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���3RSXODLUH�VDPHQYDWWLQJ�YDQ�GH�DDQYUDDJ��1HGHUODQGV�
���LI�JUDQWHG��WKLV�GHVFULSWLRQ�ZLOO�EH�XVHG�IRU�'XWFK�FRPPXQLFDWLRQ��DOVR�WR�QRQ�VSHFLDOLVWV�

9RJHOV�GLH�RS�GH�KRRJQRRUGHOLMNH�WRHQGUD�EURHGHQ�JHYHQ�YHHO�HQHUJLH�XLW�DDQ�ZDUPWH�
KXLVKRXGLQJ�HQ�GH�SURGXFWLH�HQ�KHW�XLWEURHGHQ�YDQ�KXQ�HLHUHQ��+HW�LV�EHNHQG�GDW�KXQ
GDJHOLMNVH�HQHUJLH�XLWJDYHQ�KHW�WKHRUHWLVFK�PD[LPDDO�PRJHOLMNH�EHQDGHUHQ�RI�]HOIV
RYHUVFKULMGHQ��+HW�LV�GHV�WH�YHUZRQGHUOLMN�GDW�VRPPLJH�YRJHOVRRUWHQ��GLH�YDQZHJH�KXQ
NOHLQH�RPYDQJ�YHHO�JHSURGXFHHUGH�ZDUPWH�DDQ�KXQ�NRXGH�RPJHYLQJ�YHUOLH]HQ��HU
ERYHQGLHQ�HHQ�ELM]RQGHU�EURHGV\VWHHP�RS�QDKRXGHQ�GDW�H[WUD�YHHO�HQHUJLH�YHUJW�
6RPPLJH�SDDUWMHV�KRRJQRRUGHOLMN�EURHGHQGH�'ULHWHHQVWUDQGORSHUV�&DOLGULV�DOED�SUHVWHUHQ
KHW�RP��QLHW�]RDOV�JHEUXLNHOLMN�PHW�]LMQ�WZHHsQ�HHQ�QHVW�PHW�YLHU�HLHUHQ�XLW�WH�EURHGHQ�
PDDU�WZHH�OHJVHOV�WH�SURGXFHUHQ�ZDDUYDQ�KHW�HHUVW�JHOHJGH�GRRU�KHW�PDQQHWMH�ZRUGW
XLWJHEURHG��HQ�KHW�WZHHGH�GRRU�KHW�YURXZWMH�]HOI��'DW�KHHIW�ZHOLVZDDU�KHW�YRRUGHHO�GDW�
DOV�YHUGHU�DOOHV�KHW]HOIGH�LV��GH�NDQV�RS�QDJHVODFKW�GH�EHWUHIIHQGH�DUFWLVFKH�]RPHU
WZHHPDDO�]R�JURRW�LV��KHW�YHUJW�GDDUHQWHJHQ�QRJ�PHHU�HQHUJLH�YDQ�EHLGH�RXGHUV��+HW
YURXZWMH�PRHW�LPPHUV�WZHHPDDO�]RYHHO�HLHUHQ�SURGXFHUHQ��HQ�EHLGH�RXGHUV�]LMQ�QX�LQ
KXQ�HHQWMH�YHUDQWZRRUGHOLMN�YRRU�HHQ�KHHO�QHVW�PHW�HLHUHQ��2P�GH]H�LQ�KXQ�HHQWMH
VXFFHVYRO�XLW�WH�EURHGHQ�LV�HU�ZHLQLJ�WLMG�RP�KHW�GDJHOLMNVH�NRVWMH�LQVHFWHQ�ELM�HONDDU�WH
VFKDUUHOHQ��ZDQW�DOV�GH�HLHUHQ�QLHW�EHEURHG�ZRUGHQ�NRHOHQ�]H�VQHO�DI��3DDUWMHV
'ULHWHHQVWUDQGORSHUV�GLH�VDPHQ�HHQ�QHVW�EHEURHGHQ�KHEEHQ�KHW�GDQ�PDNNHOLMNHU�RPGDW
]H�GH�EURHG]RUJ�GHOHQ�

'HUJHOLMNH�WRSSUHVWDWLHV�GLH�GH]H�]RJHQDDPGH�µGXEEHO�OHJ¶�VWUDWHJLH�PHW�]LFK
PHHEUHQJW�ZRUGHQ�VOHFKWV�GRRU�HHQ��NOHLQ��GHHO�YDQ�GH�EURHGSRSXODWLH�JHOHYHUG��0RJHOLMN
]LMQ�GH]H�KRRJNZDOLWDWLHYH�'ULHWHHQVWUDQGORSHUV�DOOHHQ�LQ�VWDDW�RP�LQ�KXQ�HHQWMH�HHQ�KHHO
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OHJVHO�JURRW�WH�EUHQJHQ�LQ�UHODWLHI�ZDUPH�]RPHUV�PHW�YHHO�LQVHFWHQ�DOV�YRHGVHOEURQ�HQ
GRRUGDW�]H��WLMGHOLMN��EH]XLQLJHQ�RS�HHQ�DQGHU�HQHUJHWLVFK�GXUH�HLJHQVFKDS��KHW
LPPXXQV\VWHHP��,Q�GH�UHODWLHI�]LHNWHNLHP�DUPH�DUFWLVFKH�RPJHYLQJ�NXQQHQ�]H�]LFK�GLW
ZDDUVFKLMQOLMN�YHURRUORYHQ��9RRU�YRJHOV�GLH�SDUDVLHWHQ�PHW�]LFK�PHHGUDJHQ�XLW�GH
WURSLVFKH�RYHUZLQWHULQJJHELHGHQ�NDQ�EH]XLQLJHQ�RS�KHW�LPPXXQV\VWHHP�HFKWHU
JHYDDUOLMN�]LMQ��'LW�FRQWUDVW�ELQQHQ�HHQ�YRJHOVRRUW�ZDDULQ�HHQ�JURHS�µGXEEHO�OHJJHUV¶�YHHO
PHHU�HQHUJLH�NZLMW�LV�DDQ�HHQ�ZDDUVFKLMQOLMN�WZHHPDDO�]R�JURWH�NDQV�RS�KHW�JURRWEUHQJHQ
YDQ�QDJHVODFKW�YHUJHOHNHQ�PHW�LQGLYLGXHQ�GLH�µKHW�UXVWLJHU�DDQ�GRHQ¶�ELHGW�DOOHUOHL
RQGHU]RHNVPRJHOLMNKHGHQ�

:LM�ZLOOHQ�JUDDJ�RQGHU]RHNHQ�ZDDURP�VOHFKWV�HQNHOH�'ULHWHHQVWUDQGORSHUV�LQ�VWDDW
]LMQ�WZHH�EURHGVHOV�SHU�MDDU�JURRW�WH�EUHQJHQ��ZHONH�HQHUJHWLVFKH�FRQVHTXHQWLHV�GLW
KHHIW��KRHYHHO�UHN�HU�LQ�KXQ�LPPXXQV\VWHHP�]LW�HQ�RI�GH�GXEEHO�OHJJHUV�KLHU�LQGHUGDDG
RS�EH]XLQLJHQ��'RRU�GH�YRJHOV�WH�VFUHHQHQ�RS�LQIHFWLHV�PHW�HFWRSDUDVLHWHQ��PDODULD�HQ
YRJHOJULHS�NXQQHQ�ZH�HHQ�OLQN�OHJJHQ�WXVVHQ�LQYHVWHULQJHQ�LQ�KHW�LPPXXQV\VWHHP�HQ
LQIHFWLHNDQV��8LWHLQGHOLMN�ZLOOHQ�ZH�GH�JHYROJHQ�YRRU�GH�RYHUOHYLQJ�YDQ�µHQNHO�OHJJHUV¶��HQ
µGXEEHO�OHJJHUV¶�HQ�KXQ�MRQJHQ�EHVWXGHUHQ��RP�WH�EHJULMSHQ�ZDDURP�HU�ELQQHQ�HHQ
YRJHOVRRUW�WZHH�EURHGVWUDWHJLHsQ�NXQQHQ�EHVWDDQ�

'LW�RQGHU]RHN�SDVW�LQ�ORSHQGH�RQGHU]RHNVSURMHFWHQ�DDQ�YHUJHOLMNHQGH�HFRORJLVFKH
LPPXQRORJLH�YDQ�µ]RHWZDWHU�µ�HQ�µ]RXWZDWHU�VWHOWORSHUV¶�HQ�HHQ�ELQQHQNRUW�XLW�WH�YRHUHQ
SURMHFW�DDQ�YHUJHOLMNHQGH�GHPRJUDILH�YDQ�'ULHWHHQVWUDQGORSHUV�RS�RYHUZLQWHULQJORFDWLHV
RS�YHUVFKLOOHQGH�EUHHGWHJUDGHQ��'H�VWXGLH�]DO�ZDDUVFKLMQOLMN�DOOHUOHL�LQWHUHVVDQWH�LQ]LFKWHQ
RSOHYHUHQ�RYHU�KHW�IXQFWLRQHUHQ�YDQ�KHW�LPPXXQV\VWHHP�YDQ�DUFWLVFK�EURHGHQGH�YRJHOV
HQ�GH�NDQV�RS�LQIHFWLHV�YRRU�GH]H�YRJHOV��2S�JURQG�YDQ�KHW�ODDWVWH�YDOW�WH�EHRRUGHOHQ�RI
DUFWLVFKH�VWHOWORSHUV�WRW�GH�ULVLFRJURHSHQ�EHKRUHQ�ZDW�EHWUHIW�KHW�YHUVSUHLGHQ�YDQ
JHYDDUOLMNH�]LHNWHQ�

�D��7RS���VFLHQWLILF�SXEOLFDWLRQV�RI�WKH�DSSOLFDQWV�UHODWHG�WR�WKH�SURSRVHG�UHVHDUFK

1. 3LHUVPD��7��������'R�JOREDO�SDWWHUQV�RI�KDELWDW�XVH�DQG�PLJUDWLRQ�VWUDWHJLHV�FR�
HYROYH�ZLWK�UHODWLYH�LQYHVWPHQWV�LQ�LPPXQRFRPSHWHQFH�GXH�WR�VSDWLDO�YDULDWLRQ�LQ
SDUDVLWH�SUHVVXUH"�2LNRV�������������
���0HQGHV��/���7��3LHUVPD��0��/HFRT��%��6SDDQV�DQG�5�(��5LFNOHIV��������'LVHDVH�OLPLWHG
GLVWULEXWLRQV"�&RQWUDVWV�LQ�WKH�SUHYDOHQFH�RI�DYLDQ�PDODULD�LQ�VKRUHELUG�VSHFLHV�XVLQJ
PDULQH�DQG�IUHVKZDWHU�KDELWDWV��2LNRV��������������
���0HQGHV��/��7��3LHUVPD��'��+DVVHOTXLVW��.�'��0DWVRQ�DQG�5�(��5LFNOHIV��������9DULDWLRQ
LQ�WKH�LQQDWH�DQG�DFTXLUHG�DUPV�RI�WKH�LPPXQH�V\VWHP�DPRQJ�ILYH�VKRUHELUG�VSHFLHV��-�
([S��%LRO���������������
���3LHUVPD��7���$��/LQGVWU|P��5�+��'UHQW��,��7XOS��-��-XNHPD��5�,�*��0RUULVRQ��-�
5HQHHUNHQV��+��6FKHNNHUPDQ�DQG�*�+��9LVVHU��������+LJK�GDLO\�HQHUJ\�H[SHQGLWXUH�RI
LQFXEDWLQJ�VKRUHELUGV�RQ�+LJK�$UFWLF�WXQGUD��D�FLUFXPSRODU�VWXG\��)XQFW��(FRO����������
����
���3LHUVPD��7��������(QHUJHWLF�ERWWOHQHFNV�DQG�RWKHU�GHVLJQ�FRQVWUDLQWV�LQ�DYLDQ�DQQXDO
F\FOHV��,QWHJU��&RPS��%LRO������������
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�E��2WKHU�UHOHYDQW�SXEOLFDWLRQV���PD[���SDJH�IRU�SXEOLFDWLRQV��PLQ����SWV�
%\�WKH�DSSO\LQJ�UHVHDUFK�JURXS�
.ODDVVHQ��0���$��/LQGVWU|P��+��0HOWRIWH�DQG�7��3LHUVPD��������:DGHUV�DUH�QRW�FDSLWDO

EUHHGHUV��1DWXUH����������
.ULMJVYHOG��.�/���-�:�+��5HQHHUNHQV��*�'��0F1HWW�DQG�5�(��5LFNOHIV��������7LPH

EXGJHWV�DQG�ERG\�WHPSHUDWXUHV�RI�$PHULFDQ�*ROGHQ�3ORYHUV�FKLFNV�LQ�UHODWLRQ�WR
DPELHQW�WHPSHUDWXUH��&RQGRU��������������

3LHUVPD��7��������³&RDVWDO´�YHUVXV�³LQODQG´�VKRUHELUG�VSHFLHV��LQWHUOLQNHG�IXQGDPHQWDO
GLFKRWRPLHV�EHWZHHQ�WKHLU�OLIH��DQG�GHPRJUDSKLF�KLVWRULHV"�:DGHU�6WXG\�*URXS
%XOO�����������

3LHUVPD��7���+��0HOWRIWH��-��-XNHPD��-��5HQHHUNHQV��3��GH�*RHLM�DQG�:��(NVWHU��$
VLQJOH�\HDU�FRPSDULVRQ�RI�WZR�PHWKRGV�WR�PDS�EUHHGLQJ�5HG�.QRW�DQG�6DQGHUOLQJ
LQ�+LJK�$UFWLF�*UHHQODQG��6XEPLWWHG�WR�:DGHU�6WXG\�%XOO�

5HQHHUNHQV��-���7��3LHUVPD��-��-XNHPD��3��GH�*RHLM��$��%RO�DQG�+��0HOWRIWH��������6H[�
UDWLR�DQG�ERG\�VL]H�RI�VDQGSLSHU�FKLFNV�DW�=DFNHQEHUJ��QRUWK�HDVW�*UHHQODQG�LQ
������:DGHU�6WXG\�*URXS�%XOO�������������

5HQHHUNHQV��-���5�,�*��0RUULVRQ��0��5DPHQRIVN\��7��3LHUVPD�DQG�-�&��:LQJILHOG�������
%DVHOLQH�DQG�VWUHVV�LQGXFHG�OHYHOV�RI�FRUWLFRVWHURQH�GXULQJ�GLIIHUHQW�OLIH�F\FOH
VXEVWDJHV�LQ�D�VKRUHELUG�RQ�WKH�+LJK�$UFWLF�EUHHGLQJ�JURXQGV��3K\VLRO��%LRFKHP�
=RRO��������������

5HQHHUNHQV��-���7��3LHUVPD�DQG�-�6��6LQQLQJKH�'DPVWp��������6DQGSLSHUV
�6FRORSDFLGDH��VZLWFK�IURP�PRQR��WR�GLHVWHU�SUHHQ�ZD[HV�GXULQJ�FRXUWVKLS�DQG
LQFXEDWLRQ��EXW�ZK\"�3URF��5R\��6RF��/RQG��%�����������������

5HQHHUNHQV��-���7��3LHUVPD�DQG�-��6��6LQQLQJKH�'DPVWp��������6ZLWFK�WR�GLHVWHU�SUHHQ
ZD[HV�PD\�UHGXFH�DYLDQ�QHVW�SUHGDWLRQ�E\�PDPPDOLDQ�SUHGDWRUV�XVLQJ�ROIDFWRU\
FXHV��-��([S��%LRO������������������

2WKHU�UHIHUHQFHV�ZLWK�UHVSHFW�WR�WKH�DSSOLFDWLRQ�
&DVWUR��*���-�3��0\HUV�DQG�5�(��5LFNOHIV��������(FRORJ\�DQG�HQHUJHWLFV�RI�6DQGHUOLQJV

PLJUDWLQJ�WR�IRXU�ODWLWXGHV��(FRORJ\�������������
*XGPXQGVVRQ��*�$��DQG�$��/LQGVWU|P��������6SULQJ�PLJUDWLRQ�RI�6DQGHUOLQJV�&DOLGULV

DOED�WKURXJK�6:�,FHODQG��ZKHUHIURP�DQG�ZKHUHWR"�$UGHD�������������
.LUNZRRG��-�.��������$�OLPLW�WR�PHWDEROL]DEOH�HQHUJ\�LQWDNH�LQ�PDPPDOV�DQG�ELUGV�

&RPS��%LRFKHP��3K\VLRO����$������
0DUWLQ�,,��/�%���$��6FKHXHUOLHQ�DQG�0��:LNHOVNL��������,PPXQH�DFWLYLW\�HOHYDWHV�HQHUJ\

H[SHQGLWXUH�RI�KRXVH�VSDUURZV��D�OLQN�EHWZHHQ�GLUHFW�DQG�LQGLUHFW�FRVWV"�3URF�
5R\��6RF��/RQG��%���������������

0HOWRIWH��+��DQG�7�%��%HUJ��������=DFNHQEHUJ�(FRORJLFDO�5HVHDUFK�2SHUDWLRQV��%LREDVLV�
&RQFHSWXDO�GHVLJQ�DQG�VDPSOLQJ�SURFHGXUHV�RI�WKH�ELRORJLFDO�SURJUDPPH�RI
=DFNHQEHUJ�%DVLF���WK�HGLWLRQ��1DWLRQDO�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH�
'HSDUWPHQW�RI�$UFWLF�(QYLURQPHQW����S���DOVR�RQ�KWWS���%LR%DVLV�GPX�GN���

3DUPHOHH��'�)��DQG�5�%��3D\QH��������2Q�PXOWLSOH�EURRGV�DQG�WKH�EUHHGLQJ�VWUDWHJ\�RI
DUFWLF�6DQGHUOLQJV��,ELV��������������

6KHOGRQ��%�&��DQG�6��9HUKXOVW��������(FRORJLFDO�LPPXQRORJ\��FRVWO\�SDUDVLWH�GHIHQFHV
DQG�WUDGH�RIIV�LQ�HYROXWLRQDU\�HFRORJ\��7UHQGV�(FRO��(YRO�������������

6FKHNNHUPDQ��+���,��7XOS��7��3LHUVPD�DQG�*�+��9LVVHU��������0HFKDQLVPV�SURPRWLQJ
KLJKHU�JURZWK�UDWHV�LQ�DUFWLF�WKDQ�WHPSHUDWH�VKRUHELUGV��2HFRORJLD��������������

6FKPLG�+HPSHO��3��������2Q�WKH�HYROXWLRQDU\�HFRORJ\�RI�VSHFLILF�LPPXQH�GHIHQFH�
7UHQGV�(FRO��(YRO������������

7LHOHPDQ��%�,���-�%��:LOOLDPV��5�(��5LFNOHIV�	�.�&��.ODVLQJ��������&RQVWLWXWLYH�LQQDWH
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LPPXQLW\�LV�D�FRPSRQHQW�RI�WKH�SDFH�RI�OLIH�V\QGURPH�LQ�WURSLFDO�ELUGV��3URF��5R\�
6RF��/RQG��%�����������������

7XOS��,���+��6FKHNNHUPDQ��7��3LHUVPD��-��-XNHPD��3��GH�*RHLM�DQG�-��YDQ�GH�.DP�������
%UHHGLQJ�ZDGHUV�DW�6WHUOHJRYD��1RUWKHUQ�7DLP\U��LQ�������:,:2�UHSRUW�����=HLVW�
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���'HWDLOHG�GHVFULSWLRQ�RI�UHVHDUFK�DUHD�DQG�UHVHDUFK�SODQ
���PD[���SDJHV��PLQ����SWV��LQFOXGLQJ�ILJXUHV�
���2EMHFWLYHV��LQQRYDWLYH�DVSHFWV��KLVWRU\�EDFNJURXQG��VFLHQWLILF�DSSURDFK�DQG�UHVHDUFK�PHWKRGRORJ\�

*HQHUDO�LQWURGXFWLRQ
7KH�1HWKHUODQGV�LV�WLJKWO\�OLQNHG�ZLWK�WKH�DUFWLF�WXQGUD�WKURXJK�WKH�PDQ\�ZDWHUELUGV�WKDW
UHSURGXFH�KHUH�EXW�VSHQG�WKH�ZLQWHU�LQ��RU�PLJUDWH�IXUWKHU�VRXWK�WKURXJK��:HVWHUQ
(XURSH��$�ODUJH�SURSRUWLRQ�RI�WKHVH�ELUGV�FRQVLVWV�RI�$UFWLF�EUHHGLQJ�VKRUHELUGV��ELUGV�WKDW
VKRZ�VSHFWDFXODU�EHKDYLRXUDO�DQG�SK\VLRORJLFDO�DGDSWDWLRQV�WR�OLYLQJ�LQ�WKH�$UFWLF��$PRQJ
WKHVH�DUH�ORQJ�QRQ�VWRS�PLJUDWRU\�IOLJKWV��KLJK�HQHUJ\�H[SHQGLWXUHV�GXULQJ�LQFXEDWLRQ�LQ
WKH�FROG�DQG�DQ�XQSDUDOOHOHG�IDVW�JURZWK�RI�FKLFNV��5HFHQWO\��ZLWK�WKH�WKUHDW�RI�GLVHDVHV
OLNH�DYLDQ�LQIOXHQ]D�WKDW�SRVVLEO\�FDQ�EH�WUDQVPLWWHG�YLD�PLJUDWRU\�ZDWHUELUGV�WKH�JHQHUDO
SXEOLF�DOVR�VKRZV�LQWHUHVW�LQ�$UFWLF�EUHHGLQJ�ZDWHUELUGV��7R�XQGHUVWDQG�PRUH�DERXW�WKH
SRVVLEOH�ULVN�RI�GLVHDVHV�IRU�KXPDQV�DQG�DQLPDOV��LW�LV�RI�LPSRUWDQFH�WR�JDLQ�PRUH
NQRZOHGJH�DERXW�IXQGDPHQWDO�TXHVWLRQV�UHJDUGLQJ�KRZ�DUFWLF�EUHHGLQJ�ELUGV�ILJKW
LQIHFWLRQV��+HUH�ZH�SURSRVH�D�UHVHDUFK�SURJUDP�WR�PRQLWRU�DYLDQ�GLVHDVHV��DQG
LQYHVWLJDWH�WKH�IXQFWLRQLQJ�RI�WKH�LPPXQH�V\VWHP�LQ�D�+LJK�$UFWLF�EUHHGLQJ�VKRUHELUG�WKDW
VKRZV�D�IDVFLQDWLQJ�FRQWUDVW�LQ�UHSURGXFWLYH�LQYHVWPHQWV�EHWZHHQ�LQGLYLGXDO�ELUGV�WKDW
HLWKHU�UDLVH�D�IDPLO\�WRJHWKHU�RU�GR�LW�DORQH��$GGLWLRQDOO\��LQ�FROODERUDWLRQ�ZLWK�DQ�H[LVWLQJ
DQG�DQ�XSFRPLQJ�UHVHDUFK�SURMHFW�LQ�ZHVWHUQ�(XURSH�DQG�LQ�$IULFD�RQ�ZLQWHULQJ
VKRUHELUGV��WKH�UHVHDUFK�SURSRVHG�KHUH�PD\�JLYH�LQVLJKW�LQ�WKH�SRVVLELOLW\�RI
WUDQVPLWWDQFH�RI�GLVHDVH�E\�DUFWLF�EUHHGLQJ�VKRUHELUGV�RYHU�ORQJ�GLVWDQFHV�DQG�HOXFLGDWH
SRVVLEOH�VHDVRQDO�FKDQJHV�LQ�LPPXQH�UHVSRQVHV�RI�VKRUHELUGV�
(FRORJLFDO�LPPXQRORJ\
7KH�UHSURGXFWLYH�SHULRG�RI�VKRUHELUGV�RQ�WKH�+LJK�$UFWLF�EUHHGLQJ�JURXQGV�LV
HQHUJHWLFDOO\�GHPDQGLQJ��)HPDOHV�GHYRWH�ODUJH�DPRXQWV�RI�HQHUJ\�DQG�QXWULHQWV�LQ
SURGXFWLRQ�RI�HJJV�WKDW�WRJHWKHU�ZHLJK�PRUH�WKDQ�WKHLU�RZQ�ERG\�ZHLJKW��ZKHUHDV�PDOHV
LQYHVW�LQ�H[SHQVLYH�FRXUWVKLS�GLVSOD\V��'DLO\�HQHUJ\�H[SHQGLWXUH�RI�LQFXEDWLQJ�VKRUHELUGV
LV�DERXW�����KLJKHU�RQ�WKH�DUFWLF�WXQGUD�WKDQ�LQ�WHPSHUDWH�EUHHGLQJ�DUHDV��3LHUVPD�HW
DO���������ZKHUHDV�WKH�IRRG�DYDLODELOLW\�LV�SUREDEO\�QRW�PXFK�KLJKHU�LQ�WKH�$UFWLF
FRPSDUHG�ZLWK�WHPSHUDWH�DUHDV��7XOS�HW�DO��������

,Q�WKH�ODVW�GHFDGH��ELRORJLVWV�EHJDQ�WR�UHDOLVH�WKDW�ULVN�RI�GLVHDVH�DQG�RUJDQLVP¶V
LPPXQH�GHIHQFH�DUH�LPSRUWDQW�VHOHFWLYH�IRUFHV�WKDW�VKDSH�OLIH�KLVWRULHV��3LHUVPD�������
������K\SRWKHVLVHG�WKDW�+LJK�$UFWLF�ELUGV�LQYHVW�OHVV�LQ�WKHLU��LQQDWH�DQG�DFTXLUHG�
LPPXQH�GHIHQFH�V\VWHP��7KLV�ODFN�RI�DSSURSULDWH�LPPXQH�UHVSRQVHV�ZRXOG�WKHQ�IRUFH
+LJK�$UFWLF�ELUGV�WR�OLYH�LQ�UHODWLYHO\�SDUDVLWH�SRRU�HQYLURQPHQWV�\HDU�URXQG��VXFK�DV�WKH
$UFWLF�DQG�PDULQH�KDELWDWV��3LHUVPD��������������7KH�UHODWLYHO\�VPDOO�LQYHVWPHQW�LQ�D
FRVWO\�LPPXQH�GHIHQFH�PLJKW�HQDEOH�VXFK�ELUGV�WR�DOORFDWH�PRUH�HQHUJ\�DQG�RU�QXWULHQWV
LQWR�RWKHU�KLJKO\�GHPDQGLQJ�DVSHFWV�RI�WKHLU�OLIH�KLVWRU\�
&RQWUDVWLQJ�EUHHGLQJ�VWUDWHJLHV�LQ�DQ�DUFWLF�ELUG�VSHFLHV�
7KH�SUHVXPHG�WUDGH�RII�EHWZHHQ�LPPXQRFRPSHWHQFH�DQG�HQHUJ\�GHPDQGLQJ�WUDLWV�FDQ
ZHOO�EH�VWXGLHG�LQ�ELUG�VSHFLHV�WKDW�VKRZ�FOHDU�LQWHU�LQGLYLGXDO�FRQWUDVWV�LQ�HQHUJ\
H[SHQGLWXUH�GXULQJ�D�EUHHGLQJ�VHDVRQ��6DQGHUOLQJV��&DOLGULV�DOED��DUH�D�YHU\�VXLWDEOH
VSHFLHV�IRU�VXFK�VWXGLHV�EHFDXVH�LW�LV�NQRZQ�WR�VRPHWLPHV�OD\�WZR�FOXWFKHV�RI�HJJV�VRRQ
DIWHU�HDFK�RWKHU��WKH�ILUVW�RQH�ZKLFK�LV�EHLQJ�EURRGHG�E\�WKH�PDOH��ZKLOH�FDUH�RI�WKH
VHFRQG�FOXWFK�LV�EHLQJ�WDNHQ�E\�WKH�IHPDOH�KHUVHOI��3DUPHOHH�DQG�3D\QH��������,Q
FRQWUDVW��RWKHU�SDLUV�RI�6DQGHUOLQJV�UDLVH�D�VLQJOH�EURRG�WRJHWKHU�

:H�KDYH�VWURQJ�LQGLFDWLRQV�WKDW�QHDU�=DFNHQEHUJ��QRUWKHDVWHUQ�*UHHQODQG��SDUW�RI
WKH�ORFDO�EUHHGLQJ�SDLUV�RI�6DQGHUOLQJV�DOVR�SURGXFHV�WZR�FOXWFKHV�ZLWKLQ�D�EUHHGLQJ
VHDVRQ��,Q�D�SUHYLRXV�ILHOG�VHDVRQ�LQ������ZH�IRXQG����6DQGHUOLQJ�QHVWV�RI�ZKLFK���
ZHUH�EHLQJ�EURRGHG�E\�WZR�GLIIHUHQW�ELUGV��PROHFXODUO\�VH[HG�DV�D�PDOH�DQG�D�IHPDOH�IRU
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HDFK�QHVW���,Q�IRXU�FDVHV��RQO\�RQH�DWWHQGLQJ�ELUG�ZDV�HQFRXQWHUHG�DW�UHSHDWHG�FDWFKHV
RU�YLVLWV�DW�WKH�QHVW��7KHVH�ODWWHU�DUH�SUHVXPHG�µGRXEOH�FOXWFKLQJ�ELUGV¶�RI�ZKLFK�WKH
SDUWQHU�ZDV�WDNLQJ�FDUH�RI�D�VHFRQG�FOXWFK��)RU�VL[�RWKHU�QHVWV�LW�UHPDLQHG�XQFOHDU�KRZ
PDQ\�GLIIHUHQW�ELUGV�ZHUH�DWWHQGLQJ�LW��3LHUVPD�HW�DO��VXEPLWWHG��

$OWKRXJK�WKH�GRXEOH�FOXWFKLQJ�VWUDWHJ\�PD\�\LHOG�D�WZLFH�DV�ODUJH�UHSURGXFWLYH
VXFFHVV�LQ�D�JLYHQ�\HDU��WKH�FRVWV�PD\�EH�KLJK��'RXEOH�FOXWFKLQJ�IHPDOHV�KDYH�WR
SURGXFH�D�VHFRQG�VHW�RI�IRXU�HJJV�LQ�D�VKRUW�SHULRG�RI�WLPH�LQ�HDUO\�VSULQJ�ZKHQ�LQVHFW
IRRG�LV�VWLOO�QRW�YHU\�DEXQGDQW��,Q�DGGLWLRQ��ERWK�GRXEOH�FOXWFKLQJ�SDUHQWV�ZLOO�KDYH�WKH
FDUH�RI�D�EURRG�RQ�WKHLU�RZQ��,QFXEDWLRQ�GXWLHV�DQG�VXEVHTXHQW�FKLFN�JXDUGLQJ�FDQ
WKHUHIRUH�QRW�EH�VKDUHG�ZLWK�D�SDUWQHU��7R�DYRLG�XQQHFHVVDU\�FRROLQJ�RI�WKH�HJJV�
GRXEOH�FOXWFKLQJ�LQGLYLGXDOV�KDYH�OHVV�WLPH�WR�ILQG�LQVHFW�IRRG�WR�PHHW�WKHLU�GDLO\�HQHUJ\
UHTXLUHPHQWV�

'DLO\�HQHUJ\�H[SHQGLWXUHV�RI�6DQGHUOLQJV�GXULQJ�LQFXEDWLRQ�LQ�WKH�$UFWLF�DSSURDFK
RU�HYHQ�H[FHHG�WKH�VXJJHVWHG�VXVWDLQDEOH�PD[LPXP��3LHUVPD�HW�DO��������GXH�WR�WKH
KLJK�WKHUPRUHJXODWRU\�GHPDQGV�RI�WKH�DUFWLF�ZHDWKHU�FRQGLWLRQV�DQG�WKH�FRVWV�RI
LQFXEDWLRQ��,QGHHG��FRPSDUHG�ZLWK�PHDVXUHG�GDLO\�HQHUJ\�H[SHQGLWXUHV�RQ�ZLQWHULQJ
JURXQGV�DW�IRXU�GLIIHUHQW�ODWLWXGHV��&DVWUR�HW�DO���������GDLO\�HQHUJ\�H[SHQGLWXUHV�RI
EUHHGLQJ�6DQGHUOLQJV�H[FHHG�WKRVH�FRVWV��3LHUVPD�HW�DO��������DQG�DUH�DPRQJ�WKH
KLJKHVW�LQ�WKH�DQQXDO�F\FOH��7KH�GRXEOH�FOXWFK�EUHHGLQJ�VWUDWHJ\�RI�6DQGHUOLQJV��PLJKW
SXVK�HQHUJ\�H[SHQGLWXUHV�HYHQ�PRUH�LQ�WKH�GLUHFWLRQ�RI��RU�DERYH��WKH�VR�FDOOHG
µPHWDEROLF�FHLOLQJ¶��.LUNZRRG�������

7KH�GRXEOH�FOXWFKLQJ�VWUDWHJ\�LQ�6DQGHUOLQJV�DSSHDUV�WR�EH�IDFXOWDWLYH��L�H��QRW�DOO
IHPDOHV�OD\�D�VHFRQG�FOXWFK��3DUPHOHH�DQG�3D\QH��������ZKLFK�VXJJHVWV�WKDW�WKHUH�PXVW
EH�FRVWV�WKDW�FRQVWUDLQ�VRPH�LQGLYLGXDOV�WR�LQFXEDWH�D�FOXWFK�DQG�UDLVH�WKH�\RXQJ�ZLWKRXW
WKH�KHOS�RI�D�SDUWQHU��3RVVLEO\��RQO\�6DQGHUOLQJV�LQ�JRRG�FRQGLWLRQ�FDQ�GR�VR�

7KH�IUDFWLRQ�RI�GRXEOH�FOXWFKLQJ�LQGLYLGXDOV�LQ�D�ORFDO�EUHHGLQJ�SRSXODWLRQ�PD\
GHSHQG�RQ�HQYLURQPHQWDO�FRQGLWLRQV��VXFK�DV�IRRG�DYDLODELOLW\�DQG�ZHDWKHU�FRQGLWLRQV�LQ
WKH�HDUO\�DUFWLF�VSULQJ��$UFWLF�VKRUHELUGV�DUH�µLQFRPH�EUHHGHUV¶��.ODDVVHQ�HW�DO��������DQG
6DQGHUOLQJV�WKXV�SURGXFH�WKH�WZR�FOXWFKHV�IURP�WKH�ORFDO��LQVHFW��IRRG�VRXUFH��$
FKDQJLQJ�FOLPDWH�PD\�DIIHFW�LQVHFW�DEXQGDQFH�DQG�FRQVHTXHQWO\�EUHHGLQJ�VWUDWHJLHV�RI
ELUGV��%HFDXVH�6DQGHUOLQJV�DUH�IDLWKIXO�WR�WKHLU�EUHHGLQJ�ORFDWLRQ��ZH�PD\�GLVFRYHU
ZKHWKHU�DQQXDO�YDULDWLRQ�LQ�ZHDWKHU��LQVHFW�DEXQGDQFH�DQG�ERG\�FRQGLWLRQ�RI�WKH�ELUGV
ZLOO�OHDG�WR�GLIIHUHQW�EUHHGLQJ�GHFLVLRQV�
$�SRVVLEOH�WUDGH�RII�EHWZHHQ�LPPXQRFRPSHWHQFH�DQG�UHSURGXFWLYH�LQYHVWPHQWV
%HFDXVH�EUHHGLQJ�VKRUHELUGV�LQ�WKH�$UFWLF�DOUHDG\�VSHQG�PD[LPDO�DPRXQWV�RI�HQHUJ\��ZH
WKLQN�WKDW�WKH\�PXVW�HFRQRPLVH�RQ�RWKHU�HQHUJ\�GHPDQGLQJ�SURFHVVHV�WR�LQFUHDVH
EUHHGLQJ�HIIRUWV�DQG�LQFXEDWH�RQ�WKHLU�RZQ��:H�SURSRVHG�WKDW�VDQGSLSHUV�EULQJ�DERXW
HQHUJ\�GHPDQGLQJ�DGDSWDWLRQV�WR�HQYLURQPHQWDO�FKDOOHQJHV�RI�DUFWLF�EUHHGLQJ�VHDVRQV�E\
HFRQRPLVLQJ�RQ�LQYHVWPHQWV�LQ�WKH�LPPXQH�GHIHQFH�V\VWHPV��3LHUVPD�������������
,QGHHG��WKH��HQHUJHWLFDO�RU�QXWULWLRQDO��FRVWV�RI�PDLQWDLQLQJ�DQG�XVLQJ�WKH�LPPXQH
V\VWHP�DUH�KLJK��6KHOGRQ�DQG�9HUKXOVW�������6FKPLG�+HPSHO�������0DUWLQ�,,�HW�DO�
������DQG�LW�WKHUHIRUH�PDNHV�VHQVH�WR�GRZQ�UHJXODWH�VXFK�H[SHQVLYH�SURFHVVHV�ZKHQ
QRW�LPPHGLDWHO\�YLWDO��:H�K\SRWKHVLVH�WKDW�LQGLYLGXDOV�WKDW�UHDU�D�FOXWFK�RQ�WKHLU�RZQ
�µGRXEOH�FOXWFKLQJ�LQGLYLGXDOV¶��FDQ�GR�VR�E\�FKDQQHOLQJ�OHVV�HQHUJ\�LQWR
LPPXQRFRPSHWHQFH��2QO\�LQGLYLGXDOV�WKDW�DUH�QRW�LQIHFWHG�ZLWK�SDUDVLWHV��IRU�H[DPSOH
SLFNHG�XS�RQ�WKH�WURSLFDO�ZLQWHULQJ�JURXQGV��FDQ�DIIRUG�WR�HFRQRPLVH�RQ
LPPXQRFRPSHWHQFH�DQG�DUH�H[SHFWHG�WR�EH�DEOH�WR�UDLVH�D�VLQJOH�EURRG�RQ�WKHLU�RZQ�

,W�KDV�EHHQ�VXJJHVWHG�EHIRUH�WKDW�DYLDQ�PDODULD��FDXVHG�E\�EORRG�SDUDVLWHV�WKDW
DUH�WUDQVPLWWHG�EHWZHHQ�YHUWHEUDWH�KRVWV�E\�GLSWHUDQ�LQVHFWV��ZDV�QRW�IRXQG�LQ�+LJK
$UFWLF�EUHHGLQJ�VKRUHELUGV��0HQGHV�HW�DO��������6DQGHUOLQJV�EUHHGLQJ�LQ�*UHHQODQG�
ZLQWHU�LQ�:HVW�$IULFD��*XGPXQGVVRQ�DQG�/LQGVWU|P��������ZKHUH�WKH\�IRUDJH�RQ
GHFD\LQJ�RUJDQLF�PDWHULDO��SHUV��REV����ZKLFK�LV�D�SRVVLEOH�VRXUFH�RI�LQIHFWLRQV��0HQGHV
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HW�DO��������7KLV�ZRXOG�LPSO\�WKDW�GXULQJ�ZLQWHUWLPH�6DQGHUOLQJV�QHHG�WR�XS�UHJXODWH
WKHLU�LPPXQH�UHVSRQVH�RU�HOVH�UXQ�WKH�ULVN�RI�JHWWLQJ�LQIHFWHG��ZKLFK�PLJKW�ORZHU�WKHLU
VXUYLYDO�
$�SRVVLEOH�WUDGH�RII�EHWZHHQ�LPPXQRFRPSHWHQFH�DQG�ULVN�RI�GLVHDVH
$OWKRXJK�WHPSRUDOO\�HFRQRPLVLQJ�RQ�LPPXQH�IXQFWLRQ�PD\�HQDEOH�DUFWLF�ELUGV�WR�DOORFDWH
HQHUJ\�LQ�FRVWO\�EHKDYLRXU�DQG�WR�LQYHVW�LQ�D�VHFRQG�FOXWFK��ELUGV�ZLOO�DOVR�UXQ�D�KLJKHU
ULVN�RI�LQIHFWLRQ�ZKHQ�LPPXQRFRPSHWHQFH�LV�GRZQ�UHJXODWHG��%LUGV�WKXV�KDYH�WR�WUDGH�
RII�LPPXQRFRPSHWHQFH�DJDLQVW�ULVN�RI�GLVHDVH��7KH�EDODQFH�RI�WKLV�WUDGH�RII�ZLOO�GLIIHU
VHDVRQDOO\�DQG�EHWZHHQ�LQGLYLGXDOV�

2Q�WKH�$IULFDQ�ZLQWHULQJ�JURXQGV��HFRQRPLVLQJ�RQ�LPPXQH�GHIHQFH�PD\�EH
GDQJHURXV�LI�ELUGV�IRUDJH�LQ�SDUDVLWH�ULFK�HQYLURQPHQWV��,Q�WKH�$UFWLF��WKDW�LV�SUHVXPHG�WR
EH�SRRU�RI�SDUDVLWHV�DQG�WKHLU�YHFWRUV��3LHUVPD��������������GLVHDVH�ULVN�LV�SUREDEO\
ORZHU��0LJUDWRU\�DUFWLF�VKRUHELUGV�WKDW�FDUU\�SDUDVLWHV��IRU�H[DPSOH�SLFNHG�XS�RQ�WKH
ZLQWHULQJ�JURXQGV�DQG�QRW�JRW�ULG�RI�WKHP�DW�WKH�VWDUW�RI�WKH�DUFWLF�EUHHGLQJ�VHDVRQ�
PLJKW�QRW�EH�DEOH�WR�WHPSRUDOO\�HFRQRPLVH�RQ�WKHLU�LPPXQH�V\VWHP�

:LWK�LQFUHDVLQJ�WHPSHUDWXUHV�LQ�SRODU�UHJLRQV��WKH�ULVN�RI�GLVHDVH�PLJKW�DOVR
LQFUHDVH�LQ�WKH�$UFWLF�DQG��HYHU\WKLQJ�HOVH�UHPDLQLQJ�HTXDO��WKHUHE\�FKDQJH�OLIH�KLVWRU\
GHFLVLRQV�RI�ELUGV��,Q�FR�RSHUDWLRQ�ZLWK�SDUWQHUV�ZLWKLQ�³%,5'+($/7+´�ZH�SODQ�WR�VFUHHQ
PDQ\�ELUGV�IRU�HFWRSDUDVLWHV��EORRG��DQG�LQWHVWLQDO�SDUDVLWHV�DV�ZHOO�DV�IRU�YLUXVHV��7KLV
PD\�\LHOG�LQVLJKW�LQ�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQ�LQ�ULVN�RI�LQIHFWLRQ�
2EMHFWLYHV
'XULQJ�WKUHH�EUHHGLQJ�VHDVRQV�LQ�QRUWKHDVW�*UHHQODQG��LQ�WKH�ZHOO�IDFLOLWDWHG�'DQLVK
UHVHDUFK�VWDWLRQ�=DFNHQEHUJ��ZH�SODQ�WR�FDWFK�DQG�LQGLYLGXDOO\�FRORXU�PDUN�VKRUHELUGV�
ZLWK�D�VSHFLDO�DWWHQWLRQ�WR�WKH�PRVW�DEXQGDQW�6DQGHUOLQJV�RI�ZKLFK�WKH�HQHUJ\
H[SHQGLWXUH�DQG�LPPXQH�UHVSRQVHV�LQ�UHODWLRQ�WR�WKHLU�EUHHGLQJ�HIIRUW�ZLOO�EH
VWXGLHG��5H�VLJKWLQJV�RI�FRORXU�ULQJHG�VKRUHELUGV��ZKLFK�DUH�IDLWKIXO�WR�WKH�EUHHGLQJ
JURXQGV��LQ�IROORZLQJ�\HDUV�ZLOO�EH�XVHG�WR�DVVHVV�VXUYLYDO�FRQVHTXHQFHV�RI�LQGLYLGXDO�OLIH
KLVWRU\�GHFLVLRQV��:H�KDYH�SULRU�H[SHULHQFH�ZLWK�WKH�WXQGUD�QHDU�=DFNHQEHUJ�DQG
SRVVHVV�EORRG�VDPSOHV�RI�D�JURXS�RI�6DQGHUOLQJV��SUREDEO\�ERWK�VLQJOH��DQG�GRXEOH�
FOXWFKLQJ��DQG�KDYH�GHYHORSHG�PLFURVDWHOLWH�JHQHWLF�PDUNHUV�DSSURSULDWH�IRU�SDWHUQLW\
DQDO\VLV�

7KH�ILHOG�ZRUN�UHTXLUHV�WKH�FDWFKLQJ�RI�ELUGV�VRRQ�DIWHU�DUULYDO�LQ�HDUO\�VSULQJ�RQ
WKH�EUHHGLQJ�JURXQGV�DQG�LQWHQVLYHO\�VHDUFKLQJ�IRU�WHUULWRULHV�DQG�QHVWV��VXFK�DV�ZH�GLG
LQ�WKH�ILHOG�VHDVRQ�RI�������3LHUVPD�HW�DO�VXEPLWWHG���WR�FDWFK�ELUGV�GXULQJ�LQFXEDWLRQ�
&RORXU�PDUNHG�ELUGV�ZLOO�EH�IROORZHG�LQWHQVLYHO\�WR�OHDUQ�DERXW�WKHLU�EUHHGLQJ�HIIRUWV��RQH
RU�WZR�FOXWFKHV��DQG�WLPH�LQYHVWHG�LQ�LQFXEDWLRQ�DQG�FKLFN�JXDUGLQJ�UHODWLYH�WR�WKHLU
SDUWQHUV��6PDOO�EORRG�VDPSOHV�ZLOO�EH�WDNHQ�IRU�'1$�WR�PROHFXODUO\�VH[�DGXOW�DQG�FKLFNV
�FI��5HQHHUNHQV�HW�DO��������DQG�IRU�SDUHQWDJH�DQDO\VLV��XVLQJ�PLFURVDWHOLWH�JHQHWLF
PDUNHUV��DIWHUZDUGV��WR�ILQG�RXW�ZKLFK�ELUGV�KDG�RQH�RU�WZR�VHWV�RI�RIIVSULQJ�

(QHUJHWLF�FRQVHTXHQFHV�RI�EUHHGLQJ�WRJHWKHU�RU�DORQH�ZLOO�EH�PHDVXUHG�XVLQJ
VWDEOH�LVRWRSHV��GRXEO\�ODEHOHG�ZDWHU��FI��3LHUVPD�HW�DO���������1RQ�LQYDVLYH
LPPXQRORJLFDO�DVVD\V�WKDW�FDQ�EH�SHUIRUPHG�LQ�WKH�ILHOG�DV�ZHOO�DV�LQ�WKH�H[FHOOHQW
ODERUDWRU\�IDFLOLWLHV�LQ�WKH�=DFNHQEHUJ�UHVHDUFK�VWDWLRQ�ZLOO�EH�XVHG�WR�JHW�LQIRUPDWLRQ�RQ
WKH�UHODWLYH�LQYHVWPHQWV�RI�ELUGV�LQ�LPPXQH�GHIHQFH��7KH�DVVD\V�ZH�SODQ�WR�XVH�LQYROYH
WKH�FROOHFWLRQ�RI�VPDOO�EORRG�VDPSOHV��IRU�ZKROH�EORRG�RU�SODVPD��WKDW�FDQ�EH�XVHG�WR
LQYHVWLJDWH�ERWK�WKH�LQQDWH�DQG�DFTXLUHG�LPPXQH�UHVSRQVHV��)XUWKHUPRUH��ZH�ZRXOG�OLNH
WR�H[SDQG�RXU�VHW�RI�EORRG�VDPSOHV�RI�FRPSOHWH�IDPLOLHV�WR�XQGHUVWDQG�LQKHULWDQFH�RI�WKH
0+&�FRPSOH[��WKH�KLJKO\�YDULDEOH�SDUW�RI�WKH�JHQRPH�WKDW�HQFRGHV�IRU�WKH�LPPXQH
V\VWHP�
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,Q�FORVH�FR�RSHUDWLRQ�ZLWK�RWKHU�SURSRVHG�UHVHDUFK�SURMHFWV�LQ�WKH�IXOO�SURSRVDO
³%,5'+($/7+´�ZH�SODQ�WR�VFUHHQ�ELUGV�IRU�LQIHFWLRQV�ZLWK�HFWRSDUDVLWHV��LQWHVWLQDO
SDUDVLWHV��EORRG�SDUDVLWHV��VXFK�DV�DYLDQ�PDODULD��DQG�YLUXVHV��H�J��DYLDQ�LQIOXHQ]D�DQG
:HVW�1LOH�9LUXV��WR�DVVHVV�WHPSRUDO�DQG�VSDWLDO�YDULDWLRQ�LQ�GLVHDVH�ULVN�

5H�VLJKWLQJV�RI�FRORXU�PDUNHG�LQGLYLGXDOV��ZLWK�FRORXUHG�OHJ�ULQJV��GXULQJ
IROORZLQJ�\HDUV�ZLOO�DOORZ�XV�WR�HVWLPDWH��DQQXDO��VXUYLYDO�DQG�FRUUHODWH�WKLV�WR
LQYHVWPHQWV�LQ�LPPXQRFRPSHWHQFH�RU�PXOWLSOH�EURRGV��L�H��VWXG\�WKH�ILWQHVV
UHSHUFXVVLRQV�RI�EUHHGLQJ�GHFLVLRQV�WKH�\HDU�V��EHIRUH��$OVR��FRORXU�ULQJHG�ELUGV�ZLOO�KHOS
XV�DW�WKH�EUHHGLQJ�JURXQGV�WR�DVFHUWDLQ�WKH�DWWHQGDQFH�RI�RQH�RU�WZR�ELUGV�DW�QHVWV
ZLWKRXW�KDYLQJ�WR�FDWFK�WKH�ELUGV��$XWRPDWLF�GDWD�ORJJHUV�LQ�WKH�YLFLQLW\�RI�VRPH�QHVWV�RI
VLQJOH��RU�GRXEOH�FOXWFKLQJ�6DQGHUOLQJV�RI�ZKLFK�WKH�DWWHQGLQJ�ELUGV�ZLOO�EH�DSSOLHG�ZLWK
VPDOO�WUDQVPLWWHUV�ZLOO�JLYH�H[DFW�WLPH�EXGJHWV�RI�ELUGV��7RJHWKHU�ZLWK�EHKDYLRXUDO
REVHUYDWLRQV��WKH�PHDVXUHG�GDLO\�HQHUJ\�H[SHQGLWXUHV�DQG�GHWDLOHG�ZHDWKHU�DV�ZHOO�DV
LQVHFW�GDWD��FDQ�EH�XVHG�WR�HVWLPDWH�WKH�HQHUJHWLF�FRQVHTXHQFHV�DQG�WLPH�FRVWV�RI
GRXEOH�FOXWFKLQJ�LQGLYLGXDOV�FRPSDUHG�ZLWK�SDLUV�EUHHGLQJ�D�VLQJOH�FOXWFK�WRJHWKHU��$IWHU
KDWFK��WKH�WUDQVPLWWHUV�RQ�DGXOWV�ZLOO�JUHDWO\�KHOS�WR�WUDFN�WKH�URDPLQJ�IDPLOLHV��SUHFRFLDO
FKLFNV�JXDUGHG�E\�D�SDUHQW���DOORZLQJ�XV�WR�VWXG\�WKH�IDWH�DQG�JURZWK�RI�WKH�FKLFNV�
LQGLYLGXDOO\�FRORXUPDUN�WKH�FKLFNV�IRU�VXUYLYDO�DQDO\VLV��DQG�E\�DSSO\LQJ�WKH�VDPH
LPPXQRORJLFDO�DVVD\V�DV�XVHG�IRU�WKH�DGXOW�ELUGV��LQYHVWLJDWH�DQ�H[SHFWHG�WUDGH�RII
EHWZHHQ�FKLFN�JURZWK�DQG�LPPXQH�V\VWHP��3LHUVPD�HW�DO��������

,Q�DGGLWLRQ�WR�WKH�LPPXQH�UHVSRQVHV�RI�LQGLYLGXDO�ELUGV�ZH�ZLOO�JDWKHU�GDWD�RQ
RWKHU�FKDUDFWHULVWLFV�WKDW�PD\�VLJQDO�WKHLU�KHDOWK�FRQGLWLRQ��DPRXQW�RI�EUHHGLQJ�SOXPDJH�
ERG\�PDVV�DQG�IDW�VWRUHV��VWUXFWXUDO�PHDVXUHPHQWV���)DW�VWRUHV�RI�ELUGV��DQRWKHU
LPSRUWDQW�LQGH[�RI�ELUGV¶�FRQGLWLRQ��FDQ�DFFXUDWHO\�DQG�GLUHFWO\�EH�HVWLPDWHG�E\�XVH�RI
WKH�GRXEO\�ODEHOHG�ZDWHU�PHWKRG�ZKLFK�ZH�KRSH�WR�XVH�WR�PHDVXUH�HQHUJ\�H[SHQGLWXUH�
%LUG�WHUULWRULHV��LQVHFW�DEXQGDQFH��SKHQRORJ\�DQG�ZHDWKHU�GDWD�DUH�LQWHQVLYHO\�PRQLWRUHG
DW�=DFNHQEHUJ�DV�SDUW�RI�WKH�VWDQGDUG�PRQLWRULQJ�SURJUDP�VLQFH�������0HOWRIWH�DQG�%HUJ
������

7KH�SURSRVHG�VWXG\�FRXOG�QLFHO\�EH�FRPELQHG�ZLWK�VXUYLYDO�VWXGLHV�RQ�6DQGHUOLQJV
RI�WKH�VDPH�SRSXODWLRQ�RQ�WKUHH�GLIIHUHQW�ZLQWHULQJ�DUHDV�LQ�*KDQD��0DXULWDQLD�DQG�7KH
1HWKHUODQGV��:2752�SURMHFW�:�����������������6DQGHUOLQJV�FDXJKW�IRU�WKHVH�SXUSRVHV
FDQ�EH�VXEMHFWHG�WR�WKH�VDPH�ILHOG�LPPXQRORJLFDO�DVVD\V�DV�WKHLU�EUHHGLQJ�FRQVSHFLILFV�
$OWKRXJK�OLYLQJ�LQ�SUHVXPDEO\�SDUDVLWH�SRRU�PDULQH�HQYLURQPHQWV�LQ�ZLQWHU��ZH�NQRZ
WKDW�6DQGHUOLQJV�LQ�0DXULWDQLD�IHHG�RQ�GHDG�ILVK�PDWHULDO�DQG�RWKHU�GHFD\LQJ�RUJDQLF
PDWHULDO��7KLV�LV�WKH�W\SLFDO�µGLUW\¶�KDELWDW�RI�DQRWKHU�VDQGSLSHU�VSHFLHV��WKH�7XUQVWRQH
$UHQDULD�LQWHUSUHV��WKDW�VKRZV�UHODWLYH�KLJK�LPPXQH�UHVSRQVHV�FRPSDUHG�ZLWK�VKRUHELUG
VSHFLHV�WKDW�UHVWULFW�WKHPVHOYHV�WR�µFOHDQ¶��SDUDVLWH�SRRU��PDULQH�HQYLURQPHQWV��0HQGHV
HW�DO���������������,W�LV�SRVVLEOH�WKDW�6DQGHUOLQJV�WKDW�UHGXFH�LQYHVWPHQWV�LQ�WKHLU
LPPXQH�V\VWHP�GXULQJ�LQFXEDWLRQ�LQ�WKH�+LJK�$UFWLF�KDYH�WR�XS�UHJXODWH�LPPXQH�GHIHQFH
GXULQJ�WKH�ZLQWHU�WR�ZLWKVWDQG�LQIHFWLRQV�LQ�SDUDVLWH�ULFK�HQYLURQPHQWV��0HDVXULQJ
LPPXQH�UHVSRQVHV�RI�6DQGHUOLQJV�ERWK�LQ�WKH�$UFWLF�ZKHUH�ELUGV�DUH�WLPH��DQG�HQHUJ\
UHVWULFWHG��DV�ZHOO�DV�LQ�WKH�WURSLFDO�DQG�WHPSHUDWH�ZLQWHULQJ�DUHDV�DOORZV�VWXG\LQJ
VHDVRQDO�YDULDWLRQ�LQ�LPPXQH�UHVSRQVHV�LQ�WKLV�VSHFLHV�
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���7LPHWDEOH�RI�WKH�SURMHFW�DQG�ZRUNLQJ�SURJUDP�

�������-DQXDU\�$SULO��SUHSDUDWLRQ�RI�WKH�ILHOG�ZRUN
0D\�-XO\��ILHOGZRUN
$XJXVW�'HFHPEHU��ODERUDWRU\�ZRUN�DQG�ZULWLQJ�VFLHQWLILF�DUWLFOHV

�������-DQXDU\�$SULO��SUHSDUDWLRQ�RI�WKH�ILHOG�ZRUN
0D\�-XO\��ILHOGZRUN
$XJXVW�'HFHPEHU��ODERUDWRU\�ZRUN�DQG�ZULWLQJ�VFLHQWLILF�DUWLFOHV

������-DQXDU\�$SULO��SUHSDUDWLRQ�RI�WKH�ILHOG�ZRUN
0D\�-XO\��ODVW�ILHOG�VHDVRQ
$XJXVW�'HFHPEHU��ODERUDWRU\�ZRUN�DQG�ZULWLQJ�VFLHQWLILF�DUWLFOHV

���$IILOLDWLRQ�ZLWK��LQWHU�QDWLRQDO�UHVHDUFK�SURJUDPPHV
����7KLV�VKRXOG�LQFOXGH�DQ�H[SOLFLW�GHVFULSWLRQ�RI�H[LVWLQJ�DQG�SODQQHG�FR�RSHUDWLRQ�

'U��%�,��7LHOHPDQ��58*���LPPXQRORJ\�	�OLIH�KLVWRULHV�
'U��.�'��0DWVRQ��58*���LPPXQRORJLFDO�WHFKQLTXHV�
'UV��6SDDQV��'UV��+RRLMPHLMHU�	�3URI��'U��3LHUVPD��1,2=�58*���FRPSDUDWLYH�GHPRJUDSK\

RI�VKRUHELUGV�LQ�7KH�1HWKHUODQGV�	�0DXULWDQLD�
3K'�SRVLWLRQ��1,2=��E\�:2752�IXQGLQJ��GHPRJUDSK\�RI�6DQGHUOLQJV�LQ�1HWKHUODQGV�

0DXULWDQLD�DQG�*KDQD�
3URI��'U��$��-��%DNHU��8QLYHUVLW\�RI�7RURQWR�DQG�5R\DO�2QWDULR�0XVHXP���JHQHWLFV�RI�0+&�

FRPSOH[�DQG�SDUHQWDJH�DQDO\VLV�

���6RFLHWDO�VLJQLILFDQFH
����0RWLYDWLRQ�RI�WKH�UHOHYDQW�SROLF\�DVSHFWV��VXFK�DV��
�������3ROLWLFDO���VRFLHWDO�VLJQLILFDQFH�LQ�D�QDWLRQDO�DQG�LQWHUQDWLRQDO�FRQWH[W
�������8UJHQF\�IRU�LQWHUQDWLRQDO�DQG�RU�QDWLRQDO�SROLF\
�����7KHVH�DUH�LPSRUWDQW�IRU�WKH�HYDOXDWLRQ�RI�WKH�SURSRVDO��EHFDXVH�RI�WKH�IXQGLQJ�E\�VHYHUDO�PLQLVWULHV��

7KH�PRQLWRULQJ�RI�$UFWLF�EUHHGLQJ�VKRUHELUGV�IRU�GLVHDVHV�ZLOO�\LHOG�UHOHYDQW�LQIRUPDWLRQ
RQ�ZKHWKHU�DUFWLF�EUHHGLQJ�VKRUHELUGV�PD\�EH�SRWHQWLDO�GLVWULEXWRUV�RI�GDQJHURXV
GLVHDVHV��VXFK�DV�DYLDQ�LQIOXHQ]D��.QRZOHGJH�RQ�WKH�LPPXQH�GHIHQFH�RI�DUFWLF�ELUGV�ZLOO
JLYH�LPSRUWDQW�LQVLJKWV�LQ�WKH�UHODWLYH�LQYHVWPHQWV�RI�ELUGV�LQWR�LPPXQH�GHIHQFH�WR�ILJKW
VXFK�GLVHDVHV�
7KH�SURMHFW�ZLOO�DOVR�JLYH�LQVLJKWV�LQ�WKH�LQWHUSOD\�EHWZHHQ�ZHDWKHU��LQVHFW�DEXQGDQFH
DQG�WKH�EUHHGLQJ�VWUDWHJLHV�RI�DUFWLF�VKRUHELUGV�DQG�ZLOO�VKRZ�KRZ�DUFWLF�ELUGV�DGDSW�WR�D
JOREDOO\�FKDQJLQJ�FOLPDWH�
.QRZOHGJH�RI�WKH�0DMRU�+LVWDELOLW\��0+&��&RPSOH[��WKH�JHQHWLF�EOXHSULQW�RI�WKH�LPPXQH
GHIHQFH��ZLOO�KHOS�XV�XQGHUVWDQG�KRZ�IOH[LEOH�PLJUDWRU\�DUFWLF�ELUGV�DUH�WR�ILJKW�GLVHDVHV�
*HQHWLF�ERWWOHQHFNV��LQEUHHGLQJ��GXH�WR�KDELWDW�ORVV�ERWK�LQ�WKH�$UFWLF�DV�LQ�WKH�PDULQH
ZLQWHULQJ�JURXQGV�RI�ELUGV�PD\�OLPLW�ELUGV¶�DELOLW\�WR�DSSURSULDWHO\�UHDFW�WR�GLVHDVHV�
8QGHUVWDQGLQJ�ELUGV¶�GLVHDVH�ULVN�DQG�LPPXQH�UHVSRQVH�LQ�D�JOREDOO\�FKDQJLQJ
HQYLURQPHQW�LV�LPSRUWDQW�IRU�QDWXUH�FRQVHUYDWLRQ��VXVWDLQDEOH�GHYHORSPHQW�DQG�IRU
KHDOWK�LVVXHV�IRU�KXPDQV�DQG�DQLPDOV�
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���/HJDO�UHTXLUHPHQWV
���)RU�ILHOGZRUN�WR�$QWDUFWLFD�DGGLWLRQDO�LQIRUPDWLRQ�LV�QHHGHG�IRU�DQ�LQLWLDO�DVVHVVPHQW�ZKHWKHU�RU�QRW�WKH
DSSOLFDQW�ZLOO�KDYH�WR�DSSO\�IRU�D�SHUPLW�XQGHU�WKH�µ:HW�EHVFKHUPLQJ�$QWDUFWLFD¶�
���'R�\RX�SODQ�WR�YLVLW�$QWDUFWLFD��6RXWK�RI���R6" 2�<HV ;�1R
���,I�WKH�DERYH�TXHVWLRQ�LV�DQVZHUHG�ZLWK�³\HV´�SOHDVH�ILOO�LQ�WKH�VHSDUDWH�µ:%$�,3<¶�IRUP�IRU�GHWDLOV

���+DV�EHHQ�FRPSOLHG�ZLWK�WKH�ODZ�DQG�OHJDO�UHTXLUHPHQWV�ZLWK�UHVSHFW�WR�WKH�SURSRVHG
���5HVHDUFK��VXFK�DV�µ:HW�RS�'LHUSURHYHQ¶�DQG�µ'1$�UHFRPELQDQW�OHJLVODWLRQ"

;�<HV •�1R
6SHFLILF�SHUPLWV�IRU�WKH�SURMHFW�QHHG�WR�EH�UHTXHVWHG�EDVHG�RQ�GHWDLOHG�GHVFULSWLRQV�RI
H[SHULPHQWDO�WHVWV�

�D��5HTXHVWHG�EXGJHW�IURP�$/:
���� ���� ���� ���� ����

3HUVRQQHO��PP� �� �� ��
5HVHDUFK�FRVWV��N¼�

(TXLSPHQW ��
&RQVXPDEOHV �� � �
)LHOGZRUN �� �� ��
(GXFDWLRQ�
2XWUHDFK�	
&RPPXQLFDWLRQ

S�P�
&RRUGLQDWLRQ

6KLSWLPH�1,2=�05)
�LQ�GD\V�

;;;;;;;; ;;;;;;;;
�&RVWV�IRU�FRRUGLQDWLRQ�FDQ�RQO\�EH�UHTXHVWHG�LI�PDLQ�DSSOLFDQW�LV�OHDG�FRQWDFW�RI�WKH�UHODWHG�,3<�³)XOO
SURSRVDO´��,I�WKLV�LV�D�VXESURMHFW�RI�D�FRRUGLQDWLQJ�SURMHFW�SURSRVDO��WKH�FRRUGLQDWLRQ�FRVWV�FDQ�RQO\�EH
UHTXHVWHG�LQ�WKH�DSSOLFDWLRQ�IRUP�RI�WKH�FRRUGLQDWLQJ�SURMHFW�

�E��([SODQDWLRQ�DQG�RU�UHPDUNV�WR�WKH�SURSRVHG�EXGJHW�
����3HUVRQHOO��HTXLSPHQW��FRQVXPDEOHV��ILHOGZRUN��(2&��FRRUGLQDWLRQ�DQG�6KLSWLPH�1,2=�05)�
����(GXFDWLRQ��2XWUHDFK�	�&RPPXQLFDWLRQ��(2&��SODQ�PXVW�EH�LQFOXGHG�KHUH�

)LHOGZRUN�QHHGV�WR�EH�GRQH�E\�D�VPDOO�JURXS�RI�SHRSOH��SHUVRQQHO�FRVWV�IRU�D�SRVW�GRF
RQO\�DUH�LQFOXGHG�KHUH��7KH�EXGJHW�IRU�ILHOGZRUN�LQFOXGHV�WKH�WUDYHOOLQJ�WR�IURP�DQG�WKH
FRVWV�IRU�DFFRPPRGDWLRQ�DW�=DFNHQEHUJ�UHVHDUFK�VWDWLRQ�IRU�D�VWD\�RI��ò�PRQWK�IRU�IRXU
SHRSOH��SULFHV�IRU�UHVHDUFKHUV�DIWHU�WKH�SULFH�OLVW������DW�ZZZ�]DFNHQEHUJ�GN���
(TXLSPHQW��+LJKHVW�FRVW�IRU�WKH�HTXLSPHQW�DUH�WKH�FRVWV�IRU�WKH�QHZ�JHQHUDWLRQ
WUDQVPLWWHUV�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�WHFKQLFLDQV�DW�&RUQHOO�8QLYHUVLW\��,WKDFD��FD�
�������¼���QH[W�WR�WKH�UHTXLUHG�KHPDWRFULW�FHQWULIXJH��VSRWWLQJ�WHOHVFRSH�DQG�ELUG
FDWFKLQJ�HTXLSPHQW�
&RQVXPDEOHV��VWDEOH�LVRWRSHV��GRXEO\�ODEHOHG�ZDWHU���LQFOXGLQJ�DQDO\VLV��FRVW�FD��������
¼��%ORRG�VDPSOLQJ�HTXLSPHQW�DQG�PDWHULDOV�IRU�WKH�LPPXQH�UHVSRQVH�DVVD\V�FRVW�FD�
������¼�SHU�\HDU�
7KH�:RUNVKRS�SODQ�1RUWKZDUG�%RXQG�FRQYH\HG�LQ�WKH�%LUG�+HDOWK�SURSRVDO�IRU������LV
ZDUPO\�HQGRUVHG�E\�RXU�JURXS�
3�P���:H�KDYH�PDGH�GHWDLOHG�SODQV�ZLWK�0XVFK�	�7LQEHUJHQ�)LOP�&RPSDQ\��%XVVXP��RQ
D�GRFXPHQWDU\�ILOP�RQ�WKH�OLIH�F\FOH�RI�+LJK�$UFWLF�EUHHGLQJ�VKRUHELUGV�VXFK�DV
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6DQGHUOLQJV�DQG�5HG�.QRWV��ZLWK�=DFNHQEHUJ�DV�WKH�IRFDO�ORFDWLRQ��,W�LV�H[SHFWHG�WKDW�WKH
PDNLQJ�RI�VXFK�D�ILOP�ZLOO�FRVW�FD����������¼�

����)LQDQFLDO�DVVLVWDQFH�IURP��DQ�RWKHU�VRXUFH�V�

$OWKRXJK�WKLV�SURMHFW�LV�QLFHO\�HPEHGGHG�LQ�D�FRQVWHOODWLRQ�RI�UHODWHG�SURMHFWV�ZLWK
DIILOLDWLRQV�WR�PDQ\�RI�WKH�ZRUOG¶V�EHVW�H[SHUWV��VR�IDU�WKLV�GRHV�QRW�HQWDLO�DQ\�ILQDQFLDO
FRPPLWPHQWV��:H�UHO\�RQ�WKLV�SURSRVDO�WR�VHFXUH�WKH�QHFHVVDU\�IXQGV�
7KH�SURSRVHG�FROODERUDWLRQ�ZLWK�H[LVWLQJ�DQG�XSFRPLQJ�SURMHFWV�RQ�6DQGHUOLQJV�LQ�$IULFD
DQG�(XURSH�ZLOO�EH�SDLG�E\�WKRVH�SURMHFWV�

����5HODWLRQ�UHVHDUFK�SURJUDP�XQLYHUVLW\��ODUJH�LQVWLWXWLRQV��UHVHDUFK�VFKRROV��HWF�

7KH�3RVW�GRF�ZLOO�ZRUN�ZLWKLQ�WKH�$QLPDO�(FRORJ\�*URXS��D�GHSDUWPHQW�ZLWKLQ�WKH�&HQWUH
IRU�(FRORJLFDO�DQG�(YROXWLRQDU\�6WXGLHV�RI�WKH�8QLYHUVLW\�RI�*URQLQJHQ��7KLV�SHUVRQ��QH[W
WR�ERQGLQJ�ZLWK�PHPEHUV�RI�WKH�$UFWLF�&HQWUH�DW�WKH�8QLYHUVLW\�RI�*URQLQJHQ��ZLOO
PDLQWDLQ�FORVH�FRQWDFWV�ZLWK�WKH�VKRUHELUG�HFRORJLVWV�DW�WKH�5R\DO�1HWKHUODQGV�,QVWLWXWH
IRU�6HD�5HVHDUFK��1,2=���7KH�ZRUN�ZLOO�EH�HPEHGGHG�LQ�WKH�QDWLRQDO�'XWFK�UHVHDUFK
VFKRRO�)81&7,21$/�(&2/2*<��ZKLFK�ZLOO�HDVH�SDUWLFLSDWLRQ�RI�RWKHU�XQGHUJUDGXDWH�DQG
JUDGXDWH�VWXGHQWV�ZLWKLQ�WKH�SURJUDP�RI�ZRUN�

$V�ZLOO�KDYH�EHFRPH�FOHDU��WKH�SURSRVHG�UHVHDUFK�ZLOO�DOVR�EH�FRQQHFWHG�WR�D
ZKROH�QHWZRUN�RI�VWXGLHV�RQ�FRDVWDO�VKRUHELUGV��LQ�(XURSH�DQG�$IULFD��WKURXJK�D�:2752
DQG�RWKHU�RQJRLQJ�SURMHFWV��PDLQO\�RI�1,2=���D�JURZLQJ�UHVHDUFK�WHDP�ZLWKLQ�WKH�$QLPDO
(FRORJ\�*URXS�LQ�*URQLQJHQ��DQG�OHDG�E\�'U��,UHQH�7LHOHPDQ��5RVDOLQ�)UDQNOLQ�VFKRODU�DW
WKH�8QLYHUVLW\�RI�*URQLQJHQ��IRFXVVLQJ�RQ�LPPXQRFRPSHWHQFH�UHODWHG�RUJDQLVPDO
IHDWXUHV�UHJDUGLQJ�OLIH�KLVWRU\��DQG�LQWHUQDWLRQDO�FROODERUDWLYH�ZRUN�RQ�WKH�FRPSDUDWLYH
JHQHWLFV�RI�+LJK�$UFWLF�DQG�ORZHU�ODWLWXGH�EUHHGLQJ�VKRUHELUGV��HVSHFLDOO\�WKURXJK�WKH�FR�
RSHUDWLRQ�ZLWK�3URI��$OODQ�%DNHU¶V�WHDP�DW�7RURQWR��

,I�JUDQWHG��WKH�SURSRVHG�3RVWGRF�SURMHFW�ZLOO�IXUWKHU�VWLPXODWH�WKH�FRQWLQXLQJ�FR�
RSHUDWLRQ�RI�3URI��'U��7��3LHUVPD�ZLWK�'U��+��0HOWRIWH��0DQDJHU�RI�WKH�%LR%DVLV
PRQLWRULQJ�SURJUDPPH�DW�WKH�=DFNHQEHUJ�5HVHDUFK�6WDWLRQ�LQ�1RUWKHDVW�*UHHQODQG�
'DQLVK�3RODU�&HQWUH��RQ�$UFWLF�VKRUHELUG�HFRORJ\�

�1R�VLJQDWXUHV�UHTXLUHG�IRU�HOHFWURQLF�VXEPLVVLRQ�


