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7UHHV� 'LSWHURFDUSXV� WXUELQDWXV� &�� )�� *DHUWQ� ������� LV� D� FRPPRQ� IRUHVW�
IRUPLQJ� VSHFLHV�RI� WURSLFDO� IRUHVW�HFRV\VWHPV��7KHVH� WUHHV�DUH�ZLGHO\�XVHG�ERWK� LQ�
UHIRUHVWDWLRQ�DFWLYLWLHV�DQG�LQ�IRUHVW�SDUNV���

'�� WXUELQDWXV� LV� D� YDOXDEOH� VRXUFH� RI� ZRRG� ZLGHO\� XVHG� IRU� IXUQLWXUH�
SURGXFWLRQ�� $V� D� UHVXOW� RI� WKLV�� WKHVH� WUHHV� ZHUH� LQWHQVLYHO\� FXW� GRZQ�� )RU� WKLV�
UHDVRQ�� '�� WXUELQDWXV� KDV� EHHQ� DVVHVVHG� IRU� 7KH� ,8&1� 5HG� /LVW� RI� 7KUHDWHQHG�
6SHFLHV�LQ������DQG�LV�OLVWHG�DV�9XOQHUDEOH�>�@��7KXV��QDWXUDO�IRUHVWV�ZLWK�JURZQ�DQG�
JURZLQJ� WUHHV� RI� '�� WXUELQDWXV� ZHUH� XQGHU� VWURQJ� VWUHVV� IURP� DQWKURSRJHQLF�
LQIOXHQFH�� $FFRUGLQJ� WR� RXU� REVHUYDWLRQV�� VXFK� LPSDFWV� KDYH� QRW� E\SDVVHG� WKH�
WURSLFDO�IRUHVWV�RI�6RXWKHDVW�9LHWQDP��+RZHYHU��LQ�WKHVH�IRUHVWV��WKH�PRWKHU�WUHHV�RI�
'�� WXUELQDWXV� FDQ� EH� IRXQG�� 7KHVH� WUHHV� DUH� FKDUDFWHUL]HG� E\� JRRG� IUXLWLQJ�� $V� D�
UHVXOW�RI�WKLV��DEXQGDQW�VHOI�VHHGLQJ�FDQ�EH�REVHUYHG�LQ�IRUHVW�DUHDV��,Q�WKLV�FDVH��WKH�
LVVXH� UHODWHG� WR� WKH� SRVVLELOLW\� RI� QDWXUDO� UHJHQHUDWLRQ� RI� IRUHVWV� ZLWK� WKH�
SDUWLFLSDWLRQ� RI� 'LSWHURFDUSDFHDH� EHFRPHV� UHOHYDQW�� 7KLV� LVVXH� LV� RI� SDUWLFXODU�
UHOHYDQFH�LQ�SURWHFWHG�DUHDV��

7KH�JHUPLQDWLRQ�RI�VHHGV��DQG�ODWHU�RQ�WKH�JURZWK�RI�VHOI�VRZLQJ��LV�LQIOXHQFHG�
E\� PDQ\� IDFWRUV�� 7KH� SULPDU\� RI� WKHVH� LV� WKH� ZDWHU� VXSSO\� RI� SODQWV� DQG� WKHLU�
LOOXPLQDWLRQ� >��� �@��$W� WKH� VDPH� WLPH�� WKH� ODFN�RI� LOOXPLQDWLRQ�SOD\V� D�PXFK�PRUH�
SURQRXQFHG�UROH�LQ�KXPLG�IRUHVWV�FRPSDUHG�WR�GU\�IRUHVWV�>�@��6HFRQGDU\�IDFWRUV��LQ�
RXU� FDVH�� LQFOXGH� YDULRXV� NLQGV� RI� GDPDJH� WR� VHHGOLQJV� E\� OHDI�JQDZLQJ� DQG� OHDI�
EHHWOHV��DV�ZHOO�DV�IXQJL���

&RQGXFWLQJ� VWXGLHV� FRYHULQJ� WKH� DERYH� IDFWRUV� ZLOO� DQVZHU� VRPH� TXHVWLRQV�
UHODWHG� WR� WKH�JURZWK�DQG�GHYHORSPHQW�RI� VHOI�VHHGLQJ�'�� WXUELQDWXV�� LQ�SDUWLFXODU��
ZLWK�WKH�SURVSHFW�RI�LWV�H[LW�IURP�XQGHU�WKH�IRUHVW�FDQRS\��

���0$7(5,$/6�$1'�0(7+2'6�

�����*URZLQJ�FRQGLWLRQV�

7KH�VWXGLHV�ZHUH�FRQGXFWHG�LQ�����������DW�WKH�6RXWKHUQ�%UDQFK�RI�WKH�-RLQW�
9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH� LQ� WKH� WHUULWRU\�
RI� WKH�&DW�7LHQ�1DWLRQDO�3DUN� �6RXWKHDVW�9LHWQDP�� >�@��7KH�3DUN� LV� ORFDWHG� LQ� WKH�
]RQH� RI� VXEHTXDWRULDO� WURSLFDO�PRQVRRQ� FOLPDWH�� FKDUDFWHUL]HG� E\� WZR�SURQRXQFHG�
VHDVRQV��GU\��ODVWLQJ�IURP�1RYHPEHU�WR�$SULO��DQG�ZHW���IURP�0D\�WR�2FWREHU��7KH�
DPRXQW� RI� SUHFLSLWDWLRQ� LQ� WKH� GU\� VHDVRQ� LV� DERXW� ���PP�PRQWK�� DQG� LQ� WKH� ZHW�
VHDVRQ���XS�WR�����PP�PRQWK��7KH�DYHUDJH�PRQWKO\�WHPSHUDWXUH�YDULHV�IURP����&�
LQ�-DQXDU\�WR����&�LQ�$SULO�>�@��7KH�VRLOV�RI�PRVW�RI�WKH�WHUULWRU\�RI�WKH�SDUN�DUH�UHG�
\HOORZ� IHUUDOOLWH�� ORDP\� JUDQXORPHWULF� FRPSRVLWLRQ� >�@�� 7KH� VRLO� OD\HU� LQ� PDQ\�
SODFHV�LV�QRW�GHHS�DQG�LV�VXSSRUWHG�E\�EDVDOW�VODEV���
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:HDWKHU� GDWD�ZHUH� REWDLQHG� IURP� WKH�ZHDWKHU� VWDWLRQ� IRU� ORQJ�WHUP� FOLPDWLF�
REVHUYDWLRQV��ORFDWHG�LQ�WKH�UHVHDUFK�DUHD��

�����3ODQW�PDWHULDO��

7KH�PDLQ�REMHFW�RI� WKH�VWXG\�ZDV�VHHGOLQJV�'� WXUELQDWXV JURZQ� IURP� WKH� IUXLW�
QXWV�RI�WKH�PRWKHU�WUHH�LQ�PLG�$SULO�������7KH�KHLJKW�RI�WKH�PRWKHU�WUHH�LV����P��DQG�WKH�
DYHUDJH� GLDPHWHU� DW� D� KHLJKW� RI� ����P� LV� ���� FP� ����������� 1�� ����������� (�� )RU�
REVHUYDWLRQV��LQ�WKH�DUHD�RI�WKH�PRWKHU�WUHH��H[SHULPHQWDO�VLWH�6$�������VHHGOLQJV�ZHUH�
UDQGRPO\� VHOHFWHG�� (DFK� RI� WKHVH� VHHGOLQJV� ZDV� UHJXODUO\� PHDVXUHG� LQ� KHLJKW�� WKH�
QXPEHU�RI�OHDYHV�ZDV�FRXQWHG��DQG�D�YLVXDO�DVVHVVPHQW�RI�WKHLU�GDPDJH�ZDV�FDUULHG�RXW��

�����6SUHDG�IUXLW�

7KH�VSUHDG�RI�IUXLW�'��WXUELQDWXV�LV�SULPDULO\�GHWHUPLQHG�E\�WKH�SUHVHQFH�RI�D�
SDLUHG�LPSHOOHU�RQ�WKHP��)LJ������ZKLFK�GHWHUPLQHV�WKHLU�DHURG\QDPLF�SURSHUWLHV��7R�
VWXG\�WKHLU�DHURG\QDPLF�SURSHUWLHV��ZH�GURSSHG�WKH�IUXLWV�IURP�D�KHLJKW�RI����P�DQG�
UHFRUGHG�WKH�WLPH�RI�WKHLU�IOLJKW��$FFRUGLQJ�WR�WKH�GDWD�REWDLQHG�� WKH�VSHHG�RI�WKHLU�
IDOO� ZDV� FDOFXODWHG�� 7KHQ� WKH� IUXLWV� ZHUH� ZHLJKHG�� WKHQ� GULHG� WR� FRPSOHWHO\� GU\�
ZHLJKW��&':��DQG�ZHLJKHG�DJDLQ�

�����([SHULHQFH�ZLWK�DUWLILFLDO�SODQWLQJ�RI�IUXLWV�

)RU� WKH� SXUSRVH� RI� PRELOH� REVHUYDWLRQ� RI� VHHGOLQJV�� RQ� $SULO� ���� ������ ZH�
SUHSDUHG�D�JDUGHQ�EHG�PHDVXULQJ����[��P��ZKLFK�ZDV�ORFDWHG�LQ�DQ�RSHQ�DUHD��2Q�WKLV�
EHG�����KDWFKHG�IUXLWV�RI�'�� WXUELQDWXV�� FROOHFWHG�XQGHU� WKH�PRWKHU� WUHH��ZHUH�SODQWHG�
>�@��3ODQWLQJ�RI�IUXLWV�ZDV�FDUULHG�RXW�DW�D�GHSWK�RI�����FP��DW�D�GLVWDQFH�RI�������FP�
IURP�HDFK�RWKHU��$V�WKH�VRLO�GULHG�XS�LQ�WKH�JDUGHQ�EHG��WKH�SODQWLQJ�QHVWV�ZHUH�ZDWHUHG��

$V� DQ� DOWHUQDWLYH� WR� WKH� JURZWK� RI� VHHGOLQJV� RQ� 6$��� �� VHHGOLQJV� RI� '��
WXUELQDWXV JURZQ�IURP�WKH�VDPH�VHHG�PDWHULDO�ZHUH�SODQWHG�DW�WKH�VLWH�RI�WKH�IDOO�RI�D�
PDWXUH�WUHH��,Q�FRQWLQXDWLRQ�RI�WKH�H[SHULPHQW����VHHGOLQJV�ZHUH�UHPRYHG��

�����6WXG\�RI�VHOI�VHHGLQJ�PRUWDOLW\�G\QDPLFV�

,Q�RUGHU�WR�VWXG\�WKH�G\QDPLFV�RI�VHOI�VHHGLQJ�PRUWDOLW\��LQ������ZH�VHW�XS�DQ�
H[SHULPHQWDO� VLWH�6$���7KH� VLWH� LV� ORFDWHG�QH[W� WR� WKH�PRWKHU� WUHH�� RQ� LWV� VRXWKHUQ�
VLGH��DQG�KDV�WKH�VKDSH�RI�D�VTXDUH�ZLWK�DQ�DUHD�RI�6� ������P���)RU�WKH�FRQYHQLHQFH�
RI� DFFRXQWLQJ� IRU� VHOI�VHHGLQJ�� WKH� VLWH� ZDV� GLYLGHG� LQWR� �� ODQHV�� 2Q� WKLV� VLWH�� D�
FRPSOHWH� UHFDOFXODWLRQ� RI� VHOI�VRZLQJ� ZDV� FDUULHG� RXW�� DQG� WKH� DYHUDJH� VHHGOLQJ�
KHLJKW�DQG�WKH�DYHUDJH�QXPEHU�RI�OHDYHV�RQ�LW�ZHUH�GHWHUPLQHG�E\�UDQGRP�VDPSOLQJ��
%DVHG�RQ�WKH�GDWD�REWDLQHG��WKH�VHOI�VHHGLQJ�GHQVLW\�ZDV�FDOFXODWHG��

�����0HDVXUHPHQW�RI�VRLO�PRLVWXUH�FRQWHQW�DQG�OLQHDU�GLPHQVLRQV�

6RLO�PRLVWXUH�FRQWHQW�ZDV�PHDVXUHG�XVLQJ�D�+\GUR6HQVH�,,�VRLO�PRLVWXUH�PHWHU�
�&DPSEHOO� 6FLHQWLILF�� ,QF��86$���7KH�PRLVWXUH�PHWHU� DOORZV� \RX� WR� GHWHUPLQH� WKH�
SHUFHQWDJH�RI�YROXPHWULF�ZDWHU�FRQWHQW�LQ�PLQHUDO�VRLOV��9:&��ZLWK�DQ�DFFXUDF\�RI�
����� 7KH� PRLVWXUH� FRQWHQW� ZDV� GHWHUPLQHG� LQ� ��� FP� RI� WKH� VXUIDFH� VRLO� OD\HU��
0HDVXUHPHQWV� RI�PRLVWXUH� FRQWHQW� RQ� WKH� H[SHULPHQWDO� VLWH� 6$��ZHUH� FDUULHG� RXW�
QHDU�HDFK�REVHUYHG�VHHGOLQJ��DQG�RQ�6$����DW���HTXDOO\�VSDFHG�SRLQWV��
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7KH� KHLJKW� RI� WKH� VHHGOLQJV� ZDV� PHDVXUHG� ZLWK� D� WDSH� PHDVXUH� ZLWK� DQ�
DFFXUDF\�RI������PP��

�����3KRWRV\QWKHVLV��WUDQVSLUDWLRQ�DQG�OLJKW�UHJLPH�

,Q� WKLV� ZRUN�� ZH� KDYH� FRQVLGHUHG� WKH� SKRWRV\QWKHVLV� SURFHVVHV� IURP� WKH�
VWDQGSRLQW� RI� &2�� JDV� H[FKDQJH�� 7R� SORW� DQG� DQDO\]H� SKRWRV\QWKHVLV� UHVSRQVH�
FXUYHV� WR� SKRWRV\QWKHWLFDOO\� DFWLYH� UDGLDWLRQ� �3$5��� ZH� XVHG� GDWD� REWDLQHG� RQ�
������������ IURP������ WR� ������� IURP� WZR� DYHUDJH� VHHGOLQJV�ZLWK� DQWDJRQLVWLFDOO\�
GLIIHUHQW�SK\VLRORJLFDO�SDUDPHWHUV��

7KH�YDOXHV�RI�SKRWRV\QWKHVLV�DQG�WUDQVSLUDWLRQ�ZHUH�PHDVXUHG�XVLQJ�D�SRUWDEOH�
JDV�DQDO\]LQJ�V\VWHP�3RUWDEOH�3KRWRV\QWKHVLV�6\VWHP�/,�������/,�&25��86$���)RU�
WKH� VWXG\�� LQWDFW� OHDYHV�ZHUH� XVHG��JURZLQJ� DERYH� WKH� ILUVW� WZR�RSSRVLWHO\� IRUPHG�
OHDYHV�RI�WKH�VHHGOLQJ��7KH�SDUW�RI� WKH�VKHHW�OLPLWHG�E\�WKH�IUDPH�RI� WKH�PHDVXULQJ�
FKDPEHU�RI�WKH�V\VWHP�ZLWK�DQ�DSHUWXUH�RI��[��FP�ZDV�VXEMHFWHG�WR�PHDVXUHPHQWV��
)RU�WKH�DUWLILFLDO�LOOXPLQDWLRQ�RI�WKH�VWXGLHG�VKHHW��D��[��FP�OLJKW�VRXUFH�VXSSOLHG�E\�
WKH�PDQXIDFWXUHU�/,������DV�DQ�DGGLWLRQDO�GHYLFH�WR�GHYLFH�ZDV�XVHG��7KH�HPLVVLRQ�
VSHFWUXP�RI� WKH� OLJKW�VRXUFH�FRQVLVWHG�RI� UHG��Ȝ� �����QP��DQG�EOXH��Ȝ� �����QP��
FRORXUV�LQ�D�UDWLR�RI������

'XULQJ�WKH�PHDVXUHPHQWV��WKH�QHFHVVDU\�SDUDPHWHUV�RI�WKH�PLFURFOLPDWH�ZHUH�
VHW� LQ� WKH� PHDVXULQJ� FKDPEHU� /,������ �� WKH� LOOXPLQDWLRQ� RI� WKH� REMHFW�� WKH�
WHPSHUDWXUH�DQG�KXPLGLW\�RI�WKH�DLU��DQG�WKH�FRQFHQWUDWLRQ�RI�&2���

:KHQ�REWDLQLQJ�GDWD�IRU�FRQVWUXFWLQJ�GHSHQGHQFHV�RI�SKRWRV\QWKHVLV�RQ�3$5��
WKH�IROORZLQJ�PLFURFOLPDWH�SDUDPHWHUV�ZHUH�VHW�LQ�WKH�/,������PHDVXULQJ�FKDPEHU��
DLU� WHPSHUDWXUH����ɋ�� UHODWLYH� DLU� KXPLGLW\������&2��FRQFHQWUDWLRQ� LQ� WKH� DLU� ����
�PROāPRO����

:KHQ� FRQGXFWLQJ� UHVHDUFK� RQ� WKH� GHSHQGHQFH� RI� SKRWRV\QWKHVLV� RQ�
WHPSHUDWXUH�� LOOXPLQDWLRQ� ���� �PROāP��āV���� &2�� FRQFHQWUDWLRQ� ���� �PROāPRO

����
KXPLGLW\� a����� 7KH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� DXWRPDWLF� PRGH� LQ� WKH�
WHPSHUDWXUH�UDQJH�IURP����WR����&��

:KHQ� FRQGXFWLQJ� UHVHDUFK� RQ� WKH� GHSHQGHQFH� RI� SKRWRV\QWKHVLV� RQ� &2�

FRQFHQWUDWLRQ�� LOOXPLQDWLRQ� ���� �PROāP��āV���� WHPSHUDWXUH� ���&�� KXPLGLW\� a�����
7KH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� DXWRPDWLF� PRGH� LQ� WKH� UDQJH� RI� &2�

FRQFHQWUDWLRQV�IURP���WR�������PROāPRO����

7KH� 0LFKDHOLV�0XQWHQ� HTXDWLRQ� >����@� ZDV� WDNHQ� DV� WKH� EDVLV� IRU� WKH�
PDWKHPDWLFDO�GHVFULSWLRQ�RI�SKRWRV\QWKHVLV� UHVSRQVH�FXUYHV� WR�3$5��OLJKW�FXUYHV���
:H�XVHG�WKLV�HTXDWLRQ�LQ�D�PRGLILHG�IRUP�>�����@��

$ $Pā4��4�.0��$G��������������������������������������������������������

ZKHUH�$� LV� WKH� LQWHQVLW\�RI�SKRWRV\QWKHVLV���PROāP��āV����ȺP� LV� WKH�PD[LPXP�
LQWHQVLW\� RI� SKRWRV\QWKHVLV�� �PROāP��āV���� $G� LV� WKH� LQWHQVLW\� RI� GDUN� UHVSLUDWLRQ��
�PROāP��āV����4���3$5���PROāP��āV����.0�LV�WKH�0LFKDHOLV�FRQVWDQW��7KH�YDOXHV�RI�WKH�
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.0� FRQVWDQW� DUH� XVHG� E\� UHVHDUFKHUV� ZKHQ� FRPSDULQJ� WKH� SK\VLRORJLFDO�
FKDUDFWHULVWLFV�RI�SODQWV�>�����@��$FFRUGLQJ�WR�HTXDWLRQ������ WKH�OLJKW�FRPSHQVDWLRQ�
SRLQW��/&3��ZDV�GHWHUPLQHG��ZKLFK�VKRZV�DW�ZKDW�LQWHQVLW\�RI�3$5�SKRWRV\QWKHVLV�
EHFRPHV�HTXDO�WR�]HUR�>��@��

7R�HVWLPDWH�WKH�HIILFLHQF\�RI�SKRWRV\QWKHVLV��ZH�XVHG�WKH�VORSH�RI�WKH�WDQJHQW�
D�WR�WKH�FXUYH�RI�IXQFWLRQ�����DW�WKH�SRLQW�FRUUHVSRQGLQJ�WR�.0��)URP�D�SK\VLFDO�SRLQW�
RI�YLHZ��WKLV�FRHIILFLHQW�UHIOHFWV�WKH�UDWH�RI�FKDQJH�LQ�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV�
ZKHQ�WKH�3$5�FKDQJHV�E\�RQH�XQLW��

7KH�OLJKW�UHJLPH�RI�VHHGOLQJV�ZDV�GHWHUPLQHG�XVLQJ�WKH�/,�����LQVWUXPHQW��/,�
&25��86$���ZKLFK�PHDVXUHV�3$5��0HDVXUHPHQWV�RQ�6$��ZHUH�FDUULHG�RXW�QHDU�HDFK�
RI� WKH� VWXGLHG�VHHGOLQJV��DQG�RQ�6$���DW���HTXDOO\�VSDFHG�SRLQWV��7KH�REWDLQHG�GDWD�
ZHUH�DYHUDJHG��3$5�YDOXHV�PHDVXUHG�LQ�RSHQ�VSDFH�ZHUH�XVHG�DV�D�FRQWURO�SRLQW��

�����6WDWLVWLFDO�DQDO\VLV�

7KH�DQDO\VLV�RI� WKH�GDWD�REWDLQHG��DQG�WKH�FRQVWUXFWLRQ�RI�JUDSKV�ZDV�FDUULHG�
RXW�XVLQJ�PDWKHPDWLFDO�PHWKRGV�RI�VWDWLVWLFV��XVLQJ�WKH�06�([FHO�HQYLURQPHQW��

7KH� REWDLQHG� GDWD� ZHUH� SURFHVVHG� XVLQJ� WKH�06� ([FHO� SDFNDJH� �'HVFULSWLYH�
VWDWLVWLFV�� �S� �� ������ 7KH� GHJUHHV� RI� DVVRFLDWLRQ� RI� WKH� VWXGLHG� GDWD� VHWV� ZHUH�
GHWHUPLQHG� XVLQJ� 3HDUVRQ
V� FRUUHODWLRQ� FRHIILFLHQWV�� N�� 7KH� YDOXHV� RI� .0�� WKH�
FRHIILFLHQW�E�RI�WKH�HTXDWLRQ�D[�E�RI�WKH�WDQJHQW��ZHUH�VHOHFWHG�XVLQJ�WKH�06�([FHO�
SDFNDJH��6ROXWLRQ� VHDUFK� SDUDPHWHUV�� �OLPLW� QXPEHU�RI� LWHUDWLRQV� ����� UHODWLYH� HUURU�
��������� WROHUDQFH� ���� FRQYHUJHQFH� �������� 7KH� FRHIILFLHQW� D�� DV� ZHOO� DV� WKH�
H[WUHPXP�SRLQWV�RI�WKH�JUDSKLFDO�GHSHQGHQFHV��ZHUH�GHWHUPLQHG�XVLQJ�GLIIHUHQWLDWLRQ�
PHWKRGV� &DOFXODWLRQ� RI� WKH� SDUDPHWHUV� RI� WKH� HTXDWLRQ� LQ� WKH� GHVFULSWLRQ� RI� WKH�
REWDLQHG�GHSHQGHQFHV�ZDV�FDUULHG�RXW�XVLQJ�WKH�OHDVW�VTXDUHV�PHWKRGV��

���5(68/76�$1'�',6&866,21�

�����6SUHDGLQJ�IUXLWV�

$V� WKH�IUXLWV� �QXWV��RI�'�� WXUELQDWXV� ULSHQHG�� WKH�SHDNV�RI� WKHLU�DEXQGDQW�IDOO�
ZHUH�DVVRFLDWHG�ZLWK�IDLUO\�SRZHUIXO�JXVWV�RI�ZLQG��)RU�H[DPSOH��LQ������WKH�ZLQG�
VSHHG�UHDFKHG����P�V��

$Q�H[SHULPHQW�UHODWHG�WR�WKH�VWXG\�RI�WKH�IUHH�IDOO�RI�WKH�IUXLWV�RI�'��WXUELQDWXV
VKRZHG�WKH�IROORZLQJ��)RU�WKH�ILUVW���������P�WKH�IUXLW�IDOOV�ZLWK�DFFHOHUDWLRQ��)XUWKHU��
WKH�PRYHPHQW�RI�WKH�IUXLW��LQ�VRPH�DSSUR[LPDWLRQ��FDQ�EH�FRQVLGHUHG�DV�REH\LQJ�WKH�
6WRNHV�ODZ��7KH�DYHUDJH�IUXLW�IDOO�VSHHG�ZDV�����FP�V��6'� �������,Q�VRPH�FDVHV��ZH�
REVHUYHG�VRPH�VORZGRZQ�LQ�WKH�VSHHG�RI�WKH�IDOO�RI�WKH�IUXLW�DERYH�WKH�FURZQV�RI�WKH�
ORZHU�WUHHV��:H�SUHVXPDEO\�DVVRFLDWH�WKLV�FLUFXPVWDQFH�ZLWK�DVFHQGLQJ�ZDWHU�YDSRU�
UHOHDVHG�E\�SODQWV�GXULQJ�WUDQVSLUDWLRQ��7KH�DYHUDJH�ZHLJKW�RI�WKH�IHWXV�ZDV������J��
&':��������J��
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2XU� UHFRQQDLVVDQFH�VWXGLHV�LQ�WKH�DUHD�RI� WKH�H[SHULPHQWDO�SORWV�DOORZHG�XV�WR�
LGHQWLI\�VHYHUDO�\RXQJ�'��WXUELQDWXV�WUHHV�ORFDWHG�DW�GLVWDQFHV�XS�WR�����P�IURP�WKHP��

7KH� IDFW� WKDW� WKH�SHDNV�RI� DEXQGDQW� IUXLW� IDOO�RI�'�� WXUELQDWXV� DUH� DVVRFLDWHG�
ZLWK� VWURQJ� JXVWV� RI� ZLQG� LV� DQ� REYLRXV� IDFW� DQG� LV� ODUJHO\� GHWHUPLQHG� E\� WKH�
SUHVHQFH�RI�DQ�LPSHOOHU�RQ�WKHP��7KDQNV�WR�WKH�ZLQG��WKH�IUXLWV�DUH�DOVR�VSUHDG��DQG�
RYHU�FRQVLGHUDEOH�GLVWDQFHV��

$VVXPH�WKDW� WKH�IUXLWV�RQ�WKH�SDUHQW� WUHH�ZHUH�ORFDWHG�DW�D�KHLJKW�RI�a����P��
7KHQ�� WKH� DYHUDJH� WLPH� RI� WKHLU� IDOO� ZLOO� EH� a� ��� V�� 'XULQJ� WKLV� WLPH�� XQGHU� WKH�
LQIOXHQFH�RI�ZLQG��WKH�WUDMHFWRU\�RI�WKH�IDOO�RI�WKH�IUXLWV�FDQ�GHYLDWH�E\�D�VLJQLILFDQW�
DPRXQW��7DNLQJ�LQWR�DFFRXQW�WKH�IDFW�WKDW�HDUOLHU�WKH�WHUULWRU\�RI�WKH�SDUN�EHORQJHG�WR�
WKH�IRUHVWU\�DQG�WKH�IRUHVW�ZDV�ODUJHO\�VSDUVH��LW�LV�SRVVLEOH�WR�H[SODLQ�WKH�GLVWULEXWLRQ�
RI�'��WXUELQDWXV�DW�VLJQLILFDQW�GLVWDQFHV�IURP�WKH�PRWKHU�WUHHV��

�����*URZWK�DQG�GHYHORSPHQW�RI�VHHGOLQJV�

$�GLVWLQFWLYH� IHDWXUH�RI� WKH� IRUPDWLRQ� RI� WKH�'�� WXUELQDWXV� VHHGOLQJ� LV� WKDW� LW�
UHPDLQV�FRQQHFWHG�ZLWK�WKH�IHWXV�WKURXJK�WZR�RXWJURZWKV�IRU�D�UHODWLYHO\�ORQJ�SHULRG�
�WKHVH� WZR� RXWJURZWKV� DUH� FOHDUO\� YLVLEOH� LQ� )LJ�� ���� 7KH� RXWJURZWKV� DSSHDU� WR� EH�
WUDQVIRUPHG� FRW\OHGRQV� WKDW� GR� QRW� OHDYH� WKH� IHWDO� PHPEUDQH�� 'XH� WR� WKLV�� WKH�
VHHGOLQJ�FDQ�XVH� WKH�QXWULHQWV�VWRUHG� LQ� WKH�HQGRVSHUP�IRU�D� ORQJ� WLPH��7KHQ� WKHVH�
RXWJURZWKV�GLH�RII��

+HUH� LW� VKRXOG� EH� QRWHG� WKDW� WKH� TXHVWLRQ� FRQQHFWHG� ZLWK� WKH� VWXG\� RI� WKH�
VXSSO\�RI�QXWULHQWV�LQ�WKH�IUXLWV�RI�SODQWV��DV�ZHOO�DV�LQ�WKH�VHHGOLQJV�WKHPVHOYHV��LV�
QRW� VWXGLHG�� ,Q� WKH�SHUVSHFWLYH� LQGLFDWHG�DERYH��DQ� DVVHVVPHQW� RI� WKH�HIILFLHQF\�RI�
QXWULHQWV�VWRUHG� LQ�SODQW�VHHGV�ZRXOG�PDNH� LW�SRVVLEOH� WR�DQVZHU�VRPH�RI�WKH�PDLQ�
TXHVWLRQV� UHODWHG�� LQ� SDUWLFXODU�� WR� WKH� SURVSHFWV� IRU� VHOI�VRZLQJ� WR� HPHUJH� IURP�
XQGHU�WKH�IRUHVW�FDQRS\�LQ�QDWXUDO�FRQGLWLRQV��

�������)RUPDWLRQ�RI�WKH�URRW�V\VWHP�

'��WXUELQDWXV�IUXLWV�ULSHQ�DQG�IDOO�DW�WKH�EHJLQQLQJ�RI�WKH�ZHW�VHDVRQ�>�@��)DOOHQ�
IUXLWV�� LQ� WKH� FDVH� RI� IDYRUDEOH� HQYLURQPHQWDO� FRQGLWLRQV�� ILUVW� SODFHV�� VXFK� DV�
SUHFLSLWDWLRQ�� WKH�DVVRFLDWHG� LQFUHDVHG�VRLO�PRLVWXUH�DQG��DFFRUGLQJO\�� LQFUHDVHG�DLU�
KXPLGLW\��WKURZ�RXW�WKH�HPEU\RQLF�URRW��ZKLFK�EHJLQV�WR�JURZ�LQWHQVLYHO\���

3UHFLSLWDWLRQ� LQ�WKH�IRUP�RI� UDLQ�FRQWULEXWHV� WR�ERWK�WKH�JHUPLQDWLRQ�RI� IUXLWV�
DQG� WKH\� DUH� URRWLQJ�� DQG� WKH� LQFUHDVHG� KXPLGLW\� RI� WKH� DLU� DVVRFLDWHG� ZLWK�
SUHFLSLWDWLRQ�SUHYHQWV�WKH�WLS�RI�WKH�URRW�IURP�GU\LQJ�RXW��:H�QRWHG�WKDW�HYHQ�VKRUW�
WHUP� EUHDNV� LQ� SUHFLSLWDWLRQ� FDXVHG� WKH� JHUPLQDWLQJ� URRWV� WR� GU\� RXW�� ZKLFK�
XOWLPDWHO\�OHG�WR�D�VLJQLILFDQW�OLPLWDWLRQ�LQ�WKH�JHUPLQDWLRQ�RI�IUXLWV�DQG�WKHLU�GHDWK��
6XFK�IUXLWV�ZHUH�ODWHU�VXEMHFWHG�WR�HDWLQJ�E\�LQVHFWV�DQG�URGHQWV��DV�ZHOO�DV�URWWLQJ��
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*HUPLQDWLQJ�IUXLWV�ILUVW�EHJLQ�WR�IRUP�D�WDSURRW��$SSUR[LPDWHO\�������GD\V�DIWHU�
WKH�EHJLQQLQJ�RI�URRW�JURZWK��WKH�GHYHORSLQJ�URRW�VOLJKWO\�UDLVHV�WKH�IUXLW�DERYH�WKH�
VRLO�VXUIDFH��)URP�WKH�SRLQW�RI�YLHZ�RI�HXU\WKHOLVP�>��@��UDLVLQJ�WKH�IUXLW�DERYH�WKH�
VRLO�VXUIDFH�LV�H[SODLQHG�E\�WKH�SUREOHP�RI�H[SHGLHQF\���'��WXUELQDWXV�JURZV�LQ�WKH�
WURSLFV�DQG�UDLVLQJ�WKH�IUXLW�FRQWULEXWHV�WR�LWV� ORQJHU�SUHVHUYDWLRQ��� WKH�IUXLW�ZLOO�EH�
OHVV� VXVFHSWLEOH� WR�PRLVWXUH�� DQG�� DFFRUGLQJO\�� URWWLQJ��$W� WKH� VDPH� WLPH�� D� VSURXW�
EHJLQV�WR�IRUP��7KH�URRW�OHQJWK�GXULQJ�WKLV�SHULRG�UHDFKHG�PRUH�WKDQ���������FP��:H�
IDLOHG�WR�REWDLQ�PRUH�DFFXUDWH�UHVXOWV�RI�WKH�URRW�OHQJWK��GXH�WR�WKH�LPSRVVLELOLW\�RI�D�
FRPSOHWH� DQDO\VLV� RI� WKH� URRW� V\VWHPV�� GXH� WR� WKHLU� PHFKDQLFDO� GDPDJH� GXULQJ�
GLJJLQJ���WKH�URRW�WLS��ZKLFK�KDV�D�WKLFNQHVV�RI�OHVV�WKDQ�����PP��XQGHU�PHFKDQLFDO�
LQIOXHQFHV�EURNH�RII��QRW�WR�PHQWLRQ�WKH�URRW�KDLUV��7KH�URRW�JURZWK�UDWH�GXULQJ�WKLV�
SHULRG�ZDV�a�����FP�GD\��

'XH�WR�WKH�IDFW�WKDW�WKH�VRLOV�LQ�WKH�VWXG\�DUHD�DUH�SURSSHG�XS�E\�EDVDOW�VODEV��
WKH�URRW�FDQQRW�JURZ�LQ�GHSWK�DQG�LWV�JURZWK�FRQWLQXHV�LQ�DQ\�SRVVLEOH�GLUHFWLRQ��,Q�
WKLV�FDVH��GHSHQGLQJ�RQ�WKH�VKDSH�RI� WKH�REVWDFOH�� WKH�IRUPDWLRQ�RI�D�SDQLFOH�DW�WKH�
HQG�RI�WKH�URRW��WKH�WZLVWLQJ�RI�LWV�WLS�LQWR�D�VSLUDO��D�FRPSOHWH�FKDQJH�LQ�WKH�GLUHFWLRQ�
RI� JURZWK�� HWF�� ZHUH� REVHUYHG� �)LJ�� ���� ,Q� WKLV� FDVH�� GXH� WR� WKH� LPSRVVLELOLW\� RI�
UHDFKLQJ� WKH� GHHSHU� OD\HUV� RI� WKH� VRLO� E\� WKH� URRW�� DQG� LQ� WKH� IXWXUH� UHDFKLQJ� WKH�
JURXQGZDWHU� OHYHO�� WKH� ZDWHU� VXSSO\� RI� SODQWV� EHFRPHV� OLPLWHG�� ,Q� SDUWLFXODU�� ZH�
DVVRFLDWH�RQH�RI�WKH�UHDVRQV�IRU�WKH�GU\LQJ�RXW�RI�VHHGOLQJV�ZLWK�D�ODFN�RI�PRLVWXUH��

)LJXUH����'HYHORSPHQW�RI�WKH�URRW�V\VWHP�RI�'��WXUELQDWXV�VHHGOLQJV

+HUH�ZH�PD\�DOVR�QRWH�WKH�RFFDVLRQDO�FDVH� LQ�ZKLFK�ZH�IRXQG�D�IUXLW�ZLWK�D�
URRW� WKDW� ZDV� JURZLQJ� LQ� LWV� RZQ� IUXLW�� 7KLV� FDQ� EH� LPDJLQHG� DV� D� NLQG� RI�
�FDQQLEDOLVP��WKDW�JLYHV�SODQWV�JURZLQJ�VRPH�WLPH��

�������6WHP�IRUPDWLRQ�

7KH�VWHP�RI�WKH�SODQW�EHJLQV�WR�IRUP�RQ�WKH������WK�GD\�DIWHU�WKH�JHUPLQDWLRQ�RI�WKH�
IUXLW��7KH�GHYHORSPHQW�RI�WKH�VWHP�LV�FKDUDFWHUL]HG�E\�D�NLQG�RI��VKRRWLQJ��RI�WKH�VKRRW�
XS� WR� D�KHLJKW�RI� ����� FP� �6'� ������� RFFXUULQJ�ZLWKLQ��� �� �� GD\V� �)LJ�� ����ZLWK� WKH�
IRUPDWLRQ�RI�WZR�RSSRVLWH�OHDYHV��7KH�VKRRW�JURZWK�UDWH�DW�WKLV�WLPH�LV�������FP�GD\���

���FP�
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)LJXUH����6HOI�VHHGLQJ�JURZWK�RI�'��WXUELQDWXV�LQ�KHLJKW��6$���

,Q� WKH� IXWXUH�� WKH� JURZWK� RI� VHOI�VHHGLQJ� LV� SUDFWLFDOO\� QRW� REVHUYHG� �� VHOI�
VHHGLQJ�WXUQV�LQWR�WKH�VR�FDOOHG��VWLFNLQJ�RXW�VWLFNV����$W�WKH�HQG�RI�-XQH�DQG�LQ�WKH�
PLGGOH�RI�2FWREHU�������VHOI�VHHGLQJ�LQFUHPHQWV�RI�a���PP�ZHUH�QRWHG��)LJ������6RLO�
PRLVWXUH� �9:&�� DW� WKLV� WLPH� UHDFKHG� ������� GXH� WR� SUHFLSLWDWLRQ�� 7KXV�� WKH�
REVHUYHG�VWHP�JURZWK�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�VRLO�PRLVWXUH��7KLV�FRQILUPV�
RXU�DUJXPHQW�WKDW�RQH�RI�WKH�UHDVRQV�OLPLWLQJ�WKH�JURZWK�RI�VHHGOLQJV�LV�WKHLU�ZDWHU�
VXSSO\��6WDUWLQJ�IURP�PLG�0D\�� WKH�VWHPV�VKRZHG�WKH�DSSHDUDQFH�RI�WKH�WKLUG�OHDI��
DQG�RQ�VRPH��� WKH�IRXUWK��%\� WKH�HQG�RI���������RXW�RI����VHHGOLQJV�KDYH�GURSSHG�
RXW��%\�WKH�HQG�RI�-XO\�������WKH�ODVW�VHHGOLQJ�IHOO�RXW��

�������([SHULHQFH�ZLWK�DUWLILFLDO�SODQWLQJ�RI�IUXLWV�

$UWLILFLDO�SODQWLQJ�RI�JHUPLQDWHG�IUXLWV��FDUULHG�RXW�E\�XV�LQ�D�EHG�DW�D�GHSWK�RI�
����FP��GLG�QRW�DOORZ�WKH�SODQWV�WR�IRUP�D�VWHP��,Q�WKLV�FDVH��GHVSLWH�WKH�IRUPDWLRQ�RI�
WKH�URRW��WKH�VWHP�FRXOG�QRW�EUHDN�WKURXJK�WKH�VRLO�OD\HU���WKH�GLUHFWLRQ�RI�LWV�JURZWK�
ZDV�FKDRWLF�DQG�FRQWLQXHG��DSSDUHQWO\��GXULQJ�WKH�VWDJH�RI�VHHGOLQJ�IRUPDWLRQ��)LJ��
����2I� WKH�IUXLWV�SODQWHG��RQO\� WZR�VSURXWHG��ZKLFK�KDG�DQ�XQVDWLVIDFWRU\�FRQGLWLRQ�
DQG�VRRQ�IHOO�RXW��

7KH� LPSRVVLELOLW\�RI�JHUPLQDWLRQ�RI� WKH�VWHP�WKURXJK�D�UHODWLYHO\�VPDOO� OD\HU�
RI�VRLO�DQG�LWV�FKDRWLF�JURZWK�XQGHU�LW�DOORZV�XV�WR�DVVXPH�WKDW�LQ�WKLV�FDVH��ZH�DUH�
GHDOLQJ�ZLWK� LQVXIILFLHQWO\�GHYHORSHG�QHJDWLYH�JHRWURSLVP� LQ� WKHVH�SODQWV��:H�FDQ�
DOVR� FRQFOXGH� WKDW� WKH� IUXLWV� RI�'�� WXUELQDWXV� EHORQJ� WR� WKH� DERYH�JURXQG� W\SH� RI�
VHHG�JHUPLQDWLRQ��

$Q�DQDO\VLV�RI�WKH�VL]HV�RI�WKH�URRW�DQG�VWHP�IRUPHG�XQGHU�WKH�VRLO�OD\HU��)LJ��
��� DQG� WKHLU� FRPSDULVRQ�ZLWK� WKRVH� RI� VHHGOLQJV� JURZLQJ� XQGHU� QDWXUDO� FRQGLWLRQV�
DOORZ�XV� WR� FRPH� WR� WKH� IROORZLQJ� FRQFOXVLRQ�� GXULQJ� WKH� SHULRG�RI� URRW� DQG� VWHP�
IRUPDWLRQ�XQWLO�WKH�IRUPDWLRQ�RI�WZR�RSSRVLWH�OHDYHV��WKH�QXWULWLRQ�RI�WKH�SODQW�RFFXUV�
GXH� WR� WKH� QXWULHQWV� VWRUHG� LQ� WKH� HQGRVSHUP� RI� WKH� IHWXV�� 7KXV�� WKLV� H[SHULHQFH�
SURYLGHV�DQ�RSSRUWXQLW\�WR�PDNH�D�SRWHQWLDO�DVVHVVPHQW�XVH�RI�VWRUHG�QXWULHQWV�LQ�WKH�
IHWXV� LQ� WKH� SURFHVV� RI� VHHGOLQJ� IRUPDWLRQ�� 7KH� QXWULWLRQ� RI� WKH� VSURXW� GXH� WR� WKH�
HQGRVSHUP�RFFXUV�ZLWKLQ�������GD\V��
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)LJXUH����6SURXWHG�IUXLWV�LQ�WKH�JDUGHQ�EHG�H[SHULPHQW�

7KH�H[SHULHQFH�ZLWK�DUWLILFLDO�VHHGOLQJV�VKRZHG�WKDW�DW� WKH�HQG�RI� -XO\�������
WKH�DYHUDJH�KHLJKW�RI�VHHGOLQJV�SODQWHG�DW�WKH�VLWH�RI�D�IDOO�RI�D�PDWXUH�WUHH�ZDV������
FP�� 7KH� VHHGOLQJV� KDG� �� IRUPHG� OHDYHV�� DQG� WKH� PRVW� GHYHORSHG� VHHGOLQJ� KDG� D�
KHLJKW������FP�DQG�EHJDQ�WR�IRUP�D�VLGH�EUDQFK��7KH�ILUVW�WZR�OHDI�SODQWV�IRUPHG�LQ�
WKH�LQLWLDO�VWDJH�RI�JURZWK�DUH�DEVHQW��

�����6HOI�VHHGLQJ�PRUWDOLW\�G\QDPLFV�

2EVHUYDWLRQV�RI�WKH�GHYHORSPHQW�RI�VHOI�VHHGLQJ�RQ�6$��VKRZHG�WKH�IROORZLQJ��

,QLWLDOO\��DEXQGDQW�JURZWK�RI�VHOI�VHHGLQJ�ZDV�REVHUYHG��EXW�LQ�WKH�IXWXUH��WKHUH�
ZDV� D� SURFHVV� RI� LWV� GHDWK�� 7KH� OHDYHV� ZHUH� GDPDJHG� E\� OHDI� EHHWOHV� DQG� IXQJL��
6HHGOLQJV� ZHUH� REVHUYHG� ERWK� SDUWLDOO\� DQG� ZLWK� FRPSOHWHO\� GHDG� OHDYHV�� 7KH�
G\QDPLFV�RI�VHOI�VHHGLQJ�GHQVLW\�DUH�VKRZQ�LQ�WKH�JUDSK��)LJ���D���

)LJXUH�����ɚ����G\QDPLFV�RI�WKH�VHOI�VHHGLQJ�GHQVLW\�RI�'��WXUELQDWXV��WKH�GRWWHG�OLQH�
VKRZV�WKH�JUDSK�RI�WKH�H[SRQHQWLDO�IXQFWLRQ����E����G\QDPLFV�RI�WKH�DYHUDJH�KHLJKW�RI�
VHOI�VHHGLQJ��KLVWRJUDP��DQG�DYHUDJH�YDOXHV�RI�WKH�QXPEHU�RI�OHDYHV��VROLG�OLQH���WKH�
GRWWHG�OLQH�VKRZV�WKH�DYHUDJH�KHLJKW�RI�VHHGOLQJV�RYHU�WKH�REVHUYDWLRQ�SHULRG��7KH�

EDUV�VKRZ�WKH�DEVROXWH�PHDVXUHPHQW�HUURU�

$V� WKH� 6$�� H[SHULPHQW� VKRZHG�� DOO� WKH� SODQWV� HYHQWXDOO\� IHOO� RXW�� 7KH�
H[SHULPHQW�RQ�6$��DOORZHG�XV� WR� UHYHDO� WKH�IDOOLQJ�RXW�RI�D�VHOI�VHHGLQJ��ZKLFK� LV�
GHVFULEHG� E\� DQ� H[SRQHQWLDO� IXQFWLRQ�ZLWK� D� KLJK� GHJUHH� RI� DVVRFLDWLRQ� �)LJ�� �D���
([WUDSRODWLRQ�RI�WKH�IXQFWLRQ�DOORZV�XV�WR�PDNH�D�SUHGLFWLRQ�WKDW�E\�WKH�HQG�RI������
DOO�VHHGOLQJV�RI������ZLOO�IDOO�RXW��

�E���D��
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7KH�G\QDPLFV�RI�WKH�DYHUDJH�KHLJKW�RI�VHHGOLQJV��DV�ZHOO�DV�WKH�G\QDPLFV�RI�WKH�
DYHUDJH� YDOXHV� RI� WKH� QXPEHU� RI� OHDYHV�� DUH� VKRZQ� LQ� WKH� JUDSKV� �)LJ�� �E��� 7KH�
FRUUHODWLRQ� FRHIILFLHQW� EHWZHHQ� WKHVH� YDOXHV� XQWLO� ����������� ZDV� 5��  � ������ 7KH�
GRWWHG�OLQH�FRUUHVSRQGV�WR�WKH�DYHUDJH�KHLJKW�RI�VHHGOLQJV�RYHU�WKH�REVHUYDWLRQ�SHULRG��

$V�FDQ�EH�VHHQ�IURP�WKH�JUDSK��)LJ���E���GXULQJ�WKH�FRXUVH�RI�WKH�H[SHULPHQW��
WKH� DYHUDJH� KHLJKW� RI� WKH� VHHGOLQJV� YDULHG� �� QR� WHQGHQF\� IRU� UHJXODU� JURZWK� ZDV�
REVHUYHG��$�VLPLODU�VLWXDWLRQ�ZDV�REVHUYHG�ZLWK� UHVSHFW� WR� WKH�DYHUDJH�QXPEHU�RI�
OHDYHV� SHU� VHHGOLQJ�� $W� WKH� VDPH�� XQWLO� ������������ WKHUH� ZDV� D� FORVH� DVVRFLDWLRQ�
EHWZHHQ� WKH� KHLJKW� DQG� WKH� QXPEHU� RI� OHDYHV� �5��  � ������ �� WKDW� LV�� WKH� JURZWK� RI�
VHHGOLQJV�LQ�KHLJKW�ZDV�DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�OHDI�PDVV��ZKLFK�LV�QDWXUDO��
+RZHYHU��WKHVH�SODQWV�QHHG�PRUH�ZDWHU��/HW
V�ORRN�DW�WKLV�VLGH�RI�WKH�LVVXH��

:LWK� D� ORZ� PRLVWXUH� FRQWHQW� LQ� WKH� VRLO�� PRUH� GHYHORSHG� SODQWV� EHJLQ� WR�
H[SHULHQFH� D� JUHDWHU� GHJUHH� RI� ODFN� RI�PRLVWXUH� 7KH� FRQVHTXHQFH� RI� WKLV� LV� WKHLU�
ZHDNHQLQJ��ZKLFK�LV�WKH�FDXVH�RI�WKHLU�GDPDJH�E\�YDULRXV�SHVWV� $V�D�UHVXOW�RI�ODFN�
RI�PRLVWXUH� DQG� GDPDJH�� VXFK� SODQWV� GLH� )RU� H[DPSOH�� D� GHFUHDVH� LQ� WKH� DYHUDJH�
KHLJKW� RI� VHHGOLQJV��DV�ZHOO� DV� LQ� WKH�QXPEHU�RI� OHDYHV�� DIWHU������������ �)LJ�� �E��
FDQ�EH�DVVRFLDWHG�ZLWK�D�GHFUHDVH�LQ�DYHUDJH�VRLO�PRLVWXUH�WR������6'� ���� /DWHU��
GXH�WR�SUHFLSLWDWLRQ��VRLO�PRLVWXUH�UHDFKHG������6'� ����RQ�������������DQG�IXUWKHU�
LQFUHDVHG�WR������6'� ���� $FFRUGLQJO\��WKH�KHLJKW�RI�WKH�VHHGOLQJV�DOVR�LQFUHDVHG�
�)LJ�� �E�� %DVHG� RQ� WKLV�� ZH� FDQ� FRQFOXGH� WKDW� LQ� RXU� FDVH�� RQH� RI� WKH� IDFWRUV�
DIIHFWLQJ� WKH� JURZWK� DQG� GHYHORSPHQW� RI� VHHGOLQJV� LV� WKHLU� ZDWHU� VXSSO\� 7KH�
GHFUHDVH� LQ� WKH� QXPEHU� RI� OHDYHV� E\� ����������� �)LJ�� �E�� LV� DVVRFLDWHG� ZLWK� DQ�
LQFUHDVH�LQ�WKH�GDPDJH�E\�OHDI�SHVWV�GXH�WR�WKH�ZHDNHQLQJ�RI�SODQWV��

�����3KRWRV\QWKHVLV�UHVSRQVH�FXUYH�WR�3$5�DQG�OLJKW�UHJLPH�

7KH� UHVSRQVH� FXUYH� RI� SKRWRV\QWKHVLV� WR� 3$5� LV� VKRZQ� LQ� )LJ�� ���
0DWKHPDWLFDOO\�� WKLV� FXUYH� LV� GHVFULEHG� E\� HTXDWLRQ� ���� ZLWK� WKH� IROORZLQJ�
SDUDPHWHUV��$P� ����PROāP

��āV����$G� �������PROāP
��āV����.0� �����5

�� ��������

)LJXUH����7KH�SKRWRV\QWKHVLV�UHVSRQVH�FXUYH�RI�VHOI�VHHGLQJ�'��WXUELQDWXV�WR�3$5�
�VROLG�OLQH���SKRWRV\QWKHVLV�YDOXHV��PDUNHUV���WDQJHQW�OLQH�WR�.0�SRLQW��GRWWHG�OLQH���

3ORWV��D��DQG��E��DUH�VKRZQ�DW�GLIIHUHQW�VFDOHV�

>�

�Ě
<D

�E��
�D��
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3$5�PHDVXUHPHQWV�FDUULHG�RXW�QHDU�WKH�VHHGOLQJV�XQGHU�VWXG\�VKRZHG�WKDW�WKH�
VHHGOLQJV�UHFHLYHG�RQO\�a����RI�WKH�3$5�VXSSOLHG�WR�WKH�SODQWDWLRQ��6LPLODU�UHVXOWV�
KDYH�EHHQ�REWDLQHG�E\�RWKHU�UHVHDUFKHUV�ZRUNLQJ�LQ�WURSLFDO�IRUHVWV�>��@�

$�GLVWLQFWLYH�IHDWXUH�RI�SKRWRV\QWKHVLV�LQ�WKH�VWXGLHG�VHHGOLQJV�LV�D�UDWKHU�ORZ�
YDOXH�RI�WKH�OLJKW�FRPSHQVDWLRQ�SRLQW�/&3� ������PROāP��āV���DQG�D�KLJK�YDOXH�RI�WKH�
WDQJHQW� VORSH� D�  � ������ �)LJ�� ���� 7KXV�� WKH� VWXGLHG� OHDYHV� DUH� FKDUDFWHUL]HG� E\� D�
UDWKHU� KLJK� JURZWK� UDWH� RI� SKRWRV\QWKHVLV� DW� ORZ� LOOXPLQDWLRQ� YDOXHV�� 6XFK�
FKDUDFWHULVWLFV� RI� SKRWRV\QWKHVLV�� DV� D� UXOH�� DUH� FKDUDFWHULVWLF� RI� VKDGH� OHDYHV�� )RU�
FRPSDULVRQ�� IRU� H[DPSOH�� LQ� WKH� VKDGRZ� OHDYHV� RI� 5KL]RSKRUD� DSLFXODWD� %OXPH��
������D� ��������DQG�7&5�ZDV�����PROāP��āV���>��@��

,Q� FRQGLWLRQV� RI� LQVXIILFLHQW� LOOXPLQDWLRQ�� VXFK�SURSHUWLHV�RI� WKH� OHDI�PDNH� LW�
SRVVLEOH� WR�XVH�WKH�3$5�FRPLQJ�WR�LW�ZLWK�WKH�JUHDWHVW�HIILFLHQF\��)RU�H[DPSOH��RQ�
DYHUDJH�� VHHGOLQJV� UHFHLYH� RQO\� a��� RI� WKH� 3$5� VXSSOLHG� WR� WKH� SODQWDWLRQ�� 7KLV�
PHDQV�WKDW�DW�EHVW��DW�QRRQ��ZKHQ�WKH�PD[LPXP�SRVVLEOH�3$5�LV�������PROāP��āV����
RQO\�����PROāP��āV���ZLOO� UHDFK�WKH�OHDI��+RZHYHU��HYHQ�ZLWK� WKLV�DPRXQW�RI�3$5��
SKRWRV\QWKHVLV�EHFRPHV�HTXDO�WR�$ ���PROāP��āV����)LJ���E���,W�LV�DOVR�QHFHVVDU\�WR�
WDNH�LQWR�DFFRXQW�SRVVLEOH��DOEHLW�YHU\�VKRUW�WHUP�SHULRGV�ZKHQ�WKH�VHHGOLQJ�LV�LQ�WKH�
]RQH�RI�D�VXQVSRW���WKH�PD[LPXP�YDOXH�RI�RQH�RI�WKHVH�VSRWV�UHFRUGHG�E\�XV�ZDV�����
�PROāP��āV����7KHVH�PRPHQWV�DOORZ�WKH�VHHGOLQJV�WR�JURZ�IRU�VRPH�WLPH��

7R�SXW�DQ�HQG�WR�WKLV�GLVFXVVLRQ��ZH�ZLOO�FDUU\�RXW�VLPSOH�FDOFXODWLRQV�WKDW�DOORZ�
XV� WR� HVWLPDWH� WKH� QHW� SURGXFWLYLW\� RI� WKH� OHDI�� ,Q� WKH� ILUVW� FDVH�� FRQVLGHU� WKH� QHW�
SURGXFWLYLW\�RI�D�OHDI�RQ�D�FORXGOHVV�GD\�WKDW�FRXOG�EH�REVHUYHG�LQ�WKH�GU\�VHDVRQ��IRU�
H[DPSOH��������������ZLWK�D�PD[LPXP�3$5�YDOXH�RI�������PROāP��āV����,Q�WKLV�FDVH��
WKH�GDLO\�UHVSLUDWLRQ�RI�WKH�OHDI�ZDV���������PROāP��āV����ZKLOH�WKH�QHW�SKRWRV\QWKHVLV�
SURGXFWLYLW\�ZDV���������PROāP��āV����7KDW� LV��XQGHU� WKLV� LOOXPLQDWLRQ��ZH�REVHUYH�D�
SRVLWLYH�EDODQFH�RI�WKH�QHW�SKRWRV\QWKHVLV�SURGXFWLYLW\��ZKLFK�LV���������PROāP��āV����

1RZ��IRU�H[DPSOH��OHW
V�WDNH�D�PRUH�W\SLFDO�GD\�IRU�WKH�VWXG\�DUHD��ZLWK�SDUWO\�
FORXG\�DQG��IRU�H[DPSOH��ZLWK�D�PD[LPXP�3$5�YDOXH�RI�������PROāP��āV����,Q�WKLV�
FDVH��ZH�DOUHDG\�REVHUYH�D�QHJDWLYH�QHW�SKRWRV\QWKHVLV�SURGXFWLYLW\�EDODQFH�RI������
�PROāP��āV���� )XUWKHU�� GXULQJ� WKH� ZHW� VHDVRQ�� WKH� QHJDWLYH� QHW� SKRWRV\QWKHVLV�
SURGXFWLYLW\�EDODQFH�FDQ�EH�XS�WR�����������PROāP��āV����7R�WKLV��LW�VKRXOG�EH�DGGHG�
WKDW�� LQ� DGGLWLRQ� WR� OHDI� UHVSLUDWLRQ�� LQ� WKLV�ZRUN��ZH�GLG�QRW� WDNH� LQWR�DFFRXQW� WKH�
UHVSLUDWLRQ�RI�WKH�VWHP�DQG�URRW�V\VWHP�RI�WKH�VHHGOLQJ��

7KLV�VWDWH�RI�DIIDLUV�IXOO\�H[SODLQV�WKH�PRVW�VLJQLILFDQW�IDOO�RXW�RI�VHOI�VHHGLQJ�
LQ� WKH� ZHW� VHDVRQ� �� RYHU� WKH� SHULRG� XQGHU� UHYLHZ�� WKH� GHQVLW\� RI� VHOI�VHHGLQJ�
GHFUHDVHG�E\�����WLPHV��)LJ���D���7KXV��ZH�FDQ�FRQFOXGH�WKDW�WKH�PDLQ�OLPLWLQJ�IDFWRU�
LQ� WKH� OLIH�RI� VHHGOLQJV� LQ�RXU�FDVH� LV� WKHLU� LOOXPLQDWLRQ��7KLV� LV�DOVR�VKRZQ�E\� WKH�
H[SHULHQFH� ZLWK� WKH� DUWLILFLDO� SODQWLQJ� RI� VHHGOLQJV� LQ� WKH� �ZLQGRZ�� RI� D� IRUHVW�
SODQWDWLRQ��IRUPHG�DV�D�UHVXOW�RI�WKH�IDOO�RI�DQ�DGXOW�WUHH���LQ�WKLV�FDVH��WKH�SODQWV�JURZ�
LQ�FRQGLWLRQV�RI�VXIILFLHQW�OLJKWLQJ�DQG�KHUH�ZH�REVHUYH�ZHOO�GHYHORSLQJ�SODQWV��
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,W�VKRXOG�DOVR�EH�WDNHQ�LQWR�DFFRXQW�KHUH�WKDW�HYHQ�GXULQJ�WKH�ZHW�VHDVRQ��VRPH�RI�
WKH�VHHGOLQJV�JUHZ�LQ�FRQGLWLRQV�FORVH�WR�ZDWHU�GHILFLW��7KLV�LV�HYLGHQFHG�E\�WKH�DSSDUHQW�
GHSUHVVLRQ�RI�SKRWRV\QWKHVLV��ZKLFK�EHJDQ�WR�EH�WUDFHG�LQ�VRPH�VHHGOLQJV�DW�PD[LPXP�
3$5�YDOXHV�RI� �����������PROāP��āV��� �)LJ���D��� ,Q� WKH�FDVH�RI�HYHQ�VKRUW� EUHDNV� LQ�
SUHFLSLWDWLRQ��WKH�VRLO�GHVLFFDWHV���LQ�RXU�FDVH��DW�VXFK�D�WLPH��ZH�UHFRUGHG�VRLO�PRLVWXUH�
XS�WR�a������,Q�WKH�FDVH�RI�VHHGOLQJV�VXUYLYLQJ�XQWLO�WKH�GU\�VHDVRQ��WKH\�ZHUH�XQGHU�WKH�
LQIOXHQFH�RI�DQ�DFXWH�PRLVWXUH�GHILFLW��)RU�H[DPSOH��WKH�PLQLPXP�VRLO�PRLVWXUH�YDOXHV�
ZH�UHFRUGHG�LQ�-DQXDU\������ZHUH��������WKDW�LV��VRPH�SODQWV�JUHZ�LQ�FRQGLWLRQV�RI�VRLO�
PRLVWXUH�FRUUHVSRQGLQJ�WR�WKH�ZLOWLQJ�SRLQW��8QGHU�WKH�LQIOXHQFH�RI�WKHVH�WZR�QHJDWLYH�
IDFWRUV� �� LQVXIILFLHQW� LOOXPLQDWLRQ� DQG� ODFN� RI� PRLVWXUH�� WKH� VHHGOLQJV� ZHDNHQ�� WKHLU�
JURZWK� DQG� GHYHORSPHQW� VWRS�� DQG� WKH\� EHFRPH�PRUH� VXVFHSWLEOH� WR� GDPDJH� E\� OHDI�
SHVWV��ZKLFK�XOWLPDWHO\�OHDGV�WR�WKHLU�GLVDSSHDUDQFH��

�����'HSHQGHQFHV�RI�SKRWRV\QWKHVLV�DQG�WUDQVSLUDWLRQ�RQ�WHPSHUDWXUH�DQG�
&2��FRQFHQWUDWLRQ

7KH� GHSHQGHQFHV� RI� SKRWRV\QWKHVLV� DQG� WUDQVSLUDWLRQ� RQ� DLU� WHPSHUDWXUH� DUH�
VKRZQ�LQ�)LJ���D��7KHVH�GHSHQGHQFLHV�ZLWK�D�KLJK�GHJUHH�RI�DVVRFLDWLRQ��5�� ������
DQG�5�� � ������ DUH� GHVFULEHG� E\� TXDGUDWLF� HTXDWLRQV� �WKH� FRUUHVSRQGLQJ� HTXDWLRQV�
DUH�VKRZQ�LQ�WKH�JUDSK���

)LJXUH�����ɚ����GHSHQGHQFH�RI�SKRWRV\QWKHVLV�$�DQG�WUDQVSLUDWLRQ�(�RQ�DLU�
WHPSHUDWXUH�7���E����GHSHQGHQFH�RI�SKRWRV\QWKHVLV�RQ�&2��FRQFHQWUDWLRQ�0DUNHUV�LQ�
WKH�IRUP�RI�FLUFOHV�UHIOHFW�WKH�YDOXHV�RI�$��PDUNHUV�LQ�WKH�IRUP�RI�FLUFOHV���YDOXHV�RI�
(��GRWWHG�OLQH���PDWKHPDWLFDO�GHSHQGHQFH�RI�SKRWRV\QWKHVLV��WKH�SRLQWV�OLQH�LV�WKH�

GHSHQGHQFH�RI�WUDQVSLUDWLRQ��WKH�FRUUHVSRQGLQJ�HTXDWLRQV�RI�WKHVH�GHSHQGHQFLHV�DQG�
5��DUH�SUHVHQWHG�LQ�WKH�JUDSKV��

$V� IROORZV� IURP�)LJ���D�� WKH�RSWLPDO�DLU� WHPSHUDWXUH� IRU�SKRWRV\QWKHVLV�DQG��
DFFRUGLQJO\�� IRU� WKH� JURZWK� RI� VHHGOLQJV�� LV� 7RSW�  � ����� �&�� 'HYLDWLRQ� RI� DLU�
WHPSHUDWXUH�IURP�7RSW��FDXVHV�D�GHFUHDVH�LQ�SKRWRV\QWKHVLV��7KH�VDPH�WHPSHUDWXUH�LV�
WKH� H[WUHPXP� SRLQW� IRU� WUDQVSLUDWLRQ�� 7KH� GHSHQGHQFHV� RI� SKRWRV\QWKHVLV� DQG�
WUDQVSLUDWLRQ�DUH�KLJKO\�DVVRFLDWHG�ZLWK�HDFK�RWKHU��N� ��������7KLV�VXJJHVWV�WKDW��DW�
OHDVW� LQ�WKLV� WHPSHUDWXUH�UDQJH�� WKH� OHDI�GRHV�QRW�H[SHULHQFH�RYHUKHDWLQJ�DQG�ZDWHU�
GHILFLHQF\� �� D� QDWXUDO� LQFUHDVH� LQ� SKRWRV\QWKHVLV� LV� DFFRPSDQLHG� E\� D� QDWXUDO�
LQFUHDVH� LQ� WUDQVSLUDWLRQ� DQG� YLFH�YHUVD��2WKHUZLVH��ZKHQ�PHDVXULQJ� WUDQVSLUDWLRQ��
ZH�QDWXUDOO\�REVHUYHG�D�GHFUHDVH�LQ�WUDQVSLUDWLRQ�ZLWK�DQ�LQFUHDVH�LQ�SKRWRV\QWKHVLV��

;ďͿ;ĂͿ�
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7KH�GHSHQGHQFH�RI�WKH�RI�SKRWRV\QWKHVLV�RI�VHHGOLQJV�RQ�WKH�FRQFHQWUDWLRQ�RI�
&2�� LQ� WKH� DLU�� ZLWK� D� KLJK� GHJUHH� RI� DVVRFLDWLRQ�� LV� GHVFULEHG� E\� D� SRO\QRPLDO�
HTXDWLRQ�RI�WKH�IRXUWK�GHJUHH��)LJ���E���$V�FDQ�EH�VHHQ�IURP�WKH�ILJXUH��LQ�WKH�VWXGLHG�
UDQJH� RI� &2�� FRQFHQWUDWLRQV�� ZLWK� DQ� LQFUHDVH� LQ� &2�� FRQFHQWUDWLRQ�� WKH�
SKRWRV\QWKHVLV� RI� VHHGOLQJV� QDWXUDOO\� LQFUHDVHV� WR� D� &2�� FRQFHQWUDWLRQ� RI� a� ����
�PROāPROၱï�� )XUWKHU�� QR� LQFUHDVH� LQ� SKRWRV\QWKHVLV� LV� REVHUYHG� �� ZLWK� D� IXUWKHU�
LQFUHDVH� LQ� WKH� FRQFHQWUDWLRQ� RI� &2��� WKH� SURFHVVHV� RI� SKRWRV\QWKHVLV� HQWHU�
VDWXUDWLRQ� PRGH�� $Q� LQFUHDVH� LQ� SKRWRV\QWKHVLV� LQ� VHHGOLQJV� DW� DQ� LQFUHDVHG�
FRQFHQWUDWLRQ�RI�&2��LQ�WKH�DLU�LV�QRWHG�LQ�PDQ\�ZRUNV��IRU�H[DPSOH�>������@�

,Q� RXU� FDVH�� IRU� H[DPSOH�� LI� ZH� FRQVLGHU� WKH� PRVW� RSWLPLVWLF� IRUHFDVWV�
DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�&2��LQ�WKH�DLU�LQ�WKH�QH[W�GHFDGH�
IURP�����SSP�WR�����SSP��DQG�VXFK�D�FRQFHQWUDWLRQ�LV�DOUHDG\�REVHUYHG�RYHU�FLWLHV���
WKHQ�WKH�LQWHQVLW\�RI�SKRWRV\QWKHVLV�LQ�WKH�VHHGOLQJV�XQGHU�VWXG\�ZLOO�LQFUHDVH�E\�a�
����7KLV�WUHQG�ZLOO�EH�RQH�RI�WKH�VWLPXODWLQJ�WRROV�IRU�WKH�JURZWK�RI�VHHGOLQJV��

���&21&/86,21�

7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� UHODWHG� WR� WKH� VWXG\� RI� WKH� JURZWK� DQG�
GHYHORSPHQW�RI�VHOI�VHHGLQJ�'��WXUELQDWXV�JURZLQJ�LQ�QDWXUDO�FRQGLWLRQV��$V�D�UHVXOW�
RI�WKH�UHVHDUFK��WKH�IROORZLQJ�ZDV�UHYHDOHG��

��3HDNV�RI�PDVV�IUXLW�IDOO�RI�'��WXUELQDWXV�DUH�DVVRFLDWHG�ZLWK�VWURQJ�JXVWV�RI�
ZLQG��'XH�WR�WKH�ZLQG��WKH�IUXLW�LV�DOVR�GLVWULEXWHG��

��7KH�IRUPDWLRQ�RI�D�VHHGOLQJ�EHIRUH�WKH�IRUPDWLRQ�RI�WZR�RSSRVLWHO\�DUUDQJHG�
OHDYHV�RFFXUV�GXH�WR�WKH�QXWULHQWV�RI�WKH�HQGRVSHUP��7KLV�WLPH�SHULRG�LV���������GD\V��

�� 7KH� HPHUJLQJ� URRWV� RI� '�� WXUELQDWXV� DUH� VHQVLWLYH� WR� WKH� DLU� KXPLGLW\�
DURXQG� WKHP� �� HYHQ� VKRUW�WHUP� EUHDNV� LQ� SUHFLSLWDWLRQ� OHDG� WR� D� VLJQLILFDQW�
OLPLWDWLRQ�RI�IUXLW�JHUPLQDWLRQ��

�� ,Q� WKH� LQLWLDO� SHULRG� RI� GHYHORSPHQW��'�� WXUELQDWXV� IRUPV� D� WDS� URRW� ZLWK�
JURZWK�RI�a�����FP�GD\��2Q�WKH������WK�GD\��WKH�GHYHORSLQJ�URRW�OLIWV�WKH�IUXLW�DERYH�
WKH�VRLO�VXUIDFH��6XSSRUWLQJ�VRLOV�ZLWK�EDVDOW�VODEV�SUHYHQWV�WKH�URRWV�IURP�UHDFKLQJ�
GHHSHU�OD\HUV�RI�VRLO��DQG�LQ�WKH�ORQJ�UXQ�IURP�UHDFKLQJ�WKH�JURXQGZDWHU�OHYHO��ZKLFK�
QHJDWLYHO\�DIIHFWV�WKHLU�ZDWHU�VXSSO\��

��7KH�VWHP�RI�WKH�SODQW�LV�IRUPHG�RQ�WKH�������WK�GD\�DIWHU�WKH�JHUPLQDWLRQ�RI�
WKH�IHWXV��6WHP�JURZWK�LV�FKDUDFWHUL]HG�E\�UDSLG�JURZWK��������FP�GD\��ODVWLQJ�IRU�����
�� GD\V�� ZLWK� WKH� IRUPDWLRQ� RI� WZR� RSSRVLWH� OHDYHV�� ,Q� WKH� IXWXUH�� WKH� JURZWK� RI�
VHHGOLQJV�SUDFWLFDOO\�VWRSV��

��'��WXUELQDWXV�EHORQJV� WR� WKH�DERYH�JURXQG�VSHFLHV�RI�VHHG�JHUPLQDWLRQ�DQG�
GRHV�QRW�KDYH�D�GHYHORSHG�QHJDWLYH�JHRWURSLVP��

��7KH�PRUWDOLW\�RI�VHOI�VHHGLQJ�LV�FKDUDFWHUL]HG�E\�DQ�H[SRQHQWLDO�GHSHQGHQFH���
WKH�ODUJHVW�PRUWDOLW\�LV�REVHUYHG�LQ�WKH�ILUVW�VL[�PRQWKV��7KHUH�LV�DOVR�D�WUHQG�WRZDUG�
WKH�GURSSHG�RXW�RI�PRUH�GHYHORSHG�SODQWV��6LQJOH�VSHFLPHQV�RI�VHHGOLQJV�FDQ�VXUYLYH�
XS�WR�WZR�\HDUV���
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��7KH�VWXGLHG�OHDYHV�DUH�FKDUDFWHUL]HG�E\�KLJK�VHQVLWLYLW\�RI�SKRWRV\QWKHVLV�WR�
3$5�DW�LWV�ORZ�YDOXHV��

�� 7KH� PDLQ� OLPLWLQJ� IDFWRU� LQ� WKH� OLIH� RI� VHHGOLQJV� LQ� RXU� FDVH� LV� WKHLU�
LOOXPLQDWLRQ��$QRWKHU�IDFWRU�DIIHFWLQJ�WKH�OLIH�RI�VHHGOLQJV�LV�WKHLU�ZDWHU�VXSSO\���

�� 7KH� RSWLPXP� DLU� WHPSHUDWXUH� IRU� WKH� SURFHVVHV� RI� SKRWRV\QWKHVLV� DQG�
WUDQVSLUDWLRQ�RI�VHHGOLQJV�LV��������&��:LWK�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�&2��

LQ�WKH�DLU��SKRWRV\QWKHVLV�DFFRUGLQJO\�LQFUHDVHV��

��7KH�FRQGXFWHG�UHVHDUFK�UDLVHV�WKH�TXHVWLRQ�UHODWHG�WR�WKH�VWXG\�RI�WKH�VXSSO\�
RI�QXWULHQWV�ERWK�LQ�WKH�IUXLWV�DQG�WKH�SODQWV�WKHPVHOYHV��$W�WKLV�SRLQW�LQ�WLPH��LQ�WKH�
WURSLFDO�IRUHVWV�RI�VRXWKHUQ�9LHWQDP��WKLV�LVVXH�LV�QRW�VWXGLHG��

5()(5(1&(6�

�� /\� 9��� 1DQWKDYRQJ� .��� +RDQJ� 9�� 6��� /XX� +�� 7��� %DUVWRZ� 0��� 9X� 9�� '���
1JX\HQ�+��1���.KRX�(���1HZPDQ�0��)���'LSWHURFDUSXV�WXUELQDWXV��7KH�,8&1�
5HG� /LVW� RI� 7KUHDWHQHG� 6SHFLHV� ������ H�7�����$��������� ������
KWWSV���G[�GRL�RUJ���������,8&1�8.��������5/76�7�����$��������HQ��

�� 3RRUWHU� /���%RQJHUV� )��� 6WHUFN� )���:ROO�+���%H\RQG� WKH� UHJHQHUDWLRQ� SKDVH��
GLIIHUHQWLDWLRQ�RI�KHLJKW�OLJKW�JURZWK�WUDMHFWRULHV�DPRQJ�WURSLFDO�WUHH�VSHFLHV�
-��(FRO���������������������

�� 7XUQHU� ,�� 0��� 7KH� HFRORJ\� RI� WUHHV� LQ� WKH� WURSLFDO� UDLQIRUHVW�� &DPEULGJH�
8QLYHUVLW\�3UHVV��&DPEULGJH��������

�� 5RHO�%ULHQHQ��*HUKDUG�+HOOH��7KLMV�3RQV��$UQRXG�%RRP��0DQXHO�*ORRU��3HWHU�
*URHQHQGLMN�� 6DQWLDJR� &OHULFL�� 0HODQLH� /HQJ�� &KULVWRSKHU� -RQHV�� 3DLUHG�
DQDO\VLV� RI� WUHH� ULQJ�ZLGWK� DQG� FDUERQ� LVRWRSHV� LQGLFDWHV� ZKHQ� FRQWUROV� RQ�
WURSLFDO�WUHH�JURZWK�FKDQJH�IURP�OLJKW�WR�ZDWHU�OLPLWDWLRQV��7UHH�3K\VLRORJ\��
�����������������������KWWSV���GRL�RUJ���������WUHHSK\V�WSDE����

�� ɇɝɭɟɧ�ȼɚɧ�Ɍɯɢɧɶ��Ⱥɧɢɱɤɢɧ�Ⱥ�ȿ���ɇɚɰɢɨɧɚɥɶɧɵɣ�ɩɚɪɤ�Ʉɚɬ�Ɍɶɟɧ� ��ɨɛɳɢɟ�
ɫɜɟɞɟɧɢɹ�� ȼ� ɤɧɢɝɟ� ɋɬɪɭɤɬɭɪɚ� ɢ� ɮɭɧɤɰɢɢ� ɩɨɱɜɟɧɧɨɝɨ� ɧɚɫɟɥɟɧɢɹ�
ɬɪɨɩɢɱɟɫɤɨɝɨ� ɦɭɫɫɨɧɧɨɝɨ� ɥɟɫɚ� �ɧɚɰɢɨɧɚɥɶɧɵɣ� ɩɚɪɤ� Ʉɚɬ� Ɍɶɟɧ��ɘɠɧɵɣ�
ȼɶɟɬɧɚɦ���Ɍɨɜɚɪɢɳɟɫɬɜɨ�ɧɚɭɱɧɵɯ�ɢɡɞɚɧɢɣ�ɄɆɄ��Ɇɨɫɤɜɚ���������������

�� Ⱦɟɳɟɪɟɜɫɤɚɹ� Ɉ�� Ⱥ��� Ⱥɜɢɥɨɜ� ȼ�� Ʉ��� Ⱦɢɧɶ� Ȼɚ� Ɂɭɣ�� ɑɚɧ� Ʉɨɧɝ� ɏɭɚɧ��
Ʉɭɪɛɚɬɨɜɚ�ɘ��Ⱥ���ɋɨɜɪɟɦɟɧɧɵɣ�ɤɥɢɦɚɬ�ɧɚɰɢɨɧɚɥɶɧɨɝɨ�ɩɚɪɤɚ�Ʉɚɬ�Ɍɶɟɧ�
�ɘɠɧɵɣ� ȼɶɟɬɧɚɦ��� ɂɫɩɨɥɶɡɨɜɚɧɢɟ� ɤɥɢɦɚɬɢɱɟɫɤɢɯ� ɞɚɧɧɵɯ� ɞɥɹ�
ɷɤɨɥɨɝɢɱɟɫɤɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ��Ƚɟɨɮɢɡɢɱɟɫɤɢɟ�ɩɪɨɰɟɫɫɵ�ɢ�ɛɢɨɫɮɟɪɚ��������
������������

�� Ɉɤɨɥɟɥɨɜɚ� Ⱥ�� Ⱥ��� Ɍɯɢɧɶ� ɇɝɭɟɧ� ȼɚɧ�� Ⱥɜɢɥɨɜ� ȼ�� Ʉ��� ɋɜɨɣɫɬɜɚ� ɨɫɧɨɜɧɵɯ�
ɬɢɩɨɜ� ɩɨɱɜ� ɛɢɨɫɮɟɪɧɨɝɨ� ɡɚɩɨɜɟɞɧɢɤɚ� Ⱦɨɧɝ� ɇɚɣ� �ɘɠɧɵɣ� ȼɶɟɬɧɚɦ���
ɇɚɭɱɧɵɟ� ɜɟɞɨɦɨɫɬɢ� ȻɟɥȽɍ�� ɋɟɪɢɹ� ȿɫɬɟɫɬɜɟɧɧɵɟ� ɧɚɭɤɢ�� ������ ��� �������
ȼɵɩɭɫɤ�������������
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�� =KLUHQNR�1��*���0DQK�9X��6RPH�DVSHFWV�RI�WKH�OLJKW�UHDFWLRQ�RI�SKRWRV\QWKHVLV�
LQ�'LSWHURFDUSXV�WXUELQDWXV�&�)��*DHUWQ�VHHGOLQJV�LQ�&DW�7LHQ�SDUN��7ҥS�FKt�
.KRD�KӑF�Yj�&{QJ�QJKӋ�QKLӋW�ÿӟL����������������������

�� %ULJJV� *�� (��� +DOGDQH� -�� %�� 6���$� QRWH� RQ� WKH� NLQHPDWLFV� RI� HQ]\PH� DFWLRQ��
%LRFKHP��-������������������������

��� 0LFKDHOLV� /��� 0HQWHQ�0�� /���'LH� NLQHWLN� GHU� LQYHUWLQZLUNXQJ�� %LRFKHP�� ]���
�����������������������

��� Ʉɚɣɛɟɹɣɧɟɧ� ɗ�� Ʌ��� ɉɚɪɚɦɟɬɪɵ� ɫɜɟɬɨɜɨɣ� ɤɪɢɜɨɣ� ɮɨɬɨɫɢɧɬɟɡɚ� ɭ� 6DOL[�
GDV\FODGRV�ɢ�ɢɯ�ɢɡɦɟɧɟɧɢɟ�ɜ�ɯɨɞɟ�ɜɟɝɟɬɚɰɢɢ��Ɏɢɡɢɨɥɨɝɢɹ�ɪɚɫɬɟɧɢɣ��������
����������������

��� Ĉӛ�3KRQJ�/ѭX��=KLUHQNR�1LNROD\�*HRUJLHYLFK��1JX\ӉQ�7UXQJ�ĈӭF��1JX\ӉQ�
9ăQ�7KӏQK��Ĉ̿F�ÿL͋P�TXDQJ�KͫS�FͯD�P͡W�V͙�ORjL�WK͹F�Y̵W�UͳQJ�QJ̵S�P̿Q�&̯Q�
*Lͥ��WKjQK�SK͙�+͛�&Kt�0LQK��7ҥS�FKt�.KRD�KӑF�Yj�&{QJ�QJKӋ�QKLӋW�ÿӟL��������
��������������

��� +LHNH�6���0HQ]HO�&��0���/XGGHUV�3���(IIHFWV�RI�/LJKW�$YDLODELOLW\�RQ�/HDI�*DV�
([FKDQJH� DQG� ([SDQVLRQ� LQ� /\FKHH� �/LWFKL� FKLQHQVLV��� 7UHH� 3K\VLRO��� ������
��������������

��� )DUDK�6KDKDQLP�0��0���5DMD�%DUL]DQ�5��6���1RUPDQL]D�2���1DVUXOKDT�%R\FH�
$���*URZWK�DQG�SK\VLRORJLFDO�DVVHVVPHQW�RI�FKHQJDO�VHHGOLQJV�SODQWHG�XQGHU�
GLIIHUHQW�DJH�JURXSV�DQG� IHUWLOL]HU� WUHDWPHQWV� LQ� ORJJHG�RYHU� IRUHVW��$XVWULDQ�
-RXUQDO�RI�)RUHVW�6FLHQFH�������������������

��� Ʌɸɛɢɳɟɜ�Ⱥ��Ⱥ���ɉɪɨɛɥɟɦɚ�ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ��Ɋɭɫɫɤɢɣ�ɨɪɧɢɬɨɥɨɝɢɱɟɫɤɢɣ�
ɠɭɪɧɚɥ���������������������������

��� &KD]GRQ� 5�� /��� )HWFKHU� 1���0HGLQD� (��� 0RRQH\� +�� $��� 9DVTXHV�<DQHV� &���
/LJKW�HQYLURQPHQWV�RI� WURSLFDO� IRUHVWV��3K\VLRORJLFDO�HFRORJ\�RI�SODQWV�RI� WKH�
ZHW�WURSLFV��6SULQJHU��'RUGUHFKW��+DJXH��7KH�1HWKHUODQGV���������������

��� Ĉӛ�3KRQJ�/ѭX��=KLUHQNR�1��*���1JX\ӉQ�7KiL�6ѫQ��1JX\ӉQ�7UXQJ�ĈӭF��+XǤQK�
ĈӭF�+RjQ��1JX\ӉQ�9ăQ�7KӏQK��0͡W�V͙�ÿ̿F�ÿL͋P�TXDQJ�KͫS�FͯD�Fk\�ÿ˱ͣF�ÿ{L�
�5KL]RSKRUD�DSLFXODWD�%OXPH��WURQJ�UͳQJ�QJ̵S�P̿Q�&̯Q�*Lͥ��WKjQK�SK͙�+͛�&Kt�
0LQK��7ҥS�FKt�.KRD�KӑF�Yj�&{QJ�QJKӋ�QKLӋW�ÿӟL���������������������

��� %DOO�0�� &��� &RFKUDQH�0�� -��� 5DZVRQ� +��0���*URZWK� DQG� ZDWHU� XVH� RI� WKH�
PDQJURYHV� 5KL]RSKRUD� DSLFXODWD� DQG� 5�� VW\ORVD� LQ� UHVSRQVH� WR� VDOLQLW\� DQG�
KXPLGLW\� XQGHU� DPELHQW� DQG� HOHYDWHG� FRQFHQWUDWLRQV� RI� DWPRVSKHULF� &2���
3ODQW��&HOO�DQG�(QYLURQPHQW����������������������

��� .XPDU�7DQXPL��0XUWK\�7��9��5���&KHOODPDQL�3UDEDNDUDQ��.ULVKQDQ�9DQLWKD��
7KDQJDUDGMRX� 7���0DQL�0XUDOL� 5���0RGHOOLQJ� SKRWRV\QWKHWLF� UDWHV� RI� ,QGLDQ�
UHG� PDQJURYHV� �5KL]RSKRUD� PXFURQDWD� 3RLU��� WR� FOLPDWLF� IDFWRUV�� 7URSLFDO�
(FRORJ\������������������������
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7KH� SDSHU� SUHVHQWV� VWXGLHV� UHODWHG� WR� WKH� JURZWK� DQG� GHYHORSPHQW� RI� VHOI�
VHHGLQJ�'LSWHURFDUSXV�WXUELQDWXV�&��)��*DHUWQ���������ZKLFK�JURZV�LQ�WKH�&DW�7LHQ�
1DWLRQDO� 3DUN� �6RXWKHDVW� 9LHWQDP�� XQGHU� QDWXUDO� FRQGLWLRQV�� ,W� LV� VKRZQ� WKDW� WKH�
PDLQ�OLPLWLQJ�IDFWRUV� LQIOXHQFLQJ�WKH�YLWDO�DFWLYLW\�RI�VHOI�VHHGLQJ�DUH�DLU�KXPLGLW\��
LOOXPLQDWLRQ�DQG�ZDWHU�VXSSO\��6RPH�IHDWXUHV�RI�VHHGOLQJ�GHYHORSPHQW�DUH�UHYHDOHG��
7KH�URRW�JURZWK�UDWH�ZDV�GHWHUPLQHG�WR�EH�a�����FP�GD\��DQG�WKH�VWHP�JURZWK�UDWH�
ZDV�������FP�GD\�� ,W� LV�VKRZQ�WKDW� WKH�IRUPDWLRQ�RI� WKH�VHHGOLQJ�RFFXUV�GXH� WR� WKH�
QXWULHQWV�RI� WKH�HQGRVSHUP�DQG� ODVWV�IRU���������GD\V�� ,Q�FRQGLWLRQV�RI� LQVXIILFLHQW�
LOOXPLQDWLRQ��WKH�VHHGOLQJV�UHDFK�D�FHUWDLQ�KHLJKW�DQG�WXUQ�LQWR��VWLFNLQJ�RXW�VWLFNV���
$SSUR[LPDWHO\� LQ� WKH�VHFRQG�\HDU�� VHOI�VHHGLQJ�IDOOV�RXW�� ,W�ZDV� UHYHDOHG� WKDW� VHOI�
VHHGLQJ�LV�FKDUDFWHUL]HG�E\�D�KLJK�JURZWK�UDWH�RI�SKRWRV\QWKHVLV�DW�ORZ�3$5�YDOXHV��
7KH�RSWLPXP�DLU� WHPSHUDWXUH�IRU� WKH�SURFHVVHV�RI�SKRWRV\QWKHVLV�DQG� WUDQVSLUDWLRQ�
RI�VHHGOLQJV�LV��������&��:LWK�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�&2��LQ�WKH�DLU��RI�
SKRWRV\QWKHVLV�QDWXUDOO\�LQFUHDVHV��

.H\ZRUGV�� (QGRVSHUP�� IUXLW�� SKRWRV\QWKHVLV�� SKRWRV\QWKHWLFDOO\� DFWLYH�
UDGLDWLRQ�� WUDQVSLUDWLRQ��ZDWHU�VXSSO\��Q͡L�QKǊ��TX̫��TXDQJ�KͫS��EͱF�[̩�KR̩W�ÿ͡QJ�
TXDQJ�KͫS��WKRiW�K˯L�Q˱ͣF��F̭S�Q˱ͣF��

�1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����6RXWKHUQ�%UDQFK�RI�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�
5HVHDUFK�&HQWUH
���� $�� 1�� 6HYHUWVRY� ,QVWLWXWH� RI� (FRORJ\� DQG� (YROXWLRQ�� 5XVVLDQ� $FDGHP\� RI�
6FLHQFHV�

&RQWDFW��7KLQK�9DQ�1JX\HQ��1JX\͍Q�9ăQ�7K͓QK�

6RXWKHUQ� %UDQFK� RI� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG�
7HFKQRORJ\�5HVHDUFK�&HQWUH��

7HO���������������(PDLO��WKLQK��E#JPDLO�FRP��


