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6XPPDU\���7KH�UHOLDELOLW\�RI�IRXQGDWLRQV�LV�JUHDWO\�LQIOXHQFHG�E\�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�WKH�JHRWHFKQLFDO�
PRGHO�RQ�ZKLFK�WKHLU�GHVLJQ�LV�EDVHG���,Q�WXUQ��WKH�JHRWHFKQLFDO�PRGHO�LV�GHULYHG�IURP�D�VLWH�LQYHVWLJDWLRQ�ZKRVH�
VFRSH�LV�ODUJHO\�GLFWDWHG�E\�ILQDQFLDO�FRQVWUDLQWV��UDWKHU�WKDQ�WKH�YDULDELOLW\�RI�WKH�JURXQG���7KLV�SDSHU�VHHNV�WR�
TXDQWLI\� WKH� LQIOXHQFH� RI� WKH� VFRSH� RI� VLWH� LQYHVWLJDWLRQV� RQ� WKH� GHVLJQ� RI� SDG� IRRWLQJV�� �7KLV� LV� DFKLHYHG� E\�
VLPXODWLQJ� JHRWHFKQLFDO� SURILOHV�� ZKHUH� WKH� VRLO� SURSHUWLHV� YDU\� IURP� ORFDWLRQ� WR� ORFDWLRQ� LQ� D� UDQGRP� \HW�
FRQWLQXRXV� DQG� UHDOLVWLF� IDVKLRQ�� �7KH� VLPXODWHG� VRLO� SURILOHV� DUH� JHQHUDWHG� XVLQJ� UDQGRP� ILHOG� WKHRU\��ZKLFK�
PDNHV�XVH�RI�WKUHH�VWDWLVWLFDO�SDUDPHWHUV��WKH�PHDQ��YDULDQFH�DQG�WKH�VFDOH�RI�IOXFWXDWLRQ�±�ZKLFK�LV�D�PHDVXUH�RI�
WKH�UDQGRPQHVV�RI�WKH�JHRWHFKQLFDO�SURSHUW\�LQ�TXHVWLRQ���7KH�PHWKRGRORJ\�LQYROYHV�JHQHUDWLQJ�D�JHRWHFKQLFDO�
SURILOH�E\�VLPXODWLQJ�D��'�UDQGRP�ILHOG�WR�NQRZ�VRLO�SURSHUWLHV�DW�HDFK�SRLQW�LQ�GHWDLO�� �$�VLWH�LQYHVWLJDWLRQ�LV�
WKHQ�VLPXODWHG�E\�VDPSOLQJ�IURP�WKH��'�UDQGRP�ILHOG���%\�XVLQJ�WKH�VDPSOHG�YDOXHV��D�SDG�IRRWLQJ�LV�GHVLJQHG�WR�
FRQIRUP�WR�D�VHUYLFHDELOLW\�FULWHULRQ��DV�ZRXOG�EH�DFKLHYHG�LQ�SUDFWLFH���$�EHQFKPDUN�GHVLJQ�LV�DOVR�XQGHUWDNHQ�
PDNLQJ�XVH�RI� WKH�FRPSOHWH�NQRZOHGJH�RI� WKH� VRLO�SURILOH�� �7KLV�GHVLJQ� LV�DFKLHYHG�XVLQJ�D�QXPHULFDO�SURFHVV�
LQYROYLQJ� D� �'� ILQLWH� HOHPHQW� DQDO\VLV�� � 7KH� UHVXOWLQJ� IDLOXUH� DQG� RYHU�GHVLJQ� SUREDELOLWLHV� DUH� DFKLHYHG� E\�
SHUIRUPLQJ� D�0RQWH� &DUOR� DQDO\VLV� IRU� D� VHULHV� RI� VLWH� LQYHVWLJDWLRQ� SODQV� DQG� YDU\LQJ� VRLO� SURILOHV�� � ,W� ZDV�
REVHUYHG�WKDW�WKH�SUREDELOLW\�RI�IDLOXUH�DQG�RYHU�GHVLJQ�GHFUHDVHG�ZLWK�DQ�LQFUHDVLQJ�VLWH�LQYHVWLJDWLRQ�VFRSH��DV�
H[SHFWHG�� �7KH�UHVXOWV�SURYLGH�LQIRUPDWLRQ�WR�HVWLPDWH�WKH�UHODWLYH�EHQHILW�RI�FRQGXFWLQJ�YDULRXV�VFRSHV�RI�VLWH�
LQYHVWLJDWLRQV��

,1752'8&7,21�
*HRWHFKQLFDO�VLWH�LQYHVWLJDWLRQV�DUH�XVHG�WR�DVVLVW�JHRWHFKQLFDO�HQJLQHHUV� WR�LQWHUSUHW�WKH�VXEVXUIDFH�FRQGLWLRQV�
IRU� GHVLJQ� SXUSRVHV� �%RZOHV�� ������� � $OWKRXJK� VXFK� LQYHVWLJDWLRQV� DUH� XVHG� LQ� QHDUO\� DOO� FLYLO� HQJLQHHULQJ�
SURMHFWV��WKHUH�DUH�FXUUHQWO\�OLPLWHG�WHFKQLTXHV�WR�TXDQWLI\�WKH�HIIHFWLYHQHVV�RI�RQH�LQYHVWLJDWLRQ�FRPSDUHG�ZLWK�
DQRWKHU� �-DNVD� HW� DO��� ������� � *HQHUDOO\�� WKH� VFRSH� RI� D� VLWH� LQYHVWLJDWLRQ� LV� EDVHG� RQ� WKH� EXGJHW� DQG� WLPH�
FRQVWUDLQWV�SODFHG�RQ�WKH�LQYHVWLJDWLRQ�DQG�WKH�H[SHULHQFH�DQG�MXGJHPHQW�RI�WKH�FRQVXOWLQJ�JHRWHFKQLFDO�HQJLQHHU�
�-DNVD�HW�DO�����������+RZHYHU��RQH�RI�WKH�PDMRU�FDXVHV�RI�VWUXFWXUDO�IDLOXUH�LV�GXH�WR�LQDGHTXDWH�VLWH�LQYHVWLJDWLRQ�
UHVXOWLQJ� LQ� XQNQRZQ� RU� XQH[SHFWHG� VRLO� FRQGLWLRQV� �7HPSOH� DQG� 6WXNKDUW�� ������� � 6XFK� IDLOXUHV� FDQ� FDXVH�
VWUXFWXUDO� IDLOXUHV�� FRQVWUXFWLRQ� GHOD\V�� FRVW� RYHUUXQV�� ODUJH� FODLPV� DQG� KXPDQ� LQMXU\� �7HPSOH� DQG� 6WXNKDUW��
������� � 7KH� UHVHDUFK� SUHVHQWHG� LQ� WKLV� SDSHU� VHHNV� WR� TXDQWLI\� WKH� HIIHFWLYHQHVV� RI� YDULRXV� VFRSHV� RI� VLWH�
LQYHVWLJDWLRQ�� � 7KH� UHVXOWV� RI� VXFK� UHVHDUFK� ZLOO� DVVLVW� JHRWHFKQLFDO� HQJLQHHUV� WR� GHVLJQ� DQG� SODQ� VLWH�
LQYHVWLJDWLRQV� RQ� D� UDWLRQDO� EDVLV�� UDWKHU� WKDQ� FRQIRUPLQJ� WR� FRVW� DQG� WLPH� FRQVWUDLQWV�� � 7KH� PHWKRGRORJ\�
LQYROYHV� DQDO\VLQJ� UHVXOWV� IURP� D�0RQWH� &DUOR� DQDO\VLV� RI� IRXQGDWLRQ� GHVLJQ� DFKLHYHG� E\� WUDGLWLRQDO� GHVLJQ�
PHWKRGV�XVLQJ�GDWD�REWDLQHG�IURP�D�VLWH�LQYHVWLJDWLRQ�DQG�D�QXPHULFDO�SURFHGXUH�XVLQJ�WKH�FRPSOHWH�NQRZOHGJH�
RI� WKH� VRLO�SURILOH�DQG� ILQLWH� HOHPHQW�DQDO\VLV� �-DNVD�HW�DO���������� �$OWKRXJK� LW� LV� QRW� IHDVLEOH�QRU�SUDFWLFDO� WR�
REWDLQ�FRPSOHWH�NQRZOHGJH�RI�D�VLWH�LQ�UHDO�WHUPV��D�VLPXODWHG�VLWH��XVLQJ�VWDWLVWLFDO�PHWKRGV�DOORZV�DOO�SURSHUWLHV�
WR�EH�NQRZQ�LQ�GHWDLO���7KH�IUDPHZRUN�IRU�VXFK�DQDO\VLV�LV�JLYHQ�E\�-DNVD�HW�DO�����������
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7KHUH�DUH�FXUUHQWO\�QXPHURXV�DFFHSWHG�PHWKRGV�WR�VLPXODWH�UHDOLVWLF�VSDWLDOO\�YDULDEOH�VRLOV���0DQ\�RI�WKH�PRUH�
UHFHQW�PHWKRGV�LQYROYH�XVLQJ�VWDWLVWLFV�WR�PDQLSXODWH�UDQGRP�QXPEHUV�WR�UHSUHVHQW�WKH�VRLO�SURSHUW\�� �5DQGRP�
ILHOG�WKHRU\��9DQPDUFNH��������XVHV�D�VSDWLDO�FRUUHODWLRQ�GLVWDQFH�WHUPHG�WKH�VFDOH�RI�IOXFWXDWLRQ�DV�D�PHDVXUH�RI�
WKH�GLVWDQFH�DW�ZKLFK�WZR�SRLQWV�DUH�UHDVRQDEO\�FRUUHODWHG���)HQWRQ�DQG�9DQPDUFNH��������LQWURGXFHG�WKH�/RFDO�
$YHUDJH� 6XEGLYLVLRQ� �/$6�� PHWKRG� WR� JHQHUDWH� D� WKUHH�GLPHQVLRQDO� UDQGRP� ILHOG� EDVHG� RQ� D� QRPLQDWHG�
FRUUHODWLRQ� VWUXFWXUH�� �7KH�PHWKRG� LV� EHVW� GHVFULEHG� DV� D� WRS�GRZQ�DYHUDJLQJ�PHWKRG��ZKLFK� JHQHUDWHV� D� QHZ�
UDQGRP�VHULHV�WR�FRPSO\�ZLWK�ORFDO�DQG�JOREDO�DYHUDJLQJ�DV�ZHOO�DV�FURVV�ERXQGDU\�FRUUHODWLRQV�RI�WKH�SUHYLRXV�
VHULHV�� � � )LHOGV� JHQHUDWHG� E\� WKH� /$6� PHWKRG� SURYLGH� D� JRRG� HVWLPDWLRQ� RI� FRUUHODWLRQV� ZLWK� VPDOO�VFDOH�
IOXFWXDWLRQV� UHSUHVHQWHG� E\� D� VPDOO� VFDOH� RI� IOXFWXDWLRQ�� � 7KLV� LV� VXIILFLHQW�ZKHQ� GHDOLQJ�ZLWK� VRLO� SURILOHV� DV�
GLVFXVVHG�E\�-DNVD�DQG�)HQWRQ�������� LQ� WKHLU� LQYHVWLJDWLRQ�RI�RYHU�����FRQH�SHQHWUDWLRQ� WHVWV� LQ� WKH�$GHODLGH�
SDUNODQGV�� �-DNVD�DQG�)HQWRQ��������VKRZHG��DOWKRXJK�VRLOV�VKRZ�ORQJ�VFDOH�IOXFWXDWLRQV�LW� LV�QRW�DQ�H[FOXVLYH�
SURSHUW\�RI�VRLO�DQG�VLPXODWLRQ�XVLQJ�VPDOO�VFDOH�IOXFWXDWLRQV�LV�UHDVRQDEOH���$�FRPPRQ�FRUUHODWLRQ�PRGHO�XVHG�
WR� VLPXODWH� VPDOO�VFDOH� IOXFWXDWLRQV� LQ� VRLOV� LV� WKH� 0DUNRY� PRGHO� �)HQWRQ�� ������� ZKLFK� JHQHUDWHV� DQ�
H[SRQHQWLDOO\�GHFD\LQJ�FRUUHODWLRQ���7R�HQVXUH�QRQ�QHJDWLYH�VRLO�SURSHUWLHV�DUH�JHQHUDWHG��UDQGRP�QXPEHUV�DUH�
VHOHFWHG�IURP�D�ORJQRUPDO�GLVWULEXWLRQ��
�
7KH� UHVHDUFK� SUHVHQWHG� LQ� WKLV� SDSHU� LQYHVWLJDWHV� IRRWLQJ� GHVLJQ� IRU� VHUYLFHDELOLW\� RU� VHWWOHPHQW�� ZKLFK� LV� D�
IXQFWLRQ�RI�WZR�VRLO�SURSHUWLHV��<RXQJ¶V�PRGXOXV�DQG�3RLVVRQ¶V�UDWLR��%RZOHV����������,W�KDV�EHHQ�DVVXPHG�WKDW�
3RLVVRQ¶V�UDWLR�LV�FRQVWDQW��OHDGLQJ�RQO\�WR�WKH�<RXQJ¶V�0RGXOXV�EHLQJ�UHSUHVHQWHG�E\�D�UDQGRP�ILHOG���7DEOH���
VKRZV�WKH�VWDWLVWLFDO�SDUDPHWHUV�XVHG�WR�VLPXODWH�IRXU�W\SHV�RI�VRLO�SURILOHV����,W�LV�LPSRUWDQW�WR�QRWH�HDFK�VRLO�W\SH�
LV�JHQHUDWHG�VHYHUDO�WLPHV�LQ�D�0RQWH�&DUOR�DQDO\VLV��KRZHYHU��WKH�XQGHUO\LQJ�VWDWLVWLFV�RI�WKHVH�VRLOV�LV�DV�JLYHQ�
LQ� 7DEOH� ��� � 7R� HQVXUH� WKH� UDQGRP� ILHOG� JHQHUDWRU� DFKLHYHV� UHDVRQDEOH� VLPXODWLRQV�� D� VWDWLVWLFDO� DQDO\VLV� LV�
XQGHUWDNHQ� RQ� WKH� JHQHUDWHG� ILHOG�� � 7DEOH� �� SURYLGHV� FRPSDULVRQ� RI� WKH� WDUJHW� DQG� JHQHUDWHG� PHDQV� DQG�
FRHIILFLHQW�RI�YDULDWLRQV��&29��IRU�HDFK�VRLO�W\SH�DIWHU�QXPHURXV�UHDOLVDWLRQV�RI�WKH�0RQWH�&DUOR�DQDO\VLV���7KH�
VRLO�W\SH�LV�H[SUHVVHG�LQ�WHUPV�RI�D�FRGH��ZKHUH�WKH�QXPEHU�LGHQWLILHV�WKH�&29�DQG�WKH�OHWWHU�³&´�RU�³5´�UHIHUV�WR�
D�UHODWLYHO\�FRQWLQXRXV��KRPRJHQHRXV��RU�UDQGRP��KHWHURJHQHRXV��SURILOH��
�
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7KH�GHVLJQ�EDVHG�RQ�D�OLPLWHG�VLWH�LQYHVWLJDWLRQ�VLPXODWHV�WKH�DFWXDO�GHVLJQ�SURFHVV�IRU�D�SDG�IRXQGDWLRQ���7KH�
SURFHVV�W\SLFDOO\�LQYROYHV�WKH�IROORZLQJ�VWHSV��+ROW]���������
�

��� 8QGHUWDNH�D�VLWH�LQYHVWLJDWLRQ�FRQVLVWLQJ�RI�ODERUDWRU\�DQG�LQ�VLWX�WHVWV�DW�SUHGHWHUPLQHG�ORFDWLRQV��
��� 7UDQVIRUP�WKH�GDWD�UHFHLYHG�IURP�WKH�ODE�DQG�LQ�VLWX�WHVWV�LQWR�GHVLJQ�SDUDPHWHUV��
��� 'HVLJQ�WKH�IRXQGDWLRQ�IRU�VWDELOLW\��EHDULQJ�FDSDFLW\���
��� 9HULI\�RU�UHGHVLJQ�WKH�IRXQGDWLRQ�IRU�VHUYLFHDELOLW\��VHWWOHPHQW���

�
7KH�PDMRU�XQFHUWDLQW\�LQ�WKH�GHVLJQ�SURFHGXUH�LV�LQ�WKH�TXDOLW\�RI�WKH�VLWH�LQYHVWLJDWLRQ���7KLV�XQFHUWDLQW\�LV�GXH�
WR�WKH�LQKHUHQW�YDULDELOLW\�ZLWKLQ�D�VRLO�GHSRVLW�DQG�EHFDXVH�OLPLWHG�VSDWLDO�WHVWLQJ�LV�SHUIRUPHG���7\SLFDOO\��VLWH�
LQYHVWLJDWLRQV�DUH�GHVLJQHG�WR�PLQLPLVH�WKH�LPSDFW�RI�VSDWLDO�YDULDELOLW\�E\�ORFDWLQJ�WHVWV�V\VWHPDWLFDOO\�DURXQG�
WKH�VLWH��



6LWH�,QYHVWLJDWLRQ�
7KHUH�DUH�QXPHURXV�DFFHSWHG�WHVWLQJ�PHWKRGV�WR�SURYLGH�GHWDLOV�DERXW�WKH�VXEVXUIDFH�FRQGLWLRQ�ZLWK�UHVSHFW�WR�D�
IRXQGDWLRQ� GHVLJQ� IRU� VHUYLFHDELOLW\�� � &RPPRQ� PHWKRGV� LQFOXGH� WKH� VWDQGDUG� SHQHWUDWLRQ� WHVW� �637��� FRQH�
SHQHWUDWLRQ� WHVW�DQG�GLODWRPHWHU� WHVW� �%RZOHV��������� �7KH�UHVHDUFK�SUHVHQWHG� LQ� WKLV�SDSHU�ZLOO� VLPXODWH�D� WHVW�
VLPLODU� WR� DQ�637�ZKHUH�YDOXHV� DUH�REWDLQHG� DW�GLVFUHWH� ORFDWLRQV� WKURXJK� WKH� VRLO�PHGLXP�� � ,Q� WKLV�SDSHU�� QR�
DWWHPSW� KDV� EHHQ� PDGH� WR� DFFRXQW� IRU� WHVW� PHDVXUHPHQW� HUURU�� KRZHYHU�� LW� ZLOO� EH� LQFOXGHG� LQ� IXWXUH� ZRUN���
+HQFH��WKH�UHVXOWV�GR�QRW�GHPRQVWUDWH�WKH�HIIHFWLYHQHVV�RI�WKH�637��
�
7KH�DQDO\VLV�RI�WKH�QXPEHU�DQG�ORFDWLRQ�RI�WKH�WHVWV��KHUHLQ�UHIHUUHG�WR�DV� WKH�VFRSH��SURYLGHV�WKH�PRVW�XVHIXO�
LQIRUPDWLRQ�� � 'XH� WR� WKH� YDULDELOLW\� RI� VRLO�� WKH� VFRSH� KDV� D� GLUHFW� LQIOXHQFH� RQ� WKH� UHSUHVHQWDWLRQ� RI� WKH�
VXEVXUIDFH� FRQGLWLRQV�� �7\SLFDOO\�� D� ODUJHU� VFRSH� SURYLGHV� D� EHWWHU� UHSUHVHQWDWLRQ� RI� WKH� VRLO�� �%\� YDU\LQJ� WKH�
VFRSH��D�GLIIHUHQW�UHSUHVHQWDWLRQ�RI�WKH�VLWH�LV�REWDLQHG��LQIOXHQFHG�E\�WKH�VSDWLDO�YDULDELOLW\�RI�WKH�VRLO���)LJXUH���
LOOXVWUDWHV� WKH�YDULRXV�VLWH�LQYHVWLJDWLRQ�VFRSHV�VLPXODWHG�� �7HVWV�DUH�XQGHUWDNHQ�LQVLGH�D�VLWH�LQYHVWLJDWLRQ�DUHD�
LQGLFDWHG�E\�WKH�KDWFKHG�OLQH�LQ�)LJXUH�����7KH�VLWH�LQYHVWLJDWLRQ�DUHD�LV�D�QRPLQDO���P�����P�VL]H�DQG�UHSUHVHQWV�
D� WHVWLQJ� DUHD� QRPLQDWHG� SULRU� WR� IRXQGDWLRQ� GHVLJQ�� �7KH� LQIOXHQFH� RI� WKH� ORFDWLRQ� RI� WKH� WHVWLQJ� DUHD� LV� DOVR�
LQYHVWLJDWHG� E\� RIIVHWWLQJ� LW� IURP� WKH� FHQWUH� RI� WKH� SURSRVHG� IRRWLQJ� ORFDWLRQ�� � 7KLV� UHVHPEOHV� D� WUXH� IRRWLQJ�
GHVLJQ� DV� WKH� VLWH� LQYHVWLJDWLRQ� LV� UDUHO\� FHQWUHG� DERXW� HDFK� DQG� HYHU\� IRRWLQJ� LQ� D� JLYHQ� GHVLJQ�� � )LJXUH� ��
SUHVHQWV�WKH�UHODWLYH�ORFDWLRQV�RI�WKH�VLWH�LQYHVWLJDWLRQ�DUHDV�LQYHVWLJDWHG�LQ�WKLV�SDSHU��ZLWK�UHVSHFW�WR�WKH�HQWLUH�
VLWH�DQG�WKH�SURSRVHG�IRRWLQJ�ORFDWLRQ��
�
�

�� �� ������ �
)LJXUH����/D\RXW�DQG�1XPEHU�RI�7HVWV�LQ�(DFK�6LWH�,QYHVWLJDWLRQ�3ODQ��
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�
)LJXUH����/RFDWLRQ�DQG�'HVLJQDWLRQ�RI�6LWH�,QYHVWLJDWLRQ�$UHDV�ZLWK�5HVSHFW�WR�(QWLUH�6LWH�DQG�3URSRVHG�)RRWLQJ��
)RRWLQJ�'HVLJQ�
7KH�HODVWLF�VHWWOHPHQW�RI�D� IRRWLQJ� LV�D� IXQFWLRQ�RI� WKH�JHRPHWULFDO�SURSHUWLHV��DSSOLHG� ORDG��<RXQJ¶V�0RGXOXV�
DQG�3RLVVRQ¶V�UDWLR��%RZOHV��������&UDLJ����������7\SLFDO�GHVLJQ�UHODWLRQVKLSV�XVH�WKHVH�YDULDEOHV�WR�SUHGLFW�WKH�
WRWDO�VHWWOHPHQW�RI�D�SDG�IRRWLQJ���2QH�RI�WKH�PRUH�FRPPRQ�PHWKRGV�LV�6FKPHUWPDQQ¶V�PHWKRG��6FKPHUWPDQQ��
������EDVHG�RQ�OLQHDU�HODVWLF�GHIRUPDWLRQV��&UDLJ����������$OWKRXJK�WKH�DVVXPSWLRQ�RI�OLQHDU�HODVWLF�EHKDYLRXU�LV�
QRW�VWULFWO\�YDOLG��VHWWOHPHQWV�DUH�W\SLFDOO\�FDOFXODWHG�IRU�PXFK�VPDOOHU�DSSOLHG�ORDGV�WKDQ�ZKDW�FDXVH�VRLO�IDLOXUH�
�6PDOO��������� � �6FKPHUWPDQQ¶V�PHWKRG�XVHV� WZR�FRUUHFWLRQ�IDFWRUV�& W �DQG�& X � WR�DFFRXQW� IRU� WKH�GHSWK�RI� WKH�
IRRWLQJ��HPEHGPHQW��DQG�FUHHS��ZKLFK�PD\�RFFXU�GXULQJ� WKH�GHVLJQ� OLIH�RI� WKH�SURMHFW�� � ,W� LV�FRPPRQ�WKDW� WKH�
FRUUHFWLRQ�IDFWRU�IRU�FUHHS�LV�WDNHQ�DV�XQLW\��&UDLJ���������ZKLOH�WKH�HPEHGPHQW�IDFWRU�IRU�WKLV�UHVHDUFK�LV�DOVR�
DVVXPHG�HTXDO�WR�RQH��DV�WKH�SURSRVHG�IRRWLQJ�LV�ORFDWHG�DW�WKH�VXUIDFH���7KH�VWUDLQ�LQIOXHQFH�IDFWRU�,Y �ZHLJKWV�WKH�
FRQWULEXWLRQ�RI� WKH� VWUHQJWK�RI� WKH� VRLO� XVLQJ� DQ� LGHDOLVHG� GLVWULEXWLRQ� WR� D�GHSWK� HTXDO� WR� WZLFH� WKH� OHDVW� SODQ�
GLPHQVLRQ�RI�WKH�IRRWLQJ��6FKPHUWPDQQ���������
�
7KH�GHVLJQ�LV�FRQGXFWHG�DV�D�WULDO�DQG�HUURU�SURFHGXUH�FRPPHQFLQJ�ZLWK�WKH�VPDOOHVW�IRRWLQJ�DUHD�DQG�LQFUHDVHG�
DV�UHTXLUHG���7KH�SUHGLFWHG�VHWWOHPHQW�RI�HDFK�IRRWLQJ�VL]H�DFKLHYHG�XVLQJ�6FKPHUWPDQQ¶V�PHWKRG�LV�FRPSDUHG�
ZLWK�WKH�PD[LPXP�DOORZDEOH�VHWWOHPHQW�RI����PP���,I�WKH�VHWWOHPHQW�LV�JUHDWHU��WKH�IRRWLQJ�VL]H�LV�LQFUHDVHG���,W�
VKRXOG�EH�QRWHG� WKH�VL]H�RI� WKH� IRRWLQJ� LV� LQFUHDVHG�E\�RQH�PHWUH� LQ�RQH�GLUHFWLRQ� WKHQ�RQH�PHWUH� LQ� WKH�RWKHU�
GLUHFWLRQ� LQ�VXEVHTXHQW� LWHUDWLRQV�� �7KLV�HQVXUHV� WKH� IRRWLQJ� LV�FHQWUDO�DERXW� WKH�DSSOLHG�SRLQW� ORDG�DQG�DOVR� WR�
FRQIRUP� WR� WKH� GLVFUHWLVDWLRQ� UHVWULFWLRQV� SODFHG� RQ� WKH� GHVLJQ� ZLWK� FRPSHWH� NQRZOHGJH�� GLVFXVVHG� ODWHU���
+RZHYHU�� WKLV�ZLOO�QRW� UHVXOW� LQ� IRRWLQJ�GHVLJQ� WKDW�H[DFWO\�PHHWV� WKH�GHVLJQ�FULWHULD�� � ,QVWHDG�� WKH� IRRWLQJ� WKDW�
FDXVHV� WKH� ODUJHVW� VHWWOHPHQW�� ZKLFK� UHPDLQV� OHVV� WKDQ� WKH� PD[LPXP� DOORZDEOH� VHWWOHPHQW�� LV� WDNHQ� DV� WKH�
FRQYHUJHG�VROXWLRQ��



'(6,*1�%$6('�21�&203/(7(�.12:/('*(�2)�62,/�352),/(�
7KH�GHVLJQ�EDVHG�RQ�FRPSOHWH�NQRZOHGJH�RI�WKH�VRLO�SURILOH�LV�PDGH�SRVVLEOH�GXH� WR�WKH�VLPXODWLRQ�RI�WKH�VRLO�
SURILOH�� � 7KH� PRVW� FRPPRQ� QXPHULFDO� PHWKRG� WR� DQDO\VH� WKH� HIIHFW� RI� H[WHUQDO� IRUFHV� RU� ORDGV� LV� WKH� ILQLWH�
HOHPHQW�PHWKRG��&RRN�HW�DO�����������$OWKRXJK�WKLV�LV�QRW�D�GHVLJQ�WRRO��LW�FDQ�EH�LQFRUSRUDWHG�LQWR�D�WULDO�DQG�
HUURU� SURFHGXUH� WR� FRQYHUJH� WR� WKH� EHVW� SRVVLEOH� VROXWLRQ�� � 7KH� ILQLWH� HOHPHQW� DQDO\VLV� LV� XQGHUWDNHQ� XVLQJ�
FRQMXJDQW� JUDGLHQWV� WR� UHPRYH� WKH� QHHG� WR� DVVHPEOH� WKH� JOREDO� VWLIIQHVV� PDWUL[� �6PLWK� DQG� *ULIILWKV�� ��������
$OWKRXJK� WKLV� FDXVHV� DQ� LWHUDWLYH� SURFHGXUH� ZLWKLQ� WKH� ILQLWH� HOHPHQW� PHWKRG�� LW� GRHV� UHGXFH� WKH� QHFHVVDU\�
PHPRU\�UHTXLUHPHQWV�RI�DVVHPEOLQJ�D�JOREDO�VWLIIQHVV�PDWUL[��
�
6LPLODUO\�ZLWK� WKH�GHVLJQ�EDVHG�RQ�D� OLPLWHG�VLWH� LQYHVWLJDWLRQ�� WKLV�SURFHVV�EHJLQV�ZLWK�DQ� LQLWLDO� IRRWLQJ�VL]H���
7KH�VHWWOHPHQW�IRU�WKLV�IRRWLQJ�VL]H�LV�DQDO\VHG�XVLQJ�WKH�ILQLWH�HOHPHQW�PHWKRG�DQG�WKHQ�LQFUHDVHG�RU�UHGXFHG�DV�
UHTXLUHG�� � 7KH� GLVFUHWLVDWLRQ� RI� WKH� VRLO� PDVV� WR� VDWLVI\� WKH� ILQLWH� HOHPHQW� PHVK� HQIRUFHV� D� OLPLWDWLRQ� RQ� WKH�
FRQYHUJHQFH�WR�WKH�EHVW�SRVVLEOH�GHVLJQ�VROXWLRQ��7KH�PLQLPXP�LQFUHDVH�LQ�IRRWLQJ�GLPHQVLRQ�PXVW�EH�HTXDO�WR�
WKH� HOHPHQW� VL]H� WR� FRQIRUP� WR� WKH� ILQLWH� HOHPHQW�PHWKRG�� �7R�PDLQWDLQ� WKH� IRRWLQJ� FHQWUHG� DERXW� WKH� DSSOLHG�
SRLQW� ORDG�� WKH� IRRWLQJ� LV� LQFUHDVHG� E\� WZR� HOHPHQW� VL]HV� LQ� RQH� GLUHFWLRQ�� IROORZHG� E\� WKH� RWKHU� LQ� HDFK�
VXEVHTXHQW� LWHUDWLRQ�� � 7KH� VSHHG� RI� WKH� ILQLWH� HOHPHQW� DQDO\VLV� RI� D� WKUHH� GLPHQVLRQDO� ILHOG� ������ ����� ���  �
��������HOHPHQWV��KDV�OLPLWHG�WKH�VFRSH�RI�WKH�UHVXOWV�IRU�WKLV�SDSHU���7KH�GHVLJQ�SURFHVV�XVLQJ�WKH�ILQLWH�HOHPHQW�
PHWKRG�KDV�EHHQ�RSWLPLVHG�WR�UHGXFH�FRPSXWDWLRQDO�WLPH�E\�XVLQJ�DQ�LQLWLDO�IRRWLQJ�VL]H���7KH�LQLWLDO�IRRWLQJ�VL]H�
LV�GHWHUPLQHG�SULRU�WR�DQ\�ILQLWH�HOHPHQW�DQDO\VLV�DQG�SURYLGHV�D�EHVW�HVWLPDWH�VWDUWLQJ�SRLQW���7KLV�UHGXFHV�WKH�
QXPEHU�RI�WLPHV�D�ILQLWH�HOHPHQW�DQDO\VLV�KDV�WR�EH�XQGHUWDNHQ�DQG�WKHUHIRUH�WKH�UHTXLUHG�FRPSXWDWLRQDO�WLPH��

3$5$0(75,&�678'<�
7KH�HIIHFWLYHQHVV�RI� WKH� VRLO� LQYHVWLJDWLRQ�SODQV� LOOXVWUDWHG� LQ�)LJXUH���DUH�DQDO\VHG�E\� FRPSDULQJ� WKH�GHVLJQV�
XVLQJ�WKH�VLWH�LQYHVWLJDWLRQ�GDWD�DORQH�DQG�D�GHVLJQ�XVLQJ�WKH�FRPSOHWH�NQRZOHGJH�RI�WKH�VRLO�SURILOH���'XH�WR�VRLO�
SURSHUWLHV�EHLQJ�GLIIHUHQW�IURP�RQH�VLWH�WR�DQRWKHU��D�SUREDELOLVWLF�DSSURDFK�LV�DGRSWHG���0RQWH�&DUOR�VLPXODWLRQ�
LV�XVHG�WR�GHULYH�SUREDELOLWLHV�RI�IDLOXUH�DQG�RYHU�GHVLJQ��7KH�VLPXODWLRQ�LV�GHHPHG�WR�KDYH�FRQYHUJHG�ZKHQ�D�
GLIIHUHQFH�RI�OHVV�WKDQ�������P X �RI�WKH�GHVLJQHG�IRRWLQJ�DUHD�LV�DFKLHYHG���$W�WKLV�SRLQW��LW�VKRXOG�EH�QRWHG�WKDW��
DOWKRXJK� WKH� VRLO� SURSHUWLHV� DUH� UDQGRPO\� REWDLQHG� LQ� HDFK� UHDOLVDWLRQ�� WKH\� VWLOO� FRQIRUP� WR� WKH� XQGHUO\LQJ�
VWDWLVWLFV��PHDQ��&29�DQG�VFDOH�RI�IOXFWXDWLRQ��GHWDLOHG�LQ�7DEOH������
�
)RU� WKH�SXUSRVHV�RI� WKH� UHVHDUFK�SUHVHQWHG� LQ� WKLV�SDSHU�� IRXQGDWLRQ� IDLOXUH� LV�GHILQHG�DV� WKH�RFFXUUHQFHV�RI�D�
IRRWLQJ� DUHD� DFKLHYHG� XVLQJ� WKH� VLWH� LQYHVWLJDWLRQ� GDWD� EHLQJ� OHVV� WKDQ� WKH� DUHD� REWDLQHG� XVLQJ� WKH� FRPSOHWH�
NQRZOHGJH�� �&RQYHUVHO\�DQ�RYHU�GHVLJQHG� IRXQGDWLRQ�RFFXUV�ZKHQ� WKH�GHVLJQ�XVLQJ� WKH� VLWH� LQYHVWLJDWLRQ�GDWD�
UHVXOWV� LQ� D� ODUJHU� IRRWLQJ� WKDQ� WKH� GHVLJQ� XVLQJ� WKH� FRPSOHWH� NQRZOHGJH� RI� WKH� VLWH�� � )LJXUH� �� DQG� )LJXUH� ��
SUHVHQW� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� IDLOXUH� DQG� RYHU�GHVLJQ� SUREDELOLWLHV� IRU� HDFK� VLWH� LQYHVWLJDWLRQ� SODQ�
UHVSHFWLYHO\����
�
�
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)LJXUH����)DLOXUH�3UREDELOLWLHV�IRU�6LWH�,QYHVWLJDWLRQ�3ODQV�ORFDWHG��D��/HIW���E��/HIW�RI�&HQWUH�DQG��F��&HQWUH��
�
7KH�VRLO� W\SH�UHSUHVHQWHG�E\�WKH�ILHOG�ZLWK�D�&29�IRU�����DQG�VFDOH�RI�IOXFWXDWLRQ�RI���P����P����P�VKRZV�D�
FOHDU�WUHQG�RI�IDLOXUH�SUREDELOLW\�GHFUHDVLQJ�ZLWK�LQFUHDVHG�WHVWLQJ��)LJXUH������7KLV�VXJJHVWV�WKDW��DV�WKH�QXPEHU�
RI� WHVWV� LQFUHDVHV�� OHVV� XQFHUWDLQW\� LV� DFKLHYHG�ZLWK� UHVSHFW� WR� WKH� VRLO� SURILOH� UHVXOWLQJ� LQ� D�PRUH� DSSURSULDWH�
GHVLJQ���7KLV�WUHQG�LV�QRW��KRZHYHU��H[SOLFLWO\�HYLGHQW�IRU�WKH�RWKHU�VRLOV�VLPXODWHG�E\�ILHOGV�ZLWK�ORZHU�&29�RU�
ODUJHU� VFDOHV� RI� IOXFWXDWLRQ�� � 7KHVH� ILHOGV� VKRZ� JUHDWHU� FRQWLQXLW\� DQG� KHQFH� WKH� LQFUHDVHG� WHVWLQJ� GRHV� QRW�



H[FOXVLYHO\� SURYLGH� DGGLWLRQDO� LQIRUPDWLRQ� UHJDUGLQJ� WKH� VRLO� SURILOH�� � 5DWKHU�� WKH� DGGLWLRQDO� WHVWLQJ� SURYLGHV�
VLPLODU� LQIRUPDWLRQ� WR� WKH� SUHYLRXV� WHVWLQJ� UHJLPH�� � ,W� LV� DOVR� HYLGHQW� WKDW� WKH� IRXQGDWLRQ� GHVLJQV� RQ� VRLOV�
VLPXODWHG�E\�D�UDQGRP�ILHOG�ZLWK�ORZ�&29���&�	��5��KDYH�D�UHODWLYHO\�ORZ�SUREDELOLW\�RI�IDLOXUH���7KLV�LV�GXH�WR�
WKH� VLWH� EHLQJ� FRQWLQXRXV� DQG� WKH� LQIOXHQFH� RI� WKH� VSDWLDO� YDULDELOLW\� RI� WKH� VLWH� QRW� EHLQJ� DV� JUHDW� RQ� WKH�
HIIHFWLYHQHVV�RI�WKH�LQYHVWLJDWLRQ�SODQ��7KH�SUREDELOLWLHV�RI�IDLOXUH��)LJXUH����IRU�IRXQGDWLRQV�ORFDWHG�RQ�WKH�VRLOV�
UHSUHVHQWHG�E\�D�ILHOG�ZLWK�D�KLJK�&29����&�	���5��DUH�QRWLFHDEO\�ODUJH���7KLV�ZRXOG�WHQG�WR�VXJJHVW�WKH�GHVLJQ�
EDVHG� RQ� WKH� VLWH� LQYHVWLJDWLRQ� GDWD� LV� XQGHU�FRQVHUYDWLYH� IRU� KLJKO\� YDULDEOH� VRLOV� DQG� SURYLGHV� IRXQGDWLRQ�
GHVLJQV��ZKLFK�JHQHUDWH�ODUJHU�VHWWOHPHQWV�WKDQ�GHVLUHG�� �8QXVXDOO\�� WKH�VRLO�UHSUHVHQWHG�E\�WKH�ILHOG�ZLWK�KLJK�
&29�DQG�ODUJH�VFDOH�RI�IOXFWXDWLRQ����&��VKRZV�KLJKHU�IDLOXUH�SUREDELOLW\�WKDQ�WKH�PRUH�UDQGRP�ILHOG�ZLWK�ORZHU�
VFDOH� RI� IOXFWXDWLRQ� ���5��� � ,W� ZDV� H[SHFWHG� WKDW� WKH� PRUH� UDQGRP� ILHOG� ZRXOG� SURYLGH� WKH� KLJKHU� IDLOXUH�
SUREDELOLW\�GXH�WR�WKH�LQFUHDVHG�XQFHUWDLQW\�GXH�WR�WKH�VLWH�LQYHVWLJDWLRQ���7KLV�XQH[SHFWHG�WUHQG�PD\�EH�WKH�UHVXOW�
RI�ODUJHU�ZHDN�]RQHV�LQ�WKH�VRLO�DV�WKH�FRQWLQXRXV�QDWXUH�JHQHUDWHV�DUHDV�RI�VRLO�ZLWK�VLPLODU�SURSHUWLHV����
�
7KH� WUHQG� RI� UHGXFHG� SUREDELOLW\� IRU� DGGLWLRQDO� WHVWLQJ� LV� DOVR� VKRZQ� LQ� )LJXUH� �� IRU� WKH� SUREDELOLW\� RI� RYHU�
GHVLJQ���6LPLODUO\��WKH�ILHOG�ZLWK�����&29�DQG�VPDOO�VFDOH�RI�IOXFWXDWLRQ����5��VKRZHG�WKH�ODUJHVW�WUHQG�ZLWK�
WKH�SUREDELOLW\�RI�RYHU�GHVLJQ�GHFUHDVLQJ�ZLWK�DGGLWLRQDO� WHVWV�� �+RZHYHU��XQOLNH� WKH�SUREDELOLW\�RI� IDLOXUH�� WKH�
SUREDELOLW\�RI�RYHU�GHVLJQ�GHFUHDVHG�ZLWK�DGGLWLRQDO�WHVWLQJ�IRU�WKH�ILHOG�ZLWK�D�KLJKHU�VFDOH�RI�IOXFWXDWLRQ����&���
RU�D�PRUH�FRQWLQXRXV�ILHOG���7KLV�VXJJHVWV�DQ�LQFUHDVHG�QXPEHU�RI�WHVWV�GRHV�QRW�H[SOLFLWO\�UHGXFH�WKH�SUREDELOLW\�
RI� IDLOXUH� EXW� GRHV� UHGXFH� WKH� SUREDELOLW\� RI� RYHU�GHVLJQ� DQG�� FRQVHTXHQWO\�� LPSURYHV� WKH� SUREDELOLW\� RI�
DFKLHYLQJ�WKH�EHVW�GHVLJQ���+RZHYHU��WKLV�GRHV�QRW�KROG�IRU�VRLOV�UHSUHVHQWHG�E\�ILHOGV�ZLWK�ORZ�&29���&�	��5����
7KHUH� DSSHDUHG� WR�EH� D� ]HUR�SUREDELOLW\�RI�RYHU�GHVLJQ� IRU� WKHVH� VRLOV�ZKLFK�PD\EH�GXH� WR�GLIIHUHQFHV� LQ� WKH�
GHVLJQ�SURFHGXUHV�RU� WKH� OLPLWDWLRQ�RQ� WKH�GHVLJQ�PHWKRGV� UHJDUGLQJ� WKH�GLVFUHWLVDWLRQ� RI� WKH� ILHOG��7KH�RYHU�
GHVLJQ� WUHQGV� �)LJXUH� ��� VKRZQ� IRU� VRLOV� ZLWK� KLJK� &29� ���&� 	� ��5�� PD\� EH� WKH� UHVXOW� RI� DQ� LQFUHDVHG�
FRQILGHQFH�LQ�WKH�GHVLJQ�ZKHQ�D�VLWH�LQYHVWLJDWLRQ�RI�JUHDWHU�VFRSH�LV�XVHG���)LJXUH���VKRZV�WKH�UHGXFLQJ�VWDQGDUG�
GHYLDWLRQ�RI�WKH�IRRWLQJ�GHVLJQ��DUHD��ZLWK�LQFUHDVLQJ�QXPEHU�RI�WHVWV�� �7KHVH�UHODWLRQVKLSV�VXJJHVW�WKH�IRRWLQJ�
GHVLJQ�LV�OHVV�YDULDEOH�ZKHQ�WKHUH�DUH�DQ�LQFUHDVHG�QXPEHU�RI�WHVWV�LQ�WKH�VLWH�LQYHVWLJDWLRQ��DV�H[SHFWHG��
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�
)LJXUH����2YHU�GHVLJQ�3UREDELOLWLHV�IRU�6LWH�,QYHVWLJDWLRQ�3ODQV�/RFDWHG��D��/HIW���E��/HIW�RI�&HQWUH�DQG��F��&HQWUH��
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� �D�� �E��
)LJXUH����6WDQGDUG�'HYLDWLRQ�RI�'HVLJQHG�)RRWLQJ�$UHD�IRU�6RLOV�5HSUHVHQWHG�E\�)LHOGV��D����&�DQG��E����5��



7KHUH� LV� OLWWOH�GLIIHUHQFH�EHWZHHQ� WKH� ORFDWLRQ�RI� WKH� VLWH� LQYHVWLJDWLRQ�DUHDV� IRU� ILHOGV�ZLWK�ERWK�KLJK�DQG� ORZ�
VFDOH�RI�IOXFWXDWLRQV���)LJXUH���VKRZV�WKH�YDULDWLRQ�RI�IDLOXUH�DQG�RYHU�GHVLJQ�SUREDELOLW\�IRU�D�VLQJOH�WHVW�IURP�
WKH�WKUHH�GLIIHUHQW�VLWH�LQYHVWLJDWLRQ�ORFDWLRQV�LQGLFDWHG�LQ�)LJXUH�����$OWKRXJK�WKHUH�LV�OLWWOH�YDULDWLRQ��WKHUH�LV�DQ�
DSSDUHQW�WUHQG�IRU�WKH�ILHOG�ZLWK�WKH�ODUJHU�&29�DQG�ORZHU�VFDOH�RI�IOXFWXDWLRQ����5��� �7KLV�WUHQG�VXJJHVWV�WKH�
SUREDELOLW\�RI�IDLOXUH�DQG�RYHU�GHVLJQ�GHFUHDVHV�ZKHQ�WKH�WHVW�LV�FORVHU�WR�WKH�FHQWUH�RI�WKH�IRRWLQJ��DV�H[SHFWHG����
7KLV�WUHQG�KDV�D�SUDFWLFDO�EDVLV��DV�WKH�EHVW�UHSUHVHQWDWLRQ�RI�WKH�VLWH�ZLOO�UHVXOW�IURP�WKH�VLWH�LQYHVWLJDWLRQ�SODQ�
EHLQJ�GLUHFWO\�XQGHU�WKH�IRRWLQJ���+RZHYHU��WKH�UHGXFWLRQ�LQ�IDLOXUH�DQG�RYHU�GHVLJQ�SUREDELOLWLHV�LV�ORZ��OHVV�WKDQ�
����� �7KLV�ZRXOG�VXJJHVW�WKH�ORFDWLRQ�RI�WKH�VLWH�LQYHVWLJDWLRQ�SODQ�GRHV�QRW�LQIOXHQFH�WKH�HIIHFWLYHQHVV�RI�WKH�
SODQ�DV�PXFK�DV�WKH�QXPEHU�RI�WHVWV���+RZHYHU��WKHVH�UHVXOWV�PXVW�EH�YLHZHG�ZLWK�FRQFHUQ�DV�RQO\�WKUHH�VHSDUDWH�
LQYHVWLJDWLRQ�SODQV�ZHUH�DQDO\VHG�DQG�LQ�HDFK�FDVH��D�WHVW�LV�ORFDWHG�QHDU�WR�WKH�IRRWLQJ����
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)LJXUH�����D��)DLOXUH�DQG��E��2YHU�GHVLJQ�3UREDELOLWLHV�RI�9DU\LQJ�6LQJOH�7HVW�/RFDWLRQ��
�
7KH�UHVXOWV�JLYHQ�LQ�)LJXUHV���WR���UHODWHG�WR�D�GHVLJQ�XVLQJ�VLWH�LQYHVWLJDWLRQ�GDWD�ZLWK�6FKPHUWPDQQ¶V�PHWKRG�
DQG�D�GHVLJQ�XVLQJ�WKH�FRPSOHWH�NQRZOHGJH�RI�WKH�VRLO�DQG�WKH�ILQLWH�HOHPHQW�PHWKRG���+RZHYHU��LW�LV�DOVR�XVHIXO�
WR�H[DPLQH�WKH�UHVXOWV�RI�GHVLJQV�XQGHUWDNHQ�XVLQJ�WKH�VDPH�PHWKRG��L�H��6FKPHUWPDQQ¶V�RU�)LQLWH�(OHPHQW��DQG�
FRPSDUH� WKH�HIIHFWV�RI�XVLQJ� VLWH� LQYHVWLJDWLRQ�GDWD�RU�FRPSOHWH�NQRZOHGJH�RI� WKH� VLWH�� �)LJXUH���SURYLGHV� WKH�
UHVXOWV�RI�VXFK�DQ�DQDO\VLV��ZKHUH�WKH�FRPSDULVRQ�EHWZHHQ� WKH�6FKPHUWPDQQ¶V�PHWKRGV�LV�D�IDLOXUH�SUREDELOLW\�
DQG� WKH�FRPSDULVRQ�RI� WKH�)LQLWH�(OHPHQW�0HWKRG� LV�GLVSOD\HG�DV�D�GLIIHUHQFH� LQ� WKH� IRRWLQJ�VHWWOHPHQW�� �7KH�
WUHQGV�VKRZQ�LQ�ERWK�FRPSDULVRQV��)LJXUH���D��DQG��E���UHVHPEOH�WKH�UHVXOWV�RI�WKH�DQDO\VLV�XQGHUWDNHQ�XVLQJ�WKH�
6FKPHUWPDQQ¶V� PHWKRG� IRU� WKH� GHVLJQ� ZLWK� VLWH� LQYHVWLJDWLRQ� GDWD� DQG� WKH� )LQLWH� (OHPHQW� 0HWKRG� IRU� WKH�
FRPSOHWH�NQRZOHGJH�GHVLJQ���6LPLODUO\��DV�VKRZQ�LQ�)LJXUH����WKH�WUHQG�LV�PRUH�HYLGHQW�ZLWK�WKH�VRLO�UHSUHVHQWHG�
E\�D�ILHOG�ZLWK�D�KLJK�&29�DQG�ORZ�VFDOH�RI�IOXFWXDWLRQ����5����,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�IDLOXUH�SUREDELOLW\�
LV�RI�D�ORZHU�PDJQLWXGH�ZKHQ�6FKPHUWPDQQ¶V�PHWKRG�LV�XVHG�IRU�ERWK�GHVLJQV�FRPSDUHG�ZLWK�XVLQJ�WKH�)LQLWH�
(OHPHQW�0HWKRG�IRU�WKH�FRPSOHWH�NQRZOHGJH�GHVLJQ���7KLV�VXJJHVWV�WKHUH�LV�DQ�LQKHUHQW�GLIIHUHQFH�RU�XQFHUWDLQW\�
EHWZHHQ�WKH�GHVLJQ�PHWKRGV��ZKLFK�LQIOXHQFHV�WKH�UHVXOWV��
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)LJXUH�����D��)DLOXUH�3UREDELOLW\�IURP�6FKPHUWPDQQ¶V�0HWKRG�DQG��E��6HWWOHPHQW�'LIIHUHQFH�IURP�)LQLWH�(OHPHQW�
0HWKRG�(DFK�8VLQJ�6LWH�,QYHVWLJDWLRQ�'DWD�DQG�&RPSOHWH�.QRZOHGJH��



&21&/86,216�$1'�5(&200(1'$7,216�
7KH�HIIHFWLYHQHVV�RI�D�VLWH�LQYHVWLJDWLRQ�SODQ�DQG�WKH�HQVXLQJ�GHVLJQ�LV�QRW�RQO\�LQIOXHQFHG�E\�WKH�QXPEHU�DQG�
ORFDWLRQ�RI�WHVWV�WKDW�PDNH�XS�WKH�SODQ�EXW�DOVR�WKH�QDWXUH�RI�WKH�YDULDELOLW\�RI�WKH�XQGHUO\LQJ�VRLO�� �,W�KDV�EHHQ�
VKRZQ� LQ� WKH� UHVHDUFK�SUHVHQWHG� LQ� WKLV�SDSHU� WKDW� WKH� UHGXFWLRQ�RI� IDLOXUH�DQG�RYHU�GHVLJQ�SUREDELOLW\� IRU� VLWH�
LQYHVWLJDWLRQV�ZLWK�DGGLWLRQDO�WHVWV�LV�PRUH�HYLGHQW�IRU�LQFUHDVLQJO\�UDQGRP�VRLOV�� � �7KH�UHVHDUFK�KDV�DOVR�EHHQ�
DEOH�WR�FRPSDUH�WKH�UHODWLYH�SUREDELOLW\�RI� IRXQGDWLRQ�IDLOXUHV�GXH�WR�OLPLWHG�VLWH�LQYHVWLJDWLRQV�DQG�KDV�VKRZQ�
WKLV�SUREDELOLW\�LV�GHFUHDVHG�E\�XS�WR�����ZKHQ�HLJKW�DGGLWLRQDO�WHVWV�DUH�XQGHUWDNHQ���7KH�SUREDELOLW\�RI�RYHU�
GHVLJQLQJ�WKH�IRXQGDWLRQ�LV�DOVR�UHGXFHG�E\�D�VLPLODU�PDJQLWXGH�IRU�DQ�HTXLYDOHQW�LQFUHDVH�LQ�VLWH�LQYHVWLJDWLRQ�
VFRSH�� �7KH� ORFDWLRQ�RI� WKH� LQYHVWLJDWLRQ�SODQ�KDV�DOVR�EHHQ� UHYLHZHG�DQG�XQGHUVWDQGDEO\�� WKH�EHVW� UHVXOWV�DUH�
HYLGHQW�ZKHQ�WKH�SODQ�RYHUOD\V�WKH�SURSRVHG�IRRWLQJ�ORFDWLRQ���7KLV�UHVHDUFK�KDV�PDGH�LW�SRVVLEOH�WR�TXDQWLI\�WKH�
UHODWLYH�UHGXFWLRQ�LQ�IRXQGDWLRQ�IDLOXUH�DQG�RYHU�GHVLJQ�SUREDELOLWLHV�RI�YDU\LQJ�VLWH�LQYHVWLJDWLRQ�VFRSHV����
�
7KLV�SDSHU�KDV� LQWURGXFHG�RQJRLQJ� UHVHDUFK�FXUUHQWO\�EHLQJ�XQGHUWDNHQ�E\� WKH�DXWKRUV�� �7KLV� UHVHDUFK�DLPV� WR�
H[WHQG�WKH�PHWKRGRORJLHV�LQWURGXFHG�LQ�WKLV�SDSHU�WR�YDULRXV�IRXQGDWLRQ�W\SHV�LQFOXGLQJ�PXOWLSOH�SDG�IRRWLQJV��
UDIW�IRRWLQJV�DQG�GHHS�IRXQGDWLRQV���,W�ZLOO�DOVR�H[WHQG�WKH�DQDO\VLV�WR�LQFOXGH�QXPHURXV�VLWH�LQYHVWLJDWLRQ�W\SHV�
DQG� YDU\LQJ� VRLO� FRQGLWLRQV�� � ,W� LV� H[SHFWHG� WKDW� WKLV� UHVHDUFK� ZLOO� DVVLVW� JHRWHFKQLFDO� HQJLQHHUV� WR� UDWLRQDOO\�
GHVLJQ�VLWH�LQYHVWLJDWLRQV�H[SOLFLWO\�LQFRUSRUDWLQJ�WKH�UHODWLYH�ULVN�RI�IDLOXUH�DQG�RYHU�GHVLJQ�DQG�DFFRXQWLQJ�IRU�
XQFHUWDLQWLHV�LQ�VRLO�YDULDELOLW\��WHVWLQJ�PHWKRGV�DQG�GHVLJQ�PRGHOV����

$&.12:/('*0(176�
7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�SDSHU�LV�VXSSRUWHG�E\�DQ�$XVWUDOLDQ�5HVHDUFK�&RXQFLO��$5&��'LVFRYHU\�3URMHFWV�
JUDQW���7KH�VXSSRUW�RI�WKH�$5&�LV�JUDWHIXOO\�DFNQRZOHGJHG���

5()(5(1&(6�
%RZOHV��-�(����������)RXQGDWLRQ�$QDO\VLV�DQG�'HVLJQ���WK�HG���0F*UDZ�+LOO��6LQJDSRUH��
&RRN��5�'���0DONXV��'�6��DQG�3OHVKD��0�(����������&RQFHSWV�DQG�$SSOLFDWLRQV�RI�)LQLWH�(OHPHQW�$QDO\VLV���UG�
HG���-RKQ�:LOH\�DQG�6RQV�,QF��7RURQWR��&DQDGD��
&UDLJ��5�)����������6RLO�0HFKDQLFV���WK�HG���(�	�)1�6SRQ��/RQGRQ��(QJODQG��
)HQWRQ��*�$��DQG�9DQPDUFNH��(�+�����������6LPXODWLRQ�RI�UDQGRP�ILHOGV�YLD�ORFDO�DYHUDJH�VXEGLYLVLRQ���-RXUQDO�
RI�(QJLQHHULQJ�0HFKDQLFV��9RO�������1R�����SS�������������
+ROW]��5�'�����������6WUHVV�'LVWULEXWLRQ�DQG�6HWWOHPHQW�RI�6KDOORZ�)RXQGDWLRQV����,Q��)RXQGDWLRQ�(QJLQHHULQJ�
+DQGERRN���QG�HG���(G��)DQJ��+�<���9DQ�1RVWUDQG�5HLQKROG��1HZ�<RUN��86$��
-DNVD��0�%��DQG�)HQWRQ��*�$�����������$VVHVVPHQW�RI�IUDFWDO�EHKDYLRXU�RI�VRLOV���3UREDELOLVWLFV�LQ�*HRWHFKQLFV���
7HFKQLFDO�DQG�(FRQRPLF�5LVN�(VWLPDWLRQ��*UD]��$XVWULD��SS���
-DNVD��0�%���.DJJZD��:�6���)HQWRQ��*�$��DQG�3RXORV��+�*�����������$�IUDPHZRUN�IRU�TXDQWLI\LQJ�WKH�UHOLDELOLW\�
RI�JHRWHFKQLFDO�LQYHVWLJDWLRQV���� + , �,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6WDWLVWLFV�DQG�3UREDELOLW\�LQ�&LYLO�(QJLQHHULQJ��
6DQ�)UDQFLVFR��86$���,Q�3UHVV���
6FKPHUWPDQQ��-�+����������*XLGHOLQHV�IRU�&RQH�3HQHWUDWLRQ�7HVW��3HUIRUPDQFH�DQG�'HVLJQ��5HSRUW�1R��)+:$�
76���������86�'HSW�RI�7UDQVSRUWDWLRQ��)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ��:DVKLQJWRQ��86$��
6PDOO��-�&�����������6KDOORZ�)RXQGDWLRQV����,Q��*HRWHFKQLFDO�DQG�*HRHQYLURQPHQWDO�(QJLQHHULQJ�+DQGERRN���VW�
HG���(G��5RZH��5���.OXZHU�$FDGHPLF�3XEOLVKHUV��%RVWRQ��86$��
6PLWK��,�0��DQG�*ULIILWKV��'�9����������3URJUDPPLQJ�WKH�)LQLWH�(OHPHQW�0HWKRG���UG�HG���-RKQ�:LOH\�	�6RQV�
/WG��:HVW�6XVVH[��(QJODQG��
7HPSOH�� 0�:�%�� DQG� 6WXNKDUW�� *�� �������� �&RVW� HIIHFWLYHQHVV� RI� JHRWHFKQLFDO� LQYHVWLJDWLRQV��� -RXUQDO� RI�
0DQDJHPHQW�LQ�(QJLQHHULQJ��9RO�����1R�����SS��������
9DQPDUFNH�� (�+�� �������� �3UREDELOLVWLF� PRGHOOLQJ� RI� VRLO� SURILOHV��� -RXUQDO� RI� WKH�*HRWHFKQLFDO� (QJLQHHULQJ�
'LYLVLRQ��9RO�������1R��*7����SS�������������


