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�RU�VXIILFLHQW�OHYHO�RI����2+�'�ZDV�FRQVLGHUHG�WR�EH���±����QPRO�/í�����±����QJ�P/í����LQVXIILFLHQW���±���QPRO�/í���GHILFLHQW������QPRO�/í���H[FHVV�!
����QPRO�/í��DQG�LQWR[LFDWLRQ�!�����QPRO�/í��>�@�,QIRUPDWLRQ�KDV�QRZ�EHFRPH�DYDLODEOH�WR�LQGLFDWH�WKDW�D�OHYHO�RI�DW�OHDVW����QPRO�/í������QJ�P/í���PLJKW�EH�QHFHVVDU\�WR
SURYLGH�WKH�RSWLPDO�DQG�IXOO�UDQJH�RI�WKH�KHDOWK�EHQHILWV�RI�YLWDPLQ�'�>�@�,W�KDV�EHHQ�HVWLPDWHG�LQ�QXPHURXV�VXUYH\V�WKDW�D�FRQVLGHUDEOH�SURSRUWLRQ�RI�SHRSOH�ZLWKLQ�D�FRPPXQLW\
PD\�EH�YLWDPLQ�'�GHILFLHQW�RU�LQVXIILFLHQW��LQFOXGLQJ�QRW�RQO\�WKH�HOGHUO\�EXW�DOVR�FKLOGUHQ�DQG�\RXQJ�DGXOWV��0DQ\�YDULDEOHV�DUH�RI�LPSRUWDQFH�LQ�GHWHUPLQLQJ�WKH�H[WHQW�RI
SUHYLWDPLQ�'��SURGXFWLRQ�LQ�WKH�VNLQ�DV�D�UHVXOW�RI�VXQOLJKW�H[SRVXUH�VXFK�DV�DJH��VNLQ�FRORXU��FORWKLQJ�KDELWV��DUHD�RI�VNLQ�H[SRVHG�DQG�ODWLWXGH�RI�UHVLGHQFH�LQ�DGGLWLRQ�WR�WKH
VHDVRQ�RI�WKH�\HDU��ZHDWKHU�DQG�WLPH�RI�WKH�GD\�

3URWHFWLRQ�IURP�WKH�VXQ�KDV�EHHQ�DGYLVHG�IRU�PRUH�WKDQ����\HDUV�DV�VRODU�895�FDXVHV�VXQEXUQ�DQG�LV�D�UHFRJQL]HG�FDUFLQRJHQ��,W�LV�WKH�PDMRU�ULVN�IDFWRU�IRU�WKH�QRQPHODQRPD
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VNLQ�FDQFHUV��106&V��DQG�LV�LPSOLFDWHG�LQ�WKH�LQGXFWLRQ�RI�PDOLJQDQW�PHODQRPD��$OWKRXJK�106&�LV�UDUHO\�IDWDO��PHODQRPD�FDQ�EH�DQG��IRU�H[DPSOH��DFFRXQWV�FXUUHQWO\�IRU�DERXW
�����GHDWKV�SHU�\HDU�LQ�WKH�8�.��7KH�LQFLGHQFH�RI�HDFK�RI�WKH�VNLQ�FDQFHUV�LV�LQFUHDVLQJ�\HDU�E\�\HDU�LQ�SRSXODWLRQV�ZLWK�IDLU�VNLQ�>�±�@�7UHDWPHQW�RI�VNLQ�FDQFHU�LPSRVHV�D�KXJH
EXUGHQ�RQ�QDWLRQDO�KHDOWK�VHUYLFHV��HVWLPDWHG�DW�JUHDWHU�WKDQ������PLOOLRQ�SHU�\HDU�LQ�WKH�8�6�$���DQG�LW�FDQ�EH�GLVILJXULQJ�IRU�WKH�SDWLHQW��,Q�DGGLWLRQ�WR�WXPRULJHQHVLV��FKURQLF
FXPXODWLYH�VRODU�895�FDXVHV�SKRWRDJHLQJ��7KHUH�DUH�DOVR�LPPXQRVXSSUHVVLYH�HIIHFWV��OHDGLQJ�WR�WKH�SRVVLELOLW\�RI�D�ORZHUHG�DELOLW\�WR�FRPEDW�PLFURELDO�LQIHFWLRQV�

&KDQJHV�LQ�VRFLHW\�LQ�WKH�VHFRQG�KDOI�RI�WKH���WK�FHQWXU\�LQFOXGH�WKH�IDVKLRQ�IRU�ZKLWH�VNLQQHG�LQGLYLGXDOV�WR�EH�WDQQHG��WR�ZHDU�PLQLPDO�FORWKLQJ�DV�VRRQ�DV�WKH�VXQ�VKLQHV�DQG�WR
HQMR\�KROLGD\V�LQ�VXQQ\�ORFDWLRQV��IUHTXHQWO\�LQ�DQRWKHU�FRXQWU\�FORVHU�WR�WKH�HTXDWRU��+HDOWK�FDPSDLJQV�LQ�VHYHUDO�FRXQWULHV�KDYH�VRXJKW�WR�LQFUHDVH�SXEOLF�DZDUHQHVV�UHJDUGLQJ
WKH�LQKHUHQW�GDQJHUV�RI�VXQEDWKLQJ�DQG��DV�SDUW�RI�WKLV�DGYLFH��KDYH�UHFRPPHQGHG�WKDW�VXQVFUHHQV�VKRXOG�EH�XVHG�>�±��@�7KHVH�ZHUH�GHVLJQHG�WR�SURWHFW�DJDLQVW�VXQEXUQ�UDWKHU
WKDQ�DJDLQVW�VNLQ�FDQFHU��SKRWRDJHLQJ�RU�SKRWRLPPXQRVXSSUHVVLRQ�EXW�LW�LV�OLNHO\�WKDW�VRPH�GHJUHH�RI�SURWHFWLRQ�DJDLQVW�DOO�WKHVH�HIIHFWV�ZLOO�RFFXU��6XQVFUHHQV�DUH�HLWKHU
LQRUJDQLF��UHIOHFWLQJ�RU�VFDWWHULQJ�895��VXFK�DV�]LQF�R[LGH�DQG�WLWDQLXP�GLR[LGH��RU�RUJDQLF��DEVRUELQJ�895��VXFK�DV�FLQQDPDWHV�DQG�VDOLF\ODWHV�>��@�7KH\�JLYH�GLIIHUHQW�OHYHOV�RI
SURWHFWLRQ�DJDLQVW�VXQEXUQ��UDQJLQJ�IURP�VXQ�SURWHFWLRQ�IDFWRUV��63)V��RI���WR�!�����2QH�ZRUU\�WKDW�KDV�EHHQ�H[SUHVVHG�DERXW�WKHLU�ZLGHVSUHDG�DQG�LQFUHDVLQJ�XVH�LV�WKDW�WKH\
FRXOG�SUHYHQW�RU�VLJQLILFDQWO\�ORZHU�WKH�VRODU�89%�LQGXFHG�SURGXFWLRQ�RI�SUHYLWDPLQ�'��LQ�WKH�VNLQ�DQG�KHQFH�OHDG�WR�D�YLWDPLQ�'�LQVXIILFLHQW�RU�GHILFLHQW�VWDWH�ZLWK�UHGXFHG
SURWHFWLRQ�DJDLQVW�D�UDQJH�RI�GLVHDVHV��3XEOLVKHG�HYLGHQFH�WR�VXSSRUW�WKLV�YLHZ�DQG�WR�TXHVWLRQ�LW�LV�SUHVHQWHG�EHORZ�
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1R�UDQGRPL]HG�FRQWUROOHG�WULDOV�RU�ORQJLWXGLQDO�VWXGLHV�KDYH�EHHQ�UHSRUWHG�VKRZLQJ�WKDW�VXQFUHHQV�VLJQLILFDQWO\�VXSSUHVV�FXWDQHRXV�YLWDPLQ�'�V\QWKHVLV��EXW�WKUHH�SDSHUV
SXEOLVKHG�DERXW����\HDUV�DJR�SURYLGH�LQIRUPDWLRQ�WKDW�WKLV�PLJKW�EH�WKH�FDVH��)LUVW��0DWVXRND�HW�DO��>��@�DSSOLHG�HWKDQRO�RU�HWKDQRO�FRQWDLQLQJ���SDUD�DPLQREHQ]RLF�DFLG��3$%$�
WR�SLHFHV�RI�KXPDQ�VNLQ�SULRU�WR�H[SRVXUH�WR����P-�FPí��VRODU�VLPXODWHG�UDGLDWLRQ��:LWKRXW�WKH�VXQVFUHHQ������RI�WKH���GHK\GURFKROHVWHURO�LQ�WKH�EDVDO�OD\HU�RI�WKH�HSLGHUPLV�
WKH�VLWH�ZKHUH�PRVW�LV�ORFDWHG�>��@�ZDV�FRQYHUWHG�WR�SUHYLWDPLQ�'���EXW�WKLV�UHDFWLRQ�ZDV�WRWDOO\�EORFNHG�E\�WKH�VXQVFUHHQ��(LJKW�ZKLWH�VNLQQHG�VXEMHFWV�ZHUH�WKHQ�ZKROH�ERG\
LUUDGLDWHG�ZLWK�RQH�SHUVRQDO�PLQLPXP�HU\WKHPDO�GRVH��0('��IURP�3KLOLSV�7/����ODPSV��HPLVVLRQ�UDQJH����±����QP���2QH�KRXU�SULRU�WR�WKH�H[SRVXUH��D�3$%$�EDVHG�VXQFUHHQ�
63)����ZDV�DSSOLHG�WR�WKH�WRWDO�ERG\�VXUIDFH�RI�IRXU�RI�WKH�YROXQWHHUV��7KH�PHWKRG�RI�DSSOLFDWLRQ�DQG�WKH�DPRXQW�XVHG�ZHUH�QRW�VWDWHG��%\�GD\���SRVWH[SRVXUH�WKH�YLWDPLQ�'�
FRQFHQWUDWLRQ�LQ�WKH�VHUXP�URVH�IURP��Â��WR���Â��QJ�P/í��LQ�WKH�XQSURWHFWHG�VXEMHFWV�EXW�UHPDLQHG�DW�WKH�SUHLUUDGLDWLRQ�OHYHO�LQ�WKH�VXQVFUHHQ�SURWHFWHG�VXEMHFWV��7KXV�WKH�VLQJOH
DSSOLFDWLRQ�RI�WKH�VXQVFUHHQ�KDG�SUHYHQWHG�WKH�SURGXFWLRQ�RI�YLWDPLQ�'��DOWKRXJK��DV�HDFK�JURXS�FRQWDLQHG�RQO\�IRXU�LQGLYLGXDOV��WKH�SRVVLELOLW\�RI�VWDWLVWLFDO�XQFHUWDLQW\�ZDV�KLJK�
6HUXP����2+�'�OHYHOV�ZHUH�QRW�PHDVXUHG�

6HFRQGO\�����ZKLWH�VNLQQHG�SDWLHQWV�ZLWK�D�KLVWRU\�RI�VNLQ�FDQFHU�ZKR��LQ�WKH�SUHYLRXV����PRQWKV�KDG�EHHQ�DSSO\LQJ�3$%$�VXQVFUHHQ��63)�QRW�VWDWHG��RQ�VXQ�H[SRVHG�SDUWV�RI
WKH�ERG\�EHIRUH�JRLQJ�RXWGRRUV�ZHUH�FRPSDUHG�ZLWK����KHDOWK\�FRQWUROV��PHPEHUV�RI�WKH�VDPH�KRXVHKROG�RU�QHLJKERXUV��RI�VLPLODU�DJH�ZKR�KDG�VLPLODU�VXQOLJKW�H[SRVXUH�EXW�GLG
QRW�XVH�VXQVFUHHQV�>��@�%ORRG�VDPSOHV�ZHUH�FROOHFWHG�GXULQJ�WKH�VXPPHU��,W�ZDV�IRXQG�WKDW�WKH�PHDQ����2+�'�OHYHO�LQ�WKH�VXQVFUHHQ�XVHU�JURXS�ZDV�DERXW�KDOI�RI�WKDW�LQ�WKH
FRQWURO�JURXS��+RZHYHU��QR�DVVD\V�RI����2+�'�ZHUH�SHUIRUPHG�EHIRUH�WKH�VXQVFUHHQ�XVDJH�VWDUWHG��RQO\�D�VLQJOH�EORRG�VDPSOH�IURP�HDFK�LQGLYLGXDO�ZDV�FROOHFWHG��WKH�UHJXODU
XVH�RI�WKH�VXQVFUHHQ�ZDV�GHWHUPLQHG�UHWURVSHFWLYHO\�E\�KLVWRU\�WDNLQJ�DQG��PRVW�LPSRUWDQWO\��QR�PHWKRG�ZDV�XVHG�WR�FKHFN�ZKHWKHU�WKH�SDWLHQWV�DQG�FRQWUROV�KDG�UHFHLYHG�VLPLODU
VXQOLJKW�H[SRVXUH�RYHU�WKH�SUHYLRXV�\HDU��,QGHHG��DV�DOO�WKH�SDWLHQWV�KDG�D�SDVW�KLVWRU\�RI�VNLQ�FDQFHU��LW�LV�SRVVLEOH�WKDW�WKH\�ZRXOG�WHQG�WR�DYRLG�GLUHFW�VXQOLJKW�WR�D�JUHDWHU�H[WHQW
WKDQ�WKH�FRQWUROV��,Q�DGGLWLRQ��PRUH�UHFHQW�VXUYH\V�KDYH�VKRZQ�WKDW�VXQVFUHHQ�XVHUV�LQ�JHQHUDO�H[SRVH�WKHPVHOYHV�PRUH�IUHTXHQWO\�DQG�IRU�ORQJHU�SHULRGV�WR�VXQOLJKW�WKDQ
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QRQVXQVFUHHQ�XVHUV�>�����@

7KLUGO\��D�VXQVFUHHQ�ZLWK�63)����ZDV�DSSOLHG�WR�GLIIHUHQW�ERG\�DUHDV�RI�XQWDQQHG�ZKLWH�VXEMHFWV��SKRWRW\SH�,,,����K�SULRU�WR�ZKROH�ERG\�89%�LUUDGLDWLRQ��3KLOLSV�7/����ODPSV��RI
MXVW�XQGHU�RQH�SHUVRQDO�0('�>��@�9LWDPLQ�'��OHYHOV�LQ�WKH�VHUXP�ZHUH�PHDVXUHG�EHIRUH�DQG����K�DIWHU�WKH�LUUDGLDWLRQ��HDFK�JURXS�FRQVLVWLQJ�RI�IRXU�RU�ILYH�LQGLYLGXDOV��6XQVFUHHQ
FRYHUDJH�RYHU�WKH�ZKROH�ERG\�FRPSOHWHO\�EORFNHG�WKH�89%�LQGXFHG�V\QWKHVLV�RI�YLWDPLQ�'���DQG�!�����RI�WKH�ERG\�QHHGHG�WR�EH�IUHH�RI�VXQVFUHHQ�IRU�D�VLJQLILFDQW�ULVH�LQ�VHUXP
YLWDPLQ�'��WR�RFFXU��6HUXP����2+�'�OHYHOV�ZHUH�QRW�PHDVXUHG�

6XQVFUHHQV�'R�1RW�3UHYHQW�3URGXFWLRQ�RI�6XIILFLHQW�9LWDPLQ�'

0DUNV�HW�DO��>��@�XQGHUWRRN�WKH�ILUVW�ORQJLWXGLQDO�VWXG\�UHODWLQJ�WR�WKLV�WRSLF�E\�FRQGXFWLQJ�D�UDQGRPL]HG�GRXEOH�EOLQG�FRQWUROOHG�WULDO�LQYROYLQJ�����VXEMHFWV��DJHG����\HDUV�DQG
DERYH��LQ�0HOERXUQH�RYHU�WKH�HDUO\�VSULQJ�WR�WKH�HDUO\�DXWXPQ��+DOI�RI�WKH�YROXQWHHUV�DSSOLHG�VXQVFUHHQ��63)�����WR�WKH�KHDG��QHFN��IRUHDUPV�DQG�GRUVXP�RI�WKH�KDQG�DW�OHDVW
RQFH�SHU�GD\�VWDUWLQJ�LQ�WKH�PRUQLQJ��,QVWUXFWLRQV�ZHUH�JLYHQ�UHJDUGLQJ�WKH�FRUUHFW�DSSOLFDWLRQ�RI�WKH�FUHDP��7KH�RWKHU�KDOI�RI�WKH�YROXQWHHUV�DSSOLHG�SODFHER�FUHDP��(DFK
LQGLYLGXDO��DV�ZLVKHG��FRXOG�ZHDU�KDWV�DQG�FORWKLQJ��DQG�DYRLG�WKH�VXQ�DURXQG�PLGGD\��3HUVRQDO�VXQ�EDGJHV��XVHG�LQ�WKH�ILQDO�ZHHN�RI�WKH�VWXG\��GHPRQVWUDWHG�WKDW�WKH�VXQVFUHHQ
DQG�WKH�FRQWURO�JURXSV�ZHUH�H[SRVHG�WR�VLPLODU�GRVHV�RI�VXQOLJKW��%ORRG�VDPSOHV�ZHUH�FROOHFWHG�DW�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�VWXG\�DQG�DQDO\VHG�IRU����2+�'�DQG������2+�'�
7KH�FRQFHQWUDWLRQ�RI����2+�'�URVH�LQ�ERWK�JURXSV�E\�D�VLPLODU�DPRXQW��DQG�DJH��VH[�DQG�VNLQ�SKRWRW\SH�PDGH�QR�GLIIHUHQFH�WR�WKH�H[WHQW�RI�WKH�LQFUHDVH��7KXV�VXQVFUHHQ�XVDJH
FRXOG�QRW�EH�LQWHUSUHWHG�DV�D�ULVN�IDFWRU�IRU�YLWDPLQ�'�GHILFLHQF\�>��@�7KH�FRQFHQWUDWLRQ�RI������2+�'�LQFUHDVHG�LQ�WKH�FRQWURO�JURXS�RQO\��D�GLIIHUHQFH�ZKLFK�FRXOG�QRW�EH
H[SODLQHG�E\�0DUNV�HW�DO��>��@�DOWKRXJK�LW�ZDV�QRWHG�WKDW�WKH�PHDQ������2+�'�OHYHOV�UHPDLQHG�LQ�WKH�XSSHU�KDOI�RI�WKH�UHIHUHQFH�UDQJH�GXULQJ�WKH�HQWLUH�SHULRG�RI�WKH�VWXG\�LQ�ERWK
JURXSV�DQG�WKDW�QR�VXEMHFW�ZDV�RXWVLGH�WKH�UHIHUHQFH�UDQJH�DW�DQ\�WLPH��6XQVFUHHQ�XVH�SUHYHQWHG�WKH�GHYHORSPHQW�RI�VRODU�NHUDWRVHV��WKH�OLNHO\�SUHFXUVRUV�RI�VTXDPRXV�FHOO
FDUFLQRPDV��6&&V���0DUNV�HW�DO��>��@�FRQFOXGHG�WKDW�VXIILFLHQW�H[SRVXUH�WR�WKH�VXQ�LV�DFKLHYHG�GXULQJ�WKH�$XVWUDOLDQ�VXPPHU�WR�DOORZ�DGHTXDWH�YLWDPLQ�'�SURGXFWLRQ�LQ�VXEMHFWV
ZKR�UHJXODUO\�DSSO\�VXQVFUHHQV�

)DUUHURQV�HW�DO��>��@�IROORZHG����HOGHUO\�VXQVFUHHQ�XVHUV��PHDQ�DJH����\HDUV��DQG����FRQWUROV�RQ�ILYH�RFFDVLRQV�WKURXJKRXW�D�SHULRG�RI����PRQWKV��6HUXP����2+�'�DQG
�����2+�'�OHYHOV�ZHUH�PHDVXUHG�WRJHWKHU�ZLWK�VHYHUDO�ERQH�PDUNHUV�DQG�SDUDWK\URLG�KRUPRQH��$OO�VXEMHFWV�ZHUH�YLWDPLQ�'�VXIILFLHQW�DW�WKH�VWDUW��7KH�LQGLYLGXDOV�LQ�WKH�VXQVFUHHQ
JURXS�ZHUH�LQVWUXFWHG�WR�DSSO\�WKH�FUHDP��63)�����HDFK�PRUQLQJ�WR�VXQ�H[SRVHG�SDUWV�RI�WKH�ERG\�LQ�WKH�VSULQJ�DQG�VXPPHU�PRQWKV��WR�DYRLG�VXQ�H[SRVXUH�DURXQG�QRRQ�DQG�WR
ZHDU�DGHTXDWH�FORWKLQJ��7KH������2+�'�OHYHOV�GLG�QRW�FKDQJH�VLJQLILFDQWO\�LQ�HLWKHU�WKH�VXQVFUHHQ�RU�WKH�FRQWURO�JURXSV�ZLWK�WKH�VHDVRQ�RI�WKH�\HDU��7KH�YDOXHV�RI����2+�'
GHFUHDVHG�LQ�WKH�ZLQWHU�E\���±����LQ�WKH�FRQWUROV�DQG�E\���±����LQ�WKH�VXQVFUHHQ�XVHUV��,Q�WKH�VXPPHU�WKH�VHUXP����2+�'�OHYHOV�LQFUHDVHG�D�OLWWOH�PRUH��E\�����DQG�����LQ
WKH���\HDUV��LQ�WKH�FRQWUROV�WKDQ�LQ�WKH�VXQVFUHHQ�XVHUV��E\�����DQG�����LQ�WKH���\HDUV���0RVW�LPSRUWDQWO\��QR�VHFRQGDU\�K\SHUWK\URLGLVP�GHYHORSHG�LQ�WKH�ZLQWHU�PRQWKV�DQG�QR
LQFUHDVH�LQ�WKH�ERQH�PDUNHUV�ZDV�GHWHFWHG�LQ�HLWKHU�JURXS��,Q�D�IROORZ�XS�UHSRUW>��@�WKH�ERQH�PDVV�RI�D�VXEVHW�IURP�HDFK�JURXS�ZDV�HYDOXDWHG�RYHU�WKH����PRQWK�SHULRG��1R
VHDVRQDO�FKDQJH�LQ�ERQH�PDVV�ZDV�REVHUYHG�DQG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�WKLV�SDUDPHWHU�EHWZHHQ�WKH�VXQVFUHHQ�DQG�FRQWURO�JURXSV�RFFXUUHG�WKURXJKRXW�WKH����PRQWKV��,W
ZDV�FRQFOXGHG�WKDW�VXQVFUHHQ�SURWHFWLRQ�GLG�QRW�LQFUHDVH�WKH�ULVN�RI�RVWHRSRURVLV�LQ�HOGHUO\�ZRPHQ��7KHVH�VWXGLHV�ZHUH�FDUULHG�RXW�LQ�%DUFHORQD�����1��ZKHUH�VRODU�895�LV�KLJK
DQG�WKH�DXWKRUV�VSHFXODWH�WKDW�WKH�VXQVFUHHQ�PD\�QRW�KDYH�EHHQ�DSSOLHG�DGHTXDWHO\�RU�QRW�WR�DOO�WKH�VXQ�H[SRVHG�ERG\�DUHDV�

,Q�DQ�H[DPLQDWLRQ�RI�����YROXQWHHUV�DJHG����\HDUV�DQG�DERYH��UHVLGHQW�LQ�%RVWRQ��0DVVDFKXVHWWV��WR�GHWHUPLQH�ZK\�JUHDWHU�DGLSRVLW\�LV�DVVRFLDWHG�ZLWK�ORZHU�EORRG�OHYHOV�RI
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YLWDPLQ�'��DQG����2+�'��VXQVFUHHQ�XVDJH�ZDV�LQFOXGHG�LQ�D�TXHVWLRQQDLUH�H[SORULQJ�VXQ�H[SRVXUH�KDELWV�RYHU�D���PRQWK�SHULRG�>��@�7KH�SHUFHQWDJH�RI�ERG\�IDW�GLG�QRW�GLIIHU
ZLWK�VXQVFUHHQ�XVH��:KLOH�KRXUV�VSHQW�RXWVLGH�DQG�SHUFHQWDJH�RI�VNLQ�H[SRVHG�ZHUH�VLJQLILFDQWO\�DQG�SRVLWLYHO\�DVVRFLDWHG�ZLWK�VHUXP����2+�'�OHYHOV��WKLV�ZDV�QRW�IRXQG�IRU
VXQVFUHHQ�XVH��$QRWKHU�VWXG\�PHDVXUHG�WKH�LPSDFW�RI�YDULRXV�OLIHVW\OH�IDFWRUV�LQFOXGLQJ�VXQ�H[SRVXUH��VXQVFUHHQ�XVH��GLHWDU\�DQG�VXSSOHPHQWDO�YLWDPLQ�'�LQWDNH�DQG�PHGLFDO
KLVWRU\��RQ����2+�'�VWDWXV�LQ�ROGHU�DGXOWV����±���\HDUV��>��@�6XQVFUHHQ�XVH�ZDV�VKRZQ�WR�EH�SRVLWLYHO\�FRUUHODWHG�ZLWK�VHUXP����2+�'�OHYHOV��2QH�H[SODQDWLRQ�IRU�WKLV
UHODWLRQVKLS�LV�SURYLGHG�E\�7KLHGHQ�HW�DO��>��@�ZKR�GHPRQVWUDWHG�WKDW�VXQVFUHHQV�DUH�XVHG�SDUWLFXODUO\�DV�D�PHDQV�RI�DYRLGLQJ�VXQEXUQ�RQ�GD\V�RI�VXQEDWKLQJ�ZLWK�WKH�LQWHQWLRQ�WR
WDQ�

.LPOLQ�HW�DO��>��@�DVVHVVHG�VHUXP����2+�'�VWDWXV�LQ�����KHDOWK\�DGXOWV��DJHG���±���\HDUV��OLYLQJ�LQ�4XHHQVODQG�DW�WKH�HQG�RI�WKH�ZLQWHU�PRQWKV�WR�ILQG�RXW�ZKHWKHU�VRPH
SKHQRW\SLF�FKDUDFWHULVWLFV�DQG�VXQ�EHKDYLRXU�SDWWHUQV�ZHUH�LPSRUWDQW�GHWHUPLQDQWV��7KH�SDUWLFLSDQWV�FRPSOHWHG�D�TXHVWLRQQDLUH�FRYHULQJ�WKH�SUHYLRXV�PRQWK�ZKLFK�LQFOXGHG�WKH
XVH�RI�VXQVFUHHQV��WKHLU�63)�DQG�WKH�ERG\�VLWH�RI�DSSOLFDWLRQ��$OWKRXJK�WKH�DVVRFLDWLRQ�EHWZHHQ�VXQVFUHHQ�XVH�DQG����2+�'�OHYHOV�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��WKH�PHDQ
���2+�'�OHYHO�LQFUHDVHG�ZLWK�LQFUHDVLQJ�IUHTXHQF\�RI�VXQVFUHHQ�XVH��DQG�WKH�SDUWLFLSDQWV�ZKR�UHJXODUO\�XVHG�VXQVFUHHQV�QRW�RQO\�KDG�VXIILFLHQW����2+�'�OHYHOV�EXW�DOVR�VRPH�RI
WKH�KLJKHVW�FRQFHQWUDWLRQV��7KHVH�ILQGLQJV�FRQWUDVWHG�ZLWK�RWKHU�VXQ�SURWHFWLYH�PHDVXUHV��VXFK�DV�ZHDULQJ�ORQJ�VOHHYHG�VKLUWV�RU�ORQJ�WURXVHUV��ZKHUH�ORZHU����2+�'�OHYHOV
WHQGHG�WR�EH�VHHQ��6LPLODU�UHVXOWV�ZHUH�UHYHDOHG�LQ�D�VWXG\�RI�SKRWRSURWHFWLYH�EHKDYLRXU�LQ�,ULVK�SDWLHQWV�ZLWK�FXWDQHRXV�OXSXV�HU\WKHPDWRVXV�>��@�'HFUHDVHG����2+�'�OHYHOV
ZHUH�RQO\�YHU\�ZHDNO\�FRUUHODWHG�ZLWK�VXQVFUHHQ�XVDJH�EXW�VWURQJO\�FRUUHODWHG�ZLWK�VXQ�DYRLGDQFH�E\�ZHDULQJ�SURWHFWLYH�FORWKLQJ�DQG�OLPLWLQJ�RXWGRRU�H[SRVXUH�

,Q�VXPPDU\��WKH�HYLGHQFH�GHVFULEHG�DERYH�GHPRQVWUDWHV�WKDW��LQ�UHDO�OLIH�VLWXDWLRQV��WKH�UHJXODU�XVH�RI�VXQVFUHHQV�LV�XQOLNHO\�WR�DIIHFW�YLWDPLQ�'�VWDWXV�DGYHUVHO\�DQG��LQGHHG��PD\
HYHQ�HQKDQFH�LW�

'LVFXVVLRQ

6XQVFUHHQV�ZHUH�GHVLJQHG�SULPDULO\�WR�SUHYHQW�VXQEXUQ��,Q�KXPDQV��WKH\�DOVR�UHGXFH�WKH�VHYHULW\�RI�VRODU�HODVWRVLV�>��@�WKH�GHYHORSPHQW�RI�VRODU�NHUDWRVHV�>�����@�QHZ
QDHYL�>��@�6&&V>�����@�DQG�FXWDQHRXV�SKRWRGDPDJH�>��@�DQG�WKH�UHDFWLYDWLRQ�RI�KHUSHV�ODELDOLV�>��@�%\������VXQVFUHHQV�JHQHUDOO\�KDG�63)V�RI��±��EXW�WKLV�LQFUHDVHG�WR�63)���
LQ�WKH�����V�DQG�FXUUHQWO\�KLJKHU�63)V�DUH�RIWHQ�SUHIHUUHG�LQ�PDQ\�QRUWKHUQ�(XURSHDQ�FRXQWULHV�>��@�,QGHHG��D�VXQVFUHHQ�RI�63)����LV�UHFRPPHQGHG�IRU�XVH�LQ�VRPH�RIILFLDO
KHDOWK�JXLGHOLQHV�>��@�DQG�DGYLFH�IURP�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�DQG�RWKHU�KHDOWK�DJHQFLHV�VWUHVVHV�WKH�QHHG�IRU�UH�DSSOLFDWLRQ�DW�UHJXODU�LQWHUYDOV�>��@

%\�GHILQLWLRQ�VXQVFUHHQV�GR�QRW�EORFN�DOO�895�EXW�DOORZ�WKH�WUDQVPLVVLRQ�RI�D�IUDFWLRQ�RI�LQFLGHQW�89%�SKRWRQV��HTXDO�WR���63)��)RU�H[DPSOH��IRU�D�SURGXFW�RI�63)�����RQH�WKLUWLHWK
RU��Â���RI�WKH�HU\WKHPDO�89�UDGLDWLRQ��WKH�PDMRULW\�RI�ZKLFK�LV�89%��LV�WUDQVPLWWHG��:KDW�LV�SUREDEO\�PRUH�UHOHYDQW�LV�WKDW�VXQVFUHHQV�DUH�UDUHO\��LI�HYHU��DSSOLHG�DW�WKH
FRQFHQWUDWLRQ����PJ�FPí���WKDW�SURYLGHG�WKH�WHVWHG�OHYHO�RI�SURWHFWLRQ��0RVW�FRPPRQO\�LQGLYLGXDOV�XVH�RQO\�DERXW��Â��PJ�FPí��>�����������@�5HFHQWO\�)DXUVFKRX�DQG�:XOI>��@
GHPRQVWUDWHG�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�DPRXQW�DSSOLHG�DQG�WKH�63)�ZDV�QRQOLQHDU��7KXV�D�VXQVFUHHQ�ZLWK�VWDWHG�63)����LV�UHGXFHG�WR�63)���ZKHQ��Â��PJ�FPí��LV
XVHG��)XUWKHUPRUH��WKH�FRYHUDJH�LV�QRW�HYHQ�DV�VXQVFUHHQV�WHQG�WR�DFFXPXODWH�LQ�WKH�IXUURZV�RI�WKH�VWUDWXP�FRUQHXP�ZKLOH�OHDYLQJ�WKH�ULGJHV�UHODWLYHO\�XQSURWHFWHG�>��@�7KH
IUHTXHQF\�RI�UH�DSSOLFDWLRQ�PD\�DOVR�EH�LQDGHTXDWH�>��@�HVSHFLDOO\�LI�WKH�LQGLYLGXDO�LV�VZHDWLQJ��FRPLQJ�LQWR�FRQWDFW�ZLWK�VDQG��VZLPPLQJ�RU�HQJDJHG�LQ�YLJRURXV�DFWLYLW\�>��@
)LQDOO\��LW�LV�XQUHDOLVWLF�WR�LPDJLQH�WKDW�DEVROXWHO\�DOO�H[SRVHG�SDUWV�RI�WKH�ERG\�ZLOO�EH�SURWHFWHG�E\�WKH�VXQVFUHHQ��)RU�H[DPSOH��'LIIH\>��@�UHSRUWHG�WKDW�IHZHU�WKDQ�KDOI�WKH
VXEMHFWV�TXHVWLRQHG�DERXW�WKHLU�VXQVFUHHQ�KDELWV�DSSOLHG�WKH�FUHDP�WR�DOO�XQFRYHUHG�ERG\�VLWHV��6LPLODUO\��5RELQVRQ�HW�DO��>��@�IRXQG�WKDW�DGXOWV�XVLQJ�VXQVFUHHQ�RQ�WKHLU�FKLOGUHQ
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LQ�WKH�VXPPHU�PRQWKV�IUHTXHQWO\�PLVVHG�WKH�HDUV��QHFN��IHHW�DQG�OHJV�

$WWHPSWV�KDYH�EHHQ�PDGH�WR�HVWLPDWH�SHUVRQDO�H[SRVXUH�WR�VXQOLJKW��VXFK�DV�E\�XVLQJ�89�VHQVLWLYH�ILOP�EDGJHV�RU�HOHFWURQLF�GRVLPHWHUV��2QH�VHULHV�RI�VWXGLHV�LQ�'HQPDUN��EDVHG
RQ�VXFK�DQ�DSSURDFK��IRXQG�WKDW�WKH�\HDUO\�89�GRVH�ZDV�KLJKO\�YDULDEOH�EHWZHHQ�LQGLYLGXDOV�DQG�FRUUHODWHG�ZLWK�GD\V�RI�VXQEDWKLQJ�H[SRVLQJ�WKH�XSSHU�ERG\�DQG�ZLWK
SDUWLFLSDWLRQ�LQ�RXWGRRUV�VSRUWV�DQG�JDUGHQLQJ�>�����@�,Q�WKH�VL[�ZLQWHU�PRQWKV����Â���RI�WKH�DQQXDO�DPELHQW�89�GRVH�ZDV�UHFHLYHG�E\�LQGRRU�ZRUNHUV�EXW�WKLV�ZDV�LQFUHDVHG
PDUNHGO\�E\�VXQVKLQH�KROLGD\V�RXWVLGH�'HQPDUN�>��@�,W�ZDV�FRQFOXGHG�WKDW�QR�SKRWRSURWHFWLRQ�LV�UHTXLUHG�GXULQJ�WKH�ZLQWHU�PRQWKV�LQ�'HQPDUN�RU�GXULQJ�ZLQWHU�KROLGD\V�DERYH
���1��EXW�VXQ�SURWHFWLRQ�PHDVXUHV�DUH�UHTXLUHG�DOO�\HDU�URXQG�DW�ORZHU�ODWLWXGHV��SDUWLFXODUO\�RQ�GD\V�ZKHQ�ULVN�EHKDYLRXU�RFFXUV�

0RVW�UHFHQWO\�'LIIH\>��@�KDV�SURYLGHG�D�EHKDYLRXUDO�PRGHO�EDVHG�RQ�SDUDPHWHUV�WKDW�DIIHFW�SHUVRQDO�HU\WKHPDO�EHKDYLRXU��+H�QRWHG�SDUWLFXODUO\�WKH�LQFUHDVLQJ�WUHQG�IRU�QRUWKHUQ
(XURSHDQV�WR�FKRRVH�KROLGD\�GHVWLQDWLRQV�LQ�DUHDV�RI�ORZ�ODWLWXGH��D�VRFLHWDO�FKDQJH�WKDW�ZLOO�VLJQLILFDQWO\�LQFUHDVH�WKH�RYHUDOO�DQQXDO�89�GRVH�UHFHLYHG��7KLV�SHULRG�RI�KLJK�89
H[SRVXUH�LV�OLNHO\�WR�EH�RI�EHQHILW�LQ�LPSURYLQJ�WKH�YLWDPLQ�'�VWDWXV�RI�WKH�LQGLYLGXDO�LQ�WKH�VKRUW�WHUP��EXW�FRXOG�EH�WKH�UHDVRQ�IRU�WKH�REVHUYHG�LQFUHDVH�LQ�VNLQ�FDQFHU
GHYHORSPHQW��7KHUHIRUH�WKH�XVH�RI�SURWHFWLYH�PHDVXUHV��LQFOXGLQJ�VXQVFUHHQV��LV�FRQVLGHUHG�RI�SDUWLFXODU�EHQHILW�DW�VXFK�WLPHV�

*LOFKUHVW>��@�KDV�GHPRQVWUDWHG�WKH�UHODWLRQVKLSV�EHWZHHQ�89�GRVH�DQG�VXQEXUQ��VXQWDQ��'1$�SKRWRSURGXFWV�DQG�SUHYLWDPLQ�'��LQ�WKH�VNLQ��)RU�VXQEXUQ�DQG�VXQWDQ��WKH
UHVSRQVH�LV�GRVH�GHSHQGHQW�DERYH�D�WKUHVKROG�XQWLO��DW�ODUJH�GRVHV��EOLVWHULQJ�DQG�SHHOLQJ�RFFXU��)RU�WKH�'1$�SKRWRSURGXFWV��WKH�UHVSRQVH�LQFUHDVHV�OLQHDUO\�IURP�YHU\�VPDOO�WR
YHU\�ODUJH�89�GRVHV��)RU�SUHYLWDPLQ�'��IRUPDWLRQ��WKH�DPRXQW�LQFUHDVHV�OLQHDUO\�DW�VPDOO�89�GRVHV�EXW�SODWHDXV�DW�GRVHV�EHORZ���0('��7KLV�LV�EHFDXVH�KLJKHU�89�H[SRVXUH
UHVXOWV�LQ�WKH�FRQYHUVLRQ�RI�SUHYLWDPLQ�'��WR�WKH�LQDFWLYH�SKRWRSURGXFWV��OXPLQVWHURO�DQG�WDFK\VWHURO�>�@�7KXV�WKH�HIILFLHQF\�RI�SUHYLWDPLQ�'��SURGXFWLRQ�LV�KLJKHU�WKDQ�WKH
JHQHUDWLRQ�RI�HU\WKHPD�VR�WKDW�H[SRVXUH�WR�VXEHU\WKHPDO�GRVHV�RI�VRODU�895�DOORZV�WKH�V\QWKHVLV�RI�SUHYLWDPLQ�'��LQ�WKH�VNLQ�ZLWKRXW�FDXVLQJ�UHGGHQLQJ�

&RQFOXVLRQV

$OWKRXJK�VXQVFUHHQV�FRXOG�DOPRVW�HQWLUHO\�EORFN�WKH�VRODU�LQGXFHG�SURGXFWLRQ�RI�FXWDQHRXV�SUHYLWDPLQ�'��RQ�WKHRUHWLFDO�JURXQGV�RU�LI�DGPLQLVWHUHG�XQGHU�VWULFWO\�FRQWUROOHG
FRQGLWLRQV��LQ�SUDFWLFH�WKH\�KDYH�QRW�EHHQ�VKRZQ�WR�GR�VR��DV�VXPPDUL]HG�DERYH��7KLV�LV�PDLQO\�GXH�WR�LQDGHTXDFLHV�LQ�WKHLU�DSSOLFDWLRQ�WR�WKH�VNLQ�DQG�EHFDXVH�SHRSOH�XVLQJ
VXQVFUHHQV�PD\�DOVR�H[SRVH�WKHPVHOYHV�WR�PRUH�VXQ�WKDQ�QRQVXQVFUHHQ�XVHUV��+RZHYHU��DV�WKH�DGYDQWDJHRXV�SURSHUWLHV�RI�YLWDPLQ�'�IRU�WKH�SUHYHQWLRQ�RI�DQ�LQFUHDVLQJ�OLVW�RI
GLVHDVHV��LQFOXGLQJ�ERQH�GHIRUPLWLHV��VHYHUDO�DXWRLPPXQH�GLVHDVHV�DQG�LQWHUQDO�FDQFHUV�DQG�YDULRXV�YLUDO�LQIHFWLRQV��DUH�EHFRPLQJ�DSSDUHQW��FDUH�VKRXOG�EH�WDNHQ�QRW�WR�OLPLW�VXQ
H[SRVXUH�XQGXO\�LQ�GDLO\�OLIH��7KH�DGRSWLRQ�RI�ZKDW�PLJKW�EH�WHUPHG�D�VHQVLEOH�DSSURDFK�LV�DGYRFDWHG�VR�WKDW�FLUFXODWLQJ����2+�'�LV�PDLQWDLQHG�DW�ZKDW�LV�FRQVLGHUHG�D�VXIILFLHQW
OHYHO��'LIIH\>��@�DQG�7KLHGHQ�HW�DO��>��@�KDYH�VKRZQ�WKDW��IRU�QRUWK�(XURSHDQ�SRSXODWLRQV��PXFK�RI�WKH�KLJK�GRVH�UDWH�H[SRVXUH�ZKLFK�ODUJHO\�DFFRXQWV�IRU�WKH�KDUPIXO�HIIHFWV�RI
VRODU�895�RFFXUV�GXULQJ�UHFUHDWLRQDO�DFWLYLWLHV��SDUWLFXODUO\�GXULQJ�VXQVKLQH�KROLGD\V��7KHVH�UHSUHVHQW�WKH�WLPHV�ZKHQ�WKH�XVH�RI�VXQVFUHHQ�ZRXOG�EH�RI�PRVW�EHQHILW�UDWKHU�WKDQ
DSSOLFDWLRQ�GDLO\�DOO�\HDU�URXQG�WR�DOO�H[SRVHG�VNLQ�

5HIHUHQFHV

+ROLFN�0)��9LWDPLQ�'�GHILFLHQF\��1�(QJO�-�0HG��������������±�����
0DF/DXJKOLQ�-$��$QGHUVRQ�55��+ROLFN�0)��6SHFWUDO�FKDUDFWHU�RI�VXQOLJKW�PRGXODWHV�SKRWRV\QWKHVLV�RI�SUHYLWDPLQ�'��DQG�LWV�SKRWRLVRPHUV�LQ�KXPDQ�VNLQ��6FLHQFH��������
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��������±��
%RXLOORQ�5��(LVPDQ�-��*DUDEHGLDQ�0�HW�DO��$FWLRQ�VSHFWUXP�IRU�WKH�SURGXFWLRQ�RI�SUHYLWDPLQ�'��LQ�KXPDQ�VNLQ��&,(�7HFKQLFDO�5HSRUW������9LHQQD��&,(���������
GH�9ULHV�(��YDQ�GH�3ROO�)UDQV�/9��/RXZPDQ�-:�HW�DO��3UHGLFWLRQV�RI�VNLQ�FDQFHU�LQFLGHQFH�LQ�WKH�1HWKHUODQGV�XS�WR�������%U�-�'HUPDWRO��������������±����
'HPHUV�$$��1XJHQW�=��0LKDOFLRLX�&�HW�DO��7UHQGV�RI�QRQPHODQRPD�VNLQ�FDQFHU�IURP������WKURXJK������LQ�D�&DQDGLDQ�SRSXODWLRQ��-�$P�$FDG�'HUPDWRO�������������±����
%DWK�+H[WDOO�)��/HRQDUGL�%HH�-��6PLWK�&�HW�DO��7UHQGV�LQ�WKH�LQFLGHQFH�RI�VNLQ�EDVDO�FHOO�FDUFLQRPD��$GGLWLRQDO�HYLGHQFH�IURP�D�8.�SULPDU\�FDUH�GDWDEDVH�VWXG\��,QW�-
&DQFHU���������������±��

��

5LFKPRQG�6LQFODLU�10��3DQGH\D�1��:DUH�56�HW�DO��,QFLGHQFH�RI�EDVDO�FHOO�FDUFLQRPD�PXOWLSOLFLW\�DQG�GHWDLOHG�DQDWRPLF�GLVWULEXWLRQ��ORQJLWXGLQDO�VWXG\�RI�DQ�$XVWUDOLDQ
SRSXODWLRQ��-�,QYHVW�'HUPDWRO��������������±��

��

&DQFHU�5HVHDUFK�8.��1HZV�	�5HVRXUFHV��6XQ6PDUW��$YDLODEOH�DW��KWWS���LQIR�FDQFHUUHVHDUFKXN�RUJ�KHDOWK\OLYLQJ�VXQVPDUW� �ODVW�DFFHVVHG����-XQH���������
8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��6XQ:LVH�3URJUDP��$YDLODEOH�DW��KWWS���ZZZ�HSD�JRY�VXQZLVH��ODVW�DFFHVVHG����-XQH���������
7KH�&DQFHU�&RXQFLO�9LFWRULD��6XQ6PDUW��$YDLODEOH�DW��KWWS���VXQVPDUW�FRP�DX��ODVW�DFFHVVHG����-XQH����������
+HDOWK�&DQDGD��$YDLODEOH�DW��KWWS���KF�VF�JF�FD��ODVW�DFFHVVHG����-XQH����������
/DXWHQVFKODJHU�6��:XOI�+&��3LWWHONRZ�05��3KRWRSURWHFWLRQ��/DQFHW��������������±������
0DWVXRND�/<��,GH�/��:RUWVPDQ�-�HW�DO��6XQVFUHHQV�VXSSUHVV�FXWDQHRXV�YLWDPLQ�'��V\QWKHVLV��-�&OLQ�(QGRFULQRO�0HWDE��������������±�����
+ROLFN�0)��0DF/DXJKOLQ�-$��&ODUN�0%�HW�DO��3KRWRV\QWKHVLV�RI�SUHYLWDPLQ�'��DQG�WKH�SK\VLRORJLF�FRQVHTXHQFHV��6FLHQFH��������������±�����
0DWVXRND�/<��:RUWVPDQ�-��+DQLIDQ�1��+ROLFN�0)��&KURQLF�VXQVFUHHQ�XVH�GHFUHDVHV�FLUFXODWLQJ�FRQFHQWUDWLRQV�RI����K\GUR[\YLWDPLQ�'��$�SUHOLPLQDU\�VWXG\��$UFK
'HUPDWRO���������������±��

���

:XOI�+&��6WHQGHU�,0��/RFN�$QGHUVHQ�-��6XQVFUHHQV�XVHG�DW�WKH�EHDFK�GR�QRW�SURWHFW�DJDLQVW�HU\WKHPD��D�QHZ�GHILQLWLRQ�RI�63)�LV�SURSRVHG��3KRWRGHUPDWRO
3KRWRLPPXQRO�3KRWRPHG�������������±���

���

7KLHGHQ�(��3KLOLSVHQ�3$��6DQGE\�0ROOHU�-��:XOI�+&��6XQVFUHHQ�XVH�UHODWHG�WR�89�H[SRVXUH��DJH��VH[��DQG�RFFXSDWLRQ�EDVHG�RQ�SHUVRQDO�GRVLPHWHU�UHDGLQJV�DQG
VXQ�H[SRVXUH�EHKDYLRU�GLDULHV��$UFK�'HUPDWRO��������������±���

���
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