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$EVWUDFW
,Q�WKLV�SDSHU�ZH�H[DPLQH�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�LQYHVWPHQWV�LQ�WKH�%RXNRPEp�UHJLRQ�LQ�1RUWKZHVW�%pQLQ�
XVLQJ�DQ�LQ�GHSWK�VXUYH\�DPRQJ�����IDUPHUV�RQ�IDUP�LQSXWV��RXWSXWV�
DQG� 6:&� LQYHVWPHQWV�� :H� VKRZ� WKDW� SRVLWLYH� HIIHFWV� RI� 6:&
LQYHVWPHQWV� DUH� RQO\� REVHUYHG� LI� RQH� FRQWUROV� IRU� KRXVHKROG�VSHFLILF
FRQVWUDLQWV��:H�XVH�D�SURGXFWLRQ�IXQFWLRQ�DSSURDFK� WR� UHODWH�6:&�WR
IDUP� RXWSXW�� DQG� ZH� FRQWURO� IRU� REVHUYDEOH� DQG� XQREVHUYDEOH
KRXVHKROG� FKDUDFWHULVWLFV� ZLWK� KRXVHKROG� IL[HG� HIIHFWV�� 7KH� UHVXOWV
VKRZ�WKDW� ���� WKHUH�DUH� ODUJH�SURGXFWLYLW\� HIIHFWV�RI� LQGLJHQRXV�6:&
LQYHVWPHQWV� LQ� WKH�%RXNRPEp�UHJLRQ�RI�%HQLQ�� ���� WKHUH� LV�D�SRVLWLYH
LQWHUDFWLRQ� EHWZHHQ� IHUWLOL]HU� XVH� DQG� 6:&� RQ� SURGXFWLYLW\�� ���� WKH
SURGXFWLYLW\� RI� 6:&� KDV� DQ� LQYHUWHG� 8�VKDSH� LQ� SORW� VORSH�
0LVVSHFLILFDWLRQ�WHVWV�IRU�RPLWWHG�YDULDEOH�ELDV��HQGRJHQHLW\�ELDV��DQG
VHOHFWLRQ�ELDV�DUH�SHUIRUPHG�DQG�VKRZ�WKDW�WKH�UHVXOWV�DUH�UREXVW�
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���,QWURGXFWLRQ
7KHUH�DUH�VWLOO�IHZ�VWXGLHV�WR�DVVHVV�UHWXUQV�IURP�LQGLJHQRXV�PHFKDQLFDO�DQG

QRQ�PHFKDQLFDO�ODQG�FRQVHUYDWLRQ�VWUXFWXUHV�IRXQG�LQ�PDQ\�DUHDV�RI�/'&V��VWRQH
EXQGV��WLH�ULGJLQJ�DQG�ULGJLQJ��UDLVHG�EHGV��HWF����SDUWLFXODUO\�LQ�$IULFD��%\LULQJLUR�DQG
5HDUGRQ��������KDYH�H[DPLQHG�WKH�HIIHFWV�RI�VRLO�FRQVHUYDWLRQ�LQYHVWPHQWV�RQ�IDUP
SURGXFWLYLW\�LQ�5ZDQGD��DQG�IRXQG�WKDW�IDUPV�ZLWK�JUHDWHU�LQYHVWPHQWV�LQ�VRLO
FRQVHUYDWLRQ�KDYH�PXFK�EHWWHU�ODQG�SURGXFWLYLW\�WKDQ�RWKHU�IDUPV��3ODFH�DQG�+D]HOO
��������XVLQJ�GDWD�IURP�*KDQD��.HQ\D�DQG�5ZDQGD��ZHUH�OHIW�ZLWK�YHU\�GLVDSSRLQWLQJ
UHVXOWV��H[FHSW�IHZ�FDVHV��WKH\�IRXQG�ODQG�LPSURYLQJ�LQYHVWPHQWV�WR�EH�DQ
LQVLJQLILFDQW�IDFWRU�LQ�GHWHUPLQLQJ�\LHOGV��6LPLODU�UHVXOWV�DUH�DOVR�UHSRUWHG��E\�+D\HV
HW�DO���������LQ�*DPELD��+RXVHKROG�VSHFLILF�FRQVWUDLQWV��FUHGLW�FRQVWUDLQWV��ODERU
FRQVWUDLQWV�GXH�WR�ULVLQJ�PLJUDWLRQ�RSSRUWXQLWLHV��DV�ZHOO�DV�WKH�ODFN�RI�DGHTXDWH�GDWD
ZHUH�RIWHQ�LQGLFDWHG�DV�SODXVLEOH�VRXUFHV�RI�WKH�XQH[SHFWHG�UHVXOWV�

,Q�WKLV�SDSHU�ZH�H[DPLQH�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�LQYHVWPHQWV�LQ�WKH�%RXNRPEp�UHJLRQ�LQ�1RUWKZHVW�%pQLQ��XVLQJ�DQ�LQ�
GHSWK�VXUYH\�DPRQJ�����IDUPHUV�RQ�IDUP�LQSXWV��RXWSXWV��DQG�6:&�LQYHVWPHQWV��:H
VKRZ�WKDW�SRVLWLYH�HIIHFWV�RI�6:&�LQYHVWPHQWV�DUH�RQO\�REVHUYHG�LI�RQH�FRQWUROV�IRU
KRXVHKROG�VSHFLILF�FRQVWUDLQWV��:H�XVH�D�SURGXFWLRQ�IXQFWLRQ�DSSURDFK�WR�UHODWH�6:&
WR�IDUP�RXWSXW��DQG�ZH�FRQWURO�IRU�REVHUYDEOH�DQG�XQREVHUYDEOH�KRXVHKROG
FKDUDFWHULVWLFV�ZLWK�KRXVHKROG�IL[HG�HIIHFWV��7KH�UHVXOWV�VKRZ�WKDW�����WKHUH�DUH�ODUJH
SURGXFWLYLW\�HIIHFWV�RI�LQGLJHQRXV�6:&�LQYHVWPHQWV�LQ�WKH�%RXNRPEp�UHJLRQ�RI
%HQLQ������WKHUH�LV�D�SRVLWLYH�LQWHUDFWLRQ�EHWZHHQ�IHUWLOL]HU�XVH�DQG�6:&�RQ
SURGXFWLYLW\������WKH�SURGXFWLYLW\�RI�6:&�KDV�DQ�LQYHUWHG�8�VKDSH�LQ�SORW�VORSH�
0LVVSHFLILFDWLRQ�WHVWV�IRU�RPLWWHG�YDULDEOH�ELDV��HQGRJHQHLW\�ELDV��DQG�VHOHFWLRQ�ELDV
DUH�SHUIRUPHG�DQG�VKRZ�WKDW�WKH�UHVXOWV�DUH�UREXVW�
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7KH�VWUXFWXUH�RI�WKLV�SDSHU�LV�DV�IROORZV��,Q�VHFWLRQ���ZH�VWDUW�ZLWK�D�GLVFXVVLRQ
RI�WKH�UROH�RI�LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV�IRU�DJULFXOWXUDO
LQWHQVLILFDWLRQ��,W�ZLOO�EH�DUJXHG�WKDW�WKHUH�LV�D�VWURQJ�UDWLRQDOH�EHKLQG�WKH�SURPRWLRQ
RI�LQGLJHQRXV�6:&�WHFKQLTXHV�LQ�OHVV�IDYRUHG�DUHDV�ZKHUH�QDWXUDO�FRQGLWLRQV�DUH
XQIDYRUDEOH�DQG�LQIUDVWUXFWXUH�SURYLVLRQ�RIWHQ�KLJKO\�LQVXIILFLHQW��,Q�VHFWLRQ���ZH
GLVFXVV�WKH�GLIIHUHQW�W\SHV�DQG�DGRSWLRQ�UDWHV�RI�WKH�PRVW�LPSRUWDQW�LQGLJHQRXV�6:&
WHFKQLTXHV�WKDW�FDQ�EH�REVHUYHG�LQ�WKH�%RXNRPEp�UHJLRQ�RI�1RUWKZHVW�%pQLQ��,Q
VHFWLRQ���ZH�XVH�D�SURGXFWLRQ�IXQFWLRQ�DSSURDFK�WR�UHODWH�IDUP�RXWSXW�WR�LQSXWV�DQG
6:&�LQYHVWPHQWV�WR�PHDVXUH�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�6:&�LQYHVWPHQWV�
6HFWLRQ���FRQFOXGHV�
���)DUPHU�EDVHG�LQQRYDWLRQV�DQG�PRGHUQ�WHFKQRORJLHV�IRU�DJULFXOWXUDO
LQWHQVLILFDWLRQ�LQ�/'&V��NH\�LVVXHV�DQG�SHUVSHFWLYHV

0DQ\�REVHUYHUV�KDYH�VWUHVVHG�WKDW�WKHUH�DUH�IHZ�VLJQV�RI�WHFKQRORJLFDO
SURJUHVV�LQ�PDQ\�UXUDO�DUHDV�RI�/'&V�VLQFH�PRVW�RI�WKH�IDUPHUV�LQ�WKHVH�DUHDV�DUH�VWLOO
XQDEOH�WR�PDNH�WKH�VZLWFK�WR�LQGXVWULDO�ZD\�RI�IDUPLQJ�XVLQJ�KLJKO\�PHFKDQL]HG�WRROV�
FKHPLFDO�LQSXWV��KLJK�\LHOGLQJ�YDULHWLHV��PRGHUQ�LUULJDWLRQ�V\VWHPV��DQG�RWKHU
WHFKQLTXHV��PRVW�RI�ZKLFK�KDYH�EHHQ�VXSSOLHG�WR�WKHP�GXULQJ�WKH�JUHHQ�UHYROXWLRQ
SHULRG��7KH�H[WUHPHO\�ORZ�DGRSWLRQ�UDWHV�RI�WKHVH�QHZ�PHWKRGV��WHFKQLTXHV�DQG�WRROV�
HVSHFLDOO\�LQ�WKH�OHVV�IDYRUHG�DUHDV�LQ�$IULFD��KDYH�UHQHZHG�WKH�LQWHUHVW�RI
GHYHORSPHQW�ZRUNHUV�DQG�UHVHDUFKHUV�LQ�IDUPHU�LQLWLDWHG�LQQRYDWLRQV��6SHQFHU�������
)DQ�DQG�+D]HOO���������,W�KDV�WKHQ�EHHQ�IRXQG�WKDW�VHYHUDO�LQGLJHQRXV�WHFKQRORJLHV�DUH
DOUHDG\�EHLQJ�LPSOHPHQWHG�PRUH�RU�OHVV�LQWHQVLYHO\�WR�FRPEDW�HURVLRQ�DQG�FRQWURO�VRLO
IHUWLOLW\��VXFK�DV�ULGJLQJ�DQG�WLH�ULGJLQJ��VLOW�WUDSV��VWRQH�ZDOOHG�WHUUDFHV��VWRQH�EXQGV�
XVH�RI�RUJDQLF�IHUWLOL]HU��JUHHQ�DQG�IDUP\DUG�PDQXUH���DQG�WUHH�SODQWLQJ�DQG
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SURWHFWLRQ��6RPH�RI�WKHVH�ODQG�LQYHVWPHQWV�ZHUH�DOUHDG\�LQ�XVH�LQ�WKH�PRUH�GHQVHO\
SRSXODWHG�SDUWV�RI�6XE�6DKDUDQ�$IULFD�SULRU�WR�WKH�FRORQLDO�SHULRG��$OODQ�������
*OHDYH�DQG�:KLWH�������0RUJDQ�������2NLJER�������5LFKDUG��������0LUDFOH�������
3LQJDOL�DQG�%LQZDQVJHU������	�������7HPSOHWRQ�DQG�6FKHUU��������

0DQ\�RI�WKHVH�LQGLJHQRXV�W\SHV�RI�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�PHWKRGV�DQG
WHFKQLTXHV�KDYH�EHHQ�IRXQG�LQ�%RXNRPEp�DOUHDG\�LQ������E\�WKH�ILUVW�)UHQFK�VRLO
VFLHQWLVWV�0U��)DXFN�DQG�0U��0DLJQLHQ��ZKR�ZHUH�DSSRLQWHG�WR�HYDOXDWH�WKH�H[WHQW�RI
VRLO�GHJUDGDWLRQ��WR�DQDO\]H�WKH�DYDLODEOH�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�DQG�WR�VXJJHVW
QHZ�PHWKRGV�WR�DUUHVW�HURVLRQ�DQG�LPSURYH�VRLO�IHUWLOLW\�LQ�WKH�DUHD��7KH\�UHSRUWV�WKDW
VWRQH�EXQGV�DQG�ULGJLQJ�ZHUH�ZLGHO\�XVHG�E\�IDUPHUV�DOWKRXJK�WKH\�VWURQJO\�DUJXHG
WKDW�WKHVH�VKRXOG�QRW�EH�FRQVLGHUHG�DV�FRQVHUYDWLRQ�WHFKQLTXHV��³7KH�6RPEDV�KDUGO\
DSSO\�VRLO�FRQVHUYDWLRQ�PHWKRGV´��WKH\�UHSRUWHG��:H�TXRWH�WKH�PDLQ�FRQFOXVLRQV�RI
WKHLU�VWXG\��)DXFN�HW�0DLJQLHQ��������S������WUDQVODWHG�IURP�)UHQFK��

««7KH�6RPEDV�KDUGO\�DSSO\�DQ\�LQGLJHQRXV�VRLO�FRQVHUYDWLRQ�PHWKRGV��7KHH[LVWHQFH�>LQ�WKH�DUHD@�RI�VWRQH�EXQGV��DQG�SVHXGR�FRQWRXU�EXQGV�PLJKW�OLNHO\GHOXGH�XV��,Q�IDFW��WKHVH�>VWUXFWXUHV@�DUH�QRWKLQJ�RWKHU�WKDQ�VLPSOH�KHDSV�RI�VWRQHVFROOHFWHG�IURP�WKH�ILHOGV��2IWHQ��WKH�EXQGV�DUH�FRQVWUXFWHG�IROORZLQJ��WKH�GLUHFWLRQRI�WKH�KLJKHVW�VORSH��6RPH�VSRUDGLF�KRUL]RQWDO�EXQGV�DUH�REVHUYHG�EXW�WKH\�KDUGO\UHGXFH�WKH�ZDWHU�UXQ�RII��WKH\�RIWHQ�KDYH�PDQ\�EUHDNV�ZKLFK�DUH��ILOOHG�XS�E\YDULRXV�WKLQ�PDWHULDOV�IURP�WKH�ILHOG�«��7KH�WUDGLWLRQDO�FURSV�DUH�VRUJKXP�DQG�KXQJU\�ULFH��>ZKLFK�DUH@�JURZQ�LQHYHU\�SDUW�RI�WKH�WHUULWRU\�ZKHUH�HQRXJK�VSDFH�IRU�FXOWLYDWLRQ�LV�DYDLODEOH��$OO�WKHKLOOV�DUH�FXOWLYDWHG�DQG�LW� LV�OLNHO\�WKDW�QRWKLQJ�LV�DEOH�WR�VSHHG�GRZQ�WKHSRSXODWLRQ�SUHVVXUH�>RQ�WKH�ODQG�UHVRXUFHV@��6RUJKXP�LV�SODQWHG�RQ�ULGJHV��WKHPRUH�GHILFLHQW�LV�WKH�GUDLQDJH�WKH�KLJKHU�DUH�WKH�ULGJHV«���7KH�GXUDWLRQ�RI�WKHIDOORZ�LV�YHU\�VKRUW�
,W�LV�ZRUWK�UHPHPEHULQJ�WKDW�WKH�NH\�FRQFHSWXDO�OLQHV�RI�WKH�ILUVW�DQG�PRVW�IDPRXV
,QWHJUDWHG�$JULFXOWXUDO�'HYHORSPHQW�3URMHFW�LPSOHPHQWHG�LQ�%RXNRPEp�LQ�WKH�VL[WLHV
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�������������WKH�VR�FDOOHG�µ3URMHW�6('$*5,� ZHUH�GUDZQ�RQ�WKH�EDVLV�RI�WKH
FRQFOXVLRQV�RI�WKLV�UHSRUW��$QG�LQGHHG��QR�DWWHQWLRQ�ZDV�JLYHQ�WR�WKH�LQGLJHQRXV�VRLO
FRQVHUYDWLRQ�WHFKQLTXHV�E\�WKH�SURMHFW�IROORZLQJ�PRUH�RU�OHVV�WKH�UHFRPPHQGDWLRQV�RI
WKH�VRLO�VFLHQWLVWV�)DXFN�DQG�0DLJQLHQ��7KH�SURMHFW�WKXV�SXW�DOO�LWV�HIIRUWV�LQWR�WKH
FRQVWUXFWLRQ�RI�FRQWRXU�EXQGV��µEDQTXHWWHV¶��PDGH�E\�PHDQV�RI�KHDYLO\�PHFKDQL]HG
HTXLSPHQWV�DQG�KLUHG�ORFDO�ODERXU��7KH�VHFRQG�ODUJHVW�DFWLYLW\�RI�WKH�SURMHFW�ZDV�WKH
GLVVHPLQDWLRQ�RI�WKH�XVH�RI�FKHPLFDO�IHUWLOL]HUV��,Q�VSLWH�RI�WKHVH�DFWLYLWLHV��WKH\�GLG
QRW�SUHYHQW�WKH�UHJLRQ�RI�VXIIHULQJ�RI�VHYHUH�IRRG�LQVXIILFLHQF\�LQ�WKH�ODWH�VHYHQWLHV
DQG�HDUO\�HLJKWLHV�

7KH�DSSURDFK�XVHG�LQ�WKH�SURMHFW�ILQGV�LWV�URRWV�LQ�WKH�0DOWKXVLDQ�YLHZ�WKDW
IDUPHUV�LQ�/'&V�DUH�XQDEOH�WR�VKRZ�VXIILFLHQW�FDSDFLW\�RI�LQQRYDWLYHQHVV�ZKHQ
FRQIURQWHG�ZLWK�SRSXODWLRQ�SUHVVXUH��GHJUDGDWLRQ�RI�QDWXUDO�UHVRXUFHV�DQG�FURS�\LHOG
GHFOLQH��7KLV�OLQH�RI�WKRXJKW�ZDV�IROORZHG�E\�DOPRVW�DOO�FRORQLDO�RIILFHUV�DQG�XQWLO�D
YHU\�UHFHQW�SHULRG�E\�DOPRVW�DOO�DJULFXOWXUDO�H[WHQVLRQ�DQG�UHVHDUFK�DGPLQLVWUDWLRQV�LQ
/'&V��7R�WKLV�YLHZ�ZDV�DOZD\V�RSSRVHG�WKH�%RVHUXSLDQ�YLHZ�RI�DJULFXOWXUDO
GHYHORSPHQW��DFFRUGLQJ�WR�ZKLFK�IDUPHUV�LQ�/'&V�DUH�H[WUHPHO\�µG\QDPLF¶��DQG�WKH
WHFKQLTXHV�DQG�PHWKRGV�WKH\�GHYHORS�WR�FRSH�ZLWK�VRLO�GHJUDGDWLRQ�DQG�FRUUHFW�IRU
FURS�\LHOG�GHFOLQH�DUH�WKH�PRVW�DSSURSULDWH�RQHV�ERWK�RQ�HFRQRPLF�DQG�VXVWDLQDELOLW\
JURXQGV��5LFKDUGV�������DQG�1DGHO�������FLWHG�E\�%RVHUXS��������5HLM�DQG�6FRRQHV�
�������7KH\�VWURQJO\�DUJXH�WKDW�ORFDO�LQYHQWLRQ�DQG�RQ�IDUP�SURGXFHG�FRQVHUYDWLRQ
LQSXWV�VKRXOG�EH�IDU�VXIILFLHQW�WR�LPSURYH�VLJQLILFDQWO\�ODQG�DQG�ODERU�SURGXFWLYLW\�LQ
WURSLFDO�DJULFXOWXUH��7KH�UHDVRQLQJ�LV�EDVHG�RQ�WKH�GHHS�URRWHG�EHOLHI�WKDW�³RXWSXW�RI
ODQG�UHVSRQGV�IDU�PRUH�JHQHURXVO\�WR�DQ�DGGLWLRQDO�LQSXW�RI�ODERXU�WKDQ�DVVXPHG�E\
QHR�0DOWKXVLDQ�DXWKRUV´�DV�VXJJHVWHG�E\�%RVHUXS��������S�����DQG�FRQVHTXHQWO\
� 6('$*5,�LV�WKH�QDPH�RI�WKH�)UHQFK�&RQVXOWDQF\�ILUP�ZKLFK�ZDV�LQ�FKDUJH�RI�WKH�LPSOHPHQWDWLRQ�RIWKH�SURMHFW��7KH�SURMHFW�ZDV�LPSOHPHQWHG���\HDUV�DIWHU�WKH�,QGHSHGHQFH�LQ������DQG�E\�WKDW�WLPH�WKH
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VXIILFLHQW�LQFUHDVH�LQ�IDUP�RXWSXW�FRXOG�EH�REWDLQHG�ZLWKRXW�DSSO\LQJ�ODUJH�TXDQWLWLHV
RI�LQGXVWULDO�LQSXWV�HYHQ�LQ�FDVH�RI�YHU\�UDSLG�UDWH�RI�SRSXODWLRQ�JURZWK��,W�LV�WKLV
DUJXPHQW�ZKLFK�JLYHV�ELUWK�LQ�WKH�ODVW�WZR�GHFDGHV�WR�WKH�FRQFHSW�RI�/RZ�([WHUQDO
,QSXW�$JULFXOWXUH��/(,$���7KLV�OLQH�RI�WKRXJKWV�KDYH�EHHQ�UHLQIRUFHG�LQ�WKH�HDUO\���V
RZLQJ�WR�ZRUOGZLGH�HPSLULFDO�HYLGHQFH�DERXW�VRLOV�DQG�HQYLURQPHQWDO�GDPDJH�FDXVHG
E\�WKH�H[FHVVLYH�XVH�RI�FKHPLFDO�IHUWLOL]HUV�DQG�SHVWLFLGHV��LUULJDWLRQ�ZDWHU�DQG
WUDFWRUL]DWLRQ��WKH�OLWHUDWXUH�UHSRUWV�PDQ\�H[DPSOHV�RI�ZDWHUORJJLQJ�DQG�VDOLQL]DWLRQ�
IHUWLOL]DWLRQ�DQG�SHVWLFLGH�FRQWDPLQDWLRQ�RI�ZDWHU��LQFUHDVLQJ�SHVW�UHVLVWDQFH�DQG
UHVXUJHQFH��KDELWDW�ORVV��VRLO�HURVLRQ�DQG�WDSHULQJ�RU�SHUKDSV�GHFOLQLQJ�\LHOG�SRWHQWLDO
�&RVWLQ�DQG�&RRPEV��������6LQJK��6LQJK�DQG�%DO��������6XEED�5DR��&KRZGU\�DQG
9HQNDWD�5HGG\��������&KRSUD��������5DQGDOO��������3LQJDOL�DQG�DO��������6FKHUU�DQG
+D]HOO��������)DQ�DQG�+D]HOO��������

5HFHQWO\��DQ�LQWHUPHGLDWH�OLQH�RI�WKRXJKWV�KDV�HPHUJHG�ZKLFK�VXJJHVWV�D
FRPELQDWLRQ�RI�ERWK�H[WUHPH�VFKRROV��$FFRUGLQJ�WR�WKH�QHZ�SURSRXQGHG�DSSURDFK�
VWUHQJWKHQLQJ�ERWK�DJULFXOWXUDO�SURGXFWLYLW\�DQG�VXVWDLQDEOH�UHVRXUFH�PDQDJHPHQW
UHTXLUHV�FRPSOHPHQWDULW\�LQ�WHFKQRORJ\�XVH��/RFDO�WHFKQLFDO�LQYHQWLRQ�VKRXOG�EH
FDWDO\]HG�DQG�VXSSRUWHG�DQG�WKLV�LV�SDUWLFXODUO\�QHFHVVDU\�LQ�OHVV�IDYRUHG�DUHDV�ZKHUH
QDWXUDO�FRQGLWLRQV�DUH�XQIDYRUDEOH�DQG�LQIUDVWUXFWXUH�SURYLVLRQ��URDGV��HGXFDWLRQ�
FRPPXQLFDWLRQV��UHVHDUFK�DQG�H[WHQVLRQ��HWF���RIWHQ�KLJKO\�LQVXIILFLHQW��6FKHUU�DQG
+D]HOO��RS��FLW����1HYHUWKHOHVV��LW�LV�DOVR�LPSOLFLWO\�RU�H[SOLFLWO\�DVVXPHG�WKDW
LQQRYDWLYHQHVV�RQ�WKH�SDUW�RI�WKH�IDUPHU�ZRXOG�KDYH�OLWWOH�LPSDFW�RQ�SURGXFWLYLW\
JURZWK�DQG�WKXV�LQ�FDVH�RI�UDSLG�SRSXODWLRQ�JURZWK�LW�ZRXOG�KDUGO\�HQVXUHV�IRRG
VHFXULW\��µ5DSLG�JURZWK�LQ�IRRG�RXWSXW�ZRXOG�EH�DFKLHYHG�RQO\�ZKHQ�IDUPHU�LQLWLDWHG
LQQRYDWLRQV�DUH�FRPSOHPHQWHG�E\�VFLHQFH��DQG�LQGXVWU\�EDVHG�LQSXWV��VXFK�DV�KLJK�
QDWLRQDO�DJULFXOWXUDO�H[WHQVLRQ�DQG�UHVHDUFK�DGPLQLVWUDWLRQ�ZDV�QRW�\HW�FUHDWHG�
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\LHOGLQJ�YDULHWLHV��IHUWLOL]HUV��SHVWLFLGHV��DQG�VLPLODU¶��3LQJDOL�DQG�%LQVZDQJHU�LQ�/HH
HW�DO���������

7KH�DERYH�GLVFXVVLRQV�VXJJHVW�WKDW�LW�VHHPV�UDWLRQDO�WR�VWDUW�DOZD\V�E\
H[SORULQJ�WKH�SRWHQWLDOLW\�RI�WKH�ORFDO�WHFKQLFDO�NQRZOHGJH�DQG�LQYHQWLRQ��VLQFH�WKH\
DUH�OLNHO\�WR�EH�WKH�PRVW�DFFHVVLEOH�RQHV��DQG�WKHQ�PRYH�IXUWKHU�RQO\�ZKHQ�WKHLU
FDSDFLW\�LQ�HQKDQFLQJ�IDUP�RXWSXW�LV�IXOO\�DVVHVVHG��%\�DGRSWLQJ�VXFK�VHTXHQFH�LQ
SROLF\�LPSOHPHQWDWLRQ��LW�PLJKW�OLNHO\�EH�SRVVLEOH�WR�ILQG�DQ�RSWLPDO�PL[�RI
DGGLWLRQDO�QHZ�PHWKRGV��WHFKQLTXHV�DQG�WRROV�DW�PRUH�IDYRUDEOH�SULYDWH�DQG�VRFLDO
FRVWV�EHQHILWV�UDWLR��%XQFK�DQG�/RSH]��������UHSRUW�H[DPSOHV�RI�H[WHQVLRQ�SURJUDPV
LQ�KLOO\�PRXQWDLQRXV�DUHDV�RI�&HQWUDO�$PHULFD�ZKLFK�KDYH�DWWHPSWHG�WR�DFFHOHUDWH�WKH
SURFHVV�RI�DJULFXOWXUDO�LQWHQVLILFDWLRQ�E\�VWUHQJWKHQLQJ�ORFDO�FDSDFLW\�IRU�LQQRYDWLRQV
�DWWLWXGHV��LQVWLWXWLRQV��VNLOOV�LQ�H[SHULPHQWDWLRQ��UDWKHU�WKDQ�IRFXV�RQ�WHFKQRORJ\
LQWURGXFWLRQ��8QIRUWXQDWHO\��WRROV�IRU�DVVHVVLQJ�WKH�SHUIRUPDQFH�RI�WKH�IDUPHU�
LQLWLDWHG�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�UHPDLQ�YHU\�ZHDNO\�GHYHORSHG�DQG�HPSLULFDO
HYLGHQFH�VWLOO�UDUH��%RVHUXS��������6FKHUU�DQG�+D]HOO��������DOWKRXJK�LW�LV�JHQHUDOO\
DVVXPHG�WKDW�WKH\�LPSURYH�WKH�SURGXFWLYLW\�RI�WKH�ODQG�

,Q�VHFWLRQ���ZH�HODERUDWH�DQ�HPSLULFDO�DVVHVVPHQW�RI�WKH�LPSDFW�RI�WKH
WUDGLWLRQDO�ODQG�LPSURYLQJ�WHFKQLTXHV�E\�XVLQJ�SORW�OHYHO�GDWD�GHULYHG�IURP�D
TXHVWLRQQDLUH�VXUYH\�FRQGXFWHG�LQ������LQ�%RXNRPEp��1RUWKZHVW�RI�%HQLQ��
5HJUHVVLRQ�UHVXOWV�LQGLFDWH�WKDW�PRVW�RI�WKHVH�WHFKQLTXHV�GR�\LHOG�KLJK�UHWXUQV�EXW
RQO\�ZKHQ�RQH�FRUUHFWV�IRU�KRXVHKROG�IL[HG�HIIHFWV��)LUVW��KRZHYHU��ZH�GLVFXVV�WKH
FKDUDFWHULVWLFV�RI�WKH�LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV�LQ�WKH
%RXNRPEp�UHJLRQ�LQ�1RUWKZHVW�%pQLQ�
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���&KDUDFWHULVWLFV�DQG�DGRSWLRQ�RI�WKH�LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ
WHFKQLTXHV�LQ�%RXNRPEp�

2QO\�YHU\�UHFHQWO\��ZLWK�WKH�VWDUW�RI�WKH�:RUOG�%DQN�SURMHFW�3*51��3URMHW�GH
*HVWLRQ�GHV�5HVVRXUFHV�1DWXUHOOHV��LQ�������KDYH�LQGLJHQRXV�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�WHFKQLTXHV�EHHQ�SXW�RQ�WKH�DJULFXOWXUDO�UHVHDUFK�DQG�H[WHQVLRQ�DJHQGD�LQ
WKH�%RXNRPEp�UHJLRQ�7KH�%pQLQ�DJULFXOWXUDO�DGPLQLVWUDWLRQ�KDV�DOZD\V�EHHQ�UHOXFWDQW
WR�LQLWLDWH�UHVHDUFK�RQ�WUDGLWLRQDO�ODQG�LPSURYLQJ�WHFKQLTXHV�LQ�WKLV�DUHD��7KLV
UHOXFWDQFH�LV�OLNHO\�IXOO\�LQ�OLQH�ZLWK�WKH�UHFRPPHQGDWLRQV�RI�)DXFN�DQG�0DLJQLHQ
�RS��FLW���

7KH�3*51�SURMHFW�KDV�FRQGXFWHG�D�ODUJH�VWXG\�RQ�WKH�LQGLJHQRXV�6:&
WHFKQLTXHV�LQ�%RXNRPEp�LQ�������.RGMR�HW�DO� �������+RZHYHU��GHWDLOHG�GDWD�RQ�WKH
UDWH�DQG�LQWHQVLW\�RI�DGRSWLRQ�DV�ZHOO�DV�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKHVH�WHFKQLTXHV
KDYH�QRW�EHHQ�UHSRUWHG��,Q�RUGHU�WR�DVVHVV�WKHVH�LPSRUWDQW�DVSHFWV�DQG�DOVR�WR�HYDOXDWH
WKH�SRWHQWLDO�RI�WKHVH�WHFKQLTXHV�LQ�HQKDQFLQJ�IDUP�RXWSXW��ZH�XVHG�DQ�LQ�GHSWK
VXUYH\�DPRQJ�����UDQGRPO\�VHOHFWHG�IDUP�KRXVHKROGV�LQ�IRXU�YLOODJHV��7DNRXDQWD�
2NRXDUR��.RXQDNRJRX�DQG�.RXWDJRX���9LOODJH�VXUYH\V��35$��ZHUH�FRQGXFWHG�LQ
-XO\�$XJXVW������VXSSOHPHQWHG�E\�D�TXHVWLRQQDLUH�VXUYH\�LQ�-DQXDU\�)HEUXDU\������
'DWD�RQ�KRXVHKROG�FKDUDFWHULVWLFV��SURGXFWLRQ�V\VWHPV�DQG�VRLO�FRQVHUYDWLRQ�DFWLYLWLHV
ZHUH�FROOHFWHG�IRU�WKH�FURS�VHDVRQ������������7DEOH���EULHIO\�GHVFULEHV�WKH�SURGXFWLYH
UHVRXUFH�HQGRZPHQWV�DQG�WKH�PDMRU�VRXUFHV�RI�LQFRPH�RI�WKH�KRXVHKROGV�LQFOXGHG�LQ
WKH�VWXG\�VDPSOH��7KH�YDVW�PDMRULW\�RI�WKH�KRXVHKROGV�UHO\�PDLQO\�RQ�FURS�SURGXFWLRQ
IRU�WKHLU�VXEVLVWHQFH��7KH�PDUNHW�YDOXH�RI�WKH�DQQXDO�JURVV�RXWSXW�IURP�WKDW�DFWLYLW\�LV
ORZ��)&)$���������RU�86���������RQ�DYHUDJH���+RZHYHU��PRVW�RI�WKH�KRXVHKROGV�DUH
DOVR�HQJDJHG�LQ�VPDOO�VFDOH�OLYHVWRFN�IDUPLQJ��JXLQHD�IRZO��SRXOWU\��SLJ��GXFN��HWF���
$ERXW�RQH�WKLUG�RI�WKH�KRXVHKROGV�DOVR�HDUQ�DGGLWLRQDO�LQFRPH�IURP�WKH�VDOHV�RI



�

JDWKHULQJ�SURGXFWV�DQG�IUXLWV��ILUHZRRG��VKHD�QXWV��FDVKHZ�QXWV��PDQJRHV��HWF����QRQ�
IDUP�HPSOR\PHQW��SRWWHU\��VPDOO�VFDOH�SURFHVVLQJ�RI�JDWKHULQJ�SURGXFWV�DQG
DJULFXOWXUDO�FURSV��DQG�UHPLWWDQFHV��0DQ\�KRXVHKROGV�RZQ�VRPH�JRDWV��VKHHS�RU�FDWWOH
PDLQO\�IRU�FRQVXPSWLRQ�VPRRWKLQJ�SXUSRVHV��DERXW�����RZQ�����JRDWV�RU�VKHHS�DQG
����KDYH���FDWWOH��RQ�DYHUDJH��8QWLO�UHFHQWO\��RIILFLDO�VRXUFHV�RIWHQ�TXDOLILHG�WKH
HFRQRPLF�VLWXDWLRQ�LQ�%RXNRPEp�DV�DEVROXWHO\�GHVSHUDWH��WKLV�YLHZ�ZDV�FRPPRQO\
VKDUHG�LQ�WKH�VL[WLHV�DQG�VHYHQWLHV��,QGHHG��KRXVHKROGV�LQ�WKH�DUHD�IDFH�D�SDUWLFXODUO\
KRVWLOH�QDWXUDO�HQYLURQPHQW��WKH�WRWDO�DUHD�RI�WKH�VXE�SUHIHFWXUH�LV������VT��NP�RI
ZKLFK�RQO\�RQH�WKLUG�LV�FXOWLYDEOH�IRU�D�WRWDO�SRSXODWLRQ�HVWLPDWHG�DW��������LQ�����
�,16$(��������%DEDWRXQGp�DQG�6RXQNRXD��������&$5'(5���������0RVW�RI�WKH�VRLOV
DUH�YHU\�URFN\�DQG�LQFUHDVHG�SRSXODWLRQ�SUHVVXUH�KDV�VXEVWDQWLDOO\�UHGXFH�WKH�TXDOLW\
RI�D�ODUJH�SURSRUWLRQ�RI�WKH�FXOWLYDEOH�ODQG�

,Q�WKH�VL[WLHV�DQG�HDUO\�VHYHQWLHV��UHVHWWOHPHQW�SURJUDPV�KDYH�HYHQ�EHHQ
LQLWLDWHG�LQ�RUGHU�WR�UHPRYH�SDUW�RI�WKH�SRSXODWLRQ�IURP�WKH�PRVW�KRVWLOH�IULQJHV�RI�WKH
UHJLRQ��EXW�PRVW�RI�WKHVH�LQLWLDWLYHV�KDYH�IDLOHG��PDQ\�SHRSOH�UHIXVHG�WR�OHDYH�WKH\
KRPHODQG��1DWWD���������,Q�WKH�VHFRQG�KDOI�RI�WKH�����V��RIILFLDO�VRXUFHV�LQGLFDWH�DQ
LPSURYHPHQW�LQ�WKH�JURZWK�RI�WKH�FHUHDO�SURGXFWLRQ�DQG�WKLV�KDV�UHQHZHG�WKH�LQWHUHVW
RI�SROLF\�PDNHUV�LQ�WKH�DJULFXOWXUDO�SRWHQWLDO�RI�WKH�DUHD��2IWHQ��WKUHH�UHDVRQV�DUH
FRPPRQO\�VWUHVVHG�WR�H[SODLQ�WKH�UHFHQW�WUHQGV��)LUVW��WKHUH�KDV�EHHQ�D�GUDPDWLF
LQFUHDVH�LQ�WKH�DGRSWLRQ�UDWH�RI�PDL]H��ZKLFK�LV�EHLQJ�VXEVWLWXWHG�IRU�VRPH�WUDGLWLRQDO
FURSV�VXFK�DV�KXQJU\�ULFH��WKH�DUHD�RI�PDL]H�KDV�EHHQ�PXOWLSOLHG�E\�D�IDFWRU�RI���
EHWZHHQ������DQG�������6HFRQG��WKHUH�KDV�EHHQ�D�KLJK�LQFUHDVH�LQ�WKH�UDWH�RI
DSSOLFDWLRQ�RI�PLQHUDO�IHUWLOL]HUV��LQ��������������NJ�RI�IHUWLOL]HUV�ZHUH�SXUFKDVHG�LQ
WKH�VXE�SUHIHFWXUH�ZKLOH�LQ������RQO\��������NJ�ZHUH�XVHG��7KLUG��D�ODUJH�DGRSWLRQ�RI
DQLPDO�WUDFWLRQ�KDV�EHHQ�UHFRUGHG�LQ�UHFHQW�\HDUV�LQ�WKH�PRVW�IHUWLOH�DUHDV�RI�WKH�VXE�
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SUHIHFWXUH��WKH�QXPEHU�RI�R[�SORXJKV�ZDV�����LQ������ZKLOH�RQO\���R[HQ�FRXOG�EH
IRXQG�LQ�WKH�DUHD�LQ��������&$5'(5�������������$GpJELGL�HW�DO�������

,Q�WKH�IUDPHZRUN�RI�WKLV�UHVHDUFK��ZH�IRXQG�WKDW�PDQ\�LQGLJHQRXV�6:&
WHFKQLTXHV�DUH�DW�WKH�KHDUW�RI�WKH�IDUPLQJ�V\VWHPV�LQ�WKH�VWXG\�DUHD�DQG��WKHUHIRUH��ZH
SRVWXODWHG�WKDW�WKH\�PD\�DOVR�KDYH�DIIHFWHG�WKH�SHUIRUPDQFH�RI�WKH�DJULFXOWXUDO
SURGXFWLRQ��,QGHHG��LQ�DOO�IRXU�YLOODJHV��IDUPHUV�ZHUH�IRXQG�WR�EH�ZHOO�DFFXVWRPHG�WR
WKH�EURDG�SDWWHUQV�RI�WUDGLWLRQDO�ODQG�LPSURYLQJ�WHFKQLTXHV�REVHUYHG�LQ�PRVW�RI�WKH
KLOO\�PRXQWDLQRXV�DUHDV�DURXQG�WKH�ZRUOG��VWUXFWXUDO�FRQVHUYDWLRQ�PHDVXUHV��WLH�
ULGJLQJ�DQG�ULGJLQJ��ZDWHU�FDWFKPHQWV��DQG�ELRORJLFDO�PHDVXUHV��XVH�RI�PDQXUH�
IDOORZLQJ�DQG�FURS�VHTXHQFLQJ���7DEOH���JLYHV�WKH�UDWH�DQG�WKH�LQWHQVLW\�RI�DGRSWLRQ�RI
HDFK�RI�WKHVH�WHFKQLTXHV�SHU�YLOODJH��:H�DOVR�VKRZ�LQ�WKH�VDPH�WDEOH�WKH�OHYHO�RI
DSSOLFDWLRQ�RI�WKH�H[RJHQRXV�6:&�WHFKQRORJLHV�LQWURGXFHG�E\�WKH�H[WHQVLRQ�DQG
UHVHDUFK�DGPLQLVWUDWLRQ�DV�ZHOO�DV�SURMHFWV� ILQDQFHG�PDLQO\�E\�LQWHUQDWLRQDO
RUJDQL]DWLRQV��WKHVH�LQFOXGH�PDLQO\�FRQWRXU�EXQGV��FRQWRXU�SORXJKLQJ��WUHH�SODQWLQJ�
FRPSRVWV��PLQHUDO�IHUWLOL]HUV��DQG�UHFHQWO\�FRQVWUXFWLRQ�RI�OLYH�EDUULHUV��PDGH�RI
YHWLYHULD�]L]DQRLGHV��KDV�DOVR�EHHQ�WHVWHG��:H�GLVFXVV�HDFK�RI�WKHVH�WHFKQLTXHV�LQ�WXUQ�
IRFXVLQJ�SDUWLFXODUO\�RQ�WKH�LQGLJHQRXV�WHFKQLTXHV�
6WRQH�EXQGV

7ZR�YDULDQWV�RI�WKLV�GHYLFH�DUH�DSSOLHG�LQ�WKH�DUHD�DQG�NQRZQ�XQGHU�WKH ORFDO
QDPHV�\LNRXDWL DQG�\HNRWULQGLH��7KH\�DUH�XVXDOO\�IRXQG�LQ�YLOODJHV�ZKHUH�URFN\�VRLOV
DUH�SUHGRPLQDQW��QDPHO\�.RXWDJRX�DQG�7DNRXDQWD��,Q�WKHVH�WZR�YLOODJHV���
UHVSHFWLYHO\�����RI�WKH�SORWV�KDYH�VWRQH�EXQGV��7KH�ILUVW�YDULDQW��\LNRXDWL��LV�WKH
XVXDO�W\SH�RI�VWRQH�EXQGV�DQG�WKH�PRVW�SRSXODU��VHH�ILJXUH�$���LQ�DSSHQGL[�$���7KH
� 7KH� IROORZLQJ� SURMHFWV� ZHUH� LPSOHPHQWHG� WR� SUHYHQW� VRLO� DQG� HQYLURQPHQWDO� GHJUDGDWLRQ� LQ%RXNRPEp�� � 6('$*5,� >���������@�� 8162� >���������@�� 81'3�)$2� >���������@�� 3*51� >�����
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GLUHFWLRQ�RI�WKH�EXQGV�RQ�D�JLYHQ�SORW�GHSHQGV�RQ�WKH�VLWH�VSHFLILF�FRQGLWLRQV�DV
DSSUHFLDWHG�E\�WKH�IDUPHU��KRZHYHU��IRU�WKH�PDMRULW\�RI�WKH�SORWV��������WKH�EXQGV�DUH
SDUDOOHO�WR�WKH�VORSH��RQ�WKH�UHPDLQLQJ�SORWV��HLWKHU�WKH�EXQGV�DUH�SHUSHQGLFXODU�WR�WKH
VORSH�������RU�WKHUH�LV�QR�SUHGRPLQDQW�GLUHFWLRQ��������LQ�WKH�ODWWHU�FDVH��SDUDOOHO�DV
ZHOO�DV�SHUSHQGLFXODU�EXQGV�FDQ�EH�REVHUYHG�RQ�WKH�VDPH�SORW��2Q�DYHUDJH��D�EXQG�LV
QRW�KLJKHU�WKDQ�������FP�DQG�WKH�GLVWDQFH�EHWZHHQ�WKH�EXQGV�GRHV�QRW�H[FHHG���P�
H[FHSW�RQ�YHU\�VWHHS�SORWV�ZKHUH�WKH�GLVWDQFH�LV�W\SLFDOO\�VPDOOHU��3ODQWV�DUH�JURZQ
EHWZHHQ�WKH�EXQGV�E\�XVLQJ�YDULRXV�ULGJLQJ�WHFKQLTXHV��7KH�VHFRQG�YDULDQW�RI�VWRQH
EXQG��\HNRWULQGLH�� LV�IRXQG�RQO\�LQ�VSHFLILF�DUHDV�PRVWO\�RQ�YHU\�URFN\�VRLOV�DW�WKH
VXPPLWV�RI�WKH�PRXQWDLQV�ZKHUH�WKH�XVXDO�VWRQH�EXQGV��\LNRXDWL��FDQ�KDUGO\�EH
FRQVWUXFWHG��VHH�ILJXUH�$���LQ�DSSHQGL[�$���,Q�WKLV�YDULDQW��WKH�SORW�LV�FOHDUHG�RI�VWRQHV
DQG�GLYLGHG�LQ�VPDOO�SLHFHV�VXUURXQGHG�ZLWK�VWRQH�ZDOOV��0RVW�RI�WKHVH�SLHFHV�RI�SORW
KDYH�D�UHFWDQJXODU�IRUP��KRZHYHU��IHZ�FDVHV�RI�FLUFXODU�IRUP�DUH�DOVR�UHSRUWHG��WKH
DYHUDJH�OHQJWK�LV�����PHWHUV�IRU�����PHWHUV�ZLGWK��7KH�KHLJKW�RI�WKH�ZDOO�GRHV�QRW
H[FHHG�������FP�RQ�DYHUDJH��7KH�SODQW�DUH�JURZQ�LQ�WKH�VSDFH�FUHDWHG�LQVLGH�WKHVH
SLHFHV�RI�SORW��7KH�UHDVRQLQJ�EHKLQG�WKLV�GHYLFH�LV�WKDW�ZDWHU�ZLOO�EH�WUDSSHG�DQG�LWV
LQILOWUDWLRQ�ZLOO�EH�IDFLOLWDWHG��1HZO\�FRQVWUXFWHG�EXQGV�FDQ�KDUGO\�EH�IRXQG�LQ
%RXNRPEp��PRVW�RI�WKH�IDUPHUV�KDYH�LQKHULWHG�WKH�EXQGV�IURP�WKHLU�SDUHQWV�WRJHWKHU
ZLWK�WKH�SORWV��+RZHYHU��LQ�UHFHQW�\HDUV�PDQ\�FDVHV�RI�UHFRQVWUXFWLRQ�RI�EXQGV�DUH
UHSRUWHG�DQG�WKH\�KDYH�EHHQ�PRWLYDWHG�E\�WKH�LQFUHDVH�LQ�WKH�UDLQIDOO�LQWHQVLW\�DQG
ODQG�VFDUFLW\��D�UHFRQVWUXFWLRQ�ZRUN�FRQVLVWV�LQ�FKDQJLQJ�WKH�RULHQWDWLRQ��GLUHFWLRQ��RI
WKH�EXQGV��LW�FRXOG�DOVR�PHDQV�D�UHPRYDO�RI�VRPH�EXQGV�LQ�RUGHU�WR�UHFRYHU�PRUH
FXOWLYDEOH�ODQG�ZKLOH�WKH�KHLJKW�RI�WKH�UHPDLQLQJ�EXQGV�LV�LQFUHDVHG��7KH�PDLQWHQDQFH
����@��3,/6$�>���������@��619�>�����XS�WR�QRZ@��6DVDNDZD�*OREDO������>���������@��� 7KLV�VHFRQG�YDULDQW�LV�DOVR�JLYHQ�WKH�QDPH�µQLGV�G¶DEHLOOHV¶ �µKRQH\FRPE�ZHDYH¶��E\�WKH�UHVHDUFK�XQLWRI�,15$%��,QVWLWXW�1DWLRQDO�GHV�5HFKHUFKHV�$JULFROHV�GX�%pQLQ��ZKR�GLG�WKH�LQYHQWRU\�RI�WKH�ODQGFRQVHUYDWLRQ�WHFKQLTXHV�LQ�SDUWQHUVKLS�ZLWK�WKH�:RUOG�%DQN�3URMHFW��3*51��3URMHW�GH�*HVWLRQ�GHV
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RI�WKH�VWRQH�EXQGV�LV�GRQH�RQ�D�\HDUO\�EDVLV�E\�KDQG�XVLQJ�DQ�D[H��,W�UHTXLUHV�PRVWO\
ODERU�LQSXWV�����PDQ�GD\V�SHU�KHFWDUH��RQ�DYHUDJH����,W�KDV�RIWHQ�EHHQ�REVHUYHG�WKDW
PDQ\�IDUPHUV�DGG�VDQG�RU�ZLOG�JUDVV��DIWHU�ZHHGLQJ��WR�WKH�EXQGV�WR�PDNH�WKHP
ORQJHU�ODWLQJ�

7KH�IXQFWLRQV�RI�WKH VWRQH�EXQGV��DV�SHUFHLYHG�E\�WKH�IDUPHUV��DUH�WKUHH��)LUVW�
LW�LV�D�PHDQV�WR�VSHHG�GRZQ�WKH�UXQ�RII��6HFRQG��LW�KHOSV�IRU�FOHDULQJ�WKH�ODQG�IURP
VWRQHV��7KLUG��LW�VHFXUHV�SURSHUW\�ULJKWV�RQ�WKH�ODQG�
7LH�ULGJLQJ�DQG�ULGJLQJ

7LH�ULGJLQJ�DQG�ULGJLQJ�DUH�ZLGHO\�XVHG�LQ�DOO�WKH�VWXG\�YLOODJHV�DQG�PLJKW�EH
VHHQ�DV�WKH�PRVW�SRSXODU�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXH�LQ�WKH�UHJLRQ��,W�LV
EURDGO\�XVHG�DQG�PRUH�HODERUDWHG�LQ�WKH�SODLQV�ZKHUH�JUDYHOO\�VRLOV�DQG�OLJKW�WR�KLJK
VORSHV DUH�SUHGRPLQDQW��.RXQDNRJRX���0RVW�RI�WKH�FURSV�DUH�SODQWHG�RQ�ULGJHV�H[FHSW
\DP�ZKLFK�LV�JURZQ�RQ�PRXQGV��LQ�WKH�ERWWRPODQGV��

7ZR�YHUVLRQV�RI�WKH�WLH�ULGJLQJ�WHFKQLTXHV�DUH�DYDLODEOH��7KH�ILUVW�RQH�LV
NQRZQ�XQGHU�WKH�ORFDO�QDPH�µVSHQSHQ¶���LQ�WKLV�YHUVLRQ��PRVW�RI�WKH�ULGJHV�DUH�SDUDOOHO
WR�WKH�VORSH�EXW�WKH\�DUH�LQWHUVHFWHG�E\�D�FHUWDLQ�QXPEHU�RI�EXQGV�ZKLFK�DUH
SHUSHQGLFXODU�WR�WKH�VORSH��VHH�ILJXUH�$���LQ�DSSHQGL[�$���7KH�KLJKHU�WKH�OHQJWK�RI�WKH
VORSH��WKH�PRUH�SHUSHQGLFXODU�EXQGV�DUH�FRQVWUXFWHG��,I�VWRQHV�DUH�DYDLODEOH�RQ�WKH
SORW�RU�FDQ�EH�IRXQG�LQ�LWV�QHLJKERUKRRG��WKH\�FDQ�EH�XVHG�WR�UHLQIRUFH�WKH�EXQGV��,Q
VRPH�DUHDV��SODQWV�DUH�DOVR�JURZQ�RQ�WKH�EXQGV��$FURVV�DOO�YLOODJHV�����SHUFHQW�RI�WKH
5HVVRXUFHV�1DWXUHOOHV��� 7KH�DYHUDJH�ODERU�UHTXLUHPHQWV�IRU�WKH�PDLQWHQDQFH�LV�HVWLPDWHG�RQ�D�SORW�EDVLV�DQG�WKLV�UHSUHVHQWVWKH�DYHUDJH�IRU�HDFK�RU�ERWK�YDULDQWV�RI�VWRQH�EXQGV��\LNRXDWL�DQG�RU \HNRWULQGLH���1RWH�WKDW�ERWK�RI�WKHLQGLFDWHG�YDULDQWV�RI�VWRQH�EXQGV��DUH�RIWHQ�FRPELQHG�RQ�PRVW�RI�WKH�SORWV��WKH�QXPEHU�RI�SORWV�ZLWKRQO\�\HNRWULQGLH DUH�YHU\�IHZ��EXW�LWV�PDLQWHQDQFH�RIWHQ�UHTXLUHV�PRUH�ODERU�������WLPHV�WKH�LQGLFDWHGDYHUDJH�LI�RQH�FRQVLGHUV�RQO\�WKH�SRUWLRQ�RI�ODQG�RFFXSLHG�E\�WKLV�GHYLFH��� 7KLV�GHYLFH�LV�FDOOHG�µELOORQQDJH�FORLVRQQp¶�LQ�)UHQFK�
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SORWV�KDYH�WKH�ILUVW�W\SH�RI�WLH�ULGJLQJ��RI�ZKLFK�PRVW�FDQ�EH�IRXQG�RQ�SORWV�LQ
.RXQDNRJRX�����SHUFHQW��

7KH�VHFRQG�YHUVLRQ�RI�WLH�ULGJLQJ�LV�RIWHQ�IRXQG�RQ�VWHHS�SORWV�DQG�FDQ�EH
IRXQG�RQ���SHUFHQW�RI�WKH�SORWV��VHH�ILJXUH�$���LQ�DSSHQGL[�$����/LNH�WKH�IRUPHU
YHUVLRQ��WKH�ULGJHV�DUH�DOVR�SDUDOOHO�WR�WKH�VORSH��KRZHYHU��WKHUH�DUH�DW�OHDVW�WZR�URZV
RI�ULGJHV�RQ�HDFK�SORW�LQVWHDG�RI�RQH�URZ�DV�REVHUYHG�LQ�WKH�SUHYLRXV�YHUVLRQ��7KLV
JLYHV�WKH�SRVVLELOLW\�WR�XVH�DQ\�ULGJH�IURP�D�JLYHQ�URZ�WR�WLH�XS�WZR�VXFFHVVLYH�ULGJHV
LQ�WKH�QHLJKERULQJ�URZ��7KLV�YHUVLRQ�PLJKW�KDYH�EHHQ�GHYHORSHG�LQ�UHFHQW�\HDUV�WR
UHSODFH�WKH�WUDGLWLRQDO�W\SH�RI�ULGJLQJ�RIWHQ�XVHG�RQ�KLJK�VORSHV�LQ�WKH�DUHD�
WUDGLWLRQDOO\��WKH�ULGJHV�FRQVWUXFWHG�RQ�KLJK�VORSHV�LQ�WKH�DUHD�ZHUH�DOZD\V�SDUDOOHO�WR
WKH�VORSH��WKHUH�ZDV�QR�WLH�ULGJLQJ�LQ�VXFK�SORWV��7KH�UHDVRQLQJ�EHKLQG�WKH�XVH�RI
SDUDOOHO�ULGJHV�LV�WKDW�SOXYLDO�ZDWHUV�ZLOO�TXLFNO\�EH�HYDFXDWHG�DORQJ�WKH�IXUURZV�DQG
WKH�SODQWV�ZLOO�EH�SURWHFWHG��6LPLODU�UHDVRQLQJ�H[SODLQV�ZK\�PRVW�RI�WKH�ULGJHV�IRXQG
LQ�WKH�DUHD�DUH�SDUDOOHO�WR�WKH�VORSH�DQG�QRW�SHUSHQGLFXODU�DV�UHFRPPHQGHG�E\
H[WHQVLRQ�DQG�UHVHDUFK�ZRUNHUV��7KH�VZLWFK�WR�WLH�ULGJLQJ�PLJKW�KDYH�EHHQ�PRWLYDWHG
E\�WKH�JUDGXDO�LQFUHDVH�LQ�WKH�UDLQIDOO�LQWHQVLW\�LQ�UHFHQW�GHFDGHV��+RZHYHU��LW�FDQ�DOVR
EH�YLHZHG�DV�DQ�DGDSWDWLRQ�RI�WKH�UHFRPPHQGDWLRQ�RI�WKH�H[WHQVLRQ�DGPLQLVWUDWLRQ�
7KHUH�LV�DOVR�DQ�LQFUHDVLQJ�QXPEHU�RI�SORWV�RQ�ZKLFK�SHUSHQGLFXODU�ULGJHV�FDQ�EH
IRXQG�

8QOLNH�WKH�VWRQH�EXQGV��RU�ZDWHU�FDWFKPHQWV��VHH�IXUWKHU���WKH�ULGJHV�DUH�IXOO\
UHFRQVWUXFWHG�HYHU\�\HDU��7KH�UHFRQVWUXFWLRQ�ZRUN�FRQVLVWV�LQ�UHPRYLQJ�WKH�ROG�ULGJHV
DQG�EXLOGLQJ�QHZ�RQHV�LQ�WKH�IXUURZV��L�H��HYHU\�\HDU��ULGJHV�DUH�VXEVWLWXWHG�IRU
IXUURZV���7LOODJH�DQG�ULGJLQJ�DUH�RIWHQ�GRQH�VLPXOWDQHRXVO\��FRQVHTXHQWO\�LW�LV
XQOLNHO\�WKDW�D�GLVWLQFWLRQ�FDQ�EH�PDGH�EHWZHHQ�ODERU�LQSXWV�IRU�WLOODJH�DQG�ULGJLQJ�
� ,W�LV�FDOOHG�µELOORQQDJH�HQ�TXLQFRQFH¶ LQ�)UHQFK
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0RVW�RI�WKH�IDUPHUV�GR�QRW�SHUFHLYH�WKH�DERYH�GHVFULEHG�SK\VLFDO�PHDVXUHV��VWRQH
EXQGV��WLH�ULGJLQJ�DQG�ULGJLQJ��DV�KDYLQJ�D�GLUHFW�HIIHFW�RQ�WKH�\LHOG��5DWKHU��WKH\
YLHZ�WKHP�DV�D�PHDQV�WR�FRQWURO�WKH�UXQ�RII�DQG�LPSURYH�WKH�SURFHVV�RI�ZDWHU
LQILOWUDWLRQ�DQG�WKXV�ZDWHU�XSWDNH�E\�WKH�SODQWV��&RQVHTXHQWO\��WKH�HIIHFW�RQ�WKH�\LHOGV
PLJKW�EH�LQGLUHFW��+RZHYHU��WKHLU�HIIHFW�RQ�WKH�WRWDO�IDUP�RXWSXW�PLJKW�EH�JUHDW�VLQFH
WKH\�PDNH�SRVVLEOH�WR�EULQJ�XQGHU�FXOWLYDWLRQ�WKH�ODQG�ZKLFK��RWKHUZLVH��FDQ�QHYHU�EH
FXOWLYDWHG��WKH�VR�FDOOHG�µPDUJLQDO�ODQG¶��
:DWHU�FDWFKPHQW

,W�LV�D�ZHOO�NQRZQ�GHYLFH�LQ�DOO�YLOODJHV�ZKHUH�OLJKW�WR�VWHHS�VORSHV�DUH
SUHGRPLQDQW��:DWHU�FDWFKPHQWV�FDQ�EH�IRXQG�LQ����SHUFHQW�RI�WKH�KRXVHKROGV�DQG�RQ
��SHUFHQW�RI�WKH�SORWV��7KH\�DUH�FRQVWUXFWHG�QHDU�WKH�FRPSRXQG��WDWD��RI�WKH�IDUPHU
DQG�LW�LV�PDLQO\�GHVLJQHG�WR�UHFHLYH�WKH�IOXYLDO�ZDWHUV��VHH�ILJXUH�$���LQ�DSSHQGL[�$��
7KH�WZR�HOHPHQWV�RI�WKLV�GHYLFH�DUH�D�FDQDO�FRQQHFWHG�WR�D�EDVLQ��ZLWK�UDLVHG�ERUGHUV��
7KH�OHQJWK�RI�WKH�FDQDO�LV�YDULDEOH�GHSHQGLQJ�RQ�WKH�VORSH�OHQJWK����PHWHUV��RQ
DYHUDJH���7KH�GLDPHWHU�RI�WKH�EDVLQ�LV�DURXQG�����PHWHUV�IRU������PHWHUV�GHSWK��7KH
ROGHVW�FDWFKPHQW�ZDV�EXLOW�LQ������DQG�WKH�PRVW�UHFHQW�RQH�LQ������IRU�RXU�VDPSOH�
2Q�DYHUDJH��LW�FRVWV��������PDQ�GD\V�WR�EXLOG�D�FDWFKPHQW��KRZHYHU��WKH�FRQVWUXFWLRQ
ZRUN�LV�YHU\�KDUG�DQG�FDQ�ODVW�PDQ\�PRUH�GD\V�RQ�URFN\�VRLOV��7KH�FDWFKPHQW�LV
PDLQWDLQHG�HYHU\�\HDU�DQG�WKLV�UHTXLUHV�����PDQ�GD\V��&RQVWUXFWLRQ�DV�ZHOO�DV
PDLQWHQDQFH�ZRUNV�DUH�GRQH�E\�KDQG�XVLQJ�KRH��PDWWRFN�DQG�YDULRXV�PDNHVKLIW
LQVWUXPHQWV�WR�UHPRYH�WKH�VDQG�RXW�RI�WKH�EDVLQ�

7KH�ZDWHU�FDWFKPHQW�LV�FDOOHG�GLNRQRQNRWUL RU�GLNRQRQNRXD�E\�WKH�YLOODJHUV��
,W�LV�GHVLJQHG�WR�DYRLG�GHVWUXFWLRQ�RI�WKH�KRPHVWHDGV��WDWD��E\�SURWHFWLQJ�DJDLQVW
� 7KLV�GHYLFH�KDV�EHHQ�JLYHQ�WKH�QDPH�µFROOHFWHXU�G¶HDX¶
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IORRGLQJ�QRW�RQO\�WKH�KRPHVWHDG�RI�WKH�RZQHU�EXW�DOVR�WKH�QHLJKERXULQJ�KRPHVWHDGV�
KRZHYHU��LWV�PDMRU�HIIHFW�LV�WR�FRQWULEXWH�WR�VSHHG�GRZQ�WKH�UXQ�RII�RQ�WKH�SORWV�QH[W
WR�WKH�KRPHVWHDG��KRPH�JDUGHQV���+RPH�JDUGHQV�UHSUHVHQWV�PRUH�WKDQ�D�TXDUWHU�RI�WKH
IDUPHU¶V�KROGLQJ�LQ�%RXNRPEp�DQG�WKH\�DUH�RIWHQ�UDQNHG�E\�WKH�IDUPHUV�DV�WKH�PRVW
YDOXDEOH�ODQG�EHFDXVH�RI�PRUH�UHJXODU�IHUWLOL]DWLRQ�ZLWK�DQLPDO�PDQXUH�DQG�KRXVHKROG
UHIXVH��,Q�PDQ\�FDVHV��SODQWV�DUH�DOVR�JURZQ�RQ�WKH�ERUGHUV�RI�WKH�EDVLQ��VRUJKXP�
PDL]H��OHJXPHV���KRZHYHU��LW�VHUYHV�PRUH�RIWHQ�DV�QXUVHU\�ZKHUH�PLOOHW�LV�SULPDULO\
JURZQ�IRU�UHSODQWLQJ��

7R�DFKLHYH�LPSURYHPHQW�LQ�WKH�\LHOGV��%RXNRPEp¶V�IDUPHUV��WUDGLWLRQDOO\��UHO\
RQ�WKH�XVH�RI�DQLPDO�DQG�JUHHQ�PDQXUH��IDOORZLQJ�DQG�FURS�VHTXHQFLQJ�
$QLPDO�PDQXUH

$QLPDO�PDQXUH�LV�XVHG�E\����SHUFHQW�RI�WKH�KRXVHKROGV�DQG�PRVWO\�DSSOLHG�RQ
WKH�SORWV�QH[W�WR�WKH�KRPHVWHDG��WDWD���7KH�PDQXUH�LV�VXSSOLHG�WR�WKH�ILHOGV�LQ�WZR
ZD\V��HLWKHU��LW�FDQ�EH�FROOHFWHG�DQG�WUDQVSRUWHG�WR�WKH�ILHOGV��RU�WKH�DQLPDOV�DUH
SDUNHG�RQ�WKH�SORWV�ZKLFK�DUH�WR�EH�IHUWLOL]HG��D�IDOORZ�ODQG�FDQ�UHFHLYH�WKH�DQLPDOV
GXULQJ�D�ZKROH�GD\�LQ�WKH�UDLQ\�VHDVRQ��KRZHYHU��RQ�WKH�SHUPDQHQW�ILHOGV�WKH\�FDQ
RQO\�EH�SDUNHG�LQ�WKH�QLJKW�DQG�OHIW�IRU�JUD]LQJ�GXULQJ�WKH�UHVW�RI�WKH�GD\�HLWKHU�LQ�WKH
EXVK��RU�RQ�WKH�IDOORZ�ODQG�GXULQJ�WKH�GU\�VHDVRQ��,Q�ERWK�FDVHV��WKH�TXDQWLW\�RI
PDQXUH�DV�ZHOO�DV�ODERU�LQSXWV�FDQ�KDUGO\�EH�PHDVXUHG�EHFDXVH�RI�WKH�KLJK
IUDJPHQWDWLRQ�RI�WKH�ZKROH�SURFHVV�RI�IHUWLOL]DWLRQ��,W�LV�XQIRUWXQDWH�WR�QRWH�WKDW�LQ
UHFHQW�\HDUV�WKH�LQWHQVLW\�RI�WKH�XVH�RI�DQLPDO�PDQXUH�KDV�VWURQJO\�GHFOLQHG�DFFRUGLQJ
� 7KH�ZLGHVSUHDG�PHWKRG�IRU�JURZLQJ�PLOOHW�LQ�WKH�DUHD�LV�E\�UHSODQWLQJ��7KH�UHDVRQLQJ�LV�WKDW�WKHZHDWKHU�ULVNV�ZLOO�EH�UHGXFHG�E\�FXWWLQJ�GRZQ�WKH�SHULRG�RI�YHJHWDWLRQ�RQ�WKH�ILHOG��1RWH��WKDW�WKHUDLQIDOO�LV�YHU\�LUUHJXODU�DQG�YRODWLOH�LQ�WKH�DUHD��ZLWK�D�FOHDU�WHQGHQF\�WRZDUGV�D�VKRUWHQLQJ�RI�WKH�UDLQ\VHDVRQ�DQG�ZRUVHQLQJ�RI�WKH�LQWUD�DQQXDO�GLVWULEXWLRQ�RI�WKH�UDLQV�LQ�UHFHQW�\HDUV�
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WR�PDQ\�LQWHUYLHZHG�IDUPHUV�HLWKHU�EHFDXVH�WKH�DQLPDOV�KDYH�EHHQ�VWROHQ�RU
GHFLPDWHG�E\�GLVHDVHV�
*UHHQ�PDQXUH�DQG�PXOFKLQJ

0DLQO\�FURS�UHVLGXHV�DQG�ZLOG�JUDVVHV�DUH�XVHG�RQ����DQG���SHUFHQW�RI�WKH
SORWV�UHVSHFWLYHO\��&URS�UHVLGXHV�DUH�RIWHQ�SORXJKHG�GRZQ�DQG�ZLOG�JUDVVHV�DUH�XVHG
WR�SURWHFW�WKH�VHHGEHGV��:H�IRXQG�WKDW�LQ�DUHDV�ZKHUH�FKHPLFDO�IHUWLOL]HUV�DUH�OHVV
LQWHQVLYHO\�DSSOLHG��YLOODJH�RI�.RXQDNRJRX�IRU�LQVWDQFH���IDUPHUV�RIWHQ�PDNH�PRUH
XVH�RI�JUHHQ�PDQXUH��L�H��DFFHVV�WR�FKHPLFDO�IHUWLOL]HUV�PLJKW�EH�QHJDWLYHO\�FRUUHODWHG
ZLWK�WKH�XVH�RI�JUHHQ�PDQXUH��VHH�WDEOH����
)DOORZLQJ�DQG�FURS�URWDWLRQ

,Q�VSLWH�RI�LQFUHDVLQJ�VFDUFLW\�RI�WKH�ODQG��IDOORZLQJ�VWLOO�UHPDLQV�IRU�PDQ\
IDUPHUV�DQ�RSWLRQ�IRU�LPSURYLQJ�VRLO�IHUWLOLW\��+RZHYHU��WKH�PDMRULW\�RI�WKH�IDUPHUV
������KDV�QR�ODQG�XQGHU�IDOORZ�DQG�IRU�WKRVH�ZKR�KDYH�D�IDOORZ��LWV�GXUDWLRQ�KDUGO\
H[FHHGV���\HDUV�ZKLOH�WKH�FXOWLYDWLRQ�SHULRG�RIWHQ�ODVWV�PRUH�WKDQ���\HDUV�
&RQVHTXHQWO\��WKH�HIIHFWV�RI�WKH�IDOORZLQJ�RQ�\LHOGV�LV�OLNHO\�WR�EH�LQVLJQLILFDQW�XQOHVV
WKH�RWKHU�PHWKRGV�RI�IHUWLOL]DWLRQ�DUH�XVHG��%RXNRPEp¶V�IDUPHUV�DSSUHFLDWH�PXFK
PRUH�WKH�HIIHFW�RI�WKH�FURS�URWDWLRQ�RQ�WKH�\LHOGV��+XQJU\�ULFH�LV�YHU\�DSSUHFLDWHG�DV
FRYHU�FURS�DQG�LW¶V�RIWHQ�FXOWLYDWHG�DIWHU�RU�EHIRUH�KLJK�GHPDQGLQJ�FURSV�VXFK�DV
VRUJKXP�RU�PDL]H��,W�LV�JURZQ�E\�����RI�WKH�IDUPHUV�RI�RXU�VDPSOH�DQG�RFFXSLHV�WKH
KLJKHVW�SURSRUWLRQ�RI�FXOWLYDWHG�ODQG��������0RUSKRSHGRORJLFDO�VWXGLHV�LQ�WKH�DUHD
DOVR�UHSRUW�WKDW�VRLO�ORVV�DUH�OHVV�RQ�ILHOGV�ZKHUH�KXQJU\�ULFH�LV�FXOWLYDWHG��$]RQWRQGH�
������256720���������,W�LV�ZRUWK�QRWLQJ�WKDW�WKH�KXQJU\�ULFH�LV�DOVR�D�YHU\�GURXJKW�
UHVLVWDQW�FURS��LW�KDV�D�YHU\�GHYHORSHG�URRW�V\VWHP�DQG�D�UHODWLYHO\�VKRUW�YHJHWDWLYH
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SHULRG��������PRQWKV���7KLV�PLJKW�DOVR�H[SODLQ�ZK\�LW�LV�ZLGHO\�FXOWLYDWHG�
1HYHUWKHOHVV��WKH�G\QDPLFV�RI�WKH�SURGXFWLRQ�SDWWHUQV�LQ�WKH�DUHD�������������LQGLFDWH
WKDW�KXQJU\�ULFH�LV�WKH�RQO\�FHUHDO�ZKRVH�DUHD�LV�H[SHULHQFLQJ�D�YHU\�IDVW�GHFOLQH��RQ
WKH�FRQWUDU\��WKH�DUHD�RI�PDL]H��IRU�LQVWDQFH��KDV�EHHQ�PXOWLSOLHG�E\�WZHQW\�EHWZHHQ
�����DQG������ZKLOH�WKH�DUHD�RI�VRUJKXP�RU�PLOOHW�UHPDLQV�VWDEOH��,W�LV�OLNHO\�WKDW�WKH
KXQJU\�ULFH�LV�JUDGXDOO\�GURSSHG�RXW�IURP�WKH�SURGXFWLRQ�V\VWHPV�DQG�UHSODFHG�E\
PDL]H�RQ�ZKLFK�FKHPLFDO�IHUWLOL]HUV�DUH�ZLGHO\�DQG�KHDYLO\�DSSOLHG��LQ������������DQ
HVWLPDWHG�DYHUDJH�RI�����NJ�RI�IHUWLOL]HUV�ZDV�DSSOLHG�SHU�KHFWDUH�RQ�PDL]H��

���(PSLULFDO�PRGHO�IRU�HVWLPDWLQJ�UHWXUQ�IURP�LQGLJHQRXV�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ
3URGXFWLRQ�IXQFWLRQ�DSSURDFK

:H�XVH�D�SURGXFWLRQ�IXQFWLRQ�DSSURDFK�WR�DQDO\]H�WKH�SURGXFWLYLW\�RI�6:&LQYHVWPHQWV�RQ�IDUP�RXWSXW��:H�HVWLPDWH�D�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQUHODWLQJ�IDUP�RXWSXW�WR�IDUP�LQSXWV�DQG�RWKHU�IDFWRUV�DIIHFWLQJ�SURGXFWLYLW\�
OQ�RXWSXW� �D��6LDLOQ;L�6MDM=M

ZKHUH�D���DL���DM DUH�WKH�FRHIILFLHQWV��;L DUH�WKH�LQSXWV�DQG�=L DUH�WKH�RWKHU�IDFWRUV
DIIHFWLQJ�SURGXFWLYLW\��7KH�&REE�'RXJODV�LV�D�VSHFLDO�FDVH�RI�WKH�WUDQVORJ�SURGXFWLRQ
IXQFWLRQ��ZKLFK�DOVR�LQFOXGHV�LQWHUDFWLRQ�WHUPV�DPRQJ�WKH�ULJKW�KDQG�VLGH�YDULDEOHV�
7KH�WUDQVORJ�SURGXFWLRQ�LV�LQ�SULQFLSOH�PRUH�JHQHUDO�DQG�IOH[LEOH�WKDQ�WKH�VSHFLDO�FDVH
RI�WKH�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ��DQG�ZH�WKHUHIRUH�DOVR�WHVW�ZKHWKHU�WKH�PRUH
JHQHUDO�WUDQVORJ�VSHFLILFDWLRQ�JLYHV�D�EHWWHU�ILW�RI�WKH�GDWD�



��

'HILQLWLRQ�DQG�VXPPDU\�VWDWLVWLFV�RI�UHJUHVVLRQ�YDULDEOHV
7DEOH���JLYHV�WKH�VXPPDU\�VWDWLVWLFV�IRU�WKH�PRGHO�YDULDEOHV��2XWSXW LV

PHDVXUHG�LQ�NLORJUDPV��2QO\�SORWV�ZLWK�FHUHDOV��VRUJKXP��PLOOHW��PDL]H��KXQJU\�ULFH�
DQG�FHUHDOV�PL[HG�ZLWK�EHDQV�ZHUH�LQFOXGHG���)RU�WKH�SORWV�LQ�WKH�VDPSOH��WKH�DYHUDJH
RXWSXW�LV�DERXW�����NLORJUDPV��*LYHQ�WKDW�WKH�DYHUDJH�SORW�VL]H�LV�DSSUR[LPDWHO\�����
KHFWDUHV��WKH�DYHUDJH�RXWSXW�SHU�KHFWDUH�LV�����NJ��� :LWK�UHVSHFW�WR�WKH�LQSXWV��ODERU
LV�PHDVXUHG�DV�WKH�WRWDO�DPRXQW�RI�IXOO�ODERU�GD\V�XVHG�IRU�FOHDUDQFH��WLOODJH��SODQWLQJ�
ZHHGLQJ��KDUYHVWLQJ��DSSO\LQJ�IHUWLOL]HUV�DQG�RU�SHVWLFLGHV��DQG�PDQXULQJ�DQG
FRPSRVWLQJ��)DPLO\�ODERU��KLUHG�ODERU��DQG�H[FKDQJH�ODERU�LV�LQFOXGHG��/DERU�LV
VWDQGDUGL]HG�LQWR�DGXOWV�HTXLYDOHQWV��ZKHUH���LV�IRU�DGXOW�PHQ�������IRU�DGXOW�ZRPHQ�
DQG������IRU�FKLOGUHQ��/DQG LV�JLYHQ�LQ�KHFWDUHV��DQG�WKH�SORWV�DUH�RQ�DYHUDJH�����
KHFWDUHV��7KH�DYHUDJH�SORW�UHFHLYHV�DERXW����IXOO�GD\V�RI�HTXLYDOHQW�ODERU�SHU�FURSSLQJ
VHDVRQ��7KH�DPRXQW�RI�IHUWLOL]HU LV�JLYHQ�LQ�NLORJUDPV��2Q�DYHUDJH�IDUPHUV�XVH
DSSUR[LPDWHO\����NLORJUDPV�RI�IHUWLOL]HU��� :H�KDYH�DOVR�LQFOXGHG�WKH�DYHUDJH�QXPEHU
RI�OLYHVWRFN SHU�SORW�EHFDXVH�WKH�PDQXUH�IXQFWLRQV�DV�DQ�LQSXW�LQ�WKH�SURGXFWLRQ
V\VWHP��7KH�DPRXQW�RI�OLYHVWRFN�PD\�DOVR�EH�D SUR[\�IRU�ZHDOWK��:HDOWK�PD\�DIIHFW
SURGXFWLRQ�JLYHQ�WKDW�FUHGLW�PDUNHWV�DUH�LPSHUIHFW�DQG�ZHDOWK\�IDUPHUV�PD\�KDYH
EHWWHU�DFFHVV�WR�FUHGLW�DQG�OHVV�KHVLWDQW�WR�XVH�LW��7KH�WRWDO�OLYHVWRFN�LV�PHDVXUHG�LQ
7URSLFDO�/LYHVWRFN�8QLWV��FRZ�DQG�R[HQ� ������VKHHS�DQG�JRDWV� ��������DQG�DPRXQWV
WR������OLYHVWRFN�XQLW�SHU�SORW��7KH�GXPP\�YDULDEOH�PDQXUH HTXDOV�RQH�LI�IDUPHUV�XVH
PDQXUH�DQG�]HUR�RWKHUZLVH��DQG����RI�WKH�SORWV�XVH�PDQXUH��7KLV�GLVFUHWH�YDULDEOH�LV
� 2Q�DYHUDJH��PRUH�WKDQ�����RI�WKH�WRWDO�FXOWLYDWHG�ODQG�DUH�SODQWHG�ZLWK�VRUJKXP��PLOOHW��KXQJU\�ULFH�PDL]H�DQG�EHDQV�SHU�KRXVHKROG��� 7KLV�LV�PXFK�ORZHU�WKDQ�WKH�DYHUDJH�\LHOGV�UHSRUWHG�E\�&$5'(5��ZKLFK�LV�UHVSRQVLEOH�IRU�JDWKHULQJGDWD�RQ�IDUP�RXWSXW�LQ�%HQLQ��6LPLODU�ORZ�\LHOGV�KDYH�DOVR�EHHQ�IRXQG�IRU�WKH�$WDFRUD���VXUYH\V81%�98������������UHVHDUFK�SURMHFW�RQ�µ6RLO�'HJUDGDWLRQ�LQ�%HQLQ��)DUPHUV¶�SHUFHSWLRQV�DQGUDWLRQDO�EHKDYLRXU¶�VSRQVRUHG�E\�WKH�&5(('��DQG�IRU�6RXWKHUQ�%HQLQ���VXUYH\V�81,+2�*�������������UHVHDUFK�SURJUDP�RQ��µ3DUWLFLSDWRU\�7HFKQRORJ\�'HYHORSPHQW�IRU�VRLO�IHUWLOLW\�UHVWRUDWLRQ�LQ6RXWKHUQ�%HQLQ¶�VSRQVRUHG�E\�WKH�*HUPDQ�*RYHUQPHQW���8QIRUWXQDWHO\�QRQH�RI�WKH�&$5'(5�UHSRUWVH[SODLQV�WKH�GHULYDWLRQ�RI�WKHLU�SXEOLVKHG�\LHOGV��VHH�*DQGRQRX�DQG�$GpJELGL�������
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VRPHWLPHV�XVHG�LQVWHDG�RI�WKH�FRQWLQXRXV�OLYHVWRFN�YDULDEOH��EHFDXVH�LW�YDULHV�E\�SORW
ZLWKLQ�WKH�KRXVHKROG��� 2Q���SHUFHQW�RI�WKH�SORWV�IDUPHUV�XVH�DQLPDO�WUDFWLRQ��DQG�LW
PD\�EH�DVVXPHG�WKDW�WKLV�DIIHFWV�SURGXFWLRQ�SRVLWLYHO\��DOWKRXJK�LW�PD\�DOVR�LQFUHDVH
HURVLRQ��

,Q�WHUPV�RI�SORW�FKDUDFWHULVWLFV��WKH�GXPP\�YDULDEOH�KLJK�SORW�IHUWLOLW\
UDQNLQJ LQGLFDWHV�ZKHWKHU�WKH�IDUPHU�UDQNV�WKH�IHUWLOLW\�OHYHO�RI�KLV�SORW�DPRQJ�WKH
WRS�KDOI�RI�KLV�SORWV��,W�PD\�EH�DVVXPHG�WKDW�SORWV�RI�KLJKHU�IHUWLOLW\�DUH�PRUH
SURGXFWLYH��7KH�GXPP\�YDULDEOHV�URFN\�VRLO DQG�JUDYHOO\�VRLO LQGLFDWH�ZKHWKHU�WKH
SORW�LV�RQ�URFN\��UHVSHFWLYHO\�JUDYHOO\�VRLO��6L[W\�ILYH�SHUFHQW�RI�WKH�SORWV�KDYH�HLWKHU
URFN\�RU�JUDYHOO\�VRLO��ZKLFK�VKRXOG�EH�OHVV�SURGXFWLYH�WKDQ�WKH�RPLWWHG�FDWHJRU\�RI
VDQG\��ORDP\��DQG�RU�FOD\H\�VRLO��7KH�GXPP\�YDULDEOHV�OLJKW�VORSH DQG�VWHHS�VORSH
LQGLFDWH�ZKHWKHU�WKH�SORW�LV�UHVSHFWLYHO\�RQ�D�VORSH�XS�WLOO�����RU�RQ�D�VORSH�LQ�H[FHVV
RI������7KH�VWHHSHU�WKH�VORSH��WKH�PRUH�SUREOHPV�WKHUH�ZLOO�EH�ZLWK�VRLO�HURVLRQ�DQG
UXQRII��DQG�WKH�OHVV�SURGXFWLYH�WKH�SORW�ZLOO�EH��,Q�WKH�VDPSOH�����RI�WKH�SORWV�LV�RQ
OLJKW�VORSHV��DQG�����RI�WKH�SORWV�LV�RQ�VWHHS�VORSHV��7KH�GLVWDQFH�WR�KRPH LV
PHDVXUHG�LQ�NLORPHWHUV��DQG�LV�����PHWHUV�RQ�DYHUDJH��%HFDXVH�IDUPHUV�ZLOO�WU\�WR
DYRLG�WUDYHO�WLPH�DQG�WUDQVSRUWDWLRQ�FRVWV��SORWV�ZKLFK�DUH�ORFDWHG�IXUWKHU�IURP�WKH
WDWD PD\�UHFHLYH�OHVV�DWWHQWLRQ���7KH�ODVW�SORW�FKDUDFWHULVWLF�ZH�KDYH�LQFOXGHG�LV�WKH
GXPP\�YDULDEOH�SORW�LV�ERUURZHG�UHQWHG��7KH�HIIHFW�RI�WHQXUH�RQ�SURGXFWLYLW\�LV
SRWHQWLDOO\�QHJDWLYH��IDUPHUV�PD\�EH�OHVV�PRWLYDWHG�WR�LPSURYH�ERUURZHG�RU�UHQWHG
SORWV��$W�WKH�VDPH�WLPH�WKLV�WHQXUH�HIIHFW�PD\�EH�VWURQJHU�LI�ZH�H[DPLQH�WKH�DGRSWLRQ
RI�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�LQYHVWPHQWV�DV�IDUPHUV�ZLOO�EH�DEOH�WR�UHDS�WKH�IXOO
EHQHILW�IURP�DQ\�RWKHU��YDULDEOH��LQSXWV��2Q�DYHUDJH�����RI�WKH�SORWV�LV�ERUURZHG�RU
UHQWHG�
�� )HUWLOL]HU�LV�DSSOLHG�WR�����RI�WKH�SORWV�LQFOXGHG�LQ�WKH�UHJUHVVLRQ�DQDO\VLV��� 7KLV�LV�LPSRUWDQW�LI�ZH�ZDQW�WR�FRQWURO�IRU�KRXVHKROG�IL[HG�HIIHFWV�
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:LWK�UHVSHFW�WR�LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV�ZH�KDYH
LQFOXGHG�IRXU�GXPP\�YDULDEOHV��7KH�ILUVW�LV�VWRQH�EXQGV DQG�WKH�WDEOH�VKRZV�WKDW
����RI�WKH�SORWV�KDYH�WKHVH�VRLO�FRQVHUYDWLRQ�VWUXFWXUHV��7KH�VHFRQG�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�GXPP\�YDULDEOH�LV�IRU�WKH�SUHVHQFH�RI�WLH�ULGJLQJ��YDULDQW����RQ�WKH
SORW��7KLV�LV�WKH�SK\VLFDO�FRQVHUYDWLRQ�WHFKQLTXH�ZKLFK�KDV�EHHQ�PRVW�IUHTXHQWO\
DGRSWHG��������7KH�WKLUG�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�GXPP\�YDULDEOH�LV�IRU�WKH�RWKHU
W\SH�RI�ULGJLQJ��WLH�ULGJLQJ�YDULDQW����SHUSHQGLFXODU�ULGJLQJ��FRQWRXU�SORXJKLQJ
RU�FRQWRXU�EXQG� ZKLFK�KDV�EHHQ�DGRSWHG�RQ����RI�WKH�SORWV��+HUH�ZH�KDYH
FRPELQHG�LQGLJHQRXV�DQG�QRQ�LQGLJHQRXV�WHFKQLTXHV�EHFDXVH�WKH\�DUH�YHU\�VLPLODU
DQG�HDFK�RI�WKHP�LV�XVHG�RQ�YHU\�IHZ�SORWV��7KH�ODVW�YDULDEOH�LV�IRU�WKH�SUHVHQFH�RI�D
ZDWHU�FDWFKPHQW RQ�WKH�SORW��RQO\����RI�WKH�SORWV�KDYH�WKLV�W\SH�RI�SK\VLFDO
VWUXFWXUH��,W�LV�DVVXPHG�WKDW�HDFK�RI�WKHVH�WHFKQLTXHV�KDV�D�SRVLWLYH�LPSDFW�RQ
SURGXFWLYLW\�

)RU�KRXVHKROG�FKDUDFWHULVWLFV�ZH�LQFOXGH�WKH�QXPEHU�RI�SORWV��,I�IDUPV�DUH
YHU\�IUDJPHQWHG��IDUPHUV�ZLOO�EH�OHVV�DEOH�WR�WDNH�DGYDQWDJH�RI�SRVVLEOH�HFRQRPLHV�RI
VFDOH�DW�WKH�SORW�OHYHO��VXFK�DV�SORXJKLQJ��PDQXULQJ���:H�DOVR�LQFOXGH�LQ�WKH
UHJUHVVLRQV�YLOODJH�GXPPLHV�WR�FRQWURO�IRU�RWKHU��QRW�LQFOXGHG��YLOODJH�GLIIHUHQFHV�
VXFK�DV�GLIIHUHQFHV�LQ�RYHUDOO�VRLO�IHUWLOLW\��GLIIHUHQFHV�LQ�NQRZOHGJH�DQG�IDUPLQJ
WUDGLWLRQ��WKH�DFFHVV�WR�H[FKDQJH�ODERU��DQG�GLVWDQFH�WR�PDUNHWV�
���(PSLULFDO�UHVXOWV
%LYDULDWH�DQDO\VLV�RI�\LHOGV�DQG�XVH�RI�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV

)LUVW�ZH�SUHVHQW�D�QXPEHU�RI�FURVV�WDEOHV�ZKLFK�JLYH�WKH�PHDQ�SORW�\LHOG�E\
DGRSWLRQ�RI�VRLO�FRQVHUYDWLRQ�WHFKQLTXH�IRU�HDFK�RI�WKH�YLOODJHV��1H[W�ZH�ZLOO�DSSO\
PXOWLYDULDWH�UHJUHVVLRQ�WHFKQLTXHV�WR�HVWLPDWH�DQ�DJULFXOWXUDO�SURGXFWLRQ�IXQFWLRQ�IRU
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SORW�RXWSXW�WDNLQJ�LQWR�DFFRXQW�LQSXWV��SORW�FKDUDFWHULVWLFV��DGRSWLRQ�RI�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�WHFKQLTXHV��KRXVHKROG�DQG�YLOODJH�FKDUDFWHULVWLFV��3ORW�RXWSXW�LV
PHDVXUHG�DV�WKH�WRWDO�QXPEHU�RI�NLORJUDP�SHU�SORW��DQG�SORW�\LHOGV�DUH�PHDVXUHG�DV
SORW�RXWSXW�SHU�KD��:H�KDYH�RQO\�LQFOXGHG�SORWV�RQ�ZKLFK�WKH�IROORZLQJ�FHUHDOV�ZHUH
JURZQ��VRUJKXP��PLOOHW��PDL]H��KXQJU\�ULFH��:H�KDYH�DOVR�LQFOXGHG�SORWV�IRU�ZKLFK
WKHVH�FHUHDOV�ZHUH�JURZQ�DV�ZHOO�DV�EHDQV�EHFDXVH�PDQ\�SORWV�KDYH�D�PL[WXUH�RI
PLOOHW�RU�VRUJKXP�ZLWK��VRPH��EHDQV�

7DEOH���UHSRUWV�WKH�GLIIHUHQFH�LQ�\LHOGV�EHWZHHQ�SORWV�ZLWK�DQG�ZLWKRXW
LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV��2Q�DYHUDJH�IRU�DOO�YLOODJHV��ODVW
FROXPQ���ZH�VHH�WKDW�SORWV�ZLWK�WLH�ULGJLQJ��YDULDQW����µELOORQQDJH�FORLVRQQp¶���ZDWHU
FDWFKPHQW��IHUWLOL]HU�DQG�PDQXUH�GR�EHWWHU�WKDQ�SORWV�ZLWKRXW�WKHVH�FRQVHUYDWLRQ
VWUXFWXUHV��1R�FOHDU�HIIHFW�LI�IRXQG�IRU�RWKHU�W\SH�RI�ULGJLQJ��DQG�DFWXDOO\�SORWV�ZLWK
VWRQH�EXQGV�GR�ZRUVH WKDQ�SORWV�ZLWKRXW�WKHVH�FRQVHUYDWLRQ�VWUXFWXUHV��7KHUH�DUH
GLIIHUHQFHV�EHWZHHQ�WKH�YLOODJHV��KRZHYHU��VXFK�WKDW�LQ�VRPH�YLOODJHV�SORWV�ZLWK�D
WHFKQLTXH�DUH�PRUH�SURGXFWLYH�DQG�LQ�RWKHUV�OHVV�SURGXFWLYH�WKDQ�SORWV�ZLWKRXW�WKH
WHFKQLTXH�

7KH�PRVW�OLNHO\�H[SODQDWLRQ�IRU�WKLV�DPELJXLW\�LV�WKDW�WKHUH�DUH�GLIIHUHQFHV�LQ
SORW�FKDUDFWHULVWLFV�EHWZHHQ�SORWV�ZLWK�DQG�ZLWKRXW�WKH�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ
WHFKQLTXH��,Q�SDUWLFXODU��SORWV�ZKLFK�VXIIHU�IURP�HURVLRQ��ODFN�RI�ZDWHU�UHWHQWLRQ�RU
ORZ�IHUWLOLW\�LQ�WKH�ILUVW�SODFH��PD\�EH�PRUH�OLNHO\�WR�UHFHLYH�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�LQYHVWPHQWV�WKDQ�SORWV�ZKLFK�KDYH�QR�VXFK�SUREOHPV��,Q�WKHVH�LQVWDQFHV
IDUPHUV�ZLOO�EH�PRUH�PRWLYDWHG�WR�WU\�WR�LPSURYH�WKHVH�SORWV��6WLOO��WKH�WDEOH�VXJJHVWV
WKDW�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV�DUH�SURGXFWLYH�DV�ZH�REVHUYH�KLJKHU
SURGXFWLYLW\�IRU�PRVW�RI�WKH�LQGLJHQRXV�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�WHFKQLTXHV�
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0XOWLYDULDWH�UHJUHVVLRQ�DQDO\VLV
7KH�DERYH�ELYDULDWH�WDEOHV�VXJJHVW�WKDW�WKHUH�DUH�SURGXFWLYLW\�HIIHFWV�IURP�VRLO

FRQVHUYDWLRQ�LQ�WKH�UHJLRQ�RI�%RXNRPEp�LQ�WKH�QRUWK�ZHVW�RI�%HQLQ��3ORWV�ZKLFK�KDYH
WLH�ULGJLQJ��ZDWHU�FDWFKPHQWV��IHUWLOL]HU�RU�PDQXUH�VKRZ�KLJKHU�\LHOGV�RQ�DYHUDJH�
3ORWV�ZLWK�VWRQH�EXQGV�DQG�RWKHU�W\SHV�RI�ULGJLQJ��KRZHYHU��GR�QRW�VKRZ�KLJKHU�\LHOGV
WKDQ�SORWV�ZLWKRXW�WKHVH�PHDVXUHV��7KH�LQWHUHVWLQJ�TXHVWLRQ�EHFRPHV�WKHUHIRUH
ZKHWKHU�ZH�FDQ�ILQG�SURGXFWLYLW\�HIIHFWV�LI�ZH�ZRXOG�FRQWURO�IRU�RWKHU��SRVVLEO\
LQWHUYHQLQJ�IDFWRUV��3ORWV�ZKLFK�DUH�VWHHSHU�PLJKW�UHFHLYH�PRUH�VRLO�FRQVHUYDWLRQ
LQYHVWPHQWV��DOWKRXJK�WKH\�DUH�OHVV�SURGXFWLYH�WKDQ�SORWV�ZLWK�OHVV�VORSH��)DUPHUV
PLJKW�FKRRVH�WR�LQYHVW�LQ�ILHOGV�ZKLFK�ODFN�RUJDQLF�PDWWHU�RU�PLQHUDOV�
2UGLQDU\�OHDVW�VTXDUHV�YHUVXV�KRXVHKROG�IL[HG�HIIHFWV�UHJUHVVLRQ

7KH�ILUVW�WZR�FROXPQV�RI�WDEOH���UHSRUW�WKH�UHJUHVVLRQ�UHVXOWV�LI�ZH�XVH
RUGLQDU\�OHDVW�VTXDUHV��2/6��WR�HVWLPDWH�WKH�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ�
6LJQLILFDQW�SRVLWLYH�HIIHFWV�RQ�SK\VLFDO�FHUHDO�RXWSXW�DUH�SURGXFHG�E\�ODERU��ODQG��WKH
DPRXQW�RI�IHUWLOL]HU��QXPEHU�RI�OLYHVWRFN��DQG�WKH�SUHVHQFH�RI�D�ZDWHU�FDWFKPHQW��7KH
XVH�RI�DQLPDO�WUDFWLRQ�DSSHDUV�WR�KDYH�D�SRVLWLYH�HIIHFW��DOWKRXJK�WKH�HIIHFW�LV�KDV�S�
YDOXH�RI������SRVVLEO\�EHFDXVH�RI�PXOWLFROOLQHDULW\�ZLWK�WKH�YLOODJH�GXPP\�IRU
2NRXDUR�DV�DOO�SORWV�UHFHLYLQJ�DQLPDO�WUDFWLRQ�DUH�ORFDWHG�LQ�WKLV�YLOODJH��FRUUHODWLRQ
FRHIILFLHQW�LV��������7KHUH�LV�D�VLJQLILFDQW�QHJDWLYH�HIIHFW�RQ�SURGXFWLRQ�LI�WKH�SORW�LV
RQ�D�VWHHS�VORSH�DQG�SORWV�RQ�OLJKW�VORSH�DSSHDU�DOVR�WR�EH�OHVV�SURGXFWLYH�

)URP�WKH�2/6�UHJUHVVLRQ�RQH�FRXOG�FRQFOXGH�WKDW�WKH�VRLO�DQG�ZDWHU
FRQVHUYDWLRQ�LQYHVWPHQWV�DUH�QRW�SURGXFWLYH�H[FHSW�IRU�ZDWHU�FDWFKPHQWV��:H�FKHFNHG
IRU�WKH�UREXVWQHVV�RI�WKLV�UHVXOW�E\�HVWLPDWLQJ�WKH�SURGXFWLRQ�IXQFWLRQ�E\�TXDQWLOH
UHJUHVVLRQ�DV�ZHOO��7KH�FRHIILFLHQWV�GR�EDUHO\�FKDQJH��ZKLFK�VXJJHVWV�WKDW�WKH�UHVXOW�LV
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QRW�GXH�WR�RXWOLHUV�RU�ELJ�WDLOV��:H�KDYH�DOVR�WHVWHG�ZKHWKHU�WKH�&REE�'RXJODV
VSHFLILFDWLRQ�QHHGV�WR�EH�UHMHFWHG�LQ�IDYRU�RI�WKH�PRUH�IOH[LEOH�DQG�JHQHUDO�WUDQVORJ
VSHFLILFDWLRQ��,Q�SDUWLFXODU��ZH�KDYH�LQFOXGHG�VTXDUH�WHUPV�IRU�WKH�ODQG�DQG�ODERU
YDULDEOHV��DQG�LQWHUDFWLRQ�WHUPV�IRU�ODQG�DQG�ODERU�ZLWK�HDFK�RWKHU�DQG�ZLWK�WKH�VRLO
DQG�ZDWHU�FRQVHUYDWLRQ�LQYHVWPHQWV��7KLV�WHVW�RQ�WKH�YDOLGLW\�RI�WKH�&REE�'RXJODV
VSHFLILFDWLRQ�KDV�D�S�YDOXH�RI�������DQG�WKH�&REE�'RXJODV�VSHFLILFDWLRQ�LV�WKHUHIRUH
QRW�UHMHFWHG�

7KH�IDFW�WKDW�PRVW�RI�WKH�FRHIILFLHQWV�IRU�WKH�6:&�LQYHVWPHQWV�DUH�QHJDWLYH
VXJJHVWV�DQRWKHU�LQWHUSUHWDWLRQ��QDPHO\�WKDW�WKH�SUHVHQFH�RI�WKHVH�LQYHVWPHQWV�EHFRPH
D�SUR[\�IRU�UHODWLYHO\�LQIHUWLOH�DQG�RU�HURGHG�VRLOV��2XU�IHUWLOLW\�UDQNLQJ�YDULDEOH
FDSWXUHV�GLIIHUHQFHV�LQ�IHUWLOLW\�DFURVV�SORWV�IRU�D�JLYHQ�KRXVHKROG��EXW�QRW�IRU
GLIIHUHQFHV�LQ�DYHUDJH�SORW�IHUWLOLW\�DFURVV�KRXVHKROGV��2WKHU�KRXVHKROG�OHYHO�IDFWRUV
PD\�DOVR�KDYH�EHHQ�RPLWWHG��VXFK�DV�IDUPLQJ�VNLOOV��ODERU�DQG�FUHGLW�FRQVWUDLQWV�

,Q�RUGHU�WR�FRQWURO�IRU�WKHVH�GLIIHUHQFHV��ZH�H[SORLW�WKH�IDFW�WKDW�ZH�KDYH
PXOWLSOH�SORW�OHYHO�REVHUYDWLRQV�IRU�HDFK�KRXVHKROG��+HQFH��ZH�FDQ�FRQWURO�IRU
KRXVHKROG�OHYHO�GLIIHUHQFHV�E\�LQFOXGLQJ�GXPPLHV�IRU�HDFK�KRXVHKROG�LQ�WKH�PRGHO�
,Q�WKH�ODVW�WZR�FROXPQV�RI�WDEOH���WKH�UHVXOWV�DUH�UHSRUWHG�IRU�D�KRXVHKROG�IL[HG�HIIHFWV
UHJUHVVLRQ��7KH�HIIHFWV�IRU�ODERU��ODQG��DQG�DPRXQW�RI�IHUWLOL]HU�DUH�VXUSULVLQJO\�UREXVW
DQG�UHPDLQ�KLJKO\�VLJQLILFDQW���,QVWHDG�RI�WKH�DPRXQW�RI�OLYHVWRFN�ZH�KDYH�LQFOXGHG�D
GXPP\�IRU�WKH�XVH�RI�PDQXUH��EHFDXVH�WKLV�PHDVXUH�LV�DYDLODEOH�DW�WKH�SORW�OHYHO��7KH
HIIHFW�RI�PDQXULQJ�LV�QR�ORQJHU�IRXQG�WR�EH�VLJQLILFDQW�KRZHYHU�

3ORWV�RQ�JUDYHOO\�VRLO�DUH�QRZ�IRXQG�WR�EH�OHVV�SURGXFWLYH��DQG�WKH�FRHIILFLHQW
IRU�URFN\�VRLO�LV�DOVR��DV�H[SHFWHG��QHJDWLYH��0RVW�LPSRUWDQWO\��KRZHYHU��WKH�VLJQ�RQ
WKH�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�DUH�QRZ�DOO�SRVLWLYH��EXW�RQO\�WKH�HIIHFW�IURP�ZDWHU
FDWFKPHQWV�LV�IRXQG�WR�EH�VLJQLILFDQWO\�VR�
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7KH�WHVW�RQ�WKH�YDOLGLW\�RI�WKH�&REE�'RXJODV�VSHFLILFDWLRQ�KDV�D�S�YDOXH�RI
������DQG�WKH�&REE�'RXJODV�VSHFLILFDWLRQ�LV�WKHUHIRUH�QRW�UHMHFWHG�DJDLQVW�WKH�PRUH
JHQHUDO�WUDQVORJ�VSHFLILFDWLRQ�
,QWHUDFWLRQ�HIIHFWV�ZLWK�LQGLJHQRXV�6:&�WHFKQLTXHV

7KH�DERYH�UHVXOW�VXJJHVWV�WKDW�VRLO�FRQVHUYDWLRQ�PD\�EH�SURGXFWLYH�EXW�WKH
UHVXOWV�VXIIHU�IURP�D�ODFN�RI�VLJQLILFDQFH��7KH�UHVXOWV�PD\�VXIIHU�IURP�D
PLVVSHFLILFDWLRQ�ELDV��KRZHYHU��,Q�WKH�DERYH�VSHFLILFDWLRQ��WKH�HIIHFW�RI�VRLO
FRQVHUYDWLRQ�LV�DVVXPHG�WR�EH�WKH�VDPH�IRU�DOO�YLOODJHV��7KLV�PLJKW�QRW�EH�WKH�FDVH
KRZHYHU��DV�WKHUH�DUH�YLOODJH�GLIIHUHQFHV�LQ�WHUPV�RI�DYHUDJH�SORW�IHUWLOLW\��VORSH�OHYHO�
H[SHUWLVH��PRWLYDWLRQ�DQG�WUDGLWLRQ�LQ�UHJDUG�RI�VRLO�FRQVHUYDWLRQ��:H�PLJKW�H[SHFW�
WKHUHIRUH��WKDW�WKH�SURGXFWLYLW\�RI�VRLO�FRQVHUYDWLRQ�WHFKQLTXHV�PD\�YDU\�DFURVV
YLOODJHV��DQG�WKHUHIRUH�WKDW�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�6:&�GXPPLHV�DQG�YLOODJH
GXPPLHV�QHHG�WR�EH�LQFOXGHG��� 8VLQJ�)�WHVWV�WR�WHVW�IRU�WKLV�SRVVLELOLW\��WKHUH�DUH�QR
VLJQLILFDQW�GLIIHUHQFHV�LQ�SURGXFWLYLW\�IRU�WKH�FRQVHUYDWLRQ�WHFKQLTXHV�H[FHSW�ZLWK
UHVSHFW�WR�WKH�WLH�ULGJLQJ���,Q�SDUWLFXODU��WKH�SURGXFWLYLW\�RI�WLH�ULGJLQJ�DSSHDUV�WR�EH
VLJQLILFDQWO\�KLJKHU�LQ�WKH�YLOODJHV�7DNRXDQWD�RU�.RXQDNRJRX�FRPSDUHG�WR�WKH
YLOODJHV�2NRXDUR�RU�.RXWDJRX��7KH�S�YDOXHV�IRU�WKH�WHVWV�RI�QR�YLOODJH�GLIIHUHQFHV�LQ
SURGXFWLYLW\�RI�6:&�WHFKQLTXHV�DUH������IRU�VWRQH�EXQGV�������IRU�WLH�ULGJLQJ�YDULDQW
���DQG������IRU�RWKHU�W\SHV�RI�ULGJLQJ��7KH�)�WHVW�IRU�HTXDO�SURGXFWLYLW\�RI�WLH�ULGLQJ
�YDULDQW����LV������IRU�WKH�YLOODJHV�7DNRXDQWD�DQG�.RXQDNRJRX�DQG������IRU�WKH
YLOODJHV�2NRXDUR�DQG�.RXWDJRX��7KHVH�WHVWV�DUH�VXSSRUWHG�IURP�ZKDW�KDV�EHHQ
REVHUYHG�GXULQJ�WKH�PDQ\�ILHOG�YLVLWV�WR�WKHVH�YLOODJHV��7KH�VNLOOV�RI�IDUPHUV�LQ
�� 7KH�VDPH�PLJKW�EH�VDLG�IRU�GLIIHUHQFHV�LQ�SURGXFWLYLW\�DFURVV�KRXVHKROGV��RU�HYHQ�SORWV���:H�DUH�QRWDEOH�WR�WHVW�IRU�VXFK�GLIIHUHQFHV�KRZHYHU�EHFDXVH�WKH�LQFOXVLRQ�RI�KRXVHKROG�VSHFLILF�VRLO�FRQVHUYDWLRQGXPP\�YDULDEOHV�LV�QRW�IHDVLEOH�EHFDXVH�IDUPHUV�KDYH�WRR�IHZ�SORWV��,Q�WDEOH����ZH�ZLOO�LQYHVWLJDWHZKHWKHU�VSHFLILF�SORW�FKDUDFWHULVWLFV��WKHUH��VORSH�W\SH��FDQ�FDSWXUH�VRPH�RI�WKHVH�KRXVHKROG�DQG�SORW�
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7DNRXDQWD�DQG�.RXQDNRJRX�LQ�FRQVWUXFWLQJ�VRLO�FRQVHUYDWLRQ�PHDVXUHV�DUH�KLJKO\
GHYHORSHG��HLWKHU�EHFDXVH�RI�QHHG��7DNRXDQWD��RU�EHFDXVH�RI�RXWVLGH�LQWHUYHQWLRQ
�.RXQDNRJRX�KDV�EHHQ�LQYROYHG�LQ�SURMHFWV�XQGHUWDNHQ�E\�WKH�H[WHQVLRQ�VHUYLFH
&$5'(5�DQG�WKH�:RUOG�EDQN��

7KH�QH[W�UHJUHVVLRQ��ILUVW�WZR�FROXPQV�RI�WDEOH����VKRZV�WKH�UHVXOWV�LI�ZH
FRQWURO�IRU�WKHVH�YLOODJH�GLIIHUHQFHV��7KH�FRHIILFLHQWV�IRU�ODERU��ODQG��DQG�DPRXQW�RI
IHUWLOL]HU�UHPDLQ�VWURQJO\�VLJQLILFDQW��1RZ�WKH�SORW�IHUWLOLW\�UDQNLQJ�EHFRPHV
VLJQLILFDQW�DV�ZHOO��DOWKRXJK�WKH�VRLO�W\SH�GXPPLHV�ORRVH�VLJQLILFDQFH��EXW�UHWDLQ�WKH
FRUUHFW�VLJQV���,QWHUHVWLQJO\��WKH�HIIHFW�RI�VRLO�FRQVHUYDWLRQ�RQ�SURGXFWLYLW\�EHFRPHV
YHU\�FOHDU�QRZ�ZLWK�VWRQH�EXQGV��WLH�ULGJLQJ��RWKHU�W\SH�RI�ULGJLQJ�DQG�ZDWHU
FDWFKPHQW�DOO�KDYLQJ�SRVLWLYH�DQG�VLJQLILFDQW�VLJQV��2QO\�WKH�SURGXFWLYLW\�HIIHFW�RI�WLH�
ULGJLQJ�IRU�2NRXDUR�RU�.RXWDJRX�FDQQRW�EH�IRXQG��7KH�FRHIILFLHQWV�IRU�VWRQH�EXQGV�
WLH�ULGJLQJ��RWKHU�ULGJLQJ�DUH�VXUSULVLQJO\�FORVH�DQG�TXLWH�ODUJH��VXJJHVWLQJ
SURGXFWLYLW\
HIIHFWV�LQ�H[FHVV�RI�������

%HVLGHV�LQWHUDFWLRQ�WHUPV�EHWZHHQ�LQGLJHQRXV�WHFKQLTXHV�DQG�YLOODJH
GXPPLHV��LW�PD\�DOVR�EH�H[SHFWHG�WKDW�RWKHU�NLQGV�RI�LQWHUDFWLRQ�WHUPV�ZLWK�WKH�6:&
WHFKQLTXHV�PD\�EH�UHOHYDQW��:H�KDYH�SXUVXHG�WKUHH�SRVVLELOLWLHV��QDPHO\�WKDW�WKH
SURGXFWLYLW\�RI�VWRQH�EXQGV�LV�KLJKHU�����LI�WKH\�DUH�SHUSHQGLFXODU�ZLWK�UHJDUGV�WR�WKH
VORSH������LI�WKH\�DUH�UHSRUWHG�WR�EH�RI�JRRG�TXDOLW\��DV�RSSRVHG�WR�SRRU�TXDOLW\���DQG
����LI�WKH\�DUH�XVHG�LQ�FRPELQDWLRQ�ZLWK�IHUWLOL]HU��7KH�UROH�RI�WKH�ODVW�LQWHUDFWLRQ
HIIHFW�ZLWK�IHUWLOL]HU�LV�DOVR�LQYHVWLJDWHG�IRU�WKH�WZR�WLH�ULGJLQJ�WHFKQLTXHV�

:H�GR�QRW�ILQG�WKDW�SHUSHQGLFXODU�RU�JRRG�TXDOLW\�VWRQH�EXQGV�DUH�PRUH
SURGXFWLYH��WKH�S�YDOXHV�DUH������DQG������UHVSHFWLYHO\���3RVVLEO\�WKH�SURGXFWLYLW\
OHYHO�GLIIHUHQFHV�LQ�WKH�SURGXFWLYLW\�RI�VRLO�FRQVHUYDWLRQ��� 7KH�HIIHFW�RI�D�GXPP\�YDULDEOH�LQ�D�ORJOLQHDU�PRGHO�LV�JLYHQ�E\�H[S�D����
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GLIIHUHQFHV�DUH�WRR�VPDOO�KHUH�WR�EH�SLFNHG�XS�E\�RXU�UHODWLYHO\�VPDOO�VDPSOH��7KH
HIIHFW�RI�WKH�LQGLJHQRXV�WHFKQLTXHV�GHSHQGV�VWURQJO\�RQ�WKH�XVH�RI�IHUWLOL]HU��KRZHYHU�
,Q�WKH�ODVW�WZR�FROXPQV�ZH�UHSRUW�WKH�UHJUHVVLRQ�UHVXOWV�LI�ZH�LQFOXGH�DQ�LQWHUDFWLRQ
WHUP�EHWZHHQ�WKH�VWRQH�EXQG�GXPP\�DQG�WKH�IHUWLOL]HU�YDULDEOH��7KH�UHVXOWV�VKRZ�WKDW
WKHUH�LV�D�VWURQJ�LQWHUDFWLRQ�HIIHFW�EHWZHHQ�WKH�XVH�RI�IHUWLOL]HU�DQG�WKH�SUHVHQFH�RI
VWRQH�EXQGV��7KLV�LV�LQWXLWLYH��DV�WKH�SUHVHQFH�RI�VWRQH�EXQGV�ZLOO�PDNH�LW�PRUH�OLNHO\
WKDW�IHUWLOL]HU�ZLOO�QRW�EH�ZDVKHG�RU�EORZQ�DZD\��:H�DOVR�KDYH�WHVWHG�ZKHWKHU�WLH�
ULGJLQJ�LQ�FRPELQDWLRQ�ZLWK�IHUWLOL]HU�EHFRPHV�PRUH�SURGXFWLYH��EXW�ZH�ILQG�QR
VLJQLILFDQW�HIIHFW��SUREDEO\�EHFDXVH�WKH\�DUH�OHVV�VXFFHVVIXO�LQ�UHWDLQLQJ�IHUWLOL]HU���

2QFH�DJDLQ�ZH�KDYH�WHVWHG�ZKHWKHU�WKH�&REE�'RXJODV�VSHFLILFDWLRQ�QHHGV�WR
EH�UHMHFWHG�LQ�IDYRU�RI�WKH�PRUH�IOH[LEOH�DQG�JHQHUDO�WUDQVORJ�VSHFLILFDWLRQ��$IWHU
LQFOXGLQJ�VTXDUH�WHUPV�IRU�WKH�ODQG�DQG�ODERU�YDULDEOHV��DQG�LQWHUDFWLRQ�WHUPV�IRU�ODQG
DQG�ODERU�ZLWK�HDFK�RWKHU�DQG�ZLWK�WKH�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�LQYHVWPHQWV��WKH
WHVW�RQ�WKH�YDOLGLW\�RI�WKH�&REE�'RXJODV�VSHFLILFDWLRQ�KDV�RQO\�D�S�YDOXH�RI
UHVSHFWLYHO\������DQG������IRU�WKH�UHJUHVVLRQV�UHSRUWHG�LQ�WDEOH��
3ORW�OHYHO�GLIIHUHQFHV�LQ�SURGXFWLYLW\�RI�LQGLJHQRXV�6:&�WHFKQLTXHV

7KH�UHVXOWV�LQ�WDEOH���VKRZ�WKDW�VRLO�FRQVHUYDWLRQ�LQYHVWPHQWV�KDYH�EHHQ
HIIHFWLYH�LQ�WKH�UHVHDUFK�YLOODJHV�RI�%RXNRPEp��+RZHYHU��WKH�HIIHFWV�PHDVXUHG�DUH
DYHUDJH HIIHFWV�RI�VRLO�FRQVHUYDWLRQ�RQ�SURGXFWLYLW\�DFURVV�SORWV��7KLV�DYHUDJH�HIIHFW
ZLOO�EH�YHU\�GLIIHUHQW�IURP�WKH�PDUJLQDO HIIHFW�RI�DGRSWLQJ�VRLO�FRQVHUYDWLRQ�PHDVXUHV
RQ�DQ\�JLYHQ�SORW��,I�IDUPHUV�FKRRVH�WR�LQYHVW�ILUVW�LQ�WKH�SORWV�ZKHUH�WKH�EHQHILWV�RI
VRLO�FRQVHUYDWLRQ�DUH�WKH�KLJKHVW��WKHQ�WKH�SURGXFWLYLW\�RI�VRLO�FRQVHUYDWLRQ�LQYHVWPHQW
LV�IDOOLQJ�ZLWK�LQFUHDVLQJ�LQYHVWPHQW��+HQFH��LI�ZH�ZDQW�WR�DQVZHU�WKH�TXHVWLRQ
�� 7KH�S�YDOXH�RI�WKH�WHVW�LV�RQO\�������:H�GLG�QRW�WHVW�IRU�WKH�SUHVHQFH�RI�DQ�LQWHUDFWLRQ�WHUP�ZLWK�WKHZDWHU�FDWFKPHQW�GXPP\�EHFDXVH�YHU\�IHZ�SORWV�KDYH�ZDWHU�FDWFKPHQWV�
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ZKHWKHU�PRUH�RU�OHVV�FRQVHUYDWLRQ�LQYHVWPHQW�LV�QHHGHG�LQ�D�JLYHQ�YLOODJH��ZH�QHHG�WR
NQRZ�WKH�HIIHFW�RI�VRLO�FRQVHUYDWLRQ�DW�WKH�SORW�OHYHO���

7KH�HIIHFW�RI�VRLO�FRQVHUYDWLRQ�DW�WKH�SORW�OHYHO�ZLOO�GHSHQG�RQ�VRLO�W\SH
�HURGLELOLW\�RI�VRLO���FURSSLQJ�SDWWHUQ��UDLQIDOO�DQG�UXQRII��DQG�VRLO�FRQVHUYDWLRQ
LQYHVWPHQWV�DOUHDG\�XQGHUWDNHQ�RQ�WKH�SORW��7KHUH�DUH�WZR�ZD\V�WR�PHDVXUH�WKH
SURGXFWLYLW\�RI�VRLO�FRQVHUYDWLRQ�DW�WKH�SORW�OHYHO��2Q�WKH�RQH�KDQG�RQH�FRXOG�LQFOXGH
LQWHUDFWLRQ�WHUPV�RI�VRLO�FRQVHUYDWLRQ�PHDVXUHV�ZLWK�SORW�FKDUDFWHULVWLFV��VRLO�W\SH�
FURSSLQJ�SDWWHUQ��HDUOLHU�LQYHVWPHQWV�PDGH���2Q�WKH�RWKHU�KDQG��RQH�FRXOG�IROORZ�WKH
SURFHGXUH�IROORZHG�E\�%\LULQJLUR�DQG�5HDUGRQ���������DQG�FDOFXODWH�DQ�LQGH[�RI
HURVLRQ�IRU�HDFK�SORW�ZKLFK�GHSHQGV�RQ�SORW�FKDUDFWHULVWLFV��FURSSLQJ�SDWWHUQ��DQG
UDLQIDOO��XVLQJ�WKH�8QLYHUVDO�6RLO�/RVV�(TXDWLRQ���7KLV�ODWWHU�DSSURDFK�KDV�WKH
DGYDQWDJH�WKDW�LW�DYRLGV�WKH�QHHG�WR�LQFOXGH�PDQ\�LQWHUDFWLRQ�WHUPV�LQ�WKH�UHJUHVVLRQ
�ZLWK�WKH�ULVN�RI�RYHUILWWLQJ�WKH�GDWD���,W�DOVR�DOORZV�WR�FRQWURO�IRU�UDLQIDOO�HYHQ�LI�ZH
KDYH�UDLQIDOO�PHDVXUHV�ZKLFK�DUH�WKH�VDPH�IRU�DOO�IDUPHUV��$�PDMRU�GUDZEDFN�
KRZHYHU��LV�WKDW�WKHUH�LV�QR�FDOLEUDWHG�YHUVLRQ�RI�WKH�86/(�DYDLODEOH�IRU�WKH
%RXNRPEp�UHJLRQ�DQG�WKDW�WKH�UHVXOWV�GHSHQG�RQ�WKH�TXDOLW\�RI�WKH�86/(�FDOLEUDWLRQ�
7KHUHIRUH��ZH�KDYH�HVWLPDWHG�WKH�SURGXFWLYLW\�HIIHFW�RI�VRLO�FRQVHUYDWLRQ�IRU�GLIIHUHQW
VORSH�W\SHV��VHH�WDEOH����

7KH�WDEOH�VKRZV�WKDW�WKH�SURGXFWLYLW\�RI�VWRQH�EXQGV��WLH�ULGJLQJ��RWKHU�ULGJLQJ
LV�SORW�GHSHQGHQW�DQG�GHSHQGV�RQ�WKH�VORSH�RI�WKH�SORW��WKH�SURGXFWLYLW\�LV�ILUVW
LQFUHDVLQJ�LQ�VORSH�DQG�WKHQ�GHFUHDVLQJ� �� 7KH�KLJKHVW�SURGXFWLYLW\�LV�IRXQG�IRU�SORWV
�� $OVR�DW�WKH�SORW�OHYHO�WKHUH�ZLOO�EH�D�GLIIHUHQFH�EHWZHHQ�DYHUDJH�DQG�PDUJLQDO�HIIHFW��7KLV�GLIIHUHQFHZLOO�EH�LJQRUHG��KRZHYHU��JLYHQ�WKDW�WKH�GLIIHUHQFH�EHWZHHQ�DYHUDJH�DQG�PDUJLQDO�HIIHFW�ZLOO�EH�PXFKVPDOOHU�DW�WKH�SORW�OHYHO�WKDQ�DW�WKH�YLOODJH�OHYHO��7KLV�LV�EHFDXVH�WKH�LQWUD�SORW�YDULDWLRQ�LV�PXFKVPDOOHU�WKDQ�WKH�EHWZHHQ�SORW�YDULDWLRQ�RI�SORW�FKDUDFWHULVWLFV��VXFK�DV�IHUWLOLW\�DQG�VORSH���� 1R�LQWHUDFWLRQ�WHUPV�ZHUH�LQFOXGHG�IRU�WLH�ULGJLQJ�LQ�2NRXDUR�RU�.RXWDJRX�EHFDXVH�WKH\�WXUQHG�RXWWR�EH�LQVLJQLILFDQW�DV�ZHOO��1R�LQWHUDFWLRQ�WHUPV�ZHUH�LQFOXGHG�IRU�ZDWHU�FDWFKPHQWV�EHFDXVH�WKH\�DUHIRXQG�RQ�RQO\�IHZ�SORWV�
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ZLWK�LQWHUPHGLDWH��WKDW�LV�OLJKWO\�VORSHG�SORWV��7KH\�DSSHDU�OHDVW�HIIHFWLYH�RQ�VWHHS
SORWV��7KH�RWKHU�W\SH�RI�ULGJLQJ�DSSHDUV�WR�ORRVH�DOO�HIIHFWLYHQHVV�RQ�VWHHS�SORWV��7KH
XVH�RI��IHUWLOL]HU�RQO\�LPSURYHV�WKH�SURGXFWLYLW\�RI�VWRQH�EXQGV�RQ�IODW�DQG�OLJKW
VORSHV��7KLV�LV�LQWXLWLYH��JLYHQ�WKDW�RQ�VWHHS�VORSHV�HYHQ�VWRQH�EXQGV�ZLOO�KDYH
GLIILFXOW\�UHWDLQLQJ�WKH�DSSOLHG�IHUWLOL]HU�

:H�QRZ�GLVFXVV�ZKHWKHU�WKH�DERYH�UHVXOWV�PD\�KDYH�EHHQ�ELDVHG�EHFDXVH�RI
HQGRJHQHLW\��RPLWWHG�YDULDEOH�RU�VDPSOH�VHOHFWLYLW\�ELDV��:H�GLVFXVV�HDFK�RI�WKHVH
PLVVSHFLILFDWLRQ�SUREOHPV�LQ�WXUQ�
(QGRJHQHLW\�ELDV

2QH�PD\�DUJXH�WKDW�WKH�DERYH�UHVXOWV�PD\�EH�ELDVHG�EHFDXVH�RI�HQGRJHQHLW\
ELDV��7KH�XVH�RI�ODERU�DQG�IHUWLOL]HU�PD\�EH�HQGRJHQRXV��DV�IDUPHUV�PD\�LQFUHDVH�WKH
LQSXW�RI�ODERU�DQG�IHUWLOL]HU�GXULQJ�WKH�VHDVRQ�LI�WKH\�REVHUYH�WKDW�SORW�RXWSXW�LV�ORZHU
WKDQ�H[SHFWHG��/DERU�LQSXW�ZLOO�DOVR�EH�DIIHFWHG�E\�SORW�RXWSXW�DV�LW�LQFOXGHV
KDUYHVWLQJ�ODERU��:H�KDYH�WHVWHG�ZKHWKHU�WKH�DERYH�UHVXOWV�VXIIHU�IURP�HQGRJHQHLW\
ELDV�LQ�WKH�ODERU�DQG�IHUWLOL]HU�YDULDEOH��:H�KDYH�UH�HVWLPDWHG�WKH�ODVW�UHJUHVVLRQ�LQ
WDEOH���WR�FRQWURO�IRU�SRVVLEOH�HQGRJHQHLW\�RI�WKH�ODERU�DQG�IHUWLOL]HU�YDULDEOH��:H
KDYH�XVHG�DV�LQVWUXPHQWV�WKH�DYHUDJH�ODERU�DQG�IHUWLOL]HU�XVH�RQ�WKH�RWKHU�SORWV�RI�WKH
IDUP�DQG�WKH�DYHUDJH�VRLO�W\SH�RI�WKH�RWKHU�SORWV��� 7KH�LQWHUDFWLRQ�WHUPV�EHWZHHQ
VWRQH�EXQGV��VORSH�W\SH�DQG�IHUWLOL]HU�XVH�ZHUH�LQVWUXPHQWHG�ZLWK�LQWHUDFWLRQ�WHUPV
EHWZHHQ�VWRQH�EXQGV��VORSH�W\SH�DQG�DYHUDJH�IHUWLOL]HU�XVH�RQ�WKH�RWKHU�SORWV��,W�PD\
EH�DUJXHG�WKDW�ODERU�DQG�IHUWLOL]HU�XVH�RQ�WKH�GLIIHUHQW�SORWV�RI�D�IDUP�DUH�FRUUHODWHG
WKURXJK�WKH�EXGJHW�DQG�WLPH�FRQVWUDLQWV��DQG�WKHUHIRUH�QRW�YDOLG�LQVWUXPHQWV�
+RZHYHU��WKH�FRUUHODWLRQ�EHWZHHQ�WKH�DYHUDJH�ODERU�DQG�IHUWLOL]HU�XVH�RQ�RWKHU�SORWV
�� 7KH�DYHUDJH�VRLO�W\SH�RI�WKH�RWKHU�SORWV�LV�PHDVXUHG�E\�WKH�DYHUDJH�YDOXHV�RI�WKH�GXPP\�YDULDEOHVIRU�URFN\�DQG�JUDYHOO\�VRLO�DFURVV�WKH�RWKHU�SORWV�
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DQG�WKH�GLVWXUEDQFH�WHUP�VKRXOG�EH�YHU\�ZHDN�JLYHQ�WKDW�RQ�DYHUDJH�IDUP�KRXVHKROGV
FXOWLYDWH�PRUH�WKDQ���SORWV�DQG�JLYHQ�WKDW�WKHUH�DUH�VRIW�UHVRXUFH�FRQVWUDLQWV�IRU
IHUWLOL]HU�DQG�ODERU�XVH��� $OVR�WKHUH�DUH�QR�RWKHU�REYLRXV�LQVWUXPHQWV�DYDLODEOH�ZKLFK
DUH�SORW�VSHFLILF��� +HQFH�ZH�ZLOO�XVH�WKHVH�YDULDEOHV�DV�LQVWUXPHQWV��EXW�ZH�ZLOO
IRUPDOO\�WHVW�ZKHWKHU�WKH\�FDQ�EH�DFFHSWHG�DV�YDOLG�LQVWUXPHQWV��VHH�IXUWKHU��

7KH�+DXVPDQ�3��WHVW�IRU�WKH�QXOO�K\SRWKHVLV�WKDW�WKHUH�LV�QR�HQGRJHQHLW\�ELDV
HTXDOV�RQO\������DQG�LV�WKHUHIRUH�QRW�VLJQLILFDQW�DW���������GHJUHHV�RI�IUHHGRP��
)URP�WKLV��ZH�PD\�FRQFOXGH�WKDW�WKH�DERYH�UHVXOWV�GR�QRW�VXIIHU�IURP�HQGRJHQHLW\
ELDV�LQ�WKH�ODERU�DQG�IHUWLOL]HU�YDULDEOHV��%HIRUH�FRQFOXGLQJ�WKLV��KRZHYHU��ZH�QHHG�WR
FKHFN�WKH�TXDOLW\�RI�WKH�LQVWUXPHQWV�XVHG��)LUVW��%RXQG�HW�DO���������DQG�6WDLJHU�HW�DO�
�������KDYH�QRWHG�WKDW�LI�LQVWUXPHQWV�DUH�YHU\�ZHDNO\�FRUUHODWHG�ZLWK�WKH�HQGRJHQRXV
YDULDEOHV��HYHQ�D�YHU\�VPDOO�FRUUHODWLRQ�EHWZHHQ�WKH�LQVWUXPHQW�DQG�WKH�GLVWXUEDQFH
WHUP�ZLOO�SURGXFH�D�ODUJHU�LQFRQVLVWHQF\�LQ�WKH�LQVWUXPHQWDO�UHJUHVVLRQ�HVWLPDWHV�WKDQ
LQ�WKH�QRQ�LQVWUXPHQWHG�UHJUHVVLRQ�HVWLPDWHV��6HFRQG��LQ�ILQLWH�VDPSOHV��LQVWUXPHQWDO
HVWLPDWHV�DUH�ELDVHG�LQ�WKH�VDPH�GLUHFWLRQ�DV�2/6�HVWLPDWHV��%RXQG�HW�DO��VXJJHVW�WKDW
WR�JDXJH�WKH�VHYHULW\�RI�ERWK�SUREOHPV�WKDW�ERWK�WKH�SDUWLDO�5� DQG�WKH�)�VWDWLVWLF�RQ
WKH�H[FOXGHG�LQVWUXPHQWV�IURP�WKH�ILUVW�VWDJH�HVWLPDWLRQ�EH�UHSRUWHG�ZKHQ�XVLQJ
LQVWUXPHQWDO�UHJUHVVLRQ�DV�DSSUR[LPDWH�JXLGHV�WR�WKH�TXDOLW\�RI�WKH�LQVWUXPHQWDO
HVWLPDWHV��,Q�RXU�FDVH�WKHVH�FKHFNV�VXJJHVWV�WKDW�WKHUH�LV�QR�SUREOHP��7KH�SDUWLDO�5� RI
ODERU�DQG�IHUWLOL]HU�XVH�RQ�WKH�LQVWUXPHQWV�DUH������DQG������UHVSHFWLYHO\��ZKLFK�DUH
�� 6XSSRVH�KRXVHKROG�K�DOORFDWHV�7�XQLWV�RI�IDUP�ODERU�DFURVV�1�SORWV�� 7//1 KSKS  �� ��� ��ZKHUH

KS/ LQGLFDWHV�WKH�DYHUDJH�ODERU�XVH�RQ�RWKHU�SORWV�WKDQ�SORW�S��DQG� KS/ WKH�ODERU�XVH�RQ�SORW�S��+HQFHIRU�JLYHQ�UHVRXUFHV�7�� KS1KS // ' ' ��� ��DQG�WKH�FRUUHODWLRQ�RI KS/ ZLWK�WKH�SORW�VSHFLILF�GLVWXUEDQFHWHUP� KSH ZLOO�EH�VPDOOHU�DV�1�JURZV�ODUJHU��$OVR��WKH�FRUUHODWLRQ�ZLOO�EH�HYHQ�ZHDNHU�LI�WKHUH�LV�D�VRIWUHVRXUFH�FRQVWUDLQW�IRU�ODERU�DQG�IHUWLOL]HU�XVH��DV�KRXVHKROGV�ZLOO�LQFUHDVH�WRWDO�ODERU�DQG�IHUWLOL]HU�XVHWR�DFFRPPRGDWH�DQ\�SORW�VSHFLILF�SURGXFWLYLW\�VKRFNV��7KLV�LPSOLHV�WKDW�ODERU�DQG�IHUWLOL]HU�XVH�RQ�WKHRWKHU�SORWV�ZLOO�IDOO�HYHQ�OHVV�ZLWK�DQ\�LQFUHDVH�LQ�ODERU�DQG�IHUWLOL]HU�XVH�RQ�D�JLYHQ�SORW��� $Q�REYLRXV�LQVWUXPHQW�IRU�WKH�XVH�RI�IHUWLOL]HU�LV�WKH�DYDLODELOLW\�RI�PLJUDQW�UHPLWWDQFHV�LQ�WKH
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UHODWLYHO\�ODUJH��DQG�WKH�)�VWDWLVWLF�RQ�WKH�H[FOXGHG�LQVWUXPHQWV�LQ�WKH�ILUVW�VWDJH
HVWLPDWLRQ�DUH������DQG������IRU�ODERU�DQG�IHUWLOL]HU�XVH�UHVSHFWLYHO\���

%HVLGHV�WKH�TXDOLW\�RI�WKH�LQVWUXPHQWV�LW�KDV�DOVR�EHHQ�DUJXHG�WKDW�RQH�VKRXOG
FKHFN�WKH�YDOLGLW\�RI�WKH�LQVWUXPHQWV��E\�WHVWLQJ�ZKHWKHU�WKH�LQVWUXPHQWV�GR�QRW�DIIHFW
SORW�RXWSXW�GLUHFWO\��H[FOXVLRQ�UHVWULFWLRQV���7R�WHVW�ZKHWKHU�RXU�LQVWUXPHQWV�KDYH�DQ\
GLUHFW�LQIOXHQFH�RQ�HDUQLQJV�ZH�KDYH�XQGHUWDNHQ�D�WHVW�RI�RYHULGHQWLI\LQJ�UHVWULFWLRQV
�6DUJDQ�WHVW��RQ�WKH�LQVWUXPHQW�VHW�XVHG��7KH�WHVW�RQ�RYHULGHQWLI\LQJ�UHVWULFWLRQV�LV�QRW
UHMHFWHG��S�YDOXH��������DQG�RXU�LQVWUXPHQWV�DUH�WKHUHIRUH�YDOLGDWHG�
2PLWWHG�YDULDEOH�ELDV

2QH�PD\�DUJXH�WKDW�RXU�UHVXOWV�VXIIHU�IURP�DQ�RPLWWHG�YDULDEOH�ELDV�EHFDXVH
ZH�GR�QRW�FRQWURO�IRU�XQREVHUYHG�SORW�FKDUDFWHULVWLFV��,Q�SULQFLSOH�WKLV�VKRXOG�EH�D
FRQFHUQ�LQGHHG��DV�ZH�GR�QRW�KDYH�D�SDQHO�GDWD�VHW�DQG�ZH�DUH�WKHUHIRUH�XQDEOH�WR
LQFOXGH�SORW�IL[HG�HIIHFWV�WR�FRQWURO�IRU�VXFK�XQREVHUYDEOHV��7R�FRQWURO�IRU�SORW
FKDUDFWHULVWLFV��ZH�KDYH�LQFOXGHG�D�QXPEHU�RI�SORW�FKDUDFWHULVWLFV�WR�PLWLJDWH�WKLV
SUREOHP��QDPHO\�WKH�IHUWLOLW\�OHYHO��VRLO�W\SH��DQG�VORSH�W\SH�RI�WKH�SORW��+RZHYHU��LI
WKHVH�REVHUYHG�SORW�FKDUDFWHULVWLFV�GR�QRW�IXOO\�FRQWURO�IRU�XQREVHUYDEOH�GLIIHUHQFHV�LQ
SORW�TXDOLW\��RXU�HVWLPDWHV�RI�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�WHFKQLTXHV�PD\�EH�ELDVHG
LI�WKHUH�LV�D�FRUUHODWLRQ�EHWZHHQ�WKHVH�WHFKQLTXHV�DQG�WKH�TXDOLW\�RI�WKH�SORW��)RU
LQVWDQFH��LI�LQGLJHQRXV�WHFKQLTXHV�DUH�PRUH�OLNHO\�WR�EH�XVHG�RQ�KLJK�TXDOLW\�SORWV�
WKHQ�WKH�REVHUYHG�SURGXFWLYLW\�HIIHFW�RI�WKHVH�WHFKQLTXHV�PD\�UHIOHFW�XQGHUO\LQJ�SORW
TXDOLW\�GLIIHUHQFHV�UDWKHU�WKDQ�SURGXFWLYLW\�HIIHFWV��,Q�RUGHU�WR�H[SORUH�WKLV�SRVVLELOLW\�
ZH�KDYH�WHVWHG�ZKHWKHU�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�WHFKQLTXHV�LV�GLIIHUHQW�IRU�SORWV
KRXVHKROG��:H�FDQQRW�XVH�WKLV�DV�LQVWUXPHQW�KRZHYHU�EHFDXVH�WKH�LQVWUXPHQWV�QHHG�WR�EH�SORW�VSHFLILFZLWK�WKH�LQFOXVLRQ�RI�KRXVHKROG�IL[HG�HIIHFWV��� %RXQG�HW�DO��VXJJHVW�WKDW��DQ�)�VWDWLVWLF�DW�DOO�FORVH�WR�RQH�VKRXOG�EH�FDXVH�IRU�FRQFHUQ��
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ZKLFK�KDYH�EHHQ�UHSRUWHG�WR�EH�UHODWLYHO\�IHUWLOH�FRPSDUHG�WR�SORWV�ZKLFK�KDYH�EHHQ
UHSRUWHG�WR�EH�OHVV�IHUWLOH��� %HFDXVH�ZH�GLVWLQJXLVK�EHWZHHQ�SURGXFWLYLW\�HIIHFWV�DW
GLIIHUHQW�OHYHOV�RI�IHUWLOLW\��WKH�HVWLPDWHG�SURGXFWLYLW\�HIIHFWV�VKRXOG�EH�OHVV�DIIHFWHG
E\�DQ\�FRUUHODWLRQ�EHWZHHQ�WHFKQLTXHV�DQG�SORW�TXDOLW\��:H�GR�QRW�ILQG�DQ\
GLIIHUHQFHV�LQ�SURGXFWLYLW\�RI�LQGLJHQRXV�WHFKQLTXHV�EHWZHHQ�IHUWLOH�DQG�OHVV�IHUWLOH
SORWV��DQG�WKH�REVHUYHG�SURGXFWLYLW\�HIIHFWV�DUH�YHU\�VLPLODU�WR�WKRVH�REVHUYHG
EHIRUH��� 7KLV�VXJJHVWV�WKDW�WKH�REVHUYHG�SURGXFWLYLW\�HIIHFWV�RI�LQGLJHQRXV�WHFKQLTXHV
DUH�QRW�GULYHQ�E\�RPLWWHG�YDULDEOH�ELDV�
6DPSOH�VHOHFWLYLW\�ELDV

:H�KDYH�HVWLPDWHG�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�WHFKQLTXHV�RQO\�IRU�SORWV�RQ
ZKLFK�FHUHDOV�DUH�JURZQ��DQG�WKHUHIRUH�ZH�PD\�KDYH�LQWURGXFHG�D�VDPSOH�VHOHFWLYLW\
ELDV��,I�ILHOGV�ZLWK�LQGLJHQRXV�WHFKQLTXHV�DUH�PRUH�OLNHO\�WR�EH�XVHG�IRU�FHUHDOV��ZH
PD\�KDYH�LQGXFHG�D�FRUUHODWLRQ�EHWZHHQ�WKH�GLVWXUEDQFH�WHUP�DQG�WKH�GXPPLHV�IRU
LQGLJHQRXV�WHFKQLTXHV��VHH�*UHHQH��VHFWLRQ��������,Q�RUGHU�WR�FRQWURO�IRU�WKLV�W\SH�RI
VDPSOH�VHOHFWLYLW\�ELDV��ZH�XVH�D�PHWKRGRORJ\�GHULYHG�LQ�'XELQ�DQG�0F)DGGHQ
��������7KLV�UHTXLUHV�WKH�HVWLPDWLRQ�RI�D�UHGXFHG�IRUP�PXOWLQRPLDO�ORJLW�PRGHO�RI
FURS�FKRLFH��IURP�ZKLFK�D�VHW�RI�'XELQ�0F)DGGHQ�VHOHFWLRQ�FRUUHFWLRQ�WHUPV�DUH
FRQVWUXFWHG��SUHGLFWHG��IRU�HDFK�SORW��7KH�SUHGLFWHG�FRUUHFWLRQ�WHUPV�DUH�LQFOXGHG�DV
UHJUHVVRUV�LQ�WKH�SURGXFWLRQ�IXQFWLRQ�UHJUHVVLRQ��7KH�UHVXOWV�IRU�WKH�FURS�FKRLFH�PRGHO
DUH�UHSRUWHG�LQ�WKH�DSSHQGL[��:H�GLVWLQJXLVK�EHWZHHQ�WKUHH�FURS�FKRLFHV��QDPHO\����
FHUHDOV��SRVVLEO\�PL[HG�ZLWK�EHDQV�������RWKHU�FURSV��DQG�����IDOORZ��7KH�UHVXOWV�VKRZ
WKDW�WKHUH�DUH�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�WKH�XVH�RI�LQGLJHQRXV�WHFKQLTXHV�DQG
�� :H�DVVXPH�WKDW�SORW�TXDOLW\�LV�FRUUHODWHG�ZLWK��EXW�QRW�IXOO\�FDSWXUHG�E\��UHSRUWHG�IHUWLOLW\�OHYHOV�7HFKQLFDOO\��ZH�KDYH�LQFOXGHG�LQWHUDFWLRQ�WHUPV�IRU�WKH�LQGLJHQRXV�WHFKQLTXHV�DQG�WKH�GXPP\�IRU�KLJKSORW�IHUWLOLW\�UDQNLQJ��� 5HVXOWV�DUH�DYDLODEOH�IURP�WKH�DXWKRUV�RQ�UHTXHVW�
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FURS�FKRLFH��DQG�JHQHUDOO\�WKH�SUHVHQFH�RI�LQGLJHQRXV�WHFKQLTXHV�VHHPV�WR�IDYRU
FHUHDOV��DOPRVW�DOO�FRHIILFLHQWV�RI�WKH�LQGLJHQRXV�WHFKQLTXHV�DUH�QHJDWLYH�IRU�RWKHU
FURSV�DQG�IDOORZ���8VLQJ�WKHVH�HVWLPDWHV��ZH�LQFOXGH�WKH�FRQVWUXFWHG�'XELQ�
0F)DGGHQ�VHOHFWLRQ�FRUUHFWLRQ�WHUPV�LQ�WKH�SURGXFWLRQ�IXQFWLRQ�UHJUHVVLRQ��:H�DGG
WKH�VHOHFWLRQ�WHUPV�WR�WKH�ILUVW�UHJUHVVLRQ�UHSRUWHG�LQ�WDEOH����ODVW�WZR�FROXPQV��

:H�QRWH�WKDW�WKH�VHOHFWLRQ�WHUPV�DUH�QRW�VLJQLILFDQW�DQG�WKHUHIRUH�ZH�FDQQRW
UHMHFW�WKH�K\SRWKHVLV�WKDW�WKHUH�LV�QR�VDPSOH�VHOHFWLYLW\�SUREOHP��� 7KH�VLJQV�RQ�WKH
VHOHFWLYLW\�WHUPV�DUH�LQWXLWLYH��KRZHYHU��LPSO\LQJ�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH
FKRLFH�IRU�RWKHU�FURSV�DQG�FHUHDO�SURGXFWLYLW\�DQG�D�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�WKH
FKRLFH�IRU�IDOORZ�DQG�FHUHDO�SURGXFWLYLW\��$OVR��ZH�REVHUYH�WKDW�D�QXPEHU�RI
FRHIILFLHQWV�DUH�VWURQJO\�DIIHFWHG�E\�WKH�LQFOXVLRQ�RI�WKH�VHOHFWLRQ�WHUPV��7KLV�VXJJHVWV
WKDW�VHOHFWLYLW\�PD\ EH�D�SUREOHP�EXW�WKDW�RXU�VDPSOH�VL]H�LV�WRR�VPDOO�WR�UHMHFW�WKH
DEVHQFH�RI�VDPSOH�VHOHFWLYLW\��/RRNLQJ�DW�WKH�SURGXFWLYLW\�RI�LQGLJHQRXV�WHFKQLTXHV�
ZH�VHH�WKDW�WKH�UHVXOWV�IRU�WLH�ULGJLQJ�DUH�PRVW�DIIHFWHG��ZLWK�QR�ORQJHU�D�VLJQLILFDQW
HIIHFW�IURP�WLH�ULGJLQJ�LQ�7DNRXDQWD�RU�.RXQDNRJRX��DQG�D�VLJQLILFDQWO\�QHJDWLYH
HIIHFW�IRU�2NRXDUR�RU�.RXWDJRX��)RU�RWKHU�W\SH�RI�WLH�ULGJLQJ��WKRXJK��ZH�ILQG�DQ�HYHQ
VWURQJHU�SURGXFWLYLW\�HIIHFW��3ORWV�ZLWK�WLH�ULGJLQJ�DUH�IDU�PRUH�OLNHO\�WR�EH�XVHG�IRU
FHUHDOV��DQG�WKH�VDPSOH�VHOHFWLYLW\�WHUPV�PD\�FRUUHFW�IRU�WKH�LQGXFHG�FRUUHODWLRQ
EHWZHHQ�WKH�GLVWXUEDQFH�WHUP�DQG�WLH�ULGJLQJ�GXPPLHV�
���&RQFOXVLRQV�DQG�GLVFXVVLRQ

,Q�WKLV�SDSHU�ZH�KDYH�WULHG�WR�H[DPLQH�WKH�SURGXFWLYLW\�RI�VRLO�FRQVHUYDWLRQ
WHFKQLTXHV�DV�DGRSWHG�LQ�%RXNRPEp��)DUPHUV�KDYH�DGRSWHG�D�ZLGH�UDQJH�RI
FRQVHUYDWLRQ�WHFKQLTXHV��EXW�WKH\�KDYH�DOVR�RIWHQ�DEDQGRQHG�HDUOLHU�DGRSWHG
�� 7KH�S�YDOXH�IRU�WKH�MRLQW�WHVW�WKDW�ERWK�VHOHFWLRQ�WHUPV�DUH�QRW�GLIIHUHQW�IURP�]HUR�LV������
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WHFKQLTXHV��SUHVXPDEO\�EHFDXVH�WKH\�ZHUH�QRW�DV�SURGXFWLYH�DV�DQWLFLSDWHG��,I�ZH�FDQ
REVHUYH�KRZ�PXFK�IDUPHUV�GR�EHQHILW�IURP�WKHVH�WHFKQLTXHV�ZLWKLQ�WKH�DFWXDO�FRQWH[W
RI�%RXNRPEp��WKHQ�LW�ZLOO�EH�SRVVLEOH�WR�DVVHVV�ZKDW�WKH�SURGXFWLYLW\�EHQHILW�ZLOO�EH
RI�DGGLWLRQDO�VRLO�FRQVHUYDWLRQ�LQYHVWPHQWV�

7KH�UHVXOWV�VKRZ�WKDW�WKHUH�DUH�FOHDU�SURGXFWLYLW\�HIIHFWV�LI�RQH�FRQWUROV�IRU
KRXVHKROG�IL[HG�HIIHFWV��3URGXFWLYLW\�LV�DOVR�VKRZQ�WR�GHSHQG�RQ�SORW�FKDUDFWHULVWLFV�
SDUWLFXODUO\�VORSH�W\SH��,I�D�FDOLEUDWHG�YHUVLRQ�RI�WKH�86/(�FDQ�EH�IRXQG�IRU�WKH
%RXNRPEp�UHJLRQ��WKHQ�LW�ZLOO�EH�SRVVLEOH�WR�IXUWKHU�GLVDJJUHJDWH�WKH�SURGXFWLYLW\
HIIHFW�DORQJ�GLIIHUHQFHV�LQ�VRLO�W\SH��FURSSLQJ�SDWWHUQ��UDLQIDOO��DQG�RWKHU�LQYHVWPHQWV
PDGH��7KLV�LV�SODQQHG�DV�D�QH[W�VWHS�RI�UHVHDUFK�

6WLOO��HYHQ�LI�LW�FDQ�EH�HVWDEOLVKHG�WKDW�WKHUH�DUH�FRVW�HIIHFWLYH�ZD\V�WR�LPSURYH
SURGXFWLYLW\��LW�ZLOO�EH�LPSRUWDQW�WR�DVVHVV�KRZ�FHUWDLQ�WKHVH�EHQHILWV�ZLOO�EH�DW�WKH
IDUP�OHYHO��(YHQ�LI�DYHUDJH�SURGXFWLYLW\�JDLQV�FDQ�EH�H[SHFWHG�WR�EH�YHU\�KLJK�
LQGLYLGXDO�IDUPHUV�PD\�DEVWDLQ�IURP�LQYHVWPHQWV�LI�WKH�SURGXFWLYLW\�EHQHILWV�DUH
XQFHUWDLQ�DQG�LQYHVWPHQW�LV��SDUWLDOO\��LUUHYHUVLEOH��7KLV�ZLOO�EH�HVSHFLDOO\�WKH�FDVH�IRU
LQYHVWPHQWV�LQ�SK\VLFDO�FRQVHUYDWLRQ�VWUXFWXUHV��DQG�WKH�SRWHQWLDO�ZHOIDUH�ORVV�IURP
WRR�ORZ�LQYHVWPHQW�FRXOG�EH�ODUJH�LQ�OLJKW�RI�WKH�VWURQJ�SURGXFWLYLW\�HIIHFWV�REVHUYHG
IRU�WKHVH�LQYHVWPHQWV�

$QRWKHU�LVVXH�LV�ZKHWKHU�WKH�REVHUYHG�SURGXFWLYLW\�HIIHFWV�DUH�DW\SLFDO��LQ�WKH
VHQVH�WKDW�WKH�VXUYH\�SHULRG�ZDV�DW\SLFDO��5DLQIDOO�GXULQJ�WKH���������VHDVRQ�ZDV
�����PP�ZKLFK�LV�����KLJKHU�WKDQ�WKH�DYHUDJH�DQQXDO�UDLQIDOO�LQ�WKH�ODVW����\HDUV�
'XULQJ�WKH�SODQWLQJ�SHULRG��0D\�-XQH��WKH�WRWDO�UDLQIDOO�ZDV�DOVR�YHU\�KLJK�����
KLJKHU�WKDQ�WKH�DYHUDJH���6LPLODU�ILJXUHV�DUH�DOVR�REVHUYHG�IRU�WKH�UDLQIDOO�LQWHQVLW\
�����PP�GD\�YHUVXV�DQ�DYHUDJH�RI���PP�GD\�IRU�WKH�ZKROH�\HDU�����PP�GD\�YHUVXV
DQ�DYHUDJH�RI����PP�GD\�GXULQJ�WKH�SODQWLQJ�SHULRG���,I�SURGXFWLYLW\�HIIHFWV�GHSHQG
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RQ�UDLQIDOO��WKH\�PD\�KDYH�EHHQ�DW\SLFDO�DV�ZHOO��+RZHYHU��LW�LV�GLIILFXOW�WR�DVVHVV
ZKHWKHU�WKH�REVHUYHG�SURGXFWLYLW\�HIIHFWV�DUH�DQ�RYHU�RU�XQGHUHVWLPDWH�RI�WKH�DYHUDJH
SURGXFWLYLW\�HIIHFWV��$OWKRXJK�PDQ\�IDUPHUV�LQ�RXU�VWXG\�DUHD�FRQVLGHUHG�KHDY\�UDLQV
DV�KDYLQJ�QHJDWLYH�HIIHFWV�RQ�SURGXFWLYLW\�LQ�VSLWH�RI�WKH�YHU\�ZLGH�DSSOLFDWLRQ�RI
YDULRXV�PHFKDQLFDO�DQG�QRQ�PHFKDQLFDO�FRQVHUYDWLRQ�VWUXFWXUHV��LW�PD\�ZHOO�EH
SRVVLEOH�WKDW�ZLWKRXW�WKRVH�VWUXFWXUHV�WKH\�ZRXOG�KDYH�EHHQ�HYHQ�ZRUVH�RII�
/RQJLWXGLQDO�GDWD�RQ�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�LQYHVWPHQWV�LQ�FRPELQDWLRQ�ZLWK
SURGXFWLRQ�DQG�UDLQIDOO�GDWD�VKRXOG�VKHG�PRUH�OLJKW�RQ�WKLV�LVVXH�
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5HIHUHQFHV
$GpJELGL�HW�DO����������(WXGH�GHV�)LOLqUHV�GHV�,QWUDQWV�$JULFROHV�DX�%pQLQ��5DSSRUW�GH

FRQVXOWDWLRQ�SRXU�O
,)6��0'5�*7=���&RWRQRX�
$OODQ��:����������7KH�$IULFDQ�+XVEDQGPDQ��2OLYHU�DQG�%R\G��(GLQEXUJK�
%DEDWRXQGp��/��HW�$��6RXQNRXD���������'LDJQRVWLF�)RQFLHU�VXU�OH�6LWH�GH�%RXNRPEp�

3*51��&RWRQRX�
%RXQG��-���'��-DHJHU��DQG�5��%DNHU����������7KH�&XUH�&DQ�%H�:RUVH�7KDQ

WKH�'LVHDVH��$�&DXWLRQDU\�7DOH�5HJDUGLQJ�,QVWUXPHQWDO�9DULDEOHV��
1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK�7HFKQLFDO�:RUNLQJ�3DSHU
�����

%RVHUXS��(����������7KH�&RQGLWLRQV�RI�$JULFXOWXUDO�*URZWK��7KH�HFRQRPLFV
RI�DJUDULDQ�FKDQJH�XQGHU�SRSXODWLRQ�SUHVVXUH ��(DUWKVFDQ�3XEOLFDWLRQV
/WG��/RQGRQ�

%XQFK�5��DQG�*��/RSH]����������6RLO�5HFXSHUDWLRQ�LQ�&HQWUDO�$PHULFD�
6XVWDLQLQJ�,QQRYDWLRQ�DIWHU�,QWHUYHQWLRQ���/RQGRQ��,QWHUQDWLRQDO
,QVWLWXWH�IRU�(QYLURQPHQW�DQG�'HYHORSPHQW�

%\LULQJLUR��)��DQG�7��5HDUGRQ����������)DUP�SURGXFWLYLW\�LQ�5ZDQGD��HIIHFWV
RI�IDUP�VL]H��HURVLRQ�DQG�VRLO�FRQVHUYDWLRQ�LQYHVWPHQWV���$JULFXOWXUDO
(FRQRPLFV����������������

&$5'(5��������������$QQXDO�5HSRUWV��1DWLWLQJRX��$WDFRUD
&KRSUD��(�����������/DQG�GHJUDGDWLRQ��GLPHQVLRQV�DQG�FDVXDOWLHV���,QGLDQ

-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV ��������������
&OD\��'���7��UHDUGRQ�DQG�-��.DQJDVQLHPL����������6XVWDLQDEOH�,QWHQVLILFDWLRQ�LQ�WKH

+LJKODQG�7URSLFV��5ZDQGDQ�)DUPHUV
�,QYHVWPHQW�LQ�/DQG�&RQVHUYDWLRQ�DQG
6RLO�)HUWLOLW\���(FRQRPLF�'HYHORSPHQW�DQG�&XOWXUDO�&KDQJH ����������������
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&RVWLQ��$�%�DQG�+�&��&RRPEV����������)DUP�3ODQWLQJ�IRU�UHVRXUFH
FRQVHUYDWLRQ���6HDUFK ����������������

)DQ��6��DQG��3��+D]HOO����������$UH�UHWXUQV�WR�SXEOLF�LQYHVWPHQW�ORZHU�LQ�OHVV�
IDYRUHG�UXUDO�DUHDV"�$Q�HPSLULFDO�DQDO\VLV�RI�,QGLD���(37'
'LVFXVVLRQ�3DSHU�1q����,)35,��:DVKLQJWRQ��'�&�

)DXFN��5��DQG�5��0DLJQLHQ ��������0LVVLRQ�G¶pWXGHV�DX�'DKRPH\��5DSSRUW
GH�SpGRORJLH�1����6ROV�GH�%RXNRPEp���256720�

*DQGRQRX��(��DQG�$��$GpJELGL����������&URLVVDQFH�GpPRJUDSKLTXH�HW�G\QDPLTXH�GHV
V\VWqPHV�SD\VDQV�GDQV�OHV�UpJLRQV�0RQWDJQHXVHV�GX�%pQLQ��/
LQWHQVLILFDWLRQ
DJULFROH��HQ�SDQQH"���8QLYHUVLWp�1DWLRQDOH�GX�%pQLQ�

*OHDYH��0�%��DQG�+�3�:KLWH����������3RSXODWLRQ�GHQVLW\�LQ�DJULFXOWXUDO
V\VWHPV�LQ�:HVW�$IULFD���,Q�(QYLURQPHQW�DQG�/DQG�XVH�LQ�$IULFD
�0�)��7KRPDV�DQG�*�:��:KLWWLQJWRQ��HGV��� 0HWKXHQ��/RQGRQ�

*UHHQH��:����������(FRQRPHWULF�$QDO\VLV��3UHQWLFH�+DOO�,QWHUQDWLRQDO�
/RQGRQ��IRXUWK�HGLWLRQ��

+D\HV��-���0��5RWK�DQG�/��=HSHGD����������7HQXUH�6HFXULW\��LQYHVWPHQW�DQG
SURGXFWLYLW\�LQ�*DPELDQ�DJULFXOWXUH��D�JHQHUDO�3URELW�DQDO\VLV��
$PHULFDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV ������0D\�����������

,16$(���������7DEOHDX�GH�%RUG�6RFLDO��&RWRQRX�
.RGMR�HW�DO�����������/D�OXWWH�DQWL�pURVLYH�HW�OD�UHVWDXUDWLRQ�GH�OD�IHUWLOLWp�GHV

VROV�GDQV�OH�EDVVLQ�YHUVDQW�GH�.RXPDJRX��VRXV�SUpIHFWXUH�GH
%RXNRPEp��(WXGHV�HW�DQDO\VH�GHV�GLIIpUHQWHV�WHFKQLTXHV�PLVHV�HQ
RHXYUH���3URMHW�GH�*HVWLRQ�GHV�5HVVRXUFHV�1DWXUHOOHV��3*51��
&RWRQRX�

0LUDFOH��0�3����������$JULFXOWXUH�LQ�WKH�&RQJR�%DVLQ��8QLYHUVLW\�RI
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:LVFRQVLQ�3UHVV��0DGLVRQ�
0RUJDQ��:�%�����������3HDVDQW�$JULFXOWXUH�LQ�7URSLFDO�$IULFD���,Q

(QYLURQPHQW�DQG�/DQG�XVH�LQ�$IULFD �0�)��7KRPDV�DQG�*�:��:KLWWLQJWRQ�
HGV��� 0HWKXHQ��/RQGRQ�

1DGHO���������$�%ODFN�%\]DQWLXP��/RQGRQ�
1DWWD��-����������7UDGLWLRQ�HW�'pYHORSSHPHQW��2FFXSDWLRQ��([SORLWDWLRQ�GX�6RO�HW

2UJDQLVDWLRQ� 6SDWLDOH� FKH]� OHV� %qWDPDULEq� GX� 1RUG�%pQLQ�� 0pPRLUH� GH
PDvWULVH�GH�JpRJUDSKLH��)/$6+�81%��&RWRQRX�

2NLJER��%�1�����������)DUPLQJ�V\VWHPV�DQG�VRLO�HURVLRQ�LQ�:HVW�$IULFD���,Q
6RLO�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�LQ�WKH�+XPLG�7URSLFV �'�-�
*UHHQODQG�DQG��5��/DO��HGV����-RKQ�:LOH\��&KLFKHVWHU��8.�

3HQGHU��-�����������3RSXODWLRQ�JURZWK��DJULFXOWXUDO�LQWHQVLILFDWLRQ��LQGXFHG
LQQRYDWLRQ�DQG�QDWXUDO�UHVRXUFH�VXVWDLQDELOLW\��$Q�DSSOLFDWLRQ�RI
QHRFODVVLFDO�JURZWK�WKHRU\���$JULFXOWXUDO�(FRQRPLFV������������

3LQJDOL�3�/���3�)��0R\D�DQG�/�(��9HODVFR����������7KH�SRVW�JUHHQ�UHYROXWLRQ
EOXHV�LQ�$VLDQ�ULFH�SURGXFWLRQ��7KH�GLPLQLVKHG�JDS�EHWZHHQ
H[SHULPHQW�VWDWLRQ�DQG IDUPHU�\LHOGV����6RFLDO�6FLHQFHV�'LYLVLRQ
3DSHU�1q �������/RV�%mQRV��/DJXQD��3KLOLSSLQHV��,QWHUQDWLRQDO�5LFH
5HVHDUFK�,QVWLWXWH��,55,��

3LQJDOL��3��DQG�+�3��%LQVZDQJHU����������3RSXODWLRQ�'HQVLW\�DQG
$JULFXOWXUDO�,QWHQVLILFDWLRQ��$�VWXG\�RI�WKH�(YROXWLRQ�RI�7HFKQRORJLHV
LQ�7URSLFDO�$JULFXOWXUH���$JULFXOWXUDO�DQG�5XUDO�'HYHORSPHQW
'HSDUWPHQW��5HVHDUFK�8QLW��UHSRUW�1q $58�����:RUOG�%DQN��:DVKLQJWRQ�
'�&�

3LQJDOL��3��DQG�+�3��%LQVZDQJHU����������3RSXODWLRQ�'HQVLW\�DQG�)DUPLQJ
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6\VWHPV��7KH�&KDQJLQJ�/RFXV�RI�,QQRYDWLRQV�DQG�7HFKQLFDO�&KDQJH���,Q
3RSXODWLRQ��)RRG�DQG�5XUDO�'HYHORSPHQW �5��/HH��:��%��$UWKXU��$�&��.HOOH\�
*��5RGJHUV�DQG�7�1��6ULQLYDVDQ��HGV���&ODUHQGRQ�3UHVV��2[IRUG�

3ODFH��)��DQG�3��+D]HOO����������3URGXFWLYLW\�HIIHFWV�RI�LQGLJHQRXV�ODQG
WHQXUH�V\VWHPV�LQ�6XE�6DKDUDQ�$IULFD���$PHULFDQ�-RXUQDO�RI
$JULFXOWXUDO�(FRQRPLFV ����)HEUXDU\���������

5DQGDOO��$�����������3URSHUW\�HQWLWOHPHQW�DQG�SULFLQJ�SROLF\�IRU�D�PDWXULQJ
ZDWHU�HFRQRP\���$XVWUDOLDQ�-RXUQDO�RI�$JULFXOWXUDO�(FRQRP LFV ������
��������

5HLM��&���,��6FRRQHV�HW�&��7RXOPLQ���������7HFKQLTXHV�WUDGLWLRQQHOOHV�GH
FRQVHUYDWLRQ�GHV�HDX[�HW�GHV�VROV�HQ�$IULTXH ��(G��.$57+$/$�
&'&6�HW�&7$��3DULV���$PVWHUGDP��:DJHQLQJHQ�

5LFKDUGV��$�,����������/DQG��ODERXU�DQG�GLHW�LQ�1RUWKHUQ�5KRGHVLD ��/RQGRQ�
6FKHUU��6�-��DQG�3��+D]HOO����������6XVWDLQDEOH�DJULFXOWXUDO�GHYHORSPHQW

VWUDWHJLHV�LQ�IUDJLOH�ODQGV���(37'�'LVFXVVLRQV�SDSHU�1q���,)35,�
:DVKLQJWRQ��'�&�

6LQJK��/�3���%��6LQJK��DQG�+�6�%DO�����������,QGLVFULPLQDWH�IHUWLOL]HU�XVH�YLV�
j�YLV JURXQG�ZDWHU�SROOXWLRQ�LQ�&HQWUDO�3XQMDE���,QGLDQ�-RXUQDO�RI
$JULFXOWXUDO�(FRQRPLFV ��������������

6SHQFHU��'�����������,QIUDVWUXFWXUH�DQG�WHFKQRORJLFDO�FRQVWUDLQWV�WR
DJULFXOWXUDO�GHYHORSPHQW�LQ�WKH�KXPLG�DQG�VXEKXPLG�WURSLFV�RI
$IULFD���(37'�'LVFXVVLRQV�SDSHU�1q���,)35,��:DVKLQJWRQ��'�&�

6WDLJOHU��'��DQG�-��6WRFN����������,QVWUXPHQWDO�9DULDEOHV�5HJUHVVLRQV�ZLWK
:HDN�,QVWUXPHQWV���1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK
7HFKQLFDO�:RUNLQJ�3DSHU������
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6XEED�5DR��'�9���.�5��&KRZGU\�DQG�*�*��9HQNDWD�5HGG\��������
�'HJUDGDWLRQ�RI�DJUR�HFRV\VWHP�±�DQ�H[SORUDWRU\�VWXG\�RQ�FRWWRQ
IDUPLQJ���,QGLDQ�-RXUQDO RI�$JULFXOWXUDO�(FRQRPLFV ���������������

7HPSOHWRQ��6��DQG�6�-��6FKHUU����������3RSXODWLRQ�3UHVVXUH�DQG�WKH
PLFURHFRQRP\�RI�ODQG�PDQDJHPHQW�LQ�KLOOV�DQG�PRXQWDLQV�RI
GHYHORSLQJ�FRXQWULHV���(37'�'LVFXVVLRQV�SDSHU�1q���,)35,��:DVKLQJWRQ�
'�&�
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��

)LJXUH�$�����7LH�ULGJLQJ��YDULDQW����µELOORQQDJH�HQ�TXLQFRQFH¶�
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