
�
)DFWRUV�,QIOXHQFLQJ�(VWDEOLVKPHQW�6XFFHVV�RI �
0HODOHXFD�TXLQTXHQHUYLD���&DY���6�7��%ODNH�LQ�
(YHUJODGHV�1DWLRQDO�3DUN�

�
�
�
�
�
�
-HDQ�0DULH�+DUWPDQ�
5XWJHUV��7KH�6WDWH�8QLYHUVLW\� RI�1HZ� -HUVH\�� ����%ODNH�+DOO�� ���/LSPDQ�'ULYH��1HZ�%UXQVZLFN��1HZ� -HUVH\�
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�
6HHGOLQJ�HVWDEOLVKPHQW�RIWHQ�FUHDWHV�D�ERWWOHQHFN�LQ�D�SODQW·V�OLIH�KLVWRU\���7KH�UHTXLUHPHQWV�
RI� DGXOW� SODQW� JURZWK� DUH� RIWHQ� GLVWLQFW� IURP� WKH� UHTXLUHPHQWV� IRU� JHUPLQDWLRQ� DQG� HDUO\�
JURZWK���*UXEE��������WHUPV�WKHVH�FKDQJLQJ�UHTXLUHPHQWV�´WKH�UHJHQHUDWLRQ�QLFKHµ�DQG�GH�
VFULEHV� GLIIHUHQFHV� LQ� UHTXLUHPHQWV� IRU� OLJKW�� PRLVWXUH�� PXWXDOLVPV�� DQG� RWKHU� IDFWRUV� EH�
WZHHQ�SURFHVVHV�LQ�D�SODQW·V�OLIH�KLVWRU\���)RU�WKH�PDMRU�LQYDVLYH�SODQWV�LQ�VRXWK�)ORULGD��WKHUH�
LV�YHU\�OLWWOH�LQIRUPDWLRQ�DYDLODEOH�RQ�IDFWRUV�DIIHFWLQJ�VHHG�GLVSHUVDO��VHHG�JHUPLQDWLRQ��DQG�
VHHGOLQJ�HVWDEOLVKPHQW��WKH�UHJHQHUDWLRQ�QLFKH��GHVSLWH�WKH�LPSRUWDQFH�RI�WKHVH�SURFHVVHV�WR�
WKH� VSUHDG�RI� LQYDVLYH�SODQWV��:H� FRQGXFWHG� D� VHULHV� RI� JURZWK� FKDPEHU�� JUHHQKRXVH�� DQG�
ILHOG�H[SHULPHQWV�WR�LQYHVWLJDWH�IDFWRUV�DIIHFWLQJ�VHHG�GLVSHUVDO��JHUPLQDWLRQ��DQG�HVWDEOLVK�
PHQW� RI�0HODOHXFD�TXLQTXHQHUYLD� �&DY��� 6�7��%ODNH�� �:H� KDYH� SDUWLFXODUO\� IRFXVHG� RQ� WKH�
HIIHFWV�RI�ZDWHU�GHSWK��DV�RQH�SRWHQWLDO�PDQDJHPHQW�VWUDWHJ\�ZRXOG�EH�WR�PDQLSXODWH�ZDWHU�
OHYHOV�LQ�WKH�(YHUJODGHV��-RKQVRQ�DQG�)HQQHPD�������/DURFKH���������
�
�
�
,QWURGXFWLRQ�
�
0HODOHXFD�TXLQTXHQHUYLD���0\UWDFHDH��PHODOHXFD��SDSHUSDUN��RU�FDMHSXW�WUHH��LV�DQ�$XV�
WUDOLDQ�WUHH�LQWURGXFHG�WR�VRXWKHUQ�)ORULGD�VHYHUDO�WLPHV�RYHU�WKH�ODVW����\HDUV���,Q�
$XVWUDOLD�� LW� RFFXSLHV� IORRGHG� ULYHULQH� VLWHV� DQG� VHDVRQDOO\� IORRGHG� VLWHV� EHKLQG�
FRDVWDO�PDQJURYHV�DQG�VDQG�GXQHV���:LWKLQ�(YHUJODGHV�1DWLRQDO�3DUN��PHODOHXFD�LV�
PRVWO\�IRXQG�LQYDGLQJ�VDZJUDVV�JODGHV�XQGHU�PDQ\�GLIIHUHQW�K\GURORJLFDO�UHJLPHV�
LQ�WKH�HDVWHUQ�(YHUJODGHV�� �7KH�VSHFLHV� LV�DOVR� LQYDVLYH� LQ�SLQH�IODWZRRGV�DQG�F\�
SUHVV�GRPH�HGJHV�RQ�WKH�ZHVW�FRDVW�RI�)ORULGD��0HODOHXFD�KDV�SHUVLVWHQW�VHURWLQRXV�
FDSVXOHV�WKDW�RSHQ�DIWHU�ILUH��IURVW��RU�RWKHU�GDPDJH�WR�D�EUDQFK��(ZHO���������7KH�
VHHGV�DUH�OHVV�WKDQ���PP�LQ�OHQJWK�DQG�DUH�GLVSHUVHG�E\�ZLQG�DQG�ZDWHU��:RRGDOO�
������� �7KH�GLVWDQFH�WKDW�VHHGV�DUH�GLVSHUVHG�GHWHUPLQHV�WKH�SDWWHUQ�RI�FRORQL]D�
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WLRQ�RI�PHODOHXFD���
�
6WDQGV� RI� PHODOHXFD� DUH� VFDWWHUHG�� DQG� HDFK� VWDQG� RIWHQ� FRQVLVWV� RI� D� VLQJOH�
´IRXQGHUµ� LQGLYLGXDO� VXUURXQGHG�E\� ULQJV� RI� SURJUHVVLYHO\� \RXQJHU� WUHHV�� � 7UHHV�
JURZ�YHU\�GHQVHO\��DQG�OLWWOH�QDWLYH�YHJHWDWLRQ�RFFXUV�XQGHU�D�PDWXUH�VWDQG���2QFH�
HVWDEOLVKHG��WUHHV�FDQ�WROHUDWH�D�ZLGH�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV�LQFOXGLQJ�
IORRGLQJ��GURXJKW��DQG�ILUH��(ZHO���������+RZHYHU��WKHUH�KDYH�EHHQ�YHU\�IHZ�VWXG�
LHV�RQ�IDFWRUV�DIIHFWLQJ�PHODOHXFD·V�HVWDEOLVKPHQW��:RRGDOO��������
�
6SHFLILFDOO\��WKH�SURMHFW�DGGUHVVHG�WKH�IROORZLQJ�TXHVWLRQV���

�
+RZ�GRHV�OLJKW�DIIHFW�VHHG�JHUPLQDWLRQ�UDWHV"�6HHGV� PD\� ODQG� LQ� DUHDV� ZLWK� YHU\� ORZ�
OLJKW�VXFK�DV�XQGHU�D�PDWXUH�PHODOHXFD�VWDQG�RU�ZLWKLQ�D�WUXH�KDPPRFN��RU�LQ�
KLJK� OLJKW� FRQGLWLRQV�RQ� H[SRVHG�JURXQG� LQ� D� VDZJUDVV� JODGH��:H�ZDQWHG� WR�
GHWHUPLQH�ZKDW�WKH�RSWLPDO�OLJKW�FRQGLWLRQV�ZHUH�IRU�PHODOHXFD�JHUPLQDWLRQ���
�
+RZ� GR� ZDWHU� DQG� VHHGOLQJ� GDPDJH� DIIHFW� VHHG� JHUPLQDWLRQ� DQG� VHHGOLQJ� HVWDEOLVKPHQW"�
+RZ�VHHGV�DQG�VHHGOLQJV�UHVSRQG�WR�VXEPHUVLRQ�LQ�ZDWHU�LV�FULWLFDO�WR�KRZ�WKH�
VSHFLHV�ZLOO� SHUIRUP� LQ� D�ZHWODQG� HQYLURQPHQW� VXFK� DV� WKH�(YHUJODGHV�� �:H�
GHVLJQHG�DQ�H[SHULPHQW�WR�WHVW�WKH�HIIHFWV�RI�LQXQGDWLRQ�RI�YDU\LQJ�OHQJWKV�RI�
WLPH�RQ�PHODOHXFD� VHHGV�� �:KHQ� UHVXOWV� RI� WKH� H[SHULPHQW� VKRZHG� WKDW�PH�
ODOHXFD�VHHG�JHUPLQDWHG�ZKLOH�VXEPHUJHG�LQ�ZDWHU��ZH�WKRXJKW�LW�ZRXOG�EH�LP�
SRUWDQW�WR�NQRZ�LI�WKHVH�VHHGOLQJV�FRXOG�JDLQ�D�URRWKROG�LQ�VRLO�ZKLOH�WKH\�ZHUH�
VXEPHUJHG��7KLV�ZRXOG�KDYH�LPSRUWDQW�FRQVHTXHQFHV�LQ�MXGJLQJ�WKH�HIIHFWLYH�
QHVV�RI�D�ZDWHU�GLVSHUVDO�VWUDWHJ\���)XUWKHU��ZH�WHVWHG�WKH�UHODWLYH�JURZWK�UDWHV�
RI�VHHGOLQJV�LQ�IORRGHG�YHUVXV�ORZ�ZDWHU�WUHDWPHQWV��DQG�WKH�DIIHFW�RI��UHPRY�
LQJ�SODQW�ELRPDVV�RQ�JURZWK�XQGHU�WKH�GLIIHUHQW�ZDWHU�WUHDWPHQWV��
�
:KDW�UHTXLUHPHQWV�GR�VHHGOLQJV�KDYH�IRU�HVWDEOLVKPHQW�LQ�WKH�ILHOG"��:H� GHVLJQHG� DQ� RXW�
SODQWLQJ�H[SHULPHQW�PDQLSXODWLQJ�HQYLURQPHQWDO�IDFWRUV�VXFK�DV�OLJKW�DQG�VRLO�
GHSWK� LQ�D�QDWXUDO�DQG�D�UHVWRUHG�VDZJUDVV�SUDLULH�KDELWDW�WR�GHWHUPLQH�XQGHU�
ZKDW�FRQGLWLRQV�PHODOHXFD�FRXOG�HVWDEOLVK��
�
:KDW�DUH�QDWXUDO�VHHGOLQJ�HVWDEOLVKPHQW�VXFFHVV�UDWHV�LQ�WKH�ILHOG"� 6HHGOLQJV� DUH� UDUHO\�
VLWHG�LQ�WKH�ILHOG��EXW�VDSOLQJV�DQG�DGXOW�WUHHV�DUH�FRPPRQ���:H�ZDQWHG�WR�GH�
WHUPLQH�ZKDW�VHHGOLQJ�HVWDEOLVKPHQW�VXFFHVV�ZDV�OLNH�IRU�YHU\�\RXQJ�VHHGOLQJV���
$IWHU�D�ILUH�LQ�WKH�(DVW�(YHUJODGHV�$FTXLVLWLRQ�$UHD��(($$��RI�WKH�SDUN��ZH�
EHJDQ�FHQVXVLQJ�D�QHZ�FRKRUW�RI�VHHGOLQJV��

�
�
0HWKRGV�
�
/LJKW�UHTXLUHPHQWV�IRU�JHUPLQDWLRQ�
�
:H�FROOHFWHG�VHHGV�IURP�WUHHV�LQ�WKH�(($$��:H�SODFHG����VHHGV�RI�PHODOHXFD�RQ�
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1R���� ILOWHU�SDSHU�PRLVWHQHG�ZLWK� GLVWLOOHG�ZDWHU�� LQ� HDFK� RI� ��� SHWUL� GLVKHV�� IRU�
HDFK�WUHDWPHQW��IRU�D�WRWDO�RI�����VHHGV�SHU�WUHDWPHQW��7KHUH�ZHUH�WKUHH�OLJKW�WUHDW�
PHQWV� XQGHU� IORXUHVFHQW� OLJKWLQJ�� )RU� WKH� KLJK� OLJKW� WUHDWPHQW�� WKH� SHWUL� GLVKHV�
ZHUH�FRPSOHWHO\�H[SRVHG�WR�WKH�OLJKW��,Q�WKH�ORZ�OLJKW�WUHDWPHQWV��WKH�SHWUL�GLVKHV�
ZHUH�FRYHUHG�ZLWK�����VKDGH�FORWK���7KH�GLVKHV�ZHUH�ZUDSSHG�ZLWK�DOXPLQXP�IRLO�
IRU� WKH� GDUN� WUHDWPHQW�� � :H� SODFHG� DOO� WKH� SHWUL� GLVKHV� LQ� JURZWK� FKDPEHUV�
�3HUFLYDO�0RGHO�(���%��VHW�IRU����K�RI�GD\OLJKW�IROORZHG�E\���K�RI�GDUNQHVV��7KH�
UHODWLYH� KXPLGLW\� ZDV� VHW� DW� ���� DQG� WKH� WHPSHUDWXUH� YDULHG� IURP� ���&� GXULQJ�
GDUNQHVV�WR����&�GXULQJ���K�RI�GD\OLJKW��7KH�KLJK�DQG�ORZ�OLJKW�WUHDWPHQWV�ZHUH�
HYDOXDWHG�ZHHNO\� IRU� JHUPLQDWLRQ�� DQG� WKH� GDUN� WUHDWPHQW�ZDV� HYDOXDWHG� RQFH� DW�
WKH� FRQFOXVLRQ� RI� WKH� VWXG\�� � 5HVXOWV� ZHUH� DQDO\]HG� E\� FRQGXFWLQJ� D� RQH�ZD\�
$129$�RQ�WKH�ILQDO�QXPEHU�RI�VHHGV�JHUPLQDWHG�IRU�HDFK�WUHDWPHQW�DW����GD\V���
�
6HHG�LQXQGDWLRQ�DQG�HVWDEOLVKPHQW�
�
7KH�LQXQGDWLRQ�WUHDWPHQWV�ZHUH�DV�IROORZV����GD\V����GD\����ZHHN��DQG����������������
�������������������DQG����PRQWKV���:H�SODFHG�WZHQW\�PHODOHXFD�VHHGV�LQ�HDFK�RI���
UHSOLFDWH�YLDOV�FRQWDLQLQJ����PO�RI�GLVWLOOHG�ZDWHU� IRU�HDFK� WUHDWPHQW�� ,Q�DGGLWLRQ��
ZH�SODFHG����PHODOHXFD�VHHGV�RQ�PRLVWHQHG�1R���� ILOWHU�SDSHU� LQ�HDFK�RI���SHWUL�
GLVKHV� DV� D� FRQWURO� �QR� LQXQGDWLRQ�� WUHDWPHQW�� 7KH� YLDO� DQG� SHWUL� GLVKHV� ZHUH�
SODFHG�LQ�D�JURZWK�FKDPEHU�VHW�DW��������UHODWLYH�KXPLGLW\�����&��DQG�D�F\FOH�RI�
���K�RI�GD\OLJKW�WR����K�RI�GDUNQHVV��:H�PRQLWRUHG�WKH�YLDOV�ZHHNO\�IRU�JHUPLQD�
WLRQ��DQG�DOVR�QRWHG�ZKHWKHU�WKH�VHHG�ZDV�IORDWLQJ�RU�VLQNLQJ�DQG�LI�WKH�VHHG�KDG�
JHUPLQDWHG�ZKLOH�VXEPHUJHG���$IWHU�WKH�VSHFLILHG�LQXQGDWLRQ�WLPHV�IRU�HDFK�WUHDW�
PHQW��ZH�UHPRYHG�WKH�VHHGV�IURP�WKH�YLDOV��SODFHG�WKHP�RQ�PRLVWHQHG�ILOWHU�SDSHU�
LQ�SHWUL� GLVKHV�� DQG�SXW� WKHP�EDFN� LQWR� WKH� JURZWK� FKDPEHU�� �:H� H[DPLQHG� WKH�
SHWUL�GLVKHV�ZHHNO\�IRU�JHUPLQDWLRQ��7KH�SURSRUWLRQ�RI�VHHGV�JHUPLQDWHG� LQ�HDFK�
WUHDWPHQW�ZDV�FRPSDUHG�XVLQJ�$QDO\VLV�RI�9DULDQFH��6$6����������
�
7R�ORRN�DW�VHHGOLQJ�HVWDEOLVKPHQW�XQGHU�ZDWHU��ZH�FRPSDUHG�HVWDEOLVKPHQW�RQ�WZR�
LQXQGDWHG�VXEVWUDWHV�DQG�RQH�PRLVWHQHG�VXEVWUDWH���7KH�WZR�LQXQGDWHG�VXEVWUDWHV�
ZHUH�D�ILQH�FOD\�ORDP�VRLO�DQG�D�VSKDJQXP�SHDW���7KH�PRLVWHQHG�VXEVWUDWH�ZDV�DOVR�
VSKDJQXP�SHDW���)RU�WKH�LQXQGDWHG�VXEVWUDWHV��ZH�SODFHG����PHODOHXFD�VHHGV�LQ�YL�
DOV�FRQWDLQLQJ����PO�RI�GLVWLOOHG�ZDWHU���)RU�WKH�PRLVWHQHG�VXEVWUDWH��ZH�SODFHG����
VHHGV� GLUHFWO\� RQWR� WKH� VXEVWUDWH�� � 7KHUH� ZHUH� ��� UHSOLFDWHV� IRU� HDFK� WUHDWPHQW���
7KH�YLDOV�ZHUH�PRQLWRUHG�ZHHNO\�IRU�JHUPLQDWLRQ��QXPEHUV�RI�IORDWLQJ�YHUVXV�VLQN�
LQJ�VHHGV��DQG�ZKHWKHU�WKH�VXQNHQ�VHHGOLQJV�WRRN�URRW�LQ�WKH�VXEVWUDWH��
�
:H�DOVR�GLG�D�JUHHQKRXVH�H[SHULPHQW�GHWHUPLQLQJ� WKH�UHVSRQVHV�RI�PHODOHXFD� WR�
VXEPHUVLRQ� LQ� ZDWHU� DQG� DERYH�JURXQG� ELRPDVV� UHPRYDO�� � :H� XVHG� WZR� ZDWHU�
GHSWKV��KLJK� ������FP�DERYH� WKH� VRLO� VXUIDFH�� DQG� ORZ� ���FP�EHORZ� WKH� VRLO� VXU�
IDFH��� � 7KH� ELRPDVV� WUHDWPHQWV� ZHUH� XQFXW� DQG� FXW�� � )RU� WKH� FXW� WUHDWPHQW�� DOO�
DERYH�JURXQG�ELRPDVV�ZDV�UHPRYHG�DW�WKH�EHJLQQLQJ�RI�WKH�H[SHULPHQW���:H�SRW�
WHG����DSSUR[LPDWHO\���FP�WDOO�VHHGOLQJV�IRU�HDFK�WUHDWPHQW�LQ�D�����VWHULOH�VDQG�WR�
SRWWLQJ� VRLO� �0HWURPL[� �����PHGLXP�� � 7KH� SRWV� ZHUH� SODFHG� LQ� ����P� GLDPHWHU�

+DUWPDQ�
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SODVWLF�SRROV� LQ�D�VSOLW�SORW�GHVLJQ�� �:H�PHDVXUHG�SODQW�KHLJKW�DW� WKH�VWDUW�RI� WKH�
H[SHULPHQW��DQG�DW�����DQG�����GD\V��
�
6HHG�DQG�VHHGOLQJ�RXWSODQWLQJV�
�
:H�SODQWHG�VHHGV�LQ�D�VHULHV�RI�JULGV�DW�WKH�+ROH�LQ�WKH�'RQXW��+,'��UHVWRUDWLRQ�
DUHD� LQ� WKH�SDUN�DQG�DW�&KHNLND� LQ� WKH�(($$�LQ�-XQH������DQG�DW�+,'�DJDLQ� LQ�
-DQXDU\��������$W�+,'��ZH�DOVR�SODQWHG�VHHGOLQJV�LQ�-XQH��������$W�WKH�+,'�UHVWR�
UDWLRQ�DUHD��WKHUH�ZHUH��������P��JULGV��HDFK�FRPSRVHG�RI����SRLQWV���$W�&KHNLND��
WKHUH�ZHUH� WZR���[����P�JULGV�� HDFK�FRQWDLQLQJ�����SRLQWV�� �*ULG���ZDV� ORFDWHG�
VRXWK�RI�WKH�SDUNLQJ�ORW�DQG�JULG���ZDV�RQ�WKH�VRXWKHUQ�VLGH�RI�WKH�GLUW�URDG�QHDU�
WKH�UDQJHU�UHVLGHQFH��
�
:LWKLQ� WKHVH�JULGV��ZH� VHOHFWHG�SRLQWV� IRU�SODQWLQJ�XVLQJ� D� VWUDWLILHG� UDQGRP�GH�
VLJQ���7KH�VDPSOH�SORWV�GLIIHUHG�LQ�HOHYDWLRQ�ZLWKLQ�D���P�UDQJH���7KH�YDULDEOHV�PD�
QLSXODWHG�LQ�WKH�H[SHULPHQW�ZHUH�OLJKW��VRLO�GHSWK��QXWULHQW�DYDLODELOLW\��DQG�VRLO�GLV�
WXUEDQFH�� �:H� OLPLWHG� OLJKW� E\� XVLQJ� VKDGH� WHQWV�� LQFUHDVHG� VRLO� GHSWK� E\� DGGLQJ�
SRWWLQJ� VRLO�� LQFUHDVHG�QXWULHQWV�E\� DGGLQJ� IHUWLOL]HU�� DQG� VFDULILHG� WKH� VRLO�ZLWK� D�
JDUGHQLQJ�FODZ�� �&RQWUROV� LQFOXGHG�SODQWLQJ�ZLWK�QR�PDQLSXODWLRQ�DQG�XQSODQWHG�
EODQN�FRQWUROV���:H�SODQWHG�DSSUR[LPDWHO\����VHHGV� LQ����FP�VTXDUHV�DW�HDFK�VH�
OHFWHG�SRLQW���:H�SODQWHG���VHHGOLQJV�DW�HDFK�RI�WKUHH�SRLQWV�LQ�HDFK�+,'�JULG��
�
'XULQJ�ODWH�0D\�DQG�HDUO\�-XQH�������ZH�FRXQWHG�VHHGOLQJV�DW�HDFK�VHHG�SODQWLQJ�
SRLQW��:H� UHFRXQWHG� WKH� VHHGOLQJV� DW�+,'�DW� WKH�HQG�RI� -XQH�� DQG� LQ�'HFHPEHU�
������ -DQXDU\� ������ 0DUFK� ������ 0DUFK� ������ DQG� ILQDOO\� LQ� -DQXDU\� ������:H�
FRXQWHG�DQG�PHDVXUHG�DOO� WKH�RXWSODQWHG� VHHGOLQJV� LQ�2FWREHU������ DQG� -DQXDU\�
������7KH�ZDWHU� GHSWKV� DW�&KHNLND� SUHYHQWHG� XV� IURP�PRQLWRULQJ� WKH� VHHGOLQJV�
WKHUH�XQWLO�-DQXDU\�������,Q�-DQXDU\�������ZH�UHPRYHG�WKH�JULGV�IURP�&KHNLND�DQG�
+,'�����
�
)LHOG�VHHGOLQJ�FHQVXV�
�
$W�&KHNLND��DW�WKH�QRUWKHUQ�FRUQHU�RI����WK�6WUHHW�DQG����WK�$YHQXH��ZH�KDG�SUHYL�
RXVO\�VHW�XS�D�VHHG�GLVSHUVDO�H[SHULPHQW�WKDW�ZDV�GHVWUR\HG�E\�ILUH�LQ�$SULO��������
7KLV�H[SHULPHQW�KDG�VL[�DSSUR[LPDWHO\���P�WDOO�WUHHV�LQ�LW��DURXQG�HDFK�RI�ZKLFK�DOO�
PHODOHXFD�WUHHV�KDG�EHHQ�FOHDUHG�IRU�D�����P�UDGLXV���7KUHH�RI�WKH�WUHHV�VXUYLYHG�
WKH� ILUH�� DQG� LQ� -DQXDU\� ������ZH�EHJDQ� WR� FHQVXV� VHHGOLQJV� WKDW�KDG�JHUPLQDWHG�
DIWHU�WKH�ILUH�DURXQG�HDFK�RI�WKHVH�WUHHV���:H�FRXQWHG�DOO�RI�WKH�VHHGOLQJV�LQ�D����
P��DUHD�DURXQG�HDFK�WUHH�DQG�FRXQWHG�DOO�VHHGOLQJV�LQ���P�ZLGH�WUDQVHFWV�UDGLDWLQJ�
GXH�QRUWK��VRXWK��HDVW��DQG�ZHVW�IURP�HDFK�WUHH���7KH�WUDQVHFWV�ZHUH�UXQ�IRU�DW�OHDVW�
���P�RU�XQWLO�QR�PRUH�VHHGOLQJV�ZHUH�IRXQG�DW� OHDVW����P�IURP�WKH� ODVW� VHHGOLQJ�
IRXQG���:H�PDSSHG����JURXSV�RI�VHHGOLQJV�DURXQG�RQH�WUHH�DQG���JURXSV�DURXQG�
DQRWKHU� WUHH�� DQG� LQ� HDFK� JURXS�ZH�PDUNHG�EHWZHHQ� ����� VHHGOLQJV�� �:H� UHFHQ�
VXVHG�WKH�QXPEHU�RI�VHHGOLQJV�LQ�HDFK�RI�WKHVH�JURXSV�LQ�0DUFK������DQG�-DQXDU\�
�����WR�IROORZ�VHHGOLQJ�VXUYLYDO� 
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5HVXOWV�
�
/LJKW�UHTXLUHPHQWV�IRU�JHUPLQDWLRQ�
�
)RUW\�GD\V�DIWHU�LQLWLDWLRQ�RI�WKH�H[SHULPHQW��WKH�KLJK�DQG�ORZ�OLJKW�WUHDWPHQWV�KDG�
VLJQLILFDQWO\�KLJKHU� JHUPLQDWLRQ� UDWHV� �����DQG������ UHVSHFWLYHO\�� WKDQ� WKH�GDUN�
WUHDWPHQW�������) ������S���������)LJ������ �:H�H[SHFWHG�WKH�JHUPLQDWLRQ�UDWH�WR�
GHFUHDVH�DV� OLJKW�GHFUHDVHG��KRZHYHU��ZH�ZHUH�VXUSULVHG� WKDW�VHHGV�JHUPLQDWHG� LQ�
WKH�GDUN�WUHDWPHQW��7KLV�LPSOLHV�WKDW�VHHGV�FRXOG�SRWHQWLDOO\�JHUPLQDWH�XQGHU�RWKHU�
YHJHWDWLRQ��RU�XQGHU�SHULSK\WRQ��
�
6HHG�LQXQGDWLRQ�DQG�HVWDEOLVKPHQW�
�
7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WUHDWPHQWV�LQ�WKH�SHUFHQWDJH�RI�VHHGV�
JHUPLQDWHG��) ������S ��������7KH�JHUPLQDWLRQ�UDWH�IRU�WKH�FRQWURO�WUHDWPHQW�ZDV�
DSSUR[LPDWHO\� ���� DQG� IRU� WKH�GLIIHUHQW� WUHDWPHQWV�� WKH� JHUPLQDWLRQ� UDWH� UDQJHG�
IURP� ���� DIWHU� ��PRQWKV� RI� VXEPHUVLRQ� WR� ��� DIWHU� ��PRQWKV� RI� VXEPHUVLRQ�
�)LJ��������7KHUH�ZDV�QR�FOHDU�SDWWHUQ�RI�JHUPLQDWLRQ�VXFFHVV�ZLWK�WLPH�VXEPHUJHG���
)RU�WKH�LQXQGDWLRQ�WUHDWPHQWV��DOO�JHUPLQDWLRQ�RFFXUUHG�E\�WKH�ILIWK�ZHHN�RI�LQXQ�
GDWLRQ�� � )RU� WKH� FRQWURO� WUHDWPHQW� �QR� VXEPHUVLRQ��� DOO� JHUPLQDWLRQ� RFFXUUHG�
ZLWKLQ���ZHHNV���2I�DOO�WKH�PHODOHXFD�VHHGV�����VHHGV�IORDWHG�DQG�����VHHGV�VDQN���
*HUPLQDWLRQ�UDWH�DPRQJ�WKH�´IORDWHUVµ�ZDV�DV�KLJK�DV���������*HUPLQDWLRQ�UDWHV�
IRU�WKH�´VLQNHUVµ�ZDV�PXFK�ORZHU�����������
�

�

�

��

��

��

��

OLJKW VKDGH GDUN

7UHDWPHQW

�
�J
HU
P
LQ
DW
LR
Q�

)LJXUH����(IIHFW�RI�OLJKW�RQ�VHHG�JHUPLQDWLRQ���:H�XVHG����VHHGV�LQ�HDFK�
RI�WHQ�UHSOLFDWHV�IRU�HDFK�WUHDWPHQW��%DUV�UHSUHVHQW�RQH�VWDQGDUG�HUURU��
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,Q� WKH�HVWDEOLVKPHQW�VWXG\��DIWHU���PRQWKV�RI� LQXQGDWLRQ�� DSSUR[LPDWHO\�����RI�
WKH�JHUPLQDWHG�VHHGV�LQ�WKH�VXEPHUJHG�FOD\�WUHDWPHQW�ZHUH�DEOH�WR�URRW�LQ�WKH�VXE�
VWUDWH� �)LJ������ �7KH�JHUPLQDWLRQ� UDWH� IRU� WKLV� WUHDWPHQW�ZDV������� �)RU� WKH� VXE�
PHUJHG�SHDW�DQG�PRLVW�SHDW�WUHDWPHQWV�������RI�WKH�JHUPLQDWHG�VHHGV�ZHUH�DEOH�
WR�URRW�ZLWKLQ�ERWK�VXEVWUDWHV���7KH�JHUPLQDWLRQ�UDWHV�IRU�HDFK�RI�WKHVH�WUHDWPHQWV�
ZHUH����DQG�������UHVSHFWLYHO\��
 
,Q�WKH�JUHHQKRXVH�VWXG\�RQ�UHVSRQVH�RI�VHHGOLQJV�WR�VXEPHUVLRQ�DQG�ELRPDVV�UH�
PRYDO��PHODOHXFD�JUHZ�PRUH�VORZO\�ZKHQ�VXEPHUJHG��)LJ���D���EXW�VXEPHUVLRQ�GLG�
QRW�VLJQLILFDQWO\� LQFUHDVH�PRUWDOLW\� �)LJ���E��� �%LRPDVV�UHPRYDO�GHFUHDVHG�JURZWK�
UDWH��)LJ���D��DQG�LW�LQFUHDVHG�PRUWDOLW\�XQGHU�ORZ�ZDWHU�FRQGLWLRQV��)LJ���E����,W�GLG�
QRW�VLJQLILFDQWO\�LQFUHDVH�PRUWDOLW\�XQGHU�IORRGHG�FRQGLWLRQV��
�
6HHG�DQG�VHHGOLQJ�RXWSODQWLQJV�
�
1R�PHODOHXFD�VHHGV�JHUPLQDWHG�DQG�QRQH�RI�WKH�RXWSODQWHG�VHHGOLQJV�VXUYLYHG�XQ�
GHU�DQ\�WUHDWPHQW�DW�HLWKHU�VLWH���&KHNLND�ZDV�LQXQGDWHG�IRU�D�ORQJ�SHULRG�RI�WLPH��
DQG�DOWKRXJK�SUHYLRXVO\�HVWDEOLVKHG�VWDQGV�RI�PHODOHXFD� LQ� WKH�DUHD�VXUYLYHG�� WKH�
VHHGV�ZH�SODQWHG�PD\�KDYH�EHHQ�ZDVKHG�DZD\�RU�PD\�QRW�KDYH�VXUYLYHG�WKH�LQXQ�
GDWLRQ�RQFH� WKH\� JHUPLQDWHG�� �:H�ZHUH�PRUH� VXUSULVHG�E\� WKH� ODFN�RI� HVWDEOLVK�
PHQW�RI�PHODOHXFD�DW�+,'�ZKHUH�ZDWHU�OHYHOV�ZHUH�ORZHU����
�
)LHOG�VHHGOLQJ�FHQVXV�
�
,Q�D����P��DUHD�DURXQG�HDFK�WUHH��VHHGOLQJ�GHQVLW\�UDQJHG�IURP���������VHHGOLQJV�
P��� � *URXSLQJ� VHHGOLQJ� FRXQWV� IRU� WKH� �� WUDQVHFWV� DURXQG� HDFK� WUHH� VKRZHG� D�
SDWFK\�GLVWULEXWLRQ�RI�VHHGOLQJV��)LJ�������7KUHH�PRQWKV�DIWHU�PDUNLQJ�WKH�VHHGOLQJ�
FOXPSV��WKHUH�ZDV�����VHHGOLQJ�VXUYLYDO���2QH�\HDU�ODWHU��DQ�DYHUDJH�RI�����RI�WKH�
VHHGOLQJV�VXUYLYHG���7KH�VHHGOLQJV�JUHZ�YHU\�OLWWOH�RYHU�WKH�\HDU���7KLV�PD\�EH�GXH�
WR�WKH�KLJK�ZDWHU�OHYHOV�RI�������2IWHQ��WKH�XQGHUZDWHU�SRUWLRQV�RI�VHHGOLQJV�ZHUH�
FRYHUHG�LQ�SHULSK\WRQ��ZKLFK�PD\�EH�LQKLELWLQJ�SKRWRV\QWKHVLV��
�
�
'LVFXVVLRQ�

�
2XU�H[SHULPHQWV�GHPRQVWUDWH�WKDW�WKH�SURFHVVHV�RI�VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�
HVWDEOLVKPHQW� UHSUHVHQW� D�ERWWOHQHFN� LQ� WKH� OLIH�KLVWRU\�RI�0��TXLQTXHQHUYLD�� � 6HHG�
JHUPLQDWLRQ�ZDV�FRQVLVWHQWO\�EHORZ������DQG�RI�WKRVH�VHHGV�WKDW�JHUPLQDWHG��RQO\�
KDOI� HVWDEOLVKHG�� � ,Q� RXU� ILHOG� H[SHULPHQW�� WKHUH� ZDV� QR� HVWDEOLVKPHQW�� DOWKRXJK�
WKHUH�ZDV�QDWXUDO�HVWDEOLVKPHQW�DURXQG�WUHHV�DW�&KHNLND�IROORZLQJ�D�ILUH���'HVSLWH�
ORZ�JHUPLQDWLRQ�DQG�HVWDEOLVKPHQW�UDWHV��LW�LV�LPSRUWDQW�WR�NHHS�LQ�PLQG�WKDW�PH�
ODOHXFD�WUHHV�HDFK�SURGXFH�PLOOLRQV�RI�VHHGV���%HFDXVH�RI�WKH�TXDQWLW\�RI�VHHGV�SUR�
GXFHG��WKH�OLNHOLKRRG�RI�VRPH�WUHHV�HVWDEOLVKLQJ�LV�KLJK��
�
0HODOHXFD·V��DELOLW\�WR�JURZ�XQGHU�KLJK�ZDWHU�FRQGLWLRQV�VKRXOG�DOVR�EH�WDNHQ�LQWR�
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��*HUPLQDWHG�VXEPHUJHG ��*HUPLQDWHG�RQ�SHWUL�GLVK�

)LJXUH�����(IIHFW�RI�LQXQGDWLRQ�RQ�VHHG�JHUPLQDWLRQ���:H�XVHG����VHHGV�LQ�HDFK�
RQ���UHSOLFDWHV�IRU�HDFK�WUHDWPHQW�DQG�FRQWURO��QR�LQXQGDWLRQ��� �6HHG� LQXQGD�
WLRQ�WUHDWPHQWV�ZHUH���GD\V����GD\����ZHHN��DQG�����������������������������������
DQG����PRQWKV���%DUV�UHSUHVHQW�RQH�VWDQGDUG�HUURU��

��

���

���

���

���

���

���

���

���

���

����

0RLVW�3HDW 6XEPHUJHG�3HDW 6XEPHUJHG�&OD\

7UHDWPHQW
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Q� ����VHHGVQ� ����VHHGV

)LJXUH�����7KH�SHUFHQW�RI�JHUPLQDWHG�VHHGV�WKDW�HVWDEOLVKHG�RQ�LQXQGDWHG�DQG�
PRLVWHQHG�VXEVWUDWHV���6DPSOH�VL]HV�YDULHG�GXH�WR�GLIIHUHQW�JHUPLQDWLRQ�UDWHV�LQ�
WKH�GLIIHUHQW�WUHDWPHQWV��
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)LJXUH�����(IIHFW�RI�LQXQGDWLRQ��KLJK�RU�ORZ��DQG�ELRPDVV�UHPRYDO��FXW�
RU� XQFXW�� RQ� �D�� VHHGOLQJ� JURZWK� UDWHV� DQG� �E��PRUWDOLW\� LQ� WKH� JUHHQ�
KRXVH��



���������

FRQVLGHUDWLRQ���,W� LV�DEOH�WR�JHUPLQDWH�DQG�HVWDEOLVK�XQGHUZDWHU� LQ�WKH� ODE�� �6HHG�
OLQJV�FDQ�JURZ�XQGHUZDWHU� IRU� DW� OHDVW� ��PRQWKV� LQ� WKH� JUHHQKRXVH� �-��+DUWPDQ��
XQSXEO��GDWD����2XU�ILHOG�VHHGOLQJ�FHQVXV�DOVR�LQGLFDWHV�WKDW�VHHGOLQJV�VXUYLYH�IRU�DW�
OHDVW�D�\HDU�XQGHUZDWHU�� �/RFNKDUW�������� IRXQG�WKDW�VHHGOLQJV�JUHZ�EHVW�XQGHU�D�
K\GURSHULRG�ZLWK�����ZHW�GU\�WLPH��EXW�WKH\�VWLOO�JUHZ�XQGHU�KHU�KLJKHVW�����K\�
GURSHULRG���6HHGOLQJV�EHJLQ�WR�SURGXFH�KHWHURSK\OOLF�OHDYHV�DIWHU�VXEPHUVLRQ�IRU�D�
IHZ�ZHHNV��/RFNKDUW��������
�
:DWHU�PD\�DOVR�EH�PRUH�LPSRUWDQW�WR�VHHG�GLVSHUVDO�WKDQ�SUHYLRXVO\�WKRXJKW��0RVW�
OLWHUDWXUH� IRFXVHV�RQ�ZLQG�DV� D�GLVSHUVDO�PHFKDQLVP�IRU�PHODOHXFD� �H�J���:RRGDOO�
���������+RZHYHU��LQ�D�V\VWHP�OLNH�WKH�(YHUJODGHV��RU�LQ�PHODOHXFD·V�QDWLYH�ZHWODQG�
KDELWDW���ZDWHU�GLVSHUVDO�LV�D�YLDEOH�VWUDWHJ\�IRU�PRYLQJ�VHHGV�WR�QHZ��DSSURSULDWH�
KDELWDWV�� � 7KH� YLDELOLW\� RI� VXEPHUJHG� VHHGV� GLG� QRW� GLIIHU� IURP� WKDW� RI� XQVXE�
PHUJHG�VHHGV��DQG�WKH�DPRXQW�RI�WLPH�VXEPHUJHG��XS�WR���PRQWKV��GLG�QRW�ORZHU�
WKH� YLDELOLW\�RI� WKH� VHHGV�� � 6HHGV� VXEPHUJHG� GXULQJ� GLVSHUVDO� FDQ� VWLOO� JHUPLQDWH���
7KH�UHODWLYHO\�KLJK�JHUPLQDWLRQ�UDWH�RI�PHODOHXFD�VHHGV�WKDW�IORDW�FRXOG�EH�D�GLVSHU�
VDO�VWUDWHJ\�IRU�KLJK�ZDWHU�FRQGLWLRQV���(VWDEOLVKPHQW�ZDV�KLJK�XQGHUZDWHU�LQ�WKLV�
H[SHULPHQW� DV�ZHOO�� LQFUHDVLQJ�RXU�FRQFHUQ� WKDW� LQFUHDVLQJ�ZDWHU� OHYHOV�PD\�KDYH�
OLWWOH�HIIHFW�RQ�UHGXFLQJ�WKH�HVWDEOLVKPHQW�VXFFHVV�RI�PHODOHXFD��
�
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)LJXUH�����$YHUDJH�GLVWULEXWLRQ�RI�VHHGOLQJV�DORQJ�WUDQVHFWV�DW�WKH�&KHNLND�VLWH���
7UDQVHFWV�EHJDQ�DW�WKH�SDUHQW�WUHHV��

+DUWPDQ�



������� )ORULGD·V�*DUGHQ�RI�*RRG�DQG�(YLO�

/LWHUDWXUH�&LWHG�
�
(ZHO��-��-����������,QYDVLELOLW\���/HVVRQV�IURP�6RXWK�)ORULGD���,Q�+��$��0RRQH\�DQG�-��$��'UDNH��HGV����

(FRORJ\�RI�%LRORJLFDO�,QYDVLRQV�RI�1RUWK�$PHULFD�DQG�+DZDLL��1HZ�<RUN��6SULQJHU�9HUODJ���
*UXEE��3�� -�� ������� �7KH�PDLQWHQDQFH�RI�VSHFLHV�ULFKQHVV� LQ�SODQW�FRPPXQLWLHV��7KH� LPSRUWDQFH�RI�

WKH�UHJHQHUDWLRQ�QLFKH��%LRORJLFDO�5HYLHZ�������������
-RKQVRQ��5��$���DQG�5��-��)HQQHPD����������&RQIOLFWV�RYHU�IORRG�FRQWURO�DQG�ZHWODQG�SUHVHUYDWLRQ�LQ�

WKH� 7D\ORU� 6ORXJK� DQG�(DVWHUQ� 3DQKDQGOH� EDVLQV� RI� (YHUJODGHV�1DWLRQDO� 3DUN��:HWODQGV��
&RQFHUQV�DQG�6XFFHVVHV��$PHULFDQ�:DWHU�5HVRXUFHV�$VVRFLDWLRQ����

/DURFKH��)���HG���������0HODOHXFD�0DQDJHPHQW�3ODQ�IRU�)ORULGD��([RWLF�3HVW�3ODQW�&RXQFLO��)OD��
/RFNKDUW�� &�� 6�� � ������ � 7KH�(IIHFW�RI�:DWHU�/HYHO�9DULDWLRQ�RQ�WKH�*URZWK�RI�0HODOHXFD�6HHGOLQJV�)URP�WKH�

/DNH�2NHHFKREHH�/LWWRUDO�=RQH���0DVWHU·V�WKHVLV��)ORULGD�$WODQWLF�8QLYHUVLW\���
6$6�,QVWLWXWH��6$6��������6$6�8VHU·V�*XLGH��6WDWLVWLFV��&DU\��1�&���6$6�,QVWLWXWH��
:RRGDOO��6��/����������6LWH�UHTXLUHPHQWV�IRU�PHODOHXFD�VHHGOLQJ�HVWDEOLVKPHQW��,Q�5��.��*HLJHU��HG����

3URFHHGLQJV�RI�0HODOHXFD�6\PSRVLXP���7DOODKDVHH��)ORULGD�'LYLVLRQ�RI�)RUHVWU\��
BBBBBBBB�����������6HHG�GLVSHUVDO�LQ�0HODOHXFD�TXLQTXHQHUYLD��)ORULGD�6FLHQWLVW�����������
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