO� &RXQFLO� E\�
(FRORJLFDO�5HVHDUFK�$VVRFLDWHV���

+LFNV�'/��)OHWFKHU�-5��(\OHV�*2��0F�3KDLO�&5��:DWVRQ�0�������(URVLRQ�RI�KLOO�FRXQWU\�
LQ�WKH�0DQDZDWX�:DQJDQXL�UHJLRQ�������LPSDFWV�DQG�RSWLRQV�IRU�VXVWDLQDEOH�ODQGXVH��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)HGHUDWHG�)DUPHUV��

+LFNV�'/��+DUULVRQ�5��%HOO�'��/XFNPDQ�3��.UDXVVH�0��6WHSKHQVRQ�'�������'HFLVLRQ�
VXSSRUW�SDFNDJH�IRU�VXVWDLQDEOH�ODQG�XVH�LQ�:DLUDUDSD�+LOO�FRXQWU\��GHYHORSPHQW�DQG�
FDVH�VWXG\��8QSXEOLVKHG�UHSRUW�IRU�2SHUDWLRQV�'HSDUWPHQW��:DLUDUDSD�'LYLVLRQ��
:HOOLQJWRQ�5HJLRQDO�&RXQFLO���

+LFNV�'0�������6XVSHQGHG�VHGLPHQW�\LHOGV�IURP�SDVWXUH�DQG�H[RWLF�IRUHVW�EDVLQV��
$EVWUDFWV�1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�������7DXSR��

+LFNV�'0�������6HGLPHQWDWLRQ�DQG�HURVLRQ�LQ�WKH�$YRQ�+HDWKFRWH�FDWFKPHQW�DQG�
HVWXDU\��0LVFHOODQHRXV�5HSRUW�����&KULVWFKXUFK��)UHVKZDWHU�'LYLVLRQ��1,:$���

+LFNV�'0�����D��/DQG�XVH�HIIHFWV�RQ�PDJQLWXGH�IUHTXHQF\�FKDUDFWHULVWLFV�RI�VWRUP�
VHGLPHQW�\LHOGV��VRPH�1HZ�=HDODQG�H[DPSOHV��,Q��2OLYH�/-��/RXJKUDQ�5-�.HVE\�-$�
HGV�9DULDELOLW\�LQ�VWUHDP�HURVLRQ�DQG�VHGLPHQW�WUDQVSRUW��,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�
+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ������3S�����±�����

+LFNV�'0�����E��6WRUP�VHGLPHQW�\LHOGV�IURP�EDVLQV�ZLWK�YDULRXV�ODQGXVHV�LQ�$XFNODQG�
DUHD��$XFNODQG�5HJLRQDO�&RXQFLO�5HSRUW�$5&�������

+LFNV�'0��'DYRUHQ�$�������6WUHDPIORZ�DQG�VHGLPHQW�\LHOGV�IURP�EDVLQV�LQ�*OHQEHUYLH�
)RUHVW��,QWHUQDO�5HSRUW�:6������&KULVWFKXUFK��:DWHU�DQG�6RLO�6FLHQFH�&HQWUH���

+LFNV�'0��*ULIILWKV�*$�������6HGLPHQW�ORDG��,Q��0RVOH\�03�HG��:DWHUV�RI�1HZ�
=HDODQG���VW�HGQ��:HOOLQJWRQ��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��3S�����±�����

+LFNV�'0��+DUPVZRUWK�*5�������&KDQJHV�LQ�VHGLPHQW�\LHOG�UHJLPH�GXULQJ�ORJJLQJ�DW�
*OHQEHUYLH�)RUHVW��1RUWKODQG��1HZ�=HDODQG��,Q��+\GURORJ\�DQG�:DWHU�5HVRXUFHV�
6\PSRVLXP���±���1RYHPEHU�������³&RPSDULVRQV�LQ�$XVWUDO�+\GURORJ\´��8QLYHUVLW\�
RI�&DQWHUEXU\��&KULVWFKXUFK��1HZ�=HDODQG��3S�����±�����

+LFNV�'0��+LOO�-��6KDQNDU�8�������9DULDWLRQ�RI�VXVSHQGHG�VHGLPHQW�\LHOGV�DURXQG�1HZ�
=HDODQG��WKH�UHODWLYH�LPSRUWDQFH�RI�UDLQIDOO�DQG�JHRORJ\��,Q��(URVLRQ�DQG�VHGLPHQW�
\LHOG��JOREDO�DQG�UHJLRQDO�SHUVSHFWLYHV��,$+6�3XEOLFDWLRQ���������±�����
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+LFNV�'0��*RPH]�%��7UXVWUXP�1$�������(URVLRQ�WKUHVKROGV�DQG�VXVSHQGHG�VHGLPHQW�
\LHOGV��:DLSDRD�5LYHU�EDVLQ��1HZ�=HDODQG��:DWHU�5HVRXUFHV�5HVHDUFK���������±
������

+LFNV�'0��*RPH]�%��7UXVWUXP�1$�������(YHQW�VXVSHQGHG�VHGLPHQW�FKDUDFWHULVWLFV�DQG�
WKH�JHQHUDWLRQ�RI�K\SHUS\FQDO�SOXPHV�DW�ULYHU�PRXWKV��(DVW�&RDVW�FRQWLQHQWDO�PDUJLQ��
1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�*HRORJ\���������±�����

+LFNV�0��6KDQNDU�8�������6XVSHQGHG�6HGLPHQW�<LHOG�(VWLPDWRU��$YDLODEOH�DW�
IWS���IWS�QLZD�FR�Q]�5HVRXUFH0DQDJHPHQW7RROV�6HGPDS���

+LFNV�0��6KDQNDU�8��0F.HUFKDU�$�������6HGLPHQW�\LHOG�HVWLPDWHV��D�*,6�WRRO��:DWHU�	�
$WPRVSKHUH�������±����

+LOO�%;�������$Q�HQJLQHHULQJ�JHRORJLFDO�LQYHVWLJDWLRQ�RI�VORSH�PRYHPHQWV�DW�WKH�
IRRWKLOOV�RI�WKH�+XQXD�5DQJHV��3RQJD�5RDG��3DSDNXUD��06F��*HRORJ\���8QLYHUVLW\�RI�
$XFNODQG��

+LOO�-.�������$�GHHS�VHDWHG�ODQGVOLGH�LQ�ORHVV��/D�&DUH�VXEGLYLVLRQ��$NDURD��1HZ�
=HDODQG�*HRPHFKDQLFV�1HZV�������±����

+LOO�5��%ODLU�,�������0LGGOH�:DLNDWR�3LORW�3URMHFW��D�UHYLHZ�RI�VRLO�FRQVHUYDWLRQ�UHVHDUFK�
DQG�FDWFKPHQW�HQYLURQPHQWDO�PRQLWRULQJ��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW�
���������+DPLOWRQ��

+LVORS�:)�������0RGHOOLQJ�RI�UXQRII�IURP�ODQGVOLGH�DIIHFWHG�VWUHDPV��06F�WKHVLV��
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

+RFNLQJ�'�������7KH�EDWWOH�WR�KROG�WKH�KLOOV��1=�7UHH�*URZHU����)HE�����±����
+RHNVPD�3/�������5HDFWLRQ�WR�FKDQJH��HURVLRQ��VHGLPHQWDWLRQ�DQG�EDVHOHYHO�FKDQJH�LQ�

WKH�8SSHU�.DURUL��:HOOLQJWRQ��1HZ�=HDODQG��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

+RJDQ�$�������:DLSDRD�&DWFKPHQW�VWXG\��IORRG�KLVWRU\�DQG�K\GURORJLFDO�FKDQJHV��DQG�
0DQJDWX�DQG�8SSHU�:DLSDRD�ULYHUV��KLVWRULF�SKRWRJUDSKV��5HSRUW�(:75������IRU�
*LVERUQH�'LVWULFW�&RXQFLO�DQG�/DQGFDUH�5HVHDUFK��

+RJJ�-7�������6RPH�DVSHFWV�RI�ZDWHU�DQG�VRLO�FRQVHUYDWLRQ�SODQQLQJ��6RLO�	�:DWHU�������
��±����

+ROODQG�0.�������6RXWKHDVWHUQ�5XDKLQHV��WKH�HURVLRQ�WKUHDW�RQ�WKH�UDQJH�DQG�SURSRVDO�
IRU�WUHDWPHQW��3URFHHGLQJV��(DVWFRIHUW�6HPLQDU��3S����±����

+ROORZD\�-6�������5HVHDUFK�DQG�H[SHULPHQWDWLRQ�LQ�HURVLRQ�FRQWURO��:DLSDRD�
+HDGZDWHUV������±����8QSXEOLVKHG�UHSRUW��1HZ�=HDODQG�)RUHVW�6HUYLFH��

+RSJRRG�&/�������(URVLRQ�IURP�IRUHVWHG�FDWFKPHQWV��/DNH�:DLNDUHPRDQD��06F�WKHVLV�
�*HRJUDSK\���8QLYHUVLW\�RI�$XFNODQG���

+RVNLQJ�3/�������/RHVV�DQG�LWV�HURVLRQ��RQ�WKH�3RUW�+LOOV��%DQNV�3HQLQVXOD��0$�WKHVLV�
�*HRJUDSK\���8QLYHUVLW\�RI�&DQWHUEXU\��

+RVNLQJ�3/�������7XQQHOLQJ�HURVLRQ�LQ�1HZ�=HDODQG��-RXUQDO�RI�6RLO�DQG�:DWHU�
&RQVHUYDWLRQ��������±�����

+RVNLQJ�3/�������6HGLPHQW�VWRUDJH�LQ�WKH�:DLSDRD�5LYHU�����±������8QSXEOLVKHG�
UHSRUW�IRU�(DVW�&DSH�&DWFKPHQW�%RDUG��

+RZDUG�*�������(DUWK�LV�ZHDN�JUDYLW\�DQG�PDVV�PRYHPHQW�HURVLRQ��6RLO�DQG�:DWHU�������
�±����

+RZDUG�*�������(URVLRQ�DW�0DQJDWX��:HOOLQJWRQ��*RYHUQPHQW�3ULQWHU���
+RZLH�:5�������$�GHVLJQ�SURFHGXUH�IRU�JXOO\�FRQWURO�E\�FKHFN�GDPV��:HOOLQJWRQ��

:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV��
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+XEEDUG�&%�������7KH�GLVWULEXWLRQ�DQG�SURSHUWLHV�RI�VRLOV�LQ�UHODWLRQ�WR�HURVLRQ�LQ�D�
VHOHFWHG�FDWFKPHQW�RI�WKH�VRXWKHUQ�5XDKLQH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�
WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

+XEEDUG�&%��1HDOO�9(�������$�UHFRQVWUXFWLRQ�RI�ODWH�4XDWHUQDU\�HURVLRQDO�HYHQWV�LQ�WKH�
:HVW�7DPDNL�5LYHU�FDWFKPHQW��VRXWKHUQ�5XDKLQH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��
1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±������

+XEEDUG�::�������+LVWRULFDO�UHFRUG�RI�WKH�.XPHWL�6WUHDP��8QSXEOLVKHG�0DQDZDWX�
&DWFKPHQW�%RDUG�5HSRUW���

+XJKHV�$�������:DHUHQJD�R�NXUL�6RLO�&RQVHUYDWLRQ�5HVHUYH��&RQVHUYDWLRQ�4XRUXP�����
����

+XJKHV�.$�������0DSSLQJ�URRW�V\VWHPV�RI�ZLGHO\�VSDFHG�WUHHV��'6,5�0LVFHOODQHRXV�
7HFKQLFDO�5HSRUWV��&RPPHUFLDO�UHSRUW���������

+XJKHV�3-�������7XQQHO�HURVLRQ�LQ�WKH�ORHVV�RI�%DQNV�3HQLQVXOD��06F�WKHVLV�
�*HRJUDSK\���8QLYHUVLW\�RI�&DQWHUEXU\��

+XJKHV�3-�������6ORSH�DVSHFW�DQG�WXQQHO�HURVLRQ�LQ�WKH�ORHVV�RI�%DQNV�3HQLQVXOD��-RXUQDO�
RI�+\GURORJ\��1=��������±���

+XQWHU�**��/\QQ�,+�������6WRUP�LQGXFHG�VRLO�ORVVHV�IURP�6RXWK�&DQWHUEXU\�DQG�1RUWK�
2WDJR�GRZQODQGV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����&KULVWFKXUFK��'6,5���

+XQWHU�**��/\QQ�,+��3KLOOLSV�&-�������7KH�VXVFHSWLELOLW\�RI�ODQG�LQ�&DQWHUEXU\�WR�VRLO�
HURVLRQ�DQG�ZDWHU�TXDOLW\�GHJUDGDWLRQ�DVVRFLDWHG�ZLWK�HDUWKZRUNV�DQG�YHJHWDWLRQ�
FOHDUDQFH��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�
&RXQFLO��

LQ�µW�9HOG�*-��GH�*UDDI�)�������(URVLRQ�GDPDJH�DV�D�UHVXOW�RI�&\FORQH�%ROD��$Q�
DVVHVVPHQW�RQ�$UDL�0DWDZDL�DQG�(PHUDOG�+LOOV�SURSHUWLHV��(DVW�&RDVW�5HJLRQ��1RUWK�
,VODQG��1HZ�=HDODQG��*LVERUQH��)RUHVW�5HVHDUFK�,QVWLWXWH��0LQLVWU\�RI�)RUHVWU\���

-DFNVRQ�5-�������6OLSV�LQ�UHODWLRQ�WR�UDLQIDOO�DQG�VRLO�FKDUDFWHULVWLFV��-RXUQDO�RI�
+\GURORJ\��1=�������±����

-DFNVRQ�5-�������5HYLHZ�RI�$5&�*5,'�UXQRII�DQG�HURVLRQ�PRGHOV��/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW�/&�����)�IRU�)OHWFKHU�&KDOOHQJH�IRUHVWV��5RWRUXD��

-DFNVRQ�5-��0DUGHQ�0��3D\QH�--�������,PSDFW�RI�FOHDUIHOOLQJ�UDGLDWD�SLQH�IRUHVWV�RQ�VRLO�
ZDWHU�DW�$VKOH\�DQG�0DQJDWX��$EVWUDFWV�1=�+\GURORJLFDO�6RFLHW\�6\PSRVLXP�
1DSLHU��1RYHPEHU�������3S����±�����

-DPHV�,/�������0DVV�PRYHPHQWV�LQ�WKH�XSSHU�3RKDQJLQD�FDWFKPHQW��5XDKLQH�5DQJH��
-RXUQDO�RI�+\GURORJ\��1=��������±������

-DQH�*7��*UHHQ�7*$�����D��%LRWLF�LQIOXHQFHV�RQ�ODQGVOLGH�RFFXUUHQFH�LQ�WKH�.DLPDL�
5DQJH��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±�����

-DQH�*7�*UHHQ�7*$�����E��0RUSKRORJ\�DQG�LQFLGHQFH�RI�ODQGVOLGHV�LQ�WKH�.DLPDL�
5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV�
������±����

-HQVHQ�(+�������7KH�LPSDFWV�RI�ODQGVOLSV�RQ�FRQWDPLQDQW�VRXUFHV�LQ�VWHHS�SDVWRUDO�KLOO�
FRXQWU\��/DNH�7XWLUD��1RUWK�,VODQG��1HZ�=HDODQG��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

-HVVHQ�05��7UXVWUXP�1$��+LFNV�'/�������,GHQWLILFDWLRQ�DQG�DSSUDLVDO�RI�VHGLPHQW�
VRXUFHV�LQ�WKH�+RWHR�5LYHU�&DWFKPHQW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&���������IRU�$XFNODQG�UHJLRQDO�&RXQFLO��
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-HVVHQ�05��%HWWV�+'��6XWKHUODQG�$��:LOORXJKE\�(-�������6XVWDLQDEOH�ODQG�XVH�
PRQLWRULQJ�LQ�WKH�HDVWHUQ�7DUDQDNL�KLOO�FRXQWU\�DQG�FRDVWDO�VDQG�FRXQWU\��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�7DUDQDNL�UHJLRQDO�&RXQFLO��

-HVVHQ�05��&ULSSHQ�7��3DJH�0-��5LMNVH�:&��+DUPVZRUWK�*5��0F/HRG�0�������/DQG�
8VH�&DSDELOLW\�FODVVLILFDWLRQ�RI�WKH�*LVERUQH�±�(DVW�&RDVW�UHJLRQ��$�UHSRUW�WR�
DFFRPSDQ\�WKH�VHFRQG�HGLWLRQ�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��/DQGFDUH�
5HVHDUFK�6FLHQFH�6HULHV�QR������/LQFROQ��0DQDDNL�:KHQXD�3UHVV���

-RKQV�1�������(DVWHUQ�7DUXKHUX�&DWFKPHQW�ODQG�XVH�FDSDELOLW\�UHSRUW�DQG�FDWFKPHQW�
FRQWURO�VFKHPH��5HSRUW�������(DVW�&DSH�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�
%RDUG��

-RKQVWRQ�$��0DFH�-��/DIIDQ�0'�������7KH�VDZ��WKH�VRLO�DQG�WKH�6RXQGV��6RLO�DQG�:DWHU�
�����±����

-RKQVWRQ�05�������0DMRU�ODQGVOLGHV�LQ�WKH�%XOOHU�*RUJH��VRXWK�ZHVW�1HOVRQ��
7UDQVDFWLRQV�RI�WKH�1HZ�=HDODQG�,QVWLWXWLRQ�RI�(QJLQHHUV�������±�����

-RKQVWRQ�506�������7DLKDSH�ODQG�VWDELOLW\�VXUYH\�UHSRUW��5HSRUW�WR�5DQJDWLNHL�
:DQJDQXL�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG��

-RQHV�,(�������7KH�FRQWLQXRXV�UHFRUGLQJ�RI�HDUWK�PRYHPHQW�RQ�HDUWKIORZV��VOLSV�DQG�ODQG�
VOXPSV�ZLWK�D�PRGLILHG�DXWRPDWLF�ZDWHU�OHYHO�UHFRUGHU��-RXUQDO�RI�+\GURORJ\��1=�����
��±����

-RQHV�,(�������$JJUDGDWLRQ�RI�WKH�:DLSDRD�5LYHU��6RLO�DQG�:DWHU������±����
-RQHV�,(��+RZLH�:5�������7KH�PHDVXUHPHQW�DQG�FRQWURO�RI�VRLO�HURVLRQ�DQG�

VHGLPHQWDWLRQ��,Q��3URFHHGLQJV��1HZ�=HDODQG�:DWHU�&RQIHUHQFH��$XFNODQG��������3W�
,,��3S���±����

-RQHV�.��&XOOHQ�1�������:LGH�SODQWLQJ�GRHV�QRW�ZRUN��1HZ�=HDODQG�7UHH�*URZHU��������
.DVDL�0�������&KDQQHO�SURFHVVHV�IROORZLQJ�ODQG�XVH�FKDQJHV�LQ�D�GHJUDGLQJ�VWHHS�

KHDGZDWHU�VWUHDP�LQ�1RUWK�,VODQG��1HZ�=HDODQG��*HRPRUSKRORJ\��������±�����
.DVDL�0��0DUXWDQL�7��5HLG�/��7XVWUXP�1$�������(VWLPDWLRQ�RI�WHPSRUDOO\�DYHUDJHG�

VHGLPHQW�GHOLYHU\�UDWLR�XVLQJ�DJJUDGDWLRQDO�WHUUDFHV�LQ�KHDGZDWHU�FDWFKPHQWV�RI�WKH�
:DLSRD�5LYHU��1RUWK�,VODQG��1��=��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV������±�����

.DVDL�0��%ULHUOH\�*-��3DJH�0-��0DUXWDQL�7��7XVWUXP�1$�������,PSDFWV�RI�ODQG�XVH�
FKDQJH�RQ�SDWWHUQV�RI�VHGLPHQW�IOX[�LQ�:HUDDPDLD�FDWFKPHQW��1HZ�=HDODQG��&DWHQD�
������±����

.HOOLKHU�)0��0DUGHQ�0��:DWVRQ�$-�������6WDELOLW\�RI�ODQG�DQG�WUHH�SODQWLQJ�GHQVLW\��
(DVW�&RDVW��1RUWK�,VODQG��)RUHVW�5HVHDUFK�,QVWLWXWH�&RQWUDFW�5HSRUW�):(��������

.HOOLKHU�)0��0DUGHQ�0��:DWVRQ�$-��$UXOFKHOYDP�,0�������(VWLPDWLQJ�WKH�ULVN�RI�
ODQGVOLGLQJ�XVLQJ�KLVWRULFDO�H[WUHPH�ULYHU�IORRG�GDWD��QRWH���-RXUQDO�RI�+\GURORJ\�
�1=���������±�����

.HPS�3'��0DWWKHZ�&��/XFDV�5-�������3DVWXUH�VSHFLHV�DQG�FXOWLYDUV��,Q��:KLWH�-��
+RGJVRQ�-�HGV�1HZ�=HDODQG�SDVWXUH�DQG�FURS�VFLHQFH��$XFNODQG��2[IRUG�8QLYHUVLW\�
3UHVV��3S����±����

.HU�'6�������5HQHZHG�PRYHPHQW�RQ�D�VOXPS�DW�8WLNX��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�
DQG�*HRSK\VLFV��������±�������

.HUULVRQ�*&�������7XQQHO�JXOO\�HURVLRQ�LQ�DQ�(DVW�:DLUDUDSD�KLOO�FRXQWU\�FDWFKPHQW��
%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

.LQJ�0�������:KDUHDPD�&DWFKPHQW�6FKHPH�UHYLHZ�RI����\HDUV�RSHUDWLRQV��6RLO�DQG�
:DWHU��������±���
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.LQJ�0��%ODNHPRUH�6'�������:DLUDUDSD�KLOO�FRXQWU\�VWRUP�GDPDJH��������UHYLHZ�RI�
HYHQWV�DQG�UHVHDUFK�UHTXLUHPHQWV��8QSXEOLVKHG�UHSRUW�WR�:DLUDUDSD�&DWFKPHQW�
%RDUG���

.LVVRFN�:-�������$Q�LQLWLDO�VXPPDU\�RI�UHVXOWV�IURP�VRPH�RI�WKH�VRLO�FRQVHUYDWLRQ�WULDOV�
DQG�LQYHVWLJDWLRQV�FDUULHG�RXW�LQ�WKH�*LVERUQH�'LVWULFW��0LQLVWU\�RI�:RUNV�,QWHUQDO�
5HSRUW���

.QRZOHV�5/�������1HZ�=HDODQG�H[SHULHQFH�ZLWK�VLOYRSDVWRUDO�V\VWHPV��D�UHYLHZ��)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW��������±�����

.QRZOHV�>5@/�������8QGHUVWDQGLQJ�WKH�ZD\�WUHHV�UHGXFH�VRLO�HURVLRQ��1HZ�=HDODQG�7UHH�
*URZHU�������±����

.QRZOHV�5/��+RUYDWK�*&��&DUWHU�0$��+DZNH�0)�������'HYHORSLQJ�D�FDQRS\�FORVXUH�
PRGHO�WR�SUHGLFW�RYHUVWRUH\�XQGHUVWRUH\�UHODWLRQVKLSV�LQ�3LQXV�UDGLDWH�VLOYRSDVWRUDO�
V\VWHPV��$JURIRUHVWU\�6\VWHPV��������������

.QRZOHV�5/��0DFODUHQ�-3��+RUYDWK�*&��7H�0RUHQJD�/�������$�FRPSDULVRQ�RI�UHJLPHV�
DW�WKH�VWDQG�DQG�HVWDWH�OHYHO�IRU�HURVLRQ�FRQWURO��1HZ�=HDODQG�)RUHVW�5HVHDUFK�
,QVWLWXWH�&RQWUDFW�5HSRUW�WR�0LQLVWU\�RI�)RUHVWU\���

.RUWH�&�������(IIHFW�RI�&\FORQH�%ROD�RQ�KLOO�FRXQWU\�IDUPV�LQ�WKH�*LVERUQH�(DVW�&RDVW�
5HJLRQ��0$)7HFK��XQSXEOLVKHG�UHSRUW��

.UDXVVH�0.��.LQJ�-0�������,PSDFWV�RI�ODQG�XVH�FKDQJH�LQ�:DLURD�'LVWULFW��UHVRXUFH�
GRFXPHQW��0$)�3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�
DQG�)RUHVWU\���

.UDXVVH�0.��(DVWZRRG�&��$OH[DQGHU�55�������0XGGLHG�ZDWHUV��FRXQWLQJ�WKH�QDWLRQDO�
HFRQRPLF�FRVW�RI�VRLO�HURVLRQ�DQG�VHGLPHQWDWLRQ�LQ�1HZ�=HDODQG��/LQFROQ��0DQDDNL�
:KHQXD�3UHVV���

/DIIDQ�0'�������7KH�VRLOV�DQG�WXQQHO�JXOO\�HURVLRQ�RI�D�VPDOO�FDWFKPHQW�LQ�WKH�:LWKHU�
+LOOV��%OHQKHLP��0$JU6FL��+RQV��WKHVLV��/LQFROQ�&ROOHJH��

/DIIDQ�0'�������6ORSH�VWDELOLW\�LQ�WKH�&KDUOHVWRQ±3XQDNDLNL�UHJLRQ��6RXWK�,VODQG��1HZ�
=HDODQG�����/DQGVOLGH�SRWHQWLDO��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

/DIIDQ�0'�������6ORSH�VWDELOLW\�LQ�WKH�&KDUOHVWRQ±3XQDNDLNL�UHJLRQ��6RXWK�,VODQG��1HZ�
=HDODQG�����6RLO�GLVWXUEDQFH�E\�ZLQGWKURZ�DQG�SRGRFDUS�ORJJLQJ�RQ�VWHHSODQG�VRLOV�
IRUPHG�IURP�0LRFHQH�VLOW\�VDQGVWRQH��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

/DIIDQ�0'�������6RPH�REVHUYDWLRQV�RQ�UHJROLWKV�DQG�ODQGVOLGHV�LQ�WKH�0DUOERURXJK�
6RXQGV��1HZ�=HDODQG�6RLO�1HZV�������±�����

/DIIDQ�0'��&XWOHU�(-%�����D��/DQGVFDSHV��VRLOV��DQG�HURVLRQ�RI�D�FDWFKPHQW�LQ�WKH�
:LWKHU�+LOOV��0DUOERURXJK�����/DQGVFDSH�SHULRGLFLW\��VORSH�GHSRVLWV�DQG�VRLO�SDWWHUQ��
1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�������±����

/DIIDQ�0'��&XWOHU�(-%�����E��/DQGVFDSHV��VRLOV��DQG�HURVLRQ�RI�D�FDWFKPHQW�LQ�WKH�
:LWKHU�+LOOV��0DUOERURXJK�����0HFKDQLVP�RI�WXQQHO�JXOO\�HURVLRQ�LQ�:LWKHU�KLOO�VRLOV�
IURP�ORHVVLDO�GULIW�DQG�FRPSDULVRQ�ZLWK�RWKHU�ORHVVLDO�VRLOV�LQ�1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

/DIIDQ�0'��6XWKHUODQG�5'�������7UHDWPHQW�RI�WXQQHO�JXOO\�HURVLRQ�LQ�ORHVV�FROOXYLXP�
RQ�WKH�:LWKHU�+LOOV��1HZ�=HDODQG��,Q��(GHQ�'(��)XUNHUW�5-�HGV�/RHVV��LWV�
GLVWULEXWLRQ��JHRORJ\�DQG�VRLOV��5RWWHUGDP��$$�%DONHPD��3S����±����

/DPEHUW�0*��7UXVWUXP�1$��&RVWDOO�'$�������(IIHFW�RI�VRLO�VOLS�HURVLRQ�RQ�VHDVRQDOO\�
GU\�:DLUDUDSD�KLOO�SDVWXUHV��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK�������±
����



�

/DQGFDUH�5HVHDUFK�

���

/DPEHUW�0*��'HYDQWLHU�%3��1HV�3��3HQQ\�3(�������/RVVHV�RI�QLWURJHQ��SKRVSKRUXV��DQG�
VHGLPHQW�LQ�UXQRII�IURP�KLOO�FRXQWU\�XQGHU�GLIIHUHQW�IHUWLOLVHU�DQG�JUD]LQJ�
PDQDJHPHQW�UHJLPHV��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±�����

/DPEHUW�0*��&RVWDOO��'$��)RRWH�$*��7UXVWUXP�1$�������5HYHJHWDWLRQ�RI�HURVLRQ�VFDUV�
LQ�:DLUDUDSD�KLOO�FRXQWU\��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ�����
���±�����

/DPEUHFKWVHQ�1&�������0DQDJHPHQW�DQG�XVHV�RI�JUDVVHV��OHJXPHV�DQG�KHUEV�±�DQ�
LQWURGXFWLRQ��,Q��9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�3ODQW�PDWHULDOV�KDQGERRN�
IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��3S�����±�����

/DPEUHFKWVHQ�1��+LFNV�'/�������6RLO�LQWDFWQHVV�HURVLRQ�PRQLWRULQJ�WHFKQLTXHV��D�
OLWHUDWXUH�UHYLHZ��(QYLURQPHQWDO�3HUIRUPDQFH�,QGLFDWRUV��7HFKQLFDO�3DSHU����/DQG��
:HOOLQJWRQ��0LQLVWU\�IRU�WKH�(QYLURQPHQW���

/DQJVWRQ�1HZQKDP�:�������6RLO�HURVLRQ�DQG�VRLO�FRQVHUYDWLRQ�LQ�1HZ�=HDODQG��,Q��
3URFHHGLQJV��&RQIHUHQFH�RQ�ELRORJ\�DQG�FLYLO�HQJLQHHULQJ��6HSWHPEHU�������
:HVWPLQVWHU��8.��,QVWLWXWLRQ�RI�&LYLO�(QJLQHHUV��3S���±����

/DVK�:+�������&RDVWDO�PDVV�PRYHPHQW�LQ�WKH�2UHUH�DUHD��0$�WKHVLV��8QLYHUVLW\�RI�
$XFNODQG���

/DZ�&&�������$�JHRPHFKDQLFDO�LQYHVWLJDWLRQ�LQWR�WKH�RULJLQ�RI�WKH�DPSKLWHDWUH�EDVLQV�LQ�
WKH�0DJDNDZD�5DQJH��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

/HH�96�������0DVV�PRYHPHQW�DVVRFLDWHG�ZLWK�WKH�UDLQVWRUP�RI�0DUFK������LQ�WKH�
3DUDNDR�DUHD��1RUWKODQG��0$��*HRJUDSK\���8QLYHUVLW\�RI�$XFNODQG��

/HVOLH�'0�������(IIHFWV�RI�EDVHPHQW�OLWKRORJ\��UHJROLWK��DQG�VORSH�RQ�ODQGVOLGH�SRWHQWLDO��
2WDJR�3HQLQVXOD��1HZ�=HDODQG��1HZ�=HDODQG�6RLO�%XUHDX�6FLHQWLILF�5HSRUW������

/LHEDXOW�)��*RPH]�%��3DJH�0-��0DUGHQ�0��3HDFRFN�'+��5LFKDUG�'��7URWWHU�&0�������
/DQG�XVH�FKDQJH��VHGLPHQW�SURGXFWLRQ�DQG�FKDQQHO�UHVSRQVH�LQ�XSODQG�UHJLRQV��5LYHU�
5HVHDUFK�DQG�$SSOLFDWLRQV��������±�����

/LWKHUODQG�$��%URZQ�0��.HPS�3��%HQQ�'��6WRELH�/��0F1DEE�,��+XQW�&�������6OLS�
UHFRYHU\�VRXWKHUQ�1RUWK�,VODQG�6WRUP�(YHQW�������5HSRUW�IRU�6XVWDLQDEOH�)DUPLQJ�
)XQG�DQG�0HDW�DQG�:RRO�1HZ�=HDODQG��SUHSDUHG�E\�$J5HVHDUFK�IRU�/RZHU�1RUWK�
,VODQG�&RPELQHG�3URYLQFLDO�)HGHUDWHG�)DUPHUV�6WRUP�*URXS��

/LWKHUODQG�$��%URZQ�0��:LOVRQ�0��%HQQ�'��6WRELH�/��0F1DEE�,��+XQW�&��.HPS�3��
9DOHQWLQH�,�������6LOW�5HFRYHU\�/RZHU�1RUWK�,VODQG�6WRUP�(YHQW�������5HSRUW�IRU�
6XVWDLQDEOH�)DUPLQJ�)XQG�DQG�0HDW�DQG�:RRO�1HZ�=HDODQG�SUHSDUHG�E\�
$J5HVHDUFK��

/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�������5HSRUW�RQ�VHGLPHQWDWLRQ�LQ�1HZ�=HDODQG�
IRUHVWU\�±�D�UHYLHZ��,Q�&RPPHUFLDO�)RUHVWU\�DQG�WKH�5HVRXUFH�0DQDJHPHQW�$FW�������

/RXJK�&-�������(IIHFW�RI�VRLO�FRQVHUYDWLRQ�PHDVXUHV�RQ������HURVLRQ�RI�KLOO�FRXQWU\�
IDUPODQG�LQ�WKH�3RKLQJLQD�GLVWULFW��5HVHDUFK�UHSRUW�LQ�SDUWLDO�IXOILOPHQW�RI�WKH�
UHTXLUHPHQW�IRU�WKH�GHJUHH�RI�%DFKHORU�RI�+RUWLFXOWXUH��7HFKQRORJ\���'HSW�RI�6RLO�
6FLHQFH��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

/RYHOO�/5�������$�'(0�EDVHG�LQYHVWLJDWLRQ�RI�PDVV�PRYHPHQW�VHGLPHQW�GHOLYHU\��
0$SSO6FL�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

/RZH�'$�������7KH�JHRORJ\�DQG�ODQGVOLGHV�RI�WKH�/DNH�7XWLUD�±�:DLNRXUD�DUHD��
1RUWKHUQ�&HQWUDO�+DZNH
V�%D\��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
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/RZH�+-�������5HSRUW�RQ�/DQGVOLGH�DW�:DLKL��7RNDDQX��$SSHQGLFHV�WR�WKH�-RXUQDO�RI�WKH�
+RXVH�RI�5HSUHVHQWDWLYHV�1HZ�=HDODQG�&���������

/XFNPDQ�3*�������0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�PHDVXUHV�WR�FRQWURO�
HURVLRQ�LQ�WKH�*LVERUQH±(DVW�&DSH�UHJLRQ��1HZ�=HDODQG��3DUW����'HVFULSWLRQ�RI�VLWH�
FRQGLWLRQV�DQG�WUHDWPHQWV��'6,5�/DQG�5HVRXUFHV�&RQWUDFW�5HSRUW��/RZHU�+XWW��
'6,5��

/XFNPDQ�3*�������$Q�DVVHVVPHQW�RI�VRLO�FRQVHUYDWLRQ�DFWLYLWLHV�LQ�WKH�0DQDZDWX�
:DQJDQXL�UHJLRQ��'6,5�/DQG�5HVRXUFHV�&RQWUDFW�5HSRUW�������/RZHU�+XWW��'6,5��

/XFNPDQ�3*�������$QDO\VLV�RI�SURGXFWLYLW\�LPSDFWV�RI�ODQGVOLGH�HURVLRQ��5XUX�SURSHUW\��
:KDUHDPD�&DWFKPHQW��:DLUDUDSD��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������
IRU�:HOOLQJWRQ�5HJLRQDO�&RXQFLO��

/XFNPDQ�3*��7KRPSVRQ�5&�����D��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH��±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW�
��.QRZOHGJH�EDVHG�V\VWHPV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����
:HOOLQJWRQ��'6,5��

/XFNPDQ�3*��7KRPSVRQ�5&�����E��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW���
(IIHFWLYHQHVV�DVVHVVPHQWV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�����:HOOLQJWRQ��
'6,5���

/XFNPDQ�3*��7KRPSVRQ�5&�������0XOWL�DWWULEXWH�PRQLWRULQJ�RI�LPSDFWV�RI�HURVLRQ�
FRQWURO�PHDVXUHV�LQ�VWHHSODQGV��,7&�-RXUQDO�����±�����

/XFNPDQ�3*��*LEVRQ�5�'��6FRWW�&��7UXVWUXP�1$�������(YDOXDWLQJ�WKH�FXPXODWLYH�
HIIHFWV�RI�ODQG�XVH�LQ�HURGLQJ�KLOO�FRXQWU\��,Q��:KLWH�0)��6WHSKHQV�35�FRPSV�
3URFHHGLQJV���WK�1DWLRQDO�5HPRWH�6HQVLQJ�DQG�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV�
:RUNVKRS����±���$SULO�������3DOPHUVWRQ�1RUWK��3DOPHUVWRQ�1RUWK��/DQGFDUH�
5HVHDUFK��3S����±����

/XFNPDQ�3*��+DWKDZD\�5/��(GZDUGV�:51�������5RRW�V\VWHPV��URRW�VWUHQJWK�DQG�VORSH�
VWDELOLW\��,QWHUQDO�5HSRUW�����3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��0LQLVWU\�RI�
:RUNV���

/XFNPDQ�3*��7UXVWUXP�1$��%URZQ�/-��'\PRQG�-5�������,QWHJUDWHG�HFRQRPLF�
ELRSK\VLFDO�PRGHOOLQJ�WR�VXSSRUW�ODQG�XVH�GHFLVLRQ�PDNLQJ�LQ�HURGLQJ�1HZ�=HDODQG�
KLOO�ODQGV��0DWKHPDWLFV�DQG�&RPSXWHUV�LQ�6LPXODWLRQ��������±�����

/XFNPDQ�3*��*LEVRQ�5'��'H5RVH�5&�������/DQGVOLGH�HURVLRQ�ULVN�WR�1HZ�=HDODQG�
SDVWRUDO�VWHHSODQGV�SURGXFWLYLW\��/DQG�'HJUDGDWLRQ�DQG�'HYHORSPHQW�������±����

/XFNPDQ�3*��+LFNV�'/��-HVVHQ�05�������6HGLPHQW�VRXUFHV�LQ�WKH�:DLURD�±�1HVV�9DOOH\�
&DWFKPHQW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&��������IRU�$XFNODQG�5HJLRQDO�
&RXQFLO��

/XFNPDQ�3��/DXUHQVRQ�0��'RXJODV�*��3KLOOLSV�&��0DFND\�$��:DOFURIW�$��'RGG�0��)XQJ�
/�������'HVLJQLQJ�VXVWDLQDEOH�IDUPV�±�SODQW�VROXWLRQV�IRU�HURGLQJ�KLOO�FRXQWU\��3DSHU�
SUHVHQWHG�DW�0DQDDNL�:KHQXD�&RQIHUHQFH��7H�3DSD��:HOOLQJWRQ��$SULO�������

/XFNPDQ�3��/DXUHQVRQ�0��'RXJODV�*��3KLOOLSV�&��0DFND\�$��:DOFURIW�$��'RGG��0��
)XQJ�/�������'HVLJQLQJ�VXVWDLQDEOH�IDUPV�±�3ODQW�VROXWLRQV�IRU�HURGLQJ�KLOO�FRXQWU\�
�KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�VHUYLFHV�JUHHQWRROER[�JWEBDUWLFOH��GRF���

/\QQ�,+�������/DQG�XVH�FDSDELOLW\�FODVVLILFDWLRQ�RI�WKH�0DUOERURXJK�UHJLRQ��/DQGFDUH�
5HVHDUFK�6FLHQFH�6HULHV�����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���
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/\QQ�,+�����D��6RLO�HURVLRQ�PDVV�PRYHPHQW�PDSV�IRU�WKH�.DLNRXUD�HDVW�FRDVW�DQG�3RUW�
+LOOV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�5HJLRQDO�
&RXQFLO��

/\QQ�,+�����E��6RLO�HURVLRQ�PDSV�±�VRXWK�RI�5DNDLD�5LYHU�WR�WKH�VRXWKHUQ�&DQWHUEXU\�
UHJLRQDO�ERXQGDU\��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�&DQWHUEXU\�
5HJLRQDO�&RXQFLO���

/\QQ�,+��(\OHV�*2�������'LVWULEXWLRQ�DQG�VHYHULW\�RI�WXQQHO�JXOO\�HURVLRQ�LQ�1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH��������±�����

0DF/DUHQ�-3�������(QYLURQPHQWDO�HIIHFWV�RI�SODQWHG�IRUHVWV��)5,�%XOOHWLQ�����)RUHVW�
5HVHDUFK�,QVWLWXWH��5RWRUXD��

0DFOHRG�0$�������6RLO�VWDELOLW\�DQDO\VLV�RI�(DVW�&RDVW�%D\V�&LW\��$XFNODQG��06F�
WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

0$)7HFK�������(IIHFWV�RI�HURVLRQ�RQ�WKH�SURGXFWLRQ�DQG�UHWXUQV�RI�(DVW�&RDVW�KLOO�
FRXQWU\�IDUPV��.RUWH�&-�FRPS��,QWHUQDO�5HSRUW��*LVERUQH��0LQLVWU\�RI�$JULFXOWXUH�DQG�
)LVKHULHV��

0$)7HFK�������(URVLRQ�RI�KLOO�FRXQWU\�LQ�WKH�0DQDZDWX�±�:DQJDQXL�5HJLRQ�������
,PSDFWV�DQG�RSWLRQV�IRU�VXVWDLQDEOH�ODQG�XVHV��$GYHUVH�(YHQWV�5HSRUWV��

0DODEDU�������7KH�PHQDFH�RI�VRLO�HURVLRQ��1HZ�=HDODQG�)DUPHU�:HHNO\�����2FWREHU���
0DQDZDWX�&DWFKPHQW�%RDUG�������(DVWHUQ�5XDKLQH�&DWFKPHQW�&RQWURO�6FKHPH��

SUHOLPLQDU\�UHSRUW��8QSXEOLVKHG�0DQDZDWX�&DWFKPHQW�%RDUG�UHSRUW��
0DQDZDWX�&DWFKPHQW�%RDUG�������6RXWKHDVWHUQ�5XDKLQH�VFKHPH������±����0DQDZDWX�

&DWFKPHQW�%RDUG��3DOPHUVWRQ�1RUWK��
0DQGHUVRQ�$�������)DUPLQJ�IURP�WKH�JURXQG�XS��WKH�XVH�RI�ODQG�UHVRXUFH�LQIRUPDWLRQ�DV�

D�EDVLV�IRU�SODQQLQJ�IDUP�VXVWDLQDELOLW\�LQ�1HZ�=HDODQG��3K'�WKHVLV��WZR�YROXPHV���
0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

0DQGHUVRQ�$.��0DFND\�$'��3DOPHU�$3�������(QYLURQPHQWDO�ZKROH�IDUP�PDQDJHPHQW�
SODQV��WKHLU�FKDUDFWHU��GLYHUVLW\��DQG�XVH�DV�DJUL�HQYLURQPHQWDO�LQGLFDWRUV�LQ�1HZ�
=HDODQG��-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW��������±�����

0DQQLQJ�3$�������(QJLQHHULQJ�JHRORJ\�RI�D�VHFWLRQ�DORQJ�WKH�QRUWKHUQ�FRDVW�RI�WKH�
0DQXNDX�+DUERXU��$XFNODQG��06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

0DSOHVGHQ�-%�������6XVSHQGHG�VHGLPHQW�VWXGLHV�LQ�WKH�0DLPDL�6WDWH�)RUHVW��0$�WKHVLV�
�*HRJUDSK\���8QLYHUVLW\�RI�&DQWHUEXU\��

0DUGHQ�0�������*HRORJ\�DQG�LWV�UHODWLRQVKLS�WR�HURVLRQ�LQ�WKH�VRXWKHUQ�5XDKLQH�5DQJH��
1RUWK�,VODQG��1HZ�=HDODQG��3K'�WKHVLV����YROXPHV���0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�
1RUWK��

0DUGHQ�0�������(DUWK�IORZ�PRYHPHQW�UDWHV�RQ�IRUHVWHG�DQG�XQIRUHVWHG�IORZV��0DQJDWX�
6WDWH�)RUHVW��)LQDO�5HSRUW�&RQWUDFW�1R���������&KULVWFKXUFK��)RUHVWU\�5HVHDUFK�
&HQWUH��)5,���

0DUGHQ�0�������+LOOVORSH�VHGLPHQW�SURGXFWLRQ�IURP�1HZ�=HDODQG�IRUHVWV��:KHUH�LQ�
1="�:KDW�PDWHULDOV"�+RZ�PXFK"�3UHVHQWHG�DW�ZRUNVKRS�RQ�µ3UHGLFWLQJ�HURVLRQ�DQG�
VHGLPHQW�SURGXFWLRQ�LQ�RXU�IRUHVWV¶��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�
(QYLURQPHQWDO�*URXS�0HHWLQJ��5RWRUXD��

0DUGHQ�0�������3UR�DFWLYH�DSSURDFK�WR�JXOO\�PDQDJHPHQW�LQ�WKH�(DVW�&RDVW�5HJLRQ��3DUW�
���)LQDO�5HSRUW��&RQWUDFW�5HSRUW�/&���������IRU�0$)�3ROLF\��
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0DUGHQ�0�������)XWXUH�SURRILQJ�HURVLRQ�SURQH�KLOO�FRXQWU\�DJDLQVW�VRLO�GHJUDGDWLRQ�DQG�
ORVV�GXULQJ�ODUJH�VWRUP�HYHQWV��KDYH�SDVW�OHVVRQV�EHHQ�KHHGHG"�1HZ�=HDODQG�-RXUQDO�
RI�)RUHVWU\�������±����

0DUGHQ�0�������5HSRUW�WR�*LVERUQH�'LVWULFW�&RXQFLO�RQ�VHGLPHQW�VRXUFHV�LQ�
5DSDUDSDULULNL��0DQJDSRL�DQG�0DQJDZKDLULNL�VWUHDPV��(DVW�&RDVW�5HJLRQ��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&����������

0DUGHQ�0�������&RPPHQWV�RQ�*LVERUQH�'LVWULFW�&RXQFLO
V�6XVWDLQDEOH�+LOO�&RXQW\�
�6+&��UHJXODWLRQ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�0$)��

0DUGHQ�0��������*XOO\�HURVLRQ��WKH�FDQFHU�RI�:DLDSX�FDWFKPHQW������UHDVRQV�WR�DFW�
QRZ��7DLUDZKLWL�&RQVHUYDWLRQ�4XRUXP������±���

0DUGHQ�0��5RZDQ�'�������3URWHFWLRQ�YDOXH�RI�GLIIHUHQW�YHJHWDWLRQ�W\SHV�LQ�WKH�(DVW�
&RDVW�5HJLRQ�DIWHU�&\FORQH�%ROD��D�SUHOLPLQDU\�DVVHVVPHQW��8QSXEOLVKHG�)RUHVW�
5HVHDUFK�,QVWLWXWH�5HSRUW���

0DUGHQ�0��5RZDQ�'�������3URWHFWLYH�YDOXH�RI�YHJHWDWLRQ�RQ�7HUWLDU\�WHUUDLQ�EHIRUH�DQG�
GXULQJ�&\FORQH�%ROD��(DVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�
RI�)RUHVWU\�6FLHQFH��������±�����

0DUGHQ�0��5RZDQ�'�������$VVHVVPHQW�RI�VWRUP�GDPDJH�WR�:KDQJDSRXD�)RUHVW�DQG�LWV�
LPPHGLDWH�HQYLURQV�IROORZLQJ�WKH�VWRUP�RI�0DUFK�������/DQGFDUH�5HVHDUFK�&RQWUDFW�
5HSRUW�/&���������IRU�(UQVODZ�2QH��

0DUGHQ�0��5RZDQ�'�������5HODWLRQVKLS�EHWZHHQ�VWRUP�GDPDJH��DQG�IRUHVW�PDQDJHPHQW�
SUDFWLFHV��:KDQJDSRXD�)RUHVW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�
(UQVODZ�2QH��

0DUGHQ�0��5RZDQ�'�������9HJHWDWLRQ�UHFRYHU\�DQG�LQGLFDWLYH�VHGLPHQW�JHQHUDWLRQ�UDWHV�
E\�VKHHWZDVK�HURVLRQ�IURP�KDXOHU�ORJJHG�VHWWLQJV�DW�0DQJDWX�)RUHVW��1HZ�=HDODQG�
-RXUQDO�RI�)RUHVWU\�������±����

0DUGHQ�0��6DXQGHUV�+�������+DUYHVW�DW�0DQJDWX��WHUUDLQ�RQ�D�WLJKWURSH��1HZ�=HDODQG�
)RUHVW�,QGXVWULHV����±����

0DUGHQ�0��3KLOOLSV�&-��5RZDQ�'�������/DQG�XVH�SODQQLQJ�V\VWHPV�±�WLPH�IRU�D�FKDQJH"�
,Q��&KDQJLQJ�7LPHV��3URFHHGLQJV��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�DQG�:DWHU�
&RQVHUYDWLRQ�$QQXDO�&RQIHUHQFH��1HOVRQ����±���0D\�������3S����±����

0DUGHQ�0��3KLOOLSV�&-��5RZDQ�'�������'HFOLQLQJ�VRLO�ORVV�ZLWK�LQFUHDVLQJ�DJH�RI�
SODQWDWLRQ�IRUHVWV�LQ�WKH�8DZD�FDWFKPHQW��(DVW�&RDVW�UHJLRQ��,Q��+HQULTXHV�35�HG��
3URFHHGLQJV��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��
+DZNH¶V�%D\��1HZ�=HDODQG����±���1RYHPEHU�������3S�����±�����

0DUGHQ�0��3KLOOLSV�&-��-DFNVRQ�5-��=KDQJ�;%��(NDQD\DNH�-�������$�GHFDGH�RI�HDUWKIORZ�
UHVHDUFK�DQG�LQWHUUHODWHG�VWXGLHV�LQ�WKH�1RUWK�,VODQG�RI�1HZ�=HDODQG��,Q��3URFHHGLQJV�
RI�,QWHUQDWLRQDO�6\PSRVLXP�RQ�HURVLRQ��GHEULV�IORZV�DQG�HQYLURQPHQW�LQ�PRXQWDLQ�
UHJLRQV��&KHQJGX��&KLQD��-XO\�������,$+6�3XEOLFDWLRQ���������±������

0DUGHQ�0��3KLOOLSV�&-��7URWWHU�&�������5HVHDUFKHUV�PHDVXUH�JURZWK�RI�QDWLYH�
\RXQJVWHUV��'LVFRYHU\�YRO��������$OVR�DYDLODEOH�DW�
KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�SXEOLFDWLRQV�QHZVOHWWHUV�GLVFRYHU\�'LVFRYHU\,VVXH
��SGI���

0DUGHQ�0��5RZDQ�'��3KLOOLSV�&�������,PSDFW�RI�F\FORQH�LQGXFHG�ODQGVOLGLQJ�RQ�
SODQWDWLRQ�IRUHVWV�DQG�IDUPODQG�LQ�WKH�(DVW�&RDVW�UHJLRQ�RI�1HZ�=HDODQG��D�OHVVRQ�LQ�
ULVN�PDQDJHPHQW��,Q��6DVVD�.�HG��3URFHHGLQJV��;;�,8)52�:RUOG�&RQJUHVV���±���
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$XJXVW�������7HFKQLFDO�6HVVLRQ�RQ�1DWXUDO�'LVDVWHUV�LQ�0RXQWDLQRXV�$UHDV��7DPSHUH�
)LQODQG��3S�����±�����

0DUGHQ�0��$UQROG�*��*RPH]�%��5RZDQ�'�������3UH��DQG�SRVW�UHIRUHVWDWLRQ�JXOO\�
GHYHORSPHQW�LQ�0DQJDWX�)RUHVW��(DVW�&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��5LYHU�
5HVHDUFK�DQG�$SOLFDWLRQV��������±������

0DUGHQ�0��5RZDQ�'��3KLOOLSV�&�������6HGLPHQW�VRXUFHV�DQG�GHOLYHU\�IROORZLQJ�
SODQWDWLRQ�KDUYHVWLQJ�LQ�D�ZHDWKHUHG�YROFDQLF�WHUUDLQ��&RURPDQGHO�3HQLQVXOD��1RUWK�
,VODQG��1HZ�=HDODQG��$XVWUDOLDQ�-RXUQDO�RI�6RLO�5HVHDUFK��������±����

0DUGHQ�0��5RZDQ�'��3KLOOLSV�&�������6WDELOLVLQJ�FKDUDFWHULVWLFV�RI�1HZ�=HDODQG�
LQGLJHQRXV�ULSDULDQ�FRORQLVLQJ�SODQWV��,Q��6WRNHV�$��6SDQRV�,��1RUULV�(-��&DPPHUDDW�
(�HGV�(FR��DQG�*URXQG�%LR�(QJLQHHULQJ��WKH�XVH�RI�YHJHWDWLRQ�WR�LPSURYH�VORSH�
VWDELOLW\��3URFHHGLQJV��)LUVW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�(FR�(QJLQHHULQJ����±���
6HSWHPEHU�������3S�����±�����

0DUOERURXJK�&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG�������8SSHU�:DLKRSDL�FDWFKPHQW�
FRQWURO�VFKHPH��%OHQKHLP��0DUOERURXJK�&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG���

0DUVKDOO�3�������7KH�RULJLQ�RI�/DNH�:DLNDUHPRDQD��7UDQVDFWLRQV�RI�WKH�1HZ�=HDODQG�
,QVWLWXWH��������±������

0DUWHO�&0�������7KH�HIIHFWV�RI�PDVV�PRYHPHQW�RQ�WKH�K\GURORJLFDO�SURSHUWLHV�RI�WHUWLDU\�
KLOO�FRXQWU\�VRLOV��%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

0DUWHO�&�������7KH�HIIHFW�RI�ODQGXVH�FKDQJH�RQ�WKH�H[WHQW�RI�IORRGLQJ�LQ�WKH�3RULUXD�
%DVLQ��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

0DUWHO�5�������$�VHGLPHQW�EXGJHW�IRU�WKH�+HUXKHUX�EDVLQ��0RKDND�)RUHVW��06F��+RQV���
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ���

0DUWHOO�&0�������7KH�HIIHFWV�RI�PDVV�PRYHPHQW�RQ�WKH�K\GURORJLFDO�SURSHUWLHV�RI�
7HUWLDU\�KLOO�FRXQWU\�VRLOV��%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

0DUWLQ�*5��0LOODU�3-�������6WDELOLW\�RI�VORSHV�LQ�ZHDWKHUHG�DQG�MRLQWHG�URFN��,Q��
3URFHHGLQJV��6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�
(QJLQHHUV�9RO������*��3S�����±�����

0DUXWDQL�7��.DVDL�0��5HLG�/0��7UXVWUXP�1$�������,QIOXHQFH�RI�VWRUP�UHODWHG�VHGLPHQW�
VWRUDJH�RQ�WKH�VHGLPHQW�GHOLYHU\�UDWLRV�RI�WULEXWDU\�FDWFKPHQWV�LQ�WKH�8SSHU�:DLSDRD�
5LYHU��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±�����

0DUZLFN�-�������0XGIORZV�LQ�WKH�&KHYLRW�GLVWULFW��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�
7HFKQRORJ\������±���

0DVRQ�&5�������&RQWURO�WHFKQLTXHV�IRU�WXQQHO�JXOO\�HURVLRQ��1=�$VVRFLDWLRQ�RI�6RLO�DQG�
:DWHU�&RQVHUYDWLRQ�%URDGVKHHW����±����

0DWKHU�$6�������7KH�FKDQJLQJ�SHUFHSWLRQ�RI�HURVLRQ�LQ�1HZ�=HDODQG��7KH�*HRJUDSKLFDO�
-RXUQDO���������±�����

0DXOGHU�07�������'HQXGDWLRQ�LQ�WKH�8SSHU�7XNLWXNL�FDWFKPHQW��06F�WKHVLV��8QLYHUVLW\�
RI�:DLNDWR��+DPLOWRQ��

0F&DVNLOO�/�������+ROG�WKLV�ODQG��D�KLVWRU\�RI�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�LQ�1HZ�
=HDODQG��:HOOLQJWRQ��$+�	�$:�5HHG���

0F&ROO�5+6�������0RWX�5LYHU��$�GHVFULSWLRQ�RI�LWV�FDWFKPHQW��FKDQQHO��ZDWHUV�DQG�
VHGLPHQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�
:RUNV���
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0F&RQFKLH�-$�������7KH�JHRPRUSKRORJLFDO�DQG�K\GURORJLFDO�UHVSRQVH�WR�WKH����
'HFHPEHU������VWRUP��6WRNHV�9DOOH\��8QSXEOLVKHG�%6F��+RQV��WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

0F&RQFKLH�-$�������(DUWKIORZV��PHDVXUHPHQW�DQG�H[SODQDWLRQ��3K'�WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

0F&RQFKLH�-$�������:DWHU�DQG�VORSH�VWDELOLW\��,Q��0RVOH\�03�HG��:DWHUV�RI�1HZ�
=HDODQG��:HOOLQJWRQ��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��3S�����±�����

0F&RQFKLH�-$��+DZNH�50��'URVW�)��+HQQULFK�.��&UR]LHU�0-�������5HDO�WLPH�
PRQLWRULQJ�RI�VRLO�PRLVWXUH�FRQGLWLRQV�DQG�WKHLU�FRQWURO�RI�VORSH�VWDELOLW\��
3URFHHGLQJV����WK�1HZ�=HDODQG�*HRJUDSK\�&RQIHUHQFH��3S�����±�����

0F(OZHH�+��.QRZOHV�5/�������$Q�HYDOXDWLRQ�RI�SRSODU�RQ�1HZ�=HDODQG�KLOO�FRXQWU\��
5HSRUW�IRU�$JPDUGW�FRQWUDFW�1R��������1=�)RUHVW�5HVHDUFK�,QVWLWXWH��

0F(OZHH�+)��.QRZOHV�5/�������(VWLPDWLQJ�FDQRS\�FORVXUH�DQG�XQGHUVWRUH\�SDVWXUH�
SURGXFWLRQ�LQ�1HZ�=HDODQG�JURZQ�SRSODU�SODQWDWLRQV��1HZ�=HDODQG�-RXUQDO�RI�
)RUHVWU\�6FLHQFH�����������������

0F*OLQFK\�,:�������(URVLRQ�VHYHULW\�DVVHVVPHQW��D�PHWKRGRORJ\�IRU�DVVHVVLQJ�HURVLRQ�
VHYHULW\�ZLWK�HPSKDVLV�RQ�VHGLPHQW�DFFHVV�WR�GUDLQDJH�QHWZRUN��%6F��+RQV��WKHVLV��
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

0F*UHJRU�(��0DFND\�$'��'RGG�0��.HPS�3'�������6LOYRSDVWRUDOLVP�XVLQJ�WHQGHG�
SRSODUV�RQ�1HZ�=HDODQG�KLOOFRXQWU\��WKH�RSSRUWXQLWLHV��3URFHHGLQJV�RI�WKH�1HZ�
=HDODQG�*UDVVODQGV�$VVRFLDWLRQ������������

0F*XLQQHVV�-0�������%DQN�VOXPSLQJ�GXH�WR�WKH�DFFHVV�RI�FDWWOH�DQG�VKHHS�WR�GLWFKHV�DQG�
ZDWHU�FRXUVHV��8QSXEOLVKHG�%(��$JULFXOWXUH��3URMHFW�5HSRUW��/LQFROQ�&ROOHJH��

0F,YRU�,5�������3RSXOXV�PD[LPRZLF]LL�¶1=��������¶î�3��QLJUD�µ%ODQF�GH�*DURQQH¶�
H[SHULPHQWDO�FORQH�ZLGH�VSDFHG�WULDO�����±������5HSRUW�WR�:LOORZ�DQG�3RSODU�
5HVHDUFK�&ROOHFWLYH��3URMHFW�6������������+RUW5HVHDUFK�&OLHQW�5HSRUW��������

0F,YRU�,��'RXJODV�*�������'HYHORSPHQW�RI�VRLO�FRKHVLRQ�GXULQJ�D�GHFDGH�RI�JURZWK�RI�
SRSODUV�RQ�VWHHS�HURGLEOH�VORSHV�LQ�WKH�VRXWKHUQ�5XDKLQH�5DQJHV��,QWHUQDO�UHSRUW�IRU�
6/85,�PHPEHUV��KWWS���ZZZ�VOXUL�RUJ�Q]�LQGH[�PHPEHUV�������

0F,YRU�,��'RXJODV�*�������3RSODU�URRW�GHYHORSPHQW�DQG�WUHH�VSDFLQJ��&RQVHUYDWLRQ�
4XRUXP������±���

0F,YRU�,5��0HWUDO�%��'RXJODV�*%�������9DULDWLRQ�LQ�URRW�GHQVLW\�RI�SRSODU�WUHHV�DW�
GLIIHUHQW�SODQW�GHQVLWLHV��$JURQRP\�1�=��������±����

0F,YRU�,5��'RXJODV�*%��+XUVW�6(�������5RRW�GHYHORSPHQW�RI�9HURQHVH�SRSODU�RQ�KLOO�
VORSHV��,Q��&XUULH�/'��<DWHV�/-�HGV�3URFHHGLQJV����WK�$QQXDO�)HUWLOLVHU�DQG�/LPH�
5HVHDUFK�&HQWUH�:RUNVKRS�µ'HVLJQLQJ�VXVWDLQDEOH�IDUPV¶���±��)HEUXDU\�������
2FFDVLRQDO�5HSRUW�����3DOPHUVWRQ�1RUWK��)HUWLOLVHU�DQG�/LPH�5HVHDUFK�&HQWUH��

0F,YRU�,5��'RXJODV�*%��+XUVW�6(��+XVVDLQ�=��)RRWH�$*�������6WUXFWXUDO�URRW�JURZWK�RI�
\RXQJ�9HURQHVH�SRSODUV�RQ�HURGLEOH�VORSHV�LQ�WKH�VRXWKHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��$JURIRUHVWU\�6\VWHPV�������±����

0F.HH�-*�������8VH�RI�WUHHV��3S�������LQ�3UHYHQWLRQ�DQG�FRQWURO�RI�PDVV�PRYHPHQW�DQG�
JXOO\�HURVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��:HOOLQJWRQ��

0F.HOYH\�3-�������&RQGLWLRQ�DVVHVVPHQW�RI�SURWHFWLRQ�IRUHVWV��1HZ�=HDODQG�-RXUQDO�RI�
)RUHVWU\��������

0F.HOYH\�5-��0XUWRQ�.�������/DQGVOLGH�GDPDJH�RQ�WKH�(DVW�&RDVW�5HJLRQ�DULVLQJ�IURP�
WURSLFDO�F\FORQH�%ROD��0DUFK�������,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV���WK�
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,QWHUQDWLRQDO�6\PSRVLXP�RQ�/DQGVOLGHV��&KULVWFKXUFK��5RWWHUGDP��$$�%DONHPD��3S��
����±������

0F/HDQ�6$�������7KH�'HFHPEHU������VWRUP�WKH�FRQWH[W�RI�WKH�LQWHUUHODWLRQVKLSV�RI�
PDQ��YHJHWDWLRQ�DQG�ODQGIRUP�DW�%HOPRQW��/RZHU�+XWW��%6F��+RQV��WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

0F/HDQ�9�������6DYH�RXU�VRLOV��HDVW�FRDVW�IRUHVWU\��1HZ�=HDODQG�)RUHVW�,QGXVWULHV����±
�����

0F0DKRQ�6'�������*HRPRUSKLF�GHYHORSPHQW�WKURXJK�PDVV�ZDVWLQJ��XSSHU�0RNDX�
5LYHU�YDOOH\��QRUWKHUQ�.LQJ�&RXQWU\��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�
:DLNDWR��+DPLOWRQ��

0F0DKRQ�6�������&DEOH�ORJJLQJ�GLVWXUEDQFH�RQ�DQ�XQVWDEOH�VORSH��D�FDVH�VWXG\��/RJJLQJ�
,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�5HSRUW������������

0F0DQXV�'$�������$VSHFWV�RI�WKH�HQJLQHHULQJ�JHRORJ\��LQFOXGLQJ�PDVV�PRYHPHQW��RI�
WKH�$OEDQ\�EDVLQ�DQG�3HUHPRUHPR�DUHD��06F��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��

0F4XHHQ�'-��&KXUFKPDQ�*-��/DIIDQ�0'��:KLWWRQ�-6�������6RLO�SURSHUWLHV�DV�LQGLFDWRUV�
RI�ILQH�VHGLPHQW�SURGXFWLRQ�LQ�WKH�0DUOERURXJK�6RXQGV��,Q��&DPSEHOO�,%�HG��
3URFHHGLQJV��6RLO�'\QDPLFV�DQG�/DQG�8VH�6HPLQDU��%OHQKHLP��0D\�������%OHQKHLP��
1HZ�=HDODQG�6RFLHW\�RI�6RLO�6FLHQFH�DQG�1HZ�=HDODQG�6RLO�&RQVHUYDWRUV�
$VVRFLDWLRQ��3S����±�����

0F3KHUVRQ�5,�������([SHULPHQWDO�JHRPRUSKLF�PDS�IRU�KD]DUG�DVVHVVPHQW��&KHYLRW��
1RUWK�&DQWHUEXU\��1HZ�=HDODQG��:DWHU�DQG�6RLO�3XEOLFDWLRQ������&KULVWFKXUFK��
'6,5���

0F6DYHQH\�0-�������0DJQLWXGH�RI�HURVLRQ�DFURVV�WKH�6RXWKHUQ�$OSV��,Q��3URFHHGLQJV��
&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��&KULVWFKXUFK��
$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV��3S���±����

0F6DYHQH\�0-��*ULIILWKV�*$�������'URXJKW��UDLQ��DQG�PRYHPHQW�RI�D�UHFXUUHQW�
HDUWKIORZ�FRPSOH[�LQ�1HZ�=HDODQG��*HRORJ\��������±�����

0F6DYHQH\�0-��%HHWKDP�5'��/HRQDUG�*6�������7KH����0D\������GHEULV�IORZ�GLVDVWHU�
DW�0DWDWD��FDXVHV�DQG�PLWLJDWLRQ�VXJJHVWLRQV��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�
6FLHQFHV�&OLHQW�5HSRUW����������

0HDG�'-�������7KH�UROH�RI�DJURIRUHVWU\�LQ�LQGXVWULDOL]HG�QDWLRQV��WKH�VRXWKHUQ�
KHPLVSKHUH�SHUVSHFWLYH�ZLWK�VSHFLDO�HPSKDVLV�RQ�$XVWUDOLD�DQG�1HZ�=HDODQG��
$JURIRUHVWU\�6\VWHPV��������±�����

0HLVWHU�$�������(FRQRPLF�DQDO\VLV�DQG�VRLO�FRQVHUYDWLRQ�ZRUN��'LVFXVVLRQ�3DSHU�����
3DOPHUVWRQ�1RUWK��1DWXUDO�5HVRXUFH�(FRQRPLFV�8QLW��0DVVH\�8QLYHUVLW\���

0HU]�-�������+\GURORJLFDO�LQYHVWLJDWLRQV�RI�D�KLOOVLGH�DIIHFWHG�E\�ODQGVOLGHV��/DNH�7XWLUD��
1HZ�=HDODQG��'LSORPD�WKHVLV��8QLYHUVLW\�RI�%HUQ��6ZLW]HUODQG��

0HU]�-��0RVOH\�03�������+\GURORJLFDO�EHKDYLRXU�RI�SDVWRUDO�KLOO�FRXQWU\�PRGLILHG�E\�
H[WHQVLYH�ODQGVOLGLQJ��1RUWKHUQ�+DZNH¶V�%D\��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\�
�1=���������±�����

0HWVHUV�$�������,QYHVWLJDWLRQ�LQWR�WKH�VRLO�SK\VLFDO�HIIHFW�RI�WKH�WUHH�SODQWLQJ�LQ�HURVLRQ�
FRQWURO��8QSXEOLVKHG�UHSRUW�WR�WKH�3RYHUW\�%D\�&DWFKPHQW�%RDUG���

0LOOHU�'(.�������0HFKDQLVPV�RI�WXQQHO�JXOO\�HURVLRQ��0$JU6FL�WKHVLV��/LQFROQ�&ROOHJH���
0LOOHU�'(.�������6WDELOLVLQJ�HDUWKIORZV�E\�SODQWLQJ�SRSODUV�RU�ZLOORZV��,Q��&RZLH�%�HG��

(DVW�&RDVW�3URMHFW�5HYLHZ��:HOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��:DWHU�
DQG�6RLO�'LYLVLRQ��3S�����
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0LOOHU�'(.�������3DVWXUH�SURGXFWLRQ�IURP�HDUWKIORZV�LQ�*LVERUQH��'6,5�/DQG�
5HVRXUFHV�7HFKQLFDO�5HFRUG�����

0LOOHU�'(.��*LOFKULVW�$1��+LFNV�'/�������7KH�UROH�RI�EURDG�OHDYHG�WUHHV�LQ�VORSH�
VWDELOLVDWLRQ�LQ�1HZ�=HDODQG�SDVWRUDO�IDUPLQJ��,Q��5DOVWRQ�00��+XJKH\�.)'��
2�&RQQRU�.)�HGV�0RXQWDLQV�RI�(DVW�$VLD�DQG�WKH�3DFLILF��/LQFROQ��1HZ�=HDODQG�
&HQWUH�IRU�0RXQWDLQ�6WXGLHV��/LQFROQ�8QLYHUVLW\��3S����±�����

0LOOHU�5&�������(URVLRQ�FRQWURO�HIIHFWLYHQHVV�VXUYH\��(DVW�&DSH�&DWFKPHQW�%RDUG�
LQWHUQDO�UHSRUW���

0LQLVWU\�IRU�WKH�(QYLURQPHQW�������3URSRVHG�LQGLFDWRUV�IRU�HURVLRQ�SURQH�KLOO�FRXQWU\�LQ�
1HZ�=HDODQG��(QYLURQPHQWDO�3HUIRUPDQFH�,QGLFDWRUV�7HFKQLFDO�3DSHU����/DQG��
:HOOLQJWRQ��SUHSDUHG�E\�/DQGFDUH�5HVHDUFK�IRU�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW���

0LQLVWU\�IRU�WKH�(QYLURQPHQW�������(QYLURQPHQW�1HZ�=HDODQG�������:HOOLQJWRQ��
0LQLVWU\�IRU�WKH�(QYLURQPHQW���

0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV�������/DQG�XVH�FKDQJH�DQG�UHVSRQVH�LQ�WKH�
*LVERUQH�'LVWULFW�RI�:DLSDRD���VXPPDU\�RI�D�FDVH�VWXG\�XVLQJ�D�PXOWLVWDNHKROGHU�
DSSURDFK��0$)�3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�DQG�
)LVKHULHV���

0LQLVWU\�RI�:RUNV�������3UHYHQWLRQ�DQG�FRQWURO�RI�PDVV�PRYHPHQW�DQG�JXOO\�HURVLRQ��$�
VHPLQDU�DUUDQJHG�E\�0LQLVWU\�RI�:RUNV�LQ�FRQMXQFWLRQ�ZLWK�1HZ�=HDODQG�$VVRFLDWLRQ�
RI�6RLO�&RQVHUYDWRUV�DQG�3RYHUW\�%D\�&DWFKPHQW�%RDUG����±���$SULO�������
:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�IRU�WKH�1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�
2UJDQLVDWLRQ�1HZ�=HDODQG��

0LQLVWU\�RI�:RUNV�������/DQG�XVH�FDSDELOLW\�VXUYH\�KDQGERRN��D�1HZ�=HDODQG�KDQGERRN�
IRU�WKH�FODVVLILFDWLRQ�RI�ODQG��:HOOLQJWRQ��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�
:RUNV���

0LUL�6$�������(URVLRQ�DQG�ODQG�XVH�LQ�WKH�3RKDQJLQD�UHJLRQ��D�VWXG\�XVLQJ�*,6�DQG�
UHPRWH�VHQVLQJ��0$SSO6F�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

0RUULVV�+6�������2UFKDUG�FRQVHUYDWLRQ�SODQV��0RXWHUH��6RLO�	�:DWHU���������±����
0RUULVVH\�.6�������,QWHJUDWHG�FDWFKPHQW�PDQDJHPHQW��LPSURYLQJ�IDUPHU�SDUWLFLSDWLRQ��

0(QY6FL�7KHVLV��8QLYHUVLW\�RI�$XFNDQG��
0RVOH\�03�������6RXWK�HDVWHUQ�5XDKLQH�LQYHVWLJDWLRQ�UHSRUW�RQ�HURVLRQ�DQG�

VHGLPHQWDWLRQ��0DQDZDWX�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�5HSRUW��
3DOPHUVWRQ�1RUWK���

0RVOH\�03�������(URVLRQ�LQ�WKH�VRXWK�HDVWHUQ�5XDKLQH�5DQJH��LWV�LPSOLFDWLRQV�IRU�
GRZQVWUHDP�ULYHU�FRQWURO��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�������±����

0RVOH\�03�������7KH�LPSDFW�RI�IRUHVW�URDG�HURVLRQ�LQ�WKH�'DUW�9DOOH\��1HOVRQ��1HZ�
=HDODQG�-RXUQDO�RI�)RUHVWU\��������±�����

0RVOH\�03�������%XOORFN�&UHHN��D�VREHULQJ�VWRU\��-RXUQDO�RI�WKH�7XVVRFN�*UDVVODQG�DQG�
0RXQWDLQ�/DQGV�,QVWLWXWH��5HYLHZ�������±����

0RVOH\�03��%ODNHO\�5-�������7KH�&RSSHUPLQH�/DQGVOLGH��VRXWKHDVWHUQ�5XDKLQH�5DQJH��
6RLO�DQG�:DWHU����������±������±����

0XUURZ�3-�������'HEULV�IORZ�LQ�WKH�0DXQJDNRWXNXWXNX�9DOOH\��%6F��+RQV��WKHVLV��
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

0XOOHU�08�������*HRPRUSKRPHWULF�JXOO\�HURVLRQ�PRGHOOLQJ�XVLQJ�*,6��:DLSDRD�
FDWFKPHQW��1HZ�=HDODQG��
'LSORPDUEHLW¶��8QLYHUVLW\�RI�%RQQ���
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0XUSK\�*�������$�VXUYH\�RI�VRLO�GLVWXUEDQFH�FDXVHG�E\�KDUYHVWLQJ�PDFKLQHU\�LQ�1HZ�
=HDODQG�SODQWDWLRQ�IRUHVWV��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�����

1DWLRQDO�3RSODU�DQG�:LOORZ�8VHUV�*URXS�������³*URZLQJ�3RSODU�DQG�:LOORZ�7UHHV�RQ�
)DUPV��*XLGHOLQHV�IRU�HVWDEOLVKLQJ�DQG�PDQDJLQJ�SRSODU�DQG�ZLOORZ�WUHHV�RQ�IDUPV´��
1DWLRQDO�3RSODU�DQG�:LOORZ�8VHUV�*URXS��

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�����±����1HZ�=HDODQG�/DQG�
5HVRXUFH�,QYHQWRU\�:RUNVKHHWV�����������:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������)RUHVW�RSHUDWLRQV�JXLGHOLQHV��
:DWHU�DQG�6RLO�0DQDJHPHQW�3XEOLFDWLRQ����:HOOLQJWRQ��1:$6&2���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������2XU�ODQG�UHVRXUFHV��%XOOHWLQ�WR�
DFFRPSDQ\�1=�/DQG�5HVRXUFH�,QYHQWRU\�:RUNVKHHWV��:HOOLQJWRQ��0LQLVWU\�RI�
:RUNV��

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������7KH�6RXWK�,VODQG�ODQG�XVH�
FDSDELOLW\�H[WHQGHG�OHJHQG�IRU�WKH�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��YDQ�%HUNHO�
3�HG��:HOOLQJWRQ��1:$6&2���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\�������6WRUP�GDPDJH�DVVHVVPHQW��
6WUHDPODQG�����:HOOLQJWRQ��1:$6&2��

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ�������6RLO�HURVLRQ�LQ�1HZ�=HDODQG��
1:$6&2�����:HOOLQJWRQ��1:$6&2��

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\�������0RWX�5LYHU��D�GHVFULSWLRQ�RI�LWV�
FDWFKPHQW��FKDQQHO��ZDWHUV�DQG�VHGLPHQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\�������)DUPLQJ�WKH�KLOOV�±�PLQLQJ�RU�
VXVWDLQLQJ�WKH�UHVRXUFH"�6WUHDPODQG�����:DWHU�DQG�6RLO�'LUHFWRUDWH��0LQLVWU\�RI�
:RUNV�DQG�'HYHORSPHQW��

1HLOG�-��.LUNODQG�:�������6RLO�FRQVHUYDWLRQ�DFWLYLW\�UHYLHZ��7DUDQDNL�&DWFKPHQW�%RDUG�
DQG�5HJLRQDO�:DWHU�%RDUG��0$)7HFK�&RQWUDFW�5HSRUW�WR�7DUDQDNL�&DWFKPHQW�
&RPPLVVLRQ��

1HOVRQ�&DWFKPHQW�%RDUG�������$�UHYLHZ�RI�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�ZRUNV�LQ�1HOVRQ�
RUFKDUGV��1HOVRQ��1HOVRQ�&DWFKPHQW�%RDUG���

1HOVRQ�&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG�������3UHYHQWLQJ�VRLO�HURVLRQ�RQ�VORSLQJ�
ODQG��VRPH�RSHUDWLRQ�JXLGHOLQHV�IRU�IDUPHUV�DQG�IRUHVWHUV��1HOVRQ��1HOVRQ�&DWFKPHQW�
DQG�5HJLRQDO�:DWHU�%RDUG���

1HZ�=HDODQG�)RUHVW�2ZQHUV�$VVRFLDWLRQ�������1HZ�=HDODQG�HQYLURQPHQWDO�FRGH�RI�
SUDFWLFH�IRU�SODQWDWLRQ�IRUHVWU\��:HOOLQJWRQ��1HZ�=HDODQG�)RUHVW�2ZQHUV�$VVRFLDWLRQ���

1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH�������2YHUVRZLQJ��WKH�UDFH�WR�RFFXS\�IRUHVW�VLWHV��
:KDW¶V�1HZ�LQ�)RUHVW�5HVHDUFK������5RWRUXD��)RUHVW�5HVHDUFK�,QVWLWXWH��

1LFKRO�6/��$XJXVWLQXV�3&��*UHJRU\�05��&UHHVH�5��+RUURFN�0�������*HRPRUSKLF�DQG�
VHGLPHQWDU\�HYLGHQFH�RI�KXPDQ�LPSDFW�RQ�WKH�1HZ�=HDODQG�FRDVWDO�ODQGVFDSH��
3K\VLFDO�*HRJUDSK\��������±�����

1,:$�������1HZ�3O\PRXWK�ODQGVOLGH�KD]DUG�DVVHVVHG��1DWXUDO�+D]DUGV�8SGDWH����
�0DUFK��������

1JX\HQ�0/��6KHDWK�*:��6PLWK�&0��&RRSHU�$%�������,PSDFW�RI�FDWWOH�WUHDGLQJ�RQ�KLOO�
ODQG����6RLO�SK\VLFDO�SURSHUWLHV�DQG�FRQWDPLQDQW�UXQRII��1HZ�=HDODQG�-RXUQDO�RI�
0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±�����
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1JX\HQ�/��'RZQHV�0��0HOKRUQ�0��6WURXG�0�������5LSDULDQ�ZHWODQG�SURFHVVLQJ�RI�
QLWURJHQ��SKRVSKRUXV�DQG�VXVSHQGHG�VHGLPHQW�LQSXWV�IURP�D�KLOO�FRXQWU\�VKHHS�JUD]HG�
FDWFKPHQW�LQ�1HZ�=HDODQG��,Q��5XWKHUIXUG�,��%DUWOH\�5�HGV�3URFHHGLQJV��6HFRQG�
$XVWUDOLDQ�6WUHDP�0DQDJHPHQW�&RQIHUHQFH��$GHODLGH��&5&�IRU�&DWFKPHQW�
+\GURORJ\��3S�����±�����

1REOH�.(�������1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\��6RXWKHUQ�+DZNH¶V�%D\�±�
:DLUDUDSD�5HJLRQ��ODQG�XVH�FDSDELOLW\�H[WHQGHG�OHJHQG��:HOOLQJWRQ��1DWLRQDO�:DWHU�
DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ���

1REOH�.(�������/DQG�8VH�&DSDELOLW\�&ODVVLILFDWLRQ�RI�WKH�6RXWKHUQ�+DZNH¶V�%D\�±�
:DLUDUDSD�5HJLRQ��D�EXOOHWLQ�WR�DFFRPSDQ\�1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�
:RUNVKHHWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����

1RUGHPH\HU�$+�������3ODQW�PDWHULDO�IRU�HURVLRQ�FRQWURO��WKH�XVH�RI�HURGLQJ�ODQG��,Q��
3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��
&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
&RQVHUYDWRUV��3S�����±�����

1RUWKH\�5'��+DZOH\�-*��%DUNHU�35�������&ODVVLILFDWLRQ�DQG�PHFKDQLVPV�RI�VORSH�
IDLOXUHV�LQ�QDWXUDO�JURXQG��,Q��3URFHHGLQJV��6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�
1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�(QJLQHHUV��9R���O���*��3S�����±�����

2¶%\UQH�71�������/DQG�XVH�FDSDELOLW\�VXUYH\�*LVERUQH�(DVW�&RDVW��8QSXEOLVKHG�UHSRUW���
2¶%\UQH�71�������$�FRUUHODWLRQ�RI�URFN�W\SHV�ZLWK�VRLOV��WRSRJUDSK\�DQG�HURVLRQ�LQ�WKH�

*LVERUQH±(DVW�&DSH�UHJLRQ��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV�����
���±������

2IILFH�RI�WKH�3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW�������,QTXLU\�LQWR�IORRG�
PLWLJDWLRQ�PHDVXUHV�IROORZLQJ�&\FORQH�%ROD��:HOOLQJWRQ��

2IILFH�RI�WKH�3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW�������:DWHU�DQG�VRLO�
UHVRXUFH�PDQDJHPHQW�RQ�WKH�(DVW�&RDVW��D�UHYLHZ�RI�SURJUHVV�WRZDUGV�VXVWDLQDEOH�
ODQG�PDQDJHPHQW�LQ�WKH�*LVERUQH�UHJLRQ�IROORZLQJ�WKH�%ROD�VWRUP�������:HOOLQJWRQ��

2
/HDU\�60��6WHSKHQV�35��:LOORXJKE\�5��'H5RVH�5&��*LEE�5*��:KLWH�0)��6XWKHUODQG�
$�������/DQG�XVH�PRQLWRULQJ�LQ�WKH�HDVWHUQ�7DUDQDNL�KLOOV��/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW�/&���������IRU�7DUDQDNL�5HJLRQDO�&RXQFLO��

2OLYHU�7,�������7KH�VLJQLILFDQFH�RI�VXEVXUIDFH�ZDWHU�DV�D�JHRPRUSKLF�DJHQW�LQ�DQ�DUHD�RI�
WKH�JUH\ZDFNH�UDQJHV�QHDU�:KLWHKDOO��0$��+RQV��WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ���

2
/RXJKOLQ�&/�����D��7KH�HIIHFW�RI�WLPEHU�UHPRYDO�RQ�WKH�VWDELOLW\�RI�IRUHVW�VRLOV��
-RXUQDO�RI�+\GURORJ\��1=���������±�����

2
/RXJKOLQ�&/�����E��$�VWXG\�RI�WUHH�URRW�VWUHQJWK�GHWHULRUDWLRQ�IROORZLQJ�FOHDUIHOOLQJ��
&DQDGLDQ�-RXUQDO�RI�)RUHVW�5HVHDUFK�������±�����

2
/RXJKOLQ�&/�������3ODQWDWLRQ�IRUHVWU\��K\GURORJLFDO�DQG�HURVLRQ�DVSHFWV��1HZ�=HDODQG�
-RXUQDO�RI�)RUHVWU\��������±�����

2
/RXJKOLQ�&/�������:DWHU�TXDOLW\�DQG�VHGLPHQW�\LHOG�FRQVHTXHQFHV�RI�IRUHVW�SUDFWLFHV�
LQ�QRUWK�:HVWODQG�DQG�1HOVRQ��,Q��6HPLQDU�RQ�/DQG�8VH�LQ�5HODWLRQ�WR�:DWHU�
4XDQWLW\�DQG�4XDOLW\���±��1RYHPEHU�������1HOVRQ��1HOVRQ�&DWFKPHQW�DQG�5HJLRQDO�
:DWHU�%RDUG��3S�����±�����

2
/RXJKOLQ�&/�������7UHH�URRWV�DQG�VORSH�VWDELOLW\��:KDW¶V�1HZ�LQ�)RUHVW�5HVHDUFK������
5RWRUXD��)RUHVW�5HVHDUFK�,QVWLWXWH���
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2
/RXJKOLQ�&/�������$�SUHOLPLQDU\�LQYHVWLJDWLRQ�RI�VORSH�VWDELOLW\�LQ�WKH�0RWX�
FDWFKPHQW��1HZ�=HDODQG�)RUHVW�6HUYLFH��)RUHVW�5HVHDUFK�,QVWLWXWH��8QSXEOLVKHG�
UHSRUW�SUHSDUHG�IRU�WKH�:RUNLQJ�3DUW\�RQ�)RUHVW��/DQG�DQG�:LOGOLIH�9DOXHV��

2
/RXJKOLQ�&/�������(IIHFWLYHQHVV�RI�LQWURGXFHG�IRUHVW�YHJHWDWLRQ�IRU�SURWHFWLRQ�DJDLQVW�
ODQGVOLGHV�LQ�1HZ�=HDODQG�VWHHSODQGV��,Q��3HDUFH�$-��+DPLOWRQ�/6�HGV�6\PSRVLXP�RQ�
WKH�(IIHFWV�RI�/DQG�8VH�RQ�(URVLRQ�DQG�6ORSH�6WDELOLW\��(DVW�:HVW�&HQWUH��+RQROXOX��
3S�����±�����

2
/RXJKOLQ�&/�������,QIOXHQFHV�RI�H[RWLF�SODQWDWLRQ�IRUHVW�RQ�VORSH�VWDELOLW\�±�
LPSOLFDWLRQV�IRU�IRUHVW�PDQDJHPHQW�LQ�WKH�0DUOERURXJK�6RXQGV��,Q��&DPSEHOO�,%�HG��
3URFHHGLQJV��6RLO�'\QDPLFV�DQG�/DQG�8VH�6HPLQDU��%OHQKHLP��0D\�������%OHQKHLP��
1HZ�=HDODQG�6RFLHW\�RI�6RLO�6FLHQFH�DQG�1HZ�=HDODQG�6RLO�&RQVHUYDWRUV�
$VVRFLDWLRQ��3S�����±�����

2
/RXJKOLQ�&/�������7KH�VXVWDLQDEOH�SDUDGR[�±�DQ�H[DPLQDWLRQ�RI�WKH�SODQWDWLRQ�HIIHFW�±�
D�UHYLHZ�RI�WKH�HQYLURQPHQWDO�HIIHFWV�RI�SODQWDWLRQ�IRUHVWU\�LQ�1HZ�=HDODQG��1HZ�
=HDODQG�)RUHVWU\���������±���

2
/RXJKOLQ�&/��*DJH�0�������$�UHSRUW�RQ�WKH�VWDWXV�RI�VORSH�HURVLRQ�RQ�VHOHFWHG�VWHHS�
DUHDV��:HVW�&RDVW�EHHFK�SURMHFW�DUHD��8QSXEOLVKHG�)RUHVW�5HVHDUFK�,QVWLWXWH�5HSRUW��
1HZ�=HDODQG�)RUHVW�6HUYLFH��&KULVWFKXUFK���

2
/RXJKOLQ�&/��3HDUFH�$-�������,QIOXHQFH�RI�&HQR]RLF�JHRORJ\�RQ�PDVV�PRYHPHQW�DQG�
VHGLPHQW�\LHOG�UHVSRQVH�WR�IRUHVW�UHPRYDO��1RUWK�:HVWODQG��1HZ�=HDODQG��%XOOHWLQ�RI�
WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�(QJLQHHULQJ�*HRORJ\�������±����

2
/RXJKOLQ�&/��:DWVRQ�$�������5RRW�ZRRG�VWUHQJWK�GHWHULRUDWLRQ�LQ�UDGLDWD�SLQH�DIWHU�
FOHDUIHOOLQJ��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����

2
/RXJKOLQ�&/��:DWVRQ�$�������1RWH�RQ�URRW�ZRRG�VWUHQJWK�GHWHULRUDWLRQ�LQ�1RWKRIDJXV�
IXVFD�DQG�1��WUXQFDWD�DIWHU�FOHDUIHOOLQJ��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�����
���±�����

2¶/RXJKOLQ�&/��=KDQJ�;�������7KH�LQIOXHQFH�RI�IDVW�JURZLQJ�FRQLIHU�SODQWDWLRQV�RQ�
VKDOORZ�ODQGVOLGLQJ�DQG�HDUWKIORZ�PRYHPHQW�LQ�1HZ�=HDODQG�VWHHSODQGV��,Q��)RUHVW��
(QYLURQPHQW�DQG�6LOYLFXOWXUH��3URFHHGLQJV����WK�,8)52�:RUOG�&RQJUHVV��'LYLVLRQ�
���9RO������/XEOMDQD��<XJRVODYLD��6HSWHPEHU�������3S�����±�����

2
/RXJKOLQ�&/��=LHPHU�55�������7KH�LPSRUWDQFH�RI�URRW�VWUHQJWK�DQG�GHWHULRUDWLRQ�UDWHV�
XSRQ�HGDSKLF�VWDELOLW\�LQ�VWHHSODQG�IRUHVWV��,Q��:DULQJ�5+�HG��&DUERQ�XSGDWH�DQG�
DOORFDWLRQ�LQ�VXEDOSLQH�HFRV\VWHPV�DV�D�NH\�WR�PDQDJHPHQW��3URFHHGLQJV��,8)52�
ZRUNVKRS���±��$XJXVW�������(FRORJ\�RI�VXEDOSLQH�]RQHV��2UHJRQ�6WDWH�8QLYHUVLW\��
&RUYDOOLV��2UHJRQ��86$��3S����±����

2
/RXJKOLQ�&/��5RZH�/.��3HDUFH�$-�������6HGLPHQW�\LHOGV��IURP�VPDOO�IRUHVWHG�
FDWFKPHQWV�1RUWK�:HVWODQG�±�1HOVRQ��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=������
�±����

2¶/RXJKOLQ�&/��5RZH�/.��3HDUFH��$-�������6HGLPHQW�\LHOG�DQG�ZDWHU�TXDOLW\�UHVSRQVHV�
WR�FOHDUIHOOLQJ�RI�HYHUJUHHQ�PL[HG�IRUHVWV�LQ�ZHVWHUQ�1HZ�=HDODQG��,$+6�3XEOLFDWLRQ�
��������±����

2¶/RXJKOLQ�&/��5RZH�/.��3HDUFH�$-�������([FHSWLRQDO�VWRUP�LQIOXHQFHV�RQ�VORSH�
HURVLRQ�DQG�VHGLPHQW�\LHOG�LQ�VPDOO�IRUHVWHG�FDWFKPHQWV��1RUWK�:HVWODQG��1HZ�
=HDODQG��,Q��2¶/RXJKOLQ�(0��%UHQ�(-�HGV�3URFHHGLQJV��)LUVW�1DWLRQDO�6\PSRVLXP�RQ�
)RUHVW�+\GURORJ\��0HOERXUQH����±���0D\��������$XVWUDOLDQ�1DWLRQDO�&RQIHUHQFH�
3XEOLFDWLRQ�������3S����±����
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2¶/RXJKOLQ�&/��5RZH�/.��3HDUFH�$-�������+\GURORJ\�RI�PLG�DOWLWXGH�WXVVRFN�
JUDVVODQGV��XSSHU�:DLSRUL�FDWFKPHQW��2WDJR�±����(URVLRQ��VHGLPHQW�\LHOGV��DQG�ZDWHU�
TXDOLW\��-RXUQDO�RI�+\GURORJ\��1=��������±����

2PXUD�+��+LFNV�'�������3UREDELOLW\�RI�ODQGVOLGHV�LQ�KLOO�FRXQWU\��,Q��%HOO�'+�HG��
/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�6\PSRVLXP��9RO������&KULVWFKXUFK�
)HEUXDU\�������5RWWHUGDP��$$�%DONHPD��3S������±������

2QJOH\�0�������:DLNDUHPRDQD��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�����
���±������

2¶5LRUGDQ�7�������7KH�7DKXQDQXL�ODQGVOLS�RI�$XJXVW�������DQ�LQYHVWLJDWLRQ�RI�ODQGVOLS�
SURWHFWLRQ�SROLF\�LQ�1HZ�=HDODQG��1HZ�=HDODQG�*HRJUDSKHU�������±����

2VKDND�2��2PXUD�+��2KDUD�7��+LFNV�'�������(IIHFW�RI�SRSODU�URRWV�RQ�SK\VLFDO�
SURSHUWLHV�RI�VXUIDFH�VRLOV�DW�0DQJDZHND��1HZ�=HDODQG��7UDQVDFWLRQV�RI�WKH�-DSDQHVH�
)RUHVW�6RFLHW\���������±�����

2WDJR�&DWFKPHQW�%RDUG�������6KRWRYHU�5LYHU�VXUYH\�XSSHU�FDWFKPHQW��%XOOHWLQ����2WDJR�
&DWFKPHQW�%RDUG��'XQHGLQ��

2WDJR�&DWFKPHQW�%RDUG�������$�UHSRUW�RQ�WKH�ODQG�FDSDELOLW\�VXUYH\�DQG�UHFRPPHQGHG�
ODQG�XVH�IRU�WKH�.\HEXUQ�FDWFKPHQW��2WDJR�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�
%RDUG��'XQHGLQ��

2ZHQ�5&�������0DVV�PRYHPHQW��:DLUDUDSD��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

2ZHQ�5&�������6RLO�VWUHQJWK�DQG�PLFURFOLPDWH�LQ�WKH�GLVWULEXWLRQ�RI�VKDOORZ�ODQGVOLGHV��
-RXUQDO�RI�+\GURORJ\��1=��������±����

2ZHQV�,)��.LUN�50��%HOO�'+��3HWWLQJD�-��7RGG�'��������1DWXUDO�KD]DUGV�LQ�&DQWHUEXU\��
8QLYHUVLW\�RI�&DQWHUEXU\�5HSRUW��������

3DJH�0-�������1HZ�=HDODQG�/DQG�5HVRXUFH�,QYHQWRU\�1RUWKHUQ�+DZNH¶V�%D\�5HJLRQ��
ODQG�XVH�FDSDELOLW\�H[WHQGHG�OHJHQG��:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�
&RQVHUYDWLRQ�2UJDQLVDWLRQ���

3DJH�0-�������(URVLRQ�PDS�RI�1HZ�=HDODQG��6KHHW���(DVW�&DSH��:HOOLQJWRQ��1,:$���
3DJH�0-�������(IIHFWLYHQHVV�RI�WUHHV�LQ�UHGXFLQJ�KLOO�FRXQWU\�HURVLRQ��0$)�5HVRXUFH�

0DQDJHPHQW�8SGDWH�,VVXH����$SULO�������3S���±���
3DJH�0-�������$�ELEOLRJUDSK\�RI�³UDLQIDOO�LQGXFHG´�ODQGVOLGH�VWXGLHV�LQ�1HZ�=HDODQG��

*16�6FLHQFH�5HSRUW����������:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�
6FLHQFHV���

3DJH�0��5HLG�/�������6WRUP�UDLQ�±�+RZ�PDQ\�VOLSV"�+RZ�PXFK�VHGLPHQW"�&DWFKPHQW�
&RQQHFWLRQV�����±����

3DJH�0-��7UXVWUXP�1$�������$�ODWH�+RORFHQH�ODNH�VHGLPHQW�UHFRUG�RI�WKH�HURVLRQ�
UHVSRQVH�WR�ODQG�XVH�FKDQJH�LQ�D�VWHHSODQG�FDWFKPHQW��1HZ�=HDODQG��=HLWVFKULIW�I�U�
*HRPRUSKRORJLH�1�)�6XSSOHPHQWEDQG��������±�����

3DJH�0-��7UXVWUXP�1$�������+LJK�UHVROXWLRQ�ODNH�VHGLPHQWV�IURP�1HZ�=HDODQG�±�D�
UHFRUG�RI�/DWH�+RORFHQH�VWRUP�KLVWRU\��YHJHWDWLRQ�FKDQJH�DQG�ODQGVFDSH�UHVSRQVH��
3$*(6�1HZVOHWWHU������������±����

3DJH�0-��)OHWFKHU�-5��+DUPVZRUWK�*5�������0DQJDKDR�&DWFKPHQW�VHGLPHQW�VRXUFHV�
VWXG\��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�1,:$��

3DJH�0-��7UXVWUXP�1$��'H5RVH�5&�����D��$�KLJK�UHVROXWLRQ�UHFRUG�RI�VWRUP�LQGXFHG�
HURVLRQ�IURP�ODNH�VHGLPHQWV��1HZ�=HDODQG��-RXUQDO�RI�3DOHROLPQRORJ\��������±�����
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3DJH�0-��7UXVWUXP�1$��'\PRQG�-5�����E��6HGLPHQW�EXGJHW�WR�DVVHVV�WKH�JHRPRUSKLF�
HIIHFW�RI�D�F\FORQLF�VWRUP��1HZ�=HDODQG��*HRPRUSKRORJ\�������±������

3DJH�0-��7UXVWUXP�1$��*RPH]�%�������,PSOLFDWLRQV�RI�D�FHQWXU\�RI�DQWKURSRJHQLF�
HURVLRQ�IRU�IXWXUH�ODQG�XVH�LQ�WKH�*LVERUQH�(DVW�&RDVW�UHJLRQ�RI�1HZ�=HDODQG��1HZ�
=HDODQG�*HRJUDSKHU����������±����

3DJH�0-��5HLG�/0��/\QQ�,+�������6HGLPHQW�SURGXFWLRQ�IURP�&\FORQH�%ROD�ODQGVOLGHV��
:DLSDRD�FDWFKPHQW��-RXUQDO�RI�+\GURORJ\��1=���������±�����

3DJH�0��+DUPVZRUWK�*��7UXVWUXP�1��.DVDL�0��0DUXWDQL�7�����D��:DLDSX�5LYHU��,Q��
0DUXWDQL�7��%ULHUOH\�*-��7UXVWUXP�1$��3DJH�0-�HGV�6RXUFH�WR�VLQN��6HGLPHQWDU\�
FDVFDGHV�LQ�3DFLILF�5LP�JHR�V\VWHPV��-DSDQ��0DWVXPRWR�6DER�:RUN�2IILFH��0LQLVWU\�
RI�/DQG��,QIUDVWUXFWXUH�DQG�7UDQVSRUW��3S�����±�����

3DJH�0��7UXVWUXP�1��%UDFNOH\�+��*RPH]�%��.DVDL�0��0DUXWDQL�7�����E��:DLSDRD�
5LYHU��LQ�0DUXWDQL�7��%ULHUOH\�*-��7UXVWUXP�1$��3DJH�0-�HGV�6RXUFH�WR�VLQN��
6HGLPHQWDU\�FDVFDGHV�LQ�3DFLILF�5LP�JHR�V\VWHPV��-DSDQ��0DWVXPRWR�6DER�:RUN�
2IILFH��0LQLVWU\�RI�/DQG��,QIUDVWUXFWXUH�DQG�7UDQVSRUW��3S����±����

3DJH�0-��7UXVWUXP�1$��%UDFNOH\�+��%DLVGHQ�7�������(URVLRQ�UHODWHG�VRLO�FDUERQ�IOX[HV�
LQ�D�SDVWRUDO�VWHHSODQG�FDWFKPHQW��1HZ�=HDODQG��$JULFXOWXUH��(FRV\VWHPV�	�
(QYLURQPHQW���������±�����

3DJH�0��6KHSKHUG�-'��'\PRQG�-5��-HVVHQ�0�������'HILQLQJ�KLJKO\�HURGLEOH�ODQG�IRU�
+RUL]RQV�5HJLRQDO�&RXQFLO��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&�����������

3DLQ�&)�����D��*HRPRUSKLF�HIIHFWV�RI�IORRGV�LQ�WKH�2UHUH�5LYHU�FDWFKPHQW��HDVWHUQ�
+XQXD�5DQJHV��-RXUQDO�RI�+\GURORJ\��1=�������±����

3DLQ�&)�����E��0DVV�PRYHPHQW�DQG�YHJHWDWLRQ�LQ�WKH�2UHUH�ULYHU�FDWFKPHQW��+XQXD�
5DQJHV��0$�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

3DLQ�&)�������7KH�HIIHFW�RI�VRPH�HQYLURQPHQWDO�IDFWRUV�RQ�UDSLG�PDVV�PRYHPHQW�LQ�WKH�
+XQXD�5DQJH��1HZ�=HDODQG��(DUWK�6FLHQFH�-RXUQDO�������±�����

3DLQ�&)�������5DSLG�PDVV�PRYHPHQW�XQGHU�IRUHVW�DQG�JUDVV�LQ�WKH�+XQXD�5DQJHV��1HZ�
=HDODQG��$XVWUDOLDQ�*HRJUDSKLFDO�6WXGLHV������±����

3DLQ�&)��+RVNLQJ�3/�������7KH�PRYHPHQW�RI�VHGLPHQW�LQ�D�FKDQQHO�LQ�UHODWLRQ�WR�
PDJQLWXGH�DQG�IUHTXHQF\�FRQFHSWV�±�D�1HZ�=HDODQG�H[DPSOH��(DUWK�6FLHQFH�-RXUQDO�
�����±����

3DLQ�&)��6WHSKHQV�35�������6WRUP�GDPDJH�DVVHVVPHQW�XVLQJ�GLJLWLVHG�DHULDO�
SKRWRJUDSKV��(OWKDP��1HZ�=HDODQG����±���)HEUXDU\�������1HZ�=HDODQG�*HRJUDSKHU�
������±����

3DLQWHU�'-�������6RLO�DQG�IOXLG�PHFKDQLFV�SULQFLSOHV�LQ�PDVV�PRYHPHQW�HURVLRQ��,Q��
3UHYHQWLRQ�DQG�FRQWURO�RI�PDVV�PRYHPHQW�DQG�JXOO\�HURVLRQ��0LQLVWU\�RI�:RUNV�
6HPLQDU����±���$SULO��������3S����±����

3DLQWHU�'-�������7KH�SDVWRUDO�VFHQH��VRLO�HURVLRQ�UDWHV�RQ�1HZ�=HDODQG�IDUP�ODQG��,Q��
3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��
&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
&RQVHUYDWRUV��3S����±����

3DLQWHU�'-�������6WHHSODQG�HURVLRQ�SURFHVVHV�DQG�WKHLU�DVVHVVPHQW��,Q��(URVLRQ�DQG�
6HGLPHQW�WUDQVSRUW�LQ�WKH�3DFLILF�5LP�6WHHSODQGV��3URFHHGLQJV��&KULVWFKXUFK�
6\PSRVLXP�RUJDQLVHG�XQGHU�WKH�DXVSLFHV�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��
-DQXDU\�������,QWHUQDWLRQDO�$VVRFLDWRQ�RI�+\GURORJLFDO�6FLHQFHV�3XEOLFDWLRQ������
��±����
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3DUG\�*)�������6WDELOLVDWLRQ�RI�ODQGVOLGHV�DQG�EDUH�JURXQG�XVLQJ�QDWLYH�VKUXEE\�VSHFLHV��
)RUHVW�5HVHDUFK�,QVWLWXWH��1RUWKHUQ�:LOGODQGV�6HFWLRQ�)RUHVW�DQG�:LOGOLIH�'LYLVLRQ��

3DUNHU�'&�������7KH�HIIHFWV�RI�GHIRUHVWDWLRQ�RQ�VRLO�SURSHUWLHV�DQG�VORSH�VWDELOLW\��
+DSXDNRKH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ���

3DUNQHU�7��3DJH�0-��0DUXWDQL�7��7UXVWUXP�1$�������'HYHORSPHQW�DQG�FRQWUROOLQJ�
IDFWRUV�RI�JXOOLHV�DQG�JXOO\�FRPSOH[HV��(DVW�&RDVW��1HZ�=HDODQG��(DUWK�6XUIDFH�
3URFHVVHV�DQG�/DQGIRUPV��������±�����

3DUNQHU�7��3DJH�0��0DUGHQ�0��0DUXWDQL�7�������*XOO\�V\VWHPV�XQGHU�XQGLVWXUEHG�
LQGLJHQRXV�IRUHVW��(DVW�&RDVW�5HJLRQ��1HZ�=HDODQG��*HRPRUSKRORJ\��������±������

3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW�������,QTXLU\�LQWR�IORRG�PLWLJDWLRQ�
PHDVXUHV�IROORZLQJ�&\FORQH�%ROD��:HOOLQJWRQ��

3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW�������:DWHU�DQG�VRLO�UHVRXUFH�
PDQDJHPHQW�RQ�WKH�HDVW�FRDVW��:HOOLQJWRQ��

3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW�������6XVWDLQDEOH�ODQG�PDQDJHPHQW�
DQG�WKH�(DVW�&RDVW�)RUHVWU\�3URMHFW��:HOOLQJWRQ���

3DUPLQWHU�7��7KRUUROG�%�������$Q�DFWLRQ�UHVHDUFK�DSSURDFK�WR�PDQDJLQJ�FRQIOLFWLQJ�
REMHFWLYHV�LQ�FDWFKPHQW�PDQDJHPHQW��,Q��3URFHHGLQJV��:RUOG�&RQJUHVV�IRU��WK�
&RQIHUHQFH�RQ�$FWLRQ�/HDUQLQJ��$FWLRQ�5HVHDUFK�	�3URFHVV�0DQDJHPHQW�
�$/$530��DQG�WKH��WK�&RQIHUHQFH�RQ�3DUWLFLSDWRU\�$FWLRQ�5HVHDUFK��3$5���
�KWWS���ZZZ�EDOODUDW�HGX�DODUSP�GRFV��

3DUPLQWHU�7*��7KRUUROG�%6��3HUNLQV�$0/��0F*RZDQ�$��4XLQQ�-��&ROOLHU�.��0RRUH�3��
+LOO�6��,WL�5��5LFKDUGV�$�������$�SDUWLFLSDWRU\�DSSURDFK�IRU�LQYROYLQJ�FRPPXQLWLHV�LQ�
FDWFKPHQW�PDQDJHPHQW��,Q�0XOWLSOH�2EMHFWLYH�'HFLVLRQ�6XSSRUW�&RQIHUHQFH��
%ULVEDQH���±��$XJXVW��������

3DUPLQWHU�7��$EHUFURPELH�5��3HGHUVRQ�-�������(YDOXDWLRQ�RI�WKH�:KDWDZKDWD�&DWFKPHQW�
0DQDJHPHQW�*URXS��$J5HVHDUFK�,QWHUQDO�5HSRUW���

3DUPLQWHU�7��'RGG�0%��0DFND\�$'�������(FRQRPLF�DQDO\VLV�RI�SRSODU�SODQWLQJ�RQ�VWHHS�
KLOO�FRXQWU\��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

3DUWRQ�,0�������$VVHVVPHQW�RI�VORSH�VWDELOLW\�DW�3RURaR�7DUDR�WXQQHO�VRXWK�SRUWDO��,Q��
3URFHHGLQJV��6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�
(QJLQHHUV��9RO��O���*��3S������±������

3DXOLQ�57�������(URVLRQ�FRQWURO�DQG�ODQG�SODQQLQJ�WHFKQLTXHV��D�1RUWK�,VODQG�H[DPSOH��
,Q��3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��
&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
&RQVHUYDWRUV��3S�����±�����

3HDFRFN�'+��0DUGHQ�0�������%HG�OHYHO�FKDQJHV�LQ�WKH�5DSDUDSDULULNL��0DQJDSRL��DQG�
0DQJDZKDLULNL�VWUHDPV��5XDWRULD��*LVERUQH�'LVWULFW�&RXQFLO��(QJLQHHULQJ�DQG�:RUNV�
7HFKQLFDO�5HSRUW�����������

3HDFRFN�'+��7XUQHU�:-��)DQWKDP�3�������7KH�HIIHFWV�RI�DIIRUHVWDWLRQ�LQ�WKH�:DLSDRD�
EDVLQ�RQ�VHGLPHQWDWLRQ�LQ�WKH�:DLSDRD�5LYHU��5HSRUW�*'&��������*LVERUQH�'LVWULFW�
&RXQFLO��*LVERUQH��

3HDUFH�$-�������(DUWKIORZ�PRYHPHQW��'RPH�6WDWLRQ�VLWH��VXPPDU\�RI�LQLWLDO�UHVXOWV��-DQ�
�����±�'HF�������8QSXEOLVKHG�)5,�UHSRUW��

3HDUFH�$-�������+XPDQ�LPSDFW�RQ�HURVLRQ�DQG�VHGLPHQW�\LHOG�LQ�VWHHSODQGV��-RXUQDO�RI�
+\GURORJ\��1=��������±�����
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3HDUFH�$-��������&RPSOH[�PDVV�PRYHPHQW�WHUUDLQ�LQ�WKH�(DVWHUQ�5DXNXPDUD�3HQLQVXOD��
1HZ�=HDODQG��OLWKRORJLF�DQG�VWUXFWXUDO�WHFWRQLF�LQIOXHQFHV�DQG�VRPH�HIIHFWV�RI�UHFHQW�
GHIRUHVWDWLRQ�DQG�UHDIIRUHVWDWLRQ��,Q��/DQGVOLGHV�DQG�0XGIORZV�DQG�WKH�3UHYHQWLRQ�RI�
WKHLU�1HJDWLYH�,PSDFW�RQ�WKH�(QYLURQPHQW��3URFHHGLQJV��81(6&2�,QWHUQDWLRQDO�
6HPLQDU��$OPD�$WD��3S�����±�����

3HDUFH�$-�������0DQDJHPHQW�IRU�WKH�SUHYHQWLRQ�DQG�FRQWURO�RI�HURVLRQ��FUHGLELOLW\��
FRPPLWPHQW�DQG�FRPPRQ�VHQVH��3UHVHQWHG�DW�WKH�6\PSRVLXP�RQ�(IIHFWV�RI�)RUHVW�
/DQG�XVH�RQ�(URVLRQ�DQG�6ORSH�6WDELOLW\��+RQXOXOX��+DZDLL���±���0D\�������3S��
���±�����

3HDUFH�$-�������*HRPRUSKLF�HIIHFWLYHQHVV�RI�HURVLRQ�DQG�VHGLPHQWDWLRQ�HYHQWV��-RXU��
:DWHU�5HVRXUFHV�������±�����

3HDUFH�$-��+RGJNLVV�3'�������(URVLRQ�DQG�VHGLPHQW�\LHOG�IURP�D�ODQGLQJ�IDLOXUH�DIWHU�D�
PRGHUDWH�UDLQVWRUP��7DLUXD�)RUHVW��1HZ�=HDODQG�)RUHVWU\�������±����

3HDUFH�$-��2¶/RXJKOLQ�&�������(IIHFWV�RI�IRUHVW�PDQDJHPHQW�RQ�ZDWHU�DQG�VRLO�
FRQVHUYDWLRQ��,QWHUQDO�UHSRUW��$XFNODQG�&RQVHUYDQF\��1HZ�=HDODQG�)RUHVW�6HUYLFH���

3HDUFH�$-��2¶/RXJKOLQ�&/�������7KH�IRUHVW�VFHQH��K\GURORJLF�DQG�JHRPRUSKLF�SURFHVVHV�
RQ�IRUHVWHG�ODQGV�±�D�VHOHFWLYH�RYHUYLHZ��,Q��3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�
$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��
1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV��3S����±����

3HDUFH�$-��2
/RXJKOLQ�&/�������/DQGVOLGLQJ�GXULQJ�D�0����HDUWKTXDNH��LQIOXHQFH�RI�
JHRORJ\�DQG�WRSRJUDSK\��*HRORJ\��������±�����

3HDUFH�$-��:DWVRQ�$�������0HGLXP�WHUP�HIIHFWV�RI�WZR�ODQGVOLGLQJ�HSLVRGHV�RQ�FKDQQHO�
VWRUDJH�RI�VHGLPHQW��(DUWK�6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV������±����

3HDUFH�$-��:DWVRQ�$-�������(IIHFWV�RI�HDUWKTXDNH�LQGXFHG�ODQGVOLGHV�RQ�VHGLPHQW�
EXGJHW�DQG�WUDQVSRUW�RYHU�D����\U�SHULRG��*HRORJ\�������±����

3HDUFH�$-��%ODFN�5'��1HOVRQ�&6�������/LWKRORJLF�DQG�ZHDWKHULQJ�LQIOXHQFHV�RQ�VORSH�
IRUP�DQG�SURFHVV��HDVWHUQ�5DXNXPDUD�5DQJH��1HZ�=HDODQG��,Q��'DYLHV�75+��3HDUFH�
$-�HGV�(URVLRQ�DQG�VHGLPHQW�WUDQVSRUW�LQ�3DFLILF�5LP�VWHHSODQGV��3URFHHGLQJV��
&KULVWFKXUFK�6\PSRVLXP��-DQXDU\�������,$+6�3XEOLFDWLRQ��������±�����

3HDUFH�$-��2
/RXJKOLQ�&/��:DWVRQ�$-�������0HGLXP�WHUP�HIIHFWV�RI�ODQGVOLGLQJ�DQG�
UHODWHG�VHGLPHQWDWLRQ�HYDOXDWHG�ILIW\�\HDUV�DIWHU�DQ�0����HDUWKTXDNH��,Q��,QWHUQDWLRQDO�
6\PSRVLXP�RQ�(URVLRQ��'HEULV�)ORZ�	�'LVDVWHU�3UHYHQWLRQ��7VXNXED��-DSDQ��3S��
���±�����

3HDUFH�$-��2
/RXJKOLQ�&/��-DFNVRQ�5-��=KDQJ�;%�������5HIRUHVWDWLRQ��RQ�VLWH�HIIHFWV�RQ�
K\GURORJ\�DQG�HURVLRQ��HDVWHUQ�5DXNXPDUD�5DQJH��1HZ�=HDODQG��,Q��)RUHVW�
+\GURORJ\�DQG�:DWHUVKHG�0DQDJHPHQW��3URFHHGLQJV��9DQFRXYHU�6\PSRVLXP��
$XJXVW�������,$6+�3XEOLFDWLRQ���������±�����

3HUFLYDO�16��+DZNH�0)�������$JURIRUHVWU\�GHYHORSPHQW�DQG�UHVHDUFK�LQ�1HZ�=HDODQG��
1HZ�=HDODQG�$JULFXOWXUDO�6FLHQFH�������±����

3HWFK�5$�������6WXGLHV�RI�VRXUFH�DUHD�K\GURORJ\�XQGHU�LQGLJHQRXV�IRUHVW�DQG�SDVWRUDO�
DJULFXOWXUH�LQ�WKH�+DSXDNRKH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��3K'�WKHVLV��
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

3HWWLQJD�-$�������*HRORJ\�DQG�ODQGVOLGHV�RI�WKH�HDVWHUQ�7H�$XWH�GLVWULFW��VRXWKHUQ�
+DZNH¶V�%D\��3K'�WKHVLV��'HSW�RI�*HRORJ\��8QLYHUVLW\�RI�$XFNODQG��
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3HWWLQJD�-$�����D��:DLSRDSRD�/DQGVOLGH��D�GHHS�VHDWHG�FRPSOH[�EORFN�VOLGH�LQ�7HUWLDU\�
ZHDN�URFN�IO\VFK��6RXWKHUQ�+DZNH¶V�%D\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�
*HRORJ\�DQG�*HRSK\VLFV��������±�����

3HWWLQJD�-$�����E��3RQXL�ODQGVOLGH��D�GHHS�VHDWHG�ZHGJH�IDLOXUH�LQ�7HUWLDU\�ZHDN�URFN�
IO\VFK��6RXWKHUQ�+DZNH¶V�%D\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�
*HRSK\VLFV��������±�����

3HWWLQJD�-5�������/DQGVOLGHV�DQG�ODQGVFDSH�GHYHORSPHQW�LQ�VRIW�URFN�WHUUDLQ�RI�WKH�(DVW�
&RDVW��1RUWK�,VODQG��1HZ�=HDODQG��,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�
,QWHUQDWLRQDO�6\PSRVLXP��9RO������&KULVWFKXUFK���±���)HEUXDU\�������5RWWHUGDP��
$$�%DONHPD��3�������

3HWWLQJD�-5��%HOO�'+�������(QJLQHHULQJ�JHRORJLFDO�DVVHVVPHQW�RI�VORSH�LQVWDELOLW\�IRU�
UXUDO�ODQG�XVH��+DZNH
V�%D\��1HZ�=HDODQG��,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV��
6L[WK�,QWHUQDWLRQDO�6\PSRVLXP��9RO������&KULVWFKXUFK���±���)HEUXDU\�������
5RWWHUGDP��$$�%DONHPD��3S������±������

3KLOOLSV�&-�������*HRPRUSKLF�HIIHFWV�RI�WZR�VWRUPV�RQ�WKH�XSSHU�:DLWDKDLD�5LYHU�
FDWFKPHQW��5DXNXPDUD�3HQLQVXOD��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=��������±
�����

3KLOOLSV�&-�������*HRPRUSKLF�HIIHFWV�RI�&\FORQH�%ROD������±�D�QRWH��-RXUQDO�RI�
+\GURORJ\��1=���������±�����

3KLOOLSV�&-�������5XUDO�ODQG�GLVWXUEDQFH�DQG�YHJHWDWLRQ�UHPRYDO�FRQWUROV��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�:RUNV�(QYLURQPHQWDO�0DQDJHPHQW��

3KLOOLSV�&-��0DUGHQ�0�������0RKDND�IRUHVW�VWRUP�GDPDJH��/DQGFDUH�5HVHDUFK�&RQWUDFW�
5HSRUW�/&���������IRU�&DUWHU�+ROW�+DUYH\�)RUHVWV�&HQWUDO�5HJLRQ��

3KLOOLSV�&-��0DUGHQ�0�������5HYLHZ�RI�YHJHWDWLRQ�VORSH�VWDELOLW\�LQ�SODQWDWLRQ�IRUHVWV�
DQG�ULVN�DVVHVVPHQW�RI�2KXL�)RUHVW�WR�ODQGVOLGLQJ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&��������IRU�&DUWHU�+ROW�+DUYH\�)RUHVWV��

3KLOOLSV�&��0DUGHQ�0�������/LVW�RI�UHIHUHQFHV�±�IRUHVWU\�HURVLRQ��-XQH�������8QSXEOLVKHG�
/DQGFDUH�5HVHDUFK�5HSRUW���

3KLOOLSV�&-��0DUGHQ�0�������(URVLRQ�DQG�VWRUPZDWHU�FRQWURO�LQ�WKH�)RUHVW�LQGXVWU\��SDVW��
SUHVHQW�DQG�IXWXUH"�,Q��3URFHHGLQJV���UG�6RXWK�3DFLILF�&RQIHUHQFH�RQ�6WRUPZDWHU�DQG�
$TXDWLF�5HVRXUFH�3URWHFWLRQ����±���0D\�������$XFNODQG��1HZ�=HDODQG��

3KLOOLSV�&-��0DUGHQ�0�������5HIRUHVWDWLRQ�VFKHPHV�WR�PDQDJH�UHJLRQDO�ODQGVOLGH�ULVN��
,Q��*ODGH�7��$QGHUVRQ�0��&UR]LHU�0-�HGV�/DQGVOLGH�KD]DUG�DQG�ULVN��&KLFKHVWHU��
:LOH\��3S�����±�����

3KLOOLSV�&-��0DUGHQ�0�������6RLO�FRQVHUYDWLRQ��LV�WKH�UHQDLVVDQFH�FRPLQJ"�6RLO�+RUL]RQV�
,VVXH��������

3KLOOLSV�&-��1HOVRQ�&6�������6HGLPHQWDWLRQ�LQ�DQ�DUWLILFLDO�ODNH�±�/DNH�0DWDKLQD��%D\�RI�
3OHQW\��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�6FLHQFH��������±�����

3KLOOLSV�&-��3HDUFH�$-�������7HUUDLQ�VWDELOLW\�]RQLQJ�RI�WKH�2ZKHQD�0DQJDZKHUR�%ORFN�
RI�7RNRPDUX�6WDWH�)RUHVW��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�����

3KLOOLSV�&-�3HDUFH�$-�������7HUUDLQ�VWDELOLW\�]RQLQJ�RI�WKH�0DNRPDNR�%ORFN�RI�
7RNRPDUX�6WDWH�)RUHVW��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�����

3KLOOLSV�&-��3HDUFH�$-�������7HUUDLQ�VWDELOLW\�]RQLQJ�RI�WKH�3RXWXUX�DQG�+XLDUXD�%ORFNV�
RI�7RNRPDUX�6WDWH�)RUHVW��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ������

3KLOOLSV�&-��:DWVRQ�$-�������6WUXFWXUDO�WUHH�URRW�UHVHDUFK�LQ�1HZ�=HDODQG��D�UHYLHZ��
/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV����/LQFROQ��0DQDDNL�:KHQXD�3UHVV���
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3KLOOLSV�&-��:DWVRQ�$-�������1HZ�=HDODQG�VFLHQWLVWV�JHW�WR�WKH�URRW�RI�HURVLRQ�FRQWURO��
(URVLRQ�&RQWURO��6HSWHPEHU�2FWREHU���������±����

3KLOOLSV�&-��0DUGHQ�0��5RZDQ�'�������3ODQQLQJ�IRU�IRUHVWU\�DIWHU�&\FORQH�%ROD��D�
FRPPHQW��1HZ�=HDODQG�)RUHVWU\��1RYHPEHU����������±����

3KLOOLSV�&-��0DUGHQ�0��3HDUFH�$�������(IIHFWLYHQHVV�RI�UHIRUHVWDWLRQ�LQ�SUHYHQWLRQ�DQG�
FRQWURO�RI�ODQGVOLGLQJ�GXULQJ�ODUJH�F\FORQLF�VWRUPV��,Q��3URFHHGLQJV����WK�:RUOG�
,8)52�&RQJUHVV��'LYLVLRQ����9RO������0RQWUHDO��&DQDGD��$XJXVW�������3S�����±�����

3KLOOLSV�&-��3UXGHQ�&��&RNHU�5�������)RUHVW�KDUYHVWLQJ�LQ�WKH�0DUOERURXJK�6RXQGV�±�
IO\LQJ�LQ�WKH�IDFH�RI�D�VWRUP"�1HZ�=HDODQG�)RUHVWU\��0D\����������±��3KLOOLSV�&-��
(NDQD\DNH�-&��0DUGHQ�0�������&DQ�SODQWLQJ�SDWWHUQ�PDNH�D�GLIIHUHQFH�WR�VORSH�
VWDELOLW\"�7DLUDZKLWL�&RQVHUYDWLRQ�4XRUXP���������

3KLOOLSV�&-��0DUGHQ�0��0LOOHU�'�������5HYLHZ�RI�SODQW�SHUIRUPDQFH�IRU�HURVLRQ�FRQWURO�
LQ�WKH�(DVW�&RDVW�UHJLRQ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�0$)�
3ROLF\��

3KLOOLSV�&-��0DUGHQ�0��5RZDQ�'��(NDQD\DNH�-&�������6WDELOLVLQJ�FKDUDFWHULVWLFV�RI�
QDWLYH�ULSDULDQ�YHJHWDWLRQ�LQ�1HZ�=HDODQG��LQ�3URFHHGLQJV�RI��UG�$XVWUDOLDQ�6WUHDP�
0DQDJHPHQW�&RQIHUHQFH��%ULVEDQH��$XJXVW�������3S�����±�����

3KLOOLSV�&-��0DUGHQ�0��5RZDQ�'�������6HGLPHQW�\LHOG�IROORZLQJ�SODQWDWLRQ�KDUYHVWLQJ��
&RURPDQGHO�3HQLQVXOD��1RUWK�,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=������
��±����

3KLOOLSV�&��0DUGHQ�0��%DVKHU�/�������5HYLHZ�RI�VHGLPHQW�JHQHUDWLRQ�SURFHVVHV�LQ�H[RWLF�
IRUHVWU\�DQG�WKH�DSSOLFDELOLW\�RI�XVLQJ�FRPSRXQG�VSHFLILF�LVRWRSHV�WR�XQGHUVWDQG�
VHGLPHQW�PRYHPHQW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�5D\RQLHU�
1=��

3KLSSV�$*�������6ROXWH�PRYHPHQW�LQ�D�VWHHSODQG�FDWFKPHQW��6RXWK�$XFNODQG��1HZ�
=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ���

3LHUVRQ�7&�������3LH]RPHWULF�UHVSRQVH�WR�UDLQVWRUPV�LQ�IRUHVWHG�KLOOVORSH�GUDLQDJH�
GHSUHVVLRQV��-RXUQDO�RI�+\GURORJ\��1=�������±����

3LHUVRQ�7&�������(URVLRQ�DQG�GHSRVLWLRQ�E\�GHEULV�IORZV�DW�0W�7KRPDV��1RUWK�
&DQWHUEXU\��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�������±�����

3LHUVRQ�7&�������'RPLQDQW�SDUWLFOH�VXSSRUW�PHFKDQLVPV�LQ�GHEULV�IORZV�DW�0W�7KRPDV��
1HZ�=HDODQG��DQG�LPSOLFDWLRQV�IRU�IORZ�PRELOLW\��6HGLPHQWRORJ\�������±����

3ROORFN�.0�������3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��3DUW���1DWLYH�SODQWV��
:DWHU�	�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��:DWHU�DQG�6RLO�'LUHFWRUDWH��
0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

3RZHU�,/��'RGG�0%��7KRUUROG�%6�������$�FRPSDULVRQ�RI�SDVWXUH�DQG�VRLO�PRLVWXUH�
XQGHU�$FDFLD�PHODQR[\ORQ�DQG�(XFDO\SWXV�QLWHQV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�
*UDVVODQG�$VVRFLDWLRQ��������±�����

3RZHU�,/��'RGG�0%��7KRUUROG�%6�������'HFLGXRXV�RU�HYHUJUHHQ��'RHV�LW�PDNH�D�
GLIIHUHQFH�WR�XQGHUVWRUH\�SDVWXUH�\LHOG�DQG�ULSDULDQ�]RQH�PDQDJHPHQW"�3URFHHGLQJV�
RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

3UHEEOH�:0�������6ORSH�PRYHPHQWV�LQ�OLPHVWRQHV�DQG�VKDOHV��QRUWK�HDVW�0DUOERURXJK��
1HZ�=HDODQG��3K'�WKHVLV��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��

3UHVWRQ�1-�������6SDWLDO�DQG�WHPSRUDO�FKDQJHV�LQ�WHUUDLQ�UHVLVWDQFH�WR�VKDOORZ�
WUDQVODWLRQDO�UHJROLWK�ODQGVOLGLQJ��06F��+RQV���9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
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3UHVWRQ�1-�������(YHQW�LQGXFHG�FKDQJHV�LQ�ODQG�VXUIDFH�FRQGLWLRQ�±�LPSOLFDWLRQV�IRU�
VXEVHTXHQW�VORSH�VWDELOLW\��=HLWVFKULIW�I�U�*HRPRUSKRORJLH�1�)��6XSSOHPHQW������
���±�����

3UHVWRQ�1-��&UR]LHU�0-�������5HVLVWDQFH�WR�VKDOORZ�ODQGVOLGH�IDLOXUH�WKURXJK�URRW�
GHULYHG�FRKHVLRQ�LQ�HDVW�FRDVW�KLOO�FRXQWU\�VRLOV��1RUWK�,VODQG��1HZ�=HDODQG��(DUWK�
6XUIDFH�3URFHVVHV�DQG�/DQGIRUPV��������±������

3ULFNHWW�*�������%ROD�H[SRVHV�FUXHO�HURVLRQ�RQ�&RDVW��7KH�1HZ�=HDODQG�)DUPHU��$SULO�
��������

3ULFNHWW�5&��:LOOLDPV�10�������/DQG�XVH�FDSDELOLW\�RI�WKH�XSSHU�:DLKRSDL�5LYHU�
FDWFKPHQW��0DUOERURXJK��1HZ�=HDODQG��/DQG�8VH�&DSDELOLW\�6XUYH\�%XOOHWLQ����
:HOOLQJWRQ��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�IRU�1:$6&2���

3XOODU�:$�������5HYLHZ�RI�VRLO�FRQVHUYDWLRQ�LQ�WKH�*LVERUQH�(DVW�&RDVW�5HJLRQV�RI�1HZ�
=HDODQG���

3XOODU�:$�������/DQGVOLGHV�DV�HYLGHQFH�RI�VHLVPLF�DFWLYLW\��&RUUHVSRQGHQFH��1HZ�
=HDODQG�6FLHQFH�5HYLHZ����������

3XUGLH�%5�������$�GHVFULSWLRQ�RI�IDXOWV�DQG�D�EULHI�VXUYH\�RI�VRLOV�DQG�HURVLRQ�LQ�WKH�
2KDULX�9DOOH\��ZHVWHUQ�:HOOLQJWRQ��%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�
:HOOLQJWRQ��

4XLOWHU�6-��.RUWH�&-��6PLWK�'5�������/RZ�FRVW�UHYHJHWDWLRQ�RI�VOLSV�QHDU�*LVERUQH��
3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

4XLQQ�-0��&RRSHU�$%�������/DQG�ZDWHU�LQWHUDFWLRQV�DW�:KDWDZKDWD��1HZ�=HDODQG��
LQWURGXFWLRQ�DQG�V\QWKHVLV��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK�
�������±�����

4XLQQ�-0��6WURXG�0-�������:DWHU�TXDOLW\�DQG�VHGLPHQW�DQG�QXWULHQW�H[SRUW�IURP�1HZ�
=HDODQG�KLOO�ODQG�FDWFKPHQWV�RI�FRQWUDVWLQJ�ODQG�XVH��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�
DQG�)UHVKZDWHU�5HVHDUFK��������±�����

4XLQQ�-0��6WURXG�0-��3DUN\Q�6��%XUUHOO�*�������,PSDFWV�RI�DQ�LQWHQVH�UDLQVWRUP�RQ��±��
0DUFK������RQ�:KDQJDSRXD�)RUHVW�ODQGVFDSH�DQG�VWUHDPV��1,:$�FRQWUDFW�UHSRUW���

4XLQQ�-0��&RRSHU�$%��'DYLHV�&ROOH\�5-��5XWKHUIRUG�-&��:LOOLDPVRQ�5%�������/DQG�
XVH�HIIHFWV�RQ�KDELWDW��ZDWHU�TXDOLW\��SHULSK\WRQ��DQG�EHQWKLF�LQYHUWHEUDWHV�LQ�
:DLNDWR��1HZ�=HDODQG��KLOO�FRXQWU\�VWUHDPV��1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�
)UHVKZDWHU�5HVHDUFK��������±�����

4XLQQ�-0��'RGG�0%��7KRUUROG�%6�������,QWHJUDWHG�ZDWHUVKHG�PDQDJHPHQW�LPSURYHV�
HFRQRPLF�DQG�HQYLURQPHQWDO�SHUIRUPDQFH�RI�D�1HZ�=HDODQG��KLOO�FRXQWU\��SDVWRUDO�
IDUP��,Q��7DQLN�$��2]WXUN�,��*XUHO�0��<D]JHQ�06��3HKOLYDQRJOX�0DQWDV�(�HGV�&'�RI�
3URFHHGLQJV��,:$���WK�6SHFLDOLVHG�&RQIHUHQFH�RQ�'LIIXVH�3ROOXWLRQ�DQG�6XVWDLQDEOH�
%DVLQ�0DQDJHPHQW��,VWDQEXO��7XUNH\����±���6HSWHPEHU�������,:$��

4XLQQ�-0��'RGG�0%��7KRUUROG�%6�������:KDWDZKDWD�&DWFKPHQW�0DQDJHPHQW�3URMHFW��
WKH�VWRU\�VR�IDU��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

5DH�61��7R]HU�&*�HGV�������:DWHU�DQG�VRLO�UHVRXUFHV�RI�WKH�:DLUDX��9ROXPH���±�/DQG�
DQG�VRLO�UHVRXUFHV��%OHQKHLP��1HOVRQ�0DUOERURXJK�5HJLRQDO�&RXQFLO���

5DHVLGH�-'��%DXPJDUW�,/�������(URVLRQ�RQ�WKH�GRZQODQGV�RI�*HUDOGLQH�FRXQW\��6RXWK�
&DQWHUEXU\��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\���$����±����

5HDG�6$/��0LOODU�3-�������6RIW�URFN�FKDUDFWHULVDWLRQ�DQG�VORSH�VWDELOLW\��5RDG�5HVHDUFK�
8QLW�%XOOHWLQ�������±����
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5HDG�6$/��%HHWKDP�5'��5LOH\�3%�������/DNH�:DLNDUHPRDQD�EDUULHU�D�ODUJH�ODQGVOLGH�
GDP�LQ�1HZ�=HDODQG��,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�
6\PSRVLXP��9RO���������&KULVWFKXUFK����±���)HEUXDU\�������5RWWHUGDP��$$�
%DONHPD��3S������±������

5HLG�$�������0RYHPHQW�RI�VRLO�RQ�VORSHV�ZLWKLQ�D�FDWFKPHQW�FOHDUHG�RI�PDQXND�DQG�
JRUVH��%$JU6F��+RQV���'HSW�RI�6RLO�6FLHQFH��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

5HLG�/0��3DJH�0-�������0DJQLWXGH�DQG�IUHTXHQF\�RI�ODQGVOLGLQJ�LQ�D�ODUJH�1HZ�=HDODQG�
FDWFKPHQW��*HRPRUSKRORJ\�������±����

5HLG�/0��7UXVWUXP�1$�������6HGLPHQW�EXGJHWV�DQG�ODQG�PDQDJHPHQW�SODQQLQJ�LQ�1HZ�
=HDODQG��-RXUQDO�RI�(QYLURQPHQWDO�3ODQQLQJ�DQG�0DQDJHPHQW��������±�����

5HQQHV�$�������0RYHPHQW�RI�ZDWHU�DQG�VRLO�LQ�VXUIDFH�UXQRII��%+RUW6F�WKHVLV��0DVVH\�
8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

5HSRUW�RI�WKH�&RPPLVVLRQ�RI�,QTXLU\�LQWR�WKH�$EERWVIRUG�/DQGVOLS�'LVDVWHU�������5��*��
*DOOHQ��&KDLUPDQ��1=�*RYHUQPHQW�3ULQWHU��

5KRGHV�7��:LOOLV�%��6PLWK�:��0F&DQQ�-�������)DUP�DGMXVWPHQW�DQG�UHVWUXFWXULQJ�LQ�WKH�
1RUWK�,VODQG�+LOO�&RXQWU\��0$)�7HFKQLFDO�3DSHU���������:HOOLQJWRQ��0LQLVWU\�RI�
$JULFXOWXUH�DQG�)RUHVWU\���

5LGGROOV�%:�������(QJLQHHULQJ�JHRORJ\�RI�D�VORSH�IDLOXUH�LQ�XUEDQ�:HOOLQJWRQ��1HZ�
=HDODQG�(QJLQHHULQJ��������±������

5LGGROOV�%:�������(QJLQHHULQJ�JHRORJLFDO�DVSHFWV�RI�VORSH�VWDELOLW\�LQ�+XWW�9DOOH\�DUHD�
UHVXOWLQJ�IURP�LQWHQVH�UDLQIDOO�RI�'HFHPEHU�������1HZ�=HDODQG�*HRPHFKDQLFV�1HZV�
������±����

5LWFKLH�+0�������*RRG�IDUP�PDQDJHPHQW"�$�VXPPDU\�RI�UHVRXUFH�PDQDJHPHQW�LVVXHV�
IRU�KLOO�FRXQWU\�IDUPODQG��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW����������

5LWFKLH�+�0�������5HSRUW�RQ�6RLO�&RQVHUYDWLRQ�DQG�:DWHUZD\�3URWHFWLRQ�LQ�WKH�0LGGOH�
:DLNDWR��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW����������

5RELQV�0-�������5HSRUW�RQ�HURVLRQ�LQ�7DUDQDNL�VWRUPV��-DQXDU\�DQG�)HEUXDU\�������
8QSXEOLVKHG�UHSRUW��0LQLVWU\�RI�:RUNV��3DOPHUVWRQ�1RUWK���

5RELQV�0�������7KH�LGHQWLILFDWLRQ��FODVVLILFDWLRQ�DQG�VLJQLILFDQFH�RI�ODQGVOLGHV�LQ�WKH�
.LOPRJ�DUHD��QRUWK�RI�'XQHGLQ��,Q��&DPSEHOO�,%�HG��3URFHHGLQJV��6RLO�'\QDPLFV�DQG�
/DQG�8VH�6HPLQDU��%OHQKHLP��0D\�������1HZ�=HDODQG�6RFLHW\�RI�6RLO�6FLHQFH�DQG�
1HZ�=HDODQG�6RLO�&RQVHUYDWRUV�$VVRFLDWLRQ��3S�����±�����

5RELQV�5*�������'LUHFW�HIIHFW�RI�WKH������HDUWKTXDNH�RQ�WKH�YHJHWDWLRQ�RI�WKH�
2URQJRURQJR�9DOOH\��:HOOLQJWRQ��7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG�
�������±������

5RELQVRQ�-�������&DWDO\VWV�DQG�FRQVWUDLQWV�DIIHFWLQJ�VRLO�FRQVHUYDWLRQ�ZRUNV��%6F��+RQV��
WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

5RFKH�0�������/DQG�DQG�ZDWHU��:DWHU�DQG�VRLO�FRQVHUYDWLRQ�DQG�FHQWUDO�JRYHUQPHQW�LQ�
1HZ�=HDODQG�����±������:HOOLQJWRQ��+LVWRULFDO�%UDQFK��'HSDUWPHQW�RI�,QWHUQDO�
$IIDLUV���

5RFKH�0�������7KH�ODQG�ZH�KDYH�ZH�PXVW�KROG��VRLO�HURVLRQ�DQG�VRLO�FRQVHUYDWLRQ�LQ�ODWH�
QLQHWHHQWK��DQG�WZHQWLHWK�FHQWXU\�1HZ�=HDODQG��-RXUQDO�RI�+LVWRULFDO�*HRJUDSK\�����
���±�����

5RGGD�+-(��6WURXG�0-��/DWLPHU�*-�������5HSRUW�RQ�WKH�ILHOG�H[SHULPHQWV�DQG�WKH�
K\GURORJLFDO�PRGHOOLQJ�RI�WKH�3XNHPDQJD�FDWFKPHQW��:KDWDZKDWD����������1,:$�
,QWHUQDO�5HSRUW�,5�������+DPLOWRQ��
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5RGGD�+-(��6WURXG�0-��6KDQNDU�8��7KRUUROG�%6�������$�*,6�EDVHG�DSSURDFK�WR�
PRGHOOLQJ�WKH�HIIHFWV�RI�ODQG�XVH�FKDQJH�RQ�VRLO�HURVLRQ�LQ�1HZ�=HDODQG��6RLO�8VH�
DQG�0DQDJHPHQW�������±����

5RGJHUV�1:�������7KH�QDWXUH�DQG�FDXVHV�RI�VKDOORZ�WUDQVODWLRQDO�ODQGVOLGHV�LQ�WKH�
+DSXDNRKH�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��
+DPLOWRQ��

5RJHUV�1:��6HOE\�0-�������0HFKDQLVP�RI�VKDOORZ�WUDQVODWLRQDO�ODQGVOLGLQJ�GXULQJ�
VXPPHU�UDLQVWRUPV��1RUWK�,VODQG��1HZ�=HDODQG��*HRJUDILVND�$QQDOHU���$����±����

5ROVWRQ�6-�������$�K\GURORJLFDO�FRPSDULVRQ�EHWZHHQ�WZR�ZDWHUVKHGV�LQ�3RKDQJLQD�
&RXQW\��0$JU6F�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��

5RVVHU�%�������7KH�LPSDFW�RI�VWRFN�WUDFN�IRUPDWLRQ�RQ�KLOO�FRXQWU\�HURVLRQ�DQG�VHGLPHQW�
VXSSO\��DQ�DQQRWDWHG�ELEOLRJUDSK\��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������
IRU�)567���

5RVVHU�%��0DUGHQ�0��5RVV�&�������6/85,�7KHPH���3URMHFW�SURJUHVV�UHSRUW��(IIHFW�RI�
ODQGVOLGH�HURVLRQ�RQ�:DLUDUDSD�+LOO�&RXQWU\�SDVWXUH�SURGXFWLRQ�DQG�FRPSRVLWLRQ��$�
UHSRUW�WR�UHJLRQDO�FRXQFLO�ODQG�PDQDJHUV�RQ�VWXG\�REMHFWLYHV�DQG�SURJUHVV��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)567��

5RZH�/.�����D��6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\��
.DLQJDURD�)RUHVW��6XPPDU\�RI�GDWD�FROOHFWHG�IURP���2FWREHU������WR����6HSWHPEHU�
������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�)RUHVWU\�&RUSRUDWLRQ�
RI�1HZ�=HDODQG��

5RZH�/.�����E��6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\��
.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�FROOHFWHG�IURP���2FWREHU������WR����
0DUFK�������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&��������IRU�WKH�)RUHVWU\�
&RUSRUDWLRQ�RI�1HZ�=HDODQG��

5RZH�/.��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�
%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�FROOHFWHG�XQWLO�0DUFK�
������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�WKH�)RUHVWU\�&RUSRUDWLRQ�
RI�1HZ�=HDODQG��

5RZH�/.��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��1RUWKHUQ�
%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW����6XPPDU\�RI�UDLQIDOO��VWUHDPIORZ��DQG�
VHGLPHQW�GDWD�FROOHFWHG�XQWLO�0DUFK������DQG�WKH�ILHOG�LQVSHFWLRQ�RI�0D\�������
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)OHWFKHU�&KDOOHQJH�)RUHVWV���

5RZH�/.��0DUGHQ�0��7LPSDQ\�*��YDQ�GHU�9RRUW�3�������6HGLPHQWDWLRQ�SURFHVV�DQG�
ZDWHU�\LHOG�VWXG\��1RUWKHUQ�%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�GDWD�
FROOHFWHG�XQWLO�'HFHPEHU�������/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�
WKH�)RUHVWU\�&RUSRUDWLRQ�RI�1HZ�=HDODQG��

5RZH�/.��0DUGHQ�0��5RZDQ�'�������,QWHUFHSWLRQ�DQG�WKURXJKIDOO�LQ�D�UHJHQHUDWLQJ�
VWDQG�RI�NDQXND��.XQ]HD�HULFRLGHV�YDU��HULFRLGHV���(DVW�&RDVW�UHJLRQ��1RUWK�,VODQG��
1HZ�=HDODQG��DQG�LPSOLFDWLRQV�IRU�VRLO�FRQVHUYDWLRQ��-RXUQDO�RI�+\GURORJ\��1=������
��±����

5RZH�/.��3KLOOLSV�&��0DUGHQ�0�������6HGLPHQWDWLRQ�SURFHVV�DQG�ZDWHU�\LHOG�VWXG\��
1RUWKHUQ�%RXQGDU\��.DLQJDURD�)RUHVW��5HSRUW���±�6XPPDU\�RI�UDLQIDOO��VWUHDPIORZ��
DQG�VHGLPHQW�GDWD�FROOHFWHG�XQWLO�0DUFK������DQG�FRPPHQWDU\�RQ�PRQLWRULQJ�
SURJUDPPH��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������IRU�)OHWFKHU�&KDOOHQJH�
)RUHVWV��
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5XVV�/0�������3KRWR�LQWHUSUHWDWLRQ�RI�WKH�7H�0DQDZD�2�7XKRH�VWRUP�GDPDJH�DUHD��
,QWHUQDO�5HSRUW��6RLO�&RQVHUYDWLRQ�&HQWUH��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
$RNDXWHUH��3DOPHUVWRQ�1RUWK��5HI�������������

5\DQ�&�������6WRUP\�KLVWRU\��7HUUD�1RYD��-XQH�����±����
5\DQ�3$�������(QYLURQPHQWDO�HIIHFWV�RI�VHGLPHQW�RQ�1HZ�=HDODQG�VWUHDPV��D�UHYLHZ��

1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±������
6DOWHU�57��&ULSSHQ�7)��1REOH�.(�������6WRUP�GDPDJH�DVVHVVPHQW�RI�WKH�7KDPHV±7H�

$URKD�DUHD�IROORZLQJ�WKH�VWRUP�RI�$SULO�������6RLO�&RQVHUYDWLRQ�&HQWUH�$RNDXWHUH�
3XEOLFDWLRQ����3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��0LQLVWU\�RI�:RUNV�DQG�
'HYHORSPHQW��

6DXQGHUV�:��*ODVVH\�3�FRPSV�������*XLGHOLQHV�IRU�DVVHVVLQJ�SODQQLQJ��SROLF\�DQG�
FRQVHQW�UHTXLUHPHQWV�IRU�ODQGVOLGH�SURQH�ODQG��*16�6FLHQFH�0LVFHOODQHRXV�6HULHV����
:HOOLQJWRQ��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�6FLHQFHV���

6FKLHUOLW]�&��'\PRQG�-��6KHSKHUG�-�������(URVLRQ�VHGLPHQWDWLRQ�LQ�WKH�0DQDZDWX�
FDWFKPHQW�DVVRFLDWHG�ZLWK�VFHQDULRV�RI�ZKROH�IDUP�SODQV��/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW�/&���������IRU�+RUL]RQV�5HJLRQDO�&RXQFLO��

6FKRXWHQ�&-�������2ULJLQ�DQG�RXWSXW�RI�VXVSHQGHG�DQG�GLVVROYHG�PDWHULDO�IURP�D�
FDWFKPHQW�LQ�1RUWKODQG��1HZ�=HDODQG�ZLWK�SDUWLFXODU�UHIHUHQFH�WR�PDQ�LQGXFHG�
FKDQJHV��&RQWUDFW�UHSRUW�WR�1:$6&$��3XEOLFDWLRQ�����3K\VLFDO�*HRJUDSK\�DQG�6RLO�
6FLHQFH�/DERUDWRU\��8QLYHUVLW\�RI�$PVWHUGDP��

6FKRXWHQ�&-��+DPEXHFKHQ�:+�������:DWHU�TXDOLW\�DQG�HURVLRQ��DVVHVVPHQW�RI�WKH�
LPSDFW�RI�JXOO\LQJ�DQG�RI�VXEVHTXHQWO\�DSSOLHG�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�LQ�D�
1RUWKODQG�PXGVWRQH�FDWFKPHQW��,Q��3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�
DQG�&RQWURO�LQ�1HZ�=HDODQG��&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�
$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV��3S�����±�����

6FKXPP�6�������6RXWK�HDVWHUQ�5XDKLQH�LQYHVWLJDWLRQ��FRQVXOWDQW¶V�DSSUDLVDO�RI�HURVLRQ�
SURFHVVHV��3DOPHUVWRQ�1RUWK��0DQDZDWX�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG�
5HSRUW���

6HGGRQ�5&�������$�UHYLHZ�RI�WKH�:KDUHNLUL�6RLO�&RQVHUYDWLRQ�5HVHUYH��WKH�SUREOHPV�
IDFHG��WKH�WUHDWPHQWV�DSSOLHG�DQG�WKHLU�HIIHFWLYHQHVV��%$J6F��+RQV��WKHVLV��0DVVH\�
8QLYHUVLW\��3DOPHUVWRQ�1RUWK����

6HHOKRUVW�%��:LFNRS�(�������(URGLELOLW\�RI�VRLOV�LQ�UHODWLRQ�WR�GLIIHUHQW�ODQG�XVH�LQ�WKH�
.LULSDND�FDWFKPHQW��+DNDULPDWD�5DQJHV���:KDWDZKDWD�5HVHDUFK�)DUP��1RUWK�,VODQG��
1HZ�=HDODQG��,QWHUQDO�5HSRUW�WR�1,:$��*HRUJ�$XJXVW�8QLYHUVLW\�RI�*RWWLQJHQ��
*HUPDQ\��

6HOE\�0-�����D��6RPH�VOXPSV�DQG�ERXOGHU�ILHOGV�QHDU�:KLWHKDOO��-RXUQDO�RI�+\GURORJ\�
�1=�������±����

6HOE\�0-�����E��0HWKRGV�RI�PHDVXULQJ�VRLO�FUHHS��-RXUQDO�RI�+\GURORJ\��1=�������±����
6HOE\�0-�����D��(URVLRQ�E\�KLJK�LQWHQVLW\�UDLQIDOOV�LQ�WKH�ORZHU�:DLNDWR��(DUWK�6FLHQFH�

-RXUQDO�������±�����
6HOE\�0-�����E��$VSHFWV�RI�WKH�JHRPRUSKRORJ\�RI�WKH�JUH\ZDFNH�UDQJHV�ERUGHULQJ�WKH�

ORZHU�DQG�PLGGOH�:DLNDWR�%DVLQV��(DUWK�6FLHQFH�-RXUQDO������±�����
6HOE\�0-�������6ORSHV�DQG�VORSH�SURFHVVHV��3XEOLFDWLRQ����+DPLOWRQ��:DLNDWR�%UDQFK��

1HZ�=HDODQG�*HRJUDSKLFDO�6RFLHW\���
6HOE\�0-�������5XQ�RII��LQILOWUDWLRQ�DQG�VRLO�HURGLELOLW\�LQ�WKH�2WXWLUD�FDWFKPHQW��3K'�

WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��
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6HOE\�0-�������7KH�UHODWLRQVKLSV�EHWZHHQ�ODQG�XVH�DQG�HURVLRQ�LQ�WKH�FHQWUDO�1RUWK�
,VODQG��1HZ�=HDODQG��-RXUQDO�RI�+\GURORJ\��1=��������±����

6HOE\�0-�����D��5DWHV�RI�GHQXGDWLRQ��1HZ�=HDODQG�-RXUQDO�RI�*HRJUDSK\������±����
6HOE\�0-�����E��'RPLQDQW�JHRPRUSKLF�HYHQWV�LQ�ODQGIRUP�HYROXWLRQ��%XOOHWLQ�RI�WKH�

,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�(QJLQHHULQJ�*HRORJ\������±�����
6HOE\�0-�����F��5DWHV�RI�VRLO�FUHHS�LQ�SXPLFHRXV�VRLOV�DQG�GHSRVLWV��&HQWUDO�1RUWK�

,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�6FLHQFH�������±�����
6HOE\�0-�����D��6HOHFWHG�DQQRWDWHG�ELEOLRJUDSK\�RI�PDVV�ZDVWLQJ�LQ�1HZ�=HDODQG�WR�

������'HSDUWPHQW�RI�(DUWK�6FLHQFHV�8QLYHUVLW\�RI�:DLNDWR��2FFDVLRQDO�5HSRUW����
6HOE\�0-�����E��6ORSH�HURVLRQ�GXH�WR�H[WUHPH�UDLQIDOO��D�FDVH�VWXG\�IURP�1HZ�=HDODQG��

*HRJUDILVND�$QQDOHU�6HULHV���$�����±�����
6HOE\�0-�������6ORSH�VWDELOLW\�VWXGLHV�LQ�1HZ�=HDODQG��,Q��0XUUD\�'/��$FNUR\G�3�HGV�

3K\VLFDO�K\GURORJ\��1HZ�=HDODQG�H[SHULHQFH��:HOOLQJWRQ��1HZ�=HDODQG�
+\GURORJLFDO�6RFLHW\��3S�����±�����

6HOE\�0-�������+LOOVORSH�PDWHULDOV�DQG�SURFHVVHV��2[IRUG�8QLYHUVLW\�3UHVV��
6KDNHV�%*�������7KH�HQJLQHHULQJ�JHRORJ\�RI�WKH�.DXNDSDNDSD�DUHD��06F��*HRORJ\���

8QLYHUVLW\�RI�$XFNODQG��
6KHDWK�*:��&DUOVRQ�:7�������,PSDFW�RI�FDWWOH�WUHDGLQJ�RQ�KLOO�ODQG����6RLO�GDPDJH�

SDWWHUQV�DQG�SDVWXUH�VWDWXV��1HZ�=HDODQG�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK��������±
�����

6KHSSDUG�-6��%XOORFK�%7�������0DQDJHPHQW�DQG�8VHV�RI�$FDFLD�VSS���ZDWWOHV��DQG�
$OEL]LD�VSS���EUXVK�ZDWWOHV���,Q��9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�3ODQW�
PDWHULDOV�KDQGERRN�IRU�VRLO�FRQVHUYDWLRQ��9ROXPH���,QWURGXFHG�SODQWV��:DWHU�DQG�
6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�����:HOOLQJWRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
3S���±����

6KXNHU�5:�������$�VOXPS�FRQWURO�WHFKQLTXH��6RLO�DQG�:DWHU����������±����
6LPSVRQ�&-�������/DQGVOLGH�DQDO\VLV�IRU�7KDPHV�DQG�WKH�.DXDHUDQJD�9DOOH\��1HZ�

=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��
6LPSVRQ�.$�������5RFN�SURSHUWLHV�DQG�VORSH�SURFHVVHV�RI�WKH�:DLWHPDWD�*URXS�VRIW�

URFN��DORQJ�VHFWLRQV�RI�WKH�HDW�FRDVW�RI�$XFNODQG��06F��$SSOLHG�*HRORJ\���8QLYHUVLW\�
RI�$XFNODQG��

6LQJOHWRQ�3/��7URWWHU�&��:LGGRZVRQ�-��%UHQVWUXP�(��%URZQ�/�������&\FORQH�%ROD����
$OSKD��'6,5�H[WHQVLRQ�LQIRUPDWLRQ�����

6LQJOHWRQ�3��7URWWHU�&��:LGGRZVRQ�-��.RUWH�&�������&\FORQH�%ROD����$OSKD�����'6,5�
H[WHQVLRQ�LQIRUPDWLRQ�VHULHV��

6PDOH�'��YDQ�GHU�/LQJHQ�*-�������$�EHGGLQJ�SODQH�ODQGVOLGH�QHDU�0W�9XOFDQ��QRUWK�
&DQWHUEXU\��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±�����

6PDOH�'��+RXJKWRQ�%)��0F.HOOHU�,&��0DQVHUJK�*'��0RRUH�35��*UDQW�7D\ORU�7/��7H�
3XQJD�07�������*HRORJ\�DQG�(URVLRQ�LQ�WKH�5XDKLQH�5DQJH��1HZ�=HDODQG�
*HRORJLFDO�6XUYH\�5HSRUW��*�����

6PDOH�0&��0F/HRG�0��6PDOH�31�������9HJHWDWLRQ�DQG�VRLO�UHFRYHU\�RQ�VKDOORZ�
ODQGVOLGH�VFDUV�LQ�WHUWLDU\�KLOO�FRXQWU\��(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��1HZ�=HDODQG�
-RXUQDO�RI�(FRORJ\�������±����

6PLWK�&0�������5LSDULDQ�SDVWXUH�UHWLUHPHQW�HIIHFWV�RQ�VHGLPHQW��SKRVSKRUXV��DQG�
QLWURJHQ�LQ�FKDQQHOOLVHG�VXUIDFH�UXQ�RII�IURP�SDVWXUHV��1HZ�=HDODQG�-RXUQDO�RI�
0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±������
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6PLWK�&0�������5LSDULDQ�DIIRUHVWDWLRQ�HIIHFWV�RQ�ZDWHU�\LHOGV�DQG�ZDWHU�TXDOLW\�LQ�
SDVWXUH�FDWFKPHQWV��-RXUQDO�RI�(QYLURQPHQWDO�4XDOLW\��������±�����

6PLWK�'+��&DPHURQ�/$�������3UHOLPLQDU\�UHSRUW��)ORRG�RI�$SULO������9ROXPH����5HSRUW�
�����+DXUDNL�&DWFKPHQW�%RDUG�DQG�5HJLRQDO�:DWHU�%RDUG��

6PLWK�*�������5HJROLWK�LQVWDELOLW\�SUREOHPV��+XQGDOHH�+LOOV��6RXWKHUQ�0DUOERURXJK��
06F��(QJLQHHULQJ�*HRORJ\���8QLYHUVLW\�RI�&DQWHUEXU\��&KULVWFKXUFK��

6PLWK�0��)HQWRQ�7�������6HGLPHQW�\LHOGV�IURP�ORJJLQJ�WUDFNV�LQ�.DLQJDURD�)RUHVW��
/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�5HSRUW������±����

6PLWK�0-��&RRSHU�$%��4XLQQ�-0�������/DQG±ZDWHU�LQWHUDFWLRQV�UHVHDUFK�DW�:KDWDZKDWD�
±�WKH�VWDUW��1,:$�(FRV\VWHPV�3XEOLFDWLRQ����+DPLOWRQ��

6PLWK�1-�������/DQGVOLGH�VXVFHSWLELOLW\�PDSSLQJ�DQG�ULVN�DVVHVVPHQW�IRU�WKH�:DLNDWR�
5HJLRQ��1HZ�=HDODQG��06F�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

6PLWK�5.�������(DUWKIORZ�FKDUDFWHULVWLFV�LQ�WKH�3RYHUW\�%D\±(DVW�&RDVW�$UHD��,Q��
6HPLQDU�RQ�&DWFKPHQW�&RQWURO��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV��
0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��1RYHPEHU�������

6PLWK�5.�������(DUWKIORZV�LQ�WKH�3RYHUW\�%D\±(DVW�&RDVW�5HJLRQ��5HSRUW�RQ�SURMHFW�
1$�+<����+\GURORJLFDO�5HVHDUFK��3URJUHVV�5HSRUW�����:HOOLQJWRQ��0LQLVWU\�RI�
:RUNV�DQG�'HYHORSPHQW�IRU�WKH�1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ���

6PLWK�5.�������7KH�PRUSKRORJ\�DQG�K\GURORJ\�RI�WKH�:DLSDRD�%DVLQ��8QSXEOLVKHG�
UHSRUW��1DSLHU��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

6PLWK�:��0RQWJRPHU\�+��5KRGHV�7�������1RUWK�,VODQG�KLOO�FRXQWU\�IDUPHUV
�
PDQDJHPHQW�UHVSRQVH�WR�LVVXHV�RI�VXVWDLQDELOLW\��1HZ�=HDODQG�*HRJUDSKHU����������±
����

6RLO�&RQVHUYDWLRQ�&RPPLWWHH�������&\FORQH�%ROD����WR���0DUFK�������(IIHFW�RQ�(DVW�
&RDVW�VRLO�FRQVHUYDWLRQ��5HSRUW�������*LVERUQH��(DVW�&DSH�&DWFKPHQW�%RDUG�DQG�
5HJLRQDO�:DWHU�%RDUG�*LVERUQH��

6RRQV�-0��6HOE\��0-�������/DQGIRUPV�RI�1HZ�=HDODQG��/RQGRQ��/RQJPDQ��
6RXWK�&DQWHUEXU\�&DWFKPHQW�DQG�5HJLRQDO�:DWHU�%RDUG�������5HSRUW�RQ�IORRG���WK�

0DUFK�������6&&%�3XEOLFDWLRQ�����7LPDUX��6RXWK�&DQWHUEXU\�&DWFKPHQW�DQG�
5HJLRQDO�:DWHU�%RDUG���

6SDUOLQJ�*��5RVV�'��7UXVWUXP�1��$UQROG�*��:HVW�$��6SHLU�7��6FKLSSHU�/�������5HFRYHU\�
RI�WRSVRLO�FKDUDFWHULVWLFV�DIWHU�ODQGVOLS�HURVLRQ�LQ�GU\�KLOO�FRXQWU\�RI�1HZ�=HDODQG��
DQG�D�WHVW�RI�WKH�VSDFH�IRU�WLPH�K\SRWKHVLV��6RLO�%LRORJ\�DQG�%LRFKHPLVWU\���������±
������

6SHGHQ�,��&UR]LHU��0-�HGV�������1DWXUDO�KD]DUGV�LQ�1HZ�=HDODQG��:HOOLQJWRQ��1=�
1DWLRQDO�&RPPLVVLRQ�IRU�81(6&2���

6SLHUV�--.�������/RJJLQJ�RSHUDWLRQV�JXLGHOLQHV��5RWRUXD��1HZ�=HDODQG�/RJJLQJ�,QGXVWU\�
5HVHDUFK�2UJDQLVDWLRQ���

6WDFH�&(�������)LEURXV�URRW�IRUPDWLRQ�RQ�VHOHFWHG�6DOL[�WUHH�DQG�VKUXE�FORQHV��,QWHUQDO�
5HSRUW������3ODQW�3K\VLRORJ\�'LYLVLRQ��'6,5��

6WDFH�&(������������1HZ�=HDODQG�SRSODU�DQG�ZLOORZ�VXUYH\��+RUW5HVHDUFK�&OLHQW�
5HSRUW��������

6WDVVDU�0��.HPSHUPDQ�0�������6XVSHQGHG�VHGLPHQW�VRXUFHV�LQ�WKH�XSSHU�0DQJDRWDPD�
FDWFKPHQW��:KDWDZKDWD��1HZ�=HDODQG��1,:$�,QWHUQDO�5HSRUW��+DPLOWRQ��
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6WHSKHQV�35�������'HWHUPLQDWLRQ�RI�SURFHGXUHV�WR�HVWDEOLVK�SULRULWLHV�IRU�HURVLRQ�FRQWURO�
DV�GHWHUPLQHG�LQ�WKH�6RXWKHUQ�5XDKLQH�5DQJHV��1HZ�=HDODQG��0$JU6FL�WKHVLV��
0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK���

6WHSKHQV�35�������/DQG�LQGLFDWRUV�IRU�QDWLRQDO�HQYLURQPHQWDO�PRQLWRULQJ�±�3DUW����
0RQLWRULQJ�VXVWDLQDEOH�ODQG�XVH�LQ�WKH�HDVWHUQ�7DUDQDNL�KLOO�FRXQWU\��(QYLURQPHQWDO�
3HUIRUPDQFH�,QGLFDWRUV��7HFKQLFDO�3DSHU���/DQG��:HOOLQJWRQ��0LQLVWU\�IRU�WKH�
(QYLURQPHQW���

6WHSKHQV�35��7UXVWUXP�1$��+LFNV�'/�������([SHULPHQWDO�VXUYH\�RI�FDWFKPHQW�
FRQGLWLRQ��*ODGVWRQH�GLVWULFW��:DLUDUDSD��,QWHUQDO�5HSRUW�����3DOPHUVWRQ�1RUWK��6RLO�
&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��

6WHSKHQV�35��+LFNV�'/��7UXVWUXP�1$�������$HULDO�SKRWRJUDSKLF�WHFKQLTXHV�IRU�VRLO�
FRQVHUYDWLRQ�UHVHDUFK��3KRWRJUDSKLF�(QJLQHHULQJ�DQG�5HPRWH�6HQVLQJ�������±����

6WHSKHQV�35��7UXVWUXP�1$��+LFNV�'/�������([SHULPHQWDO�DHULDO�SKRWRJUDSKLF�VXUYH\�RI�
HURVLRQ�DQG�FDWFKPHQW�FRQGLWLRQ��*ODGVWRQH�'LVWULFW��:DLUDUDSD��,Q��6WHSKHQV�35�HG��
3URFHHGLQJV�RI�:RUNVKRS�RQ�5HPRWH�VHQVLQJ�IRU�6RLO�&RQVHUYDWLRQ����-XQH���-XO\�
������D�UHPRWH�VHQVLQJ�PDQXDO�IRU�VRLO�FRQVHUYDWLRQ��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��0LQLVWU\�RI�
:RUNV�DQG�'HYHORSPHQW��3S�����±�����

6WHSKHQV�35��7URWWHU�&0��'H5RVH�5&��1HZVRPH�3)�������8VH�RI�6327�VDWHOOLWH�GDWD�WR�
PDS�ODQGVOLGHV��3URFHHGLQJV���WK�$VLDQ�&RQI��RQ�5HPRWH�6HQVLQJ��%DQJNRN��
7KDLODQG��

6WHSKHQV�35��:KLWH�0)��:LOORXJKE\�(-��1HZVRPH�3)-�������/DQG�XVH�PRQLWRULQJ�LQ�
WKH�7DUDQDNL�5HJLRQ��D�SLORW�SURMHFW��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������
IRU�7DUDQDNL�5HJLRQDO�&RXQFLO��

6WHSKHQV�35��+DUPVZRUWK�*5��'\PRQG�-5�������'HYHORSLQJ�HQYLURQPHQWDO�
SHUIRUPDQFH�LQGLFDWRUV�IRU�KLOO�FRXQWU\�HURVLRQ��3DUW����3URSRVHG�LQGLFDWRUV�IRU�
HURVLRQ�SURQH�KLOO�FRXQWU\�LQ�1HZ�=HDODQG��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&��������SUHSDUHG�IRU�WKH�0LQLVWU\�IRU�WKH�(QYLURQPHQW��DOVR�DYDLODEOH�DV�
(QYLURQPHQWDO�3HUIRUPDQFH�,QGLFDWRUV�7HFKQLFDO�3DSHU����/DQG��:HOOLQJWRQ��
0LQLVWU\�IRU�WKH�(QYLURQPHQW���

6WHYHQVRQ�*%�������1RWH�RQ�WKH�PRYHPHQW�RI�ZDVWH�RQ�VFUHHV�LQ�WKH�2URQJRURQJR�
GLVWULFW�QHDU�:HOOLQJWRQ��7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±
�����

6WHZDUW�'/�������/DQGVOLGHV�WULJJHUHG�E\�WKH���±���0DUFK������UDLQVWRUP��'XQHGLQ�
DUHD��,QVWLWXWH�RI�*HRORJLFDO�DQG�1XFOHDU�6FLHQFHV�6FLHQFH�5HSRUW��������

6WRFNEULGJH�+0�������0DQJDZKLR�GUDLQDJH�V\VWHP�UHVSRQVH�WR�D�GHHS�VHDWHG�ODQGVOLGH��
:DQJDQXL�5HJLRQ��06F�WKHVLV��5HVHDUFK�6FKRRO�RI�(DUWK�6FLHQFH��9LFWRULD�8QLYHUVLW\�
RI�:HOOLQJWRQ��

6WRXW�0/�����D��/DQGVOLGHV�LQ�WKH�.LOPRJ�+LOO�6HDFOLII�DUHD��6RXWK�,VODQG��1HZ�=HDODQG��
5HSRUW�(*������/RZHU�+XWW��1HZ�=HDODQG�*HRORJLFDO�6XUYH\��'6,5���

6WRXW�0/�����E��/DQGVOLGH�VWXGLHV�±�.DZDUDX�JRUJH��6RXWK�,VODQG��1HZ�=HDODQG��5HSRUW�
(*������/RZHU�+XWW��1HZ�=HDODQG�*HRORJLFDO�6XUYH\��'6,5���

6WRXW�0/�������8WLNX�ODQGVOLGH��1RUWK�,VODQG��1HZ�=HDODQG��*HRORJLFDO�6RFLHW\�RI�
$PHULFD��5HYLHZV�LQ�(QJLQHHULQJ�*HRORJ\�������±�����

6WUDFKDQ�&-�������/DQGXVH��VHGLPHQW�\LHOG�DQG�VROXWH�ORDG��D�FDVH�VWXG\�IURP�WKH�
$XFNODQG�UHJLRQ��06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��
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6XFNOLQJ�(�������+LOO�SDVWXUH�LPSURYHPHQW��3DOPHUVWRQ�1RUWK��1HZWRQ�.LQJ���
6XFNOLQJ�)(�������7H�$ZD�VRLO�FRQVHUYDWLRQ�H[SHULPHQWDO�VWDWLRQ��3DOPHUVWRQ�1RUWK��

0DQDZDWX�&DWFKPHQW�%RDUG���
6XWKHUODQG�1�HW�DO��������(URVLRQ�FRQWURO�VXUYH\�3RYHUW\�%D\��(DVW�&RDVW��8QSXEOLVKHG�

5HSRUW��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
6XWKHUODQG�5'�HG��������0ROHVZRUWK�DQG�XSSHU�&ODUHQFH�FDWFKPHQW�ODQG�UHVRXUFHV�

LQYHQWRU\��%OHQKHLP��0DUOERURXJK�&DWFKPHQW�%RDUG���
6XWKHUODQG�9�������$�KLVWRU\�RI�XSKHDYDO������\HDUV�RI�HQYLURQPHQWDO�FKDQJH��$KXULUL��

+DZNH¶V�%D\��1HZ�=HDODQG��06F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ���
6ZDOHV�$��2YHQGHQ�5��%XGG�5��+DZNHQ�-��0F*ORQH�0�6��+HUPDQVSDKQ�1��2NH\�0�-�

������:KDLQJDURD��5DJODQ��+DUERXU��VHGLPHQWDWLRQ�DQG�WKH�HIIHFWV�RI�KLVWRULFDO�
FDWFKPHQW�ODQGFRYHU�FKDQJHV��(QYLURQPHQW�:DLNDWR�7HFKQLFDO�5HSRUW�75�������
+DPLOWRQ��

7DUDQDNL�5HJLRQDO�&RXQFLO�������6XVWDLQDEOH�ODQG�XVH�LQ�WKH�7DUDQDNL�KLOO�FRXQWU\�±�D�
FDVH�VWXG\��9ROXPHV�,�DQG�,,��7DUDQDNL�5HJLRQDO�&RXQFLO�7HFKQLFDO�5HSRUW���±�����

7DWH�.5��6FRWW�1$��3DUVKRWDP�$��%URZQ�/��:LOGH�5+��*LOWUDS�'-��7UXVWUXP�1$��
*RPH]�%��5RVV�'-�������$�PXOWL�VFDOH�DQDO\VLV�RI�D�WHUUHVWULDO�FDUERQ�EXGJHW��,V�1HZ�
=HDODQG�D�VRXUFH�RU�D�VLQN�RI�FDUERQ"�$JULFXOWXUH��(FRV\VWHPV�DQG�(QYLURQPHQW�����
���±������

7D\ORU�1+�������/DQG�GHWHULRUDWLRQ�LQ�WKH�KHDYLHU�UDLQIDOO�GLVWULFWV�RI�1HZ�=HDODQG��
'6,5�%XOOHWLQ������

7D\ORU�1+�HW�DO��������0DLQWHQDQFH�RI�YHJHWDWLYH�FRYHU�LQ�1HZ�=HDODQG�ZLWK�VSHFLDO�
UHIHUHQFH�WR�ODQG�HURVLRQ��UHSRUW�RI�&RPPLWWHH�RI�,QTXLU\���'6,5�%XOOHWLQ������

7D\ORU�1+�FRPS��������:LVH�ODQG�XVH�	�FRPPXQLW\�GHYHORSPHQW��UHSRUW�RI�7HFKQLFDO�
&RPPLWWHH�RI�,QTXLU\�LQWR�WKH�SUREOHPV�RI�WKH�3RYHUW\�%D\±(DVW�&DSH�'LVWULFW�RI�
1HZ�=HDODQG��:HOOLQJWRQ��:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV�IRU�WKH�
1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��

7D\ORU�3:�������7KH�VWDELOLW\�RI�QDWXUDO�VRLO�VORSHV�GXULQJ�HDUWKTXDNHV��,Q��3URFHHGLQJV��
6\PSRVLXP�RQ�6WDELOLW\�RI�6ORSHV�LQ�1DWXUDO�*URXQG��1�=��,QVWLWXWLRQ�RI�(QJLQHHUV�
9RO��O���*��3S������±������

7HQVHQ�6��:HVVHOV�<��������7KH�UHFRYHU\�RI�ULSDULDQ�]RQHV�DIWHU�D�ODUJH�IORRG�HYHQW�LQ�
1HZ�=HDODQG�KLOOV��1,:$�,QWHUQDO�5HSRUW��������+DPLOWRQ��

7KDGDKLGH�8,��.DZDFKL�6��1HDOO�9(�������)UDJPHQWDWLRQ�RI�GHEULV�DYDODQFKH�PDWHULDO�
GXULQJ�IORZDJH�±�HYLGHQFH�IURP�WKH�3XQJDUHKX�IRUPDWLRQ��0RXQW�(JPRQW��1HZ�
=HDODQG��-RXUQDO�RI�9ROFDQRORJ\�DQG�*HRWKHUPDO�5HVHDUFK��������±������

7KRPDV�9-��7UXVWUXP�1$�������$�VLPXODWLRQ�PRGHO�RI�VRLO�VOLS�HURVLRQ��,Q��+DPLOWRQ�/�
HG��3URFHHGLQJV��6\PSRVLXP�RQ�(IIHFWV�RI�)RUHVW�/DQG�8VH�RQ�(URVLRQ�DQG�6ORSH�
6WDELOLW\��(DVW�:HVW�&HQWHU��8QLYHUVLW\�RI�+DZDLL��3S����±����

7KRPVRQ�3$��0F$UWKXU�56�������.DLNRXUD�6FKHPH��ULYHU��GUDLQDJH�DQG�HURVLRQ�FRQWURO��
VFKHPH�UHSRUW�DQG�WHFKQLFDO�DSSHQGLFHV��.DLNRXUD��0DUOERURXJK�&DWFKPHQW�%RDUG���

7KRPSVRQ�5&�������5HODWLRQVKLS�RI�JHRORJ\�WR�VORSH�IDLOXUHV�LQ�VRIW�URFNV�LQ�WKH�
7DLKDSH±0DQJDZHND�DUHD��FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��3K'�WKHVLV��8QLYHUVLW\�
RI�$XFNODQG���

7KRPSVRQ�5&�������(YDOXDWLQJ�WKH�VLPLODULW\�RI�HURVLRQ�VLWHV��IHDVLELOLW\�RI�FDVH�EDVHG�
UHDVRQLQJ�IRU�GHYHORSLQJ�HURVLRQ�WUHDWPHQW�UHFRPPHQGDWLRQV�LQ�VRIW�URFN�WHUUDLQ��
'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG������
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7KRPSVRQ�5&��/XFNPDQ�3*�����D��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW�
���'HVFULSWLRQ�RI�NQRZOHGJH�EDVHV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG������

7KRPSVRQ�5&��/XFNPDQ�3*�����E��0RQLWRULQJ�DQG�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�
PHDVXUHV�WR�FRQWURO�HURVLRQ�LQ�WKH�*LVERUQH�±�(DVW�&DSH�5HJLRQ��1HZ�=HDODQG��3DUW�
���(PSLULFDO�JXLGHOLQHV�IRU�HURVLRQ�FRQWURO��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�5HFRUG�
����

7KRPSVRQ�5&��/XFNPDQ�3*�������3HUIRUPDQFH�RI�ELRORJLFDO�HURVLRQ�FRQWURO�LQ�VRIW�URFN�
WHUUDLQ��DQG�LPSOLFDWLRQV�IRU�VLOYRSDVWRUDO�V\VWHPV��'6,5�/DQG�5HVRXUFHV�7HFKQLFDO�
5HFRUG�����

7KRPSVRQ�5&��/XFNPDQ�3*�������3HUIRUPDQFH�RI�ELRORJLFDO�HURVLRQ�FRQWURO�LQ�1HZ�
=HDODQG�VRIW�URFN�KLOO�WHUUDLQ��$JURIRUHVWU\�6\VWHPV��������±�����

7KRPSVRQ�60��$GDPV�-�������6XVSHQGHG�ORDG�LQ�VRPH�PDMRU�ULYHUV�RI�1HZ�=HDODQG��,Q��
0XUUD\�'/��$FNUR\G�3�HGV�3K\VLFDO�K\GURORJ\��1HZ�=HDODQG�H[SHULHQFH��
:HOOLQJWRQ��1HZ�=HDODQG�+\GURORJLFDO�6RFLHW\��3S�����±�����

7KRUQ�&�������3RVW�GHIRUHVWDWLRQ�PDVV�PRYHPHQW�HURVLRQ�LQ�0DNDKX��7DUDQDNL��D�VWXG\�
RI�WKH�UDWH�DQG�SURFHVV�RI�PDVV�PRYHPHQW�HURVLRQ��%6F��+RQV��WKHVLV��9LFWRULD�
8QLYHUVLW\�RI�:HOOLQJWRQ��

7KRUQWRQ�2*�������([WUDRUGLQDU\�IORRG�GLVFKDUJHV�LQ�VRPH�VWUHDPV�QHDU�*LVERUQH�RQ�
��WK�)HEUXDU\��������3URFHHGLQJV��1=�,QVWLWXWH�RI�(QJLQHHUV�����3S����±�����

7KRUUROG�%6��.QRZOHV�5/��1LFKRODV�,'��3RZHU�,/��&DUWHU�-/�������(YDOXDWLRQ�RI�
DJURIRUHVWU\�RSWLRQV�IRU�WKUHH�WUHH�VSHFLHV��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�
*UDVVODQGV�$VVRFLDWLRQ��������������

7LOVOH\�6�������(QJLQHHULQJ�JHRORJ\�DQG�PDVV�PRYHPHQW�RI�WKH�+RZLFN�$OIULVWRQ�
:KLWIRUG�GLVWULFW��VRXWK�HDVW�$XFNODQG��1HZ�=HDODQG��06F��*HRORJ\���8QLYHUVLW\�RI�
$XFNODQG��

7RGG�$'�������1RWHV�RQ�HURVLRQ�FRQWURO�LQ�WKH�3RYHUW\�%D\�&DWFKPHQW�'LVWULFW��
8QSXEOLVKHG�5HSRUW�WR�WKH�3RYHUW\�%D\�&DWFKPHQW�%RDUG��

7RGG�$'�������:DLSDRD�5LYHU�)ORRG�&RQWURO�6FKHPH��6RLO�DQG�:DWHU�������
7RGG�$'�������6WDELOLVDWLRQ�RI�HDUWKIORZV��6RLO�DQG�:DWHU���������±�����
7ROHPDQ�,(-�������6WUHDP�EDQN�VHQVLWLYLW\�WR�SK\VLFDO�DQG�DQWKURSRJHQLF�IDFWRUV��DQ�

DQDO\VLV�RI�WKH�:DLNDWR�5LYHU��06F�WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��
7RPOLQVRQ�&-��)DLUZHDWKHU�-5��6ZDIILHOG�65�������*LVERUQH�(DVW�&RDVW�ILHOG�UHVHDUFK�RQ�

DWWLWXGHV�WR�ODQG�XVH�FKDQJH��DQ�DQDO\VLV�RI�LPSHGLPHQWV�WR�IRUHVW�VHFWRU�GHYHORSPHQW��
5HVHDUFK�5HSRUW������/LQFROQ��$JULEXVLQHVV�DQG�(FRQRPLFV�5HVHDUFK�8QLW��/LQFROQ�
8QLYHUVLW\��

7UDQJPDU�%%�������6RLOV�DQG�HURVLRQ�RI�WKH�6XPQHU�UHJLRQ�RI�WKH�3RUW�+LOOV��&DQWHUEXU\��
1HZ�=HDODQG��1=�6RLO�6XUYH\�5HSRUW�����/RZHU�+XWW��1HZ�=HDODQG�6RLO�%XUHDX��
'6,5���

7URWWHU�&0�������&\FORQH�%ROD��WKH�LQHYLWDEOH�GLVDVWHU��1HZ�=HDODQG�(QJLQHHULQJ��������
��±�����

7URWWHU�&0�������:HDWKHULQJ�DQG�UHJROLWK�SURSHUWLHV�DW�DQ�HDUWKIORZ�VLWH��4XDUWHUO\�
-RXUQDO�RI�(QJLQHHULQJ�*HRORJ\��������±�����

7URWWHU�&0��6WHSKHQV�35��7UXVWUXP�1$��3DJH�0-��&DUU�.6��'H5RVH�5&�������
$SSOLFDWLRQ�RI�UHPRWHO\�VHQVHG�DQG�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP�GDWD�WR�
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TXDQWLWDWLYH�DVVHVVPHQW�RI�ODQGVOLGH�GDPDJH��,Q��3URFHHGLQJV��,QWHUQDWLRQDO�
*HRVFLHQFH�DQG�5HPRWH�6HQVLQJ�6\PSRVLXP��,(((���9DQFRXYHU��3S������±������

7URWWHU�&0��3LQNQH\�(-��7RG�+*�������:HDWKHULQJ�DQG�VWUHQJWK�ORVV�DW�DQ�HDUWKIORZ�VLWH��
,Q��%HOO�'+�HG��/DQGVOLGHV��3URFHHGLQJV��6L[WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ�
/DQGVOLGHV��9RO������&KULVWFKXUFK����±���)HEUXDU\�������5RWWHUGDP��$$�%DONHPD��
3S������±������

7UXVWUXP�1$�������1HZ�=HDODQG�ODQG�UHVRXUFH�LQYHQWRU\��:HOOLQJWRQ�5HJLRQ��ODQG�XVH�
FDSDELOLW\�H[WHQGHG�OHJHQG��:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�
2UJDQLVDWLRQ��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

7UXVWUXP�1$�������0DVV�PRYHPHQW�VWXGLHV�RI�WKH�VRXWKHUQ�5XDKLQH�5DQJH�XVLQJ�UHPRWH�
VHQVLQJ�WHFKQLTXHV��8QSXEOLVKHG�UHSRUW��(QVFKHGH��7KH�1HWKHUODQGV��,QWHUQDWLRQDO�
,QVWLWXWH�IRU�$HULDO�6XUYH\�DQG�(DUWK�6FLHQFHV��,7&����

7UXVWUXP�1$�������7KH�LQIOXHQFH�RI�VRLO�VOLS�HURVLRQ�RQ�KLOO�FRXQWU\�SDVWRUDO�
SURGXFWLYLW\��$RNDXWHUH��,QWHUQDO�5HSRUW��3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�
&HQWUH��$RNDXWHUH��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��

7UXVWUXP�1$�������8VH�RI�VHTXHQWLDO�DUHDO�SKRWRJUDSK\�WR�DVVHVV�WKH�ORQJ�WHUP�HIIHFW�RI�
VRLO�VOLS�HURVLRQ�RQ�KLOO�FRXQWU\�SDVWXUH�SURGXFWLRQ��1�=��$VVQ��6RLO�&RQVHUYDWRUV�
%URDGVKHHW��'HFHPEHU�����±����

7UXVWUXP�1$�������&\FORQH�LPSDFWV��,Q��&UR]LHU�0-�HG��3URFHHGLQJV��98:�'6,5�
6HPLQDU�6HULHV�RQ�1DWXUDO�+D]DUGV��:HOOLQJWRQ��-XO\�������1DWXUDO�+D]DUGV�����
1DWXUDO�+D]DUGV�$VVHVVPHQW�LQ�1HZ�=HDODQG��5HVHDUFK�6FKRRO�RI�(DUWK�6FLHQFHV��
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ�SXEOLFDWLRQ��3S����±����

7UXVWUXP�1$��%ODVFKNH�30�������0DQDJLQJ�KLOO�FRXQWU\�HURVLRQ��7KH�1HZ�=HDODQG�
)DUPHU��-XQH���������±�����

7UXVWUXP�1$��'H5RVH�5&�������6RLO�GHSWK±DJH�UHODWLRQVKLS�RI�ODQGVOLGHV�RQ�GHIRUHVWHG�
KLOOVORSHV��7DUDQDNL��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����

7UXVWUXP�1$��+DZOH\�-*�������&RQYHUVLRQ�RI�IRUHVW�ODQG�XVH�WR�JUD]LQJ�±�D�1HZ�
=HDODQG�SHUVSHFWLYH�RQ�WKH�HIIHFWV�RI�ODQGVOLGH�HURVLRQ�RQ�KLOO�FRXQWU\�SURGXFWLYLW\��
,Q��3HDUFH�$-��+DPLOWRQ�/6�HGV�/DQG�XVH��ZDWHUVKHGV�DQG�SODQQLQJ��7KDLODQG��)$2��
3S�����±�����

7UXVWUXP�1$��+DZOH\�-*�������&RQYHUVLRQ�RI�IRUHVW�ODQG�XVH�WR�JUD]LQJ�±�D�1HZ�
=HDODQG�SHUVSHFWLYH�RQ�WKH�HIIHFWV�RI�ODQGVOLGH�HURVLRQ�RQ�KLOO�FRXQWU\�SURGXFWLYLW\��
)RRG�DQG�$JULFXOWXUH�2UJDQLVDWLRQ��5$3$�5HSRUW�����������±����

7UXVWUXP�1$��3DJH�0-�������7KH�LQIOXHQFH�RI�HURVLRQ�RQ�KLOO�FRXQWU\�SDVWXUH�
SURGXFWLYLW\��,Q��:RUNVKRS�RQ�,QIOXHQFH�RI�VRLO�VOLS�HURVLRQ�RQ�KLOO�FRXQWU\�SDVWRUDO�
SURGXFWLYLW\����±���2FWREHU�������$RNDXWHUH��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW��
1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�2UJDQLVDWLRQ��3S����±����

7UXVWUXP�1$��3DJH�0-�������7KH�ORQJ�WHUP�HURVLRQ�KLVWRU\�RI�/DNH�7XWLUD�ZDWHUVKHG��
LPSOLFDWLRQV�IRU�VXVWDLQDEOH�ODQG�XVH�PDQDJHPHQW��,Q��+HQULTXHV�35�HG��3URFHHGLQJV��
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XVWDLQDEOH�/DQG�0DQDJHPHQW��1DSLHU��+DZNH¶V�%D\��
1HZ�=HDODQG����±���1RYHPEHU�������3S�����±�����

7UXVWUXP�1$��6WHSKHQV�35�������(URVLRQ�DVVHVVPHQW��GHYHORSPHQW�RI�UHPRWH�VHQVLQJ�
WHFKQLTXHV�IRU�HURVLRQ�DVVHVVPHQW�LQ�1��=��,Q��3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�
$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��
1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�&RQVHUYDWRUV��3S�����±�����
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7UXVWUXP�1$��6WHSKHQV�35��+LFNV�'/������(URVLRQ�DQG�FDWFKPHQW�FRQGLWLRQ�PDSV�RI�
*ODGVWRQH�'LVWULFW��:DLUDUDSD��1HZ�=HDODQG��FRPSULVLQJ�HLJKW����������PDSV���
3DOPHUVWRQ�1RUWK��6RLO�&RQVHUYDWLRQ�&HQWUH��0LQLVWU\�RI�:RUNV�DQG�'HYHORSPHQW���

7UXVWUXP�1$��7KRPDV�9-��/DPEHUW�0*�������6RLO�VOLS�HURVLRQ�DV�D�FRQVWUDLQW�WR�KLOO�
FRXQWU\�SDVWXUH�SURGXFWLRQ��3URFHHGLQJV�RI�WKH�1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ�
������±����

7UXVWUXP�1$��/DPEHUW�0*��7KRPDV�9-�������(URVLRQ�±�D�GURS�DZD\�LQ�SURGXFWLRQ��6RLO�
DQG�:DWHU����������±����

7UXVWUXP�1$��%ODVFKNH�30��'H5RVH�5&��:HVW�$�������5HJROLWK�FKDQJHV�DQG�SDVWRUDO�
SURGXFWLYLW\�GHFOLQHV�IROORZLQJ�GHIRUHVWDWLRQ�LQ�VWHHSODQGV�RI�1RUWK�,VODQG��1HZ�
=HDODQG��,Q��3URFHHGLQJV����WK�,QWHUQDWLRQDO�&RQJUHVV�RI�6RLO�6FLHQFH��.\RWR��-DSDQ��
3S�����±�����

7UXVWUXP�1$��'\PRQG�-5��'H5RVH�5&��%ODVFKNH�30�������(VWLPDWHV�RI�SHUFHQWDJH�RI�
EDUH�JURXQG�LQ�7DUDQDNL��&\FORQH�+LOGD��0DUFK�������'6,5�/DQG�5HVRXUFHV�&RQWUDFW�
5HSRUW������IRU�7DUDQDNL�5HJLRQDO�&RXQFLO���

7UXVWUXP�1$��%ODVFKNH�30��'H5RVH�5&�������3RVW�GHIRUHVWDWLRQ�VRLO�ORVV�IURP�
VWHHSODQG�KLOOVORSHV�LQ�7DUDQDNL��1HZ�=HDODQG��(DUWK�6XUIDFH�3URFHVVHV�DQG�
/DQGIRUPV��������±������

7UXVWUXP�1$��*RPH]�%��3DJH�0-��5HLG�/0��+LFNV�'0�������6HGLPHQW�SURGXFWLRQ��
VWRUDJH�DQG�RXWSXW��WKH�UHODWLYH�UROH�RI�ODUJH�PDJQLWXGH�HYHQWV�LQ�VWHHSODQG�
FDWFKPHQWV��=HLWVFKULIW�I�U�*HRPRUSKRORJLH�1�)��6XSSOHPHQW��������±����

8FKLGD�7��0F'RQQHOO�--��$VDQR�<�������)XQFWLRQDO�LQWHUFRPSDULVRQ�RI�KLOOVORSHV�DQG�
VPDOO�FDWFKPHQWV�E\�H[DPLQLQJ�ZDWHU�VRXUFH��IORZSDWK�DQG�PHDQ�UHVLGHQFH�WLPH��
-RXUQDO�RI�+\GURORJ\���������±�����

9DQ�GHQ�%HUJHQ�-/�������*HRWHFKQLFDO�SURSHUWLHV��VWUDWLJUDSK\�DQG�VORSH�PRYHPHQW�DW�
2KXND�6WUHDP��3RUW�:DLNDWR��%6F��+RQV���8QLYHUVLW\�RI�$XFNODQG���

YDQ�GH�*UDDI�0��:DJHQGRQN�$�������5RDG�UHODWHG�PDVV�ZDVWLQJ��*ROGHQ�'RZQV�DQG�
0RWXHND�)RUHVWV��6RXWK�:HVW�1HOVRQ��1HZ�=HDODQG��8QSXEOLVKHG�5HSRUW�����,ODP��
)RUHVW�5HVHDUFK�,QVWLWXWH���

9DQ�.UDD\HQRRUG�&:6�������3RSODUV�DQG�ZLOORZV�LQ�1HZ�=HDODQG�ZLWK�SDUWLFXODU�
UHIHUHQFH�WR�WKHLU�XVH�LQ�HURVLRQ�FRQWURO��6RLO�&RQVHUYDWLRQ�3ODQW�0DWHULDOV�&HQWUH��
:DWHU�DQG�6RLO�'LYLVLRQ��0LQLVWU\�RI�:RUNV��3DOPHUVWRQ�1RUWK��1HZ�=HDODQG��$�
SDSHU�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�3RSODU�&RPPLVVLRQ����WK�6HVVLRQ��0RQWUHDO��
&DQDGD����±���6HSWHPEHU��������

9DQ�.UDD\HQRRUG�&:6�������3ODQW�PDWHULDO�IRU�HURVLRQ�FRQWURO��D�UHYLHZ�RI�UHVHDUFK��,Q��
3URFHHGLQJV��&RQIHUHQFH�RQ�(URVLRQ�$VVHVVPHQW�DQG�&RQWURO�LQ�1HZ�=HDODQG��
&KULVWFKXUFK��$XJXVW�������&KULVWFKXUFK��1HZ�=HDODQG�$VVRFLDWLRQ�RI�6RLO�
&RQVHUYDWRUV��3S�����±�����

9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�������3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
FRQVHUYDWLRQ��9ROXPH����3ULQFLSOHV�DQG�SUDFWLFHV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�
3XEOLFDWLRQ�����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\���

9DQ�.UDD\HQRRUG�&:6��+DWKDZD\�5/�HGV�������3ODQW�PDWHULDOV�KDQGERRN�IRU�VRLO�
FRQVHUYDWLRQ��9ROXPH����,QWURGXFHG�3ODQWV��:DWHU�DQG�6RLO�0LVFHOODQHRXV�3XEOLFDWLRQ�
����:HOOLQJWRQ��1DWLRQDO�:DWHU�DQG�6RLO�&RQVHUYDWLRQ�$XWKRULW\���
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9DQ�5RRQ�0�������&DOFXODWLRQ�RI�PDVV�WUDQVSRUW�E\�VWUHDPV��DQG�\LHOGV�XQGHU�D�YDULHW\�
RI�ODQG�XVHV��8QSXEOLVKHG�ZRUNLQJ�UHSRUW��8SSHU�:DLWHPDWD�+DUERXU�6WXG\��
$XFNODQG�5HJLRQDO�$XWKRULW\��

YDQ�5RRQ�0�������6WHSV�WRZDUGV�VXVWDLQDEOH�SDVWRUDO�IDUPLQJ��LOOXVWUDWHG�E\�LQWHJUDWHG�
FRDVWDO�FDWFKPHQW�PDQDJHPHQW�DW�:KDLQJDURD��5DJODQ���:RUNLQJ�3DSHU�6HULHV��
'HSDUWPHQW�RI�3ODQQLQJ��8QLYHUVLW\�RI�$XFNODQG��

YDQ�5RRQ�0��.QLJKW�6�������7RZDUGV�LQWHJUDWHG�FDWFKPHQW�PDQDJHPHQW�:KDLQJDURD�
�5DJODQ���:DWHU�6FLHQFH�DQG�7HFKQRORJ\��������±�����

9DUYDOLX�$�������(IIHFW�RI�VRLO�FRQVHUYDWLRQ�PHDVXUHV�RQ������VRLO�VOLS�HURVLRQ�RI�WKH�
3DNLKLNXUD�YDOOH\��5DQJLWLNHL�GLVWULFW��1RUWK�,VODQG��1HZ�=HDODQG��0$JU6F�WKHVLV��
0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK����

9DXJKDQ�/�������/RJJLQJ�DQG�WKH�HQYLURQPHQW��D�UHYLHZ�RI�UHVHDUFK�ILQGLQJV�DQG�
PDQDJHPHQW�SUDFWLFHV��5RWRUXD��/RJJLQJ�,QGXVWU\�5HVHDUFK�$VVRFLDWLRQ���

9DXJKDQ�/��9LVVHU�5��6PLWK�0�������1HZ�=HDODQG�IRUHVW�FRGH�RI�SUDFWLFH���QG�HGQ��
5RWRUXD��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ���

9LQH�0+�������5RRW�V\VWHPV�RI�VRPH�SRSODU�WUHHV��,QWHUQDO�UHSRUW�����3DOPHUVWRQ�1RUWK��
6RLO�&RQVHUYDWLRQ�&HQWUH��$RNDXWHUH��1:$6&$���

9LQH�0+�������5HSRUW�RQ�IORRG�RI�$SULO�������YROXPH���(URVLRQ��GHSRVLWLRQ��FRVW��
+DXUDNL�&DWFKPHQW�%RDUG�5HSRUW������

9LQH�0+��0DWWKHZV�-/�������/DQGVOLGLQJ�LQ�:DLWRNL��DQ�H\HZLWQHVV�DFFRXQW��$SSHQGL[�
��LQ�9LQH�0+�HG��5HSRUW�RQ�)ORRG�RI�$SULO������YROXPH����+DXUDNL�&DWFKPHQW�
%RDUG��

9LVVHUV�6�������6RLO�SLSLQJ��D�UHYLHZ�ZLWK�VSHFLDO�UHIHUHQFH�WR�1RUWKODQG��$XFNODQG�
6WXGHQW�*HRJUDSKHU������±����

:DOGYRJHO�<6�������5RFN�FRQWURO�RQ�FRPSOH[�VFDUS�IRUP�DQG�WKH�SURFHVVHV�RI�VORSH�
GHQXGDWLRQ�DW�7H�$NDX��6RXWK�$XFNODQG��1HZ�=HDODQG��06F�WKHVLV��*HRORJ\���
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

:DONHU�$��%HOO�%�������$VSHFWV�RI�1HZ�=HDODQG¶V�([SHULHQFH�LQ�$JULFXOWXUDO�5HIRUP�
6LQFH�������0$)3ROLF\�7HFKQLFDO�3DSHU�������:HOOLQJWRQ��0LQLVWU\�RI�$JULFXOWXUH�
DQG�)RUHVWU\���

:DOO�$-��0DFND\�$'��.HPS�3'��*LOOLQJKDP�$*��(GZDUGV�:51�������7KH�LPSDFW�RI�
ZLGHO\�VSDFHG�VRLO�FRQVHUYDWLRQ�WUHHV�RQ�KLOO�SDVWRUDO�V\VWHPV��3URFHHGLQJV�RI�WKH�
1HZ�=HDODQG�*UDVVODQG�$VVRFLDWLRQ��������±�����

:DOO�0��&RFNOLQ�&�������$WWLWXGHV�WRZDUGV�IRUHVWU\�LQ�WKH�(DVW�&RDVW�UHJLRQ��$�UHSRUW�
SUHSDUHG�IRU�WKH�1HZ�=HDODQG�)RUHVW�5HVHDUFK�,QVWLWXWH��0LQLVWU\�RI�)RUHVWU\��
'HSDUWPHQW�RI�*HRJUDSK\��8QLYHUVLW\�RI�$XFNODQG��

:DOODFH�-&�������6HLVPLF�VWDELOLW\�DQDO\VLV�RI�FRKHVLRQOHVV�VORSHV��0(QJ�WKHVLV��
8QLYHUVLW\�RI�$XFNODQG���

:DOOLV�*��0F0DKRQ�6�������7KH�LPSDFWV�RI�IRUHVW�PDQDJHPHQW�RQ�HURVLRQ�DQG�
VHGLPHQWDWLRQ��D�1HZ�=HDODQG�UHYLHZ��/RJJLQJ�,QGXVWU\�5HVHDUFK�2UJDQLVDWLRQ�
5HSRUW���������

:DUG�$-�������0DVV�PRYHPHQW�DQG�UHODWHG�SKHQRPHQD�LQ�WKH�3RURWL�DUHD�RI�1RUWKODQG��
06F�WKHVLV��8QLYHUVLW\�RI�$XFNODQG��

:DUG�$-�������3LSH�VKDIW�SKHQRPHQD�LQ�1RUWKODQG��-RXUQDO�RI�+\GURORJ\��1=�������±�����
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:DUGOH�3$��2VERUQ�/-�������5HYLHZ�RI�PRXQWDLQ�ODQG�UHKDELOLWDWLRQ�DW�0LG�'RPH�VRLO�
FRQVHUYDWLRQ�UHVHUYH��8QSXEOLVKHG�5HSRUW�IRU�&RQVHUYDWRU�RI�)RUHVWV��,QYHUFDUJLOO��
1=�)RUHVW�6HUYLFH���

:DVVRQ�5-�������(DUWKIORZ�PRYHPHQW�DQG�FOLPDWLF�YDULDWLRQ��3URFHHGLQJV��1�=��
+\GURORJLFDO�6RFLHW\�$QQXDO�6\PSRVLXP��3S����±����

:DVVRQ�5-��+DOO�*�������$�ORQJ�UHFRUG�RI�PXGVWRQH�PRYHPHQW�DW�:DHUHQJD�R�NXUL��
1HZ�=HDODQG��=HLWVFKULIW�IXU�*HRPRUSKRORJLH���/����±����

:DVVRQ�5-��+DOO�*�������0XGVOLGH�UHDFWLYDWLRQ��:DHUHQJD�R�.XUL��1HZ�=HDODQG��
$XVWUDOLDQ�*HRJUDSKLFDO�6WXGLHV��������±�����

:DWVRQ�$-�������&RQWULEXWLRQ�RI�WUHH�URRWV�WR�VORSH�VWDELOLW\��:KDW¶V�1HZ�LQ�)RUHVW�
5HVHDUFK������&KULVWFKXUFK��)RUHVW�5HVHDUFK�,QVWLWXWH��1HZ�=HDODQG�0LQLVWU\�RI�
)RUHVWU\��

:DWVRQ�$��2¶/RXJKOLQ�&�������0RUSKRORJ\��VWUHQJWK��DQG�ELRPDVV�RI�PDQXND�URRWV�DQG�
WKHLU�LQIOXHQFH�RQ�VORSH�VWDELOLW\��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±
�����

:DWVRQ�$��2¶/RXJKOLQ�&�������6WUXFWXUDO�URRW�PRUSKRORJ\�DQG�ELRPDVV�RI�WKUHH�DJH�
FODVVHV�RI�3LQXV�UDGLDWD��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH�������±�����

:DWVRQ�$-��0DUGHQ�0��5RZDQ�'�������7UHH�VSHFLHV�SHUIRUPDQFH�DQG�VORSH�VWDELOLW\��,Q��
%DUNHU�'+�HG��9HJHWDWLRQ�DQG�VORSHV��VWDELOLVDWLRQ��SURWHFWLRQ�DQG�HFRORJ\��/RQGRQ��
3S�����±�����

:DWVRQ�$-��0DUGHQ�0��5RZDQ�'�������5RRW�ZRRG�VWUHQJWK�GHWHULRUDWLRQ�LQ�NDQXND�DIWHU�
FOHDUIHOOLQJ��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�6FLHQFH��������±�����

:DWVRQ�$-��0DUGHQ�0��3KLOOLSV�&-�������5RRW�VWUHQJWK��JURZWK�DQG�UDWHV�RI�GHFD\��URRW�
UHLQIRUFHPHQW�FKDQJHV�RI�WZR�WUHH�VSHFLHV�DQG�WKHLU�FRQWULEXWLRQ�WR�VORSH�VWDELOLW\��
3ODQW�DQG�6RLO��������±����

:DWVRQ�$��3KLOOLSV�&-��0DUGHQ�0�������5RRW�VWUHQJWK��JURZWK�DQG�UDWHV�RI�GHFD\��URRW�
UHLQIRUFHPHQW�FKDQJHV�RI�WZR�WUHH�VSHFLHV�DQG�WKHLU�FRQWULEXWLRQ�WR�VORSH�VWDELOLW\��,Q��
6WRNHV�$�HG��7KH�VXSSRUWLQJ�URRWV�RI�WUHHV�DQG�ZRRG\�SODQWV��IRUP��IXQFWLRQ�DQG�
SK\VLRORJ\��'RUGUHFKW��.OXZHU�$FDGHPLF��3S����±����

:DWWRQ�*�������7DPLQJ�WKH�:DLKRX��WKH�VWRU\�RI�WKH�:DLKRX�9DOOH\�FDWFKPHQW�IORRG�
SURWHFWLRQ�DQG�HURVLRQ�FRQWURO�VFKHPH��+DPLOWRQ��:DLNDWR�5HJLRQDO�&RXQFLO���

:D\�4��0F(OZHH�+�������$Q�DVVHVVPHQW�RI�WKH�HFRQRPLF��HQYLURQPHQWDO�DQG�VRFLDO�
LPSDFWV�RI�IRUHVWU\�RQ�WKH�:KDWDZKDWD�KLOO�FDWFKPHQW�IDUP��,QWHUQDO�$J5HVHDUFK�
5HSRUW��+DPLOWRQ���

:HEEHU�-$��/\QFK�5-��0HLVWHU�$'�������%HQHILWV�DQG�FRVWV�RI�VRLO�FRQVHUYDWLRQ�LQ�WKH�
%D\�RI�3OHQW\�UHJLRQ��&RQWUDFW�UHSRUW�WR�%23�5HJLRQDO�&RXQFLO��3DOPHUVWRQ�1RUWK��
$JULFXOWXUDO�(FRQRPLFV�5HVHDUFK�8QLW��0DVVH\�8QLYHUVLW\���

:HOVK�,.�������0DWDXUD�5LYHU�VHGLPHQW�VXUYH\������±������3XEOLFDWLRQ����,QYHUFDUJLOO��
6RXWKODQG�5HJLRQDO�&RXQFLO���

:KLWHKRXVH�,(��3HDUFH�$-�������6KDSLQJ�WKH�PRXQWDLQV�RI�1HZ�=HDODQG��,Q��6RRQV�-0��
6HOE\�0-�HGV�/DQGIRUPV�RI�1HZ�=HDODQG���QG�HGQ��+RQJ�.RQJ��/RQJPDQ�3DXO��3S��
���±�����

:LOG�0��+LFNV�'0�������2SLWRQXL�6WUHDP�VXVSHQGHG�VHGLPHQW�DQDO\VLV��(QYLURQPHQW�
:DLNDWR�7HFKQLFDO�5HSRUW����������

:K\WH�'(�������$VSHFWV�RI�WKH�HQJLQHHULQJ�JHRORJ\�RI�WKH�5DQJLWRSXQL�FDWFKPHQW��
$XFNODQG��06F�WKHVLV��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��



�

/DQGFDUH�5HVHDUFK�

���

:LONLH�'5�������&RQVHUYDWLRQ�ZRUN�FXUHV�VRLO�HURVLRQ�DQG�IORRGLQJ�±�*OHQPDUN�
FDWFKPHQW��6RLO�	�:DWHU���������±����

:LONLQVRQ�$*�������3RSODUV�DQG�ZLOORZV�IRU�VRLO�HURVLRQ�FRQWURO�LQ�1HZ�=HDODQG��
%LRPDVV�DQG�%LRHQHUJ\��������±�����

:LONLQVRQ�6���+HQGHUVRQ�$���&KHQ�<��6KHUPDQ�%��������6HG1HW�8VHU�*XLGH��&OLHQW�
5HSRUW��&6,52�/DQG�DQG�:DWHU��&DQEHUUD��

:LOOLDPV�$/�������/LWKRORJLF�SURSHUWLHV��GHIHFWV�DQG�VORSH�PRYHPHQW�LQ�ZHDN�URFNV�RI�
WKH�3DNLUL�)RUPDWLRQ��/HLJK��06F�WKHVLV��*HRORJ\���8QLYHUVLW\�RI�$XFNODQG��

:LOOLDPVRQ�5%��6PLWK�5.��4XLQQ�-0�������(IIHFWV�RI�ULSDULDQ�JUD]LQJ�DQG�
FKDQQHOLVDWLRQ�RQ�VWUHDPV�LQ�6RXWKODQG��1HZ�=HDODQG��:DWHU�4XDOLW\�&HQWUH�
3XEOLFDWLRQ�����+DPLOWRQ��'6,5�0DULQH�DQG�)UHVKZDWHU���

:LOOLDPVRQ�5%��6PLWK�5.��4XLQQ�-0�������(IIHFWV�RI�ULSDULDQ�JUD]LQJ�DQG�
FKDQQHOLVDWLRQ�RQ�VWUHDPV�LQ�6RXWKODQG��1HZ�=HDODQG�����&KDQQHO�IRUP�DQG�VWDELOLW\��
1HZ�=HDODQG�-RXUQDO�RI�0DULQH�DQG�)UHVKZDWHU�5HVHDUFK��������±�����

:LOOLV�3�������6RLO±ODQGVFDSH�PRGHOOLQJ�±�PRGHOOLQJ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VRLO�
FKDUDFWHULVWLFV�XVLQJ�ODQGVFDSH�IHDWXUHV�LQ�HURGLQJ�KLOO�FRXQWU\��7XWLUD��+DZNH
V�%D\��
%6F��+RQV��WKHVLV��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ��

:LOVRQ�$�������5DXNXPDUD�JHRORJ\�DQG�HURVLRQ�SRWHQWLDO��06F�WKHVLV��(DUWK6FLHQFHV���
8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

:LOVRQ�+��&UR]LHU�0-�������4XDQWLWDWLYH�KD]DUG�DVVHVVPHQW��UDLQIDOO�WULJJHUHG�
ODQGVOLGHV��,Q��%URPKHDG�(��'L[RQ�1��,EVHQ�0�/�HGV�/DQGVOLGHV�LQ�UHVHDUFK��WKHRU\�
DQG�SUDFWLFH��/RQGRQ��7KRPDV�7HOIRUG��3S������±������

:LQNOHU�*(�������(QJLQHHULQJ�JHRORJLFDO�FKDUDFWHULVDWLRQ�RI�&UHWDFHRXV�±�/DWH�7HUWLDU\�
URFN�XQLWV�DQG�WKHLU�LQIOXHQFH�RI�ODQGVOLGLQJ��:DLDSX�'LVWULFW��(DVW�&DSH��06F�WKHVLV�
�*HRORJ\���8QLYHUVLW\�RI�&DQWHUEXU\���

:RRG�-(7�������0DVV�PRYHPHQW�LQ�DQ�DUHD�HDVW�RI�0DVWHUWRQ��%6F��+RQV��WKHVLV��'HSW�
RI�*HRJUDSK\��9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ���

:RRG�-(7�������5LOO�HURVLRQ��:DLWDNL�GRZQODQGV��0DUFK�������8QSXEOLVKHG�5HSRUW�WR�
:DLWDNL�&DWFKPHQW�&RPPLVVLRQ�DQG�5HJLRQDO�:DWHU�%RDUG��.XURZ��

:RRGV�5��(OOLRWW�6��6KDQNDU�8��6FKPLGW�-��%LGZHOO�9��%ULJKW�-��+DUULV�6��:KHHOHU�'��
/HGJDUG�6��&ORWKLHU�%��*UHHQ�6��+HZLWW�$��*LEE�5�������3UHGLFWLQJ�WKH�HIIHFWV�RI�
ODQGXVH�RQ�ZDWHU�TXDOLW\��1,:$�5HSRUW�&+&����������&KULVWFKXUFK��

:ULJKW�.&�������7KH�)HEUXDU\������ODQGVOLGH�HYHQW�LQ�JHRPRUSKLF�SHUVSHFWLYH��06F�
WKHVLV��9LFWRULD�8QLYHUVXLW\�RI�:HOOLQJWRQ��

:ULJKW�/:�������7KH�0XULZDL�GHEULV�DYDODQFKH��VRPH�DVSHFWV�RI�LWV�IRUP�DQG�JHQHVLV��
1HZ�=HDODQG�*HRJUDSKHU����������±�����

<RVKLNDZD�7��,NHGD�<��,VR�1��0RUL\D�,��+XOO�$*��2WD�<�������2ULJLQ�DQG�DJH�RI�HURVLRQ�
VXUIDFHV�LQ�WKH�XSSHU�GUDLQDJH�EDVLQ�RI�:DLDSX�5LYHU��QRUWKHDVWHUQ�1RUWK�,VODQG��1HZ�
=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�*HRORJ\�DQG�*HRSK\VLFV��������±������

=HJZDDUG�.�������(IIHFWV�RI�VHYHUH�FDWWOH�WUHDGLQJ�RQ�VRLO�SK\VLFDO�SURSHUWLHV�DQG�SDVWXUH�
SURGXFWLYLW\��3K'�WKHVLV��8QLYHUVLW\�RI�:DLNDWR��+DPLOWRQ��

=KDQJ�;��3KLOOLSV�&-��0DUGHQ�0�������,QWHUQDO�GHIRUPDWLRQ�RI�D�IDVW�PRYLQJ�HDUWKIORZ��
5DXNXPDUD�3HQLQVXOD��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����

=KDQJ�;��3KLOOLSV�&-��3HDUFH�$-�������6XUIDFH�PRYHPHQW�LQ�DQ�HDUWKIORZ�FRPSOH[��
5DXNXPDUD�3HQLQVXOD��1HZ�=HDODQG��*HRPRUSKRORJ\�������±�����
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=KDQJ�;��3KLOOLSV�&-��0DUGHQ�0�������$�FRPSDULVRQ�RI�HDUWKIORZ�PRYHPHQW�UDWHV�RQ�
IRUHVWHG�DQG�JUDVVHG�VORSHV��5DXNXPDUD�3HQLQVXOD��1RUWK�,VODQG��1HZ�=HDODQG��
*HRPRUSKRORJ\�������±�����

�
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$SSHQGL[���±�/LVW�RI�DJHQFLHV�DQG�SHRSOH�FRQWDFWHG�
�
5HJLRQDO�FRXQFLOV� 3HUVRQ�V��UHVSRQGLQJ�
1RUWKODQG� %RE�&DWKFDUW�
$XFNODQG� 3DXO�0HWFDOI�
(QYLURQPHQW�:DLNDWR� 5HHFH�+LOO�
(%23� 6LPRQ�6WRNHV�
7DUDQDNL� 'RQ�6KHDUPDQ�
*LVERUQH�'&� 7UHYRU�)UHHPDQ�
+DZNH¶V�%D\� *DUWK�(\OHV��-RKQ�3KLOOLSV�
+RUL]RQV� 0DOFRP�7RGG�
*:5&� 'DYH�&DPHURQ�
0DUOERURXJK� 1LNNL�(DGH�
(&DQ� &DWKLH�%UXPOH\�
2WDJR� 6XVLH�0F.HDJXH�
6RXWKODQG� *DU\�0RUJDQ�
� �
,QGXVWU\� �
0HDW�DQG�:RRO� 0DUN�-HIIULHV��QR�UHVSRQVH��
)HGHUDWHG�)DUPHUV� +LODU\�*XEE�
1=)2$� 'HQQLV�+RFNLQJ��3HWHU�:HLU�
� �
&HQWUDO�JRYHUQPHQW� �
0$)� -RKQ�*UHHU��QR�UHVSRQVH��
0I(� 9HUD�3RZHU�
� �
5HVHDUFK�SURYLGHUV� �
8QLYHUVLW\�RI�$XFNODQG�� *DU\�%ULHUOH\��,DQ�%RRWKUR\G��QR�UHVSRQVH��
8QLYHUVLW\�RI�:DLNDWR�� 0HJDQ�%DONV��%UHQGDQ�5RGG\�
0DVVH\�8QLYHUVLW\� ,DQ�)XOOHU�
9LFWRULD�8QLYHUVLW\�RI�:HOOLQJWRQ� 0LNH�&UR]LHU��1LFN�3UHVWRQ�
8QLYHUVLW\�RI�&DQWHUEXU\� -DUJ�3HWWLQJD��QR�UHVSRQVH��
8QLYHUVLW\�RI�2WDJR�� (ZDQ�)RUG\FH�
(QVLV� +D\GHQ�-RQHV�
*16� 0LNH�3DJH�
1,:$� 6DQG\�(OOLRWW�
�
$GGLWLRQDO�SHRSOH�LQWHUYLHZHG�DERXW�VRFLDO�OHDUQLQJ��
0RUJDQ�:LOOLDPV��IRUPHU�3DUOLDPHQWDU\�&RPPLVVLRQHU�IRU�WKH�(QYLURQPHQW���&RQVXOWDQW�
,DQ�:KLWHKRXVH��IRUPHUO\�/DQGFDUH�5HVHDUFK���&RQVXOWDQW�
3DXO�%ODVFKNH��&RQVXOWDQW��:HOOLQJWRQ��
$OHF�0F.D\��$J5HVHDUFK��3DOPHUVWRQ�1RUWK��
*HUDOG�5\V��0$)��:HOOLQJWRQ��
3DXO�:LOOLDPV��8QLYHUVLW\�RI�$XFNODQG��
7HUU\�3DUPLQWHU��$J5HVHDUFK��
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'RXJ�+LFNV��&RQVXOWDQW��
0XUUD\�+DUULV��&RQVXOWDQW��
�
&RS\�RI�OHWWHU�WR�UHJLRQDO�FRXQFLOV��LQGXVWU\�DQG�FHQWUDO�JRYHUQPHQW�
�
'HDU�6LU�
�
:H�KDYH�EHHQ�FRQWUDFWHG�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�WR�XQGHUWDNH�D�
UHYLHZ�RI�KLOO�FRXQWU\�HURVLRQ�WR�LGHQWLI\�WKH�LQIRUPDWLRQ�QHHGHG�WR�XQGHUSLQ�ORQJ�WHUP�
VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ��7KH�SXUSRVH�RI�WKH�UHYLHZ�LV�µWR�XQGHUWDNH�D�VWRFNWDNH�RI�
FXUUHQW�NQRZOHGJH�DQG�LGHQWLI\�SULRULW\�NQRZOHGJH�JDSV�UHODWLQJ�WR�WKH�SUHYHQWLRQ��
WUHDWPHQW�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�LQ�1HZ�=HDODQG��LQFOXGLQJ�SK\VLFDO��
VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�GLPHQVLRQV¶��6SHFLILFDOO\�ZH�KDYH�EHHQ�DVNHG�WR�
UHYLHZ�LQIRUPDWLRQ�RQ�

•� 6RXUFHV�DQG�IORZV�RI�VHGLPHQW��
•� 7KH�VSHFLILF�PDQDJHPHQWV��WHFKQRORJLHV�DQG�SUDFWLFHV�XVHG�LQ�WKH�WUHDWPHQW�RI�

ODQG�DQG�WKH�ORQJ�WHUP�PDQDJHPHQW�RI�WKRVH�WUHDWPHQWV��DQG�
•� 6RFLDO�OHDUQLQJ�DQG�DGDSWDWLRQ�WR�WUHDWLQJ�DQG�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ���

6RPH�RI�WKLV�LQIRUPDWLRQ�LV�SXEOLVKHG�DQG�VRPH�RI�LW�LV�KHOG�LQ�XQSXEOLVKHG�IRUP�E\�
UHJLRQDO�FRXQFLOV��XQLYHUVLWLHV�DQG�&URZQ�5HVHDUFK�,QVWLWXWHV�DQG�ZH�VHHN�WR�LGHQWLI\�DOO�
UHOHYDQW�LQIRUPDWLRQ��:H�KDYH�DOVR�EHHQ�DVNHG�WR�SURYLGH�DQ�DVVHVVPHQW�RI�FXUUHQW�
UHVHDUFK�DQG�UHVHDUFK�FDSDELOLW\�UHODWHG�WR�WKH�VWXG\�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�
HURVLRQ��
�
)XUWKHU�ZH�KDYH�EHHQ�DVNHG�WR�XVH�WKLV��LQ�FRQVXOWDWLRQ�ZLWK�VWDNHKROGHUV��WR�LGHQWLI\�
IXWXUH�UHVHDUFK�QHHGHG�WR�XQGHUSLQ�ORQJ�WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ�DQG�KRZ�
WKHVH�QHHGV�PLJKW�EH�PHW��7KH�IXWXUH�LQIRUPDWLRQ�QHHGV�DUH�WR�EH�DJUHHG�DQG�SULRULWLVHG�
E\�NH\�ODQG�PDQDJHUV��VFLHQWLVWV��DQG�RWKHU�VWDNHKROGHUV��:H�SODQ�WR�FRQVXOW�ZLGHO\�ZLWK�
DOO�UHOHYDQW�VWDNHKROGHUV��DQG�WR�UXQ�D�ZRUNVKRS�ZLWK�UHOHYDQW�VWDNHKROGHUV�LQ�HDUO\������
WR�VSHFLILFDOO\�DGGUHVV�WKH�TXHVWLRQV�UHODWHG�WR�IXWXUH�LQIRUPDWLRQ�QHHGV�DQG�KRZ�WKH\�
PLJKW�EH�PHW���
�
2XU�SURMHFW�WHDP�LV�OHG�E\�'U�/HV�%DVKHU��5HVHDUFK�/HDGHU�(URVLRQ�DQG�6HGLPHQW�
3URFHVVHV��/DQGFDUH�5HVHDUFK��DQG�LQFOXGHV�0LNH�0DUGHQ��,DQ�/\QQ��/DQGFDUH�
5HVHDUFK���*UDQW�'RXJODV��0LNH�'RGG��1HHOV�%RWKD��$J5HVHDUFK���,DQ�0F,YRU��+RUW�
5HVHDUFK���DQG�:LOOLH�6PLWK��6FKRRO�RI�*HRJUDSK\��*HRORJ\�DQG�(QYLURQPHQWDO�6FLHQFH��
8QLYHUVLW\�RI�$XFNODQG����
�
7KH�SXUSRVH�RI�WKLV�OHWWHU�LV�WR�LQYLWH�\RXU�LQSXW�LQ�WR�WKH�UHYLHZ��:H�ZRXOG�YDOXH�\RXU�
DQVZHUV�WR�WKH�IROORZLQJ�TXHVWLRQV��

•� 'R�\RX�KDYH�LQ�KRXVH�SXEOLFDWLRQV�RQ�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�RU�
LQYHVWLJDWLRQV�WKDW�\RXU�RUJDQLVDWLRQ�KDV�FDUULHG�RXW�WKDW�ZH�FDQQRW�DFFHVV�IURP�
ELEOLRJUDSKLF�GDWDEDVHV��VXFK�DV�1=�6FLHQFH�DQG�OLEUDU\�FDWDORJXHV���&RXOG�\RX�
SOHDVH�SURYLGH�D�OLVW"��

•� :KDW�UHVRXUFHV�GR�\RX�XVH�ZKHQ�SURYLGLQJ�PDQDJHPHQW�LQIRUPDWLRQ�WR�KLOO�
FRXQWU\�IDUPHUV"�'R�\RX�KDYH�LQ�KRXVH�UHVRXUFHV��DQG�ZKDW�DUH�WKH\��RU�GR�\RX�
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XVH�SXEOLVKHG�LQIRUPDWLRQ�VXFK�DV�WKH�6RLO�&RQVHUYDWLRQ�7HFKQLFDO�+DQGERRN"�
'R�\RX�SURYLGH�ZULWWHQ�RU�RUDO�DGYLFH"�

•� 'R�\RX�KDYH�H[SHULHQFH�ZLWK�VRFLDO�OHDUQLQJ�DQG�DGDSWLYH�PDQDJHPHQW�
DSSURDFKHV�WR�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ�SUREOHPV"�$UH�WKHUH�DQ\�
SXEOLFDWLRQV�UHSRUWV�WKDW�GHVFULEH�WKLV�H[SHULHQFH��RU�FDQ�\RX�VXPPDULVH�\RXU�
H[SHULHQFH�IRU�XV"��

•� $UH�\RX�FXUUHQWO\�FDUU\LQJ�RXW�DQ\�LQYHVWLJDWLRQV�RU�UHVHDUFK�LQWR�KLOO�FRXQWU\�
HURVLRQ"�,I�\HV��SOHDVH�SURYLGH�D�EULHI�GHVFULSWLRQ��D�OLVW�RI�WKH�SHUVRQV�LQYROYHG��
DQG�WKH�OHYHO�RI�IXQGLQJ�LI�SRVVLEOH��

•� :KDW�FDSDELOLW\�GR�\RX�KDYH�IRU�UHVHDUFK�LQWR�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�DQG�
PDQDJHPHQW"�

•� 'R�\RX�KDYH�D�YLHZ�RQ�UHVHDUFK�DQG�LQIRUPDWLRQ�JDSV�WKDW�DUH�QHHGHG�WR�XQGHUSLQ�
ORQJ�WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ"��

�
<RXU�LQSXW�ZLOO�EH�DFNQRZOHGJHG��XQOHVV�\RX�UHTXHVW�RWKHUZLVH��LQ�RXU�ILUVW�UHSRUW�
UHYLHZLQJ�H[LVWLQJ�NQRZOHGJH�RQ�HURVLRQ�SURFHVVHV�DQG�HURVLRQ�PDQDJHPHQW��SURYLGLQJ�
DQ�LQYHQWRU\�RI�FXUUHQW�UHVHDUFK��DQG�LQFOXGLQJ�LQGLYLGXDO�YLHZV�RQ�LQIRUPDWLRQ�JDSV�DQG�
UHVHDUFK�SULRULWLHV��+DYLQJ�VXPPDULVHG�WKH�LQGLYLGXDO�YLHZV�ZH�ZLOO�VHHN�WR�FRPH�WR�D�
FRQVHQVXV�YLHZ�RQ�SULRULWLHV�WKURXJK�D�ZRUNVKRS�SURFHVV�WR�ZKLFK�D�QXPEHU�RI�
UHVSRQGHQWV�WR�WKLV�VXUYH\�ZLOO�EH�LQYLWHG��
�
:H�ZRXOG�SUHIHU�WR�UHFHLYH�\RXU�FRPPHQWV�LQ�HOHFWURQLF�IRUP�LI�SRVVLEOH��HPDLO�RU�RWKHU��
WR�DOORZ�XV�WR�HDVLO\�LQWHJUDWH�\RXU�FRPPHQWV�LQ�WR�RXU�UHSRUW��:H�ZRXOG�EH�PRVW�JUDWHIXO�
IRU�\RXU�UHVSRQVHV�E\����-DQXDU\������WR�HQDEOH�XV�WR�PHHW�RXU�SURMHFW�PLOHVWRQHV���
�
<RXUV�VLQFHUHO\�
�
'U�/HV�%DVKHU�
/DQGFDUH�5HVHDUFK��3ULYDWH�%DJ����1HOVRQ�
EDVKHUO#ODQGFDUHUHVHDUFK�FR�Q]�
�
�
&RS\�RI�OHWWHU�WR�UHVHDUFK�SURYLGHUV�
�
'HDU�6LU�
�
:H�KDYH�EHHQ�FRQWUDFWHG�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�WR�XQGHUWDNH�D�
UHYLHZ�RI�KLOO�FRXQWU\�HURVLRQ�WR�LGHQWLI\�WKH�LQIRUPDWLRQ�QHHGHG�WR�XQGHUSLQ�ORQJ�WHUP�
VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ��7KH�SXUSRVH�RI�WKH�UHYLHZ�LV�µWR�XQGHUWDNH�D�VWRFN�WDNH�
RI�FXUUHQW�NQRZOHGJH�DQG�LGHQWLI\�SULRULW\�NQRZOHGJH�JDSV�UHODWLQJ�WR�WKH�SUHYHQWLRQ��
WUHDWPHQW�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ�LQ�1HZ�=HDODQG��LQFOXGLQJ�SK\VLFDO��
VRFLDO��HQYLURQPHQWDO�DQG�HFRQRPLF�GLPHQVLRQV¶��6SHFLILFDOO\�ZH�KDYH�EHHQ�DVNHG�WR�
UHYLHZ�LQIRUPDWLRQ�RQ��

•� 6RXUFHV�DQG�IORZV�RI�VHGLPHQW��
•� 7KH�VSHFLILF�PDQDJHPHQWV��WHFKQRORJLHV�DQG�SUDFWLFHV�XVHG�LQ�WKH�WUHDWPHQW�RI�

ODQG�DQG�WKH�ORQJ�WHUP�PDQDJHPHQW�RI�WKRVH�WUHDWPHQWV��DQG�
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•� 6RFLDO�OHDUQLQJ�DQG�DGDSWDWLRQ�WR�WUHDWLQJ�DQG�PDQDJLQJ�KLOO�FRXQWU\�HURVLRQ���
:H�KDYH�DOVR�EHHQ�DVNHG�WR�SURYLGH�DQ�DVVHVVPHQW�RI�FXUUHQW�UHVHDUFK�DQG�UHVHDUFK�
FDSDELOLW\�UHODWHG�WR�WKH�VWXG\�DQG�PDQDJHPHQW�RI�KLOO�FRXQWU\�HURVLRQ��
�
)XUWKHU�ZH�KDYH�EHHQ�DVNHG�WR�XVH�WKLV��LQ�FRQVXOWDWLRQ�ZLWK�VWDNHKROGHUV��WR�LGHQWLI\�
IXWXUH�UHVHDUFK�QHHGHG�WR�XQGHUSLQ�ORQJ�WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ�DQG�KRZ�
WKHVH�QHHGV�PLJKW�EH�PHW��LQFOXGLQJ�IXQGLQJ�RSWLRQV��7KH�IXWXUH�LQIRUPDWLRQ�QHHGV�DUH�WR�
EH�DJUHHG�DQG�SULRULWLVHG�E\�NH\�ODQG�PDQDJHUV��VFLHQWLVWV��DQG�RWKHU�VWDNHKROGHUV��:H�
SODQ�WR�FRQVXOW�ZLGHO\�ZLWK�DOO�UHOHYDQW�VWDNHKROGHUV��DQG�WR�UXQ�D�ZRUNVKRS�ZLWK�UHOHYDQW�
VWDNHKROGHUV�LQ�HDUO\������WR�VSHFLILFDOO\�DGGUHVV�WKH�TXHVWLRQV�UHODWHG�WR�IXWXUH�
LQIRUPDWLRQ�QHHGV�DQG�KRZ�WKH\�PLJKW�EH�PHW���
�
2XU�SURMHFW�WHDP�LV�OHG�E\�'U�/HV�%DVKHU��5HVHDUFK�/HDGHU�(URVLRQ�DQG�6HGLPHQW�
3URFHVVHV��/DQGFDUH�5HVHDUFK��DQG�LQFOXGHV�0LNH�0DUGHQ��,DQ�/\QQ��/DQGFDUH�
5HVHDUFK���*UDQW�'RXJODV��0LNH�'RGG��1HHOV�%RWKD��$J5HVHDUFK���,DQ�0F,YRU��+RUW�
5HVHDUFK���DQG�:LOOLH�6PLWK��6FKRRO�RI�*HRJUDSK\��*HRORJ\�DQG�(QYLURQPHQWDO�6FLHQFH��
8QLYHUVLW\�RI�$XFNODQG����
�
7KH�SXUSRVH�RI�WKLV�OHWWHU�LV�WR�LQYLWH�\RXU�LQSXW�LQ�WR�WKH�UHYLHZ��:H�ZRXOG�YDOXH�\RXU�
DQVZHUV�WR�WKH�IROORZLQJ�TXHVWLRQV��

��� $UH�\RX�FXUUHQWO\�FDUU\LQJ�RXW�DQ\�LQYHVWLJDWLRQV�RU�UHVHDUFK�LQWR�KLOO�FRXQWU\�
HURVLRQ"�,I�\HV��SOHDVH�SURYLGH�D�EULHI�GHVFULSWLRQ��D�OLVW�RI�WKH�SHUVRQV�LQYROYHG��
DQG�IXQGLQJ�OHYHO�LI�SRVVLEOH��

��� :KDW�FDSDELOLW\�GR�\RX�KDYH�IRU�UHVHDUFK�LQWR�KLOO�FRXQWU\�HURVLRQ�SURFHVVHV�DQG�
PDQDJHPHQW"�

��� 'R�\RX�KDYH�D�YLHZ�RQ�UHVHDUFK�DQG�LQIRUPDWLRQ�JDSV�WKDW�DUH�QHHGHG�WR�XQGHUSLQ�
ORQJ�WHUP�VROXWLRQV�WR�KLOO�FRXQWU\�HURVLRQ"�:H�DUH�LQWHUHVWHG�LQ�ERWK�WKH�VFLHQFH�
SHUVSHFWLYH�RQ�UHVHDUFK�QHHGV�DQG�WKH�PDQDJHPHQW�SHUVSHFWLYH��

�
<RXU�LQSXW�ZLOO�EH�DFNQRZOHGJHG��XQOHVV�\RX�UHTXHVW�RWKHUZLVH��LQ�RXU�ILUVW�UHSRUW�
UHYLHZLQJ�H[LVWLQJ�NQRZOHGJH�RQ�HURVLRQ�SURFHVVHV�DQG�HURVLRQ�PDQDJHPHQW��SURYLGLQJ�
DQ�LQYHQWRU\�RI�FXUUHQW�UHVHDUFK��DQG�LQFOXGLQJ�LQGLYLGXDO�YLHZV�RQ�LQIRUPDWLRQ�JDSV�DQG�
UHVHDUFK�SULRULWLHV��+DYLQJ�VXPPDULVHG�WKH�LQGLYLGXDO�YLHZV�ZH�ZLOO�VHHN�WR�FRPH�WR�D�
FRQVHQVXV�YLHZ�RQ�SULRULWLHV�WKURXJK�D�ZRUNVKRS�SURFHVV�WR�ZKLFK�D�QXPEHU�RI�
UHVSRQGHQWV�WR�WKLV�VXUYH\�ZLOO�EH�LQYLWHG��
�
:H�ZRXOG�SUHIHU�WR�UHFHLYH�\RXU�FRPPHQWV�LQ�HOHFWURQLF�IRUP�LI�SRVVLEOH��HPDLO�RU�RWKHU��
WR�DOORZ�XV�WR�HDVLO\�LQWHJUDWH�\RXU�FRPPHQWV�LQ�WR�RXU�UHSRUW��:H�ZRXOG�EH�PRVW�JUDWHIXO�
IRU�\RXU�UHVSRQVH�E\����-DQXDU\������WR�HQDEOH�XV�WR�PHHW�RXU�SURMHFW�PLOHVWRQHV��
�
<RXUV�VLQFHUHO\�
�
'U�/HV�%DVKHU�
/DQGFDUH�5HVHDUFK��3ULYDWH�%DJ����1HOVRQ������
EDVKHUO#ODQGFDUHUHVHDUFK�FR�Q]�
�
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