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�������IURP�KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��

�:DQJ��4���/LX��-���	�=KX��+����������*HQHWLF�DQG�0ROHFXODU�0HFKDQLVPV�8QGHUO\LQJ�6\PELRWLF�
�6SHFLILFLW\�LQ�/HJXPH�5KL]RELXP�,QWHUDFWLRQV��)URQWLHUV�LQ�SODQW�VFLHQFH����������
�KWWSV���GRL�RUJ���������ISOV������������
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�$QLND�6KDUPLOD�

�$QDO\]LQJ�WKH�,QWHUDFWLRQ�RI�1LWURJHQ�)L[LQJ�%DFWHULD�
�ZLWKLQ�/HJXPH�3ODQWV�LQ�:LFKLWD�)DOOV��7;�

�,1752'8&7,21�
�,W�KDV�EHFRPH�HYLGHQW�ZLWK�RXU�FXUUHQW�
�FOLPDWH�DQG�JUDGXDO�GHFUHDVH�RI�ERWK�ZDWHU�
�DQG�IRRG�VXSSO\�WKDW�OHJXPHV�KDYH�EHFRPH�
�XQGRXEWHGO\�LPSRUWDQW�DV�D�VXVWDLQDEOH�
�VRXUFH�RI�FRQVXPSWLRQ��7KH�VXVWDLQDELOLW\�RI�
�OHJXPHV�LV�LQ�WKHLU�DVVRFLDWLRQ�ZLWK�VRLO�
�UKL]RELD�ZKLFK�UHVXOW�LQ�D�V\PELRWLF�SURFHVV�
�FDOOHG�QLWURJHQ�IL[DWLRQ��ZKLFK�ZLOO�SURYLGH�
�QLWURJHQ�IRU�WKH�SODQW�WR�JURZ�HIILFLHQWO\��,I�WKH�
�LQWHUDFWLRQ�WUDQVSLUHV�VPRRWKO\��LW�VKRXOG�DV�D�
�UHVXOW�FUHDWH�URRW�QRGXOHV��ZKLFK�DUH�VPDOO�
�WXPRU�VKDSHG�VXEVWDQFHV�O\LQJ�DORQJ�WKH�URRW�
�RI�WKH�SODQW�ZKHUH�WKH�UKL]RELDO�EDFWHULD�OLH�
�ZLWKLQ��7KH�UKL]RELD�KDV�WR�EH�DEOH�WR�IL[�
�QLWURJHQ�ZLWKLQ�WKH�QRGXOHV�VR�WKDW�WKH�
�OHJXPH�SODQW�FDQ�JURZ�SURSHUO\��EXW�WKHUH�DUH�
�VRPH�IDFWRUV�WKDW�SRWHQWLDOO\�PD\�SURKLELW�WKLV�
�SURFHVV��7KLV�VWXG\�ZLOO�H[DPLQH�WKH�
�LQWHUDFWLRQ�RI�QLWURJHQ�IL[LQJ�EDFWHULD�WKDW�ZLOO�
�IL[�WKH�&URWDODULD�MXQFHD�OHJXPH�IURP�DUHDV�
�ZLWKLQ�:LFKLWD�)DOOV��7H[DV�LQ�RUGHU�WR�
�GHWHUPLQH�ZKHWKHU�7H[DV�KDV�VXIILFLHQW�
�SODQWLQJ�VRLOV�IRU�OHJXPHV�WR�WKULYH�LQ��7KH�
�VWXG\�ZLOO�DOVR�WDNH�LQWR�DFFRXQW�WKH�
�HQYLURQPHQW�LQ�ZKLFK�WKH�OHJXPH�SODQWV�DUH�
�JURZLQJ�LQ�DQG�XWLOL]H�WKDW�LQIRUPDWLRQ�LQ�RUGHU�
�WR�DQDO\]H�KRZ�WKH�GLIIHUHQW�VRLOV�ZLWKLQ�WKH�
�FLW\�ZLOO�EH�DEOH�WR�LQWHUDFW�ZLWK�WKH�OHJXPH�
�SODQWV��DQG�ZKHWKHU�RU�QRW�VRPH�GR�VR�PRUH�
�HIILFLHQWO\�E\�REVHUYLQJ�IRU�URRW�QRGXOHV�DQG�
�RYHUDOO�SODQW�JURZWK��

�7KH�TXHVWLRQ�,�DVNHG�LQ�WKLV�VWXG\�LV�ZKLFK�
�DUHD�RI�VRLO�ZLWKLQ�P\�FLW\�ZRXOG�DOORZ�IRU�WKH�
�PRVW�HIILFLHQW�FXOWLYDWLRQ�IRU�WKH�&URWDODULD�
�MXQFHD�OHJXPH��WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�
�HQYLURQPHQW�WKDW�7H[DV�SURYLGHV�WKHVH�SODQWV�
�ZLWK��0\�LQLWLDO�K\SRWKHVLV�ZDV�WKDW�WKH�IURQW�
�\DUG�VRLO�ZLOO�KDYH�PRUH�EDFWHULD�WKDW�ZLOO�
�DOORZ�IRU�WKH�OHJXPH�VHHGV�WR�JURZ�PRUH�
�HIILFLHQWO\�GXH�WR�WKH�YDULHW\�RI�SODQWV�WKDW�
�ZDWHUHG�WKURXJKRXW�WKH�ZHHN��VSHFLILFDOO\�
�REVHUYLQJ�IRU�DQ\�VSURXWV�WKDW�VWDUWHG�WR�

�DSSHDU�GXH�WR�JHUPLQDWLRQ�RI�WKH�OHJXPH�
�VHHGV��7KURXJKRXW�WKLV�SURFHVV��LW�ZDV�DOVR�
�UHTXLUHG�WR�WDNH�QRWH�RI�DQ\�XQXVXDO�
�DSSHDUDQFHV�RI�XQZDQWHG�PDWHULDO�DV�ZHOO�DV�
�WKH�GD\V�LQ�ZKLFK�WKH�VHHG�VSURXWV�HPHUJHG�
�ZLWKLQ�DQ\�RI�WKH�SRWV��

�:KLOH�FRQWLQXLQJ�WKH�ZDWHULQJ�RI�WKH�OHJXPH�
�SODQWV��WKH�ILUVW�SKHQRW\SH�ZDV�FRQGXFWHG��
�7KLV�SKHQRW\SLQJ�ZDV�IRFXVLQJ�RQ�WKH�VKRRWV�
�RI�WKH�SODQWV�ZLWKLQ�WKH�GLIIHUHQW�SRWV��DQG�WKLV�
�ZDV�GRQH�E\�FDUHIXOO\�UHPRYLQJ�WKH�GHVLUHG�
�OHJXPH�SODQW�RXW�RI�WKHLU�SRWV��ZKLFK�ZDV�
�SRVVLEOH�DIWHU�DGGLQJ�ZDWHU�LQWR�WKH�SRWV�DQG�
�PDNLQJ�WKH�VRLO�VRIWHU�WR�PDQHXYHU��2QFH�WKH�
�SODQW�ZDV�WDNHQ�RXW��LW�ZDV�ZDVKHG�JHQWO\�
�ZLWK�ZDWHU�DQG�GULHG�RII�ZLWK�D�SDSHU�WRZHO��
�7KH�SODQW�ZDV�WKHQ�VHW�RQWR�D�EODFN�VXUIDFH�
�EHVLGH�D�PHDVXULQJ�GHYLFH�VXFK�DV�D�UXOHU��
�7KH�PHDVXUHPHQWV�ZHUH�QRWHG�LQ�
�DFFRUGDQFH�WR�HDFK�ORFDWLRQ��DQG�WKHQ�
�SODQWHG�FDUHIXOO\�LQWR�WKHLU�UHVSHFWLYH�SRWV��$�
�VHFRQG�SKHQRW\SLQJ�ZDV�FRQGXFWHG�
�VXEVHTXHQW�WR�WKH�ILUVW��WKLV�WLPH�DOVR�
�PHDVXULQJ�WKH�URRWV�RI�WKH�SODQWV��,Q�DGGLWLRQ�
�WR�WKLV�SURFHVV��D�PLFURVFRS\�RI�WKH�URRWV�ZDV�
�GRQH��ZKLFK�XVHG�HVVHQWLDOO\�WKH�VDPH�VWHSV�
�DV�WKH�SKHQRW\SLQJ�ZKLOH�XVLQJ�D�PLFURVFRSH��

�5(68/76�
�7KH�SRW�ZLWK�WKH�SRRUHVW�RYHUDOO�SODQW�JURZWK�
�ZDV�IURP�WKH�IURQW�\DUG��DWWDLQLQJ�WZR�VSURXWV�
�ZLWK�WKH�WDOOHVW�SODQW¶V�VKRRW�JURZLQJ�WR�
�DSSUR[LPDWHO\�����FHQWLPHWHUV��DQG�D�URRW�RI�
�D�KDOI�FHQWLPHWHU��7KH�VRLO�ZLWKLQ�WKH�IURQW�
�\DUG¶V�SRW�ZDV�DOVR�H[FHHGLQJO\�GU\�HYHQ�
�DIWHU�D�IHZ�KRXUV�VXEVHTXHQW�WR�ZDWHULQJ��
�7KH�EDFN\DUG�VRLO�GLG�DGHTXDWHO\�EHWWHU��
�JHWWLQJ�WZR�IDLUO\�KHDOWK\�VSURXWV�ZLWK�WKH�
�WDOOHVW�VKRRW�EHLQJ����FHQWLPHWHUV�DQG�WKH�
�WDOOHVW�URRW�EHLQJ���FHQWLPHWHUV��7KH�SRVLWLYH�
�FRQWURO�KDG�WKUHH�SODQWV�ZLWKLQ�LWV�SRW��DOO�IDLUO\�
�KHDOWK\��7KH�WDOOHVW�VKRRW�IRU�WKH�SRVLWLYH�

�3DJH�����



�FRQWURO�ZDV�����FHQWLPHWHUV��EXW�LW�KDG�WKH�
�ORQJHVW�DQG�PRVW�KHDOWK\�URRW�RI�WKH�WKUHH�
�SRWV�ZLWK�LW�EHLQJ���FHQWLPHWHUV��'HVSLWH�WKLV��
�WKHUH�ZHUH�QR�URRW�QRGXOHV�SUHVHQW�LQ�DQ\�RI�
�WKH�OHJXPH�SODQWV�WKDW�KDG�JURZQ��

�',6&866,21�
�0\�LQLWLDO�K\SRWKHVLV�ZDV�QRW�VXSSRUWHG��DV�LW�
�VHHPHG�DV�WKRXJK�WKH�IURQW�\DUG�KDG�WKH�
�OHDVW�HIILFLHQW�EDFWHULD�IRU�WKH�OHJXPH�SODQWV�
�WR�JURZ�LQ��2Q�WKH�RWKHU�KDQG��WKH�EDFN\DUG�
�VRLO�VHHPHG�WR�GR�SUHWW\�ZHOO�LQ�DOORZLQJ�WKH�

�SODQWV�WR�JURZ��EXW�WKHUH�ZHUH�VWLOO�PLQLPDO�
�URRW�QRGXOHV��7KLV�REVHUYDWLRQ�GHPRQVWUDWHV�
�WKDW�WKH�VRLO�LQ�7H[DV�LV�QRW�LGHDO�IRU�WKH�
�LQWHUDFWLRQ�RI�QLWURJHQ�IL[LQJ�EDFWHULD�VXFK�DV�
�UKL]RELD�ZLWKLQ�WKH�OHJXPH�SODQWV��7KLV�RFFXUV�
�ZKHQ�WKH�LQLWLDO�VWDJH�RI�LQWHUFKDQJH�EHWZHHQ�
�WKH�EDFWHULD�DQG�WKH�SODQW�GRHV�QRW�RFFXU��
�ZKLFK�LQ�WKLV�FDVH�WKH�PRVW�SUREDEOH�FDXVH�
�EHLQJ�GXH�WR�WKH�H[WUHPHO\�KRW�ZHDWKHU�DQG�
�RYHUDOO�GU\�VRLO�WKDW�LQKLELWHG�WKH�DWWUDFWLRQ�WKH�
�EDFWHULD�ZRXOG�KDYH�WRZDUGV�WKH�URRWV�LQ�
�QRUPDO�FRQGLWLRQV��

�5()(5(1&(6�
�&DQJLROL��/���9DFFDUR��)���)LQL��0���0HQJRQL��$���	�)DJRU]L��&����������6FHQW�RI�D�6\PELRQW��7KH�
�3HUVRQDOL]HG�*HQHWLF�5HODWLRQVKLSV�RI�5KL]RELXP�3ODQW�,QWHUDFWLRQ��,QWHUQDWLRQDO�MRXUQDO�RI�
�PROHFXODU�VFLHQFHV���������������KWWSV���GRL�RUJ���������LMPV���������

�:DJQHU��6��&����������%LRORJLFDO�1LWURJHQ�)L[DWLRQ��1DWXUH�(GXFDWLRQ�.QRZOHGJH����������

�:DQJ��4���/LX��-���	�=KX��+����������*HQHWLF�DQG�0ROHFXODU�0HFKDQLVPV�8QGHUO\LQJ�6\PELRWLF�
�6SHFLILFLW\�LQ�/HJXPH�5KL]RELXP�,QWHUDFWLRQV��)URQWLHUV�LQ�SODQW�VFLHQFH����������
�KWWSV���GRL�RUJ���������ISOV������������

�3DJH�����



�=DKUDQ�+��+����������5KL]RELXP�OHJXPH�V\PELRVLV�DQG�QLWURJHQ�IL[DWLRQ�XQGHU�VHYHUH�
�FRQGLWLRQV�DQG�LQ�DQ�DULG�FOLPDWH��0LFURELRORJ\�DQG�PROHFXODU�ELRORJ\�UHYLHZV���00%5���������
����±�����KWWSV���GRL�RUJ���������00%5�������������������

�3DJH�����



�$QYLWKD�$UMXOD�

�7KH�(IIHFWV�RI�%DFWHULD�RQ�/HJXPH�3ODQWV�LQ�0RQURH�7ZS��1-��

�$%675$&7�
�7KH�REMHFWLYH�RI�WKLV�H[SHULPHQW�ZDV�WR�
�REVHUYH�WKH�HIIHFWV�RI�VRLO�PLFUREHV�DQG�
�EDFWHULD�RQ�WKH�SURFHVV�RI�OHJXPH�UKL]RELD�
�V\PELRVLV��DV�ZHOO�DV�WR�REVHUYH�WKH�HIIHFWV�RI�
�IHUWLOL]HU�RQ�URRW�QRGXOH�IRUPDWLRQ�DQG�JURZWK��
�,Q�WKLV�H[SHULPHQW��WZR�GLIIHUHQW�VRLO�ORFDWLRQV�
�LQ�0RQURH�7ZS��1-��������ZHUH�XVHG�LQ�RUGHU�
�WR�KHOS�DQDO\]H�WKH�HIIHFWV�RI�GLIIHUHQW�VRLO�
�EDFWHULXP�RQ�WKH�FURWDODULD�MXQFHD�UKL]RELD�
�V\PELRVLV��7KH�JURZWK�DQG�GHYHORSPHQW�RI�
�WKHVH�WKUHH�SRWV�ZHUH�FRPSDUHG�LQ�RUGHU�WR�
�DVVHVV�WKH�HIIHFWV�RI�FHUWDLQ�VRLO�EDFWHULD��
�PLFUREHV�DQG�FRPPHUFLDO�DGGLWLYHV�RQ�SODQW�
�VKRRW�DQG�URRW�JURZWK�DV�ZHOO�DV�LWV�HIIHFWV�RQ�
�OHJXPH�UKL]RELD�V\PELRVLV��,W�ZDV�IRXQG�WKDW�
�DQ�H[FHVV�RI�IHUWLOL]HU�RU�ODZQ�DGGLWLYHV�FDQ�
�KDUP�WKH�FURWDODULD�MXQFHD�UKL]RELD�V\PELRVLV�
�DQG�LQKLELW�IRUPDWLRQ�RI�URRW�QRGXOHV��ZKLOH�
�FHUWDLQ�VRLO�PLFUREHV�DQG�EDFWHULD�FDQ�DOVR�
�DIIHFW�URRW�QRGXOH�IRUPDWLRQ�DQG�JURZWK��

�,1752'8&7,21�
�5KL]RELXP�/HJXPH�V\PELRVLV�LV�D�PXWXDOLVWLF�
�UHODWLRQVKLS�EHWZHHQ�D�OHJXPH�SODQW�DQG�WKH�
�EDFWHULD�NQRZQ�DV�UKL]RELD��2Q�WKH�URRWV�RI�
�WKH�OHJXPH�SODQWV��VPDOO�ZKLWH�RU�SLQN�
�QRGXOHV�NQRZQ�DV�³URRW�QRGXOHV�´�RU�
�VSHFLDOL]HG�RUJDQV�FDQ�EH�IRXQG��:LWKLQ�WKH�
�PXWXDOLVWLF�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�
�RUJDQLVPV��WKH�OHJXPH�SODQW�SURYLGHV�
�QXWULHQWV�WR�WKH�UKL]RELD�EDFWHULD�WKDW�DOORZ�LW�
�WR�IL[�QLWURJHQ�LQWR�DPPRQLD�WKDW�WKH�OHJXPH�
�SODQW�WKHQ�XVHV�WR�IRVWHU�JURZWK�WKURXJK�
�SKRWRV\QWKHVLV��$GHVHPR\H�	�.ORHSSHU��
��������7KLV�VWXG\�DLPV�WR�XQGHUVWDQG�WKH�
�FRQVHTXHQFHV�RI�YDU\LQJ�VRLO�ORFDWLRQV�DQG�
�PLFUREHV��DV�ZHOO�DV�IHUWLOL]HU�DQG�VRLO�ODZQ�
�DGGLWLYHV�RQ�WKH�FURWDODULD�MXQFHD�UKL]RELD�
�V\PELRVLV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�VRLO�IRU�DOO�WKUHH�SRWV�FDPH�IURP�YDULRXV�
�ORFDWLRQV�LQ�0RQURH�7ZS��1-���������7KH�ILUVW�

�SRW�FRQWDLQHG�VRLO�IURP�D�EDFN\DUG�WKDW�
�FRQWDLQHG�VRLO�DGGLWLYHV�DQG�IHUWLOL]HUV��7KH�
�VHFRQG�SRW�FRQWDLQHG�VRLO�IURP�D�ORFDO�SRQG�
�DQG�WKH�WKLUG�SRW�FRQWDLQHG�VRLO�IURP�D�
�EDFN\DUG�DV�ZHOO��KRZHYHU�WKLV�SRW�ZDV�
�VXSSOHPHQWHG�ZLWK�D�FRPPHUFLDO�LQRFXODQW��
�7KH�VRLO�ZDV�FROOHFWHG�XVLQJ�JDUGHQLQJ�WRROV��
�VXFK�DV�D�UDNH�DQG�D�VKRYHO��
�2QFH�WKH�VRLO�IRU�WKH�SRWV�ZDV�FROOHFWHG��WKHQ�
�WKH�OHJXPH�VHHGV�ZHUH�SODQWHG��6PDOO�KROHV�
�ZHUH�GXJ�LQWR�WKH�VRLO�LQ�WKH�SRWV�ZKHUH�D�
�VHHG�RU�WZR�ZDV�WKHQ�SODFHG�LQWR�WKH�KROH��
�7KH�SRWV�ZHUH�ZDWHUHG�DQG�WKHQ�PRQLWRUHG�LQ�
�RUGHU�WR�REVHUYH�JHUPLQDWLRQ��:HHNO\�SKRWRV�
�ZHUH�WDNHQ�WR�GRFXPHQW�JURZWK��

�$IWHU�WKUHH�ZHHNV�SRVW�SODQWLQJ��WKH�OHJXPH�
�VKRRWV�ZHUH�SKHQRW\SH�IRU�WKH�ILUVW�WLPH��7KH�
�VRLO�LQ�WKH�SRW�ZDV�FDUHIXOO\�ZHWWHG�LQ�RUGHU�WR�
�PDNH�LW�HDVLHU�IRU�LW�WR�EUHDN�DSDUW��DQG�WKHQ��
�XVLQJ�RQH
V�ILQJHUV��WKH�OHJXPH�VKRRW��DORQJ�
�ZLWK�VRPH�RI�LWV�VXUURXQGLQJ�VRLO��ZDV�
�FDUHIXOO\�OLIWHG�RXW�RI�WKH�SRW�LQ�RUGHU�WR�
�HQVXUH�PLQLPDO�GDPDJH�WR�WKH�SODQW�URRWV��
�2QFH�WKH�SODQW�VKRRW�ZDV�WDNHQ�RXW�RI�WKH�
�VRLO��SODQW�WDS�ZDWHU�ZDV�XVHG�LQ�RUGHU�WR�
�ULQVH�LW�RII�DQG�UHPRYH�DQ\�H[FHVV�GLUW��7KH�
�SODQW�ZDV�WKHQ�GULHG�RII�RQ�D�SDSHU�WRZHO�DQG�
�SODFHG�RQ�D�EODFN�EDFNJURXQG�DORQJVLGH�D�
�FHQWLPHWHU�UXOHU�DQG�D�ODEHO�ZLWK�LWV�ORFDWLRQ��
�2QFH�SKRWRV�RI�WKH�SODQW�VKRRW�ZHUH�WDNHQ��
�DQG�WKHLU�KHLJKWV�ZHUH�UHFRUGHG��WKH�VKRRW�
�ZDV�FDUHIXOO\�UHSODQWHG�EDFN�LQWR�WKH�SRW��7KLV�
�SURFHVV�ZDV�UHSHDWHG�WZR�PRUH�WLPHV�IRU�RQH�
�SODQW�VKRRW�IURP�HYHU\�SRW��

�7KHQ��DURXQG���ZHHNV�SRVW�SODQWLQJ�WKH�
�OHJXPH�VKRRWV�ZHUH�UHDG\�WR�XQGHUJR�D�
�VHFRQG�VKRRW�SKHQRW\SLQJ��DV�ZHOO�DV�D�URRW�
�PLFURVFRS\�DQG�EDFWHULDO�LVRODWLRQ��$IWHU�WKH�
�SODQW�VKRRWV�ZHUH�FDUHIXOO\�UHPRYHG�IURP�WKH�
�SRW�DQG�SKRWRJUDSKHG��WKH�SODQW�URRWV�ZHUH�
�SODFHG�XQGHU�D�PLFURVFRSH�VWDQG�DQG�
�REVHUYHG�XVLQJ�WKH�PLFURVFRSH��0DJQLILHG�
�SKRWRV�RI�WKH�URRWV�ZHUH�WDNHQ�DQG�VWXGLHG��
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�2QFH�SKHQRW\SLQJ�RI�WKH�URRWV�KDG�RFFXUUHG��
�D�VFDOSHO�ZDV�XVHG�LQ�RUGHU�WR�FDUHIXOO\�FXW�
�DZD\�D�VPDOO�VHFWLRQ�RI�WKH�URRWV��SUHIHUDEO\�
�FRQWDLQLQJ�WKH�URRW�QRGXOHV���7KH�VPDOO�SLHFH�
�RI�SODQW�URRWV�ZDV�SODFHG�LQ�D�VROXWLRQ�RI�
�EOHDFK�DQG�ZDWHU��������EOHDFK�LQ�D������
�UDWLR�RI�EOHDFK�WR�ZDWHU��LQ�RUGHU�WR�VDQLWL]H�
�WKH�URRWV�DQG�UHPRYH�DQ\�XQZDQWHG�EDFWHULD��
�7KHQ�WKH�URRW�VDPSOH�ZDV�FOHDQHG�RII�LQ�D�
�VROXWLRQ�RI�SODLQ�WDS�ZDWHU�DQG�SODFHG�LQ�D�
�QHZ��FOHDQ�PLFURFHQWULIXJH�WRRO��8VLQJ�D�
�SHVWOH��WKH�URRW�VDPSOH�ZDV�WKHQ�FUXVKHG�XS�
�LQVLGH�RI�WKH�PLFURFHQWULIXJH�WXEH�IRU���
�PLQXWHV�WR�HQVXUH�WKDW�DOO�RI�WKH�URRW�EDFWHULD�
�ZDV�UHOHDVHG��7KHQ�����P/�RI�ZDWHU�ZDV�
�DGGHG�WR�WKH�FUXVKHG�XS�URRW�VDPSOH�DQG�
�PL[HG�XS�WKRURXJKO\��$�VWHULOH�VZDE�ZDV�WKHQ�
�XVHG�LQ�RUGHU�WR�VZDE�WKH�PL[WXUH�RQWR�QHZ��
�FOHDQ��DJDU�PHGLD�SODWHV��7KH�PHGLD�SODWHG�
�ZHUH�ZUDSSHG�LQ�DOXPLQXP�IRLO�DQG�OHIW�LQ�D�
�ZDUP�ORFDWLRQ�WR�GHYHORS��ZLWK�GDLO\�SKRWRV�RI�
�WKHP�EHLQJ�WDNHQ��7KLV�SURFHVV��WKH�VHFRQG�
�SKHQRW\SLQJ�DV�ZHOO�DV�WKH�URRW�PLFURVFRS\��
�ZDV�WKHQ�UHSHDWHG�IRU�D�VLQJOH�VKRRW�IURP�
�HYHU\�VLQJOH�SRW��

�5(68/76�

�&ROOHFWLQJ�WKH�VRLO�VDPSOHV�WR�SODQW�
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�)LJ����3RQG�
�)LJ����3RVLWLYH�FRQWURO�
�)LJ����%DFN\DUG�

�5HVXOWV�RI�WKH�ILUVW�SKHQRW\SLQJ��
�3RQG�VKRRW�OHQJWK�����FP�
�%DFN\DUG�VKRRW�OHQJWK�����FP�
�3RVLWLYH�FRQWURO�VKRRW�OHQJWK�����FP�

�)LJ�����3RQG�)LJ������%DFN\DUG�)LJ�����3RVLWLYH�
�&RQWURO�

�6HFRQG�VKRRW�SKHQRW\SLQJ�UHVXOWV�
�3RQG�VKRRW�OHQJWK�����FP�
�%DFN\DUG�VKRRW�OHQJWK�����FP�
�3RVLWLYH�FRQWURO�VKRRW�OHQJWK�����FP�

�3RQG�
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�3RVLWLYH�FRQWURO�

�%DFN\DUG�

�5RRW�PLFURVFRS\�UHVXOWV�
�1RGXOHV�ZHUH�IRXQG�RQO\�RQ�WKH�URRWV�RI�WKH�
�VRLO�IURP�WKH�SRQG��QHLWKHU�VRLO�IURP�WKH�
�EDFN\DUG�RU�WKH�SRVLWLYH�FRQWURO�KDG�URRWV�
�ZLWK�GHYHORSHG�QRGXOHV��1RGXOHV�IRXQG�RQ�
�WKH�URRWV�RI�WKH�SRQG�SODQW�ZHUH�VPDOO��ZLWK�
�RQO\�WZR�LQ�WRWDO�DFURVV�WKH�HQWLUH�SODQW�URRWV��
�DQG�WKH\�ZHUH�VOLJKWO\�SLQNLVK�LQ�FRORU��

�,VRODWLRQ�RI�EDFWHULD�

�3RQG�DW�GD\���DIWHU�LVRODWLRQ�

�3RQG�DW�GD\���DIWHU�LVRODWLRQ�

�3RVLWLYH�&RQWURO�GD\���
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�3RVLWLYH�FRQWURO���GD\V�DIWHU�LVRODWLRQ�

�%DFN\DUG�GD\���

�%DFN\DUG�RQ�GD\���DIWHU�LVRODWLRQ�

�',6&866,21�
�7KURXJKRXW�WKH�FRXUVH�RI�WKLV�H[SHULPHQW��LW�
�ZDV�IRXQG�WKDW�QLWURJHQ�IL[LQJ�URRW�QRGXOHV�
�ZHUH�RQO\�IRXQG�RQ�WKH�URRWV�RI�WKH�SODQWV�WKDW�
�ZHUH�JURZQ�LQ�WKH�VRLO�IURP�WKH�SRQG��,Q�
�FRPSDULVRQ�WR�WKH�VRLO�IURP�WKH�EDFN\DUG�DQG�
�WKH�SRVLWLYH�FRQWURO��WKH�VRLO�IURP�WKH�SRQG�
�ZDV�WUHDWHG�ZLWK�DQ\�NLQG�RI�IHUWLOL]HUV�RU�ODZQ�
�DGGLWLYHV�LQ�RUGHU�WR�REVWUXFW�WKH�JURZWK�RI�
�ZHHGV�RU�XQZDQWHG�SODQWV��$V�PRVW�IHUWLOL]HUV�
�DUH�PDGH�XS�RI�D�PL[WXUH�RI�1�3�.�RU�
�QLWURJHQ��SKRVSKRUXV��DQG�SRWDVVLXP��WKH\�
�DUH�DEXQGDQW�LQ�QLWURJHQ��7RZQVHQG�HW�DO���
��������7KLV�SURIXVHQHVV�RI�QLWURJHQ�DOUHDG\�
�SUHVHQW�RQ�WKH�VRLO�PD\�PDNH�LW�SRLQWOHVV�IRU�
�WKH�UKL]RELD�EDFWHULD�WR�IRUP�URRW�QRGXOHV��DV�
�WKH�UHDVRQ�URRW�QRGXOHV�DUH�IRUPHG�LV�WR�KHOS�
�FUHDWH�QLWURJHQ�IRU�WKH�SODQW�WR�XVH�WR�FUHDWH�
�IRRG�WKURXJK�SKRWRV\QWKHVLV�DQG�WR�VXUYLYH��
�$V�WKHUH�LV�DOUHDG\�QLWURJHQ�SUHVHQW�LQ�WKH�
�VRLO��LW�FDQ�EH�K\SRWKHVL]HG�WKDW�WKH�UHDVRQ�
�QR�URRW�QRGXOHV�ZHUH�IRXQG�RQ�WKH�SODQWV�
�JURZQ�LQ�VRLO�WKDW�DOUHDG\�FRQWDLQHG�QLWURJHQ�
�WKURXJK�IHUWLOL]HUV�SUHYLRXVO\�XVHG�LQ�WKH�DUHD�
�LV�EHFDXVH�WKHUH�ZDV�QR�ELRORJLFDO�UHDVRQ�IRU�
�WKH�URRW�QRGXOHV�WR�JURZ��$V�QLWURJHQ�ZDV�
�DOUHDG\�SUHVHQW�LQ�WKH�VRLO��WKH�SUHVHQFH�RI�
�WKH�URRW�QRGXOHV�ZRXOG�QHLWKHU�KDYH�EHHQ�
�EHQHILFLDO�RU�GHWULPHQWDO��DV�WKHUH�ZDV�QR�
�UHDVRQ�WKDW�QLWURJHQ�KDG�WR�EH�³IL[HG´�WKURXJK�
�WKH�QRGXOHV��LQVWHDG��LW�FRXOG�KDYH�EHHQ�XVHG�
�GLUHFWO\�IURP�WKH�VRLO�LWVHOI��H[SODLQLQJ�WKH�ODFN�
�RI�QRGXOHV�RQ�WKH�SODQW�URRWV��7KLV�
�H[SODQDWLRQ�FDQ�EH�XVHG�WR�DQVZHU�WKH�
�K\SRWKHVLV���GRHV�IHUWLOL]HU�DOUHDG\�SUHVHQW�LQ�
�WKH�VRLO�KDYH�DQ�HIIHFW�RQ�WKH�JURZWK�DQG�
�GHYHORSPHQW�RI�URRW�QRGXOHV"�,W�LV�FOHDU�WKDW��
�\HV��LW�GRHV��7KHVH�UHVXOWV�ZHUH�XQH[SHFWHG��
�DV�LW
V�HDV\�IRU�RQH�WR�DVVXPH�WKDW�IHUWLOL]HU��
�ZKLFK�LV�XVXDOO\�XVHG�LQ�RUGHU�WR�KHOS�FURSV�
�WKULYH��FRXOG�LQKLELW�WKH�JURZWK�DQG�
�GHYHORSPHQW�RI�WKH�URRW�QRGXOHV��OHDGLQJ�WR�D�
�QHJDWLYH�SODQW�VRLO�LQWHUDFWLRQ��+RZHYHU��RQ�D�
�GHHSHU�ORRN��LW�PDNHV�VHQVH�DV�WR�ZK\�
�IHUWLOL]HU�ZRXOG�VWRS�WKH�IRUPDWLRQ�RI�QRGXOHV��
�DV�LW�LV�DFWXDOO\�EHQHILWLQJ�WKH�SODQW��
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�5()(5(1&(6�
�$GHVHPR\H��$�2���	�.ORHSSHU��-�:����������3ODQW�PLFUREHV�LQWHUDFWLRQV�LQ�HQKDQFHG�
�IHUWLOL]HU�XVH�HIILFLHQF\��$SSOLHG�PLFURELRORJ\�DQG�ELRWHFKQRORJ\����������±����
�KWWSV���GRL�RUJ���������V�����������������

�7RZQVHQG��+��+HDUG��$�0���=DNHP��(�-���	�+DOO�-�5����������,V�WRR�PXFK�IHUWLOL]HU�D�SUREOHP"�
�)URQWLHUV�IRU�<RXQJ�0LQGV��5HWULHYHG�-XO\�����������IURP�
�KWWSV���NLGV�IURQWLHUVLQ�RUJ�DUWLFOHV���������IU\P�������������a�WH[W :KDW���,V���)HUWLOL]HU��
��)�1��'3��'.���UDWLR���RQ���WKHLU���SDFNDJLQJ�
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�$UXVKL�'DV�

�2EVHUYLQJ�WKH�(IIHFWV�RI�1LWURJHQ�)L[LQJ�0LFUREHV�RQ�
�/HJXPH�'HYHORSPHQW�LQ�(GLVRQ��1-�

�$%675$&7�
�3ODQWV�UHTXLUH�QLWURJHQ�IL[LQJ�EDFWHULD�WR�
�WKULYH��'XH�WR�SODQWV¶�LQDELOLW\�WR�DEVRUE�
�QLWURJHQ�IURP�WKH�DWPRVSKHUH��QLWURJHQ�IL[LQJ�
�EDFWHULD�FRQYHUW�DWPRVSKHULF�QLWURJHQ�LQWR�
�XVDEOH�QLWURJHQ�DEVRUEDEOH�E\�SODQW�URRWV��,Q�
�OHJXPHV��WKH�PDLQ�QLWURJHQ�VRXUFH�FRPHV�
�IURP�5KL]RELXP��,W�LV�XQNQRZQ�ZKHWKHU�RU�QRW�
�WKH�EDFWHULD�UHTXLUHG�WR�GR�VXFK�IXQFWLRQV�LV�
�SUHVHQW�LQ�(GLVRQ��1HZ�-HUVH\��7KHUHIRUH�WKLV�
�UHVHDUFK�ZDV�FRQGXFWHG�LQ�RUGHU�WR�GHWHFW�LWV�
�SUHVHQFH�DQG�LQ�ZKDW�TXDQWLW\�LW�LV�SUHVHQW�LQ��
�7KLV�ZDV�GRQH�E\�DQDO\]LQJ�WKH�JURZWK�RI�
�OHJXPHV�IURP�WZR�GLIIHUHQW�ORFDWLRQV�LQ�
�(GLVRQ�DQG�FRPSDULQJ�LW�WR�WKH�JURZWK�RI�
�OHJXPHV�LQ�D�SRVLWLYH�FRQWURO�DOUHDG\�
�SRVVHVVLQJ�WKH�KHDOWK\�QLWURJHQ�IL[LQJ�
�EDFWHULD��,I�RQH�ORFDWLRQ¶V�VRLO�DOORZHG�IRU�
�JUHDWHU�OHJXPH�JURZWK��LW�FDQ�LQIHU�WKDW�WKH�
�VRLO�IURP�WKLV�ORFDWLRQ�SRVVHVV�PRUH�EDFWHULD�
�WKDW�DOORZ�QLWURJHQ�IL[DWLRQ��

�,1752'8&7,21�
�7KHUH�DUH�VHYHUDO�IRUPV�RI�EDFWHULD�WKDW�DUH�
�FDSDEOH�RI�IRUPLQJ�PXWXDOO\�EHQHILFLDO�
�UHODWLRQVKLSV�ZLWK�SODQWV��6XFK�EHQHILFLDO�
�SDUWQHUVKLSV�DUH�NQRZQ�DV�V\PELRWLF�
�UHODWLRQVKLSV��D�ORQJ�WHUP�LQWHUDFWLRQ�EHWZHHQ�
�WZR�GLIIHUHQW�VSHFLHV��,Q�WKH�FDVH�RI�WKLV�
�H[SHULPHQW��WKH�V\PELRWLF�UHODWLRQVKLS�EHLQJ�
�VWXGLHG�LV�WKH�SURFHVV�RI�QLWURJHQ�IL[DWLRQ��
�EHWZHHQ�QLWURJHQ�IL[LQJ�EDFWHULD��DQG�OHJXPH�
�SODQWV��1LWURJHQ�LV�D�FUXFLDO�FRPSRQHQW�LQ�WKH�
�GHYHORSPHQW�RI�SODQWV��DV�LW�LV�WKH�IRXQGDWLRQ�
�IRU�WKH�SURGXFWLRQ�RI�HQ]\PHV�DQG�SURWHLQV�
�ZKLFK�IDFLOLWDWH�VHYHUDO�PHWDEROLF�UHDFWLRQV�LQ�
�SODQWV�WKDW�NHHS�WKHP�DOLYH��1LWURJHQ�LV�DOVR�
�IRXQG�LQ�FKORURSK\OO�ZKLFK�DLGV�LQ�WKH�
�SURGXFWLRQ�RI�HQHUJ\�LQ�WKH�IRUP�RI�$73�WKDW�
�NHHSV�SODQWV�IXQFWLRQLQJ��$OWKRXJK�����RI�WKH�
�(DUWK¶V�DWPRVSKHUH�LV�FRPSRVHG�RI�QLWURJHQ��
�SODQWV�DUH�LQFDSDEOH�RI�DFFHVVLQJ�QLWURJHQ�
�IURP�WKH�DLU��7KHLU�RQO\�IRUP�RI�QLWURJHQ�

�DFTXLVLWLRQ�LV�WKURXJK�WKH�VRLO�QHDU�WKHLU�URRWV��
�%DFWHULD�VXFK�DV�5KL]RELXP��$]RWREDFWHU��
�%HLMHULQFNLD��DQG�&ORVWULGLXP�IXQFWLRQ�DV�
�QLWURJHQ�IL[LQJ�EDFWHULD��5KL]RELXP�IRUP�
�V\PELRWLF�UHODWLRQVKLSV�ZLWK�OHJXPH�SODQWV��
�IL[LQJ�QLWURJHQ�IRU�WKH�URRWV�DQG�DLGLQJ�LQ�
�OHJXPH�JURZWK�DQG�GHYHORSPHQW�ZKLOH�LQ�
�UHWXUQ�WKH�URRWV�IRUP�QRGXOHV�WR�KRXVH�WKH�
�5KL]RELD�PDNLQJ�WKLV�D�PXWXDOLVWLF�V\PELRWLF�
�UHODWLRQVKLS��:LWKRXW�5KL]RELD��WKH�SRSXODWLRQ�
�RI�HDUWK�ZRXOG�QRW�KDYH�OHJXPHV�VXFK�DV�
�EHDQV��SHDV��VR\��DQG�FORYHU��$V�RI�ULJKW�QRZ��
�WKHUH�LV�OLPLWHG�LQIRUPDWLRQ�RQ�WKH�LPSDFW�DQG�
�LPSRUWDQFH�RI�5KL]RELXP�LQ�OHJXPH�
�GHYHORSPHQW��

�7KLV�VWXG\�DLPV�WR�LGHQWLI\�WKH�SUHVHQFH�RI�
�QLWURJHQ�IL[LQJ�EDFWHULD�LQ�GLIIHUHQW�ORFDWLRQV�LQ�
�(GLVRQ��1-��,�K\SRWKHVL]H�WKDW�WKH�IURQW�\DUG�
�ORFDWLRQ�ZLOO�KDYH�D�KLJKHU�FRQFHQWUDWLRQ�RI�
�QLWURJHQ�IL[LQJ�EDFWHULD�GXH�WR�WKH�ODUJH�
�QXPEHU�RI�DQLPDOV�WKDW�SDVV�WKURXJK�WKLV�
�DUHD�RQ�D�GDLO\�EDVLV�GURSSLQJ�QXWULWLRQDO�
�ZDVWH�DV�ZHOO�DV�WKH�EHQHILWV�RI�GHFRPSRVHG�
�SODQWV�WKDW�RQFH�RFFXSLHG�WKH�VRLO��

�0$7(5,$/6�$1'�0(7+2'6�
�7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�E\�WDNLQJ�VRLO�
�IURP�WZR�GLIIHUHQW�ORFDWLRQV��WKH�IURQW�\DUG�DQG�
�EDFN\DUG��7KLV�VRLO�ZDV�SRWWHG�LQWR�WZR�
�GLIIHUHQW�SRWV�DQG�ODEHOHG��$�WKLUG�SRW�ZDV�
�ILOOHG�ZLWK�H[WUD�VRLO�IURP�WKH�IURQW�\DUG�DQG�
�PL[HG�ZLWK�DQ�LQRFXODQW�WKDW�FRQWDLQHG�DOO�WKH�
�QHFHVVDU\�EDFWHULD�WR�JURZ�KHDOWK\�OHJXPHV��
�7KLV�WKLUG�SRW�ZDV�ODEHOHG�DV�WKH�SRVLWLYH�
�FRQWURO��$IWHU�SRWWLQJ�WKH�SODQWV��D�UDNH�ZDV�
�XVHG�WR�SXW�ILIWHHQ�KROHV�LQ�WKH�VRLO��/HJXPH�
�VHHGV�ZHUH�SODQWHG�LQ�WKHVH�KROHV��,Q�WKH�
�SRVLWLYH�FRQWURO�SRW��DQ�DGGLWLRQDO�SLQFK�RI�
�LQRFXODQW�ZDV�DGGHG�LQ�HDFK�KROH�EHIRUH�WKH�
�VHHGV�ZHUH�SODQWHG��7KH�SRWV�ZHUH�WKHQ�
�WKRURXJKO\�ZDWHUHG�ZLWK�ILOWHUHG�ZDWHU�DQG�
�SODFHG�LQ�D�VXQQ\�DUHD�LQGRRUV��7KHVH�SODQWV�
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�ZHUH�ZDWHUHG�GDLO\��7KH�OHJXPHV�ZHUH�
�FORVHO\�PRQLWRUHG�RYHU�WKH�FRXUVH�RI�IRXU�
�ZHHNV�SRVW�SODQWLQJ��7KH�QXPEHU�RI�VSURXWV�
�SHU�SRW��VKRRW�KHLJKW��FRORU��DQG�QRGXOH�
�JURZWK�ZHUH�DOO�WDNHQ�DFFRXQW�RI�LQ�DQ�H�ODE�
�QRWHERRN��

�'XULQJ�ZHHN�IRXU�SRVW�SODQWLQJ��WKH�UHVHDUFK�
�LQFOXGHG�D�VWXG\�RI�5KL]RELD�EDFWHULD�FRORQ\�
�JURZWK��7R�VWXG\�WKLV��URRW�QRGXOHV�IURP�DOO�
�WKUHH�SRWV�ZHUH�H[WUDGHG�DQG�ZDVKHG�LQ�
�EOHDFK�DQG�ZDWHU�WR�WKRURXJKO\�FOHDQ��7KH\�
�ZHUH�WKHQ�FUXVKHG�LQWR�D�OLTXLG�LQ�D�WXEH�ZLWK�

�ZDWHU��8VLQJ�D�FRWWRQ�VZDE��WKLV�OLTXLG�ZDV�
�VSUHDG�RQ�DJDU�PHGLD�SODWHV�WR�IDFILORLNWDH�
�FRORQ\�JURZWK��7KHVH�SODWHV�ZHUH�FORVHO\�
�REVHUYHG�IRU�WKH�QH[W�������KRXUV��
�2EVHUYDWLRQV�RI�WKH�DJDU�SODWHV�ZHUH�DOVR�
�UHFRUGHG�LQ�WKH�H�ODE�QRWHERRN��

�5(68/76�
�7DEOH���VXPPDUL]HV�WKH�GDWD�FROOHFWHG�DW�
�ZHHN���RI�H[SHULPHQWDWLRQ��+HLJKW��
�GHYHORSPHQW�RI�QRGXOHV�RQ�WKH�URRWV��DQG�
�DVVHVVPHQW�RI�WKH�DJDU�SODWH�IRU�JURZWK�RI�
�UKL]RELD�DQG�QRQ�QLWURJHQ�IL[LQJ�EDFWHULD�ZHUH�
�DOO�FROOHFWHG��

�7DEOH����:HHN���SKHQRW\SH�FRPSDULVRQ�RI�SODQWV�JURZ�LQ�EDFN\DUG��IURQW�\DUG��DQG�SRVLWLYH�
�FRQWURO�VRLO�

�3ODQW�KHLJKW��FP�� �1RGXOHV�3UHVHQW� �%DFWHULD�&RORQLHV�3UHVHQW�

�%DFN\DUG� ���� �QR� �QR�

�)URQW�<DUG� ���� �\HV� �\HV�

�3RVLWLYH�&RQWURO� ��� �QR� �QR�

�',6&866,21�
�$OWKRXJK�WKH�UHVXOWV�VXSSRUWHG�WKH�
�K\SRWKHVLV��LW�ZDV�XQIRUHVHHQ�WKDW�WKH�
�SRVLWLYH�FRQWURO�ZRXOG�KDYH�WKH�VKRUWHVW�
�KHLJKW�DQG�EDFWHULD�JURZWK��7KLV�
�GHPRQVWUDWHV�WKDW�HYHQ�LI�OHJXPH�VHHGV�DUH�
�SUHGLVSRVHG�WR�KHDOWK\�QLWURJHQ�IL[LQJ�
�EDFWHULD�VXFK�DV�WKRVH�IRXQG�LQ�WKH�LQRFXODQW��
�WKH\�PD\�QRW�WKULYH�DV�H[SHFWHG�OHDGLQJ�WR�
�WKH�LQIHUHQFH�WKDW�WKHUH�PXVW�EH�RWKHU�
�FRQWULEXWLQJ�IDFWRUV�WKDW�ZHUH�QRW�WDNHQ�LQWR�
�DFFRXQW��7R�PD[LPL]H�WKH�UHOLDELOLW\�RI�WKLV�
�H[SHULPHQW��WKHVH�RWKHU�IDFWRUV�QHHG�WR�EH�
�FRQVLGHUHG�DQG�FRQWUROOHG�WR�HQVXUH�WKDW�WKH�
�SUHVHQFH�RI�EDFWHULD�LQ�WKH�VRLO��ZLWK�DQG�
�ZLWKRXW�WKH�LQRFXODQW��LV�WKH�RQO\�YDULDEOH��
�6XFK�IDFWRUV�WR�FRQVLGHU�PLJKW�LQFOXGH�
�SURYLGLQJ�WKH�H[DFW�VDPH�DPRXQW�RI�ZDWHU�WR�
�HDFK�SRW��HQVXULQJ�WKDW�HDFK�SRW�UHFHLYHV�
�HTXDO�VXQOLJKW��DQG�PDNLQJ�VXUH�WKDW�WKH�VRLO�

�LV�WDNHQ�IURP�WKH�VDPH�OHYHO�LQ�WKH�JURXQG�WR�
�PDNH�VXUH�RQH�VRLO�LV�QRW�PRUH�QXWULHQW�
�GHQVH��2WKHU�IDFWRUV�WKDW�FRXOG�DIIHFW�WKH�
�TXDOLW\�RI�WKH�H[SHULPHQW�LQFOXGH�KXPDQ�HUURU�
�GXULQJ�GHSRWWLQJ��,W�LV�SRVVLEOH�WKDW�URRW�
�QRGXOHV�ZHUH�QRW�IRXQG�LQ�WKH�GHSRWWHG�SODQWV�
�IURP�WKH�EDFN\DUG�DQG�SRVLWLYH�FRQWURO�SRW�
�EHFDXVH�WKH\�ZHUH�GHWDFKHG�IURP�WKH�URRWV�
�GXULQJ�H[WUDFWLRQ��

�7KLV�H[SHULPHQW�VKRXOG�DOVR�EH�
�UHSHDWHG�VHYHUDO�WLPHV�WKURXJKRXW�1HZ�
�-HUVH\��7KH�RXWFRPHV�RI�WKHVH�H[SHULPHQWV�
�VKRXOG�EH�FRPSDUHG�WR�WKLV�RQH�WR�EHWWHU�
�XQGHUVWDQG�WKHP�DQG�IRUP�PRUH�GHSHQGDEOH�
�UHVXOWV��6XFK�GDWD�FDQ�DLG�LQ�WKH�IDUPLQJ�RI�
�OHJXPH�SODQWV�LQ�1HZ�-HUVH\�E\�LGHQWLI\LQJ�
�ZKDW�VRLO�FRQGLWLRQV�DQG�PLFUREHV�DUH�EHVW�
�VXLWHG�IRU�OHJXPH�JURZWK��
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�%ULWDQQLFD��7��(GLWRUV�RI�(QF\FORSDHGLD���������1LWURJHQ�IL[LQJ�EDFWHULD��(QF\FORSHGLD�
�%ULWDQQLFD��KWWSV���ZZZ�EULWDQQLFD�FRP�VFLHQFH�QLWURJHQ�IL[LQJ�EDFWHULD�

�'HDFRQ��-���Q�G����7KH�0LFURELDO�:RUOG��7KH�1LWURJHQ�F\FOH�DQG�1LWURJHQ�IL[DWLRQ��7KH�8QLYHUVLW\�
�RI�(GLQEXUJK��5HWULHYHG�-XO\�����������IURP�
�KWWS���DUFKLYH�ELR�HG�DF�XN�MGHDFRQ�PLFUREHV�QLWURJHQ�KWP�
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�$U\D�6UHHQLYDV�

�0LFURELDO�,QWHUDFWLRQV�ZLWK�&ORWDODULD�-XQFHD�3ODQWV�
�LQ�)ORZHU�0RXQG��7;�

�,1752'8&7,21�
�0LFUREHV�UHVLGH�HYHU\ZKHUH�WKDW�VXVWDLQV�OLIH��
�7KH\�FRXOG�EH�LQ�WKH�KXPDQ�ERG\��WKH�ZDWHU�
�YDSRU�LQ�WKH�DLU��RU�WKH\�FRXOG�HYHQ�OLYH�LQ�WKH�
�VRLO��:LWKLQ�WKH�VRLO��PLFUREHV�VHHN�RWKHU�
�RUJDQLVPV�WR�ODWFK�RQWR�LQ�WKH�KRSHV�RI�
�IRUPLQJ�D�FRQQHFWLRQ��/HJXPHV�DUH�DQ�
�LQWHUHVWLQJ�VHW�RI�RUJDQLVPV�DV�WKH\�QHHG�WR�
�IRUP�D�ERQG�ZLWK�QLWULI\LQJ�EDFWHULD��
�VSHFLILFDOO\�5KL]RELD��LQ�RUGHU�WR�WKULYH��7KH�
�OHJXPH�ZKHQ�IDPLVKHG�IRU�QLWURJHQ�UHOHDVHV�
�VLJQDOV�WR�GUDZ�WKH�UKL]RELD�LQ�DQG�ERQG�ZLWK�
�LW��&RQFKD�	�'RHUQHU���������7KH�PXWXDOLVWLF�
�UHODWLRQVKLS�DULVHV�DV�EDFWHULD�WXUQV�WKH�
�QLWURJHQ�LQ�WKH�VRLO�LQWR�DPPRQLD�IRU�WKH�SODQW��
�DQG�WKH�SODQW�LQ�UHWXUQ�VXSSOLHV�FDUERQ�WR�WKH�
�EDFWHULD��:HVWKRHN�HW�DO����������7KH�PDLQ�
�JRDO�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�ZKLFK�VRLO�LQ�
�0RXQG��7H[DV�FRQWDLQV�WKH�UKL]RELD�FDWHUHG�
�WR�VSHFLILF�OHJXPH�SODQWV�XVLQJ�WKH�
�REVHUYDQFH�RI�QRGXOHV��WKHLU�FRORUV��DQG�WKHLU�
�SUHVHQFH�LQ�WKH�URRWV��

�,�K\SRWKHVL]H�WKDW�WKH�IRUPDWLRQ�RI�QRGXOHV�
�ZLOO�EH�JUHDWHU�LQ�ORFDWLRQ���WKDQ�LQ�ORFDWLRQ���
�GXH�WR�WKH�DEXQGDQFH�RI�VKUXEEHU\�LQ�WKH�
�DUHD�KLQWLQJ�DW�WKH�SRVVLELOLWLHV�RI�UKL]RELD�LQ�
�WKH�VRLO��6LQFH�WKH�SRVLWLYH�FRQWURO�KDV�DQ�
�LQRFXODQW�LW�LV�UHDVRQDEOH�WR�VD\�WKDW�WKHUH�ZLOO�
�EH�VRPH�QRGXOH�IRUPDWLRQ��

�0$7(5,$/6�$1'�0(7+2'6�
�,Q�WKH�SUHSDUDWLRQ�ZHHN�RQH��VRLO�ZDV�
�FROOHFWHG�DQG�WKH�&ORWDODULD�MXQFHD�VHHGV�
�ZHUH�DGGHG��7KUHH�SRWV�ZHUH�WDNHQ�DQG�
�ODEHOHG�ZLWK�WKH�ORFDWLRQ�LQ�)ORZHU�0RXQG�7;��
�WKH\�ZHUH�FROOHFWHG�LQ�WKH�%DFN\DUG�����DQG�DW�
�WKH�+LJK�6FKRRO������7KH�WKLUG�SRW�ZDV�ODEHOHG�
�SRVLWLYH�FRQWURO��7KH�WKLUG�SRW�ZDV�ILOOHG�ZLWK�
�VRLO�IURP�ORFDWLRQ���DQG�FRPPHUFLDO�LQRFXODQW�
�>FRQVLVWLQJ�RI�%UDG\UKL]RELXP�VS���9LJQD���
�%UDG\UKL]RELXP�MDSRQLFXP��5KL]RELXP�
�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��DQG�5��

�OHJXPLQRVDUXP�ELRYDU�YLFDH@�ZDV�DGGHG��
�6HHGV�ZHUH�SODFHG�LQ�WKH�VRLO�RI�HDFK�SRW��

�,Q�SUHSDUDWLRQ�ZHHN����,�REVHUYHG�
�JHUPLQDWLRQ�RI�WKH�SODQWV�FRPELQHG�ZLWK�
�ZDWHULQJ�WKH�VRLO��(YHU\�RWKHU�GD\�IURP�WKH�
�SODQWLQJ�GD\��WKH�SRWV�ZHUH�ZDWHUHG��([FHVV�
�ZDWHU�ZDV�UHPRYHG�IURP�WKH�ERWWRP��$Q\�
�VLJQV�RI�JURZWK�ZHUH�QRWHG�IURP�GD\�WR�GD\��,I�
�WKHUH�ZDV�D�ODFN�RI�JURZWK�LQ�RQH�RI�WKH�SRWV��
�DGGLWLRQDO�VHHGV�ZHUH�DGGHG�WR�WKH�VRLO��
�&RPPHUFLDO�LQRFXODQW�ZDV�VSUHDG�RQFH�PRUH�
�LQ�WKH�SRVLWLYH�FRQWURO�SRW��DQG�WKHQ�ZDV�
�ZDWHUHG��,I�WKHUH�ZHUH�VWLOO�QR�SODQWV��PRUH�
�&URWDODULD�MXQFHD�VHHGV�ZHUH�JURZQ�LQ�D�ERZO�
�RI�ZDWHU��ZKLFK�ZDV�FOHDQHG�RXW�HYHU\�GD\��
�XQWLO�WKH\�VSURXWHG��DQG�WKHQ�WKH\�ZHUH�
�SODFHG�LQ�SRWV�WKDW�GLG�QRW�KDYH�DW�OHDVW�RQH�
�SODQW��

�,Q�ZHHN����WKH�SKHQRW\SLQJ�RI�WKH�SODQW�
�VKRRWV�FRPPHQFHG��6WDUWLQJ�ZLWK�WKH�SRW�
�IURP�ORFDWLRQ����WKH�WDOOHVW�SODQW�ZDV�FDUHIXOO\�
�GXJ�RXW�XVLQJ�ILQJHUV�WR�SXVK�DZD\�GLUW�
�DURXQG�WKH�VKRRWV�DQG�URRWV��2QFH�WKH�SODQW�
�ZDV�SXOOHG�RXW�RI�WKH�VRLO��LW�ZDV�SODFHG�LQ�D�
�WXSSHUZDUH�FRQWDLQHU�ILOOHG�ZLWK�ZDWHU��DQG�
�OLJKWO\�VKDNHQ�WR�ULG�WKH�URRWV�RI�DQ\�VRLO��7KH�
�SODQW�ZDV�GULHG�ZLWK�WKH�DLG�RI�D�SDSHU�WRZHO�
�E\�JHQWO\�WDSSLQJ�LW�RQ�WKH�URRWV��
�0HDVXUHPHQWV�RI�WKH�VKRRW�DQG�URRW�ZHUH�
�WDNHQ��DQG�WKH�SODQW�ZDV�UHWXUQHG�WR�WKH�VRLO��
�EHLQJ�ILOOHG�VKRUWO\�DIWHU��7KH�VDPH�ZDV�GRQH�
�IRU�ORFDWLRQ���DQG�SRVLWLYH�FRQWURO�SRW��

�,Q�ZHHN����WKH�SODQWV¶�VHFRQG�VKRRW�
�SKHQRW\SLQJ�WRRN�SODFH��DQG�WKHUH�ZDV�DOVR�
�URRW�SKHQRW\SLQJ�E\�REVHUYLQJ�WKHP�XQGHU�D�
�GLJLWDO�PLFURVFRSH��0RUHRYHU��EDFWHULD�IURP�
�WKH�SODQWV¶�URRWV�ZHUH�JURZQ��7KH�WDOOHVW�
�SODQWV�IURP�HDFK�ORFDWLRQ�ZHUH�GXJ�RXW��7KH�
�SODQWV�ZHUH�JHQWO\�FOHDQHG�LQ�WKH�ZDWHU�XQWLO�
�WKHUH�ZDV�OLWWOH�WR�QR�VRLO�OHIW�RQ�WKH�URRWV��7KH�
�SODQW�ZDV�GULHG�XVLQJ�SDSHU�WRZHOV��7KHQ�WKH�
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�VKRRW�OHQJWKV�ZHUH�PHDVXUHG�RQFH�PRUH��
�DQG�WKH�URRWV�ZHUH�SKHQRW\SH�E\�LGHQWLI\LQJ�
�DQ\�QRGXOHV�WKDW�DSSHDUHG�XVLQJ�D�
�PLFURVFRSH��SKRWRV�ZHUH�WDNHQ���7KH�SODQWV�
�ZHUH�VHW�DVLGH�DQG�EDFWHULD�LVRODWLRQ�ZDV�
�SUHSDUHG��)LYH�PLFURFHQWULIXJH�WXEHV�ZHUH�
�WDNHQ�DQG�ODEHOHG�ZLWK��EOHDFK��ZDWHU��
�ORFDWLRQ����ORFDWLRQ����DQG�SRVLWLYH�FRQWURO��
�7KH�EOHDFK�WXEH�ZDV�ILOOHG�WR�����P/�RI������
�EOHDFK��DQG�ILOOHG�ZLWK�ZDWHU�XQWLO�WKH�����P/�
�PDUN��8VLQJ�WKH�VFDOSHO��D�VHJPHQW�RI�WKH�
�URRWV�ZHUH�FXW�RII��SUHIHUDEO\�ZLWK�QRGXOHV��
�7KH�URRWV�ZHUH�SODFHG�LQ�WKH�GLOXWHG�EOHDFK�
�WXEH��DQG�VKDNHQ���WLPHV��7KH�URRWV�ZHUH�
�WKHQ�WDNHQ�DQG�SODFHG�RQ�D�GLVLQIHFWDQW�ZLSH��
�7KH�URRWV�ZHUH�WKHQ�PRYHG�WR�WKH�ZDWHU�WXEH��
�DQG�VKDNHQ����WLPHV��7KH�URRWV�ZHUH�DJDLQ�
�SODFHG�RQ�D�ZLSH��DQG�WKHQ�SXW�LQVLGH�WKHLU�
�UHVSHFWLYH�PLFURFHQWULIXJH�WXEH��8VLQJ�D�
�SODVWLF�SHVWOH��WKH�URRWV�ZHUH�SXVKHG�DOO�WKH�
�ZD\�WR�WKH�ERWWRP�WXEH�DQG�JURXQG�XS�XQWLO�
�WKH\�EHFDPH�YHU\�VPDOO�SDUWLFOHV��7KH�WXEHV�
�ZHUH�WKHQ�ILOOHG�ZLWK�ZDWHU�WR�WKH�����P/�
�PDUN��3HWUL�GLVKHV�ZHUH�WDNHQ�DQG�WKH�
�FRQWHQWV�RI�WKH�PLFURFHQWULIXJH�WXEHV�ZHUH�
�HPSWLHG�RQWR�LW��8VLQJ�D�T�WLS��WKH�URRW�SLHFHV�
�ZHUH�VSUHDG�DFURVV�WKH�DJDU��2QFH�WKH�SODWHV�
�ZHUH�IXOO\�GULHG��WKH\�ZHUH�IOLSSHG�DQG�D�OLG�
�ZDV�SXW�RYHU�HDFK��PDUNHG�ZLWK�WKH�ORFDWLRQ��
�WKH�GDWH�ZDV�DGGHG��DQG�WKH�LQLWLDOV�RI�WKH�
�RQH�ZKR�GLG�WKH�WDVN��7KH�SHWUL�GLVKHV�ZHUH�
�ZUDSSHG�LQ�DOXPLQXP�IRLO�DQG�SODFHG�RQ�WKH�
�ZLQGRZ�VLOO��

�,Q�ZHHN�IRXU��WKH�%/$67�GDWDEDVH�ZDV�XVHG�
�WR�FRPSDUH�WKH�SUHYDOHQW�EDFWHULD�LQ�P\�
�FXUUHQW�ORFDWLRQ�ZLWK�RQHV�IRXQG�LQ�WKH�
�LQRFXODQW��

�5(68/76�
�7ZR�GD\V�DIWHU�WKH�SODQWLQJ��RQH�VSURXW�ZDV�
�REVHUYHG�LQ�WKH�ORFDWLRQ���SRW��7KH�QH[W�GD\�
�DQRWKHU�VSURXW�HPHUJHG�IURP�WKH�VDPH�SRW��
�DQG�D�VSURXW�ZDV�EHJLQQLQJ�WR�VXUIDFH�LQ�WHK�
�ORFDWLRQ���SRW���7KH�GD\�DIWHU��WKH���VSURXWV�LQ�
�WKH�ORFDWLRQ���SRW�ZHUH�VWDQGLQJ�WDOO��DQG�WKH�
�RWKHU�VSURXW�KDG�IXOO\�HPHUJHG��7KH�SRVLWLYH�
�FRQWURO�SRW�KDG�QR�VLJQV�RI�HPHUJHQFH��VR�
�DGGLWLRQDO�VHHGV�ZHUH�SODQWHG��+RZHYHU����RI�
���VSURXWV�LQ�WKH�ORFDWLRQ���SRW�KDG�VQDSSHG�DW�

�WZR�SRLQWV��7KH�UHVW�RI�WKH�SODQWV�FRQWLQXHG�
�JURZLQJ��,Q�ZHHN�RQH��WKH�JHUPLQDWLRQ�RI�WKH�
�SODQWV�ZDV�VWLOO�EHLQJ�REVHUYHG��%\�WKLV�WLPH��
�WKH�ORFDWLRQ���SRW�KDG�WKUHH�SODQWV��DQG�WKH�
�ORFDWLRQ���SODQW�KDG�WZR�SODQWV��RQH�RI�ZKLFK�
�ZDV�WKH�VQDSSHG�RQH��7KHUH�ZDV�QR�
�HPHUJHQFH�RI�VSURXWV�LQ�WKH�SRVLWLYH�FRQWURO�
�SRW��VR�DGGLWLRQDO�VHHGV�WKDW�KDG�DOUHDG\�
�JHUPLQDWHG�ZHUH�SODFHG�LQ�WKH�VRLO��,Q�ZHHN�
�WZR��WKH�SODQW�VKRRWV�ZHUH�PHDVXUHG�DQG�
�UHFRUGHG�LQ�D�JUDSK�DV�VKRZQ�LQ�)LJXUH����
�7KH�ORFDWLRQ���SRW�PDLQWDLQHG�WKH�WKUHH�SODQWV�
�LW�KDG��7KH�ORFDWLRQ���SRW�DW�WKLV�SRLQW�KDG�RQH�
�SODQW�EHFDXVH�WKH�RWKHU�ZDV�GHFD\LQJ��7KH�
�SRVLWLYH�FRQWURO�SRW�KDG�IRXU�QHZ�SODQWV�
�HPHUJH��,Q�ZHHN����WKH�VHFRQG�VKRRW�
�SKHQRW\SLQJ�ZDV�GRQH�DV�ZHOO�DV�URRW�
�SKHQRW\SLQJ�XQGHU�WKH�PLFURVFRSH��7KH�GDWD�
�IRU�WKH�VKRRW�LV�FRQYH\HG�LQ�)LJXUH���	���DQG�
�WKH�URRWV�LQ�)LJXUH����7KH�ORFDWLRQ���URRW�E\�
�IDU�KDG�WKH�PRVW�SUHYDOHQW�URXQG�ZKLWH�
�QRGXOHV��7KH�ORFDWLRQ���GLG�QRW�SURGXFH�DQ\�
�YLVLEOH�QRGXOHV��7KH�SRVLWLYH�FRQWURO�KDG�D�
�IHZ�URXQG�ZKLWH�QRGXOHV��$GGLWLRQDOO\�WKH�
�URRWV��LI�QRW�QRGXOHV��ZHUH�LVRODWHG�DQG�
�SODFHG�LQ�JHQHUDO�PHGLD�WR�REVHUYH�EDFWHULD�
�FRQWHQW�LQ�WKH�VRLO��'D\���KDG�QR�VLJQV�RI�
�JURZWK�IRU�DQ\�RI�WKH�PHGLD��2Q�GD\����
�KRZHYHU��WKHUH�ZHUH�QXPHURXV�IRUPV�RI�
�PLFUREHV��7KHUH�ZHUH�W\SHV�UDQJLQJ�IURP�
�URXQG�DQG�LUUHJXODU�IRU�W\SLFDO�EDFWHULD��DQG�
�WKHUH�ZHUH�DOVR�ILODPHQWRXV�KLQWLQJ�DW�IXQJL�LQ�
�WKH�PHGLD��7KLV�ZDV�DOO�WKH�VDPH�H[FHSW�IRU�
�WKH�SRVLWLYH�FRQWURO��ZKLFK�FRQVLVWHG�RI�RQO\�
�URXQG�DQG�LUUHJXODU�VKDSHV��7KHVH�SHWUL�
�GLVKHV�FDQ�EH�REVHUYHG�LQ�)LJXUH����,Q�ZHHN�
�IRXU��WKH�EDFWHULD�%DFLOOXV�VXEWLOLV�ZKLFK�LV�
�FRPPRQ�LQ�1RUWK�7H[DV�DQG�2NODKRPD�ZDV�
�FRPSDUHG�WR�5KL]RELXP�OHJXPLQRVDUXP�
�ELRYDU�SKDVHROL��DQG�DFFRUGLQJ�WR�)LJXUH���
�WKHUH�ZDV�QR�VLJQLILFDQW�VLPLODULWLHV�EHWZHHQ�
�WKH�WZR�EDFWHULD��

�',6&866,21�
�8QH[SHFWHGO\��ORFDWLRQ���VKRZHG�QR�VLJQV�RI�
�D�PXWXDOLVWLF�UHODWLRQVKLS�WKURXJK�QRGXOH�
�IRUPDWLRQ��,QVWHDG�ORFDWLRQ���DQG�WKH�SRVLWLYH�
�FRQWURO�VKRZHG�QRGXOH�JURZWK��ORFDWLRQ���
�PRUH�WKDQ�WKH�SRVLWLYH�FRQWURO��$�SUREDEOH�
�UHDVRQ�LV�WKH�S+�RI�WKH�VRLO�LQ�7H[DV��LW�WHQGV�

�3DJH�����



�WR�EH�PRUH�DFLGLF��ZKLFK�LV�GDQJHURXV�IRU�WKH�
�&URWDODULD�MXQFHD�SODQWV��7KH�EDFWHULD�
�%DFLOOXV�VXEWLOLV��D�FRPPRQ�VRLO�EDFWHULD�LQ�
�7H[DV��SURWHFWV�OHJXPH�URRWV��5XGUDSSD�HW�
�DO����������7KH\�DUH�GUDZQ�WR�VLJQDOV�LQ�WKH�
�IRUP�RI�PDOLF�DFLG�ZKHQ�WKH�SODQW�LV�LQ�DFLGLF�
�VRLO��=DKUDQ���������7KH�&URWDODULD�OLNHO\�
�SURGXFHG�PDOLF�DFLG�GXH�WR�WKH�KLJK�S+��DQG�
�WKH�LQFRPLQJ�%DFLOOXV�VXEWLOLV�OLNHO\�
�RXWFRPSHWHG�WKH�UKL]RELD�LQ�WKH�ORFDWLRQ���
�VRLO��,Q�WKH�ORFDWLRQ���DQG�SRVLWLYH�FRQWURO�
�V\PELRVLV��LW�VHHPV�WKDW�WKHUH�ZHUH�SOHQW\�RI�
�UKL]RELD��ZKLFK�FUHDWHG�WKH�QRGXOHV��
�+RZHYHU��WKH�ZKLWH�QRGXOHV�LQGLFDWH�WKDW�WKH�
�UHODWLRQVKLS�KDV�QRW�EHHQ�VHDOHG��VXUHO\�GXH�
�WR�WKH�S+��LI�WKH�OHJXPH�GLG�LQGHHG�VHQG�RXW�
�VLJQDOV�IRU�WKH�%DFLOOXV�VXEWLOLV��WKH�EDFWHULD�
�PXVW�KDYH�QRW�EHHQ�DEOH�WR�UHDFK�WKH�
�&URWDODULD�KDYLQJ�EHHQ�RXWFRPSHWHG�E\�WKH�
�UKL]RELD��6LQFH�LW�ZDV�XQDEOH�WR�FRPH�LQ�
�FRQWDFW�ZLWK�WKH�URRWV��WKH�S+�GDPDJHG�WKH�
�URRWV�SUHYHQWLQJ�WKH�PXWXDOLVWLF�UHODWLRQVKLS�
�IURP�FHPHQWLQJ�LWVHOI��

�,W�LV�JRRG�WR�UHPDUN�RQ�WKH�EDFWHULD�JURZWK�LQ�
�WKH�SHWUL�GLVKHV��,W�ZHQW�DV�H[SHFWHG�VLQFH�
�WKHUH�ZDV�DOZD\V�JRLQJ�WR�EH�PLFUREHV�LQ�WKH�

�URRWV�DV�ORQJ�DV�WKH\�OLYHG��7KH�RQH�SUREOHP�
�ZLWK�WKDW�LV�WKDW�LW�LV�WKH�JHQHUDO�PHGLD�DQG�
�EHLQJ�VR�DOORZV�PLFUREHV�RWKHU�WKDQ�UKL]RELD�
�WR�JURZ��

�,Q�IXWXUH�H[SHULPHQWV��LW�ZRXOG�EH�KHOSIXO�WR�
�PDLQWDLQ�WKH�RSWLPXP�S+�IRU�V\PELRVLV�
�EHWZHHQ�WKH�UKL]RELD�DQG�WKH�&URWDODULD�
�MXQFHD��1RQH�RI�WKH�VRLOV�ZHUH�SHUIHFW��EXW�
�WKLV�LV�VRPHWKLQJ�ZH�FDQ�ZRUN�RII�RI��7KH�
�SODQWV�JUHZ��DQG�OLYHG�WKHLU�IXOO�OLYHV��VR�WKH�
�SUREOHP�RI�QLWURJHQ�GHSULYDWLRQ�ZDV�QRW�
�WKHUH��,W�FRXOG�EH�LQWHUHVWLQJ�WR�VWXG\�KRZ�
�ORQJ�WKH�OHJXPHV�FDQ�JR�ZLWKRXW�UHTXLULQJ�
�QLWURJHQ��$UH�WKHUH�ZD\V�WR�PDNH�WKH�UKL]RELD�
�WKDW�LV�VSHFLILF�WR�&URWDODULD�DGDSW�WR�WKH�
�ZHDWKHU�LQ�7H[DV��,PSURYLQJ�WKH�S+�
�FRQGLWLRQV�RI�WKH�VRLO�LQ�7H[DV�ZLOO�EH�EHWWHU�
�IRU�JURZLQJ�GLIIHUHQW�W\SHV�RI�FURSV��
�VSHFLILFDOO\�OHJXPHV�WKH\�PD\�QRW�KDYH�EHHQ�
�DEOH�WR�JURZ��7H[DV�KDV�FOD\�VRLO�ZKLFK�LV�
�JUHDW�IRU�ZDWHU�UHWHQWLRQ��EXW�LW�LV�YHU\�GLIILFXOW�
�IRU�SODQWV�WR�EUHDN�WKHLU�URRWV�WKURXJK�LW��,W�
�FRXOG�EH�DSSOLHG�WR�D�ORFDWLRQ�ZKHUH�WKH�VRLO�
�LV�OHVV�FRPSDFW��DGGLQJ�RQ��ZKDW�DERXW�VRLO�
�ZLWK�D�KLJKHU�S+"�
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�5()(5(1&(6�

�&RQFKD��&���	�'RHUQHU��3����������7KH�LPSDFW�RI�WKH�UKL]RELD±OHJXPH�V\PELRVLV�RQ�KRVW�URRW�
�V\VWHP�DUFKLWHFWXUH��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\����������±������
�KWWSV���GRL�RUJ���������M[E�HUDD����

�5XGUDSSD��7���&]\PPHN��.���3DUp��3���	�%DLV��+����������5RRW�6HFUHWHG�0DOLF�$FLG�5HFUXLWV�
�%HQHILFLDO�6RLO�%DFWHULD��3ODQW�3K\VLRORJ\���2[IRUG�8QLYHUVLW\�3UHVV��
�KWWSV���DFDGHPLF�RXS�FRP�SOSK\V�DUWLFOH��������������������

�:HVWKRHN��$���)LHOG��(���5HKOLQJ��)���0XOOH\��*���:HEE��,���3RROH��3��6���	�7XUQEXOO��/��$����������
�3ROLFLQJ�WKH�OHJXPH�5KL]RELXP�V\PELRVLV��D�FULWLFDO�WHVW�RI�SDUWQHU�FKRLFH��6FLHQWLILF�5HSRUWV�����
�KWWSV���GRL�RUJ���������V������������������

�=DKUDQ��+��+����������5KL]RELXP�/HJXPH�6\PELRVLV�DQG�1LWURJHQ�)L[DWLRQ�XQGHU�6HYHUH�
�&RQGLWLRQV�DQG�LQ�DQ�$ULG�&OLPDWH��0LFURELRORJ\�DQG�0ROHFXODU�%LRORJ\�5HYLHZV��������±�����
�KWWSV���GRL�RUJ���������PPEU�������������������
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�&DWKHULQH�&DPSRV�

�5KL]RELDO�%DFWHULD�$IIHFWLQJ�&URWDODULD�-XQFHD�6HHGV�3ODQWHG�LQ�1RUZLFK��&7�

�$%675$&7�
�%DFWHULD��VSHFLILFDOO\�UKL]RELD��RIWHQ�LQWHUDFW�LQ�
�D�V\PELRWLF�UHODWLRQVKLS�ZLWK��SODQWV�DQG�WKHLU�
�URRWV��7KH�EDFWHULD�UHVLGH�LQ�QRGXOHV��DQG�
�JLYH�WKH�SODQW�QLWURJHQ��ZKLOH�WKH�SODQW�JLYHV�
�WKH�EDFWHULD�FDUERQ�DQG�VXJDUV��7KH�SXUSRVH�
�RI�WKLV�H[SHULPHQW�ZDV�WR�REVHUYH�KRZ�WKH�
�UKL]RELDO�EDFWHULD�LQWHUDFWHG�DQG�DIIHFWHG�WKH�
�FURWDODULD�MXQFHD�SODQWV�DQG�URRWV��VSHFLILFDOO\�
�ZKHQ�SODQWHG�LQ�VRLO�IURP�1RUZLFK��&7��7KH�
�H[SHULPHQW�ZDV�FRQGXFWHG�E\�SODQWLQJ�VHHGV�
�LQ�WKUHH�GLIIHUHQW�SRWV�ZLWK�VRLO�FROOHFWHG�IURP�
�WZR�ORFDWLRQV��2QH�RI�WKH�WKUHH�SRWV�
�FRQWDLQHG�WKH�FRPPHUFLDO�LQRFXODQW�WR�DFW�DV�
�WKH�SRVLWLYH�FRQWURO�RI�WKH�H[SHULPHQW��2QFH�
�SODQWHG��SODQWV�ZHUH�REVHUYHG�GDLO\��ZDWHUHG��
�DQG�SKHQRW\SHG�ZKHQ�UHDG\��

�,1752'8&7,21�
�0DQ\�EDFWHULD�OLYH�LQ�WKH�VRLO��DQG�RIWHQ�
�LQWHUDFW�ZLWK�D�SODQW¶V�URRWV��:DQJ���������
�5KL]RELDO�EDFWHULD�LV�D�FRPPRQ�EDFWHULD�
�IRXQG�RQ�WKH�SODQW¶V�URRWV�LQ�ZKDW�DUH�FDOOHG�
�QRGXOHV��)URP�WKHLU�³KRPHV´�LQ�QRGXOHV��
�EDFWHULD�WDNH�QLWURJHQ�WKDW�KDG�GLVVLSDWHG�
�IURP�WKH�DLU�DQG�LQWR�WKH�VRLO��DQG�WUDQVIRUP�LW�
�LQWR�QLWURJHQ�WKDW�WKH�SODQW�FDQ�XVH�WR�VXUYLYH��
�,Q�UHWXUQ��WKH�SODQW�SURYLGHV�WKH�EDFWHULD�ZLWK�
�SURWHFWLRQ��DQG�XVHIXO�UHVRXUFHV�VXFK�DV�
�FDUERQ�DQG�VXJDUV��/LQGVWU|P�	�0RXVDYL��
��������,Q�WKLV�H[SHULPHQW��LW�ZDV�DVNHG�KRZ�
�UKL]RELDO�EDFWHULD��LI�DQ\��ZRXOG�DIIHFW�SODQWV�
�DQG�WKHLU�URRWV��VSHFLILFDOO\�LQ�VRLO�FROOHFWHG�
�IURP�1RUZLFK��&7���/HJXPHV��VSHFLILFDOO\�
�FURWDODULD�MXQFHD��ZHUH�HDFK�SODQWHG�LQ�WZR�
�SRWV�ZLWK�VRLO�IURP�WZR�GLIIHUHQW�ORFDWLRQV��$�
�WKLUG�SRW�ZDV�DOVR�XVHG��ZLWK�VRLO�IURP�WKH�
�VDPH�ORFDWLRQ�DV�RQH�RI�WKH�RWKHU�WZR��EXW�
�FRQWDLQLQJ�WKH�FRPPHUFLDO�LQRFXODQW�WR�DFW�DV�
�WKH�SRVLWLYH�FRQWURO��2QH�SODQW�IURP�HDFK�SRW�
�ZDV�SKHQRW\SHG�RYHU�WKH�FRXUVH�RI�WZR�
�ZHHNV�LQ�RUGHU�WR�DQVZHU�WKH�TXHVWLRQ�RI�
�ZKHWKHU�RU�QRW�QRGXOHV�ZHUH�SUHVHQW�RQ�WKH�
�URRWV�RI�WKH�SODQWV��DQG�LI�VR��KRZ�WKH\�

�DIIHFWHG�WKH�JURZWK�DQG�OLIH�RI�WKH�SODQWV�
�ZKHQ�SODQWHG�LQ�VRLO�IURP�1RUZLFK��&7��

�0$7(5,$/6�$1'�0(7+2'6�
�7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�E\�ILUVW�
�FROOHFWLQJ�VRLO�IURP�WZR�GLIIHUHQW�ORFDWLRQV�DQG�
�SXWWLQJ�WKHP�LQ�WKUHH�GLIIHUHQW�SRWV��(DFK�SRW�
�ZDV�ODEHOHG�ZLWK�WKH�ORFDWLRQ�RI�WKH�GDWH��DQG�
�LQLWLDOV��2QH�SRW�FRQWDLQHG�WKH�FRPPHUFLDO�
�LQRFXODQW��DQG�ZDV�WKHUHIRUH�WKH�SRVLWLYH�
�FRQWURO��$IWHU�WKH�VRLO�ZDV�FROOHFWHG��DERXW�
�ILIWHHQ�VHHGV�ZHUH�SODQWHG�LQ�HDFK�SRW��7KH�
�SRWV�ZHUH�ZDWHUHG�DQG�PRQLWRUHG�GDLO\�IRU�
�WZR�ZHHNV��$W�WZR�ZHHNV�SRVW�SODQWLQJ��RQH�
�SODQW�IURP�HDFK�SRW�ZDV�FDUHIXOO\�UHPRYHG�
�IURP�WKH�VRLO��DQG�SKHQRW\SHG�IRU�VKRRW�
�KHLJKW��$IWHUZDUGV��WKH�SODQWV�ZHUH�FDUHIXOO\�
�SXW�EDFN�LQWR�WKHLU�SRWV��%HWZHHQ�ZHHNV�WZR�
�DQG�WKUHH��SODQWV�ZHUH�PRQLWRUHG�DQG�
�ZDWHUHG�DV�QHHGHG��$OVR��VRPH�SODQWV�
�QHHGHG�WR�EH�WUDQVIHUUHG�IURP�RQH�SRW�WR�
�DQRWKHU��DQG�LQ�RUGHU�WR�GR�WKDW��ILUVW�WKH�VRLO�
�KDG�WR�EH�ZDWHUHG�ZLWK�H[FHVV�ZDWHU��7KHQ��
�WKH�SODQW�ZDV�FDUHIXOO\�WDNHQ�RXW�RI�RQH�SRW��
�DQG�SODFHG�LQ�FOHDQ�ZDWHU��2QFH�WKH�SODQW¶V�
�URRWV�ZHUH�FOHDQ��LW�ZDV�SODFHG�LQ�WKH�QHZ�
�ORFDWLRQ��LWV�URRWV�ZHUH�FRYHUHG�ZLWK�VRLO��DQG�
�LW�ZDV�ZDWHUHG��$W�WKUHH�ZHHNV�SRVW�SODQWLQJ��
�WKH�SODQWV�ZHUH�DJDLQ�UHPRYHG�DQG�
�SKHQRW\SHG��KRZHYHU�WKLV�WLPH�ERWK�VKRRWV�
�DQG�URRWV�ZHUH�H[DPLQHG�XQGHU�WKH�
�PLFURVFRSH��$IWHU�WKH�SODQWV�ZHUH�
�SKHQRW\SHG��WKHLU�URRWV�ZHUH�FXW�RII�XVLQJ�D�
�VFDOSHO��7KH�URRWV�ZHUH�WKHQ�VWHULOL]HG�ZLWK�D�
�EOHDFK�DQG�ZDWHU�VROXWLRQ��DQG�WKHQ�WKH\�
�ZHUH�FOHDQHG�LQ�SXUH�ZDWHU��$IWHUZDUGV��WKH�
�URRWV�ZHUH�FUXVKHG�LQ�D�WXEH�DQG�ZHUH�
�VSUHDG�RYHU�PHGLD�LQ�SHWUL�GLVKHV��7KH�SODQWV�
�ZHUH�UHWXUQHG�WR�WKHLU�VRLO��DQG�WKH�3HWUL�
�GLVKHV�ZHUH�ZUDSSHG�LQ�IRLO�DQG�ZHUH�
�PRQLWRUHG�GDLO\�IRU�DQ\�EDFWHULD�JURZWK��
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�5(68/76�
�7KUHH�ZHHNV�SRVW�SODQWLQJ��WKH�IURQW�\DUG�
�VKRRW�ZDV������FP�WDOO��DQG�IRXU�ZHHNV�SRVW�
�SODQWLQJ��LW�VOLJKWO\�VKUXQN�WR������FP��7KH�
�URRW�OHQJWK�RI�WKH�SODQW�IURP�WKH�IURQW�\DUG�SRW�
�ZDV���FP��IRXU�ZHHNV�SRVW�SODQWLQJ��DQG�
�WKHUH�ZHUH�QRW�DQ\�QRGXOHV�DSSDUHQW�RQ�WKH�
�URRWV���7KH�SODQW�IURP�WKH�EDFN\DUG�KDG�D�
�VKRRW�KHLJKW�RI������FP�WKUHH�ZHHNV�SRVW�
�SODQWLQJ�DQG������FP�IRXU�ZHHNV�SRVW�
�SODQWLQJ��7KH�EDFN\DUG¶V�SODQW�URRW�OHQJWK�ZDV�
���FP�IRXU�ZHHNV�DIWHU�SODQWLQJ��DQG�GLG�KDYH�
�VRPH�VPDOO��ZKLWH�QRGXOHV�RQ�WKH�URRWV��7KH�
�SODQW�IURP�WKH�SRVLWLYH�FRQWURO�SRW��FRQWDLQLQJ�
�WKH�FRPPHUFLDO�LQRFXODQW��KDG�D�VKRRW�KHLJKW�
�RI�����FP�WKUHH�ZHHNV�SRVW�SODQWLQJ��DQG������
�FP�IRXU�ZHHNV�SRVW�SODQWLQJ��7KH�URRW�OHQJWK�
�IRU�WKH�SRVLWLYH�FRQWURO�SODQW�ZDV�����FP�IRXU�
�ZHHNV�DIWHU�SODQWLQJ��DQG�GLG�QRW�KDYH�DQ\�
�QRGXOHV�RQ�WKH�URRWV��'HVSLWH�WKH�ODFN�RI�
�QRGXOHV�RQ�WKH�PDMRULW\�RI�WKH�SODQWV��WKHUH�
�ZHUH�QXPHURXV�EDFWHULD�FRORQLHV�WKULYLQJ�DQG�
�JURZLQJ�UDSLGO\�LQ�DOO�WKUHH�RI�WKH�SHWUL�GLVKHV�
�ZLWK�URRWV�IURP�DOO�WKUHH�ORFDWLRQV��

�7$%/(6��*5$3+6�DQG�3+2726�

�7DEOH����6KRRW�KHLJKW�LQ�DOO�WKUHH�ORFDWLRQV�
�WKUHH�DQG�IRXU�ZHHNV�SRVW�SODQWLQJ��

�,PDJH����6PDOO��ZKLWH�QRGXOHV�RQ�WKH�URRWV�RI�
�WKH�SODQW�IURP�WKH�EDFN\DUG��

�,PDJH����9HU\�VKRUW�URRWV�RI�WKH�SODQW�IURP�
�WKH�IURQW�\DUG��ZLWK�QR�QRGXOHV�DSSDUHQW��

�,PDJH����/HJXPH�SODQW�IURP�SRVLWLYH�FRQWURO�
�SRW�WKUHH�ZHHNV�SRVW�SODQWLQJ��ZLWK�D�VKRRW�
�KHLJKW�RI������FP��

�',6&866,21�
�7KLV�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�RUGHU�WR�
�VHH�LI�UKL]RELDO�EDFWHULD��LI�DQ\��DIIHFWHG�WKH�
�JURZWK�DQG�OLIH�RI�FURWDODULD�MXQFHD�SODQWV�
�ZKHQ�SODQWHG�LQ�VRLO�FROOHFWHG�IURP�
�1RUZLFK�&7��6XUSULVLQJO\��GHVSLWH�JURZLQJ�WR�D�
�UHODWLYHO\�JRRG�KHLJKW��WKHUH�ZHUH�QR�QRGXOHV�
�SUHVHQW�LQ�WKH�IURQW�\DUG�SRWV��7KLV�FRXOG�EH�
�EHFDXVH�WKH�URRWV�ZHUH�UHODWLYHO\�VKRUW��DQG�
�WKH\�QHYHU�JUHZ�ORQJ�HQRXJK�IRU�WKH�EDFWHULD�
�WR�LQWHUDFW�ZLWK�WKH�SODQW�LQ�RUGHU�WR�
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�IRUP�WKH�V\PELRWLF�UHODWLRQVKLS��)XUWKHUPRUH��
�WKH�SODQW�IURP�WKH�SRVLWLYH�FRQWURO�VKRZHG�QR�
�VLJQV�RI�QRGXOHV�HLWKHU��GHVSLWH�KDYLQJ�WKH�
�FRPPHUFLDO�LQRFXODQW��7KH�VRLO�IRU�WKDW�SRW�
�ZDV�FROOHFWHG�IURP�WKH�IURQW�\DUG�DV�ZHOO��DQG��
�VLPLODU�WR�WKH�SODQWV�IURP�WKH�IURQW�\DUG�ZLWK�
�QR�FRPPHUFLDO�LQRFXODQW��WKH�URRWV�ZHUH�YHU\�
�VKRUW��)RU�WKLV�UHDVRQ��WKH�LQLWLDO�
�FRPPXQLFDWLRQ�EHWZHHQ�WKH�EDFWHULD�DQG�WKH�
�SODQW�PD\�KDYH�QHYHU�RFFXUUHG��'HVSLWH�
�WKHVH�UHVXOWV�RQ�WKH�URRWV��KRZHYHU��WKH�
�PHGLD�FROOHFWHG�IURP�WKH�URRWV�RI�WKH�WZR�
�SODQWV�GRHV�UHIOHFW�WKDW�WKHUH�ZHUH�QXPHURXV�
�EDFWHULD�OLYLQJ�LQ�WKH�VRLO��DQG�WKH�ODFN�RI�
�QRGXOHV�ZDV�QRW�EHFDXVH�WKHUH�ZDV�D�ODFN�RI�
�EDFWHULD��,Q�FRQWUDVW�WR�WKH�UHVXOWV�IURP�WKH�
�IURQW�\DUG�DQG�SRVLWLYH�FRQWURO�SRWV��WKH�
�EDFN\DUG�URRWV�GLG�VKRZ�VRPH�VPDOO�ZKLWH�
�QRGXOHV��7KH�FRORU�RI�WKH�QRGXOHV�UHIOHFW�WKDW�
�WKH�QLWURJHQ�WUDQVIHU�ZDV�QR�ORQJHU�RFFXUULQJ�
�EHWZHHQ�EDFWHULD�DQG�WKH�SODQW��DQG�WKH�VL]H�
�VKRZV�WKDW�WKHUH�ZDV�RQO\�D�VPDOO�DPRXQW�RI�

�EDFWHULD�OLYLQJ�WKHUH��7KH�GLIIHUHQFH�EHWZHHQ�
�WKHVH�URRWV�IURP�WKH�EDFN\DUG�LV�WKDW�WKH\�GLG�
�JURZ�WR�EH�VXEVWDQWLDOO\�ORQJHU�WKDQ�WKH�IURQW�
�\DUG�URRWV��DQG�WKHUHIRUH�KDG�D�KLJKHU�FKDQFH�
�RI�EHLQJ�DEOH�WR�LQWHUDFW�ZLWK�WKH�EDFWHULD���
�)XUWKHUPRUH��GHVSLWH�VKRZLQJ�VLJQV�RI�
�QRGXOHV��WKH�JURZWK�LQ�EDFWHULD�FRORQLHV�LQ�WKH�
�PHGLD�IRU�WKH�EDFN\DUG�URRWV��ZDV�UHODWLYHO\�
�WKH�VDPH�ZLWK�WKDW�RI�WKH�IURQW�\DUG�DQG�
�FRQWURO�SODQWV��7KHVH�UHVXOWV�IXUWKHU�SURYRNH�
�WKH�TXHVWLRQ�RI�EDFWHULD�LQ�WKH�VRLO��,V�WKHUH�D�
�FHUWDLQ�OHQJWK��SHUKDSV��WKDW�URRWV�QHHG�WR�
�UHDFK�WR�FRPPXQLFDWH�ZLWK�EDFWHULD"�2U�ZDV�
�WKHUH�VRPH�RWKHU�FDXVH"�:K\�ZHUH�WKH�URRWV�
�VR�VKRUW�RQ�WKH�SODQWV�ZLWK�VRLO�FROOHFWHG�IURP�
�WKH�IURQW�\DUG�FRPSDUHG�WR�WKH�EDFN\DUG"�
�)XUWKHU�UHVHDUFK�ZLOO�KHOS�XV�XQGHUVWDQG�WKH�
�QXDQFHV�RI�KRZ�EDFWHULD�LQWHUDFW�ZLWK�SODQW�
�URRWV��DQG�KRZ�ZH�FRXOG�SRVVLEO\�PLPLF�WKRVH�
�SHUIHFW�FRQGLWLRQV�WR�DLG�RXU�RZQ�SODQW�JURZWK�
�LQ�HYHU\GD\�OLIH��
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�5()(5(1&(6�
�:DQJ��(��7����������6\PELRVLV�EHWZHHQ�UKL]RELD�DQG�OHJXPHV��6SULQJHU/LQN��5HWULHYHG�-XO\�����
�������IURP�KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±������KWWSV���GRL�RUJ�������������������������
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�'L\D�6DPPDQQD�

�2EVHUYLQJ�WKH�,QWHUDFWLRQ�%HWZHHQ�
�/HJXPHV�DQG�5KL]RELD�LQ�&XSHUWLQR��&DOLIRUQLD�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�ZDV�WR�
�REVHUYH�WKH�V\PELRWLF�UHODWLRQVKLS�EHWZHHQ�
�OHJXPHV�DQG�UKL]RELD�EDFWHULD�LQ�WKH�VRLO��,Q�
�RUGHU�WR�GR�WKLV��VRLO�ZDV�ILOOHG�XS�IURP�WZR�
�GLIIHUHQW�ORFDWLRQV�DQG�OHJXPH�VHHGV�ZHUH�
�SODQWHG�LQ�WKUHH�GLIIHUHQW�SRWV��)URP�WKUHH�
�ZHHNV�SRVW�SODQWLQJ��WKH�SODQW�VKRRWV�DQG�
�URRWV�ZHUH�SKHQRW\SHG�XVLQJ�WKH�QDNHG�H\H�
�DQG�D�GLJLWDO�PLFURVFRSH��7KH�UKL]RELD�ZHUH�
�LVRODWHG�IURP�WKH�URRW�QRGXOHV�DQG�SODFHG�LQWR�
�PHGLD�SODWHV�LQ�RUGHU�IRU�WKH�EDFWHULD�WR�JURZ��
�%LRLQIRUPDWLFV�ZDV�XVHG�LQ�RUGHU�WR�H[SODLQ�
�WKH�V\PELRWLF�UHODWLRQVKLS�EHWZHHQ�OHJXPHV�
�DQG�UKL]RELD��,W�ZDV�IRXQG�WKDW�WKH�SRVLWLYH�
�FRQWURO�FRQWDLQHG�VPDOO�ZKLWH�QRGXOHV�DQG�WKH�
�EDFN\DUG�FRQWDLQHG�QR�QRGXOHV��,Q�DGGLWLRQ��
�WKH�SDUN�FRQWDLQHG�RQH�PHGLXP�VL]HG�SLQN�
�QRGXOH��:KHQ�REVHUYLQJ�JURZWK�RI�EDFWHULD�
�RQ�PHGLD�SODWHV��LW�ZDV�IRXQG�WKDW�DOO�WKUHH�
�SODWHV�FRQWDLQHG�FRORQLHV�WKDW�ZHUH�URXQG��
�HQWLUH��DQG�FRQYH[��$GGLWLRQDOO\��ZKHQ�
�SKHQRW\SLQJ�SODQW�VKRRWV��LW�ZDV�REVHUYHG�
�WKDW�WKH�OHJXPHV�LQ�WKH�SRVLWLYH�FRQWURO�DQG�
�SDUN�KDG�JURZWK�EHWZHHQ�WKH�WZR�
�SKHQRW\SLQJ�VHVVLRQV������FP�������FP��
�����FP�����FP�UHVSHFWLYHO\����%XW��WKH�
�OHJXPHV�IURP�WKH�EDFN\DUG�GLG�QRW�KDYH�
�JURZWK�EHWZHHQ�WKH�WZR�SKHQRW\SLQJ�
�VHVVLRQV��LQVWHDG�WKHUH�ZDV�D�VPDOO�GHFUHDVH�
�LQ�WKH�KHLJKW������FP�����FP���

�,1752'8&7,21�
�7KH�JRDO�RI�WKLV�H[SHULPHQW�ZDV�WR�REVHUYH�
�ZKHWKHU�WKH�LQWHUDFWLRQ�EHWZHHQ�VXQQ�KHPS�
�DQG�UKL]RELD�ZRXOG�RFFXU�LQ�&XSHUWLQR��
�&DOLIRUQLD��5KL]RELD�SURYLGH�QLWURJHQ�LQ�D�IRUP�
�WKDW�OHJXPHV�FDQ�DFFHVV�DQG�WKH�UKL]RELD�
�DOVR�EHQHILW�IURP�LQWHUDFWLRQ�ZLWK�WKH�OHJXPHV�
��0DVVRQ�%RLYLQ���������7KHUH�DUH�PLOOLRQV�RI�
�PLFUREHV�SUHVHQW�LQ�WKH�VRLO�DQG�LQ�RUGHU�IRU�
�V\PELRVLV�WR�KDSSHQ��WKH�SODQWV�DQG�UKL]RELD�
�7KH�SODQW�ZDV�WKHQ�ULQVHG�LQ�D�WXSSHUZDUH�RI�
�FOHDQ�ZDWHU�LQ�RUGHU�WR�UHPRYH�DQ\�VRLO�IURP�
�WKH�URRWV��$�SDSHU�WRZHO�ZDV�XVHG�WR�JHQWO\�

�SODFHG�EDFN�DQG�FRYHUHG�XS�ZLWK�VRLO��7KLV�
�ZDV�UHSHDWHG�ZLWK�WKH�RWKHU�WZR�SRWV�DQG�WKH�
�UHVXOWV�ZHUH�FRPSDUHG��

�$W�IRXU�ZHHNV�SRVW�SODQWLQJ��WKH�SODQW�VKRRWV�
�DQG�URRWV�ZHUH�SKHQRW\SHG�RQFH�DJDLQ��7KH�
�VDPH�SURFHGXUH�ZDV�IROORZHG�LQ�RUGHU�WR�
�SKHQRW\SH�WKH�VKRRWV��XVLQJ�RQH�SODQW�SHU�
�SRW��,Q�RUGHU�WR�SKHQRW\SH�WKH�SODQW�URRWV��
�XVLQJ�D�SKRQH��ILUVW�D�SKRWR�ZDV�WDNHQ�RI�WKH�
�URRWV�]RRPHG�LQ��7KH�SXUSRVH�RI�WKLV�ZDV�WR�
�EH�DEOH�WR�YLHZ�WKH�URRW�QRGXOHV�DQG�WKH�URRWV�
�RI�WKH�SODQW�PRUH�FOHDUO\��7KHQ��WKH�SODQW�ZDV�
�SODFHG�XQGHU�D�GLJLWDO�PLFURVFRSH�LQ�RUGHU�WR�
�JHW�DQ�HYHQ�PRUH�]RRPHG�LQ�YLHZ�RI�WKH�URRWV�
�DQG�URRW�QRGXOHV��7KH�FRDUVH�IRFXV�NQRE�DQG�
�ILQH�IRFXV�NQRE�ZHUH�XVHG�LQ�RUGHU�WR�JHW�D�
�FOHDU�LPDJH�RI�WKH�URRWV�DQG�URRW�QRGXOHV��
�7KLV�SURFHVV�ZDV�UHSHDWHG�IRU�WKH�RWKHU�WZR�
�OHJXPHV��)XUWKHUPRUH��LQ�RUGHU�WR�GHWHUPLQH�
�ZKLFK�ORFDWLRQ�KDG�WKH�PRVW�LQWHUDFWLRQ�ZLWK�
�UKL]RELD��ZH�LVRODWHG�WKH�EDFWHULD�LQ�WKH�URRWV�
�DQG�URRW�QRGXOHV�RQWR�PHGLD�SODWHV��,Q�RUGHU�
�WR�GR�WKLV��EOHDFK�ZLWK����DFWLYH�LQJUHGLHQW�
�ZDV�GLOXWHG��$�PLFURFHQWULIXJH�WXEH�ZDV�ILOOHG�
�XS�ZLWK�EOHDFK�XS�WR�WKH�����P/�PDUN�DQG�
�ODEHOHG�ZLWK�WKH�ORFDWLRQ�QDPH��$QRWKHU�
�PLFURFHQWULIXJH�WXEH�ZDV�ILOOHG�XS�ZLWK�ZDWHU�
�XQWLO�WKH���P/�PDUN��7KH�WZR�WXEHV�ZHUH�
�FRPELQHG�DQG�VKDNHQ�ZHOO�LQ�RUGHU�WR�GLOXWH�
�WKH�EOHDFK��2QH�PRUH�PLFURFHQWULIXJH�WXEH�
�ZDV�ILOOHG�XS�ZLWK�ZDWHU�XQWLO�WKH�����P/�PDUN��
�7KH�SODQW�ZDV�JHQWO\�WDNHQ�RXW�RI�WKH�VRLO�DQG�
�H[FHVV�VRLO�ZDV�FOHDQHG�RII�E\�ULQVLQJ�WKH�
�URRWV�LQ�ZDWHU��7KHQ��D�VFDOSHO�ZDV�XVHG�WR�
�FXW�RII�WKH�URRWV�DQG�URRW�QRGXOHV��7KLV�ZDV�
�SODFHG�LQ�WKH�WXEH�ZLWK�WKH�GLOXWHG�EOHDFK�DQG�
�WXUQHG�XSVLGH�GRZQ�ILYH�WLPHV��7KHQ��WKH�
�URRWV�DQG�URRW�QRGXOHV�ZHUH�SDWWHG�GU\�ZLWK�D�
�SDSHU�WRZHO�DQG�SODFHG�LQWR�WKH�WXEH�ZLWK�����
�P/�RI�ZDWHU��7KH�WXEH�ZDV�WXUQHG�XSVLGH�
�GRZQ�WHQ�WLPHV�DQG�SODFHG�LQ�D�QHZ�IUHVK�
�FHQWULIXJH�WXEH�ZLWK�D�ODEHO�RI�WKH�ORFDWLRQ�
�QDPH��$�SODVWLF�SHVWOH�ZDV�XVHG�WR�FUXVK�WKH�
�URRWV�DQG�WKH�URRW�QRGXOHV�DQG�RQFH�WKLV�ZDV�
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�FRPSOHWH�ZDWHU�ZDV�DGGHG�XS�WR�WKH�����P/�
�PDUN��7KLV�VROXWLRQ�ZDV�VKDNHQ�LQ�RUGHU�WR�
�GLOXWH�WKH�URRWV�DQG�URRW�QRGXOHV�ZLWK�WKH�
�ZDWHU��

�)LQDOO\��D�VZDE�ZDV�XVHG�WR�VSUHDG�WKH�
�PL[WXUH�RI�URRWV�DQG�ZDWHU�RQWR�WKH�PHGLD�
�SODWHV�ODEHOHG�ZLWK�ORFDWLRQ��GDWH��DQG�LQLWLDOV��
�7KH�VROXWLRQ�ZDV�SRXUHG�RQWR�WKH�SODWH�DQG�
�WKH�VZDE�ZDV�XVHG�WR�VSUHDG�WKH�PL[WXUH�
�DURXQG��7KLV�SURFHVV�RI�LVRODWLQJ�UKL]RELD�
�EDFWHULD�ZDV�UHSHDWHG�IRU�WKH�RWKHU�WZR�
�ORFDWLRQV��$Q�LPDJH�ZDV�WDNHQ�RI�WKH�SODWHV�
�ZKLFK�VHUYHG�DV�GD\�]HUR��7KH�PHGLD�SODWHV�
�ZHUH�ZUDSSHG�LQ�DOXPLQXP�IRLO�DQG�SODFHG�E\�
�WKH�ZLQGRZ��(YHU\�GD\��WKH�SODWHV�ZHUH�
�REVHUYHG�DQG�SLFWXUHV�ZHUH�WDNHQ�RI�WKHP�
�XQWLO�EDFWHULD�KDG�VLJQLILFDQWO\�JURZQ��$IWHU�
�WKLV��WKH�SODWHV�ZHUH�GLVSRVHG�RI�VDIHO\��
�%LRLQIRUPDWLFV�ZDV�XVHG�LQ�RUGHU�WR�H[SODLQ�
�RXU�UHVXOWV��IRU�LQVWDQFH��WKH�UHDVRQ�WKDW�
�VRPH�SODQWV�KDG�ZKLWH�QRGXOHV��ZKLOH�RWKHUV�
�KDG�SLQN�QRGXOHV��DQG�VRPH�KDG�QR�QRGXOHV�
�DW�DOO��$IWHU�REWDLQLQJ�WKH�JHQHWLF�VHTXHQFH�RI�
�WKH�PLFUREH�WKDW�FDXVHG�QR�QRGXOHV�WR�IRUP��LW�
�ZDV�SXW�LQWR�D�EODVW�VHDUFK�DQG�FRPSDUHG�
�DJDLQVW�D�EDFWHULD�IURP�WKH�FRPPHUFLDO�
�LQRFXODQW�VXFK�DV�EUDG\UKL]RELXP��7KH�
�VRIWZDUH�WROG�XV�KRZ�VLPLODU�WKH�EDFWHULD�ZDV�
�WR�EUDG\UKL]RELXP�DQG�VKRZHG�XV�WKH�
�VHTXHQFH�DOLJQPHQW�IRU�WKH�VHTXHQFH�RI�WKH�
�PLFUREH�YHUVXV�EUDG\UKL]RELXP��7KLV�ZDV�
�UHSHDWHG�IRU�WKH�RWKHU�WZR�VLWXDWLRQV�RI�ZKLWH�
�QRGXOHV�DQG�SLQN�QRGXOHV��7KH�UHVXOWV�ZHUH�
�DQDO\]HG�DQG�FRPSDUHG�ZLWK�HDFK�RWKHU�LQ�
�RUGHU�WR�XQGHUVWDQG�KRZ�WKLV�DIIHFWHG�RXU�
�VWXG\��

�7KH�PDWHULDOV�QHHGHG�LQ�RUGHU�WR�FRPSOHWH�
�WKLV�ZKROH�SURFHVV�DUH�WKUHH�SRWV��GUDLQDJH�
�WUD\V��VKRYHO��JDUGHQLQJ�IRUN��JORYHV��
�VWHULOL]DWLRQ�ZLSHV��WXSSHUZDUH��ZDWHU��OHJXPH�
�VHHGV��FRPPHUFLDO�LQRFXODQW��VRLO�IURP�WZR�
�GLIIHUHQW�ORFDWLRQV��GLJLWDO�PLFURVFRSH��SDSHU�
�WRZHO��EODFN�FORWK��ODEHOV��L3KRQH��JRJJOHV��
�UXOHU��EOHDFK��PLFURFHQWULIXJH�WXEH��VFDOSHO��
�PHGLD�SODWHV��VZDEV��VKDUSLH��DOXPLQXP�IRLO��
�DQG�D�FRPSXWHU��

�5(68/76�
�7KH�SRVLWLYH�FRQWURO�SRW�KDG�SODQW�URRWV�ZLWK�
�VHYHUDO�VPDOO��ZKLWH��DQG�URXQG�QRGXOHV��7KH�
�SDUN�SRW�KDG�SODQW�URRWV�ZLWK�RQH�URXQG��
�PHGLXP�VL]HG��DQG�SLQN�QRGXOH��)LQDOO\��WKH�
�EDFN\DUG�SRW�KDG�SODQW�URRWV�ZLWK�QR�YLVLEOH�
�QRGXOHV��$W�WKUHH�ZHHNV�SRVW�SODQWLQJ��WKHUH�
�ZHUH�ILYH�KHDOWK\�SODQWV�DQG�WZR�GHDG�SODQWV�
�LQ�WKH�SRVLWLYH�FRQWURO��WKUHH�KHDOWK\�SODQWV�
�DQG�RQH�VPDOO�SODQW�LQ�WKH�EDFN\DUG�VRLO��DQG�
�WKUHH�KHDOWK\�SODQWV�LQ�WKH�SDUN�VRLO��$V�PRUH�
�WLPH�ZHQW�RQ��PRUH�OHJXPHV�VWDUWHG�WR�GLH�
�DQG�WKH�QXPEHU�RI�SODQWV�LQ�HDFK�SRW�VWDUWHG�
�WR�GHFUHDVH��,Q�DGGLWLRQ��WKH�EDFWHULD�RQ�WKH�
�PHGLD�SODWHV�JUHZ�ZLWKLQ�RQH�GD\�DQG�DOO�WKH�
�FRORQLHV�ZHUH�GHVFULEHG�DV�URXQG��HQWLUH��DQG�
�FRQYH[��$OWKRXJK��WKH�EDFN\DUG�DQG�SRVLWLYH�
�FRQWURO�KDG�VPDOOHU�FRORQLHV�WKDQ�WKH�SDUN�
�ZKLFK�KDG�PRUH�GDUNHU�DQG�VSUHDG�RXW�
�FRORQLHV��%LRLQIRUPDWLFV�ZDV�XVHG�WR�H[SODLQ�
�WKH�UHVXOWV�RI�ZK\�VRPH�SODQWV�KDG�ZKLWH�
�QRGXOHV��SLQN�QRGXOHV��RU�QR�QRGXOHV��%\�
�ILQGLQJ�D�PLFUREH�WKDW�FRXOG�SRWHQWLDOO\�FDXVH�
�RQH�RI�WKH�WKUHH�FDVHV��ZH�FRPSDUHG�LWV�
�JHQRPH�DJDLQVW�D�UKL]RELD�EDFWHULD�LQ�RUGHU�
�WR�VHH�KRZ�VLPLODU�WKH�WZR�ZHUH��,�IRXQG�WKDW�
�WKH�EDFWHULD�WKDW�FDXVHG�QR�QRGXOHV�ZDV�QRW�
�YHU\�VLPLODU�WR�WKH�UKL]RELD�IDPLO\�EXW�WKH�
�EDFWHULD�WKDW�FDXVHG�ZKLWH�QRGXOHV�RU�SLQN�
�QRGXOHV�ZDV�IDLUO\�VLPLODU�WR�WKH�UKL]RELD�
�IDPLO\�JHQRPH��

�7$%/(6��*5$3+6�DQG�3+2726�

�,PDJHV�RI�SODQW�VKRRWV���ZHHNV�SRVW�SODQWLQJ�
�RI�SRVLWLYH�FRQWURO��OHIW���EDFN\DUG��PLGGOH���
�DQG�SDUN��ULJKW���
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�)LJXUH����&RPSDULVRQ�RI�SODQW�VKRRW�KHLJKWV�
�DW���ZHHNV�SRVW�SODQWLQJ�DQG���ZHHNV�SRVW�
�SODQWLQJ�

�',6&866,21�
�%HFDXVH�WKH�SRVLWLYH�FRQWURO�KDG�ZKLWH�
�QRGXOHV��WKH�UKL]RELD�LQ�WKH�FRPPHUFLDO�
�LQRFXODQW�LQWHUDFWHG�ZLWK�VXQQ�KHPS�WR�D�
�PLQLPDO�H[WHQW��7KH�UKL]RELD�ZHUH�DEOH�WR�
�HQWHU�WKH�URRWV�WR�FUHDWH�QRGXOHV�EXW�QHYHU�
�ZHUH�DEOH�WR�IL[�QLWURJHQ��7KHUH�DUH�PDQ\�
�SRVVLEOH�UHDVRQV�IRU�WKLV��RQH�EHLQJ�WKDW�WKH�
�EDFWHULD�DUH�QRW�VSHFLILF�WR�VXQQ�KHPS�
�PHDQLQJ�WKH\�FDQQRW�FRPSOHWH�V\PELRVLV��
�$QRWKHU�UHDVRQ�LV�WKDW�WKH�VRLO�FRQGLWLRQV�DUH�
�QRW�LGHDO�IRU�WKLV�LQWHUDFWLRQ�WR�RFFXU��UHVXOWLQJ�
�LQ�QLWURJHQ�IL[DWLRQ�QRW�RFFXUULQJ��7KH�UKL]RELD�
�QDWLYH�WR�&XSHUWLQR��&DOLIRUQLD�DUH�DOVR�DEOH�WR�
�LQWHUDFW�ZLWK�VXQQ�KHPS�WR�D�VPDOO�H[WHQW�DV�

�WKH�OHJXPH�IURP�WKH�SDUN�VRLO�KDG�RQH�SLQN�
�QRGXOH��7KLV�VKRZV�WKDW�WKH�HDUO\�VWDJH�
�PHVVDJLQJ�EHWZHHQ�VXQQ�KHPS�DQG�WKH�
�UKL]RELD�GLG�RFFXU��7KH�UKL]RELD�PRYHG�LQWR�
�WKH�URRWV�DQG�QRGXOHV�IRUPHG���2QFH�QLWURJHQ�
�IL[DWLRQ�RFFXUUHG��DQG�V\PELRVLV�ZDV�
�FRPSOHWHG��WKH�QRGXOHV�RI�WKH�SODQW�WXUQHG�
�SLQN��*DJH���������2Q�WKH�RWKHU�KDQG��WKH�
�OHJXPH�IURP�WKH�EDFN\DUG�VRLO�KDG�QR�URRW�
�QRGXOHV��7KLV�PD\�EH�EHFDXVH�WKH�VRLO�LQ�WKH�
�EDFN\DUG�SUHYLRXVO\�KDG�IHUWLOL]HU�DGGHG�WR�LW��
�DQG�PDQ\�SODQWV�KDYH�JURZQ�WKHUH�RYHU�WLPH�
�DV�SUHGLFWHG�LQ�WKH�K\SRWKHVLV��7KLV�UHVXOWV�LQ�
�PRUH�QLWURJHQ�LQ�WKH�VRLO�FDXVLQJ�WKH�VRLO�WR�
�EHFRPH�QLWURJHQ�ULFK��:KHQ�WKH�VRLO�LV�
�QLWURJHQ�ULFK��WKH�OHJXPHV�ZLOO�QRW�VHQG�
�VLJQDOV�WR�WKH�UKL]RELD�EHFDXVH�WKH\�FDQ�
�DOUHDG\�DFFHVV�QLWURJHQ�IURP�WKH�VRLO��7KLV�
�GLVFRXUDJHV�V\PELRVLV�DQG�FDXVHV�QR�
�LQWHUDFWLRQ�WR�RFFXU�EHWZHHQ�WKH�OHJXPHV�DQG�
�UKL]RELD�FDXVLQJ�QR�URRW�QRGXOHV�WR�IRUP��
�$QRWKHU�UHDVRQ�IRU�WKLV�PD\�EH�WKDW�WKH�VRLO�LV�
�WRR�GU\�DQG�KDUG�ZKLFK�PDNHV�WKH�VRLO�
�FRQGLWLRQV�QRW�LGHDO�IRU�WKH�LQWHUDFWLRQ�
�EHWZHHQ�OHJXPHV�DQG�UKL]RELD��=DKUDQ��
��������,Q�RUGHU�WR�H[SODLQ�RXU�UHVXOWV��XVLQJ�
�ELRLQIRUPDWLFV��WKH�EDFWHULD�WKDW�ZH�FRPSDUHG�
�DJDLQVW�UKL]RELD�FRXOG�SRVVLEO\�EH�LQ�RXU�VRLO��
�UHVXOWLQJ�LQ�HLWKHU�ZKLWH�QRGXOHV��SLQN�
�QRGXOHV��RU�QR�QRGXOHV��
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�%RQLOOD��,���	�%RODQRV��/����������0LQHUDO�QXWULWLRQ�IRU�OHJXPH�UKL]RELD�V\PELRVLV��%��&D��1��3��6��
�.��)H��0R��&R��DQG�1L��$�UHYLHZ��2UJDQLF�IDUPLQJ��SHVW�FRQWURO�DQG�UHPHGLDWLRQ�RI�VRLO�SROOXWDQWV��
����������

�)UHLEHUJ��&���)HOOD\��5���%DLURFK��$���%URXJKWRQ��:��-���5RVHQWKDO��$���	�3HUUHW��;����������
�0ROHFXODU�EDVLV�RI�V\PELRVLV�EHWZHHQ�5KL]RELXP�DQG�OHJXPHV��1DWXUH����������������������

�*DJH��'��-����������,QIHFWLRQ�DQG�LQYDVLRQ�RI�URRWV�E\�V\PELRWLF��QLWURJHQ�IL[LQJ�UKL]RELD�GXULQJ�
�QRGXODWLRQ�RI�WHPSHUDWH�OHJXPHV��0LFURELRORJ\�DQG�PROHFXODU�ELRORJ\�UHYLHZV������������������

�0DVVRQ�%RLYLQ��&���	�6DFKV��-��/����������6\PELRWLF�QLWURJHQ�IL[DWLRQ�E\�UKL]RELD²WKH�URRWV�RI�D�
�VXFFHVV�VWRU\��&XUUHQW�2SLQLRQ�LQ�3ODQW�%LRORJ\������������

�1HOVRQ��0��6���	�6DGRZVN\��0��-����������6HFUHWLRQ�V\VWHPV�DQG�VLJQDO�H[FKDQJH�EHWZHHQ�
�QLWURJHQ�IL[LQJ�UKL]RELD�DQG�OHJXPHV��)URQWLHUV�LQ�3ODQW�6FLHQFH����������
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�:HVWKRHN��$���)LHOG��(���5HKOLQJ��)���0XOOH\��*���:HEE��,���3RROH��3��6���	�7XUQEXOO��/��$����������
�3ROLFLQJ�WKH�OHJXPH�5KL]RELXP�V\PELRVLV��D�FULWLFDO�WHVW�RI�SDUWQHU�FKRLFH��6FLHQWLILF�UHSRUWV��
�������������

�=DKUDQ��+��+����������5KL]RELXP�OHJXPH�V\PELRVLV�DQG�QLWURJHQ�IL[DWLRQ�XQGHU�VHYHUH�
�FRQGLWLRQV�DQG�LQ�DQ�DULG�FOLPDWH��0LFURELRORJ\�DQG�PROHFXODU�ELRORJ\�UHYLHZV������������������
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�*UDFH��6HR�K\XQ��$Q�

�'HWHUPLQLQJ�WKH�3UHVHQFH�RI�5KL]RELD�LQ�/HJXPH�6HHGV�
�DQG�WKHLU�,PSDFWV�RQ�3ODQW�*URZWK�LQ�,UYLQH��&DOLIRUQLD�

�$%675$&7�
�$�EDFWHULD�FDOOHG�UKL]RELXP�LV�IRXQG�LQ�VRLO��
�ZKHUH�WKH\�SHUVLVW�XQWLO�WKH\�PD\�LQIHFW�WKH�
�URRWV�RI�OHJXPH�SODQWV�DQG�KHOS�LQ�WKH�
�QLWURJHQ�IL[DWLRQ�SURFHVV�LQ�OHJXPLQRXV�
�SODQWV���,W�LV�DWWDFKHG�WR�WKH�OHJXPLQRXV�
�SODQW
V�URRWV�DQG�JURZV�QRGXOHV��:DQJ�HW�DO���
��������7KHVH�QRGXOHV�FDSWXUH�QLWURJHQ�IURP�
�WKH�DWPRVSKHUH�DQG�WUDQVIRUP�LW�LQWR�
�DPPRQLD��ZKLFK�WKH�SODQW�FDQ�XVH�WR�WKULYH�
�DQG�JURZ��7KH�LQWHUDFWLRQ�EHWZHHQ�SODQWV�DQG�
�UKL]RELD�LV�V\PELRWLF��PXWXDOO\�EHQHILFLDO���DV�
�RQH�RUJDQLVP�EHQHILWV�IURP�WKH�RWKHU�DQG�
�SURYLGHV�VRPHWKLQJ�LQ�UHWXUQ��:DQJ���������
�5KL]RELD�DUH�WKXV�DPRQJ�PLFURELRORJ\
V�PRVW�
�LPSRUWDQW�EDFWHULD�WKDW�VKRXOG�EH�VWXGLHG�
�PRUH��

�,1752'8&7,21�
�,Q�P\�H[SHULPHQW��P\�PDLQ�IRFXV�ZDV�WR�
�GHWHUPLQH�WKH�SUHVHQFH�RI�UKL]RELD�DQG�LWV�
�LPSDFWV�RQ�SODQW�JURZWK�RQ�OHJXPH�VHHGV�E\�
�IROORZLQJ�WKH�PHWKRGRORJ\�EHORZ��,�
�K\SRWKHVL]HG�WKDW�WKH�VRLO�LQ�ORFDWLRQ����WKH�
�IURQW�\DUG�ZLOO�KDYH�PRUH�EDFWHULD�WKDQ�LQ�
�ORFDWLRQ����WKH�ZDONLQJ�WUDLO��EHFDXVH�SODQWV�
�DQG�PXVKURRPV�DUH�SUHVHQW�LQ�WKH�IURQW�\DUG�
�DQG�WKH�SRVLWLYH�FRQWURO�ZRXOG�LQWHUDFW�ZLWK�
�UKL]RELD�KDYLQJ�WKH�PRVW�QRGXOHV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KLV�VWXG\�FRQVLVWHG�RI�D�GXUDWLRQ�RI�VL[�
�ZHHNV�ZLWK�WKH�SURFHGXUH�DV�IROORZHG��>�@�
�&ROOHFW�VRLO�IURP���GLIIHUHQW�ORFDWLRQV��>�@�3ODQW�
�OHJXPH�VHHGV�RQ���SRWV��>�@�2EVHUYH�SODQW�
�JURZWK��ZHHN�������>�@�3KHQRW\SH�OHJXPH�

�SODQWV�VKRRWV�DQG�URRWV��>�@�0LFURVFRSLFDOO\�
�REVHUYH�WKH�SODQW�URRWV��DQG�>�@�,VRODWH�
�UKL]RELDO�EDFWHULD�IURP�URRWV�DQG�URRW�
�QRGXOHV��

�,�FROOHFWHG�VRLO�IURP���GLIIHUHQW�ORFDWLRQV��D�
�IURQW�\DUG�DQG�D�ZDONLQJ�WUDLO�LQ�,UYLQH��
�&DOLIRUQLD��7KHQ�WKH�OHJXPH�VHHGV�ZHUH�
�SODQWHG�RQ�WKUHH�SRWV�XVLQJ�GLJJLQJ�WRROV�DQG�
�E\�PDNLQJ�KROHV�DQG�ZDWHULQJ�WKH�SRWV��3RW�
���UHG���ZDV�IURP�WKH�IURQW�\DUG�DQG�ZDV�
�SODQWHG�ZLWK�WKH�FRPPHUFLDO�LQRFXODQW��EHLQJ�
�WKH�SRVLWLYH�FRQWURO��3RW����EOXH��ZDV�IURP�WKH�
�IURQW�\DUG�VRLO�ZLWKRXW�DGGHG�LQRFXODQW��3RW���
��JUHHQ��ZDV�IURP�WKH�ZDONLQJ�WUDLO��1H[W��
�WKRVH�WKUHH�SRWV�ZHUH�PRQLWRUHG�VSHFLILFDOO\�
�E\�WKHLU�SODQW�JURZWK�E\�ZDWHULQJ�WKH�SODQWV�
�HYHU\�RWKHU�GD\��7KHQ�,�SKHQRW\SHG�DQG�
�PDGH�REVHUYDWLRQV�RI�WKH�JURZLQJ�SODQW�
�VKRRWV�DQG�URRWV�ZLWK�WKH�QDNHG�H\H��7KH�
�QH[W�ZHHN��,�SKHQRW\SHG�DQG�PDGH�
�REVHUYDWLRQV�RI�SODQW�VKRRWV�DQG�URRWV�IRU�WKH�
�VHFRQG�WLPH�EXW�ZLWK�ERWK�WKH�QDNHG�H\HV�
�DQG�ZLWK�WKH�GLJLWDO�PLFURVFRSH�WR�FKHFN�IRU�
�WKH�SUHVHQFH�RI�URRW�QRGXOHV��/DVWO\��,�LVRODWHG�
�EDFWHULD�IURP�WKH�URRWV�DQG�JUHZ�WKH�EDFWHULD�
�RQ�DJDU�PHGLD�SODWHV��

�5(68/76�	�7$%/(6��*5$3+6�DQG�
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�)LJXUH���FRQWDLQV�JURZWK�LQIRUPDWLRQ��QXPEHU�
�RI�SODQWV�JURZQ��IRU�HDFK�RI�WKH�WKUHH�SRWV�
�RYHU�WKH�FRXUVH�RI�WKUHH�ZHHNV��

�>)LJXUH��@�0RQLWRULQJ�3ODQW�*URZWK�
�5HG� �3RVLWLYH�FRQWURO���%OXH� �)URQW�\DUG���
�*UHHQ� �:DONLQJ�7UDLO�
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�$V�WKLV�EDU�JUDSK�VKRZV��WKH�QXPEHU�RI�SODQWV�RQ�SRVLWLYH�FRQWURO��UHG��KDG�WKH�PRVW�JURZWK�
�WKURXJKRXW�WKH�ZHHNV��7KH�ZDONLQJ�WUDLO�SRW��JUHHQ��KDG�WKH�OHDVW�DPRXQW�RI�JURZWK��LQLWLDOO\�
�VSURXWLQJ�ODVW�DQG�FRQFOXGLQJ�ZLWK�DOO�RI�WKH�SODQWV�G\LQJ�E\�ZHHN����

�7KH�SLFWXUHV�EHORZ�VKRZ�WKH�ZDWHU�DEVRUEHQW�IRU�HDFK�SRW��

�,�PRQLWRUHG�KRZ�IDVW�HDFK�SRW�DEVRUEHG�ZDWHU��7KH�SRVLWLYH�FRQWURO�SRW�ZDV�DEOH�WR�DEVRUE�WKH�
�ZDWHU�PRVW�VXFFHVVIXOO\�DQG�WKH�ZDONLQJ�WUDLO�SRW�ZDV�DEVRUELQJ�WKH�ZDWHU�PRVW�SRRUO\��UHSHOOLQJ�
�WKH�ZDWHU��
�>)LJXUH��@�+HLJKW�RI�SODQWV�JURZQ�LQ�HDFK�SRW�DW�:HHN���

�3RVLWLYH�&RQWURO� �)URQW�\DUG� �:DONLQJ�WUDLO�

�+HLJKW��FP�� ������ ����� �����

�7KH�SKRWRV�EHORZ�ZHUH�IURP�WKH�ILUVW�SKHQRW\SLQJ�H[SHULPHQW�LQ�:HHN����
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�7KH\�DOO�ORRN�KHDOWK\�DQG�JUHHQ�EXW�FDQ�VHH�VKRRW�KHLJKW�GLIIHUHQFHV��ZLWK�SRVLWLYH�FRQWURO�SODQWV�
�EHLQJ�WKH�WDOOHVW�DQG�ZDONLQJ�WUDLO�SODQWV�EHLQJ�WKH�VKRUWHVW��+RZHYHU��,�ZDV�DEOH�WR�H[DPLQH�
�GHILQLWH�GLIIHUHQFHV�LQ�URRWV��7KH�URRW�IRU�SRVLWLYH�FRQWURO�ZDV�WKH�ORQJHVW�DQG�WKLFNHVW�ZKLOH�WKH�
�URRWV�IRU�WKH�IURQW�\DUG�DQG�ZDONLQJ�WUDLO�ZHUH�VWLOO�EDELHV��QRW�JURZQ�PXFK��

�>)LJXUH��@�+HLJKW�RI�SODQWV�JURZQ�LQ�HDFK�SRW�DW�:HHN���

�3RVLWLYH�&RQWURO� �)URQW�\DUG� �:DONLQJ�WUDLO�

�+HLJKW��FP�� ����� ����� �1�$�

�7KHVH�SKRWRV�ZHUH�IURP�WKH�VHFRQG�SKHQRW\SLQJ�H[SHULPHQW�LQ�:HHN����

�%RWK�SODQWV�IURP�WKH�SRVLWLYH�FRQWURO�DQG�IURQW�\DUG�JURXSV�ORRNHG�KHDOWK\�DQG�JUHHQ��,W�LV�
�LPSRUWDQW�WR�QRWH�WKDW�WKH�SODQWV�IURP�WKH�SRVLWLYH�FRQWURO�SRW�KDG�EHJXQ�WR�ZLOW��$GGLWLRQDOO\��LQ�
�WKH�ZDONLQJ�WUDLO�SRW�DOO�SODQWV�ZHUH�GHDG�VR�,�FRXOG�QRW�FROOHFW�GDWD��,�ZDV�RQO\�DEOH�WR�SKHQRW\SH�
�DQG�PDNH�REVHUYDWLRQV�IRU�WKRVH�WZR�SRWV�ZLWK�WKH�VDPH�VRLO��IURQW�\DUG��
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�>)LJXUH��@�0LFURVFRSLFDOO\�2EVHUYH�WKH�3ODQW�5RRWV�
�%HORZ�DUH�SKRWRV�RI�WKH�URRWV�IRU�WZR�SRWV��WKH�SRVLWLYH�FRQWURO�DQG�WKH�IURQW�\DUG�PLFURVFRSLFDOO\�
�SKHQRW\SHG�WR�FKHFN�IRU�WKH�SUHVHQFH�RI�URRW�QRGXOHV��

�$V�WKH�SLFWXUHV�VKRZ��ERWK�SRWV�KDYH�QR�URRW�QRGXOHV��

�>)LJXUH��@�,VRODWLRQ�RI�5KL]RELD�%DFWHULD�IURP�5RRWV�RQWR�$JDU�0HGLD�3ODWHV�
�7KHVH�SLFWXUHV�EHORZ�VKRZ�WKH�DJDU�PHGLD�SODWH�'D\���IRU�WKH�SRVLWLYH�FRQWURO�SRW�DQG�IURQW�\DUG�
�SRW��

�7KHVH�SLFWXUHV�EHORZ�VKRZ�WKH�DJDU�PHGLD�SODWH�'D\���IRU�WKH�SRVLWLYH�FRQWURO�SRW�DQG�IURQW�\DUG�
�SRW��
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�$V�WKH�SLFWXUHV�DERYH�VKRZ��DQ�DEXQGDQW�
�DPRXQW�RI�EDFWHULD�FRORQLHV�ZHUH�REVHUYHG�
�RQ�'D\���DQG�'D\����)RU�SRVLWLYH�FRQWURO��
�PRUH�ELJJHU�VL]HG��ZKLWH�FRORUHG�FRORQLHV�
�ZHUH�VKRZQ�EXW�ZLWK�ODUJHU�VSDFHV�IURP�HDFK�
�RWKHU��DQG�RQ�'D\����ELJ�VL]HG�\HOORZ�FRORQLHV�
�ZHUH�H[DPLQHG��)RU�WKH�IURQW�\DUG��WKH�ZKROH�
�DJDU�PHGLD�SODWH�ZDV�PRUH�\HOORZLVK�EXW�ZLWK�
�VPDOOHU�FRORQLHV�DQG�PRUH�SDFNHG��

�',6&866,21�
�$V�VKRZQ�LQ�ILJXUH����WKH�QXPEHU�RI�SODQWV�RQ�
�WKH�SRVLWLYH�FRQWURO�SRW�KDG�WKH�PRVW�DQG�
�VWD\HG�WKH�ORQJHVW��DQG�WKH�QXPEHUV�RI�SODQWV�
�RQ�WKH�ZDONLQJ�WUDLO�SRW�KDG�WKH�OHDVW�DQG�
�JUHZ�WKH�VORZHVW�DQG�FRXOG�QRW�VXUYLYH�ORQJHU�
�WKDQ�RWKHU�SRWV�VLQFH�WKH�VRLO�ZDV�WRR�KHDY\��

�PXGG\�DQG�GULHG�WRR�TXLFNO\��1RW�D�VLQJOH�
�QRGXOH�ZDV�H[DPLQHG�LQ�ERWK�SRWV�DFFRUGLQJ�
�WR�ILJXUH����3RVLWLYH�FRQWURO�DQG�)URQW�\DUG���
�PHDQLQJ�LW�ZDV�RQ�WKH�3UH�V\PELRVLV��1R�
�QRGXOHV�FRXOG�PHDQ�>�@�WKHUH�LV�WRR�PXFK�
�QLWURJHQ�LQ�WKH�VRLO��>�@�WKH�VRLO�PD\�KDYH�D�S+�
�WKDW�LV�HLWKHU�WRR�KLJK�RU�WRR�ORZ��RU�>�@�WKH�
�SODQW�KDV�QRW�JURZQ�HQRXJK�WR�HVWDEOLVK�D�
�UHODWLRQVKLS�ZLWK�UKL]RELD�EDFWHULD��:KHQ�
�WKHUH�DUH�QR�URRW�QRGXOHV�SUHVHQW��LW�FRXOG�
�SRVVLEO\�PHDQ�WKDW�WKHUH�LV�D�PLFUREH�H[LVWLQJ�
�FDOOHG�HQGRSK\WHV�QRQ�UKL]RELD��RU�
�6WUHSWRP\FHV�FRHOLFRORU��6LQFH�ZH�FDQ�VWLOO�
�VHH�WKH�JURZWK�RI�EDFWHULD�FRORQLHV�RQ�DJDU�
�PHGLD�SODWHV��ILJXUH�����LW�FDQ�SRVVLEO\�PHDQ�
�WKDW�ZH�LVRODWHG�WKH�HQGRSK\WLF�EDFWHULD��

�3DJH�����



�5()(5(1&(6�
�:DQJ��'���<DQJ��6���7DQJ��)���	�=KX��+����������6\PELRVLV�VSHFLILFLW\�LQ�WKH�OHJXPH��UKL]RELDO�
�PXWXDOLVP��&HOOXODU�PLFURELRORJ\������������±�����
�KWWSV���GRL�RUJ���������M����������������������[�

�:DQJ��(Q�7DR����������6\PELRVLV�EHWZHHQ�5KL]RELD�DQG�/HJXPHV��6SULQJHU/LQN��6SULQJHU�
�6LQJDSRUH���KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��
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�*\DQ�0DODQL�

�6RLOV�(IIHFW�RQ�/HJXPH�6HHGOLQJ�'HYHORSPHQW�DQG�5KL]RELXP�
�9DULHW\�$SSHDUDQFH�LQ�%HDXPRQW��7;�

�$%675$&7�
�7KHUH�DUH�D�YDULHW\�RI�PLFURRUJDQLVPV�WKDW�
�OLYH�LQ�WKH�VRLO�EHQHDWK�XV��5KL]RELD��D�W\SH�RI�
�PLFUREH��LQWHUDFWV�ZLWK�SODQWV�LQ�D�V\PELRWLF�
�UHODWLRQVKLS��DV�WKH\�SURYLGH�SODQWV�ZLWK�
�QLWURJHQ�LQ�WKH�IRUP�RI�DPPRQLD�DQG�UHFHLYH�
�JOXFRVH�LQ�UHWXUQ��:H�LQYHVWLJDWHG�KRZ�VRLO�
�W\SH�DIIHFWV�OHJXPH�VKRRW�KHLJKW�DV�ZHOO�DV�
�WKH�JURZWK�RI�UKL]RELXP�EDFWHULD��,Q�RXU�VWXG\��
�ZH�SODQWHG�OHJXPHV�DQG�SKHQRW\SHG�WKHLU�
�VKRRWV�DQG�URRWV��7KHQ��ZH�PLFURVFRSLFDOO\�
�REVHUYHG�WKH�OHJXPH�URRWV��)LQDOO\��ZH�
�LVRODWHG�WKH�UKL]RELDO�EDFWHULD�IURP�WKH�
�OHJXPH�URRW�QRGXOHV�DQG�XVHG�ELRLQIRUPDWLF�
�WRROV�WR�H[SODLQ�WKH�SODQW�PLFUREH�
�LQWHUDFWLRQV��2XU�UHVXOWV�LQGLFDWHG�WKDW�WKH�
�3DWLR�VRLO��GHYRLG�RI�FRPPHUFLDO�LQRFXODQW�
�ZLWK�RUJDQLF�PDWHULDO�SUHVHQW�IURP�WRPDWR�
�DQG�SHSSHU�SODQWV��KDG�D�YDULHW\�RI�EHQHILFLDO�
�UKL]RELD�WKDW�DVVLVWHG�ZLWK�OHJXPH�KHLJKW�
�GHYHORSPHQW�DQG�ZLWK�URRW�QRGXOH�SURGXFWLRQ��
�PXFK�PRUH�WKDQ�WKH�%DFN\DUG�VRLO��GHYRLG�RI�
�FRPPHUFLDO�LQRFXODQW�ZLWK�JUDVVHV�DQG�
�ZHHGV�SUHVHQW���$GGLWLRQDOO\��FRPPHUFLDO�
�LQRFXODQW��PDGH�XS�RI�%UDG\UKL]RELXP�VS��
��9LJQD���%UDG\UKL]RELXP�MDSRQLFXP��
�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��
�DQG�5��OHJXPLQRVDUXP�ELRYDU�YLFHDH��SURYHG�
�WR�EH�WKH�PRVW�VLJQLILFDQW�IDFWRU�LQ�SODQW�VKRRW�
�KHLJKW��%DVHG�RQ�WKH�UHVXOWV��ZH�FRQFOXGHG�
�WKH�SURGXFWLRQ�RI�ZKLWH�URRW�QRGXOHV�WR�
�SRVVLEO\�EH�DV�D�UHVXOW�RI�D�W\SH�RI�UKL]RELD�
�ZLWKLQ�WKH�VRLO�NQRZQ�DV�(QVLIHU�DGKDHUHQ��
�:H�UHFRPPHQG�WKDW�IXWXUH�VWXGLHV�EH�
�FRQGXFWHG�RQ�PXFK�ODUJHU�VFDOHV�RU�ZLWK�D�
�JUHDWHU�YDULHW\�RI�VRLOV��DV�WKLV�UHVHDUFK�KDV�
�PDQ\�IXWXUH�XVHV�LQ�IDUPLQJ�SUDFWLFHV�DQG�
�FURS�JURZWK��

�,1752'8&7,21�
�6XQQ�KHPS��VFLHQWLILFDOO\�NQRZQ�DV�&URWDODULD�
�MXQFHD��LV�D�OHJXPH�YDULHW\�ZLGHO\�EHOLHYHG�WR�
�KDYH�RULJLQDWHG�LQ�,QGLD�DQG�KDYH�WURSLFDO�

�$VLDQ�URRWV��1DUDVLPKXOX���������7KH\��OLNH�
�PRVW�RWKHU�SODQWV��KDYH�D�UHVSLUDWRU\�V\VWHP�
�IRU�JURZWK�DQG�VXVWHQDQFH��RIWHQ�UHO\LQJ�RQ�
�WKH�DVVLVWDQFH�RI�EDFWHULD��0RUH�VSHFLILFDOO\�
�KHUH��OHJXPHV�SULPDULO\�GHSHQG�RQ�WKH�XVH�RI�
�5KL]RELXP�EDFWHULD�IRU�WKH�SURFHVV�RI�
�QLWURJHQ�IL[DWLRQ��ZKHUH�D�PXWXDOLVWLF�
�V\PELRWLF�UHODWLRQVKLS�LV�IRUPHG�EHWZHHQ�
�SODQW�DQG�EDFWHULXP�WR�DVVLVW�ZLWK�WKH�SODQW¶V�
�PHWDEROLF�SURFHVVHV��%ODQFR���������7KH�
�OHJXPH��&URWDODULD�MXQFHD��SURYLGHV�FDUERQ�LQ�
�WKH�IRUP�RI�&��GLFDUER[\OLF�DFLGV�WR�WKH�
�UKL]RELD��DQG�WKH�UKL]RELXP�ZLWKLQ�WKH�URRW�
�QRGXOHV�RI�WKH�VXQQ�KHPS�LQ�UHWXUQ�UHOHDVHV�
�QLWURJHQ�VR�WKDW�WKH�SODQW�FDQ�XVH�LW�LQ�WKH�
�IRUP�RI�DPLQR�DFLGV��:DQJ���������6LPLODU�WR�
�WKH�OHJXPH�UKL]RELD�LQWHUDFWLRQV��D�VWXG\�KDV�
�EHHQ�FRQGXFWHG�LQ�WKH�SDVW�ZLWKLQ�%HDXPRQW��
�7H[DV�UHJDUGLQJ�KRZ�VRLO�W\SH�DIIHFWHG�WKH�
�DPRXQW�RI�DPPRQLXP�SURGXFHG��,W�IRXQG�
�SDUWLDO�LQFUHDVHV�LQ�DPPRQLXP�OHYHOV�LQ�
�%HDXPRQW�VRLOV�YHUVXV�1DGD�VRLO��&KHQ��
��������$QRWKHU�VWXG\�ORRNHG�DW�URRW�QRGXOHV�
�LQ�VR\EHDQ�SURGXFWLRQ�DUHDV�ZLWKLQ�WKH�8QLWHG�
�6WDWHV�DQG�TXDQWLILHG�WKH�DPRXQWV�RI�
�K\GURJHQ�UHOHDVHG�E\�UKL]RELD��/LP���������
�+RZHYHU��WKHUH�LV�OLWWOH�FXUUHQW�HYLGHQFH�RI�
�SODQW�PLFUREH�LQWHUDFWLRQV�ZLWKLQ�WKH�
�%HDXPRQW��7H[DV�DUHD��7KXV��WKLV�UHVHDUFK�
�SURMHFW�ZDV�FDUULHG�RXW�WR�LQYHVWLJDWH�WKH�
�HIIHFW�RI�VRLO�W\SH�RQ�OHJXPH�GHYHORSPHQW�
�DQG�UKL]RELD�DSSHDUDQFH�LQ�%HDXPRQW��:H�
�K\SRWKHVL]HG�WKDW�LI�VRLO�LV�FROOHFWHG�IURP�DQ�
�DUHD�ZLWK�YDULRXV�W\SHV�RI�SODQWV��VXFK�DV�
�SHSSHU�SODQWV�DQG�WRPDWR�SODQWV��LW�ZLOO�
�FRQWDLQ�D�JUHDWHU�QXPEHU�DQG�YDULHW\�RI�
�UKL]RELD�DV�ZHOO�DV�D�JUHDWHU�SODQW�VKRRW�
�KHLJKW�ZKHQ�FRPSDUHG�WR�DQ�DUHD�RI�PXVK\�
�VRLO�ZLWK�MXVW�ZHHGV��SUHVXPDEO\�EHFDXVH�RI�
�WKH�QXWULWLRXV�EDFWHULD�SUHVHQW�LQ�WKH�IRUPHU�
�VRLO��
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�0$7(5,$/6�$1'�0(7+2'6�
�:HHN�2QH��
�7R�EHJLQ�WKH�H[SHULPHQWDWLRQ�SURFHVV��VRLO�
�ZDV�FROOHFWHG�IURP�WZR�GLIIHUHQW�ORFDWLRQV��D�
�EDFN\DUG�DQG�SDWLR�ORFDWHG�DW������0HUORW�
�'ULYH��%HDXPRQW��7H[DV��7KUHH���LQFK�SRWV�
�DQG�WUD\V�ZHUH�XVHG�WR�FROOHFW�WKH�VRLO��DQG�
�ZHUH�UHVSHFWLYHO\�ODEHOHG�%DFN\DUG��3DWLR��
�DQG�3RVLWLYH�&RQWURO��ZKLFK�ZDV�XVHG�DV�D�
�JXDUDQWHHG�FRPSDULVRQ�IDFWRU�IRU�OHJXPH�DQG�
�UKL]RELD�JURZWK��8VLQJ�D�VKRYHO�DQG�IRUN��VRLO�
�ZDV�FROOHFWHG�IURP�ERWK�ORFDWLRQV�DQG�SODFHG�
�LQWR�WKH�SRWV�ODEHOHG�%DFN\DUG�DQG�3DWLR��6RLO�
�IURP�WKH�EDFN\DUG�ORFDWLRQ��FKRVHQ�DW�
�UDQGRP�XVLQJ�D�FRLQ�WRVV�EHWZHHQ�WKH�
�EDFN\DUG�DQG�SDWLR�ORFDWLRQV��ZDV�SODFHG�LQWR�
�WKH�3RVLWLYH�&RQWURO�SRW��7KH�SRWV�ZHUH�
�SODFHG�LQ�D�ODE�VSDFH�DQG�ILOOHG�WR�WKH�EULP�
�ZLWK�ZDWHU��+RZHYHU��EHFDXVH�WKH�VRLO�ZDV�
�DOUHDG\�GDPS�IURP�SUHYLRXV�SUHFLSLWDWLRQV��
�PXFK�RI�WKH�ZDWHU�VHHSHG�WKURXJK�WKH�ERWWRP�
�RI�WKH�SRWV��([FHVV�VRLO�DQG�ZDWHU�ZHUH�
�UHPRYHG�IURP�HDFK�LQGLYLGXDO�SRW��1H[W��
�FDPH�WKH�SURFHGXUH�RI�SODQWLQJ�WKH�VXQQ�
�KHPS��$IWHU�VWHULOL]LQJ�WKH�IRUN�ZLWK�����
�HWKDQRO��LW�ZDV�XVHG�WR�PDNH�ILIWHHQ�LQGLYLGXDO�
�KROHV�LQ�WKH�VRLO�RI�HDFK�RI�WKH�WKUHH�SRWV��7KH�
�3RVLWLYH�&RQWURO�SRW�UHFHLYHG�D�VPDOO�GRVDJH�
�RI�FRPPHUFLDO�LQRFXODQW�ZLWKLQ�HDFK�RI�WKH�
�KROHV�EHIRUH�WKH�SODQWLQJ�RI�WKH�OHJXPH�VHHGV�
�WR�KHOS�DVVLVW�ZLWK�WKHLU�JURZWK��)LQDOO\��WKH�
�OHJXPH�VHHGV�ZHUH�SODFHG�LQWR�HDFK�RI�WKH�
�LQGLYLGXDO�KROHV�ZLWKLQ�HDFK�SRW��DQG�H[FHVV�
�VRLO�DQG�ZDWHU�ZHUH�UHPRYHG�RQFH�DJDLQ��7KH�
�SRWV�ZHUH�ZDWHUHG�HYHU\�RWKHU�GD\�GXH�WR�WKH�
�VRLO�EHLQJ�GDPS�DQG�SODQW�JURZWK�ZDV�
�PRQLWRUHG��

�:HHN�7ZR��
�%\�VHYHQ�GD\V�SRVW�SODQWLQJ��HDFK�SRW�KDG�
�OHVV�WKDQ�WKUHH�JHUPLQDWLQJ�VSURXWV��VR�VHYHQ�
�PRUH�VHHGV�ZHUH�SODQWHG�LQ�HDFK�SRW�DV�ZHOO�
�DV�DGGLWLRQDO�FRPPHUFLDO�LQRFXODQW�LQ�WKH�
�3RVLWLYH�&RQWURO�SRW��:H�REVHUYHG�WKH�ZLOWLQJ�
�RI�WKH�VSURXWV�HLJKW�GD\V�SRVW�SODQWLQJ��DQG�
�GHFLGHG�WR�XVH�GHDG�VSURXWV�DV�QDWXUDO�
�IHUWLOL]HU�DQG�WHQ�GD\V�SRVW�SODQWLQJ��WKH�
�ORFDWLRQ�RI�WKH�SRWV�ZDV�PRYHG�WR�DQ�DUHD�
�ZLWK�PRUH�GLUHFW�VXQOLJKW�\HW�VKDGH�RYHU�WKH�
�KHDG��6L[�PRUH�VHHGV�ZHUH�SODQWHG�QLQH�GD\V�

�SRVW�SODQWLQJ��DQG�REVHUYDWLRQ�RI�JHUPLQDWLRQ�
�FRQWLQXHG��

�:HHN�7KUHH��
�*URZWK�RI�OHJXPH�VSURXWV�ZDV�FRQWLQXDOO\�
�UHFRUGHG�DQG�VRLO�ZDV�ZDWHUHG�HYHU\�RWKHU�
�GD\��+RZHYHU��WKH�ZHLJKW�RI�PDQ\�RI�WKH�
�VSURXWV�EHJDQ�WR�H[FHHG�LWV�RZQ�OLPLWV��
�FDXVLQJ�WKH�VSURXW�WR�GURRS��7R�KHOS�VXSSRUW�
�WKH�ZHLJKW�RI�WKH�SODQW��SODVWLF�VWUDZV�ZHUH�
�LQVHUWHG�ZLWKLQ�HDFK�SRW�DQG�WLHG�WR�WKH�
�VSURXWV��6LJQLILFDQW�JURZWK�RI�WKH�VSURXWV�
�FRXOG�EH�LPPHGLDWHO\�REVHUYHG�DIWHU�WKH�
�LQVHUWLRQ�RI�WKH�VWUDZV��

�:HHN�)RXU��
�7KH�SURFHVV�RI�REVHUYLQJ�WKH�SODQW�VKRRW�
��PHDVXULQJ�KHLJKW�IURP�URRWV�WR�OHDYHV��
�EHJDQ��)LUVW��WKH�VRLO�ZDV�VRIWHQHG�WKURXJK�
�WKH�DGGLWLRQ�RI�ZDWHU��8VLQJ�JORYHV��WKH�WDOOHVW�
�VSURXW�IURP�RQH�RI�WKH�SRWV�ZDV�FDXWLRXVO\�
�GXJ�RXW�ZLWK�WKH�URRWV�LQWDFW��7KH�VSURXW�ZDV�
�SODFHG�LQWR�D�WXSSHUZDUH�RI�ZDWHU�WR�ZDVK�RII�
�WKH�VRLO�IURP�WKH�SODQW�URRWV�DQG�VWHP��DQG�
�WDSSHG�GU\�ZLWK�D�SDSHU�WRZHO��,W�ZDV�WKHQ�
�SODFHG�RQWR�D�EODFN�EDFNJURXQG�QH[W�WR�D�
�IRUW\�VL[�FHQWLPHWHU�UXOHU�DQG�ODEHO�LQGLFDWLQJ�
�WKH�SRW�LW�ZDV�WDNHQ�IURP��$�FDPHUD�ZDV�XVHG�
�WR�WDNH�D�SKRWR�RI�WKH�VSURXW��UXOHU�EHORZ�LW��
�DQG�ORFDWLRQ�ODEHO�QH[W�WR�LW��7KLV�SURFHVV�WR�
�REVHUYH�WKH�SODQW�VKRRW�KHLJKW��SKHQRW\SLQJ�
�WKH�SODQW�VKRRWV��ZDV�UHSHDWHG�IRU�HDFK�RI�
�WKH�RWKHU�SRWV��

�:HHN�)LYH��
�3KHQRW\SLQJ�RI�WKH�SODQW�VKRRWV�LQ�:HHN���
�ZDV�UHSHDWHG�LQ�WKH�H[DFW�VDPH�PDQQHU�
�GXULQJ�WKLV�ZHHN��+RZHYHU��DGGLWLRQDO�
�SKHQRW\SLQJ�ZDV�FRPSOHWHG�ZLWK�WKH�URRWV�
��UHFRUGLQJ�VWUXFWXUH�DQG�FRORU�RI�WKH�URRWV�DV�
�ZHOO�DV�SUHVHQFH�RI�URRW�QRGXOHV���$IWHU�
�SKHQRW\SLQJ�HDFK�SODQW�VKRRW��WKH�URRWV�RI�
�HDFK�VSURXW�ZHUH�WKHQ�SODFHG�RQWR�WKH�VWDJH�
�RI�D�GLJLWDO�PLFURVFRSH�LQ�RUGHU�WR�UHFRUG�WKH�
�SUHVHQFH�RI�URRW�QRGXOHV�LQ�HDFK�SODQW��7KH�
�URRWV�ZHUH�WKHQ�XVHG�IRU�WKH�LVRODWLRQ�RI�
�EDFWHULD�WKDW�FRXOG�EH�JURZQ�RQWR�DJDU�PHGLD�
�SODWHV��FXOWXUH���7KH�URRWV�RI�D�VSURXW�IURP�
�HDFK�SRW�WKDW�ZHUH�DOUHDG\�XVHG�LQ�WKH�
�SURFHVV�RI�SKHQRW\SLQJ�ZHUH�FXW�RII�IURP�WKH�

�3DJH�����



�VSURXW�XVLQJ�D�VFDOSHO��7KH\�ZHUH�SODFHG�
�LQGLYLGXDOO\�LQWR�D�����P/�PLFURFHQWULIXJH�WXEH�
�WKDW�KHOG�GLOXWHG�EOHDFK������PO�������
�FRQFHQWUDWHG�1D2&O�FORUR[�EOHDFK�ZLWK�ZDWHU�
�GLOXWLRQ�XS�WR�WKH�����PO�PDUN���6WHULOL]DWLRQ�RI�
�WKH�URRWV�EHJDQ�DV�WKH�PLFURFHQWULIXJH�WXEH�
�ZDV�WXUQHG�RQH�KXQGUHG�HLJKW\�GHJUHHV�ILYH�
�WLPHV��7KH�URRWV�ZHUH�WKHQ�WUDQVIHUUHG�IURP�
�WKH�GLOXWHG�EOHDFK�PLFURFHQWULIXJH�WXEH�LQWR�D�
�WXEH�ZLWK�MXVW�ZDWHU�XVLQJ�D�VFDOSHO��7KH�WXEH�
�ZDV�WXUQHG�RQH�KXQGUHG�HLJKW\�GHJUHHV�WHQ�
�WLPHV�WR�DVVLVW�ZLWK�ZDVKLQJ�RII�WKH�EOHDFK��
�7KH�URRWV�ZHUH�WUDQVIHUUHG�DJDLQ�LQWR�D�QHZ�
�PLFURFHQWULIXJH�WXEH��ZKHUH�D�SODVWLF�SHVWOH�
�ZDV�XVHG�WR�UHSHDWHGO\�FUXVK�DQG�JULQG�WKH�
�URRWV�LQWR�D�SDVWH�OLNH�VWUXFWXUH��3XUH�ZDWHU�
�ZDV�DGGHG�WR�WKH�WXEH������PO��WR�FUHDWH�D�
�VXVSHQVLRQ�WKDW�ZDV�WKHQ�SRXUHG�RXW�RQWR�
�DJDU��RU�<HDVW�([WUDFW�0HGLD�&RORQ\�5HG�
��<(0&5���PHGLD�SODWHV��8VLQJ�D�FRWWRQ�
�VZDE��WKH�VXVSHQVLRQ�ZDV�VSUHDG�DOO�RYHU�WKH�
�SHWUL�GLVK��DQG�RQFH�LW�ZDV�GU\��ZDV�WXUQHG�
�XSVLGH�GRZQ�WR�WDNH�D�SKRWR�IRU�UHFRUGLQJ�
�SXUSRVHV��7KH�SODWH�ZDV�ZUDSSHG�LQ�
�DOXPLQXP�IRLO�DQG�SODFHG�QHDU�D�ZLQGRZ�RI�
�DURXQG������GHJUHHV�FHOVLXV��7KLV�SURFHVV�
�ZDV�FRPSOHWHG�ZLWK�RQH�VSURXW�IURP�HDFK�
�SRW��DQG�REVHUYDWLRQ�RI�WKH�EDFWHULDO�FRORQ\�
�JURZWK�EHJDQ�WZR�GD\V�SRVW�LVRODWLRQ��

�:HHN�6L[��
�$�ELRLQIRUPDWLFV�VRIWZDUH�ZDV�XVHG�WR�H[SODLQ�
�RXU�UHVXOWV�RI�ZKLWH�QRGXOHV�RQO\�EHLQJ�
�SUHVHQW��5HVHDUFK�ZDV�FRPSOHWHG�WR�ILQG�D�
�VSHFLILF�W\SH�RI�EDFWHULD�WKDW�PD\�EH�
�DVVRFLDWHG�ZLWK�WKLV�VSHFLILF�VFHQDULR��8VLQJ�
�WKH�%DF'LYH�GDWDEDVH�DQG�)DVW�$OLJQPHQW�
��)$67$��VRIWZDUH�RQOLQH��WKH�JHQHWLF�'1$�
�VHTXHQFH�IRU�HDFK�EDFWHULD�ZDV�IRXQG�DQG�
�UHFRUGHG��:H�WKHQ�RSHQHG�XS�WKH�%DVLF�/RFDO�
�$OLJQPHQW�6HDUFK�7RRO��%/$67��VRIWZDUH�
�RQOLQH��ZKHUH�WKH�'1$�VHTXHQFH�ZDV�SODFHG�
�LQWR�WKH�QXFOHRWLGH�VHDUFK�EDU�DQG�RQH�W\SH�RI�
�UKL]RELD��IURP�WKH�IRXU�W\SHV�RI�UKL]RELD�WKDW�
�PDNH�XS�WKH�FRPPHUFLDO�LQRFXODQW��ZDV�
�SODFHG�LQWR�WKH�RUJDQLVP�VHFWLRQ�RI�WKH�SDJH��
�$IWHU�%/$67LQJ�WKH�WZR�RUJDQLVPV��
�VLPLODULWLHV�EHWZHHQ�WKH�RUJDQLVPV¶�'1$�
�VHTXHQFHV�ZHUH�UHFRUGHG��7KLV�SURFHVV�ZDV�
�FRPSOHWHG�WR�XQGHUVWDQG�WKH�PLFURELDO�

�LQWHUDFWLRQV�WKDW�PD\�KDYH�RFFXUUHG�WR�FDXVH�
�ZKLWH�URRW�QRGXOHV�WR�IRUP�RQO\��

�5(68/76�
�7KH�SODQW�VKRRW�KHLJKWV�ZLWKLQ�WKH�GLIIHUHQW�
�VRLO�ORFDWLRQV�KDG�YHU\�OLWWOH�YDULDWLRQ��ZLWK�D�
�VWDQGDUG�GHYLDWLRQ�RI�������FP���ZHHNV�
�SRVW�SODQWLQJ�DQG�������FP���ZHHNV�
�SRVW�SODQWLQJ��$GGLWLRQDOO\��WKH�OHJXPHV�ZLWK�
�WKH�WDOOHVW�VKRRW�KHLJKW�DV�VKRZQ�E\�)LJXUH���
�DSSHDUHG�WR�EH�IURP�WKH�3RVLWLYH�&RQWURO�SRW�
�DW������DQG������FP��FRQWUDU\�WR�RXU�
�SUHGLFWLRQ�RI�WKH�OHJXPHV�ZLWK�WKH�WDOOHVW�
�KHLJKWV�EHLQJ�IURP�WKH�3DWLR�SRW��GXH�WR�WKH�
�SUHGLFWHG�QXWULWLRXV�EDFWHULD�SUHVHQW�WKHUH���
�1HYHUWKHOHVV��WKH�OHJXPHV�JURZQ�LQ�WKH�SDWLR�
�VRLO�VWLOO�KDG�DQ�RYHUDOO�JUHDWHU�PHDQ�VKRRW�
�KHLJKW�WKDQ�WKH�EDFN\DUG�SODQWV�������FP�YV�
�������FP�UHVSHFWLYHO\��)LJ������$FFRUGLQJO\��
�WKH�3DWLR�SRW�KHOG�������RI�WKH�WRWDO�ZKLWH�
�URRW�QRGXOHV��SLQN�QRGXOHV�ZHUH�QRW�
�REVHUYHG��VHHQ�WKURXJK�WKH�/&'�PLFURVFRSH��
�ZKLFK�PDWFKHV�RXU�SUHGLFWLRQ�RI�D�JUHDWHU�
�QXPEHU�RI�UKL]RELD�SUHVHQW�ZLWKLQ�WKH�SDWLR�
�VRLO�EHFDXVH�URRW�QRGXOHV�RQO\�IRUP�WKURXJK�
�WKH�FRPSDWLEOH�LQWHUDFWLRQV�EHWZHHQ�SODQWV�
�DQG�PLFUREHV��)LJ������:KHQ�ORRNLQJ�DW�WKH�
�<(0&5�PHGLD�SODWHV�WKHPVHOYHV��WKH�3DWLR�
�SHWUL�GLVK�KROGV�D�YDULHW\�RI�EDFWHULD�FRORQLHV��
�7KHVH�LQFOXGH�ODUJH�FRORQLHV�ZLWK�D�URXQG�
�DQG�RSDTXH�VWUXFWXUH��RUDQJH�SLJPHQWHG�
�FRORQLHV�WKDW�DUH�DOVR�URXQG�DQG�RSDTXH�LQ�
�VWUXFWXUH��DQG�LUUHJXODU�FRORQLHV�ZLWK�DQ�
�XQGXODWHG�OLNH�VWUXFWXUH��&RPSDUHG�WR�WKH�
�%DFN\DUG�DJDU�SODWH��ZKLFK�RQO\�KHOG�
�ILODPHQWRXV�DQG�LUUHJXODU�RSDTXH�FRORQLHV��
�DQG�3RVLWLYH�&RQWURO�GLVK��ZKLFK�KHOG�RQH�
�ILODPHQWRXV�FRORQ\��WKH�3DWLR�PHGLD�SODWH�
�KROGV�PDQ\�PRUH�FRORQLHV�LQ�YDULHW\�DQG�
�QXPEHU��

�3DJH�����



�)LJXUH����%DU�*UDSK�GLVSOD\LQJ�OHJXPH�VKRRW�KHLJKW�LQ�WKUHH�SRWV�DW�WZR�GLIIHUHQW�WLPH�
�SHULRGV��SRVW�SODQWLQJ��

�)LJXUH����3LH�&KDUW�SRUWUD\LQJ�SHUFHQWDJH�RI�WRWDO�ZKLWH�URRW�QRGXOHV�KHOG�E\�HDFK�SRW�

�3DJH�����



�',6&866,21�
�2XU�UHVXOWV�ZHUH�FRQWUDGLFWRU\�WR�RXU�
�H[SHFWDWLRQV��3ULPDULO\��FRPPHUFLDO�LQRFXODQW�
�SUHVHQW�LQ�WKH�3RVLWLYH�&RQWURO�SRW�
�VXEVWDQWLDOO\�LPSURYHV�OHJXPH�JURZWK�DQG�
�GHYHORSPHQW��SRVVLEO\�GXH�WR�WKH�WKHUH�EHLQJ�
�IRXU�W\SHV�RI�UKL]RELD��%UDG\UKL]RELXP�VS��
��9LJQD���%UDG\UKL]RELXP�MDSRQLFXP��
�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��
�DQG�5��OHJXPLQRVDUXP�ELRYDU�YLFHDH��LQ�WKH�
�LQRFXODQW�WKDW�FDQ�DOO�LQWHUDFW�ZLWK�WKH�VXQQ�
�KHPS��$OWKRXJK�QDWLYH�EDFWHULXP�LV�RIWHQ�
�EHOLHYHG�WR�EH�PRUH�HIIHFWLYH�IRU�SODQW�JURZWK��
�WKLV�LVQ¶W�DOZD\V�WKH�FDVH��7KH�LQRFXODQW�KHUH�
�SUHVXPDEO\�SURYLGHV�PRUH�QLWURJHQ�WR�WKH�
�SODQW��ZKLFK�LV�HVVHQWLDO�IRU�LWV�UHVSLUDWRU\�
�SURFHVVHV�DQG�WKXV�SK\VLFDO�JURZWK�
��9DQODXZH���������7KHUH�LV�VWLOO�WKH�
�FRQIRXQGLQJ�UHVXOW�RI�RQO\�ZKLWH�QRGXOHV�
�EHLQJ�SUHVHQW�RQ�WKH�URRWV�RI�WKH�&URWDODULD�
�MXQFHD��5RRW�QRGXOHV�IRUP�WKURXJK�WKH�
�V\PELRWLF�UHODWLRQVKLS�FUHDWHG�EHWZHHQ�D�
�PLFUREH�DQG�SODQW��$FFRUGLQJO\��ZKLWH�URRW�
�QRGXOHV�DUH�IRUPHG�ZKHQ�EDFWHULD�DUH�
�SUHVHQW�RQ�WKH�URRWV�RI�WKH�SODQW�WKURXJK�
�QRGXODU�LQIHFWLRQ�EXW�WKH�KRVW�LV�QRW�
�FRPSDWLEOH�ZLWK�WKDW�UKL]RELD�IRU�D�PXWXDOO\�
�EHQHILFLDO�LQWHUDFWLRQ��:H�H[SORUHG�WKH�
�SRVVLEOH�W\SHV�RI�EDFWHULD�WKDW�FRXOG�KDYH�KDG�
�WKLV�HIIHFW��FRPLQJ�XSRQ�(QVLIHU�DGKDHUHQV��D�
�UKL]RELD�WKDW�KDV�EHHQ�SURYHG�WR�FDXVH�PDQ\�
�ZKLWH�QRGXOHV�RQ�WKH�URRWV�RI�SODQWV�VXFK�DV�
�DOIDOID�DQG�VZHHW�FORYHUV��%URPILHOG���������
�7R�FRQILUP�LWV�SRVVLEOH�HIIHFW�RQ�WKH�SRWV��ZH�
�XVHG�WKH�%/$67�ELRLQIRUPDWLFV�VRIWZDUH�WR�
�VHH�WKH�SHUFHQW�PDWFK�EHWZHHQ�(QVLIHU�
�DGKDHUHQV�DQG�D�W\SH�RI�UKL]RELD�SUHVHQW�LQ�
�WKH�FRPPHUFLDO�LQRFXODQW�DQG�OHJXPHV��
�%UDG\UKL]RELXP�VS���9LJQD���,W�ZDV�IRXQG�WR�
�EH�D��������LGHQWLW\�PDWFK�ZLWK�DQ�H[SHFW�
�YDOXH�RI������PHDQLQJ�WKHUH�ZDV�D�YHU\�KLJK�

�OLNHOLKRRG�WKDW�WKH�(QVLIHU�DGKDHUHQV�ZDV�
�SUHVHQW�DORQJVLGH�WKH�UKL]RELD�IURP�WKH�
�LQRFXODQW�DQG�SODQWV��7KXV��LW�FDQ�EH�
�GHWHUPLQHG�WKDW�D�UKL]RELD��OLNHO\�(QVLIHU�
�DGKDHUHQV��FDXVHG�WKH�IRUPDWLRQ�RI�RQO\�
�ZKLWH�URRW�QRGXOHV�RQ�WKH�URRWV�RI�WKH�
�&URWDODULD�MXQFHD�LQ�WKLV�UHVHDUFK�SURMHFW��

�7KHUH�ZHUH�VRPH�FRQIRXQGLQJ�YDULDEOHV�WKDW�
�PD\�KDYH�DIIHFWHG�WKH�UHVXOWV��2QH�VXFK�
�YDULDEOH�LV�D�VPDOO�VDPSOH�VL]H��2XU�
�H[SHULPHQW�LQFOXGHG�RQO\�WKUHH�VDPSOHV��\HW�
�IRU�WKH�UHVXOWV�WR�EH�FRQVLGHUHG�VWDWLVWLFDOO\�
�VLJQLILFDQW��D�VDPSOH�VL]H�RI�DW�OHDVW�WKLUW\�LV�
�QHHGHG��3HUQHJHU���������$GGLWLRQDOO\��WKH�
�DPRXQW�RI�VXQOLJKW�ZDV�QRW�HTXDOO\�GLVWULEXWHG�
�WKURXJKRXW�WKH�HQWLUHW\�RI�WKH�UHVHDUFK�
�SURFHVV��DV�WKH�VRLOV�UHFHLYHG�OLWWOH�GD\OLJKW�
�XQWLO�WHQ�GD\V�SRVW�SODQWLQJ��SRWV�ZHUH�
�WUDQVSRUWHG�IURP�LQVLGH�VKHOWHU�WR�RXWVLGH�
�VKDGH���$QRWKHU�SRVVLEOH�YDULDEOH�LV�
�UDQGRPQHVV��DV�WKH�ORFDWLRQV�IRU�WKLV�
�H[SHULPHQW�ZHUH�VSHFLILFDOO\�FKRVHQ�DQG�QRW�
�RXW�RI�FKDQFH�IURP�D�GHVLJQDWHG�UHJLRQ��
�/DVWO\��RQO\�WZR�VRLO�W\SHV�ZHUH�WHVWHG��\HW�
�WKHUH�DUH�D�YDULHW\�RI�VRLOV�ZLWKLQ�7H[DV�WKDW�
�PD\�KDYH�FRQWUDVWLQJ�UHVXOWV�RQ�WKH�OHJXPHV�
�ZLWK�UHVSHFW�WR�VKRRW�KHLJKW�DQG�EDFWHULD�
�JURZWK��<DQ���������

�5HVHDUFKHUV�ORRNLQJ�DW�WKH�HIIHFWV�RI�UKL]RELD�
�PD\�QRZ�XQGHUVWDQG�KRZ�SUHFHGLQJ�EDFWHULD�
�LQ�WKH�VRLOV�FDQ�KDYH�D�EHQHILFLDO�HIIHFW�RQ�
�QHZ�FURSV��$GGLWLRQDOO\��LQRFXODQWV�FDQ�EH�
�XVHG�IRU�VXEVWDQWLDO�SODQW�GHYHORSPHQW��
�2UJDQLF�IDUPHUV�PD\�XVH�WKLV�UHVHDUFK�WR�
�DYRLG�WKH�SURGXFWLRQ�RI�ZKLWH�QRGXOHV��DGGLQJ�
�LQ�EHQHILFLDO�UKL]RELD�WR�IRUP�D�V\PELRWLF�
�UHODWLRQVKLS�ZLWK�WKHLU�SODQWV��WKHUHE\�
�LQFUHDVLQJ�JURZWK�RI�WKH�SODQWV�WKURXJK�
�DGGLWLRQDO�QLWURJHQ��
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�5()(5(1&(6�
�9LD��9��'���=DQHWWL��0��(���	�%ODQFR��)����������+RZ�OHJXPHV�UHFRJQL]H�UKL]RELD��3ODQW�VLJQDOLQJ�
�	�EHKDYLRU���������H���������KWWSV���GRL�RUJ�������������������������������

�%URPILHOG��(���7DPERQJ��-��7���&ORXWLHU��6���3UpYRVW��'���/DJXHUUH��*���YDQ�%HUNXP��3���7KL��7���
�$VVDEJXL��5���	�%DUUDQ��/��5����������(QVLIHU��3K\OOREDFWHULXP�DQG�5KL]RELXP�VSHFLHV�RFFXS\�
�QRGXOHV�RI�0HGLFDJR�VDWLYD��DOIDOID��DQG�0HOLORWXV�DOED��VZHHW�FORYHU��JURZQ�DW�D�&DQDGLDQ�VLWH�
�ZLWKRXW�D�KLVWRU\�RI�FXOWLYDWLRQ��0LFURELRORJ\��5HDGLQJ��(QJODQG�������3W��������±�����
�KWWSV���GRL�RUJ���������PLF������������

�&KHQ��&����������$PPRQLXP�$YDLODELOLW\�DV�,QIOXHQFHG�E\�&OD\�0LQHUDOV�LQ�7H[DV�
�5LFH�3URGXFLQJ�6RLOV��+ROGLQJV������KWWSV���FDWDORJ�OLEUDU\�WDPX�HGX�5HFRUG�LQ������������

�/LP��6��7���8UDWVX��6��/���:HEHU��'��)���	�.H\VHU��+��+����������+\GURJHQ�8SWDNH��+\GURJHQDVH��
�$FWLYLW\�RI�5KL]RELXP�-DSRQLFXP�6WUDLQV�)RUPLQJ�1RGXOHV�LQ�6R\EHDQ�3URGXFWLRQ�$UHDV�RI�WKH�
�8�6�$��*HQHWLF�(QJLQHHULQJ�RI�6\PELRWLF�1LWURJHQ�)L[DWLRQ�DQG�&RQVHUYDWLRQ�RI�)L[HG�1LWURJHQ��
�SS�����±�������KWWSV���GRL�RUJ��������������������������B������
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�1DUDVLPKXOX��0��.����������%ULHI�5HYLHZ�RQ�6XQQ�+HPS�DV�WKH�6RXUFH�RI�(QKDQFHG�%LRHWKDQRO�
�3URGXFWLRQ��$SLDU��UHWULHYHG�IURP�
�KWWSV���DSLDU�RUJ�DX�ZS�FRQWHQW�XSORDGV�����������B$3&$5B����B%55���B66B������SGI����

�3HUQHJHU��7��9���&RXUYRLVLHU��'��6���+XGHOVRQ��3��0���	�*D\HW�$JHURQ��$����������6DPSOH�VL]H�IRU�
�SUH�WHVWV�RI�TXHVWLRQQDLUHV��4XDOLW\�RI�OLIH�UHVHDUFK���DQ�LQWHUQDWLRQDO�MRXUQDO�RI�TXDOLW\�RI�OLIH�
�DVSHFWV�RI�WUHDWPHQW��FDUH�DQG�UHKDELOLWDWLRQ������������±�����
�KWWSV���GRL�RUJ���������V�����������������

�9DQODXZH��%���+XQJULD��0���.DQDPSLX��)���	�*LOOHU��.��(����������7KH�UROH�RI�OHJXPHV�LQ�WKH�
�VXVWDLQDEOH�LQWHQVLILFDWLRQ�RI�$IULFDQ�VPDOOKROGHU�DJULFXOWXUH��/HVVRQV�OHDUQW�DQG�FKDOOHQJHV�IRU�
�WKH�IXWXUH��$JULFXOWXUH��HFRV\VWHPV�	�HQYLURQPHQW���������������
�KWWSV���GRL�RUJ���������M�DJHH�������������

�:DQJ��(��7����������6\PELRVLV�EHWZHHQ�5KL]RELD�DQG�/HJXPHV��(FRORJ\�DQG�(YROXWLRQ�RI�
�5KL]RELD��SS���±������KWWSV���GRL�RUJ��������������������������B��

�<DQ��+���<DQJ��)���*DR��-���3HQJ��=���	�&KHQ��:����������6XEVRLO�0LFURELDO�&RPPXQLW\�
�5HVSRQVHV�WR�$LU�([SRVXUH�DQG�/HJXPH�*URZWK�'HSHQG�RQ�6RLO�3URSHUWLHV�DFURVV�'LIIHUHQW�
�'HSWKV��6FLHQWLILF�5HSRUWV���������KWWSV���GRL�RUJ���������V������������������
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�-RVH�&D\HWDQR�

�2EVHUYLQJ�/HJXPH�5KL]RELD�%DFWHULD�5HODWLRQVKLS�LQ�/RV�$QJHOHV��&$�

�$%675$&7�
�7KLV�VWXG\�DLPV�WR�VHH�KRZ�UKL]RELD�EDFWHULD��
�D�W\SH�RI�EDFWHULD�WKDW�FDQ�EH�IRXQG�LQ�VRLO��
�ZRXOG�DIIHFW�WKH�JURZWK�RI�WKH�6XQQ�+HPS�
�OHJXPH�SODQW��1RWH�WKDW�UKL]RELD�EDFWHULD�
�ZRUNV�E\�VXSSO\LQJ�D�SODQW�ZLWK�XVDEOH�
�QLWURJHQ�WR�KHOS�LW�JURZ����/LQGVWURP�.�����������
�,Q�UHWXUQ��WKH�OHJXPHV�DOORZ�WKH�EDFWHULD�WR�
�OLYH�ZLWKLQ�LW�LQ�WKH�IRUP�RI�D�WXPRU�OLNH�
�VWUXFWXUH�FDOOHG�D�URRW�QRGXOH����%XUJKDUGW�/��
���������7KLV�H[SHULPHQW�WHVWHG�WKLV�V\PELRWLF�
�UHODWLRQVKLS�RYHU�WKH�FRXUVH�RI���ZHHNV��,Q�
�WKH�HQG�LW�VHHPHG�OLNH�WKH�UHODWLRQVKLS�ZDV�
�QRW�V\PELRWLF�DV�LW�VKRXOG�EH��VLQFH�WKH�
�UKL]RELD�PDQDJHG�WR�QRGXODWH�WKH�URRWV�DQG�
�OLYH�RQ�LW��EXW�WKH�QRGXOHV�WKH\�PDGH�ZHUH�DOO�
�ZKLWH�LQ�FRORU��PHDQLQJ�WKDW�WKH�UKL]RELD�GLG�
�QRW�VXSSO\�WKH�6XQQ�+HPS�SODQW�ZLWK�QLWURJHQ�
�IRU�JURZWK��

�,1752'8&7,21�
�9DU\LQJ�FOLPDWH�KDV�D�ODUJH�LPSDFW�RQ�SODQW�
�JURZWK�DQG�VXUYLYDO��7KH�HQYLURQPHQW�SOD\V�D�
�NH\�UROH�IRU�WKH�JURZWK�RI�SODQWV����6DPLNVKD�6��
���������/RV�$QJHOHV�LV�D�JRRG�H[DPSOH�RI�DQ�
�HQYLURQPHQW�ZLWK�YDU\LQJ�W\SHV�RI�FOLPDWHV��
�DOO�IRU�GLIIHUHQW�W\SHV�RI�SODQWV��+RZHYHU�
�FOLPDWH�DORQH�LV�QRW�WKH�RQO\�IDFWRU�WKDW�DIIHFWV�
�SODQW�JURZWK��VRLO�W\SH�DQG�HYHQ�WKH�EDFWHULD�
�ZLWKLQ�WKH�VRLO�KDYH�DQ�LPSDFW��7KH�
�H[SHULPHQW�DLPHG�WR�VHH�KRZ�UKL]RELD�
�EDFWHULD�ZRXOG�LQWHUDFW�ZLWK�WKH�SODQW��DQG�
�DQVZHU�ZKHWKHU�SUHPDGH�VRLO�FRQWDLQV�
�PLFUREHV�GHGLFDWHG�WRZDUGV�SODQW�JURZWK��
�VLQFH�LW�ZDV�GHVFULEHG�DV�³VSHFLILFDOO\�IRU�
�SODQWLQJ�´�,�K\SRWKHVL]HG�WKDW�WKH�SUHPDGH�
�VRLO�ZRXOG�UHVXOW�LQ�WKH�PRVW�OHJXPH�JURZWK�
�FRPSDUHG�WR�QDWXUDOO\�RFFXUULQJ�VRLO��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PDWHULDOV�IRU�WKLV�H[SHULPHQW�FRQVLVWHG�RI�
�D�EDJ�RI�SUHPDGH�VRLO��SRWV��OHJXPH�VHHGV��
�FRPPHUFLDO�LQRFXODQW��FRQWDLQHUV�IRU�ZDWHU��

�JORYHV��EODFN�SDSHU��EODFN�ELQGHU��ODEHOV��D�
�UXOHU��D�VFDOSHO�����PO�PLFURFHQWULIXJH�WXEHV��
�SODVWLF�SHVWOHV��DQG�DJDU�PHGLD�GLVKHV��
�'XULQJ�ZHHN���,�ILOOHG�DOO�WKUHH�SRWV�ZLWK�WKH�
�SUHPDGH�VRLO��DORQJ�ZLWK�VRPH�FRPPHUFLDO�
�LQRFXODQW�IRU���SRW��PDNLQJ�LW�WKH�SRVLWLYH�
�FRQWURO��DQG�WKHQ�PRYLQJ�WKH�VRLO�WR�DOORZ�WKH�
�OHJXPH�VHHGV�WR�EH�SODQWHG��$IWHU�WKDW��LW�ZDV�
�D�PDWWHU�RI�ZDWHULQJ�WKH�SODQWV�DQG�REVHUYLQJ�
�JURZWK��7KLV�ZRXOG�JR�RQ�XQWLO�:HHN���DQG����
�ZKLFK�LV�ZKHQ�,�UHPRYHG���SODQW�IURP�DOO�
�WKUHH�SRWV�IRU�SKHQRW\SLQJ��)RU�SKHQRW\SLQJ�,�
�PHDVXUHG�WKH�VKRRWV�RI�WKH�SODQWV�ZLWK�D�UXOHU�
�LQ�FHQWLPHWHUV��'XULQJ�ZHHN���,�PHDVXUHG�WKH�
�URRWV�DJDLQ�ZLWK�WKH�VDPH�UXOHU��REVHUYLQJ�WKH�
�URRWV�IRU�URRW�QRGXOHV��DQG�LVRODWLQJ�WKH�
�UKL]RELD�EDFWHULD�DQG�VSUHDGLQJ�WKHP�RQ�DJDU�
�PHGLD�SODWHV�WR�REVHUYH�FRORQ\�JURZWK�IRU�
�DQ\�LVRODWHG�EDFWHULD�LI�DQ\��

�5(68/76�
�$IWHU�:HHN����WKHUH�ZHUH���VSURXWV�LQ�
�SUHPDGH�VRLO�SRW����3RW����QR�VSURXWV�LQ�WKH�
�SRVLWLYH�FRQWURO��3RW�����DQG���VSURXW�LQ�
�SUHPDGH�VRLO�SRW����3RW�����$W�WKH�HQG�RI�
�:HHN����WKHUH�ZHUH���VPDOO�SODQWV�LQ�SUHPDGH�
�VRLO�SRW������VPDOO�SODQWV�LQ�WKH�SRVLWLYH�
�FRQWURO�SRW��DQG���VPDOO�SODQWV�LQ�WKH�SUHPDGH�
�VRLO�SRW����$W�WKH�HQG�RI�:HHN����WKHUH�DUH���
�SODQWV�LQ�WKH�SUHPDGH�VRLO�SRW������SODQWV�LQ�
�WKH�SRVLWLYH�FRQWURO��DQG���SODQWV�LQ�WKH�
�SUHPDGH�VRLO�SRW����$W�WKH�HQG�RI�:HHN���
�WKHUH�ZHUH���SODQWV�LQ�WKH�SUHPDGH�VRLO�SRW����
���SODQWV�LQ�WKH�SRVLWLYH�FRQWURO��DQG���SODQWV�LQ�
�WKH�SUHPDGH�VRLO�SRW����7KH�KHLJKWV�RI�WKH�
�VKRRWV�RI�WKH�SODQWV�IURP�SRWV�����DUH�DV�
�IROORZV�������FHQWLPHWHUV�������FHQWLPHWHUV��
�DQG����FHQWLPHWHUV��$W�WKH�HQG�RI�:HHN����WKH�
�SUHPDGH�VRLO�SRW���VWLOO�KDG���SODQWV��EXW�WKH�
�SRVLWLYH�FRQWURO�DQG�SUHPDGH�VRLO�SRW���ORVW�D�
�SODQW��7KH�KHLJKWV�RI�WKH�VKRRWV�RI�GLIIHUHQW�
�SODQWV�IURP�SRWV�����DUH�DV�IROORZV�����
�FHQWLPHWHUV�����FHQWLPHWHUV��DQG����
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�FHQWLPHWHUV��7KH�KHLJKW�RI�WKH�URRWV�RI�WKH�
�SODQWV�IURP�SRWV�����DUH�DV�IROORZV����
�FHQWLPHWHUV����FHQWLPHWHUV��DQG���
�FHQWLPHWHUV��$OO�RI�WKH�SODQWV�H[FHSW�IRU�WKH�
�SODQWV�RI�SUHPDGH�VRLO�SRW���KDG�ZKLWH�
�QRGXOHV��SUHPDGH�VRLO�SRW���KDG�VRPH�SLQN�
�QRGXOHV���$W�WKH�HQG�RI�:HHN����PHGLD�SODWHV�
�WKDW�FRQWDLQHG�LVRODWHG�EDFWHULD�KDG�
�GHYHORSHG�EDFWHULD�FRORQLHV��3UHPDGH�VRLO�
�SRWV���DQG���KDG�VSUHDG�RXW�FRORQLHV�WKDW�
�ORRNHG�OLNH�GRWV�RI�YDU\LQJ�VL]HV�DQG�
�WKLFNQHVV��ZKLOH�SRVLWLYH�FRQWURO�GHYHORSHG�
�OLQHV�RI�EDFWHULD�FRORQLHV�WKDW�FRQVWDQWO\�
�RYHUODSSHG��

�7$%/(6��*5$3+6�DQG�3+2726�

�&ROOHFWHG�VRLO�IRU�:HHN���

�$OO�SRWV�RQ�:HHN����WKHUH�DUH�VRPH�SODQWV�LQ�
�DOO�RI�WKH�SRWV��

�7RS�YLHZ�RI�WKH�SRWV�RQ�:HHN����
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�3KHQRW\SLQJ�RI�SODQWV�IURP�DOO���SRWV��:HHN���
�+HLJKW�RI�VKRRWV�LQ�RUGHU�������FP�������FP��
�DQG����FP��

�1HZ�SODQWV�IRU�SKHQRW\SLQJ��:HHN���

�5RRWV�IURP�DOO�WKUHH�:HHN���SODQWV�LQ�RUGHU�
�IURP���WR����

�*UDSK�FRPSDULQJ�SODQWV�IURP�:HHN���WR�
�:HHN����
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�6KRRW�KHLJKWV�LQ�RUGHU�����FP�����FP��DQG����
�FP�

�%DFWHULD�FRORQLHV�IURP�DOO�WKUHH�SRWV��

�',6&866,21�
�$W�ILUVW��KDYLQJ�ZKLWH�URRW�QRGXOHV�VXUSULVHG�
�PH�VLQFH�,�EHOLHYHG�WKDW�EHFDXVH�WKH�VRLO�
�ZRXOG�FRQWDLQ�EDFWHULD�WR�KHOS�VWLPXODWH�SODQW�
�JURZWK��PHDQLQJ�WKDW�WKH�URRW�QRGXOHV�ZRXOG�
�EH�SLQN��HVSHFLDOO\�LQ�WKH�SRVLWLYH�FRQWURO���RU�
�WKDW�IXUWKHU�SODQW�JURZWK�VKRXOG�KDYH�EHHQ�
�SURYLGHG�E\�WKH�UKL]RELD�EDFWHULD�SURYLGLQJ�
�WKH�SODQWV�ZLWK�QLWURJHQ��,�WKHQ�UHDOL]HG�WKDW�
�SHUKDSV�WKH�UHDVRQ�ZK\�WKHUH�ZHUH�ZKLWH�URRW�
�QRGXOHV�ZDV�EHFDXVH�WKH�UKL]RELD�EDFWHULD�
�KDG�WR�FRPSHWH�ZLWK�RWKHU�QLWURJHQ�IL[LQJ�
�EDFWHULD�IRU�WKH�URRWV��DQG�WKDW�ZKDWHYHU�
�HQGHG�QRGXODWLQJ�FRXOG�QRW�SURSHUO\�UHVSRQG�
�WR�WKH�VLJQDOV�RI�VXSSO\LQJ�WKH�SODQW�ZLWK�
�QLWURJHQ��
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�5()(5(1&(6�
�%XUJKDUGW��/��7����������(YROYLQJ�WRJHWKHU��HYROYLQJ�DSDUW��PHDVXULQJ�WKH�ILWQHVV�RI�UKL]RELDO�
�EDFWHULD�LQ�DQG�RXW�RI�V\PELRVLV�ZLWK�OHJXPLQRXV�SODQWV��1HZ�3K\WRORJLVW���������������
�KWWSV���GRL�RUJ���������QSK�������

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±������KWWSV���GRL�RUJ�������������������������

�6��6����������0DMRU�IDFWRUV�QHFHVVDU\�IRU�VHHG�JHUPLQDWLRQ�LQ�SODQWV��LQWHUQDO�DQG�H[WHUQDO�
�IDFWRUV���<RXU�$UWLFOH�/LEUDU\��5HWULHYHG�-XO\�����������IURP�
�KWWSV���ZZZ�\RXUDUWLFOHOLEUDU\�FRP�ELRORJ\�SODQWV�PDMRU�IDFWRUV�QHFHVVDU\�IRU�VHHG�JHUPLQDWLRQ�L�
�Q�SODQWV�LQWHUQDO�DQG�H[WHUQDO�IDFWRUV�������
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�.KXVKLH�6KHODW�

�2EVHUYLQJ�WKH�(IIHFWV�RI�%DFWHULD�LQ�WKH�6RLO�RI�-HULFKR��1<�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�LV�WR�REVHUYH�
�WKH�JURZWK�RI�WKH�OHJXPH�VHHGV�LQ�VRLO�IURP�
�GLIIHUHQW�DUHDV�RI�-HULFKR��1<��6RPH�PHWKRGV�
�WKDW�ZHUH�XWLOL]HG�LQ�WKLV�H[SHULPHQW�ZHUH�
�FROOHFWLQJ�VRLO�IURP�WKH�WZR�ORFDWLRQV��SODQWLQJ�
�WKH�OHJXPH�VHHGV�LQWR�WKH�VRLO��REVHUYLQJ�WKH�
�SODQWV�ZLWK�WKH�QDNHG�H\H�DQG�XQGHU�WKH�
�PLFURVFRSH��DQG�SKHQRW\SLQJ�WKH�OHJXPH�
�SODQWV��7KH�PDLQ�UHVHDUFK�REMHFWLYHV�RI�WKLV�
�H[SHULPHQW�ZDV�WR�JURZ�WKH�&URWDODULD�
�-XQFHD�OHJXPH�LQ�WKH�VRLO�RI�WZR�ORFDWLRQV�LQ�
�-HULFKR��1<�DQG�WR�REVHUYH�DQG�GHWHUPLQH�LI�
�QRGXOHV�ZHUH�SUHVHQW�LQ�WKH�URRWV�RI�WKH�
�OHJXPH�SODQW�ZKLFK�LQGLFDWHV�QLWURJHQ�
�IL[DWLRQ��

�,1752'8&7,21�
�7KLV�H[SHULPHQW�VRXJKW�WR�XQGHUVWDQG�WKH�
�UHODWLRQVKLS�DQG�LQWHUDFWLRQ�EHWZHHQ�
�PLFUREHV�DQG�WKH�JURZWK�RI�SODQWV��7KH�
�LQWHUDFWLRQV�EHWZHHQ�UKL]RELDO�EDFWHULD�LQVLGH�
�RI�WKH�URRWV�URRW�QRGXOHV�RI�WKH�&URWDODULD�
�-XQFHD�OHJXPH�PD\�GULYH�DQG�DIIHFW�WKH�
�JURZWK�DQG�GHYHORSPHQW�RI�WKH�SODQW�LWVHOI�
��(WHVDPL���������7KLV�VWXG\�DOVR�DOORZHG�IRU�
�REVHUYDWLRQ�RI�1��IL[DWLRQ�V\VWHPV�XQGHU�
�HQYLURQPHQWDO�FRQGLWLRQV�ZKLFK�PD\�DOVR�
�DIIHFW�WKH�EHKDYLRU�DQG�ILWQHVV�RI�WKH�OHJXPH�
�SODQW��7KH�HQYLURQPHQWDO�LVVXHV�LQFOXGH��VDOW�
�VWUHVV��KHDY\�PHWDOV��GURXJKW�VWUHVV��DFLGLW\�
�RU�DONDOLQLW\�LQ�VRLO��QXWULHQW�GHILFLHQF\�LQ�VRLO��
�IHUWLOL]HUV��DQG�SHVWLFLGHV��1LWURJHQ�IL[DWLRQ�LV�
�H[WUHPHO\�LPSRUWDQW�IRU�WKH�JURZWK�RI�WKH�
�UKL]RELD��$V�VXFK�WKH�SUHYHQWLRQ�RI�QLWURJHQ�
�IL[DWLRQ�DV�ZHOO�DV�WKH�SUHVHQFH�RI�
�HQYLURQPHQWDO�VWUHVVRUV�PD\�SUHYHQW�WKH�
�UKL]RELD�IURP�EXLOGLQJ�FHUWDLQ�FKDUDFWHULVWLFV�
�LQ�WKH�URRWV�RI�WKH�OHJXPH�SODQW��=DKUDQ��
��������

�,Q�RUGHU�WR�VWXG\�WKH�V\PELRWLF�UHODWLRQVKLS�RI�
�UKL]RELDO�EDFWHULD�LQ�WKH�&URWDODULD�-XQFHD�
�OHJXPH�SODQW�DQG�6XQQ�+HPS�OHJXPH��WKH�

�OHJXPH�VHHGV�ZHUH�SODQWHG�LQ�WKH�VRLO�WDNHQ�
�IURP�-HULFKR��1HZ�<RUN��7R�IXUWKHU�REVHUYH�
�WKLV�UHODWLRQVKLS��WKH�SODQWV�ZHUH�SKHQRW\SHG�
�DQG�WKH�EDFWHULD�IURP�WKH�URRWV�RI�WKH�SODQWV�
�ZHUH�LVRODWHG��0\�K\SRWKHVLV�ZDV�WKDW�WKH�
�IURQW�\DUG�SRW�ZRXOG�FRQWDLQ�PRUH�SODQWV�
�PHDQLQJ�WKDW�WKH�IURQW�\DUG�ZRXOG�KDYH�PRUH�
�EDFWHULD�WKDQ�WKH�RWKHU�SRWV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PHWKRGV�WKDW�ZHUH�XWLOL]HG�LQ�WKLV�VWXG\�
�LQFOXGH��FROOHFWLQJ�VRLO�IURP�WZR�ORFDWLRQV��
�SODQWLQJ�WKH�OHJXPH�VHHGV�LQWR�WKH�VRLO��
�REVHUYLQJ�WKH�SODQWV�ZLWK�WKH�QDNHG�H\H�DV�
�ZHOO�DV�XVLQJ�WKH�PLFURVFRSH��DQG�
�SKHQRW\SLQJ�WKH�OHJXPH�SODQWV��7KH�PDWHULDOV�
�XVHG�WR�FRQGXFW�WKLV�H[SHULPHQW�LQFOXGHG��
�WKUHH�SRWV��GLJJLQJ�WRROV��SHUVRQDO�SURWHFWLYH�
�HTXLSPHQW��33(���HWKDQRO�ZLSHV��KRXVHKROG�
�EOHDFK��UXOHUV��PLFURFHQWULIXJH�WXEHV��SODVWLF�
�SHVWOHV��SHWUL�GLVKHV��FRWWRQ�VZDEV��DOXPLQXP�
�IRLO��DQG�FRPPHUFLDO�LQRFXODQW��

�5(68/76�3+2726�

�6KRRW�KHLJKW�JURZWK�RYHU�WKH�FRXUVH�RI�ZHHN�
�WZR�DQG�WKUHH���7KH�SODQW�VKRRWV�GLG�QRW�KDYH�
�PXFK�JURZWK�RYHU�WZR�ZHHNV��7KH�VKRRWV�
�IURP�WKH�EDFN\DUG�DQG�IURQW\DUG�ZHUH�
�DSSUR[LPDWHO\�WKH�VDPH�KHLJKW�DQG�WKH�
�SRVLWLYH�FRQWURO�VKRRWV�ZHUH���FP�VKRUWHU��

�3DJH�����



�+RZHYHU��WKH�SRVLWLYH�FRQWURO�GHPRQVWUDWHG�
�JUHDWHU�JURZWK�FRPSDUHG�ZLWK�WKH�RWKHU�WZR�
�SRWV��7KH�EDFN\DUG�KDG�WKH�OHDVW�DPRXQW�RI�
�VKRRWV�LQ�LWV�SRW��

�%DFWHULDO�JURZWK�DIWHU�WZR�GD\V�RI�LVRODWLQJ�
�EDFWHULD�IURP�WKH�URRW��

�3RVLWLYH�&RQWURO�

�)URQW�<DUG�

�%DFN�<DUG�

�%DFWHULDO�JURZWK�DIWHU�WZR�GD\V�RI�LVRODWLQJ�
�EDFWHULD�IURP�WKH�URRW���$OO�DJDU�SODWHV�
�GHPRQVWUDWHG�EDFWHULD�JURZWK�IURP�WKH�URRWV�
�RI�WKH�OHJXPH�SODQWV��0LQLPDO�EDFWHULD�JURZWK�
�KDG�EHHQ�VHHQ�LQ�WKH�DJDU�SODWHV�LQ����KRXUV��
�%DFWHULDO�JURZWK�DW����KRXUV�LV�VKRZQ�DERYH��

�%ODVW�Q�VHDUFK�UHVXOWV�5KL]RELXP�
�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��EDFWHULD�
�LQ�LQRFXODQW�LQ�SRVLWLYH�FRQWURO�� �DQG�
�SVHXGRPRQDVGRWD��RQH�RI�WKH�PDQ\�EDFWHULD�
�IRXQG�LQ�VRLO���7KH�JDSV�SUHVHQWHG�LQ�WKLV�
�VHDUFK�GHPRQVWUDWH�WKDW�ERWK�WKH�5KL]RELXP�
�OHJXPLQRVDUXP�ELRYDU�SKDVHROL�DQG�WKH�
�SVHXGRPRQDVGRWD�ZRXOG�QRW�EH�DEOH�WR�
�LQWHUDFW�GLUHFWO\��7KH�ODFN�RI�WKLV�LQWHUDFWLRQ�
�ZRXOG�SUHYHQW�QLWURJHQ�IL[DWLRQ�WKHUHE\�
�SUHFOXGLQJ�WKH�GHYHORSPHQW�RI�URRW�QRGXOHV��

�',6&866,21�&21&/86,21�
�0\�K\SRWKHVLV�ZDV�QRW�VXSSRUWHG�VLQFH�WKH�
�DJDU�SODWHV�UHYHDOHG�WKDW�DOO�WKUHH�SRWV�
�SUHVHQWHG�DQ�HTXDO�DPRXQW�RI�FRORQLHV�RI�
�EDFWHULD��,�KDG�H[SHFWHG�IRU�DW�OHDVW�RQH�RI�
�WKH�SODQWV�WR�FRQGXFW�QLWURJHQ�IL[DWLRQ�
�UHVXOWLQJ�LQ�WKH�FUHDWLRQ�RI�QRGXOHV�RQ�LWV�
�URRWV��+RZHYHU��WKLV�GLG�QRW�RFFXU�VLQFH�WKH�
�EDFWHULD�IURP�WKH�LQRFXODQW�DV�ZHOO�DV�WKH�
�EDFWHULD�IURP�WKH�VRLO�GHPRQVWUDWHG�PDQ\�
�JDSV�LQ�WKH�ULERVRPDO�51$�GHPRQVWUDWLQJ�DQ�
�DEVHQFH�RI�V\PELRWLF�UHODWLRQ�UHVXOWLQJ�LQ�DQ�
�DEVHQFH�RI�URRW�QRGXOHV��7KH�ODFN�RI�URRW�
�QRGXOHV�SUHYHQWV�QLWURJHQ�IL[DWLRQ�IURP�WDNLQJ�
�SODFH�LQ�WKH�OHJXPH�SODQW�URRWV�IURP�EDFWHULDO�
�V\PELRVLV��

�,Q�DGGLWLRQ�WR�WKH�ODFN�RI�V\PELRVLV�EHWZHHQ�
�WKH�EDFWHULD�DQG�WKH�SODQW��RWKHU�UHDVRQV�WR�
�H[SODLQ�WKH�ODFN�RI�URRW�QRGXOH�IRUPDWLRQ�
�LQFOXGH�HQYLURQPHQWDO�VWUHVVRUV��,Q�WKH�FDVH�
�RI�WKLV�H[SHULPHQW��DQRWKHU�LPSRUWDQW�IDFWRU�
�DIIHFWLQJ�URRW�QRGXOH�IRUPDWLRQ�LV�
�WHPSHUDWXUH��:LWK�WKH�UHFHQW�KHDW�ZDYH�LQ�WKH�
�QRUWKHDVW��WKH�WH[WXUH�RI�WKH�VRLO�PD\�KDYH�
�EHHQ�VLJQLILFDQWO\�DIIHFWHG��$GGLWLRQDOO\��WKH�
�KLJK�WHPSHUDWXUHV�PD\�KDYH�GHFUHDVHG�WKH�
�VRLO�S+�UHVXOWLQJ�LQ�D�QHJDWLYH�LPSDFW�RQ�ERWK�
�WKH�JURZWK�RI�WKH�OHJXPH�SODQWV�DV�ZHOO�DV�WKH�
�IRUPDWLRQ�RI�URRW�QRGXOHV��)XUWKHUPRUH��WKH�
�VRLO�S+�PD\�KDYH�DOVR�DGYHUVHO\�DIIHFWHG�WKH�
�EDFWHULDO�JURZWK�QHHGHG�WR�FDXVH�QLWURJHQ�
�IL[DWLRQ��,W�KDV�EHHQ�SUHYLRXVO\�VKRZQ�E\�
�UHVHDUFK�WKDW�LQ�QLWURJHQ�SRRU�VRLO��OHJXPHV�
�UHOHDVH�IODYRQRLGV�ZKLFK�VLJQDO�5KL]RELD�WKDW�
�WKH�SODQW�LV�VHHNLQJ�D�V\PELRWLF�UHODWLRQVKLS�
��/LQGVWU|P�	�0RXVDYL���������7KH�IODYRQRLGV�
�FDXVH�WKH�5KL]RELD�WR�UHOHDVH�D�QRGXODWLRQ�
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�IDFWRU�WKDW�VWLPXODWHV�WKH�SODQW�WR�FUHDWH�
�GHIRUPHG�URRW�KDLUV��5KL]RELD�WKHQ�IRUPV�DQ�
�LQIHFWLRQ�WKUHDG�ZKLFK�DOORZV�LW�WR�HQWHU�WKH�
�URRW�FHOOV�IURP�WKH�URRW�KDLUV��7KH�URRW�FHOOV�
�GLYLGH�UDSLGO\�IRUPLQJ�D�QRGXOH��+DVVDQ��
��������,Q�WKH�FXUUHQW�FDVH��VLQFH�DOO�RI�WKH�
�SRWV�GHPRQVWUDWHG�JURZWK�DQG�QRQH�RI�
�VKRRWV�VKRZHG�HYLGHQFH�RI�URRW�QRGXOH�
�IRUPDWLRQ��WKHUH�PD\�KDYH�EHHQ�DGHTXDWH�
�QLWURJHQ�DOUHDG\�SUHVHQW�LQ�WKH�VRLO�REYLDWLQJ�
�WKH�QHHG�IRU�D�V\PELRWLF�UHODWLRQVKLS�DQG�WKH�
�QHHG�IRU�URRW�QRGXOH�IRUPDWLRQ��

�6LQFH�URRWV�IURP�DOO�RI�WKH�SRWV�ZHUH�
�VHSDUDWHO\�FXOWXUHG�WR�DVVHVV�EDFWHULDO�JURZWK�
�DQG�WKH\�DOO�GHPRQVWUDWHG�EDFWHULDO�JURZWK�DW�
����KRXUV��LW�FDQ�EH�HVWDEOLVKHG�WKDW�EDFWHULDO�
�JURZWK�ZDV�SUHVHQW�LQ�WKH�QHUYH�URRWV�LQ�DOO�
�WKUHH�SRWV��+RZHYHU��OHVV�WKDQ�LGHDO�S+�
�VHFRQGDU\�WR�WKH�GU\QHVV�RI�WKH�VRLO�PD\�
�KDYH�LQKLELWHG�EXW�QRW�IXOO\�SUHYHQWHG�
�EDFWHULDO�JURZWK�WKHUHE\�SUHYHQWLQJ�WLPHO\�

�JURZWK�RI�QRGXOHV��$V�D�UHVXOW�RI�VWXQWHG�
�EDFWHULDO�JURZWK��URRW�QRGXOH�IRUPDWLRQ�PD\�
�KDYH�EHHQ�GHOD\HG��6LQFH�WKH�FXUUHQW�VWXG\�
�RQO\�DVVHVVHG�JURZWK�ZLWKLQ���ZHHNV��LW�LV�
�SRVVLEOH�WKDW�ZLWK�FRQWLQXHG�REVHUYDWLRQ�IRU�
�DQ�DGGLWLRQDO���ZHHNV�URRW�QRGXOH�IRUPDWLRQ�
�PD\�KDYH�EHHQ�REVHUYHG��

�7KLV�VWXG\�GHPRQVWUDWHV�WKH�LPSRUWDQFH�RI�
�DVVHVVLQJ�WKH�LGLRV\QFUDVLHV�RI�WKH�VRLO�
�LQFOXGLQJ�VDOLQLW\��XQIDYRUDEOH�VRLO�S+��QXWULHQW�
�GHILFLHQF\��PLQHUDO�WR[LFLW\��WHPSHUDWXUH�
�H[WUHPHV��LQVXIILFLHQW�RU�H[FHVVLYH�VRLO�
�PRLVWXUH��DQG�WKH�SRVVLELOLW\�RI�LQDGHTXDWH�
�SKRWRV\QWKHVLV�SULRU�WR�XWLOL]LQJ�D�EDFWHULDO�
�LQRFXODQW��,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�
�HYHQ�DIWHU�VXFK�LGLRV\QFUDVLHV�DUH�
�XQGHUVWRRG�DQG�WKH�VRLO�KDV�EHHQ�PDGH�LGHDO�
�IRU�WKH�XVH�RI�D�EDFWHULDO�LQRFXODQW��VXIILFLHQW�
�WLPH�QHHGV�WR�EH�JLYHQ�IRU�URRW�QRGXOH�
�IRUPDWLRQ�WR�RFFXU�VXFK�WKDW�PD[LPXP�
�SRVVLEOH�JURZWK�RI�WKH�OHJXPH�SODQWV�FDQ�EH�
�DFKLHYHG��
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�5()(5(1&(6�
�+DVVDQ�(����������5RRW�QRGXOHV�RI�OHJXPHV��$�VXLWDEOH�HFRORJLFDO�QLFKH�IRU�LVRODWLQJ�
�QRQ�UKL]RELDO�EDFWHULD�ZLWK�ELRWHFKQRORJLFDO�SRWHQWLDO�LQ�DJULFXOWXUH��&XUUHQW�5HVHDUFK�LQ�
�%LRWHFKQRORJ\�������������KWWSV���GRL�RUJ���������M�FUELRW�������������

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±������KWWSV���GRL�RUJ�������������������������

�(WHVDPL���������7KH�/HJXPH�5RRW�1RGXOH�6\PELRVLV��8&�'DYLV��&KDSWHU�����5HWULHYHG�IURP�
�KWWSV���ELR�OLEUHWH[WV�RUJ�%RRNVKHOYHV�0LFURELRORJ\�%RRN��$B0LFURELRORJ\B�%RXQGOHVV������$�
�B0LFURELDOB(FRORJ\�������$B0LFURELDOB6\PELRVHV�����*��$B7KHB/HJXPH�5RRWB1RGXOHB6\�
�PELRVLV�

�=DKUDQ��+����������5KL]RELXP��OHJXPH�V\PELRVLV�DQG�QLWURJHQ�IL[DWLRQ�XQGHU�VHYHUH�FRQGLWLRQV�
�DQG�LQ�DQ�DULG�FOLPDWH��0LFURELRORJ\�DQG�0ROHFXODU�%LRORJ\�5HYLHZV������������±�����
�KWWSV���GRL�RUJ���������PPEU�������������������

�=DKUDQ�+��+����������5KL]RELD�IURP�ZLOG�OHJXPHV��GLYHUVLW\��WD[RQRP\��HFRORJ\��QLWURJHQ�IL[DWLRQ�
�DQG�ELRWHFKQRORJ\��-RXUQDO�RI�ELRWHFKQRORJ\��������������±�����
�KWWSV���GRL�RUJ���������V�������������������[�
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�/DQFH�<DQJ�

�'HWHUPLQLQJ�WKH�(IIHFWV�RI�3UH�H[LVWLQJ�/HJXPH�0LFURELRPHV�
�RQ�&URWDODULD�MXQFHD�5RRW�1RGXOH�6\PELRVLV�LQ�8SSHU�'XEOLQ��3$�

�$%675$&7�
�7KLV�H[SHULPHQW�DWWHPSWV�WR�GHWHUPLQH�WKH�
�HIIHFW�RI�OHJXPH�VRLO�PLFURELRPHV�RQ�RWKHU�
�VSHFLHV�RI�OHJXPHV��6RLO�IURP�UHJLRQV�QHDU�
�EHDQ�DQG�ZKLWH�FORYHU�SODQWV�LQ�8SSHU�'XEOLQ��
�3$�ZHUH�JDWKHUHG�DQG�XVHG�WR�JURZ�
�&URWDODULD�MXQFHD��6XQ�KHPS��VHHGOLQJV��$�
�SRVLWLYH�FRQWURO�ZLWK�FRPPHUFLDO�LQRFXODQW�
�ZDV�DOVR�LQFOXGHG�LQ�WKH�H[SHULPHQW��7KH�
�VHHGOLQJV�ZHUH�ZDWHUHG�DQG�REVHUYHG�IRU���
�ZHHNV��2YHUDOO��WKURXJK�ZHHNO\�SKHQRW\SLQJ�
�DQG�URRW�LQVSHFWLRQ��DOO�WKUHH�JURXSV�RI�
�VHHGOLQJV�KDG�URRW�QRGXOHV�SUHVHQW��,Q�
�DGGLWLRQ��VDPSOHV�IURP�DOO�WKUHH�VHHGOLQJ�
�JURXSV�JUHZ�5KL]RELD�FRORQLHV�RQ�DJDU��

�,1752'8&7,21�
�0DQ\�RUJDQLVPV�HQWHU�LQWR�V\PELRWLF�
�UHODWLRQVKLSV�IRU�PXWXDO�EHQHILW��2QH�VSHFLILF�
�JURXS�RI�SODQWV��NQRZQ�DV�OHJXPHV��
�FRPPRQO\�HQWHUV�V\PELRVLV�ZLWK�UKL]RELD�VRLO�
�EDFWHULD��,Q�D�V\PELRWLF�UHODWLRQVKLS�ZLWK�
�OHJXPHV��UKL]RELD�IRUP�QRGXOHV�RQ�SODQW�URRWV�
�DQG�IL[�DWPRVSKHULF�QLWURJHQ�LQWR�D�XVDEOH�
�IRUP�IRU�SODQWV��&RQFKD�	�'RHUQHU���������
�3ULRU�UHVHDUFK�KDV�VKRZQ�WKDW�OHJXPHV�
�EHQHILW�RWKHU�SODQWV�DQG�SURYLGH�WKHP�ZLWK�
�QLWURJHQ��%URSK\�HW�DO����������:KLOH�WKHUH�
�KDV�EHHQ�PXFK�UHVHDUFK�RQ�LQWHUDFWLRQV�
�EHWZHHQ�OHJXPHV�DQG�RWKHU�SODQWV�
��0DUWtQH]�5RPHUR���������PXFK�OHVV�
�UHVHDUFK�KDV�EHHQ�SHUIRUPHG�WR�LQYHVWLJDWH�
�WKH�LQWHUDFWLRQV�EHWZHHQ�GLIIHUHQW�VSHFLHV�RI�
�OHJXPHV��7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�LV�WR�
�GHWHUPLQH�KRZ�OHJXPH�VSHFLHV¶�PLFURELRPHV�
�LQWHUDFW�E\�JURZLQJ�&URWDODULD�MXQFHD�LQ�VRLO�
�RULJLQDOO\�DGMDFHQW�WR�7ULIROLXP�UHSHQV��EHDQV��
�DQG�3KDVHROXV�YXOJDULV��ZKLWH�FORYHU���WZR�
�RWKHU�VSHFLHV�RI�OHJXPHV��,Q�RUGHU�WR�SHUIRUP�
�WKLV�H[SHULPHQW��&URWDODULD�MXQFHD�VHHGV�ZHUH�
�SODQWHG�LQ�VRLO�IURP�GLIIHUHQW�ORFDWLRQV��ZLWK�

�GLIIHUHQW�OHJXPHV�RULJLQDOO\�QHDUE\��
�3KHQRW\SLQJ��URRW�REVHUYDWLRQV��DQG�DJDU�
�EDFWHULD�FXOWLYDWLRQ�ZHUH�XVHG�WR�REWDLQ�
�UHVXOWV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�H[SHULPHQW�ZDV�SHUIRUPHG�XVLQJ�
�&URWDODULD�MXQFHD�VHHGV��7RROV�DQG�SHUVRQDO�
�SURWHFWLYH�HTXLSPHQW�ZHUH�VWHULOL]HG�ZLWK�����
�HWKDQRO�ZLSHV�EHWZHHQ�DFWLYLWLHV�WR�PLQLPL]H�
�FURVV�FRQWDPLQDWLRQ��6RLO�IURP���GLIIHUHQW�
�UHJLRQV�LQ�8SSHU�'XEOLQ��3$��RQH�LQ�D�SDWFK�RI�
�EHDQ�VSURXWV��JDUGHQ��DQG�DQRWKHU�LQ�D�SDWFK�
�RI�ZKLWH�FORYHUV��\DUG���ZDV�XVHG�WR�ILOO���
�LGHQWLFDO�SRWV��$�WKLUG�SRW�ZDV�ILOOHG�ZLWK�VRLO�
�IURP�WKH�VHFRQG�UHJLRQ��\DUG��DQG�WKHQ�
�LQRFXODWHG�ZLWK�FRPPHUFLDO�LQRFXODQW��7KLV�
�SRW�DFWHG�DV�WKH�SRVLWLYH�FRQWURO�����VHHGV�
�ZHUH�SODQWHG�LQ�HDFK�RI�WKH�WKUHH�SRWV��
�6HHGOLQJV�ZHUH�ZDWHUHG�HYHU\�RWKHU�GD\�IRU�
�WKUHH�ZHHNV��)URP�WKHQ�RQ��SODQW�VKRRWV�DQG�
�URRWV�ZHUH�SKHQRW\SHG�HYHU\�ZHHN��)LQDOO\��
�WKH�URRWV�DQG�URRW�QRGXOHV�RI�RQH�SODQW�IURP�
�HDFK�SRW�ZHUH�FUXVKHG�DQG�WKH�EDFWHULD�
�ZLWKLQ�JURZQ�RQ�DJDU�SODWHV��

�5(68/76�
�$W�WKH�ILUVW�SKHQRW\SLQJ�GXULQJ�ZHHN����WKH�
�JDUGHQ�DQG�SRVLWLYH�FRQWURO�SRW�KDG���YLVLEOH�
�QRGXOHV�HDFK��DQG�WKH�\DUG�SRW�KDG���
�QRGXOHV���7KH�QH[W�ZHHN��WKH�\DUG�SRW�KDG���
�QRGXOHV��WKH�SRVLWLYH�FRQWURO�SRW�KDG���
�QRGXOHV��DQG�WKH�JDUGHQ�SRW�KDG���QRGXOHV��
�(YHU\�WLPH�WKH�SODQWV�ZHUH�SKHQRW\SHG��WKHUH�
�ZHUH�DW�OHDVW���URRW�QRGXOHV�RQ�WKH�URRWV�RI�
�HDFK�SODQW��2YHUDOO��WKH�³\DUG´�SRW��IURP�QHDU�
�WKH�ZKLWH�FORYHUV��KDG�WKH�PRVW�URRW�QRGXOHV�
�DW�WKH�HQG�RI�WKH�H[SHULPHQW��ZLWK�D�FOXVWHU�RI�
���QRGXOHV��1RGXOHV�ZHUH�UHGGLVK�JUD\�DQG�
�W\SLFDOO\�DSSHDUHG�LQ�URXQG�FOXVWHUV��6DPSOHV�
�RI�WKH�URRWV�IURP�DOO�WKUHH�SRWV�JUHZ�LQWR�
�GRWWHG�UKL]RELD�EDFWHULD�FRORQLHV�RQ�DJDU��
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�7$%/(6��*5$3+6�DQG�3+2726��

�)LOOLQJ�3RW�ZLWK�6RLO�

�:DWHULQJ�6SURXWV��:HHN���

�:DWHULQJ�6SURXWV��:HHN���

�3KHQRW\SLQJ�

�5RRW�,PDJLQJ�

�*URZLQJ�%DFWHULD�RQ�$JDU�
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�',6&866,21�
�6XUSULVLQJO\��VHHGOLQJV�IURP�DOO�WKUHH�SRWV�
�JUHZ�VRPH�URRW�QRGXOHV�ZLWK�UKL]RELXP�
�EDFWHULD��,Q�DGGLWLRQ��SHWUL�GLVK�FRORQLHV�VKRZ�
�UKL]RELD�EDFWHULD�ZHUH�SUHVHQW�LQ�WKH�URRW�
�QRGXOHV�RI�SODQWV�IURP�DOO�WKUHH�SRWV��7KLV�
�VKRZV�WKDW�FRPPHUFLDO�LQRFXODQW�LV�QRW�
�QHFHVVDULO\�QHHGHG�WR�SURPRWH�UKL]RELD�
�V\PELRVLV�LQ�OHJXPHV��,Q�IDFW��VDPSOHV�IURP�

�WKH�\DUG�DUHD��QHDU�ZKLWH�FORYHU��DFWXDOO\�
�JUHZ�PRUH�QRGXOHV�WKDQ�WKH�SRVLWLYH�FRQWURO��
�,QVWHDG��MXVW�SODQWLQJ�QHDU�SUHYLRXV�OHJXPHV�
�RI�D�VLPLODU�NLQG�FRXOG�SURYLGH�EHQHILWV�7KLV�
�FRXOG�EHQHILW�OHJXPH�DJULFXOWXUH��)XUWKHU�
�DYHQXHV�RI�UHVHDUFK�LQFOXGH�WHVWLQJ�RWKHU�
�VSHFLHV�RI�OHJXPHV�WR�VHH�KRZ�WKH\�LQWHUDFW�
�ZLWK�HDFK�RWKHU��)LQDOO\��D�FRPSDULVRQ�RI�
�GLIIHUHQW�VRLO�W\SHV�WR�VHH�KRZ�ZHOO�WKH\�UHWDLQ�
�UKL]RELD�LV�DQRWKHU�IXWXUH�DYHQXH�RI�UHVHDUFK��
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�5()(5(1&(6�
�&RQFKD��&���	�'RHUQHU��3����������7KH�LPSDFW�RI�WKH�UKL]RELD�OHJXPH�V\PELRVLV�RQ�KRVW�URRW�
�V\VWHP�DUFKLWHFWXUH��-RXUQDO�RI�H[SHULPHQWDO�ERWDQ\��������������±������
�KWWSV���GRL�RUJ���������M[E�HUDD����

�%URSK\��/��6���+HLFKHO��*��+��DQG�5XVVHOOH��0��3����������1LWURJHQ�7UDQVIHU�IURP�)RUDJH�
�/HJXPHV�WR�*UDVV�LQ�D�6\VWHPDWLF�3ODQWLQJ�'HVLJQ��&URS�6FLHQFH��������������
�KWWSV���GRL�RUJ���������FURSVFL������������;������������[�

�0DUWtQH]�5RPHUR��(����������'LYHUVLW\�RI�5KL]RELXP�3KDVHROXV�YXOJDULV�V\PELRVLV��RYHUYLHZ�
�DQG�SHUVSHFWLYHV��3ODQW�DQG�6RLO��������±����KWWSV���GRL�RUJ���������$���������������
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�/DXUHQ�6]HWR�

�2EVHUYLQJ�WKH�&URWDODULD�-XQFHD�5KL]RELD�5HODWLRQVKLSV�
�,Q�6RLO�)URP�%ULJKWRQ�DQG�:HVWRQ��0$�

�$%675$&7�
�7KLV�UHVHDUFK�DLPHG�WR�VHH�KRZ�VRLOV�WKDW�
�XQGHUJR�GLIIHUHQW�DFWLYLWLHV�DIIHFW�WKH�
�&URWDODULD�MXQFHD�UKL]RELD�EDFWHULD�
�UHODWLRQVKLS��&URWDODULD�MXQFHD�LV�D�W\SH�RI�
�OHJXPH�WKDW�IRUPV�V\PELRWLF�UHODWLRQVKLSV�
�ZLWK�UKL]RELD��6RLOV�IURP�%ULJKWRQ�DQG�
�:HVWRQ��0$��ZHUH�FROOHFWHG�LQ�WKUHH�ZKLWH�
�SRWV�WR�VWDUW�WKLV�VFLHQWLILF�LQYHVWLJDWLRQ��6RRQ�
�DIWHU��OHJXPHV�ZHUH�SODQWHG�DQG�JURZQ��DQG�
�SLFWXUHV�RI�WKH�OHJXPHV
�JURZWK�SURFHVV�ZHUH�
�WDNHQ��2QFH�WKH�OHJXPHV�JUHZ�WR�D�FHUWDLQ�
�KHLJKW��WKH\�ZHUH�UHPRYHG�IURP�WKHLU�SRWV�WR�
�EH�SKHQRW\SHG��7KHLU�KHLJKWV�ZHUH�
�PHDVXUHG��DQG�WKHLU�URRWV�ZHUH�H[DPLQHG�
�XQGHU�WKH�PLFURVFRSH��,Q�WKH�HQG��WKH�SRVLWLYH�
�FRQWURO�JURXS�KDG�WKH�PRVW�URRW�QRGXOHV�DQG�
�WKH�VWURQJHVW�OHJXPH�UKL]RELD�UHODWLRQVKLS��
�IROORZHG�E\�WKH�:HVWRQ�OHJXPHV�DQG�WKH�
�%ULJKWRQ�RQHV��UHVSHFWLYHO\��

�,1752'8&7,21�$1'�+<327+(6,6�
�/HJXPH�SODQWV�DQG�UKL]RELD�EDFWHULD�HQJDJH�
�LQ�D�V\PELRWLF�UHODWLRQVKLS��:DQJ�HW�DO���
��������7KLV�PXWXDOLVP�FRQWULEXWHV�WR�IRUPLQJ�
�URRW�QRGXOHV�ZLWK�UKL]RELD�LQVLGH��:DQJ�HW�DO���
��������,Q�WKLV�UHODWLRQVKLS��WKH�UKL]RELD�FDQ�
�FRQYHUW�QLWURJHQ�IURP�WKH�DLU�LQWR�DPPRQLD��D�
�PROHFXODU�IRUP�RI�QLWURJHQ�WKDW�WKH�OHJXPH�
�SODQW�FDQ�XVH��9LD�HW�DO����������

�7KLV�UHVHDUFK�SURMHFW�LV�HVVHQWLDO�EHFDXVH�LW�
�ZLOO�KHOS�XV�EHWWHU�XQGHUVWDQG�WKH�FURWDODULD�
�MXQFHD�UKL]RELD�UHODWLRQVKLS�LQ�WZR�GLIIHUHQW�
�ORFDWLRQV��%ULJKWRQ�DQG�:HVWRQ��0$��/HDUQLQJ�
�DERXW�WKLV�UHODWLRQVKLS�LV�FUXFLDO�DV�WKH�VRLO�
�PLFURELRWD�IURP�WKHVH�ORFDWLRQV�GLIIHU��
�DIIHFWLQJ�WKH�FURWDODULD�MXQFHD�UKL]RELD�
�UHODWLRQVKLS��

�,Q�D�UHVHDUFK�H[SHULPHQW�UHFHQWO\�FRQGXFWHG�

�LQ�������VFLHQWLVWV�DQDO\]HG�VWUDLQ�VSHFLILF�
�DQG�KRVW�JHQRW\SH�VSHFLILF�LQWHUDFWLRQV�
�EHWZHHQ�UKL]RELD�DQG�OHJXPHV�DQG�WKHLU�UROH�
�LQ�HVWDEOLVKLQJ�V\PELRVLV��7KHVH�UHVHDUFKHUV�
�KLJKOLJKWHG�WKH�QHHG�IRU�PRUH�UHVHDUFK�RQ�WKH�
�HIIHFWV�VRLO�PLFURELRWDV�KDYH�LQ�HVWDEOLVKLQJ�
�V\PELRVLV��*DLQLQJ�D�JUHDWHU�XQGHUVWDQGLQJ�
�RI�WKH�HIIHFWV�VRLO�PLFURELRWDV�KDYH�LQ�VWDUWLQJ�
�V\PELRVLV�FDQ�KHOS�GHYHORS�VWUDWHJLHV�IRU�
�ELRLQRFXODQWV�DQG�V\QWKHWLF�FRPPXQLWLHV¶�
�DVVHPEODJH��&DQJLROL�HW�DO����������

�7KHUH�DUH�QRW�YHU\�PDQ\�UHVHDUFKHUV�ZKR�
�KDYH�VSHFLILFDOO\�VWXGLHG�WKH�FURWDODULD�
�MXQFHD�UKL]RELD�UHODWLRQVKLS��7KLV�SURMHFW�
�UHVHDUFKHV�FURWDODULD�MXQFHD�VSHFLILFDOO\��
�$GGLWLRQDOO\��WKHUH�KDYH�EHHQ�QR�VWXGLHV�GRQH�
�RQ�WKH�OHJXPH�UKL]RELD�UHODWLRQVKLS�ZLWK�VRLO�
�IURP�%ULJKWRQ�DQG�:HVWRQ��0$��DQG�OLWWOH�LV�
�NQRZQ�DERXW�WKH�PLFURELRWDV�RI�WKH�VRLOV�IURP�
�WKHVH�ORFDWLRQV��

�6RLOV�IURP�%ULJKWRQ�DQG�:HVWRQ�FRQWDLQ�
�GLIIHUHQW�EDFWHULD�DQG�IXQJL�EHFDXVH�WKH\�
�KDYH�YDULRXV�DFWLYLWLHV��7KH�VRLO�IURP�%ULJKWRQ�
�ZDV�ODFHG�ZLWK�IHUWLOL]HU��EXW�WKH�GLUW�IURP�
�:HVWRQ�ZDV�FRYHUHG�ZLWK�PXOFK��'HVSLWH�WKH�
�GLIIHUHQFH�LQ�VRLO�DFWLYLW\��ERWK�DUHDV�KDYH�
�SODQW�JURZWK��%DFWHULD�JURZWK�LV�DFFHQWXDWHG�
�LQ�VRLO�ZLWK�SODQWV�EHFDXVH�DV�SODQWV�
�GHFRPSRVH��EDFWHULD�LQ�WKH�VRLO�FRQVXPH�WKH�
�SODQW�UHPDLQV��)HUWLOL]HU�SURYLGHV�SODQWV�ZLWK�
�HVVHQWLDO�QXWULHQWV��ZKLOH�PXOFK�KHOSV�EORFN�
�HYDSRUDWLRQ��0RLVWXUH�LV�NHSW�LQ�WKH�VRLO��
�NHHSLQJ�SODQWV�K\GUDWHG��0XOFK�DOVR�KHOSV�
�FRQWURO�ZHHG�JURZWK��SUHYHQWLQJ�ZHHGV�IURP�
�FRQVXPLQJ�QXWULHQWV�LQ�WKH�VRLO�WKDW�DUH�
�HVVHQWLDO�WR�SODQW�JURZWK��

�7KLV�UHVHDUFK�DLPV�WR�XQGHUVWDQG�KRZ�VRLO�
�IURP�YDULRXV�SODFHV��SRVVLEO\�ZLWK�GLIIHUHQW�
�PLFUREHV��FDQ�DIIHFW�WKH�OHJXPH�UKL]RELD�
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�UHODWLRQVKLS��7KLV�UHVHDUFK�SURMHFW�LV�FUXFLDO�
�EHFDXVH�ZH�FDQ�EHWWHU�XQGHUVWDQG�KRZ�WKH�
�PLFURELRWDV�LQ�%ULJKWRQ�DQG�:HVWRQ�VRLOV�
�DIIHFW�WKH�FURWDODULD�MXQFHD�UKL]RELD�
�UHODWLRQVKLS��

�0(7+2'2/2*<�
�7KH�ILUVW�VWHS�ZDV�WR�JDWKHU�%ULJKWRQ�DQG�
�:HVWRQ�VRLO�IRU�WKH�WKUHH�LGHQWLFDO�ZKLWH�
�SODVWLF�SRWV��2QH�SRW�ZDV�WKH�SRVLWLYH�FRQWURO�
�JURXS��7KLV�VRLO�ZDV�IURP�:HVWRQ�EXW�ZDV�
�ODFHG�ZLWK�D�FRPPHUFLDO�LQRFXODQW��$�VPDOO�
�JDUGHQLQJ�VKRYHO�ZDV�XVHG�WR�GLJ�DQG�VFRRS�
�VRLO�LQWR�WKH�SRWV��

�$�JDUGHQLQJ�IRUN�ZDV�XVHG�WR�LQVHUW�ILIWHHQ�
�KROHV�LQ�HDFK�SRW�RI�VRLO��7KH�VRLO�ZDV�ZHWWHG�
�ZLWK�ZDWHU��DQG�RQH�OHJXPH�VHHG�ZDV�SODFHG�
�LQ�HDFK�KROH��2QFH�WKLV�ZDV�FRPSOHWH��WKH�VRLO�
�ZDV�VPRRWKHG�RYHU��DQG�WKH�KROHV�ZHUH�
�FRYHUHG��7KH�VRLO�ZDV�ZDWHUHG�RQFH�DJDLQ��
�3KRWRV�ZHUH�WDNHQ�HYHU\�ZHHN�ZLWK�D�
�VPDUWSKRQH��$IWHU�WKUHH�ZHHNV��WKH�OHJXPH�
�VKRRWV�ZHUH�UHDG\�WR�EH�SKHQRW\SHG��7KH�
�VFLHQWLVW
V�ILQJHU�ZDV�LQVHUWHG�GHHS�LQWR�WKH�
�VRLO�FORVH�WR�WKH�OHJXPH�SODQW��7KHQ��WKH�
�ILQJHU�ZDV�DQJOHG�LQZDUG�WRZDUG�WKH�OHJXPH�
�SODQW��)LQDOO\��WKH�ILQJHU�ZDV�OLIWHG��DQG�WKH�
�VRLO�FDPH�XS�DORQJ�ZLWK�WKH�OHJXPH�SODQW�DQG�
�LWV�URRWV��7KH�SODQW
V�URRWV�ZHUH�VXEPHUJHG�LQ�
�ZDWHU�WR�UHPRYH�WKH�H[FHVV�VRLO�DQG�SDWWHG�
�GU\�ZLWK�D�SDSHU�WRZHO��7KH�SODQW�ZDV�ODLG�RQ�
�D�EODFN�VXUIDFH��DQG�D�WKLUW\�ILYH�FHQWLPHWHU�
�UXOHU�ZDV�SODFHG�EHVLGH�LW��7KH�
�]HUR�FHQWLPHWHU�OLQH�ZDV�SXW�QH[W�WR�WKH�
�OHJXPH�VWHP
V�VWDUW��DQG�WKH�OHJXPH
V�KHLJKW�
�ZDV�PHDVXUHG��$IWHU�WKDW��WKH�OHJXPHV
�URRWV�
�ZHUH�REVHUYHG�ZLWK�D�GLJLWDO�PLFURVFRSH��7KH�

�URRWV�ZHUH�SODFHG�RQ�WRS�RI�WKH�PLFURVFRSH
V�
�EDVH�DQG�XQGHUQHDWK�WKH�OHQV��7KH�OHQV�ZDV�
�PRYHG�YHUWLFDOO\��DQG�WKH�IRFXV�NQRE�ZDV�
�WXUQHG�XQWLO�WKH�URRWV�ZHUH�YLVLEOH�RQ�WKH�
�PLFURVFRSH¶V�VFUHHQ��$IWHU�IRXU�ZHHNV�
�SRVW�SODQWLQJ��UKL]RELD�EDFWHULD�ZHUH�LVRODWHG�
�IURP�WKH�OHJXPH�SODQWV¶�URRWV��7R�EHJLQ�WKLV�
�SURFHVV��D�GLOXWHG�KRXVHKROG�EOHDFK�VROXWLRQ�
�ZDV�FUHDWHG�DQG�SRXUHG�LQWR�D�SODVWLF�WXEH��
�6RPH�FOHDQ�ZDWHU�ZDV�WKHQ�SRXUHG�LQWR�
�DQRWKHU�SODVWLF�WXEH��$IWHU�SKHQRW\SLQJ�D�
�OHJXPH�SODQW¶V�VKRRW�DQG�URRWV��WKHLU�URRWV�
��DQG�URRW�QRGXOHV��ZHUH�FXW�ZLWK�D�VFDOSHO�
�DQG�SODFHG�LQWR�WKH�WXEH�ZLWK�WKH�EOHDFK�
�VROXWLRQ��7KH�WXEH�ZDV�FORVHG�DQG�LQYHUWHG�
�ILYH�WLPHV��2QFH�WKDW�ZDV�FRPSOHWHG��WKH�
�EOHDFK�VROXWLRQ�DQG�URRWV�ZHUH�SRXUHG�RQWR�D�
�SDSHU�WRZHO��7KH�URRWV�ZHUH�SODFHG�LQWR�WKH�
�WXEH�ZLWK�FOHDQ�ZDWHU��WKH�WXEH�ZDV�FORVHG��
�DQG�LW�ZDV�LQYHUWHG�WHQ�WLPHV��7KH�ZDWHU�DQG�
�URRWV�ZHUH�SRXUHG�RQWR�DQRWKHU�VHW�RI�FOHDQ�
�SDSHU�WRZHOV��7KHQ��WKH�URRWV�DQG�URRW�
�QRGXOHV�ZHUH�SXW�LQWR�DQRWKHU�SODVWLF�WXEH�
�DQG�FUXVKHG�ZLWK�D�SODVWLF�SHVWOH��7KH�WXEH�
�ZDV�ILOOHG�ZLWK�ZDWHU�DQG�VKDNHQ��7KH�PL[WXUH�
�ZDV�SRXUHG�RQWR�DQ�DJDU�PHGLD�SODWH�DQG�
�VSUHDG�ZLWK�D�FRWWRQ�VZDE��7KH�PHGLD�SODWH�
�ZDV�ZUDSSHG�LQ�DOXPLQXP�IRLO�DQG�SODFHG�LQ�
�IURQW�RI�D�VXQQ\�ZLQGRZ��3LFWXUHV�RI�WKH�
�PHGLD�SODWHV�ZHUH�WDNHQ�HYHU\�GD\�XQWLO�
�EDFWHULD�VWDUWHG�IRUPLQJ��

�5(68/76�
�7KH�UHVXOWV�DUH�OLVWHG�EHORZ�LQ�WZR�WDEOHV��7KH�
�WDEOH���FRQWDLQV�WKH�UHVXOWV�RI�SKHQRW\SLQJ�
�OHJXPH�VKRRWV�DQG�URRWV��7KH�WDEOH���
�GLVSOD\V�WKH�UHVXOWV�RI�WKH�UKL]RELD�EDFWHULD�
�JURZWK��

�7DEOH����3KHQRW\SLQJ�/HJXPH�6KRRWV�DQG�5RRWV�

�*UDQGPD¶V�\DUG�
��3ODQWHG����GD\V�
�ODWHU�WKDQ�SRVLWLYH�
�FRQWURO�DQG�IURQW�\DUG�
�GXH�WR�VRLO�LVVXHV���

�3RVLWLYH�FRQWURO� �0\�IURQW�\DUG�

����������� �7HQ�GD\V�
�SRVW�SODQWLQJ����FP�

�7KUHH�ZHHNV�
�SRVW�SODQWLQJ�����FP�

�7KUHH�ZHHNV�
�SRVW�SODQWLQJ�����FP�
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�1R�URRW�PLFURVFRS\�
�\HW�

�1R�URRW�PLFURVFRS\�
�\HW�

�1R�URRW�PLFURVFRS\�
�\HW�

����������� ����GD\V�
�SRVW�SODQWLQJ����FP�

���URRW�QRGXOHV�

�����ZHHNV�
�SRVW�SODQWLQJ�����FP�

���URRW�QRGXOHV��RQH�
�SLQN��RQH�ZKLWH��

�����ZHHNV�
�SRVW�SODQWLQJ�����FP�

���URRW�QRGXOHV��DOO�
�ZKLWH��

��������������������� ����GD\V�SRVW�
�SODQWLQJ������FP�
��GLIIHUHQW�SODQW��
�RULJLQDO�RQH�GLHG��

���URRW�QRGXOHV�

���ZHHNV�
�SRVW�SODQWLQJ�����FP�

���URRW�QRGXOHV��RQH�
�SLQN��VHYHQ�ZKLWH��

���ZHHNV�
�SRVW�SODQWLQJ�������
�FP��GLIIHUHQW�SODQW��
�RULJLQDO�RQH�GLHG���

���URRW�QRGXOHV��PD\�
�KDYH�DFFLGHQWDOO\�
�EHHQ�SXOOHG�RII�WKH�
�URRWV�ZKLOH�WKH�SODQW�
�ZDV�EHLQJ�SXOOHG�RXW�
�RI�WKH�VRLO���

�3DJH�����
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�WKUHH�IRXU��

�*UDQGPD¶V�\DUG� �5KL]RELD�EDFWHULD�DUH�
�LVRODWHG��

�%DFWHULD�EHJDQ�
�IORXULVKLQJ�RQ�WKH�
�³JUDQGPD¶V�\DUG´�
�DJDU�PHGLD�SODWH��

�6PDOO��RSDTXH��
�HQWLUH��URXQG��UDLVHG�
�EDFWHULDO�FRORQLHV��

�3RVLWLYH�FRQWURO� �%DFWHULD�VWDUWHG�
�JURZLQJ�RQ�WKH�
�³SRVLWLYH�FRQWURO´�DJDU�
�PHGLD�SODWH��

�%DFWHULD�JURZWK�LV�
�ZHOO�XQGHUZD\��

�/DUJH��RSDTXH��
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�LUUHJXODU��UDLVHG�
�EDFWHULDO�FRORQLHV��

�0\�IURQW�\DUG� �5KL]RELD�EDFWHULD�DUH�
�LVRODWHG��

�%DFWHULD�VWDUWHG�
�EORVVRPLQJ�RQ�WKH�
�³P\�IURQW�\DUG´�DJDU�
�PHGLD�SODWH��

�6PDOO��RSDTXH��
�URXQG��LUUHJXODU��
�UDLVHG�EDFWHULDO�
�FRORQLHV��

�7DEOH����8VLQJ�%LRLQIRUPDWLFV��%DF'LYH�DQG�1&%,�%/$67�7HFKQRORJLHV��WR�%HWWHU�
�8QGHUVWDQG�WKH�/HJXPH�5KL]RELD�5HODWLRQVKLS�

�%DFWHULD� �'HVFULSWLRQ� �&RPSDULVRQ� �6LPLODULW\�SHUFHQWDJH�

�'\HOOD�MDSRQLFD� �*HQHUDO�VRLO�EDFWHULD�
��LQFRPSDWLEOH�ZLWK�
�FURWDODULD�MXQFHD��WKDW�
�GRHV�QRW�KHOS�IRUP�
�URRW�QRGXOHV��

�&RPSDUHG�WR�
�%UDG\UKL]RELXP�
�MDSRQLFXP��ZKLFK�LV�D�
�W\SH�RI�UKL]RELD�LQ�WKH�
�FRPPHUFLDO�LQRFXODQW�
�XVHG�IRU�WKH�SRVLWLYH�
�FRQWURO�JURXS��

�����VLPLODU�

�9DULRYRUD[�SDUDGR[XV� �*HQHUDO�VRLO�EDFWHULD�
��LQFRPSDWLEOH�ZLWK�
�FURWDODULD�MXQFHD��WKDW�
�FDQ�KHOS�IRUP�ZKLWH�
�URRW�QRGXOHV��

�&RPSDUHG�WR�
�%UDG\UKL]RELXP�
�MDSRQLFXP��ZKLFK�LV�D�
�W\SH�RI�UKL]RELD�LQ�WKH�
�FRPPHUFLDO�LQRFXODQW�
�XVHG�IRU�WKH�SRVLWLYH�
�FRQWURO�JURXS��

�����VLPLODU�

�5KL]RELXP�
�OHJXPLQRVDUXP�

�$�W\SH�RI�UKL]RELD�WKDW�
�LV�FRPSDWLEOH�ZLWK�
�FURWDODULD�MXQFHD�DQG�
�FDQ�KHOS�IRUP�SLQN�
�URRW�QRGXOHV��

�&RPSDUHG�WR�
�%UDG\UKL]RELXP�
�MDSRQLFXP��ZKLFK�LV�D�
�W\SH�RI�UKL]RELD�LQ�WKH�
�FRPPHUFLDO�LQRFXODQW�
�XVHG�IRU�WKH�SRVLWLYH�
�FRQWURO�JURXS��
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�7KLV�H[SHULPHQW�DLPHG�WR�DQVZHU�WKH�
�IROORZLQJ�TXHVWLRQ���+RZ�GR�GLIIHUHQW�VRLO�
�DFWLYLWLHV�DIIHFW�WKH�VRLO�PLFURELRWD�DQG�WKH�
�VXQQ�KHPS�UKL]RELD��FURWDODULD�
�MXQFHD�UKL]RELD��UHODWLRQVKLS"��

�7KH�PRVW�VLJQLILFDQW�UHVXOWV�RI�WKLV�H[SHULPHQW�
�ZHUH�WKDW�WKH�SRVLWLYH�FRQWURO�OHJXPHV�KDG�
�WKH�PRVW�URRW�QRGXOHV�DQG�ZHUH�WKH�WDOOHVW��
�IROORZHG�E\�WKH�:HVWRQ�OHJXPHV�DQG�WKHQ�WKH�
�%ULJKWRQ�SODQWV��%HFDXVH�WKH�%ULJKWRQ�
�OHJXPHV�ZHUH�WKH�VKRUWHVW�DQG�KDG�WKH�
�IHZHVW�URRW�QRGXOHV��WKH�%ULJKWRQ�VRLO�
�FRQWDLQHG�WKH�ZHDNHVW�OHJXPH�UKL]RELD�
�UHODWLRQVKLS��7KHVH�UHVXOWV�ZHUH�H[SHFWHG�
�EHFDXVH�WKH�%ULJKWRQ�VRLO�KDV�EHHQ�IHUWLOL]HG�
�QXPHURXV�WLPHV��DQG�IHUWLOL]HUV�JHQHUDOO\�
�FRQWDLQ�QLWURJHQ��7KHUHIRUH��WKHUH�FRXOG�EH�
�H[FHVV�QLWURJHQ�LQ�WKH�%ULJKWRQ�VRLO��UHGXFLQJ�
�WKH�WRWDO�PLFURELDO�ELRPDVV��=KDQ�HW�DO���
��������$�UHGXFHG�WRWDO�PLFURELDO�ELRPDVV�FDQ�
�QHJDWLYHO\�DIIHFW�URRW�QRGXOH�JURZWK��
�7KH�OHJXPHV�LQ�WKH�:HVWRQ�VRLO�KDG�PRUH�
�URRW�QRGXOHV�WKDQ�WKRVH�LQ�WKH�%ULJKWRQ�VRLO�
�EXW�IHZHU�URRW�QRGXOHV�WKDQ�WKH�SRVLWLYH�
�FRQWURO�OHJXPHV��7KH�:HVWRQ�OHJXPHV�JUHZ�
�PRGHUDWHO\�ZHOO�DQG�KDG�DQ�DYHUDJH�VXQQ�
�KHPS�UKL]RELD�UHODWLRQVKLS��7KHVH�UHVXOWV�
�ZHUH�H[SHFWHG��DV�WKH�:HVWRQ�VRLO�ZDV�ODFHG�
�ZLWK�PXOFK��EXW�LW�ZDV�QRW�IHUWLOL]HG�OLNH�WKH�
�%ULJKWRQ�VRLO��0XOFK�GRHV�QRW�DIIHFW�WKH�

�DPRXQW�RI�QLWURJHQ�LQ�WKH�VRLO�EXW�KDV�PDQ\�
�EHQHILWV��,W�FRQWDLQV�PRLVWXUH��SUHYHQWV�ZHHG�
�JURZWK��DQG�DHUDWHV�WKH�VRLO��

�/DVWO\��WKH�SRVLWLYH�FRQWURO�JURXS�KDG�WKH�PRVW�
�URRW�QRGXOHV��DQG�WKH�OHJXPHV�ZHUH�WKH�
�WDOOHVW��7KH�VRLO�WKH�OHJXPHV�ZHUH�SODQWHG�LQ�
�ZDV�IURP�:HVWRQ��EXW�LW�ZDV�ODFHG�ZLWK�D�
�FRPPHUFLDO�LQRFXODQW��7KH�FRPPHUFLDO�
�LQRFXODQW�XVHG�KRXVHG�YDULRXV�UKL]RELD��
�ZKLFK�HQKDQFHG�WKH�VXQQ�KHPS�UKL]RELD�
�UHODWLRQVKLS�DQG�WKHUHIRUH�RSWLPL]HG�WKH�
�OHJXPHV
�JURZWK��

�,Q�FRQFOXVLRQ��GLIIHUHQW�VRLO�DFWLYLWLHV�FDQ�
�DIIHFW�WKH�VRLO�PLFURELRWD�DQG�WKXV�DIIHFW�VXQQ�
�KHPS�OHJXPH�UHODWLRQVKLSV��0RUH�GDWD�DQG�D�
�EHWWHU�XQGHUVWDQGLQJ�RI�ZKDW�FRPSRQHQWV�LQ�
�WKH�VRLO�FDQ�RSWLPL]H�WKH�OHJXPH�UKL]RELD�
�UHODWLRQVKLS�ZLOO�EHQHILW�XV�LQ�WKH�IXWXUH��7KH�
�FRPSDWLEOH�OHJXPH�UKL]RELD�UHODWLRQVKLSV�DUH�
�HVVHQWLDO�LQ�VWLPXODWLQJ�SODQW�JURZWK�DQG�
�HQKDQFLQJ�SODQW�GHYHORSPHQW��&RQFKD�	�
�'RHUQHU���������7KLV�NQRZOHGJH�LV�EHQHILFLDO�
�WR�WKH�IDUPLQJ�LQGXVWU\��IRU�LQVWDQFH��,I�IDUPHUV�
�NQRZ�DERXW�WKH�FRPSDWLEOH�OHJXPH�UKL]RELD�
�UHODWLRQVKLSV��WKH\�FRXOG�JURZ�WDOOHU��VWURQJHU��
�DQG�KHDOWKLHU�OHJXPHV�WKDQ�WKH\�GLG�EHIRUH��
�7KH�LQRFXODWLRQ�RI�PXWXDO�EDFWHULD�DV�
�ELRIHUWLOL]HUV�FDQ�LPSURYH�FURS�SURGXFWLRQ�DQG�
�VRLO�KHDOWK��6LQGKX��HW�DO����������
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�,GHQWLI\LQJ�UKL]RELDO�EDFWHULD�RQ�OHJXPH�URRWV�LQ�&KHVWHUILHOG��1-�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�ZDV�WR�
�LGHQWLI\�UKL]RELDO�EDFWHULD�RQ�OHJXPH�URRWV�
�DQG�VHH�WKH�HIIHFWV�RQ�OHJXPH�SODQW�JURZWK�LQ�
�GLIIHUHQW�W\SHV�RI�VRLOV�FROOHFWHG�IURP�GLIIHUHQW�
�ORFDWLRQV�LQ�&KHVWHUILHOG��1-��7KH�JRDO�ZDV�WR�
�FRPSDUH�WKH�UHVXOWV�RI�WKH�SODQW�URRWV�DQG�LWV�
�URRW�QRGXOHV�DW�WKH�HQG�DV�ZHOO�DV�FRPSDULQJ�
�WKHLU�JURZWK�UDWHV��'XULQJ�WKH�SURFHVV��,�
�SKHQRW\SHG�DQG�ORRNHG�DW�URRWV�XQGHU�WKH�
�PLFURVFRSH��ORRNHG�DW�WKH�SODQW�VKRRWV�ZLWK�
�QDNHG�H\H��DQG�LVRODWHG�UKL]RELD�EDFWHULD�
�IURP�WKH�URRWV��

�,1752'8&7,21�
�1LWURJHQ�IL[DWLRQ�LQ�UKL]RELD�KDSSHQV�LQ�WKH�
�URRWV�DQG�LV�LQGXFHG�E\�WKH�EDFWHULD�LQ�
�OHJXPHV��5HVHDUFKHUV�DUH�IDVFLQDWHG�E\�WKLV�
�V\PELRWLF�SURFHVV�DQG�DLP�WR�VHH�KRZ�
�QLWURJHQ�IL[DWLRQ�DGGV�EHQHILWV�WR�OHJXPHV�E\�
�LWV�LQWHUDFWLRQ�EHWZHHQ�UKL]RELD�DQG�OHJXPHV�
��/LQGVWU|P�	�0RXVDYL���������:H�FDQ�DOVR�
�VHH�KRZ�UKL]RELD�LV�WROHUDQW�IRU�VXFK�VHYHUH�
�HQYLURQPHQWDO�FRQGLWLRQV�DQG�ZK\�
�UKL]RELXP�OHJXPH�V\PELRVLV�FRXOG�EH�KHOSIXO�
�WR�LPSURYH�VRLO�FRQGLWLRQV��EHWWHU�UHSODFHPHQW�
�IRU�LQRUJDQLF�IHUWLOL]HU��DQG�IRU�LPSRUWDQW�IXWXUH�
�UHVHDUFK��$URQH\���������%DFWHULD�IURP�
�UKL]RELD�FRXOG�DOVR�EH�XVHG�LQ�ELRWHFKQRORJ\�
�E\�DQDO\]LQJ�LWV�VSHFLILF�WUDLWV�DQG�XVLQJ�LW�LQ�
�LQGXVWULDOO\�LPSRUWDQW�FRPSRXQGV��=DKUDQ��
��������)LQDOO\��WKHUH�DUH�PDQ\�DVSHFWV�WR�
�UKL]RELD�RYHUDOO�VXFK�DV�KRZ�LWV�PHFKDQLVPV�
�RI�QRQ�UKL]RELDO�EDFWHULD�LPSURYHV�
�OHJXPH�UKL]RELD�V\PELRVLV��:HVWKRHN�HW�DO���
��������

�7KLV�H[SHULPHQW�DLPHG�WR�LGHQWLI\�ZKDW�VRLO�
�ZDV�WKH�PRVW�EHQHILFLDO�WR�SODQW�JURZWK��
�6DPSOHV�ZHUH�FROOHFWHG�IURP�WZR�GLIIHUHQW�
�ORFDWLRQV��%DFN\DUG��3RVLWLYH�FRQWURO��
�&UHHNVLGH���,�LVRODWHG�DQG�IRXQG�URRW�QRGXOHV�
�XQGHU�D�PLFURVFRSH�WR�GLVWLQJXLVK�ZKLFK�
�OHJXPH�SODQWV�LQ�ZKDW�VRLO�ORFDWLRQV�KDG�WKH�

�PRVW�PLFURELDO�EDFWHULD���,�K\SRWKHVL]HG�WKDW�
�WKH�FUHHNVLGH�SRW�ZRXOG�KDYH�WKH�PRVW�
�EHQHILW�ZLWK�WKH�SUHVHQFH�RI�ELJJHU�SODQWV�DQG�
�PRUH�PLFURELDO�EDFWHULD�VXFK�DV�UKL]RELD��
�7KLV�ZDV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�&UHHNVLGH�
�VRLO�KDG�DQ�DEXQGDQFH�RI�GHFRPSRVHG�
�PDWWHU��IXQJL��DQG�PLFURELDO�EDFWHULD��
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�)RU�WKLV�H[SHULPHQW��,�QRWHG�WKH�SURFHGXUHV�RI�
�ZKDW�,�GLG�HDFK�ZHHN�LQ�P\�H�ODE�QRWHERRN�DV�
�ZHOO�DV�WRRN�SLFWXUHV�RI�WKH�SODQWV�WR�
�GRFXPHQW�SURJUHVV��,�REVHUYHG�WKH�URRWV�
�XQGHU�WKH�PLFURVFRSH�WR�LGHQWLI\�URRW�QRGXOHV�
�DQG�PLFURELDO�EDFWHULD�WKDW�EHQHILW�WKH�SODQWV��
�,Q�WKUHH�GLIIHUHQW�SRWV��,�SODQWHG�OHJXPH�
�VHHGV�LQFOXGLQJ�DGGLQJ�DQ�LQRFXODQW�WR�WKH�
�SRVLWLYH�FRQWURO��ZDWHULQJ�SODQWV�HYHU\�RWKHU�
�GD\�LQ�RUGHU�WR�NHHS�WKHP�JURZLQJ��FKHFNLQJ�
�VRLO�FRQGLWLRQV��DQG�NHHSLQJ�WUDFN�RI�WKH�
�DPRXQW�RI�SODQWV�SUHVHQW��7KH�PDWHULDOV�,�
�XVHG�LQFOXGHG�JORYHV��VDIHW\�JRJJOHV��OHJXPH�
�SODQWV��VKRYHO��FXS�RI�ZDWHU��SDSHU�WRZHOV��
�PLFURVFRSH��LQRFXODQW��SDSHU�WRZHOV��SRWV��
�VRLO�IURP���GLIIHUHQW�ORFDWLRQV��IRUN��DJDU�
�PHGLD�SODWHV�IRU�LVRODWLQJ�UKL]RELD�EDFWHULD�
�IURP�OHJXPHV¶�URRWV����WXEHV��FUXVKHU��DQG�
�FRWWRQ�VZDEV�LQ�RUGHU�WR�VSUHDG�WKH�EDFWHULD�
�RQWR�WKH�PHGLD�SODWHV��
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�7KH�UHVXOWV�RI�P\�H[SHULPHQW�VKRZ���GLIIHUHQW�
�UHVXOWV�IURP�P\�SRWV�LQ�WHUPV�RI�SODQW�VKRRWV��
�,Q�ZHHN������WKH�3RVLWLYH�&RQWURO�VKRRW�ZDV�
�WKH�WDOOHVW�DW�����FP��7KH�%DFN\DUG�VRLO�
�UHVXOWHG�LQ�WKH�VHFRQG�WDOOHVW�SODQWV�DW�����FP�
�DQG�WKH�&UHHNVLGH�ZDV�WKH�VKRUWHVW�DW����FP��
�8QGHU�WKH�PLFURVFRSH��WKH�SKRWRV�VKRZ�WKDW�
�WKHUH�ZHUH�QR�URRW�QRGXOHV�IRU�DQ\�RI�WKH�
�SODQWV��7KH�3RVLWLYH�&RQWURO�KDG�D�ELJJHU�URRW�
�VWUXFWXUH�FRPSDUHG�WR�WKH�&UHHNVLGH��$IWHU�
�����GD\V�RI�LVRODWLQJ�UKL]RELD�EDFWHULD�IURP�
�WKH�URRWV��ERWK�WKH�%DFN\DUG�DQG�3RVLWLYH�
�&RQWURO�KDG�EXII�SLJPHQWHG�DQG�LUUHJXODU�
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�FRORQLHV�RQ�WKH�PHGLD�SODWHV�ZKLOH�WKH�
�&UHHNVLGH�KDG�PRUH�RUDQJH�SLJPHQWHG�
�FRORQLHV��,Q�FRORUDWLRQ�RI�WKH�DJDU�PHGLD�
�SODWHV��WKH�3RVLWLYH�&RQWURO�ZDV�WKH�GDUNHVW�
�DV�LW�ZDV�PRUH�RUDQJH�FRPSDUHG�WR�WKH�
�&UHHNVLGH��PHDQLQJ�WKHUH�KDG�EHHQ�PRUH�
�PLFUREHV�LQ�WKH�3RVLWLYH�&RQWURO�VRLO�SUREDEO\�
�GXH�WR�UKL]RELD�DGGHG�IURP�WKH�LQRFXODQW��
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�7KH�VXUSULVLQJ�SDUW�DERXW�P\�UHVXOWV�ZRXOG�EH�
�WKDW�DOWKRXJK�,�H[SHFWHG��EDVHG�RQ�P\�
�K\SRWKHVLV��WKH�&UHHNVLGH�SODQWV�WR�JURZ�WKH�
�PRVW��WKH\�DFWXDOO\�JUHZ�OHVV�WKDQ�WKH�SODQWV�
�IURP�WKH�%DFN\DUG��7KH�3RVLWLYH�&RQWURO¶V�VRLO�
�ZDV�IURP�WKH�EDFN\DUG�DQG�KDG�WKH�WDOOHVW�

�SODQW�DW�����FP��:KDW�,�DOVR�IRXQG�LQWHUHVWLQJ�
�ZDV�WKDW�WKH�&UHHNVLGH�SRW�KDG�XS�WR������
�JHUPLQDWLQJ�SODQWV�ZKLOH�WKH�RWKHU�SRWV�KDG�
�IHZHU��7KH�3RVLWLYH�&RQWURO�FRQWDLQHG�
�IHUWLOL]HU��DGGHG�LQRFXODQW�FRQWDLQLQJ�UKL]RELD��
�DQG�RWKHU�QXWULHQWV�IURP�WKH�EDFN\DUG��
�FUHDWLQJ�WKH�PRVW�LPSDFW�RQ�WKH�OHJXPHV�LQ�
�WKLV�SRW��%DVHG�RQ�P\�NQRZOHGJH��WKH�VRLO�
�IURP�WKH�EDFN\DUG�ZDV�WKH�PRVW�EHQHILFLDO�
�DQG�QXWULWLRXV�EHFDXVH�D�IHZ�\HDUV�DJR��P\�
�GDG�FRPSRVWHG�YHJHWDEOH�SHHOLQJV�DQG�RWKHU�
�FRPSRVWV�WR�DGG�PRUH�EHQHILFLDO�PLFUREHV�LQ�
�WKH�VRLO��7KHUHIRUH��WKLV�H[SHULPHQW�VKRZHG�
�WKDW�RXW�RI�WKH�VRLO�W\SHV��WKH�EDFN\DUG�VRLO�
�SUHVHQW�LQ�WKH�3RVLWLYH�&RQWURO�SRW�ZDV�WKH�
�PRVW�EHQHILFLDO�IRU�SODQW�JURZWK��

�5()(5(1&(6�
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�6\PELRVLV��8QLYHUVLW\�RI�2[IRUG��5HWULHYHG�IURP�
�KWWSV���HWKRV�EO�XN�2UGHU'HWDLOV�GR"XLQ XN�EO�HWKRV��������
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�DQG�ELRWHFKQRORJ\��-RXUQDO�RI�ELRWHFKQRORJ\��������������±�����
�KWWSV���GRL�RUJ���������V�������������������[�
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�0LFKDHO�=KX�
�2EVHUYLQJ�/HJXPH�3ODQWV¶V�*URZWK�'XH�7R�

�5KL]RELD�%DFWHULD�,Q�%URRNOLQH��0$�

�$%675$&7�
�7KH�UHDVRQ�IRU�FRQGXFWLQJ�WKLV�H[SHULPHQW�
�ZDV�WR�FRPSDUH�VRLO�WKDW�ZDV�OXVK�ZLWK�D�
�YDULHW\�RI�SODQWV�WR�GU\�DQG�EDUUHQ�VRLO�DQG�
�VHH�WKHLU�HIIHFW�RQ�SODQW�JURZWK��7KH�ORFDWLRQV�
�XVHG�ZHUH�%DNHU�)LHOG�ZKLFK�KDG�WKH�GU\�VRLO�
�DQG�D�EDFN\DUG�ZKLFK�KDG�PDQ\�GLIIHUHQW�
�SODQWV��7KHUH�ZHUH�WKUHH�W\SHV�RI�VRLO�XVHG�LQ�
�WKLV�H[SHULPHQW��7KH�WKUHH�W\SHV�RI�VRLO�
�LQFOXGHG��3RVLWLYH�&RQWURO��%DNHU�)LHOG��DQG�
�%DFN\DUG��,Q�WKH�3RVLWLYH�&RQWURO��FRPPHUFLDO�
�LQRFXODQW��ZKLFK�FRQWDLQHG�%UDG\UKL]RELXP�
�VS���9LJQD���%UDG\UKL]RELXP�MDSRQLFXP��
�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��
�DQG�5��OHJXPLQRVDUXP�ELRYDU�YLFHDH��ZDV�
�DGGHG��7KH�SODQWV�XVHG�LQ�WKH�H[SHULPHQW�
�ZHUH�&URWDODULD�MXQFHD��7KHUH�ZHUH�ILYH�PDMRU�
�PHWKRGV�XVHG�WR�JR�WKURXJK�WKLV�H[SHULPHQW��
�6RLO�FROOHFWLRQ��OHJXPH�VHHG�JURZWK��VKRRW�
�DQG�URRW�REVHUYDWLRQ��PLFURVFRSLF�URRW�
�DQDO\VLV��LVRODWLRQ�RI�UKL]RELD�EDFWHULD��DQG�
�UKL]RELD�DQDO\VLV��7KH�UHVXOWV�RI�WKLV�
�H[SHULPHQW�GHHPHG�WKDW�P\�K\SRWKHVLV�ZDV�
�QRW�VXSSRUWHG��

�,1752'8&7,21�
�7KLV�VWXG\�DLPHG�WR�VKRZ�LI�D�PRUH�
�GHYHORSHG�SODQW�LPSOLHV�PRUH�UKL]RELD�
�EDFWHULD�SUHVHQW�LQ�WKH�VRLO��1LWURJHQ�LV�DQ�
�HVVHQWLDO�WRRO�LQ�WKH�SURFHVV�RI�JHUPLQDWLRQ�
�DQG�JURZWK�RI�D�SODQW��+RZHYHU��PRVW�SODQWV�
�FDQQRW�SURFHVV�WKH�QDWXUDO�QLWURJHQ�WKDW�LV�LQ�
�WKH�DLU�DQG�LQVWHDG�FDQ�RQO\�XVH�QLWURJHQ�LQ�
�WKH�VRLO��/HJKDUL�HW�DO����������7KLV�PHDQV�
�WKDW�SODQWV�KDYH�WR�UHO\�RQ�VRPH�RWKHU�
�PHWKRG�WR�WDNH�LQ�QLWURJHQ�ZKLFK�FRPHV�IURP�
�UKL]RELD�EDFWHULD��5KL]RELD�EDFWHULD�LV�XQLTXH�
�LQ�WKH�IDFW�WKDW�LW�KDV�D�PXWXDOLVWLF�V\PELRWLF�
�UHODWLRQVKLS�ZLWK�OHJXPH�VHHGV��&RQFKD�&�
�DQG�'RHUQHU�3���������5KL]RELD�EDFWHULD�DQG�
�OHJXPH�VHHGV�KDYH�DQ�H[FKDQJH�ZKHUH�WKH�
�OHJXPH�VHHGV�SURYLGH�WKH�5KL]RELD�ZLWK�
�FDUERQ�KHDY\�VXEVWDQFHV�VXFK�DV�JOXFRVH�
�DQG�DPLQR�DFLGV�ZKLOH�WKH�5KL]RELD�EDFWHULD�

�SURYLGHV�QLWURJHQ�LQ�D�XVHIXO�IRUP�WR�WKH�
�OHJXPH�SODQW�WKURXJK�D�SURFHVV�FDOOHG�
�QLWURJHQ�IL[DWLRQ��&RRSHU��-����������6LQFH�
�QLWURJHQ�FRQWULEXWHV�VXFK�DQ�LPSRUWDQW�IDFWRU�
�LQ�SODQW�JURZWK�DQG�5KL]RELD�EDFWHULD�
�SURYLGHV�WKH�SODQW�ZLWK�QLWURJHQ��ZH�
�K\SRWKHVL]H�WKDW�WKH�IHUWLOLW\�RI�HDFK�VRLO�
�FRUUHODWHV�ZLWK�WKH�DPRXQW�RI�5KL]RELD�
�EDFWHULD�SUHVHQW��

�0$7(5,$/6�$1'�0(7+2'6�
�0DWHULDOV�XVHG�LQFOXGHG�D�GLJLWDO�PLFURVFRSH��
�D�VFDOSHO��FOHDQ�ZDWHU��D�WURZHO��D�JDUGHQ�
�IRUN��WKUHH�SRWV��OHJXPH�VHHGV��FRPPHUFLDO�
�LQRFXODQW��VDIHW\�JRJJOHV��ODWH[�IUHH�JORYHV��
�����DOFRKRO�ZLSHV��D�UXOHU��ODEHOV��DJDU�
�PHGLD�SODWHV��PLFURFHQWULIXJH�WXEHV��SODVWLF�
�SHVWOHV�������VRGLXP�K\SRFKORULWH�EOHDFK��
�4�WLSV��DQG�WLQIRLO��

�,Q�RUGHU�WR�FRPSOHWH�WKLV�H[SHULPHQW��VRLO�ZDV�
�FROOHFWHG�IURP�WZR�GLIIHUHQW�ORFDWLRQV�XVLQJ�D�
�WURZHO�DQG�WKH�WKUHH�SRWV�ZHUH�ILOOHG�ZLWK�WKDW�
�VRLO��$IWHU�UHK\GUDWLQJ�WKH�SRVVLEO\�GU\�VRLO��D�
�JDUGHQ�IRUN�ZDV�XVHG�LQ�RUGHU�WR�PDNH�KROHV�
�ZLWKLQ�WKH�VRLO��(DFK�SRW�KDG�������KROHV�
�PDGH�E\�WKH�JDUGHQ�IRUN�DQG�LQ�HDFK�KROH��D�
�OHJXPH�VHHG�ZRXOG�EH�LQVHUWHG��,Q�WKH�
�SRVLWLYH�FRQWURO��D�FRPPHUFLDO�LQRFXODQW�
�FRQWDLQLQJ�UKL]RELD�EDFWHULD�ZDV�DGGHG�ZLWKLQ�
�WKH�KROHV��$IWHU�QXUWXULQJ�WKH�OHJXPH�SODQWV�
�IRU���ZHHNV��D�SKHQRW\SLQJ�RI�WKH�VKRRW�ZDV�
�FRQGXFWHG�XVLQJ�D�UXOHU��7KH�VWHSV�WR�
�SKHQRW\SLQJ�LQFOXGHG�FDUHIXOO\�UHPRYLQJ�WKH�
�WDOOHVW�OHJXPH�SODQW�LQ�HDFK�SRW�DQG�ULQVLQJ�
�WKH�GLUW�RII�ZLWK�D�IUHVK�ERZO�RI�ZDWHU��
�$IWHUZDUGV��D�SKRWR�ZDV�WDNHQ�RI�HDFK�VKRRW�
�KHLJKW��$IWHU�RQH�ZHHN��DQRWKHU�SKHQRW\SLQJ�
�RI�WKH�VKRRWV�ZDV�GRQH��+RZHYHU��LQ�DGGLWLRQ�
�WR�WKH�VKRRWV��WKH�URRWV�ZHUH�SKHQRW\SHG�
�XVLQJ�D�GLJLWDO�PLFURVFRSH��$IWHU�WKH�
�SKHQRW\SLQJ��D������UDWLR�RI�ZDWHU�WR�WKH�
�EOHDFK�VROXWLRQ�ZDV�PL[HG�LQ�D�
�PLFURFHQWULIXJH�WXEH��8VLQJ�D�VFDOSHO��WKH�
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�URRWV�DQG�QRGXOHV�ZHUH�FXW�RII�DQG�VHSDUDWHO\�
�SODFHG�LQWR�WKH�VROXWLRQ��7KH�URRWV�ZHUH�
�ZDVKHG�RII�XVLQJ�FOHDQ�ZDWHU�DQG�WKHQ�GULHG��
�$IWHU�WKH�URRWV�ZHUH�GULHG��WKH\�ZHUH�SXW�LQWR�
�DQ�HPSW\�PLFURFHQWULIXJH�WXEH�ZKHUH�WKH\�
�ZHUH�FUXVKHG�WR�UHOHDVH�WKH�EDFWHULD�IURP�WKH�
�URRWV�DQG�QRGXOHV��)LQDOO\������P/�RI�FOHDQ�
�ZDWHU�ZDV�DGGHG�DQG�PL[HG��,Q�WRWDO��WKHUH�
�ZHUH���GLIIHUHQW�PLFURFHQWULIXJH�WXEHV�RI�
�GLIIHUHQW�ORFDWLRQV¶�OHJXPH�SODQWV��7KHVH�
�PLFURFHQWULIXJH�WXEHV�ZHUH�SRXUHG�LQWR���
�VHSDUDWH�DJDU�PHGLD�SODWHV�DQG�WKHQ�VSUHDG�
�RXW�XVLQJ�D�4�WLS��7KH\�ZHUH�ZUDSSHG�
�FRPSOHWHO\�LQ�WLQIRLO�DQG�ZHUH�LQFXEDWHG�IRU���
�GD\V��

�5(68/76�
�$OO�WKUHH�VRLOV�FRQWDLQHG�VRPH�IRUP�RI�
�EDFWHULD��)RU�WKH�SRVLWLYH�FRQWURO�VRLO�WKHUH�
�ZDV�D�WLQW�RI�EURZQ�ZLWK�VHYHUDO�ODUJH�SDWFKHV�
�RI�EDFWHULD�FRORQLHV��7KH�EDFN\DUG�DQG�%DNHU�
�)LHOG�VRLOV�ERWK�KDG�WKH�VDPH�DSSHDUDQFH�LQ�
�WHUPV�RI�W\SH�RI�EDFWHULD��+RZHYHU��%DNHU�
�)LHOG�KDG�PXFK�PRUH�EDFWHULD�RYHUDOO�
�FRPSDUHG�WR�%DFN\DUG��

�3KRWR�RI�PHGLD�SODWHV�RI�DOO���ORFDWLRQV��

�7KH�SRVLWLYH�FRQWURO�OHJXPH�DW���ZHHNV�SRVW�
�SODQWLQJ��KDG�D�VKRRW�KHLJKW�RI����FHQWLPHWHUV�
�DQG�DW���ZHHNV�KDG������FHQWLPHWHUV��,W�
�DSSHDUHG�WR�KDYH�SLQN�URRWV�ZLWK���URRW�
�QRGXOHV��7KH�EDFN\DUG�OHJXPH�DW���ZHHNV�
�SRVW�SODQWLQJ�KDG�D�KHLJKW�RI����FHQWLPHWHUV�
�DQG�DW���ZHHNV�SRVW�SODQWLQJ��LW�ZLOWHG�DQG�
�WKXV�D�QHZ�SODQW�ZDV�SKHQRW\SH�ZKLFK�ZDV�
����FHQWLPHWHUV��,W�KDG�QR�QRGXOHV�DQG�ZKLWH�
�URRWV��7KH�%DNHU�)LHOG�VRLO�KDG�D�KHLJKW�RI����
�FHQWLPHWHUV�DW�ZHHN���DQG�DW�ZHHN���LW�KDG�D�
�KHLJKW�RI����FHQWLPHWHUV��7KH�URRWV�ZHUH�
�FRPSOHWHO\�ZKLWH�DQG�KDG���QRGXOHV��

�7DEOH�GHVFULELQJ�SKHQRW\SLQJ��

�/RFDWLRQ� �3RVLWLYH�FRQWURO� �%DFN\DUG� �%DNHU�)LHOG�

���ZHHNV�����ZHHNV�
�SRVW�SODQWLQJ�
�'DWH����������

����GD\V�SRVW�SODQWLQJ�

�6KRRW�KHLJKW�����FP�
���RI�URRWV��������YHU\�
�ODUJH��

�6KRRW�KHLJKW�����FP�
���RI�URRWV�����DOO�YHU\�
�VPDOO��

�VKRRW�KHLJKW�����FP�
���RI�URRWV�����DOO�YHU\�
�VPDOO��

���ZHHNV�SRVW�SODQWLQJ�

�'DWH����������

����GD\V�SRVW�SODQWLQJ�

�3RVLWLYH�&RQWURO��
������FP�
���RI�URRW�QRGXOHV����
�%RWWRP�RI�URRWV�SLQN�

�%DFN\DUG��
��SUHYLRXV�SODQW�GLHG�
�VR�XVLQJ�QHZ�RQH��
�JURZLQJ�IRU�VDPH�
�WLPH��
����FP�
���RI�URRW�QRGXOHV����
�%RWWRP�RI�WKH�URRWV�
�DUH�FRPSOHWHO\�ZKLWH��

�%DNHU�)LHOG��
����FP�
���RI�URRW�QRGXOHV����
�%RWWRP�RI�URRWV�
�ZKLWHV�
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�',6&866,21�
�7KH�PRVW�VLJQLILFDQW�UHVXOWV�ZHUH�WKH�SODQW�
�JHUPLQDWLRQ��WKH�SKHQRW\SLQJ��DQG�WKH�
�EDFWHULD�JURZWK��7KHVH�HOHPHQWV�RI�WKH�SODQW�
�KHOSHG�GLVWLQJXLVK�KRZ�IHUWLOH�HDFK�VRLO�ZDV��,�
�ZDV�VXUSULVHG�DV�,�WKRXJKW�WKH�EDUUHQ�DQG�GU\�
�VRLO�ZRXOG�FRQWULEXWH�WR�D�VORZHU�JURZWK��
�+RZHYHU��P\�K\SRWKHVLV�ZDV�XQVXSSRUWHG��,�
�IRXQG�WKDW�WKH�SRVLWLYH�FRQWURO�SODQW�JUHZ�
�VORZHU�WKDQ�WKH�%DNHU�)LHOG�SODQW�HYHQ�

�WKRXJK�LW�KDG�WKH�FRPPHUFLDO�LQRFXODQW��,�FDQ�
�XVH�WKLV�GDWD�E\�XQGHUVWDQGLQJ�WKDW�WKHUH�LV�
�PRVW�OLNHO\�DQRWKHU�W\SH�RI�EDFWHULD�WKDW�LV�
�SURPRWLQJ�JURZWK�RU�SRVVLEO\�HYHQ�IL[LQJ�
�QLWURJHQ��3HRSOH�ZKR�FRXOG�EHQHILW�IURP�WKLV�
�ZRXOG�EH�ERWDQLVWV�RU�IDUPHUV��7KLV�GDWD�
�FRXOG�EH�XVHG�WR�GHILQH�FHUWDLQ�IDFWRUV�WKDW�
�QHHG�WR�EH�VWXGLHG�PRUH�WR�JDLQ�LQIRUPDWLRQ�
�RQ�SODQW�JURZWK�DQG�EHWWHU�VXSSOHPHQWV�IRU�
�JHUPLQDWLRQ�DQG�QLWURJHQ�IL[DWLRQ��

�5()(5(1&(6�

�&RQFKD��&���	�'RHUQHU��3����������7KH�LPSDFW�RI�WKH�UKL]RELD�OHJXPH�V\PELRVLV�RQ�KRVW�URRW�
�V\VWHP�DUFKLWHFWXUH��-RXUQDO�RI�H[SHULPHQWDO�ERWDQ\��������������±������
�KWWSV���GRL�RUJ���������M[E�HUDD����
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�&RRSHU��-����������(DUO\�LQWHUDFWLRQV�EHWZHHQ�OHJXPHV�DQG�UKL]RELD��GLVFORVLQJ�FRPSOH[LW\�LQ�D�
�PROHFXODU�GLDORJXH��-RXUQDO�RI�$SSOLHG�0LFURELRORJ\������������������
�KWWSV���GRL�RUJ���������M����������������������[�

�/DUDQMR��0���$OH[DQGUH��$���	�2OLYHLUD��6����������/HJXPH�JURZWK�SURPRWLQJ�UKL]RELD��DQ�
�RYHUYLHZ�RQ�WKH�0HVRUKL]RELXP�JHQXV��0LFURELRORJLFDO�UHVHDUFK�����������±����
�KWWSV���GRL�RUJ���������M�PLFUHV�������������

�/HJKDUL��6��-���:DKRFKR��1��$���/DJKDUL��*��0���+DIHH]/DJKDUL��$���0XVWDID%KDEKDQ��*���
�+XVVDLQ7DOSXU��.���%KXWWR��7��$���:DKRFKR��6��$���	�/DVKDUL��$��$����������5ROH�RI�QLWURJHQ�IRU�
�SODQW�JURZWK�DQG�GHYHORSPHQW��D�UHYLHZ��$GYDQFHV�LQ�(QYLURQPHQWDO�%LRORJ\��������������

�0RUDQ��1����������%HQHILFLDO�%DFLOOXV��3URGXFH�*URZHU��5HWULHYHG�-XO\�����������IURP�
�KWWSV���ZZZ�SURGXFHJURZHU�FRP�DUWLFOH�SJ�����EHQHILFLDO�EDFLOOXV�PLFURELDOV�DOWHUQDWLYH��

�1LWURJHQ�IL[DWLRQ�E\�/HJXPHV��1HZ�0H[LFR�6WDWH�8QLYHUVLW\���EH�EROG��VKDSH�WKH�IXWXUH��1LWURJHQ�
�)L[DWLRQ�E\�/HJXPHV�_�1HZ�0H[LFR�6WDWH�8QLYHUVLW\���%(�%2/'��6KDSH�WKH�)XWXUH���Q�G����
�5HWULHYHG�-XO\�����������IURP��KWWSV���DFHV�QPVX�HGX�SXEV�BD�$�����
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�0LUD�%KDWLD�

�([SORULQJ�WKH�,PSDFW�RI�%DFWHULD�DQG�0LFUREHV�RQ�
�/HJXPH�6HHG�*URZWK�LQ�6RLO�)URP�/DNH�)RUHVW��,/�

�$%675$&7�
�0LFUREHV��VSHFLILFDOO\�5KL]RELD�EDFWHULD��KDYH�
�D�WUHPHQGRXV�LPSDFW�RQ�WKH�JURZWK�DQG�
�GHYHORSPHQW�RI�OHJXPH�SODQWV�DQG�URRWV��7KH�
�EDFWHULD�FUHDWH�URRW�QRGXOHV�WKDW�DOORZ�IRU�
�QLWURJHQ�IURP�WKH�DLU�WR�EH�WXUQHG�LQWR�
�DPPRQLD��D�FRPSRXQG�WKDW�WKH�SODQWV�FDQ�
�DEVRUE�DQG�XVH�IRU�JURZWK��-RQHV���������,Q�
�WKLV�H[SHULPHQW��WKUHH�GLIIHUHQW�VRLO�ORFDWLRQV�
�ZHUH�FRPSDUHG�WR�GHWHUPLQH�WKH�EHVW�VRLO�
�FRQGLWLRQV�WR�JURZ�OHJXPH�SODQWV�LQ�/DNH�
�)RUHVW��,OOLQRLV��'HWHUPLQLQJ�JURZLQJ�
�FRQGLWLRQV�EHQHILWV�PDQ\�LQGXVWULHV��LQFOXGLQJ�
�DJULFXOWXUH��FOLPDWH�FKDQJH��DQG�IRRG�
�PDQXIDFWXULQJ��,Q�NQRZLQJ�ZKLFK�VRLOV�DQG�
�PLFUREHV�EHQHILW�SODQWV��PHDVXUHV�FDQ�EH�
�WDNHQ�WR�FUHDWH�VXVWDLQDEOH�JURZLQJ�
�HQYLURQPHQWV�IRU�FURSV��,Q�WKLV�UHVHDUFK��
�OHJXPHV�ZHUH�SODQWHG�DQG�REVHUYHG�RYHU�
�WKUHH�ZHHNV�WR�SKHQRW\SH�SODQW�VKRRWV�DQG�
�URRWV�DQG�LVRODWH�5KL]RELD�EDFWHULD�IURP�WKH�
�SODQW�URRWV�WR�GHWHUPLQH�ZKDW�VRLO�LV�WKH�PRVW�
�HIIHFWLYH�IRU�SODQW�JURZWK��7KLV�UHVHDUFK�IRXQG�
�WKDW�VRLO�DURXQG�WKH�SRQG�KDG�WKH�SLQNHVW�
�QRGXOHV��VXJJHVWLQJ�D�KHDOWK\�DPRXQW�RI�
�QLWURJHQ�IL[DWLRQ�RFFXUV��

�,1752'8&7,21�
�5KL]RELD�EDFWHULD�DUH�PLFUREHV�WKDW�H[LVW�LQ�
�VRLO�DQG�SOD\�D�VLJQLILFDQW�UROH�LQ�WKH�KHDOWK�
�DQG�ZHOO�EHLQJ�RI�OHJXPH�SODQWV��&RQFKD��
���������7KH�EDFWHULD�LQWHUDFW�LQ�D�PXWXDOLVWLF�
�UHODWLRQVKLS�ZLWK�WKH�SODQW��DVVLVWLQJ�WKH�
�OHJXPH�SODQW�LQ�DFFHVVLQJ�DQG�SURFHVVLQJ�
�QLWURJHQ�IRU�JURZWK�ZKLOH�WKH�EDFWHULD��LQ�
�H[FKDQJH��UHFHLYH�FDUERQ��:KLOH�UKL]RELD�
�EDFWHULD�SOD\�D�VLJQLILFDQW�UROH�LQ�OHJXPH�SODQW�
�JURZWK��WKH\�DUH�QRW�WKH�RQO\�EDFWHULD�WKDW�
�H[LVW�LQ�WKH�VRLO�DQG�LQWHUDFW�ZLWK�WKH�SODQW��
��/HGHUPDQQ���������$�VWXG\�IRXQG�WKDW�
�UKL]RELD�DQG�QRQ�UKL]RELD�EDFWHULD�DUH�
�HVVHQWLDO�IRU�SODQW�JURZWK��&XUUHQWO\��PRUH�
�UHVHDUFK�LV�QHHGHG�WR�IXOO\�XQGHUVWDQG�WKH�

�UROH�RI�WKH�QRQ�UKL]RELD�EDFWHULD�RQ�SODQW�
�JURZWK��+RZHYHU��ZKHQ�QRQ�UKL]RELD�EDFWHULD�
�DUH�FRXSOHG�ZLWK�UKL]RELD�EDFWHULD��SODQWV�FDQ�
�VXUYLYH�XQGHU�VWUHVVIXO�FRQGLWLRQV�VXFK�DV�
�VDOLQLW\�DQG�GURXJKW��(WHVDPL���������

�7KLV�H[SHULPHQW�REVHUYHG�WKH�LQWHUDFWLRQ�
�EHWZHHQ�WKH�EDFWHULD�LQ�VRLO�DQG�OHJXPH�SODQW�
�URRWV��5HVXOWV�ZHUH�XVHG�WR�GHWHUPLQH�ZKLFK�
�VRLO�WKH�UKL]RELD�EDFWHULD�ZDV�LQWHUDFWLQJ�
�SRVLWLYHO\�ZLWK�WKH�URRWV�RI�WKH�OHJXPH�SODQWV��
�)XUWKHUPRUH��LQ�WKLV�H[SHULPHQW��EDFWHULD�ZDV�
�LVRODWHG�IURP�WKH�URRWV�LQ�RUGHU�WR�GHWHUPLQH�
�ZKHWKHU�DQ\�EDFWHULD�ZDV�LQWHUDFWLQJ�ZLWK�WKH�
�URRWV��

�0HWKRGV��
�7KH�IROORZLQJ�PDWHULDOV�ZHUH�XVHG�LQ�WKLV�
�H[SHULPHQW����SODVWLF�SRWV��OHJXPH�VHHGV��
�ZDWHU�ERWWOH��ZDWHU��JDUGHQ�WURZHO��JDUGHQ�
�IRUN��GLJLWDO�PLFURVFRSH��UXOHU��JORYHV��H\H�
�JODVVHV��DJDU�SODWHV��DQG�FRWWRQ�VZDEV��
�7R�SODQW�WKH�OHJXPH�VHHGV��DOO�QHFHVVDU\�
�PDWHULDOV�ZHUH�JDWKHUHG��WKHQ�WKH�VHHGV�ZHUH�
�SODQWHG�LQ�WKUHH�GLIIHUHQW�SRWV�PDNLQJ�VXUH�
�HDFK�RQH�KDG�VRLO�IURP�D�GLIIHUHQW�ORFDWLRQ��
�DQG�RQH�KDG�FRPPHUFLDO�LQRFXODQW�DGGHG�IRU�
�D�SRVLWLYH�FRQWURO��7KH�SODQWV�ZHUH�ZDWHUHG�
�GDLO\�XVLQJ�D�VSUD\�ERWWOH�XQWLO�WKH�VRLO�ZDV�
�IXOO\�VDWXUDWHG��7KH�OHJXPHV�ZHUH�REVHUYHG�
�IRU�VHHG�JURZWK�RYHU�WZR�ZHHNV��7R�
�SKHQRW\SH�WKH�OHJXPH�VKRRWV��ZDWHU�ZDV�
�DGGHG�WR�WKH�VRLO�LQ�WKH�SRWV��WKHQ�ILQJHUV�
�ZHUH�XVHG�WR�GLJ�RXW�WKH�SODQW��PDNLQJ�VXUH�
�QRW�WR�ULS�WKH�URRWV��WKHQ�WKH�SODQW�ZDV�ULQVHG�
�LQ�WDS��ZDWHU�WR�UHPRYH�H[FHVV�VRLO��DQG�WKHQ�
�WKH�SODQW�ZDV�ODLG�RQ�D�EODFN�VXUIDFH�DQG�D�
�UXOHU�ZDV�XVHG�WR�PHDVXUH�VKRRW�KHLJKW��
�ODVWO\�WKH�SODQW�ZDV�UHSODQWHG�LQWR�WKH�VRLO��
�1H[W�WR�SKHQRW\SH�SODQW�URRWV��WKH�SODQW�ZDV�
�GXJ�XS�DJDLQ��WKH�URRWV�ZHUH�ULQVHG�LQ�ZDUP�
�ZDWHU�WR�UHPRYH�H[FHVV�GLUW��1H[W��H\HV�ZHUH�
�XVHG�WR�REVHUYH�ZKHWKHU�WKHUH�ZDV�D�
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�SUHVHQFH�RI�URRW�QRGXOHV�DQG�WKHLU�FRORU��WKHQ�
�WKH�URRW�QRGXOHV�ZHUH�SKRWRJUDSKHG��QH[W��
�WKH�SODQW�ZDV�SODFHG�XQGHU�WKH�PLFURVFRSH�
�DQG�H[DPLQHG�FORVHO\�IRU�URRW�QRGXOHV��/DVWO\��
�WKH�EDFWHULD�ZDV�LVRODWHG�IURP�WKH�SODQW�
�QRGXOHV�DQG�URRWV��)LUVW��WKH�SODQW�URRWV�ZHUH�
�ULQVHG�ZLWK�ZDWHU��WKHQ������SDUWV�RI�EOHDFK�WR�
�ZDWHU�ZDV�PL[HG�WR�FUHDWH�D�FOHDQLQJ�VROXWLRQ�
�LQ�D�PLFURFHQWULIXJH�WXEH��7KHQ�WKH�URRW�
�QRGXOHV�ZHUH�FXW�IURP�WKH�SODQW�DQG�SODFHG�
�LQWR�WKH�FOHDQLQJ�VROXWLRQ�WR�VWHULOL]H�WKHP��
�7KHQ��WKH�URRWV�ZHUH�ULQVHG�LQ�ZDWHU�DQG�
�SODFHG�LQ�D�WXEH�ZLWK����PO�RI�ZDWHU��1H[W��WKH�
�URRWV�ZHUH�FUXVKHG�LQWR�WKH�ZDWHU�XQWLO�LW�
�EHFDPH�FORXG\��/DVWO\��XVLQJ�D�FRWWRQ�VZDE��
�WKH�VROXWLRQ�ZDV�VZDEEHG�RQWR�DQ�DJDU�SODWH��
�7KH�DJDU�SODWH�ZDV�VHW�WR�JURZ�LQ�D�GDUN�
�SODFH�DQG�REVHUYHG�IRU�EDFWHULDO�FRORQ\�
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�IRUP�SLQN�URRW�QRGXOHV�RQ�WKH�URRWV�RI�WKH�
�OHJXPH�SODQWV��1HLWKHU�WKH�EDFN\DUG�ORFDWLRQ�
�QRU�WKH�SRVLWLYH�FRQWURO�ORFDWLRQ�JUHZ�URRW�
�QRGXOHV��7KH�VSURXW�IURP�WKH�SRQG�JUHZ�WKH�
�PRVW�IURP�����ZHHNV�SRVW�SODQWLQJ�WR�����
�ZHHNV�SRVW�SODQWLQJ��ZLWK�LW�EHLQJ����FP�RQ�
�ZHHN�����DQG���FP�RQ�ZHHN�����SRVW�
�SODQWLQJ��7KH�SODQWV�JURZQ�LQ�WKH�VRLO�IURP�WKH�
�EDFN\DUG�KDG�WKH�OHDVW�FKDQJH��ZLWK�����FP�
�RQ�ZHHN�����DQG�����FP�RQ�ZHHN������$OO�
�WKUHH�VRLO�ORFDWLRQV�KDG�PDQ\�EDFWHULD�
�FRORQLHV�JURZLQJ�E\���GD\V�SRVW�EDFWHULD�
�H[WUDFWLRQ��
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�OHJXPH�SODQWV�IURP�WKH�VRLO�E\�WKH�SRQG��7KH�
�IRUPDWLRQ�RI�URRW�QRGXOHV�LQGLFDWHV�D�KHDOWK\��
�EHQHILFLDO�UHODWLRQVKLS�EHWZHHQ�WKH�QLWURJHQ�LQ�
�WKH�VRLO�DQG�WKH�SODQW�URRW��7KH�SLQN�FRORU�RI�
�WKH�URRW�QRGXOHV�DOVR�LQGLFDWHV�WKDW�
�OHJKHPRJORELQ�LV�SUHVHQW��7KH�SLQN�QRGXOHV�
�DOVR�LQGLFDWH�WKDW�QLWURJHQ�LV�EHLQJ�VXSSOLHG�WR�
�WKDW�SODQW�DQG�WKDW�WKH�EDFWHULD�LQ�WKH�VRLO�DUH�
�UHFHLYLQJ�FDUERQ�LQ�UHWXUQ��7KH�ODFN�RI�URRW�
�QRGXOHV�LQ�WKH�VRLO�DQG�SRVLWLYH�FRQWURO�FRXOG�
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�OLNHO\�EH�GXH�WR�DQ�H[FHVV�RI�QLWURJHQ�LQ�WKH�
�VRLO��RU�RWKHU�LPEDODQFHV�LQ�WKH�VRLO��VXFK�DV�
�DQ�RYHUDEXQGDQFH�RI�ZDWHU�RU�RYHU�DFLGLF�
�VRLO��,W�LV�DOVR�LPSRUWDQW�WR�QRWH�WKDW�WKH�
�OHJXPH�SODQW�IURP�WKH�SRQG�VRLO�KDG�WKH�PRVW�
�JURZWK�RYHU�WKH�RQH�ZHHN�SHULRG�DQG�KDG�WKH�
�ORQJHVW�VKRRW�KHLJKW�RI���FP�DW�ZHHN����7KH�
�SRQG�VRLO�DQG�PLFUREHV�LQ�WKH�VRLO�PRVW�OLNHO\�
�FRQWULEXWHG�WR�WKH�IDVW�DQG�WDOO�JURZWK�RI�WKH�
�SODQW��,W�FRXOG�EH�LQIHUUHG�WKDW�EHFDXVH�RI�WKH�
�URRW�QRGXOHV�ZKLFK�LQGLFDWH�QLWURJHQ�IL[DWLRQ�
�RFFXUULQJ�LQ�WKH�VRLO��WKH�SODQW�ZDV�DEOH�WR�XVH�
�WKH�QLWURJHQ�HIILFLHQWO\�LQ�RUGHU�WR�SURPRWH�
�JURZWK��7KH�RWKHU�OHJXPH�SODQWV�IURP�WKH�
�RWKHU�VRLO�ORFDWLRQV�GLG�QRW�JURZ�DV�UDSLGO\�
�DQG�GLG�QRW�KDYH�DQ\�QRGXOHV�JURZLQJ�RQ�
�WKHP��WKLV�GHPRQVWUDWHV�KRZ�LPSRUWDQW�
�LQWHUDFWLRQV�ZLWK�WKH�VRLO�DQG�URRWV�LQ�RUGHU�WR�
�IRUP�QRGXOHV�DUH�FULWLFDO�WR�SODQW�
�GHYHORSPHQW��

�7KURXJK�WKLV�H[SHULPHQW��WKH�K\SRWKHVLV�WKDW�
�WKH�VRLO�E\�WKH�SRQG�ZRXOG�\LHOG�WKH�PRVW�
�SRVLWLYH�LQWHUDFWLRQV�EHWZHHQ�WKH�EDFWHULD�DQG�

�WKH�VRLO�E\�WKH�SRQG�ZRXOG�\LHOG�WKH�PRVW�
�SRVLWLYH�LQWHUDFWLRQV�EHWZHHQ�WKH�EDFWHULD�DQG�
�SODQW�URRWV�ZDV�VXSSRUWHG��:KLOH�DOO�WKUHH�VRLO�
�ORFDWLRQV�KDG�LQWHUDFWLRQV�ZLWK�EDFWHULD��LW�LV�
�PRVW�OLNHO\�WKDW�WKH�SODQW�LQ�WKH�VRLO�IURP�WKH�
�SRQG�KDG�DQ�LQWHUDFWLRQ�ZLWK�5KL]RELXP�
�EDFWHULD��,�ZDV�QRW�VXUSULVHG�E\�WKH�ILQGLQJ�RI�
�URRW�QRGXOHV�RQ�WKH�SRQG�SODQW�EXW�ZDV�
�VXUSULVHG�WKDW�WKHUH�ZHUH�QR�QRGXOHV�IRUPHG�
�RQ�WKH�SRVLWLYH�FRQWURO�SODQW��7KLV�FRXOG�EH�
�EHFDXVH�RI�KXPDQ�HUURU�ZKHQ�UHPRYLQJ�WKH�
�URRWV�RI�WKH�SODQW�RU�DV�D�UHVXOW�RI�XQILW�VRLO�
�FRQGLWLRQV��,Q�WKH�IXWXUH��WKLV�GDWD�FDQ�EH�
�XVHG�WR�GHWHUPLQH�ZKDW�NLQGV�RI�JURZLQJ�
�FRQGLWLRQV�DUH�RSWLPDO�IRU�EDFWHULD�URRW�
�LQWHUDFWLRQV�ZKLFK�FDQ�OHDG�WR�IDVWHU�JURZLQJ��
�KHDOWKLHU�SODQWV��)XWXUH�UHVHDUFK�WKDW�FRXOG�
�EH�GRQH�RQ�UKL]RELD�EDFWHULD�DQG�OHJXPH�
�SODQWV�FRXOG�LQFOXGH�ZKDW�RWKHU�EDFWHULD�
�EHQHILW�SODQW�JURZWK��GR�GLIIHUHQW�W\SHV�RI�
�SODQWV�LQWHUDFW�ZLWK�UKL]RELD�GLIIHUHQWO\�DQG�
�KRZ�FDQ�QLWURJHQ�EH�XWLOL]HG�LQ�DQ�DUWLILFLDO�
�ZD\�WR�SURPRWH�SODQW�JURZWK��
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�EDFWHULD��IXQJL��RU�DQ\�RWKHU�W\SHV�RI�PLFUREHV�
�SUHVHQW�RQ�OHJXPH�SODQWV�IURP�WZR�GLIIHUHQW�
�VLWHV�LQ�:LFKLWD��7H[DV��6RLO�ZDV�FROOHFWHG�
�IURP�WZR�VLWHV�DQG���SRWV�ZHUH�ILOOHG�ZLWK�VRLO�
�IURP�RQH�VLWH�DQG�WKH���SRW�ZDV�ILOOHG�ZLWK�VRLO�
�IURP�WKH�RWKHU�VLWH��$IWHU�VRLO�FROOHFWLRQ��KROHV�
�ZHUH�PDGH�VR�WKDW�VHHGV�FRXOG�EH�SODQWHG��
�)RU�WKH�SRVLWLYH�FRQWURO�SRW��FRPPHUFLDO�
�LQRFXODQW�ZDV�XVHG�ZKHQ�SODQWLQJ�WKH�OHJXPH�
�VHHGV��$IWHU�LQLWLDO�SODQWLQJ��SODQWV�ZHUH�
�ZDWHUHG�HYHU\�RWKHU�GD\��$IWHU�WKH�OHJXPHV�
�VSURXWHG��WKH\�ZHUH�WHVWHG�IRU�GLIIHUHQW�W\SHV�
�RI�PLFUREHV��
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�IXQJL��,�H[SHFWHG�EDFWHULD�WR�EH�RQ�WKH�URRWV�
�DQG�WKH�VWHP�RI�WKH�OHJXPH�SODQWV��
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�PLFURVFRSH��DQG�FXSV��

�0XOWLSOH�IDFWRUV�ZHUH�FRQVLGHUHG�ZKHQ�
�LGHQWLI\LQJ�VRLO�FROOHFWLRQ�ORFDWLRQV��2QH�IDFWRU�
�ZDV�WKH�GHQVLW\�RI�WKH�VRLO��,I�WKH�VRLO�ZDV�YHU\�
�GHQVH�WKHQ�WKH�OHJXPHV�ZRXOG�QRW�EH�DEOH�WR�
�VSURXW�IURP�WKH�VRLO�SURSHUO\��7KH�QH[W�IDFWRU�
�FRQVLGHUHG�ZDV�WKH�UHWHQWLRQ�RI�ZDWHU�LQ�WKH�
�VRLO��7KLV�LV�KRZ�PRLVW�WKH�VRLO�VWD\V�DIWHU�
�ZDWHULQJ�LW��7KLV�LV�LPSRUWDQW�EHFDXVH�
�OHJXPHV�UHTXLUH�GDPS�DQG�IUHTXHQWO\�
�ZDWHUHG�VRLO�WR�WKULYH��$GGLWLRQDOO\��WKH�VLWHV�
�QHHGHG�WR�EH�IDU�HQRXJK�DSDUW�VR�WKH\�
�ZHUHQ¶W�WKH�VDPH�VRLO��%HFDXVH�RI�WKHVH�
�UHTXLUHPHQWV�,�XVHG�VRLO�IURP�P\�EDFN\DUG�IRU�

�VLWH���LQFOXGLQJ�FRQWURO��)RU�VLWH���,�XVHG�VRLO�
�IURP�DFURVV�WKH�VWUHHW�IURP�P\�KRXVH��
�$IWHU�JDWKHULQJ�WKH�VRLO��,�SODQWHG����VHHGV�
�LQWR�HDFK�SRW�DQG�ZDWHUHG�WKHP��)RU�WKH�ILUVW�
�FRXSOH�RI�GD\V�,�ZDWHUHG�HYHU\�RWKHU�GD\��
�+RZHYHU��VLWH���VHHPHG�WR�GU\�RXW�YHU\�
�TXLFNO\�VR�,�ZDWHUHG�HYHU\�GD\�DIWHU�UHDOL]LQJ��
�7KH�OHJXPHV�VSURXWHG�LQ�HDFK�SRW�EHVLGHV�
�VLWH����%RWK�VLWH���DQG�WKH�SRVLWLYH�FRQWURO��
�ZKLFK�KDG�DGGHG�FRPPHUFLDO�LQRFXODQW��KDV�
�DW�OHDVW���SODQWV�ZLWK�WKH�SRVLWLYH�FRQWURO�
�KDYLQJ���SODQWV��%HFDXVH�VLWH���KDG�QR�
�SODQWV��,�GHFLGHG�WR�WUDQVIHU�WKH�H[WUD�RQH�LQ�
�WKH�SRVLWLYH�FRQWURO�WR�VLWH����6LQFH�WKHQ�DOO�
�WKH�OHJXPHV�LQ�HDFK�SRW�ZHUH�WKULYLQJ��
�7KH�QH[W�VWHS�LQFOXGHG�SKHQRW\SLQJ���OHJXPH�
�IURP�HDFK�SODQW�DQG�REVHUYLQJ�WKHLU�VKRRWV��$�
�SLQNLVK�VKRRW�VKRZV�WKDW�SURSHU�QLWURJHQ�
�IL[DWLRQ�RFFXUUHG�DQG�KDYLQJ�URRW�QRGXOHV�
�VKRZHG�WKDW�EHQHILFLDO�EDFWHULD�ZDV�LQ�WKH�
�VRLO��7R�SKHQRW\SH�WKH�SODQW��,�WRRN�RXW���SODQW�
�IURP�HDFK�SRW�FDUHIXOO\�ZLWKRXW�EUHDNLQJ�DQ\�
�URRWV��$IWHU�WKH\�ZHUH�WDNHQ�RXW�,�ULQVHG�WKHP�
�ZLWK�ZDWHU�DQG�WKHQ�PHDVXUHG�WKHLU�OHQJWKV��
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�FORVHU�ORRN�DW�WKH�URRWV�DQG�VKRRWV��$OO�RI�WKH�
�SODQWV�EHVLGHV�WKH�RQHV�IURP�VLWH���KDG�SLQN�
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�SODFH�WR�GHWHUPLQH�WKH�SUHVHQFH�RI�EDFWHULD�LQ�
�WKH�SODQWV��8VLQJ�GLOXWHG�EOHDFK�DQG�D�SHWUL�
�GLVK��,�REVHUYHG�WKH�EDFWHULD�IURP�HDFK�SODQW��
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�SUHYLRXVO\�DGGHG�IHUWLOL]HU�LQ�VRLO�RQ�WKH�
�5KL]RELXP�/HJXPH�V\VWHP�LV�WHVWHG��DQG�
�UHYHDOV�WKDW�WKH�DGGHG�IHUWLOL]HU�LV�GHWULPHQWDO�
�WR�WKH�GHYHORSPHQW�RI��QRGXOHV�RQ�WKH�SODQW�
�URRWV��7KH�H[SHULPHQW�FRQGXFWHG�WRRN�VRLO�
�IURP�WZR�GLIIHUHQW�ORFDWLRQV�LQ�-RKQV�&UHHN�
�*HRUJLD��WKH�IURQW�\DUG�ZKHUH�WKHUH�ZDV�
�IUHTXHQW�JDUGHQLQJ�DQG�PDQ\�IHUWLOL]HUV��DQG�
�WKH�EDFN\DUG�ZKHUH�WKHUH�ZHUH�QR�IHUWLOL]HUV��
�7KH�SODQWV�ZHUH�JURZQ�XQGHU�VWDEOH�
�FRQGLWLRQV�DQG�ZDWHUHG�IUHTXHQWO\��$IWHU���
�ZHHNV�WKH�URRWV�ZHUH�FRPSDUHG��DQG�WKH�
�SODQWV�WKDW�ZHUH�JURZQ�LQ�VRLO�IURP�WKH�
�EDFN\DUG�KDG�PDQ\�PRUH�QRGXOHV�WKDQ�SODQWV�
�WKDW�ZHUH�JURZQ�LQ�VRLO�IURP�WKH�IURQW�\DUG��

�,1752'8&7,21�
�5KL]RELD�LV�WKH�WHUP�XVHG�IRU�WKH�
�QLWURJHQ�IL[LQJ�VRLO�EDFWHULD�WKDW�SURGXFH�
�QRGXOHV�RQ�WKH�VWHPV�RI�OHJXPH�SODQWV�
��:DQJ���������,QVLGH�WKHVH�QRGXOHV�LV�D�
�VWUXFWXUH�FDOOHG�WKH�V\PELRVRPH�WKDW�LV�PDGH�
�XS�RI�SRO\PRUSKLF�FHOOV�FDOOHG�EDFWHURLGV��
�6\PELRVRPH�DOORZV�IRU�WKH�QLWURJHQDVH�
�HQ]\PH�WR�UHGXFH�HOHPHQWDO�QLWURJHQ�WR�
�DPPRQLD�LQ�WKH�EDFWHURLGV��7KLV�UHODWLRQVKLS�
�EHQHILWV�ERWK�WKH�OHJXPHV�DQG�WKH�UKL]RELD��
�7KH�OHJXPH�SODQW�VXSSOLHV�WKH�UKL]RELD�ZLWK�
�FDUERQ�DQG�HQHUJ\��DQG�LQ�WXUQ�WKH�UKL]RELD�
�JLYHV�WKH�SODQW�QLWURJHQ�QXWULHQWV�WKDW�DUH�
�PDGH�E\�WDNLQJ�QLWURJHQ�IURP�WKH�DWPRVSKHUH�
�DQG�DGGLQJ�LW�WR�DPLQR�DFLGV��:DQJ���������

�7KHVH�QLWURJHQ�IL[LQJ�V\VWHPV�SOD\�DQ�
�LPSRUWDQW�UROH�LQ�LPSURYLQJ�WKH�TXDOLW\�RI�
�ORZ�QLWURJHQ�VRLOV��2QH�RI�WKH�PRVW�VWXGLHG�
�V\VWHPV�LV�WKH�5KL]RELXP�OHJXPH�V\PELRVLV��
�8QGHUVWDQGLQJ�WKLV�V\PELRVLV�DQG�KRZ�LW�FDQ�

�EH�DIIHFWHG�E\�RXWVLGH�FRQGLWLRQV�LV�VLJQLILFDQW�
�EHFDXVH�WKLV�V\PELRVLV�LV�EHOLHYHG�WR�EH�RQH�
�RI�WKH�EHVW�VROXWLRQV�WR�LPSURYLQJ�VRLO�TXDOLW\��
�3UHYLRXV�UHVHDUFK�KDV�VKRZQ�WKDW�IHUWLOL]HUV�
�FDQ�EH�KDUPIXO�WR�WKH�5KL]RELXP�/HJXPH�
�V\VWHP�LQ�DULG�DQG�H[WUHPH�FOLPDWHV��=DKUDQ��
��������KRZHYHU�WKHUH�LV�OLWWOH�NQRZQ�DERXW�WKH�
�HIIHFWV�RI�IHUWLOL]HUV�RQ�WKH�V\VWHP�LQ�D�
�WHPSHUDWH�FOLPDWH�VXFK�DV�-RKQV�&UHHN��
�*HRUJLD��7KHUHIRUH��WKH�SXUSRVH�RI�WKLV�
�UHVHDUFK�SURMHFW�LV�WR�ILOO�WKLV�JDS�DQG�LGHQWLI\�
�LI�WKH�IHUWLOL]HUV�DUH�VWLOO�GHWULPHQWDO�RXWVLGH�RI�
�H[WUHPH�ZHDWKHU�FRQGLWLRQV��

�:H�H[DPLQHG�WKH�HIIHFW�RI�IHUWLOL]HU�RQ�
�5KL]RELXP�OHJXPH�V\PELRVLV�E\�SODQWLQJ�
�OHJXPH�VHHGV�LQ�IHUWLOL]HG�VRLO�IUHTXHQWO\�XVHG�
�IRU�JDUGHQLQJ��DV�ZHOO�DV�VRLO�IURP�D�GLIIHUHQW�
�ORFDWLRQ�WKDW�GLG�QRW�KDYH�IHUWLOL]HUV�DGGHG��
�%RWK�ORFDWLRQV�ZHUH�LQ�-RKQV�&UHHN��*HRUJLD��

�0$7(5,$/6�$1'�0(7+2'6�
�7KUHH�SRWV�ZHUH�ILOOHG�XVLQJ�VRLO�IURP�GLIIHUHQW�
�SODFHV�LQ�-RKQV�&UHHN��*HRUJLD��,Q�SRW����VRLO�
�ZDV�FROOHFWHG�IURP�WKH�IURQW�\DUG�XVLQJ�D�
�VKRYHO��7KLV�VRLO�ZDV�IHUWLOL]HG�DQG�KDG�
�XQGHUJRQH�IUHTXHQW�JDUGHQLQJ��3RW���ZDV�
�ILOOHG�ZLWK�VRLO�FROOHFWHG�IURP�WKH�EDFN\DUG��
�7KH�VRLO�IURP�WKH�EDFN\DUG�KDG�QR�IHUWLOL]HUV�
�DGGHG��3RW���ZDV�WKH�SRVLWLYH�FRQWURO��,W�ZDV�
�ILOOHG�ZLWK�VRLO�IURP�WKH�EDFN\DUG�
��QRQ�IHUWLOL]HG��DQG�FRPPHUFLDO�LQRFXODQWV�
�ZHUH�DGGHG��

�/DVWO\��FURWDODULD�MXQFHD��OHJXPH��VHHGV�ZHUH�
�DGGHG�WR�DOO���SRWV��7KH�SRWV�ZHUH�SODFHG�LQ�
�WKH�VXQ�DQG�ZDWHUHG�GDLO\��

�$W���ZHHNV�SRVW�SODQWLQJ��VKRYHOV�ZHUH�XVHG�
�WR�GLJ�RXW�WKH�VSURXWV�DQG�PHDVXUH�
�WKHP�7KHQ��WKH\�ZHUH�UHSODQWHG�LQWR�WKH�VRLO��

�$W���ZHHNV�SRVW�SODQWLQJ��WKH�SODQWV�ZHUH�GXJ�
�RXW�DJDLQ�XVLQJ�D�VKRYHO��DQG�WKLV�WLPH�DIWHU�
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�PHDVXULQJ�WKH�SODQWV��WKH�URRWV�ZHUH�
�PDJQLILHG�XVLQJ�D�FDPHUD�DQG�H[DPLQHG��
�,Q�RUGHU�WR�LVRODWH�DQG�H[DPLQH�WKH�UKL]RELDO�
�EDFWHULD��WKH�URRW�QRGXOHV�ZHUH�WKHQ�VOLFHG�RII�
�ZLWK�D�VFDOSHO�DQG�VWHULOL]HG�ZLWK�FRPPRQ�
�KRXVHKROG�EOHDFK��7KH\�ZHUH�FUXVKHG�DQG�
�XVLQJ�D�T�WLS�VSUHDG�RQWR�D�SHWUL�GLVK��7KHVH�
�SHWUL�GLVKHV�ZHUH�ZUDSSHG�LQ�DOXPLQXP�IRLO�
�DQG�SODFHG�RQ�D�ZLQGRZ�VLOO��2YHU�WKH�FRXUVH�
�RI�WKH�QH[W���GD\V��WKHVH�SHWUL�GLVKHV�ZHUH�
�H[DPLQHG�DQG�SKRWRJUDSKHG��

�5(68/76�

�3ODQWV�DW���ZHHNV�SRVW�SODQWLQJ��

�3RVLWLYH�FRQWURO�DW���ZHHNV�SRVW�SODQWLQJ�����
�FP�

�3ODQW�IURP�EDFN\DUG�DW���ZHHNV�SRVW�SODQWLQJ��
������FP�

�3ODQW�IURP�IURQW�\DUG�DW���ZHHNV�
�SRVW�SODQWLQJ�����FP�

�2XW�RI�WKH�WKUHH�SRWV��WKH�SRVLWLYH�FRQWURO�KDG�
�WKH�PRVW�QRGXOHV�������ZKLOH�WKH�SODQWV�JURZQ�
�LQ�VRLO�IURP�WKH�IURQW�\DUG�KDG�WKH�OHDVW������
�7KH�SODQWV�JURZQ�LQ�VRLO�IURP�WKH�EDFN\DUG�
�KDG����QRGXOHV��7KLV�VXJJHVWV�WKDW�WKH�
�SUHYLRXVO\�DGGHG�IHUWLOL]HU�ZDV�GHWULPHQWDO�WR�
�WKH�GHYHORSPHQW�RI�QRGXOHV��
�$GGLWLRQDOO\��WKH�DJDU�PHGLD�SODWHV�VKRZHG�
�WKDW�WKH�SODQWV�JURZQ�LQ�VRLO�IURP�WKH�
�EDFN\DUG�KDG�WKH�PRVW�UKL]RELD�EDFWHULD�ZKLOH�
�WKH�SODQWV�JURZQ�LQ�VRLO�IURP�WKH�IURQW�\DUG�
�KDG�WKH�OHDVW��
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�7KH�UHVXOWV�VKRZ�WKDW�WKH�SUH�H[LVWLQJ�
�IHUWLOL]HU�LQ�WKH�VRLO�ZDV�GHWULPHQWDO�WR�WKH�

�UKL]RELXP�OHJXPH�V\PELRVLV�DQG�WKH�
�GHYHORSPHQW�RI�QRGXOHV�RQ�WKH�URRWV�RI�WKH�
�OHJXPH�SODQWV��7KHVH�UHVXOWV�VXSSRUW�VLPLODU�
�VWXGLHV�LQ�WKLV�ILHOG��)XUWKHU�UHVHDUFK�LV�
�QHFHVVDU\�WR��WHVW�RWKHU�HQYLURQPHQWDO�IDFWRUV�
�WKDW�DUH�SRWHQWLDOO\�KDUPIXO�WR�WKH�
�5KL]RELXP�/HJXPH�V\PELRVLV��,�ZDV�YHU\�
�VXUSULVHG�E\�WKH�UHVXOWV�RI�WKH�H[SHULPHQWV�DV�
�,�EHOLHYHG�WKH�SUH�H[LVWLQJ�IHUWLOL]HUV�ZRXOG�DLG�
�LQ�WKH�GHYHORSPHQW�RI�WKH�QRGXOHV��,�ZDV�DOVR�
�VXUSULVHG�ZKHQ�WKH�SRW�ZLWK�VRLO�IURP�WKH�
�EDFN\DUG��QRQ�IHUWLOL]HG��KDG�VLJQLILFDQWO\�
�PRUH�VSURXWV�FRPSDUHG�WR�WKH�SRW�ZLWK�VRLO�
�IURP�WKH�IURQW�\DUG��IHUWLOL]HG���EHFDXVH�WKH�
�EDFN\DUG�VRLO�LV�YHU\�GU\�DQG�VDQG\��7KLV�
�UHVHDUFK�DGGV�WR�H[LVWLQJ�NQRZOHGJH�RQ�
�IDFWRUV�WKDW�DIIHFW�WKH�QLWURJHQ�IL[LQJ�V\VWHP¶V�
�DELOLW\�WR�LPSURYH�WKH�TXDOLW\�RI�VRLO��
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�:DQJ��(��7����������6\PELRVLV�EHWZHHQ�UKL]RELD�DQG�OHJXPHV��6SULQJHU/LQN��5HWULHYHG�-XO\�����
�������IURP��KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��

�=DKUDQ�+��+����������5KL]RELXP�OHJXPH�V\PELRVLV�DQG�QLWURJHQ�IL[DWLRQ�XQGHU�VHYHUH�
�FRQGLWLRQV�DQG�LQ�DQ�DULG�FOLPDWH��0LFURELRORJ\�DQG�PROHFXODU�ELRORJ\�UHYLHZV��00%5���������
����±������KWWSV���GRL�RUJ���������00%5�������������������
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�5LD�1DUDQJ�
�'HWHUPLQLQJ�WKH�0LFURELRPH�(IIHFWV�RQ�/HJXPH�3ODQWV�LQ�7UR\��0,�

�$%675$&7�
�,Q�RUGHU�IRU�SODQWV�WR�WKULYH�LQ�GLIIHUHQW�
�HQYLURQPHQWV��WKH\�PXVW�IRUP�EHQHILFLDO�
�UHODWLRQVKLSV�ZLWK�WKH�EDFWHULD�LQ�WKH�VRLO��7KH�
�SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�GHWHUPLQH�WKH�
�SUHVHQFH�RI�WKH�QLWURJHQ�IL[LQJ�EDFWHULD��
�UKL]RELD��LQ�WKH�VRLO��DQG�LWV�LQWHUDFWLRQ�ZLWK�
�FURWDODULD�MXQFHD�OHJXPH�SODQWV�LQ�7UR\��
�0LFKLJDQ��5KL]RELD��D�JURXS�RI�EDFWHULD�WKDW�
�DLGV�OHJXPH�SODQWV�WR�REWDLQ�QLWURJHQ��LV�D�
�YLWDO�HOHPHQW�IRU�WKH�JURZWK�RI�SODQWV��,Q�WKLV�
�UHVHDUFK�SURMHFW���VRLO�ZDV�SLFNHG�LQ�WKUHH�
�SRWV�IURP�WZR�GLIIHUHQW�ORFDWLRQV��ZLWK�RQH�RI�
�WKH�SRWV�NHSW�DV�D�SRVLWLYH�FRQWURO��7KH�
�SRVLWLYH�FRQWURO�SRW�KDG�FRPPHUFLDO�LQRFXODQW�
�DGGHG�WR�LW��ZKLFK�FRQWDLQHG�%UDG\UKL]RELXP�
�VS���9LJQD���%UDG\UKL]RELXP�MDSRQLFXP��
�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��
�DQG�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�YLFHDH��
�)LIWHHQ�FURWDODULD�MXQFHD�OHJXPH�VHHGV�ZHUH�
�DGGHG�WR�HDFK�SRW���DQG�WKH�JURZWK�RI�WKH�
�SODQWV�LQ�HDFK�SRW�ZDV�PRQLWRUHG�WKURXJKRXW�
�WKH�UHVHDUFK�FRXUVH��6HYHUDO�SURFHGXUHV�
�ZHUH�GRQH��LQFOXGLQJ�PRQLWRULQJ�SODQW�JURZWK��
�SKHQRW\SLQJ�SODQW�URRWV�DQG�VKRRWV��
�PLFURVFRSLFDOO\�REVHUYLQJ�SODQW�URRWV��
�LVRODWLQJ�EDFWHULD�IURP�OHJXPH�URRWV��DQG�
�XVLQJ�ELRLQIRUPDWLFV�WRROV�WR�H[SODLQ�WKH�
�OHJXPH�UKL]RELD�UHODWLRQVKLS��$W�WKH�HQG�RI�
�WKH�FRXUVH��QRQH�RI�WKH�SODQWV�FRQWDLQHG�DQ\�
�QRGXOHV��7KLV�PD\�KDYH�EHHQ�WKH�FDVH�LI�WKH�
�SODQWV�ZHUH�WDNHQ�RXW�WRR�HDUO\��DQG�WKHUH�
�ZDVQ¶W�HQRXJK�WLPH�IRU�D�UHODWLRQVKLS�WR�IRUP��
�2WKHU�SRWHQWLDO�IDFWRUV�LQFOXGH�WKH�W\SH�RI�VRLO��
�WHPSHUDWXUH��RWKHU�EDFWHULDV�SUHVHQW�LQ�WKH�
�VRLO��QLWURJHQ�OHYHOV�LQ�WKH�VRLO��HLWKHU�WRR�
�PXFK�RU�QRW�HQRXJK�QLWURJHQ���DQG�D�ODFN�RI�
�QXWULHQW�FRQWHQW��$VLGH�IURP�WKH�SRVLWLYH�
�FRQWURO�SRW��WKH�VRLO�IURP�WKH�IURQW�\DUG�LQ�
�7UR\��0LFKLJDQ��SURYHG�WR�EH�WKH�PRVW�
�EHQHILFLDO�LQ�WKH�JURZWK�RI�FURWDODULD�MXQFHD�
�OHJXPH�SODQWV�DV�VHHQ�E\�WKH�VKRRW�KHLJKWV�
�RI�WKH�SODQWV��DV�ZHOO�DV�WKH�EDFWHULD�RQ�WKH�
�DJDU�PHGLD�SODWHV��

�,1752'8&7,21�
�7KH�PLFURELRPH�FRQVLVWV�RI�ERWK�EHQHILFLDO�
�DQG�SRWHQWLDOO\�KDUPIXO�EDFWHULD��ZKLFK�LV�
�HVVHQWLDO�IRU�SODQWV�DV�LW�FDQ�HQKDQFH�RU�
�GHFUHDVH�FR�H[LVWLQJ�VSHFLHV�DQG�LQIOXHQFH�
�FRPSOHWH�SODQW�HFRV\VWHPV��:DQJ�HW�DO���
��������0LFURELRPHV�GLUHFWO\�LPSDFW�SODQW�
�JURZWK�E\�WKHLU�DELOLW\�WR�LPSURYH�SODQW�
�QXWULHQW�XSWDNH�WKURXJK�PXOWLSOH�ELRFKHPLFDO�
�SURFHVVHV��VXFK�DV�QLWURJHQ�IL[DWLRQ��%HUJ��
��������/HJXPHV�DUH�DEOH�WR�IRUP�D�V\PELRWLF�
�UHODWLRQVKLS�ZLWK�WKH�QLWURJHQ�IL[LQJ�EDFWHULD�
�FDOOHG�UKL]RELD��ZKLFK�UHVXOWV�LQ�QRGXOHV�RQ�
�WKH�SODQW�URRW��9LD�HW�DO����������7KHVH�
�QRGXOHV�FDSWXUH�QLWURJHQ�IURP�WKH�
�DWPRVSKHUH�DQG�WUDQVIRUP�LW�LQWR�DPPRQLD��
�ZKLFK�WKH�SODQW�WKHQ�XVHV�WR�JURZ�DQG�WKULYH�
�LQ�GLIIHUHQW�HQYLURQPHQWV��)O\QQ���������
�7KLV�VWXG\�DLPHG�WR�DGGUHVV�ZKDW�WKH�HIIHFW�
�RI�WKH�PLFURELRPH�ZDV�RQ�OHJXPH�SODQWV�LQ�
�7UR\��0LFKLJDQ��0\�K\SRWKHVLV�ZDV�WKDW�
�GDPSHU�VRLO�IURP�D�SRQG�LQ�7UR\�ZLOO�FRQWDLQ�
�PRUH�UKL]RELD�LQ�FRPSDULVRQ�WR�GULHU�VRLO��
�7KURXJK�PRQLWRULQJ�SODQW�JURZWK��
�SKHQRW\SLQJ�SODQW�URRWV�DQG�VKRRWV��
�PLFURVFRSLFDOO\�REVHUYLQJ�SODQW�URRWV��
�LVRODWLQJ�EDFWHULD�IURP�OHJXPH�URRWV��DQG�
�XVLQJ�ELRLQIRUPDWLFV�WRROV�WR�H[SODLQ�WKH�
�OHJXPH�UKL]RELD�UHODWLRQVKLS��ZH�FDQ�
�HIIHFWLYHO\�DQVZHU�LI�UKL]RELD�DUH�SUHVHQW�LQ�
�VRLO�LQ�7UR\��0LFKLJDQ��

�0$7(5,$/6�$1'�0(7+2'6�
�&ROOHFWLQJ�VRLO��SODQWLQJ�OHJXPH�VHHGV�DQG�
�PRQLWRULQJ�SODQW�JURZWK�

�/DE�VSDFH�ZDV�VWDWLRQHG�LQ�D�ZLQGRZ�WR�KDYH�
�HYHQ�OLJKW�H[SRVXUH��*ORYHV�ZHUH�ZRUQ�IRU�
�HDFK�H[SHULPHQW�DQG�WKH�VWDWLRQ�ZDV�
�VWHULOL]HG�EHWZHHQ�VWHSV��)LUVW��VRLO�ZDV�
�FROOHFWHG�IURP�WZR�GLIIHUHQW�ORFDWLRQV�LQ�7UR\��
�0LFKLJDQ��E\�GLJJLQJ�D�KROH�VL[�LQFKHV�GHHS��
�7KUHH�SRWV�ZHUH�ILOOHG�ZLWK�VRLO��3RW���IURP�WKH�
�IURQW�\DUG��DQG�3RW���DQG���IURP�WKH�EDFN\DUG�
�QHDU�WKH�SRQG��$OO�WKUHH�SRWV�ZHUH�ILOOHG�WR�
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�DERXW�ò�DQ�LQFK�EHORZ�WKH�EULP�RI�WKH�SRW��
�&RPPHUFLDO�LQRFXODQW�ZDV�DGGHG�WR�SRW���IRU�
�WKH�SRVLWLYH�FRQWURO�SRW��
�%HIRUH�VZLWFKLQJ�ORFDWLRQV��,�VWHULOL]HG�WKH�
�GLJJLQJ�WRROV�XVLQJ�����HWKDQRO�ZLSHV��
�6WHULOL]DWLRQ�EHWZHHQ�ORFDWLRQV�ZDV�NHSW�
�FRQVLVWHQW�WKURXJKRXW�WKH�H[SHULPHQWV�LQ�WKLV�
�FRXUVH�WR�REWDLQ�WKH�PRVW�DFFXUDWH�UHVXOWV��
�,Q�HDFK�SRW�����KROHV�ZHUH�PDGH�LQ�WKH�VRLO�
�DQG�FURWDODULD�MXQFHD�OHJXPH�VHHGV�ZHUH�
�LQVHUWHG�LQWR�HDFK�KROH��,Q�WKH�SRVLWLYH�FRQWURO�
�SRW��D�SLQFK�RI�FRPPHUFLDO�LQRFXODQW�ZDV�
�DGGHG�RQ�WRS�RI�WKH�VHHG�LQ�HDFK�KROH��(DFK�
�KROH�ZDV�WKHQ�FRYHUHG��DQG�HDFK�SODQW�ZDV�
�ZDWHUHG��%\�SRVW�SODQWLQJ�GD\�ILYH��WKHUH�ZDV�
�DW�OHDVW�RQH�VSURXW�LQ�HDFK�SRW��
�7KHUH�ZDV�FRQWLQXRXV�REVHUYDWLRQ�RI�
�JHUPLQDWLRQ�DQG�WKH�QXPEHU�RI�VSURXWV�LQ�
�HDFK�SRW�ZDV�UHFRUGHG��$W�WZR�ZHHNV�
�SRVW�SODQWLQJ��DGGLWLRQDO�OHJXPH�VHHGV�ZHUH�
�SODQWHG�WR�HQVXUH�WKDW�HDFK�SRW�KDG�DW�OHDVW�
�WKUHH�SODQWV��

�3KHQRW\SLQJ�SODQW�VKRRWV�DQG�URRWV�
�7KH�SODQW�VKRRWV�RI�WKH�WDOOHVW�SODQW�IURP�HDFK�
�SRW�ZHUH�SKHQRW\SHG�DQG�UHFRUGHG�IRU�
�KHLJKWV��LQ�FP���([FHVV�ZDWHU�ZDV�DGGHG�WR�
�HDFK�RI�WKH�SRWV�WR�PDNH�WKH�VRLO�VRIWHU��2QH�
�SODQW�IURP�HDFK�RI�WKH�SRWV�ZDV�UHPRYHG�DQG�
�SODFHG�QH[W�WR�D����FP�UXOHU�RQ�EODFN�
�FRQVWUXFWLRQ�SDSHU��7KLV�ZDV�WR�YLVXDOL]H�WKH�
�SODQW¶V�KHLJKW��0LFURVFRSLF�REVHUYDWLRQ�RI�WKH�
�URRWV�RI�WKH�SODQWV�ZDV�GRQH�WR�FKHFN�IRU�DQ\�
�URRW�QRGXOHV��

�,VRODWLQJ�EDFWHULD�IURP�SODQW�URRWV�
�$JDU�PHGLD�SODWHV�ZHUH�XVHG�WR�LVRODWH�
�EDFWHULD�IURP�OHJXPH�URRWV��0DWHULDOV�XVHG�
�LQFOXGHG�����HWKDQRO�ZLSHV��D�VFDOSHO��
�WZHH]HUV��SDSHU�WRZHOV��ILYH�PLFURFHQWULIXJH�
�WXEHV��ILYH�SODVWLF�SHVWOHV��WKUHH�FRWWRQ�
�VZDEV��ZDWHU��EOHDFK��DQG�WKUHH�DJDU�PHGLD�
�SODWHV��7KUHH�PLFURFHQWULIXJH�WXEHV�ZHUH�
�ILOOHG�ZLWK���P/�RI�ZDWHU�HDFK��2QH�DGGLWLRQDO�
�WXEH�ZDV�ILOOHG�ZLWK�RQH�GURS�RI�EOHDFK�DQG�
�����P/�RI�ZDWHU��IRU�VWHULOL]DWLRQ���7KH�URRW�RI�
�WKH�ILUVW�SODQW�ZDV�FXW�XVLQJ�D�VFDOSHO��SODFHG�
�LQWR�WKH�EOHDFK�DQG�ZDWHU�PL[WXUH��DQG�VKRRN�
�ILYH�WLPHV��8VLQJ�WZHH]HUV��WKH�URRW�ZDV�WKHQ�
�WUDQVIHUUHG�LQWR�WKH�WXEH�ZLWK�ZDWHU��DQG�
�VKRRN����WLPHV��/DVWO\��WKH�URRW�ZDV�SODFHG�
�LQWR�D�PLFURFHQWULIXJH�WXEH��DQG�FUXVKHG�ZLWK�
�D�SODVWLF�SHVWOH������P/�RI�ZDWHU�ZDV�DGGHG�WR�
�WKH�WXEH�ZKLFK�ZDV�WUDQVIHUUHG�RQWR�DQ�DJDU�
�PHGLD�SODWH��:LWK�D�FRWWRQ�VZDE��WKH�URRW�DQG�
�ZDWHU�PL[WXUH�ZDV�VSUHDG�RYHU�WKH�DJDU�
�PHGLD�SODWH��DQG�DLU�GULHG�IRU����PLQXWHV��7KH�
�SURFHVV�ZDV�UHSHDWHG�ZLWK�DOO�WKUHH�SODQWV��
�DQG�HDFK�DJDU�PHGLD�SODWH�ZDV�ZUDSSHG�LQ�
�DOXPLQXP�IRLO�DQG�SODFHG�RXWVLGH�GRZQ�QHDU�
�D�ZLQGRZ��

�8VLQJ�ELRLQIRUPDWLFV�WRROV�
�,Q�WKH�ILQDO�ZHHN��ELRLQIRUPDWLF�WRROV�ZHUH�
�XVHG�WR�GR�'1$�VHTXHQFLQJ��DQG�GHWHUPLQH�
�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�RI�WKH�EDFWHULD�
�ZH�VXVSHFWHG�WR�EH�SUHVHQW�WR�WKH�EDFWHULD�LQ�
�WKH�FRPPHUFLDO�LQRFXODQW��

�5(68/76�
�7DEOH����3KHQRW\SLQJ�SODQW�VKRRWV�DQG�URRWV�DQG�LVRODWLQJ�EDFWHULD�IURP�URRW�

�6KRRW�+HLJKW� �0LFURVFRSLFDOO\�
�REVHUYLQJ�URRWV�

�'DWD�IURP�DJDU�PHGLD�
�SODWHV�

�)URQW�\DUG� ����GD\V�
�SRVW�SODQWLQJ��
������FP�
����GD\V�
�SRVW�SODQWLQJ����
�FP�

�1R�QRGXOHV�DUH�
�SUHVHQW�RQ�DQ\�RI�WKH�
�SODQWV�WKURXJKRXW�WKH�
�ZHHNV�
�7KH�URRWV�RI�WKH�SODQWV�
�DUH�SULPDULO\�ZKLWH�

�'D\����6HYHUDO�IODW��
�FLUFXODU��ZKLWH�FRORQLHV�
�DUH�SUHVHQW�
�'D\����0RUH�IODW��FLUFXODU�
�ZKLWH�FRORQLHV�KDYH�
�DSSHDUHG�DQG�DUH�PRUH�
�YLVLEOH�

�3DJH�����



����GD\V�
�SRVW�SODQWLQJ��
������FP�

�'D\����1XPHURXV�IODW��
�FLUFXODU��ZKLWH�FRORQLHV�
�DUH�VKRZQ�

�%DFN\DUG� ����GD\V�
�SRVW�SODQWLQJ��
�����FP�
����GD\V�
�SRVW�SODQWLQJ��
�����FP�
����GD\V�
�SRVW�SODQWLQJ��
������FP�

�1R�QRGXOHV�DUH�
�SUHVHQW�RQ�DQ\�RI�WKH�
�SODQWV�WKURXJKRXW�WKH�
�ZHHNV�
�7KH�URRWV�RI�WKH�SODQWV�
�DUH�SULPDULO\�D�OLJKW�
�SLQN�

�'D\����1R�FRORQLHV�
�YLVLEOH�RQ�WKH�DJDU�
�PHGLD�SODWH�
�'D\����1R�FRORQLHV�
�YLVLEOH�RQ�WKH�DJDU�
�PHGLD�SODWH�
�'D\����1R�FRORQLHV�
�YLVLEOH�RQ�WKH�DJDU�
�PHGLD�SODWH�

�3RVLWLYH�FRQWURO� ����GD\V�
�SRVW�SODQWLQJ��
����FP�
����GD\V�
�SRVW�SODQWLQJ��
������FP�
����GD\V�
�SRVW�SODQWLQJ��
�����FP�

�1R�QRGXOHV�DUH�
�SUHVHQW�RQ�DQ\�RI�WKH�
�SODQWV�WKURXJKRXW�WKH�
�ZHHNV�
�7KH�URRWV�RI�WKH�SODQWV�
�DUH�SULPDULO\�D�OLJKW�
�SLQN�

�'D\����6HYHUDO�IODW��
�FLUFXODU�DQG�LUUHJXODU��
�ZKLWH�FRORQLHV�DUH�
�SUHVHQW�
�'D\����0RUH�IODW��FLUFXODU�
�DQG�LUUHJXODU��ZKLWH�
�FRORQLHV�DUH�SUHVHQW�
�'D\����1XPHURXV�IODW��
�FLUFXODU�DQG�LUUHJXODU��
�ZKLWH�FRORQLHV�DUH�
�SUHVHQW�

�3DJH�����



�',6&866,21�
�7KH�VRLO�IURP�WKH�IURQW�\DUG�\LHOGHG�WKH�EHVW�
�UHVXOWV��DSDUW�IURP�WKH�SRVLWLYH�FRQWURO�SRW���
�DV�VHHQ�E\�WKH�VKRRW�KHLJKWV�DQG�DJDU�PHGLD�
�SODWHV��:KLOH�QRQH�RI�WKH�SODQWV�KDG�DQ\�
�QRGXOHV��WKH�VRLO�IURP�WKH�IURQW�\DUG�VWLOO�KDG�
�WKH�RYHUDOO�EHVW�SODQW�JURZWK�DV�VKRZQ�E\�WKH�
�VKRRW�KHLJKW�RI�WKH�IURQW�\DUG�������FP��
�FRPSDUHG�ZLWK�WKH�EDFN\DUG��ZKLFK�KDG�
�VKRRW�KHLJKW�RI�����FP���
�$GGLWLRQDOO\��DIWHU�LVRODWLQJ�EDFWHULD�IURP�SODQW�
�URRWV�JURZLQJ�LQ�WKH�GLIIHUHQW�ORFDWLRQV��WKH�
�VRLO�IURP�WKH�IURQW�\DUG�KDG�VHYHUDO�IODW��
�FLUFXODU��ZKLWH�FRORQLHV�ZLWKLQ�D�GD\��7KLV�
�VKRZV�WKDW�EDFWHULD�LQ�WKLV�VRLO�HQWHUHG�WKH�
�SODQW�URRWV��+RZHYHU��WKHVH�EDFWHULD�GLG�QRW�
�FDXVH�WKH�IRUPDWLRQ�RI�URRW�QRGXOHV��7KLV�
�UHVXOW�VXJJHVWV�WKDW�WKH�EDFWHULD�IRXQG�LVQ¶W�

�UKL]RELD��,I�WKH�EDFWHULD�LV�UKL]RELD��WKHQ�VRPH�
�IDFWRUV�LQ�WKH�VRLO�RU�LQ�WKH�SODQW�VWRSSHG�WKHP�
�IURP�PDNLQJ�URRW�QRGXOHV��,Q�FRQWUDVW��WKH�
�EDFN\DUG�GLG�QRW�VKRZ�DQ\�FRORQLHV�HYHQ�
�DIWHU�WKUHH�GD\V��7KLV�VKRZV�WKDW�QR�EDFWHULD�
�ZDV�LVRODWHG�IURP�WKH�URRWV�JURZLQJ�LQ�WKLV�
�VRLO��7KH�EDFN\DUG�VRLO�DOVR�KDG�WKH�OHDVW�
�QXPEHU�RI�SODQWV��ZLWK�WKH�OHDVW�DPRXQW�RI�
�RYHUDOO�JURZWK��,�ZDV�VXUSULVHG�E\�WKH�UHVXOWV�
�DV�,�KDG�LQLWLDOO\�WKRXJKW�WKH�VRLO�IURP�WKH�
�EDFN\DUG�ZRXOG�JLYH�WKH�EHVW�UHVXOWV��7KH�
�EDFN\DUG�VRLO�ZDV�FROOHFWHG�IURP�QHDU�D�SRQG��
�VR�,�IHOW�WKDW�SODQWV�ZRXOG�WKULYH�LQ�WKH�GDPSHU�
�VRLO��+RZHYHU��P\�K\SRWKHVLV�ZDV�QRW�
�VXSSRUWHG�E\�WKH�UHVXOWV��DQG�WKH�GULHU�VRLO�
�IURP�WKH�IURQW�\DUG�KDG�D�EHWWHU�RXWFRPH��
�,Q�VXPPDU\��WKH�VRLO�LQ�WKH�IURQW�\DUG�SURYHG�
�WR�EH�PRUH�EHQHILFLDO�IRU�FURWDODULD�MXQFHD�
�OHJXPH�SODQWV�LQ�FRPSDULVRQ�WR�WKH�VRLO�LQ�WKH�
�EDFN\DUG�QHDU�D�SRQG�LQ�7UR\��0LFKLJDQ��

�3DJH�����



�5()(5(1&(6�
�%HUJ��*���*UXEH��0���6FKORWHU��0���	�6PDOOD��.����������7KH�SODQW�PLFURELRPH�DQG�LWV�LPSRUWDQFH�
�IRU�SODQW�DQG�KXPDQ�KHDOWK��)URQWLHUV�LQ�PLFURELRORJ\����������
�KWWSV���GRL�RUJ���������IPLFE������������

�9LD��9��'���=DQHWWL��0��(���	�%ODQFR��)����������+RZ�OHJXPHV�UHFRJQL]H�UKL]RELD��3ODQW�VLJQDOLQJ�
�	�EHKDYLRU���������H����������KWWSV���GRL�RUJ�������������������������������

�:DQJ��'���<DQJ��6���7DQJ��)���	�=KX��+����������6\PELRVLV�VSHFLILFLW\�LQ�WKH�OHJXPH��UKL]RELDO�
�PXWXDOLVP��&HOOXODU�PLFURELRORJ\������������±�����
�KWWSV���GRL�RUJ���������M����������������������[�

�0DUYHO��'��-���7RUUH\��-��*���	�$XVXEHO��)��0����������5KL]RELXP�V\PELRWLF�JHQHV�UHTXLUHG�IRU�
�QRGXODWLRQ�RI�OHJXPH�DQG�QRQOHJXPH�KRVWV��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�
�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�������������±������KWWSV���GRL�RUJ���������SQDV�����������

�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK��Q�G����7KH�0LFURELRPH��7KH�1XWULWLRQ�6RXUFH��UHWULHYHG����-XO\�
������IURP��KWWSV���ZZZ�KVSK�KDUYDUG�HGX�QXWULWLRQVRXUFH�PLFURELRPH�����

�3DJH�����



�5XFKD�%KDW�
�0LFUREHV�$IIHFWLQJ�WKH�6RLO�LQ�3RUWODQG��25�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�SURMHFW�ZDV�WR�VHH�KRZ�
�PLFUREHV�IURP�GLIIHUHQW�VRLOV�DIIHFWHG�WKH�
�JURZWK�RI�OHJXPH�VHHGV��8VLQJ�VRLO�IURP�WZR�
�GLIIHUHQW�ORFDWLRQV��LW�ZDV�SODFHG�LQ�WKUHH�
�GLIIHUHQW�SRWV��RQH�SRW�EHLQJ�SRVLWLYH�FRQWURO�
�DQG�WKH�RWKHU�WZR�SRWV�EHLQJ�UHJXODU�VRLO��:H�
�SXW����OHJXPH�VHHGV�LQ�HDFK�SRW�DQG�
�REVHUYHG�WKH�JURZWK�RI�WKRVH�SODQWV�LQ�HDFK�
�SRW��7KH�VRLO�IURP�WKH�IRUHVW�JUHZ�WKH�OHJXPH�
�VHHGV�WKH�EHVW��

�,1752'8&7,21�
�:DWHU�LV�EHFRPLQJ�PRUH�VFDUFH�DQG�IRRG�
�LQVHFXULWLHV�DUH�ULVLQJ�EHFDXVH�RI�JOREDO�
�ZDUPLQJ�DQG�&2��HPLVVLRQV��/HJXPHV�DUH�
�LPSRUWDQW�VXVWDLQDEOH�IRRG�VRXUFHV��/HJXPHV�
�KDYH�D�UHODWLRQVKLS�ZLWK�VRLO�UKL]RELD�ZKLFK�
�UHVXOW�LQ�V\PELRWLF�QLWURJHQ�IL[DWLRQ�WKDW�KHOSV�
�SURPRWH�QLWURJHQ�IRU�SODQW�JURZWK��7KH�
�LQWHUDFWLRQ�LV�WKH�IRUPDWLRQ�RI�EDOO�OLNH�URRW�
�VWUXFWXUHV�FDOOHG�QRGXOHV�ZKHUH�UKL]RELDO�
�EDFWHULD�IXQFWLRQV��5KL]RELD�LV�DEOH�WR�IL[�
�QLWURJHQ�LQVLGH�WKH�URRW�QRGXOHV�VR�WKDW�WKH�
�QRGXOHV�DUH�IXQFWLRQDO�DQG�SURYLGH�WKH�SODQW�
�ZLWK�WKH�QHHGHG�QLWURJHQ�IRU�JURZWK�LQ�
�3RUWODQG�2UHJRQ��IRU�LWV�VXVWDLQDEOH�JURZWK��
�2EVHUYDWLRQV�VKRZ�WKDW�VRLO�LQ�3RUWODQG�
�2UHJRQ�VKRZV�UKL]RELD�WKDW�FUHDWHV�QRGXOHV�
�RQ�WKH�QHZ�FURS��EXW�WKH�QRGXOHV�DUH�ZKLWH�
�DQG�WKHUHIRUH�GR�QRW�IL[�QLWURJHQ�IRU�WKH�
�OHJXPH��7KH�SRVLWLYH�FRQWURO��FRPPHUFLDO�
�LQRFXODQW��LQYROYHV�UKL]RELDO�EDFWHULD�NQRZQ�
�WR�FUHDWH�QRGXOHV�LQ�RWKHU�OHJXPHV��FUHDWLQJ�
�SLQN�QLWURJHQ�IL[LQJ�QRGXOHV�RQ�WKHVH�
�OHJXPHV��

�0$7(5,$/6�$1'�0(7+2'6�
�)LUVW��ZH�FROOHFWHG�VRLO�IURP���GLIIHUHQW�
�ORFDWLRQV�DQG�SODFHG�WKHP�LQ���LGHQWLFDO�SRWV��
�,Q�RQH�SRW��ZH�SXW�D�SRVLWLYH�FRQWURO�DQG�ZH�
�GLGQ¶W�GR�DQ\WKLQJ�LQ�WKH�RWKHU�WZR�SRWV��1H[W��
�ZH�SODFHG����OHJXPH�VHHGV�LQ�HDFK�SRW�DQG�
�ZH�ZDWHUHG�WKHP�HYHU\�RWKHU�GD\�DQG�
�PRQLWRUHG�WKH�SURFHVV�E\�WDNLQJ�SKRWRV��,Q�

�WKH�WKLUG�ZHHN�RI�PRQLWRULQJ�WKH�SODQW�JURZWK�
�ZH�SODQWHG�DQG�SKHQRW\SHG�OHJXPH�SODQWV�
�VKRRWV�DQG�URRWV��DQG�PLFURVFRSLFDOO\�
�LQYHVWLJDWHG�WKH�SODQW�URRWV�XVLQJ�D�GLJLWDO�
�PLFURVFRSH��:H�DOVR�LVRODWHG�UKL]RELDO�
�EDFWHULD�IURP�URRWV�DQG�URRW�QRGXOHV�RI�WKH�
�OHJXPH�DQG�REVHUYHG�KRZ�WKH�URRWV�GLIIHUHG�
�IURP�HDFK�RI�WKH�SRWV�E\�XVLQJ��WKH�WRROV�RI�
�ELRLQIRUPDWLFV�WR�H[SODLQ�SODQW�EDFWHULD�
�LQWHUDFWLRQV�WR�DQDO\]H�WKH�URRW�QRGXOHV�DQG�
�VKRRWV��

�5(68/76�
�7KH�SRVLWLYH�FRQWURO¶V�URRWV�FRQWDLQHG�QR�
�QRGXOHV��7KUHH�SODQWV�RXW�RI�ILIWHHQ�ZHUH�DEOH�
�WR�JURZ�LQ�WKLV�SRW�ZLWK�WKH�DYHUDJH�KHLJKW�RI�
�WKH�VKRRW�ZDV���FP��7KH�SODQWV�LQ�WKH�
�EDFN\DUG¶V�SRW�GLG�QRW�JURZ�QRGXOHV��$OO�RI�
�WKH�SODQWV�GLHG�LQ�WKH�WKLUG�ZHHN��,�KDG�WR�
�WUDQVSODQW�VRPH�RI�WKH�SODQWV�IURP�WKH�VRLO�LQ�
�WKH�IRUHVW�VR�WKDW�WKHUH�ZRXOG�EH�VRPH�SODQWV�
�LQ�WKH�EDFN\DUG�SRW��(YHQ�WKRVH�SODQWV�GLHG�
�DIWHU�D�FRXSOH�RI�GD\V�LQ�WKH�EDFN\DUG¶V�VRLO��
�,Q�WKH�SRW�ZLWK�WKH�VRLO�IURP�WKH�IRUHVW��OLNH�DOO�
�WKH�RWKHUV��QR�QRGXOHV�JUHZ��$OO�ILIWHHQ�SODQWV�
�JUHZ�LQWR�VHHGOLQJV��,�KDG�WR�WUDQVSODQW�VRPH�
�RI�WKRVH�SODQWV�WR�WKH�RWKHU�SRWV�GXH�WR�WKH�
�IDFW�WKDW�WKHUH�ZHUH�OHVV�WKDQ�WZR�SODQWV�LQ�
�VRPH�RI�WKH�SRWV��

�',6&866,21�
�7KHUH�ZHUH�VRPH�XQIRUHVHHQ�FLUFXPVWDQFHV�
�ZKHUH�LW�ZDV�PRUH�GLIILFXOW�WR�JURZ�WKH�SODQWV��
�2UHJRQ�LV�NQRZQ�IRU�WKHLU�SOHQWLIXO�ELUGV�DQG�
�DQLPDOV��,Q�P\�EDFN\DUG��ZKHUH�,�NHSW�WKH�
�SRWV�WR�JURZ��WKHUH�DUH�XVXDOO\�D�ORW�RI�ELUGV�
�IO\LQJ�DERXW��)RU�D�ZHHN��,�GLGQ¶W�VHH�DQ\�
�VHHGOLQJV�JURZLQJ�RXW�RI�WKH�SRWV��:KHQ�,�
�FKHFNHG�WKH�SRWV��DOO�RI�WKH�VHHGV�ZHUH�JRQH��
�,�KDG�WR�UHSODQW�HYHU\WKLQJ�DQG�VWDUW�DOO�RYHU�
�DJDLQ��,I�,�GLG�WKLV�H[SHULPHQW�RYHU�DJDLQ��,�
�ZRXOG�SXUFKDVH�D�QHW�ZKHUH�,�FRXOG�FRYHU�P\�
�SRWV�VR�WKDW�WKH�VXQ�FRXOG�JHW�LQ�EXW�WKH�ELUGV�
�ZRXOG�VWD\�RXW��,�FRXOGQ¶W�FKDQJH�WKH�ORFDWLRQ�
�RI�WKH�SRWV�EHFDXVH�P\�KRXVH�GRHVQ¶W�JHW�D�

�3DJH������



�ORW�RI�VXQOLJKW�DQG�WKH�EDFN\DUG�LV�RQH�RI�WKH�
�RQO\�SODFHV�ZKHUH�WKHUH�LV�FRQVWDQW�VXQOLJKW��
�:KHQ�,�WUDQVSODQWHG�WKH�SODQWV�IURP�WKH�IRUHVW�

�VRLO�WR�WKH�EDFN\DUG�VRLO��,�PLJKW�KDYH�QRW�
�ULQVHG�RII�DOO�RI�WKH�VRLO�ZHOO�HQRXJK�VR�WKHUH�
�PLJKW�KDYH�EHHQ�VRPH�FURVV�FRQWDPLQDWLRQ�

�5()(5(1&(6�
�7KH�&HQWHU�IRU�$JULFXOWXUH��)RRG�DQG�WKH�HQYLURQPHQW�DW�80DVV�$PKHUVW����������5HWULHYHG�
�-XO\�����������IURP�KWWSV���DJ�XPDVV�HGX��

�7VDL��:��+���+XDQJ��'��<���<X��<��+���&KHQ��&��<���	�/LQ��:��:����������'XDO�UROHV�RI�12'��LQ�
�7/5��PHGLDWHG�VLJQDO�WUDQVGXFWLRQ�DQG��LQGXFHG�LQIODPPDWRU\�JHQH�H[SUHVVLRQ�LQ�
�PDFURSKDJHV��&HOOXODU�PLFURELRORJ\������������±�����
�KWWSV���GRL�RUJ���������M����������������������[�

�%HVWHLUR��6���'XEUHPHW]��-��)���	�/HEUXQ��0����������7KH�PRYLQJ�MXQFWLRQ�RI�DSLFRPSOH[DQ�
�SDUDVLWHV��D�NH\�VWUXFWXUH�IRU�LQYDVLRQ��&HOOXODU�PLFURELRORJ\������������±�����
�KWWSV���GRL�RUJ���������M����������������������[�

�6FKXPSS��2���	�'HDNLQ��:��-����������+RZ�LQHIILFLHQW�UKL]RELD�SURORQJ�WKHLU�H[LVWHQFH�ZLWKLQ�
�QRGXOHV��7UHQGV�LQ�SODQW�VFLHQFH������������±�����KWWSV���GRL�RUJ���������M�WSODQWV�������������

�3DJH������



�5\PD�6DKD�

�'HWHUPLQLQJ�5HODWLRQVKLS�%HWZHHQ�/HJXPH�6HHGV�DQG�
�5KL]RELD�%DFWHULD�LQ�'LIIHUHQW�/RFDWLRQV�IURP�0HFKDQLFVEXUJ��3$�

�$%675$&7�
�7KH�IDUPLQJ�LQGXVWU\�FRQWLQXHV�WR�FKDQJH�LQ�
�RUGHU�WR�LPSURYH�FURS�SURGXFWLYLW\�DQG�
�PDLQWDLQ�VRLO�TXDOLW\��5KL]RELD�LV�D�
�QLWURJHQ�IL[LQJ�EDFWHULD�WKDW�LQWHUDFWV�ZLWK�WKH�
�OHJXPH�VHHG��&URWDODULD�MXQFHD��DQG�
�LPSURYHV�VRLO�TXDOLW\��SUHYHQWV�VRLO�HURVLRQ��
�DQG�PRVW�LPSRUWDQWO\��UHF\FOHV�WKH�SODQW�
�QXWULHQWV�E\�FRQYHUWLQJ�DWPRVSKHULF�QLWURJHQ�
�LQWR�DPPRQLD��7KLV�QLWURJHQ�IL[LQJ�SURFHVV�
�SURGXFHV�LPSRUWDQW�QXWULHQWV�LQ�WKH�VRLO��IRU�
�SODQW�JURZWK��7KLV�H[SHULPHQW�LQYHVWLJDWHV�
�WKH�HFRORJLFDO�V\PELRWLF�UHODWLRQVKLS�EHWZHHQ�
�OHJXPH�VHHGV�DQG�5KL]RELD�EDFWHULD�LQ�
�GLIIHUHQW�VRLO�IURP�0HFKDQLFVEXUJ��
�3HQQV\OYDQLD��7KLV�VWXG\�EHJDQ�ZLWK�
�FROOHFWLQJ�WKUHH�SRWV�RI�VRLO�IURP�WZR�GLIIHUHQW�
�ORFDWLRQV��/HJXPH�VHHGV�ZHUH�SODQWHG�DQG�
�FRPPHUFLDO�LQRFXODQW�ZDV�DGGHG�WR�RQH�RI�
�WKH�SRWV�IRU�SRVLWLYH�FRQWURO��(DFK�SRW�ZDV�
�REVHUYHG�ZHHNO\�IRU�JHUPLQDWLRQ�DQG�SODQW�
�JURZWK��7KH�VXFFHVV�RI�WKH�V\PELRVLV�ZDV�
�PHDVXUHG�E\�REVHUYLQJ�WKH�QXPEHU�RI�WKH�
�SODQW�JURZQ�LQ�HDFK�SRW��URRW�QRGXOHV�DQG�
�KHLJKW��RI�VKRRWV��DQG�EDFWHULD�LVRODWLRQ�IURP�
�WKH�QRGXOHV�DQG�URRWV�ZDV�REVHUYHG��2XU�
�ILQGLQJV�DLP�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�
�WKH�UHODWLRQVKLS�EHWZHHQ�5KL]RELD�DQG�
�&URWDODULD�MXQFHD�WR�LQFUHDVH�WKH�SURGXFWLYLW\�
�RI�OHJXPH�JURZWK�LQ�FROGHU�FOLPDWHV��DQG�WKXV�
�SRWHQWLDOO\�\LHOGLQJ�PRUH�UREXVW�FURSV��7KH�
�UHVXOW�VKRZHG�WKDW�WKH�ORFDWLRQ�RI�VRLO�PDGH�D�
�JUHDW�LPSDFW��)LQDOO\��WKH�5KL]RELD�'1$�
�VHTXHQFHV�ZHUH�FRPSDUHG�ZLWK�WKH�
�SVHXGRPRQDV�'1$�VHTXHQFHV�DQG�IRXQG�DQ�
�HLJKW\�QLQH�SHUFHQW�VLPLODULW\�ZKLFK�PHDQV�
�WKLV�EDFWHULD�DOVR�SOD\HG�D�UROH�LQ�WKH�QLWURJHQ�
�IL[LQJ�UHODWLRQVKLS��

�,1752'8&7,21�
�6RLO�LV�WKH�PRVW�GLYHUVH�PLFURELDO�HFRV\VWHP�
�ZKLFK�FRQWDLQV�PLOOLRQV�RI�PLFURRUJDQLVPV�
�OLNH�EDFWHULD��YLUXVHV��IXQJL��SURWR]RD��DQG�

�QHPDWRGHV��7KHVH�PLFURELDO�FRPPXQLWLHV�DUH�
�HVVHQWLDO�WR�SODQW�KHDOWK�DQG�RXU�HQYLURQPHQW��
�/HJXPHV�DFFRXQW�IRU�����RI�JOREDO�FURS�
�SURGXFWLRQ�DQG�DUH�DQ�LPSRUWDQW�SDUW�RI�WKH�
�QLWURJHQ�F\FOH��/HJXPH�FURS�SURGXFWLYLW\�
�RIWHQ�UHOLHV�RQ�D�V\PELRWLF�UHODWLRQVKLS�
�EHWZHHQ�WKH�URRWV�RI�OHJXPHV�DQG�QLWURJHQ�
�IL[LQJ�EDFWHULD�NQRZQ�DV�5KL]RELD��9LD���������
�7KLV�DOORZV�OHJXPH�SODQWV�WR�SURVSHU��HYHQ�LI�
�WKH�VRLO�LV�QRW�ULFK�LQ�QLWURJHQ��7KLV�V\PELRWLF�
�UHODWLRQVKLS�FDQ�LPSURYH�DJULFXOWXUDO�
�SURGXFWLRQ�E\�GHFUHDVLQJ�WKH�XVH�RI�FKHPLFDO�
�IHUWLOL]HU��DQG�WKXV�LQFUHDVLQJ�JOREDO�IRRG�
�SURWHFWLRQ��

�7KH�&URWDODULD�MXQFHD��RU�6XQQ�KHPS��LV�D�
�JUHHQ�PDQXUH�ZKLFK�DGGV�QXWULHQWV�WR�WKH�VRLO�
�DQG�LPSURYHV�WKH�ORQJ�WHUP�VRLO�TXDOLW\�XQOLNH�
�WKH�RWKHU�FKHPLFDO�IHUWLOL]HU�XVHG�IRU�VKRUW�
�WHUP�JURZWK��,W�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKLV�
�PXWXDOLVWLF�UHODWLRQVKLS�EHWZHHQ�SODQWV�DQG�
�PLFUREHV�EHFDXVH�LW�LV�YHU\�KRVW�VSHFLILF�DQG�
�JHQH�VSHFLILF�RI�VRLO�EDFWHULD��5RRW�QRGXOHV�
�DUH�IRUPHG�ZKHQ�OHJXPH�SODQWV�DOORZ�
�5KL]RELD�EDFWHULD�WR�LQIHFW�WKHLU�URRWV��,QVLGH�
�WKH�URRW�QRGXOHV�ZKHUH�QLWURJHQ�FRQYHUWV�LQWR�
�DPPRQLD�IRU�EHWWHU��SODQW�JURZWK�LQ�WKH�
�DEVHQFH�RI�QLWURJHQ�LQ�WKH�VRLO��/LQGVWU|P��
��������2Q�WKH�RWKHU�KDQG��5KL]RELD�UHFHLYHV�
�FDUERK\GUDWHV�IRU�HQHUJ\�IURP�SODQWV��7KHUH�
�LV�OLPLWHG�UHVHDUFK�RQ�WKH�LQWHUDFWLRQ�EHWZHHQ�
�5KL]RELD�EDFWHULD�DQG�WKH�OHJXPH�SODQWV�LQ�
�WKH�VRLO�RI�0HFKDQLFVEXUJ��3$��$OVR�LW�LV�VWLOO�
�XQFOHDU�WR�WKH�IDUPHUV�ZKLFK�5KL]RELD�VWUDLQV�
�VKRXOG�EH�LQRFXODWHG�LQ�OHJXPHV�IRU�WKH�
�KLJKHVW�JURZWK�UDWHV��7KLV�UHVHDUFK�LV�DERXW�
�WKH��REVHUYDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�
�UKL]RELD�EDFWHULD�DQG�&URWDODULD�-XQFHD�LQ�
�GLIIHUHQW�VRLO�LQ�PHFKDQLFVEXUJ��3$��7KLV�
�VWXG\��ZLOO�HQFRXUDJH�ORFDO�0HFKDQLFVEXUJ�
�IDUPHUV�WR�LQRFXODWH�6XQQ�KHPS�ZLWK�
�FRPPHUFLDO�5KL]RELD�LQ�RUGHU�WR�DFKLHYH�KLJK�
�FURS�SURGXFWLYLW\�ZLWK�OHVV�XVDJH�RI�FKHPLFDO�

�3DJH������



�IHUWLOL]HU�WR�PDLQWDLQ�VRLO�TXDOLW\�LQ�FROGHU�
�FOLPDWHV��

�+<327+(6,6�
�,W�LV�K\SRWKHVL]HG�WKDW�PRUH�EDFWHULD�ZLOO�EH�
�SUHVHQW�LQ�P\�KLJK�VFKRRO�ORFDWLRQ�WKDQ�P\�
�QHLJKERUKRRG�GXH�WR�EHWWHU�TXDOLW\�VRLO��DQG�
�OHVV�SODQWV�LQ�P\�QHZO\�EXLOW��QHLJKERUKRRG��
�$OVR��VRLO�LQ�SRVLWLYH�FRQWURO�ZRXOG�LQWHUDFW�
�EHVW�ZLWK�OHJXPH�VHHGV�GXH�WR�LQRFXODWLRQ�
�DQG�KDYH�PRVW�JHUPLQDWLRQ�DQG�QRGXOHV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PDWHULDOV�WKDW�ZHUH�XVHG�IRU�WKLV�
�H[SHULPHQW�ZHUH�OHJXPH�VHHGV��VRLO��ZDWHU��
�FRPPHUFLDO�LQRFXODQW��VKRYHO��IRUN��JORYHV��
�VDQLWL]LQJ�ZLSHV��WXSSHUZDUH��GLJLWDO�
�PLFURVFRSH��UXOHU��D�EODFN�FOLSERDUG�IRU�
�SKHQRW\SLQJ��$JDU�SODWHV��VFDOSHO��
�PLFURFHQWULIXJH�WXEHV��DQG�SODVWLF�SHVWHOV�
�ZHUH�XVHG�WR�LVRODWH�DQG�JURZ�WKH�EDFWHULD��
�%OHDFK�DQG�ZDWHU�ZDV�XVHG�WR�VWHULOL]H�WKH�
�URRW��)LUVW��VRLO�ZDV�FROOHFWHG�IURP�WZR�
�GLIIHUHQW�ORFDWLRQV�DQG�SXW�LQWR�SRWV��1H[W��
�WKUHH�SRWV�ZHUH�ODEHOHG�ZLWK�WKHLU�ORFDWLRQ��
�2QH�SRW�ZDV�D�SRVLWLYH�FRQWURO�ZKHUH�
�FRPPHUFLDO�LQRFXODQW�ZDV�DGGHG�WR�WKH�VRLO�
�IURP�QHLJKERUKRRG�ORFDWLRQ�ZKLOH�WKH�
�KLJKVFKRRO�DQG�RWKHU�QHLJKERUKRRG�SRW�ZHUH�
�H[SHULPHQWDO��)LIWHHQ�OHJXPH�VHHGV�ZHUH�
�SODQWHG��ZDWHUHG�GDLO\��DQG�JHUPLQDWLRQ�ZDV�
�REVHUYHG��'XULQJ�WKH�VHFRQG�ZHHN��
�3KHQRW\SLQJ�RI�WKH�VKRRWV�DQG�URRWV�ZDV�
�GRQH�E\�XVLQJ�D�UXOHU�DQG�D�GLJLWDO�
�PLFURVFRSH��7KH�URRW�QRGXOHV�ZHUH�REVHUYHG�
�PLFURVFRSLFDOO\�LQ�WKH�WKLUG�DQG�IRXUWK�ZHHN��
�7KH�EDFWHULD�ZDV�LVRODWHG�DIWHU�FUXVKLQJ�WKH�
�VHJPHQW�RI�WKH�URRW�DQG�WKH�URRW�QRGXOHV�LQWR�
�WKH�PLFURFHQWULIXJH�WXEH�E\�D�SODVWLF�SHVWOH�
�DIWHU�VWHULOL]LQJ�WKH�URRW��6XVSHQVLRQ�ZDV�
�PDGH�E\�DGGLQJ�ZDWHU�LQWR�WKH�WXEH�DQG�
�DGGLQJ�LW�WR�WKH�JHQHUDO�VROLG�DJDU�SODWH��7KH�
�DJDU�SODWH�ZDV�SODFHG�E\�WKH�ZLQGRZ�WR�JURZ�

�DW�URRP�WHPSHUDWXUH��)LQDOO\�ELRLQIRUPDWLFV�
�WRROV��1&%,�EODVW�VHDUFK���ZDV�XVHG�WR�
�H[SODLQ�SODQW�EDFWHULD�LQWHUDFWLRQ�

�5(68/76�
�7KH�SRVLWLYH�FRQWURO�SRW�KDG�WKH�PRVW�
�VXUYLYLQJ�SODQWV�FRPSDUHG�WR�WKH�RWKHU�WZR�
�ORFDWLRQ�SRWV��$W�WKH�HQG�RI�ZHHN����WKH�
�SRVLWLYH�FRQWURO�SRW�KDG�WKH�PRVW�SODQWV�
�UHPDLQLQJ��VL[��7KHUH�ZHUH�WKUHH�SODQWV�
�UHPDLQLQJ�DW�WKH�HQG�RI�ZHHN�IRXU�IRU�ERWK�WKH�
�QHLJKERUKRRG�DQG�KLJKVFKRRO�ORFDWLRQ�SRWV��
�7KH�FRQWURO�SRW�KDG�WKH�WDOOHVW�SODQW�DQG�PRVW�
�KHDOWKLHVW�ORRNLQJ�SODQW�LQ�FRPSDULVRQ�WR�WKH�
�RWKHU�WZR�SRWV��7KH�SRVLWLYH�FRQWURO¶V�WDOOHVW�
�SODQW�ZDV������FP��WKH�QHLJKERUKRRG¶V�WDOOHVW�
�SODQW�ZDV����FP��DQG�WKH�KLJKVFKRRO¶V�SODQW�
�ZDV������FP�DW�WKH�HQG�RI�WKH�IRXU�ZHHNV��
�)LQDOO\��WKH�URRW�QRGXOHV�ZHUH�REVHUYHG�LQ�WKH�
�WKLUG�ZHHN�DQG�IRXUWK�ZHHN��,Q�WKH�WKLUG�ZHHN��
�WKH�SRVLWLYH�FRQWURO�SRW�KDG�WKUHH�QRGXOHV��WKH�
�QHLJKERUKRRG�SRW�KDG�WKUHH�QRGXOHV��DQG�WKH�
�KLJKVFKRRO�SRW�KDG�WZR�QRGXOHV��,Q�WKH�IRXUWK�
�ZHHN��WKH�SRVLWLYH�FRQWURO�KDG�VHYHQ�QRGXOHV��
�WKH�QHLJKERUKRRG�SRW�KDG�WZR�QRGXOHV��DQG�
�WKH�KLJKVFKRRO�SRW�KDG�]HUR�QRGXOHV��$OO�WKH�
�QRGXOHV�ZHUH�ZKLWH��)LQDOO\��EDFWHULD�JUHZ�
�IURP�WKH�DJDU�SODWH��ILJXUH����LQ�DOO�WKUHH�
�ORFDWLRQV��7KH�KLJKVFKRRO�ORFDWLRQ�KDG�WKH�
�PRVW�EDFWHULDO�JURZWK�DQG�WKH�OHDVW�QXPEHU�RI�
�FRORQLHV�ZHUH�LQ�WKH�SRVLWLYH�FRQWURO��$OWKRXJK�
�WKH�EDFWHULD�LV�XQNQRZQ��WKHUH�ZHUH�PDQ\�
�FLUFXODU�VKDSHG�EDFWHULD�ZKLFK�ZHUH�YHU\�
�VLPLODU�WR�WKH�SRVLWLYH�FRQWURO�DJDU�SODWH��7KH�
�QHLJKERUKRRG�VRLO�KDG�EHWWHU�TXDOLW\�WKDQ�WKH�
�KLJKVFKRRO�VRLO�EXW�RYHUDOO�WKH�SRVLWLYH�FRQWURO�
�GLG�WKH�EHVW��1&%,�EODVW�VHDUFK�WRRO�ZDV�XVHG�
�IRU�FRPSDULQJ�WKH�5KL]RELXP�MDSRQLFXP�'1$�
�VHTXHQFHV�ZLWK�WKH�SVHXGRPRQDV�
�DHUXJLQRVD�'1$�VHTXHQFHV�DQG�IRXQG�DQ�
�HLJKW\�QLQH�SHUFHQW�VLPLODULW\�ZKLFK�PHDQV�
�WKLV�EDFWHULD�DOVR�SOD\HG�D�UROH�LQ�WKH�QLWURJHQ�
�IL[LQJ�UHODWLRQVKLS��

�/RFDWLRQ� �3RVLWLYH�FRQWURO� �1HLJKERUKRRG� �0HFKDQLFVEXUJ�+LJK�6FKRRO�

���ZHHNV�SRVW�
�SODQWLQJ�
�'DWH����������

�6KRRW�������FP�
�5RRW����FP�
�3ODQWV����SODQWV�

�6KRRW�����FP�
�5RRW����FP�
�3ODQWV����SODQWV�

�6KRRW�����FP�
�5RRW����FP�
�3ODQWV����SODQWV�
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���ZHHNV�SRVW�
�SODQWLQJ�
�'DWH�����������

�6KRRW�����FP�
�5RRW����FP�
�1RGXOHV����QRGXOHV�
�JUHHQ�ORRNLQJ�
�3ODQWV����SODQWV�

�6KRRW�������FP�
�5RRW����FP�
�1RGXOHV����\HOORZLVK�
�3ODQWV����SODQWV�

�6KRRW�������FP�
�5RRW����FP�
�1RGXOHV����ZKLWH�QRGXOHV�
�3ODQWV����SODQWV�

���ZHHNV�SRVW�
�SODQWLQJ�

�'DWH�������������

�6KRRW������FP�
�1RGXOHV����
�3ODQWV����SODQWV�

�6KRRW����FP�
�1RGXOHV����ZKLWH�FRORU�
�3ODQWV�����SODQWV�

�6KRRW������FP�
�1RGXOHV����
�3ODQWV����SODQWV�

�0HGLD�3ODWH� �1R�JURZWK� �1R�JURZWK� �1R�JURZWK�

�',6&866,21�
�7KH�KLJKHVW�QXPEHU�RI�SODQWV�ZDV�QRWHG�LQ�
�WKH�QHLJKERUKRRG�ORFDWLRQ�LQ�FRPSDULVRQ�WR�
�WKH�RWKHU�WZR�ORFDWLRQV��7KH�SODQWV�VXUYLYHG�
�ORQJHU�LQ�WKH�SRVLWLYH�FRQWURO�SRW��PRVW�OLNHO\�
�EHFDXVH�LW�ZDV�LQRFXODWHG�ZLWK�5KL]RELD��7KH�
�WDOOHVW�SODQW�REVHUYHG��ZDV������FP�LQ�WKH�
�SRVLWLYH�FRQWURO��7KLV�FRXOG�EH�EHFDXVH�RI�WKH�
�UKL]RELD�LQ�WKH�LQRFXODQW�ZKLFK�VWLPXODWHG�
�SODQW�JURZWK���7KH�KLJKHVW�QXPEHU�RI�QRGXOHV�
�PHDVXUHG�LQ�WKH�SRVLWLYH�FRQWURO�SRW�ZDV�����

�$OO�QRGXOHV�ZHUH�ZKLWH�PHDQLQJ�WKH�QLWURJHQ�
�IL[DWLRQ�GLG�QRW�RFFXU��

�7KH�PRVW�EDFWHULD�ZDV�SUHVHQW�LQ�WKH�KLJK�
�VFKRRO�ORFDWLRQ�EXW�WKHUH�ZHUH�OHVV�QRGXOHV�
�DQG�D�OHVV�QXPEHU�RI�SODQWV�FRPSDUHG�WR�WKH�
�QHLJKERUKRRG�ORFDWLRQ��7KLV�PHDQV�EDFWHULD�
�LQWHUDFWHG�ZLWK�WKH�OHJXPH�SODQWV�EXW�GLG�QRW�
�JR�WKURXJK�WKH�QLWURJHQ�IL[LQJ�SURFHVV�
�UHVXOWLQJ�LQ�ZKLWH�QRGXOHV�RU�PRVW�OLNHO\�WKH�
�VRLO�KDG�HQRXJK�QLWURJHQ��7KH�VL]H��VKDSH��
�DQG�FRORU�RI�WKH�FRORQLHV�ZHUH�YHU\�VLPLODU�WR�
�WKH�SRVLWLYH�FRQWURO�DJDU�SODWH�ZKLFK�LQGLFDWHV�
�WKDW�ERWK�VRLO�KDG�UKL]RELD�EDFWHULD���ILJXUH�����
�$V�D�UHVXOW��WKH�QHLJKERUKRRG�VRLO�ZDV�EHWWHU�
�TXDOLW\�WKDQ�WKH�KLJKVFKRRO�ORFDWLRQ�VRLO��7KLV�
�LV�EHFDXVH�WKHUH�ZDV�D�ODUJHU�QXPEHU�RI�
�QRGXOHV��WDOOHU�VKRRW�KHLJKW��DQG�KDG�D�ORQJHU�

�VXUYLYDO�EXW�RYHUDOO��WKH�SRVLWLYH�FRQWURO�GLG�
�WKH�EHVW��

�7KH�5KL]RELD�'1$�VHTXHQFHV�ZHUH�
�FRPSDUHG�ZLWK�WKH�SVHXGRPRQDV�'1$�
�VHTXHQFHV��DQRWKHU�FRPPRQ�EDFWHULD�LQ�VRLO��
�DQG�IRXQG�DQ�HLJKW\�QLQH�SHUFHQW�VLPLODULW\�
�ZKLFK�PHDQV�WKLV�EDFWHULD�DOVR�SOD\HG�D�UROH�
�LQ�WKH�QLWURJHQ�IL[LQJ�UHODWLRQVKLS��

�7KH�UHVXOW�FRXOG�SRVVLEO\�EH�VNHZHG�EHFDXVH�
�WZR�GLIIHUHQW�ORFDWLRQV��WKH�0HFKDQLFVEXUJ�
�+LJK�VFKRRO�DQG�QHLJKERUKRRG�
�0HFKDQLFVEXUJ�3$��KDG�D�GLIIHUHQW�TXDOLW\�RI�
�VRLO��GULHG�VRLO�FRQGLWLRQ��DQG�GLIIHUHQFH�LQ�
�VXQOLJKW�H[SRVXUH��$QRWKHU�UHDVRQ�FRXOG�EH�
�PHDVXULQJ�HUURU�EHFDXVH�VRPH�SODQWV�ZHUH�
�EHQW��'XULQJ�WKH�SURFHVV�RI�GLJJLQJ�WKH�SODQW�
�RXW��WKH�URRW�PD\�KDYH�JRWWHQ�GDPDJHG�ZKLFK�
�FRXOG�KDYH�UHVXOWHG�LQ�D�OHVV�QXPEHU�RI�
�QRGXOHV��

�7KH�K\SRWKHVLV�ZDV�VXSSRUWHG�EHFDXVH�
�DGGLQJ�UKL]RELD�WR�WKH�VRLO�GLG�SURPRWH�WKH�
�JURZWK�RI�WKH�SODQW�DQG�PRUH�QRGXOHV�LQ�
�FRPSDULVRQ�WR�WKH�RWKHU�WZR�H[SHULPHQWDO�
�SRWV��7KH�ORFDWLRQ�RI�WKH�VRLO�SOD\V�DQ�
�LPSRUWDQW�UROH�LQ�SODQWLQJ�DQG�IDUPLQJ��
�)DUPHUV�VKRXOG�FRQVLGHU�SODQWLQJ�FURSV�ZLWK�
�VSHFLILF�VWUDLQV�RI�5KL]RELD�EDFWHULD�IRU�EHWWHU�
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�SODQW�JURZWK��PDLQWDLQLQJ�VRLO�QXWULHQW�IRU�
�IXWXUH�SODQWV��DQG�OHVV�XVH�RI�FKHPLFDO�
�IHUWLOL]HU�LQ�RUGHU�WR�FRQWLQXH�WKLV�QLWURJHQ�
�IL[LQJ�F\FOH��7KLV�UHVHDUFK�SURMHFW�LV�LPSRUWDQW�
�EHFDXVH�IDUPHUV�DQG�RWKHU�UHVHDUFKHUV�FRXOG�
�XVH�WKLV�LQIRUPDWLRQ�DERXW�WKH�QLWURJHQ�
�V\VWHP�WR�SURPRWH�FURS�SURGXFWLRQ��7KLV�

�H[SHULPHQW�FRXOG�EH�FRQWLQXHG�IXUWKHU�E\�
�ORRNLQJ�IRU�UKL]RELD�YV�QRQ�UKL]RELD�EDFWHULD�LQ�
�GLIIHUHQW�VRLO��SUHVHQFH�RI�RWKHU�DFFHOHUDWLQJ�
�DQG�LQKLELWLQJ�IDFWRUV�RI�WKLV�V\PELRWLF�
�UHODWLRQVKLS�LQ�WKH�VRLO��DQG�XQGHUVWDQGLQJ�WKH�
�PROHFXODU�OHYHO�RI�WKLV�V\PELRWLF�UHODWLRQVKLS��

�5()(5(1&(6�
�9LD��9��'���=DQHWWL��0��(���	�%ODQFR��)����������+RZ�OHJXPHV�UHFRJQL]H�UKL]RELD��3ODQW�VLJQDOLQJ�
�	�EHKDYLRU���������H���������KWWSV���GRL�RUJ�������������������������������

�:HQGODQGW��&��(���*DQR�&RKHQ��.��$���6WRNHV��3���-RQQDOD��%���=RPRUURGLDQ��$��-���$O�0RXVVDZL��
�.���	�6DFKV��-��/����������:LOG�OHJXPHV�PDLQWDLQ�EHQHILFLDO�VRLO�UKL]RELD�SRSXODWLRQV�GHVSLWH�
�GHFDGHV�RI�QLWURJHQ�GHSRVLWLRQ��2HFRORJLD�������������±�����
�KWWSV���GRL�RUJ���������V������������������

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±������KWWSV���GRL�RUJ�������������������������
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�6DW\D�9DVDQ�

�0LFURELDO�&RPSRVLWLRQ�$QDO\VLV�LQ�0DQDODSDQ��1-�

�$%675$&7�
�7KH�DLP�RI�WKLV�H[SHULPHQW�ZDV�WR�FRQGXFW�DQ�
�DQDO\VLV�RI�WKH�PLFURELDO�LQWHUDFWLRQ�EHWZHHQ�
�FURWDODULD�MXQFHD�OHJXPHV�DQG�UKL]RELD�
�EDFWHULD�LQ�0DQDODSDQ��1HZ�-HUVH\��6RLO�ZDV�
�FROOHFWHG�IURP�WZR�GLIIHUHQW�ORFDWLRQV��ORFDWLRQ�
�$��IURQW�\DUG�ZLWK�IHUWLOL]HU��DQG�ORFDWLRQ�%�
��ZRRGV���$�SRVLWLYH�FRQWURO�VDPSOH�ZLWK�
�FRPPHUFLDO�LQRFXODQW�ZDV�LQFOXGHG��
�$SSUR[LPDWHO\�WKUHH�ZHHNV�DIWHU�LQLWLDO�
�SODQWLQJ��WKH�URRWV�DQG�VKRRWV�RI�WKH�SODQWV�
�ZHUH�SKHQRW\SHG��$GGLWLRQDOO\��WKURXJK�
�PLFURVFRS\�UKL]RELD�EDFWHULD�ZHUH�LVRODWHG��
�7KH�RULJLQDO�K\SRWKHVLV�ZDV�WKDW�WKH�ORFDWLRQ�
�RI�WKH�VRLO�VDPSOH�%�FRQWDLQHG�WKH�PRVW�
�EHQHILFLDO�PLFUREHV��

�,1752'8&7,21�
�)RU�DQ�HFRV\VWHP�WR�IXQFWLRQ�DW�LWV�XWPRVW�
�SURGXFWLYLW\��LW�QHHGV�WR�EH�EORRPLQJ�ZLWK�
�GLYHUVLW\��$FFRUGLQJ�WR�WKH�%()�WKHRU\��
�GLYHUVLW\�LV�D�SRZHUIXO�WRRO�WKDW�LQFUHDVHV�
�VHOHFWLRQ�HIIHFWV��IXQFWLRQDO�UHGXQGDQF\�
�HIIHFWV��DQG�FRQWULEXWHV�WR�HIILFLHQW�XVDJH�RI�
�HQYLURQPHQWDO�UHVRXUFHV��%HQWRQ�HW�DO���
��������,W�LV�NQRZQ�WKDW�OHJXPHV��ZKLFK�KDYH�D�
�V\PELRWLF�UHODWLRQVKLS�ZLWK�UKL]RELD��DGG�WR�
�WKH�QHW�SURGXFWLYLW\�E\�LPSURYLQJ�VRLO�QLWURJHQ�
�OHYHO�DQG�VRLO�IRRG�ZHE�FRPSOH[LW\��<DQJ�HW�
�DO����������&URWDODULD�MXQFHD�OHJXPHV�DUH�D�
�WURSLFDO�DVLDQ�SODQW��WKRXJKW�WR�RULJLQDWH�LQ�
�,QGLD��DQG�DUH�D�SDUW�RI�WKH�)DEDFHDH�IDPLO\��
�,Q�WKH�ZRUOG�RI�DJULFXOWXUH��LWV�SULPDU\�SXUSRVH�
�LV�WR�DGG�RUJDQLF�PDWWHU�WR�WKH�VRLO��5KL]RELD�
�EDFWHULD�LV�D�JHQXV�RI�*UDP�QHJDWLYH�
�QLWURJHQ�IL[LQJ�VRLO�EDFWHULD�WKDW�KDYH�D�
�V\PELRWLF�UHODWLRQVKLS�ZLWK�OHJXPHV��<DQJ�HW�
�DO����������7KH�SXUSRVH�RI�WKLV�LV�WR�DLG�LQ�WKH�
�IRUPDWLRQ�RI�URRW�QRGXOHV�WR�FRQYHUW�QLWURJHQ�
�JDV�IURP�WKH�DWPRVSKHUH�LQWR�D�UHDGLO\�XVHG�
�QLWURJHQ�E\�FRQYHUWLQJ�DWPRVSKHULF�QLWURJHQ�
�LQWR�VROXEOH�QLWUDWHV��QLWULWHV��DQG�DPPRQLXP�
�FRPSRXQGV��+RZHYHU��PXFK�ZDV�QRW�NQRZQ�
�DERXW�WKLV�HQGRV\PELRWLF�LQWHUDFWLRQ�LQ�1HZ�

�-HUVH\��DQG�PRUH�VSHFLILFDOO\��ZKLFK�VRLO�W\SH�
�ZRXOG�KDYH�WKH�PRVW�EHQHILFLDO�EDFWHULD��

�0$7(5,$/6�$1'�0(7+2'6�
�2YHU�WKH�WLPH�VSDQ�RI�IRXU�ZHHNV��IRXU�
�SULPDU\�JRDOV�ZHUH�DFKLHYHG��

�����3ODQW�DQG�SKHQRW\SH�OHJXPH�VKRRWV�DQG�
�URRW�QRGXOHV��

�0DWHULDOV�IRU�WKLV�VWHS�LQFOXGHG�D�VKRYHO�DQG�
�IRUN����SODQWLQJ�SRWV��VRLO�GLUW��OHJXPH�VHHGV��
�FRPPHUFLDO�LQRFXODQW��WXSSHUZDUH�ZLWK�ZDWHU��
�JORYHV���VDIHW\�JRJJOHV��EODFN�FRQVWUXFWLRQ�
�SDSHU��FHQWLPHWHU�UXOHU��VKRYHO��DQG�VWDLQOHVV�
�VWHHO�FXS��7KH���SRWV�ZHUH�ODEHOHG�ZLWK�WKH�
�VRLO�ORFDWLRQ�QDPHV��ZRRGV��DQG�IURQW�\DUG�LQ�
�0DQDODSDQ��1HZ�-HUVH\��������7R�FROOHFW�VRLO�
�IRU�WKH�SRVLWLYH�FRQWURO��VRLO�ZDV�FROOHFWHG�
�IURP�ORFDWLRQ����WKH�IURQW�\DUG��7R�SODQW�
�OHJXPH�VHHGV��WKH�IRUN�ZDV�XVHG�WR�PDNH�
�DERXW����KROHV�LQWR�WKH�VRLO��)RU�WKH�SRVLWLYH�
�FRQWURO��DERXW�D�SLQFK�RI�FRPPHUFLDO�
�LQRFXODQW�ZDV�DGGHG�LQWR�DOO�WKH�KROHV�EHIRUH�
�SODQWLQJ�WKH�OHJXPH�VHHGV�LQ�WKH�KROHV��7R�
�SKHQRW\SH�RI�WKH�SODQW�VKRRWV��ILUVW�H[WUD�
�ZDWHU�ZDV�DGGHG�WR�WKH�ILUVW�SRW�WR�VRIWHQ�WKH�
�VRLO��7KHQ�RQH�SODQW�ZDV�VHOHFWHG���WDOOHVW�
�SODQW��WR�SKHQRW\SH��7KH�SODQW�ZDV�FDUHIXOO\�
�UHPRYHG�DQG�VRLO�SDUWLFOHV�ULQVHG�RII�E\�
�GLSSLQJ�WKH�SODQW�LQWR�D�ODUJH�WXSSHUZDUH�ZLWK�
�ZDWHU��7KH�URRWV�ZHUH�WKHQ�WDSSHG�GU\�XVLQJ�
�D�SDSHU�WRZHO�DQG�WKH�SODQW�SODFHG�RQ�D�EODFN�
�VXUIDFH��$����FP�UXOHU�ZDV�WKHQ�SODFHG�QH[W�
�WR�WKH�SODQW�DQG�D�ODEHO�ZLWK�WKH�ORFDWLRQ�
�QDPH�SODFHG�RQ�WKH�RWKHU�VLGH�RI�WKH�SODQW��
�$IWHU�PHDVXUHPHQWV�ZHUH�WDNHQ��WKH�SODQW�
�ZDV�WKHQ�SXW�EDFN�LQ�WKH�VRLO�E\�GLJJLQJ�D�
�KROH�DQG�SODFLQJ�WKH�URRW�VHFWLRQ�LQ�WKH�KROH�
�DQG�WKHQ�EXU\LQJ�WKH�URRW�ZLWK�VRLO��

�����0LFURVFRSLF�REVHUYDWLRQ�RI�URRW�QRGXOHV�
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�$�PLFURVFRSH�ZDV�XVHG�WR�H[DPLQH�WKH�URRW�
�QRGXOHV�DIWHU�WKH�SKHQRW\SLQJ�SURFHVV�ZDV�
�FRPSOHWH��

�����,VRODWLRQ�RI�UKL]RELD�EDFWHULD�IURP�URRW�
�QRGXOHV�
�0DWHULDOV�IRU�WKLV�VWHS�LQFOXGHG�SODQWV��GLJJLQJ�
�WRROV��SDSHU�WRZHOV��EHDNHU�RI�ZDWHU��IODW�
�VXUIDFH�ZLWK�D�GDUN�EDFNJURXQG��UXOHU��ODEHOV�
�DQG�D�SHQ�RU�VKDUSLH��PLFURFHQWULIXJH�WXEHV��
�SODVWLF�SHVWOHV��EOXH���GURSSHU��PLFURVFRSH�
�VOLGH��VFDOSHO��VWHULOH�ZDWHU�LQ�WKH�IDOFRQ�WXEH��
�KRXVHKROG�EOHDFK���DQG�DJDU�PHGLD�SODWHV��$�
�URRW�VHJPHQW�ZDV�UHPRYHG�ZLWK�VFDOSHO�DQG�
�WKHQ�SODFHG�LQ�D�PLFURFHQWULIXJH�WXEH�
�FRQWDLQLQJ�GLOXWHG�EOHDFK������PO�EOHDFK�DQG�
�ZDWHU�XS�WR�WKH�����PO�PDUN���7KH�WXEH�ZDV�
�VKDNHQ���WLPHV�WR�VWHULOL]H�WKH�URRW��7KH�URRW�
�VHJPHQW�ZDV�SODFHG�LQ�D�PLFURFHQWULIXJH�
�WXEH�ILOOHG�ZLWK�ZDWHU��ZKLFK�ZDV�VKDNHQ����
�WLPHV��WR�ULQVH�RII�WKH�EOHDFK��7KH�ZDVKHG�
�URRW�VHJPHQW�ZDV�SODFHG�LQ�D�QHZ�
�PLFURFHQWULIXJH�WXEH�DQG�D�SODVWLF�SHVWOH�
�XVHG�WR�FUXVK�WKH�URRW�VHJPHQW���$IWHU�IXOO\�
�FUXVKLQJ�WKH�URRW�VHJPHQW��FOHDQ�ZDWHU�XS�WR�
�WKH�����PO�PDUN�ZDV�DGGHG�WR�WKH�WXEH�DQG�
�WKH�FUXVKHG�URRW�ZDWHU�PL[WXUH�RU�
�VXVSHQVLRQ��SRXUHG�RQ�DQ�DJDU�PHGLD�SODWH��
�$�FRWWRQ�VZDE�ZDV�WKHQ�XVHG�WR�VSUHDG�WKH�
�VXVSHQVLRQ�DQG�WKH�SODWH�ZDV�OHIW�WR�GU\��7KH�
�DJDU�SODWH�ZDV�WKHQ�ZUDSSHG�LQ�DOXPLQXP�IRLO�
�ZLWK�WKH�SODWH�XSVLGH�GRZQ�DQG�SODFHG�E\�WKH�
�ZLQGRZ��7KH�VWHSV�ZHUH�UHSHDWHG�IRU�WKH�
�RWKHU���SRWV����SODQW�SHU�SRW���7KH�SODWHV�ZHUH�
�FKHFNHG�HYHU\GD\�DQG�WR�FKHFN�IRU�EDFWHULDO�
�JURZWK��

�����7KH�XVH�RI��ELRLQIRUPDWLFV�WRROV�WR�H[SODLQ�
�RXU�SODQW�EDFWHULD�LQWHUDFWLRQ�

�5(68/76�
�6KRRW�+HLJKW�
�$W�DSSUR[LPDWHO\�����ZHHNV�SRVW�SODQWLQJ�WKH�
�OHJXPHV�SODQWHG�LQ�WKH�ZRRGV¶�VRLO�ZHUH�WKH�
�WDOOHVW��ZLWK�D�PD[LPXP�KHLJKW�RI������FP��
�7KH�OHJXPHV�JURZQ�LQ�WKH�IURQW�\DUG�VRLO�
�SURYHG�WR�EH�WKH�VHFRQG�WDOOHVW��ZLWK�D�
�PD[LPXP�KHLJKW�RI������FP��DQG�WKH�OHJXPHV�
�IURP�WKH�SRVLWLYH�FRQWURO�VDPSOH�SUHVHQWHG�
�ZLWK�D�PD[LPXP�KHLJKW�RI������FP��+RZHYHU��

�DW�DSSUR[LPDWHO\�����ZHHNV�SRVW�SODQWLQJ��WKH�
�OHJXPHV�SODQWHG�LQ�WKH�IURQW�\DUG�VRLO�SURYHG�
�WR�EH�WKH�WDOOHVW�ZLWK�WKH�PD[LPXP�KHLJKW�
�EHLQJ������FP��WKH�OHJXPHV�SODQWHG�LQ�WKH�
�ZRRGV¶�VRLO�IROORZHG�ZLWK�D�PD[LPXP�KHLJKW�
�RI������FP��WKH�OHJXPHV�SODQWHG�LQ�WKH�
�SRVLWLYH�FRQWURO�VDPSOH�KDG�D�PD[LPXP�
�KHLJKW�RI������FP��

�1XPEHU�RI�6SURXWV�
�)URP�SRVW�SODQWLQJ�GD\�����WKH�JHUPLQDWLRQ�
�RXWSXW�ZDV�FORVHO\�PRQLWRUHG��7KH�IURQW�\DUG�
�VRLO�SURGXFHG�WKH�PRVW�VSURXWV����VSURXWV��
�ZLWK�RQH�QHHGLQJ�DGGLWLRQDO�VXSSRUW�WR�VWDQG�
�XS�VWUDLJKW��7KH�SRVLWLYH�FRQWURO�VDPSOH�
�SURGXFHG���VSURXWV��DQG�WKH�VDPSOH�IURP�WKH�
�ZRRGV�SURGXFHG���VSURXWV��2Q�SRVW�SODQWLQJ�
�GD\�����WKH�JHUPLQDWLRQ�RXWSXW�ZDV�DJDLQ�
�UHFRUGHG��+RZHYHU��RQO\�RQH�VDPSOH�
�H[SHULHQFHG�DQ�LQFUHDVH�LQ�WKH�DPRXQW�RI�
�VSURXWV��WKH�SRVLWLYH�FRQWURO�VDPSOH�JDLQHG�
�RQH�PRUH�VSURXW��2Q�WKH�RWKHU�KDQG��WKH�IURQW�
�\DUG�VRLO�QRZ�SUHVHQWHG�ZLWK�RQH�PRUH�SODQW�
�WKDW�QHHGHG�DGGLWLRQDO�VXSSRUW�WR�VWDQG�VWLOO��
�7KH�ZRRGV�VDPSOH�VWLOO�UHPDLQHG�ZLWK���
�VSURXWV��

�1RGXOHV�3UHVHQW�
�2Q�GD\����SRVW�SODQWLQJ��SODQWV�IURP�HDFK�SRW�
�ZHUH�SKHQRW\SHG�XQGHU�WKH�PLFURVFRSH��7KH�
�VDPSOHV�IURP�WKH�ZRRGV�DQG�WKH�SRVLWLYH�
�FRQWURO�GLG�QRW�SUHVHQW�ZLWK�DQ\�QRGXOHV��7KH�
�VDPSOH�IURP�WKH�IURQW�\DUG�SUHVHQWHG�DERXW�
�WZR�QRGXOHV��

�%DFWHULD�3UHVHQW�
�2Q�GD\����RI�SRVW�SODQWLQJ��EDFWHULD�ZHUH�
�LVRODWHG�IURP�WKH�URRWV�RI�RQH�VSURXW�LQ�HDFK�
�SODQW��%\�GD\����DOO�DJDU�GLVKHV�ZHUH�
�SUHVHQWHG�ZLWK�EDFWHULD��7KH�EDFWHULD�IURP�
�WKH�IURQW�\DUG�VDPSOH�ZDV�WKH�PRVW�
�QXPHURXV��FOXVWHUHG��DQG�GLYHUVH��7KH�
�EDFWHULD�ZDV�VSKHULFDO�LQ�VKDSH�ZLWK�GLIIHUHQW�
�VL]HV��7KH�EDFWHULD�IURP�WKH�SRVLWLYH�FRQWURO�
�KDG�WKH�OHDVW�EDFWHULD�SUHVHQW��7KHVH�
�EDFWHULD�ZHUH�PXFK�VPDOOHU�LQ�VL]H�FRPSDUHG�
�WR�WKH�EDFWHULD�IURP�WKH�IURQW�\DUG�VDPSOH��
�7KH�VDPSOH�IURP�WKH�ZRRGV�FRQWDLQHG�
�VSKHULFDO�DQG�RQH�URG�VKDSHG�EDFWHULD��
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�',6&866,21�
�7KH�RULJLQDO�K\SRWKHVLV�ZDV�WKDW�WKH�VRLO�
�VDPSOH�WKDW�ZDV�IURP�WKH�ZRRGV�ZRXOG�KDYH�
�WKH�PRVW�EHQHILFLDO�EDFWHULD��7KH�UHDVRQLQJ�
�EHKLQG�WKLV�ZDV�WKDW�WKLV�HFRV\VWHP�EORRPHG�
�ZLWK�WKH�DFWLYLWLHV�DQG�SURFHVVHV�RI�PDQ\�
�OLYLQJ�RUJDQLVPV��7KH�ZRRGV�LV�D�KRPH�IRU�
�GHFRPSRVLWLRQ�DQG�WKH�UHF\FOLQJ�RI�HVVHQWLDO�
�PLQHUDOV��VXFK�DV�FDUERQ��SKRVSKRUXV��DQG�
�QLWURJHQ��7KH�VRLO�IURP�WKH�IURQW�\DUG��LQ�IDFW��
�KDG�WKH�PRVW�EHQHILFLDO�EDFWHULD�EHFDXVH�WKLV�
�VRLO�DOORZHG�IRU�WKH�IRUPDWLRQ�RI�URRW�QRGXOHV�
�ZKLFK�DOORZV�WKH�UKL]RELD�EDFWHULD�WR�LQWHUDFW�
�ZLWK�WKH�URRWV�RI�WKH�SODQW��7KLV�UHVXOW�FDQ�EH�

�DFFRXQWHG�IRU�E\�WKH�SUHVHQFH�RI�ODZQ�
�IHUWLOL]HU��)HUWLOL]HU�ODEHOV�LQFOXGH�13.�UDWLRV�
�ZKLFK�LQFOXGH�UDWLRV�RI�QLWURJHQ��SKRVSKRUXV��
�DQG�SRWDVVLXP��7KLV�KHOSV�DGGUHVV�WKH�LVVXH�
�RI�WKH�VRLO�EHLQJ�WRR�ORZ�LQ�RQH�QXWULHQW��7KH�
�VRLO�LQ�WKH�IURQW�\DUG�XVHG�D�����QLWURJHQ�
�IHUWLOL]HU��DOORZLQJ�IRU�QRGXOHV�WR�IRUP�PRUH�
�HDVLO\��,Q�WKH�IXWXUH��WKLV�H[SHULPHQW�FDQ�EH�
�DOWHUHG�E\�VWLOO�ZRUNLQJ�ZLWK�WKUHH�VRLO�
�VDPSOHV��EXW�KDYLQJ�RQH�ULFK�LQ�QLWURJHQ��RQH�
�ULFK�LQ�SKRVSKRUXV��DQG�RQH�ULFK�LQ�SRWDVVLXP�
�WR�IXUWKHU�REVHUYH�WKH�VRLO�LQWHUDFWLRQ�ZLWK�
�VSHFLILF�PLQHUDOV�DQG�KRZ�WKDW�FRQWULEXWHV�WR�
�QRGXOH�IRUPDWLRQ��

�5()(5(1&(6�
�%HQWRQ�7��1���6LPPV�(��/���DQG�.RPDWVX��.�-����������0RUH�WKDQ�D�IXQFWLRQDO�JURXS��GLYHUVLW\�
�ZLWKLQ�WKH�OHJXPH±UKL]RELD�PXWXDOLVP�DQG�LWV�UHODWLRQVKLS�ZLWK�HFRV\VWHP�IXQFWLRQ��'LYHUVLW\�
�����������
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�<DQJ��-���/DQ��/���-LQ��<���<X��1���:DQJ��'���	�:DQJ��(����������0HFKDQLVPV�XQGHUO\LQJ�
�OHJXPH±UKL]RELXP�V\PELRVHV��-RXUQDO�RI�,QWHJUDWLYH�3ODQW�%LRORJ\��
�KWWSV���GRL�RUJ���������MLSE�������
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�6KUH\D�6DL�6XQNDUD�

�,GHQWLILFDWLRQ�DQG�,PSDFW�RI�0LFUREHV�RQ�/HJXPH�3ODQWV�LQ�3ODQR��7;�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�LV�WR�
�GHWHUPLQH�WKH�LPSDFW�PLFUREHV�IRXQG�LQ�1RUWK�
�7H[DV�VRLO�DQG�VRLO�FRQGLWLRQV�KDYH�RQ�WKH�
�JURZWK�RI�OHJXPH�SODQWV�DQG�WKH�OHJXPH�
�SODQW�UKL]RELD�V\PELRWLF�UHODWLRQVKLS�����
�OHJXPH�VHHGV�ZHUH�SODQWHG�LQ�WKUHH�GLIIHUHQW�
�SRWV�HDFK�ZLWK�VRLO�IURP�D�GLIIHUHQW�ORFDWLRQ��
�2QH�SRW�VHUYHG�DV�D�SRVLWLYH�FRQWURO�DQG�KDV�
�FRPPHUFLDO�LQRFXODQW�WKDW�FRQWDLQHG�GLIIHUHQW�
�VWUDLQV�RI�UKL]RELD��7KH�SODQWV�ZHUH�ZDWHUHG�
�HYHU\�RWKHU�GD\�IRU���ZHHNV�DQG�ZHUH�NHSW�LQ�
�DQ�DUHD�ZLWK�VXQOLJKW�WR�DOORZ�IRU�WKH�OHJXPHV�
�WR�JURZ��$IWHU�WKUHH�ZHHNV�ZKHQ�WKH�OHJXPHV�
�EHFDPH�PDWXUH��WKH�WDOOHVW�OHJXPH�SODQW�IURP�
�HDFK�SRW�ZDV�UHPRYHG�LQ�RUGHU�WR�PHDVXUH�
�WKH�VKRRW�RI�WKH�OHJXPH��$IWHU�SKHQRW\SLQJ�
�WKH�VKRRWV��WKH�URRWV�ZHUH�WKHQ�DQDO\]HG�WR�
�GHWHUPLQH�WKH�SUHVHQFH�RI�URRW�QRGXOHV�ZKLFK�
�ZHUH�WKHQ�FXW�RII�DQG�WUHDWHG�WR�LVRODWH�
�UKL]RELD�EDFWHULD�WR�GHWHUPLQH�WKH�DPRXQW�RI�
�UKL]RELD�SUHVHQW��,W�ZDV�GHWHUPLQHG�WKDW�WKH�
�VRLO�DFTXLUHG�IURP�WKH�EDFN\DUG�ODFNHG�
�UKL]RELD�ZKHUHDV�VRLO�IURP�WKH�ZDONZD\�DQG�
�WKH�VRLO�ZLWK�WKH�FRPPHUFLDO�LQRFXODQW�GLG�
�KDYH�D�VLJQLILFDQW�DPRXQW�RI�UKL]RELD��

�,1752'8&7,21�
�3ODQWV�DUH�GHSHQGHQW�RQ�QXWULHQWV�VXFK�DV�
�SKRVSKRUXV��QLWURJHQ��DQG�VXOIXU�LQ�D�
�ELRDYDLODEOH�IRUP��7R�IDFLOLWDWH�QXWULHQW�XSWDNH��
�PXWXDOLVWLF�V\PELRVHV�EHWZHHQ�SODQWV�DQG�
�URRW�DVVRFLDWHG�PLFURRUJDQLVPV�VXFK�DV�
�EDFWHULD�KDYH�HYROYHG���/HGHUPDQQ�HW�DO���
��������7KH�PRVW�FRPPRQ�NQRZQ�V\PELRVLV�
�LQYROYHV�UKL]RELD�EDFWHULD�ZKLFK�LV�NQRZQ�IRU�
�IL[LQJ�QLWURJHQ��WKH�SURFHVV�LQ�ZKLFK�EDFWHULD�
�XVH�VRODU�HQHUJ\�WR�WUDQVIRUP�LQHUW�QLWURJHQ�
�JDV�WR�DPPRQLD�XVHG�E\�SODQWV�/LQGVWU|P�HW�
�DO����������5KL]RELD�EDFWHULD�LQWHUDFW�ZLWK�
�OHJXPH�URRWV�E\�VHFUHWLQJ�VLJQDOLQJ�
�PROHFXOHV�FDOOHG�1RG�IDFWRUV�WKDW�DUH�
�SHUFHLYHG�E\�/\V0�UHFHSWRU�NLQDVH�RI�URRW�
�FHOOV��WKXV�LQGLFDWLQJ�WKH�SUHVHQFH�RI�UKL]RELD�

�LQ�VRLO��9LD�HW�DO���������9DULRXV�RWKHU�
�PLFUREHV�DQG�VRLO�FRQGLWLRQV�VXFK�DV�WKH�
�SUHVHQFH�RI�H[FHVV�QLWURJHQ��KRZHYHU��FDQ�
�LPSDFW�WKH�V\PELRVLV�EHWZHHQ�OHJXPHV�DQG�
�UKL]RELD��WKXV�LPSDFWLQJ�WKH�SURFHVV�RI�
�QLWURJHQ�IL[DWLRQ�DQG�WKH�JURZWK�RI�WKH�SODQW��
�7KHUH�LV�OLWWOH�LQIRUPDWLRQ�DERXW�WKH�
�HIIHFWLYHQHVV�RI�UKL]RELD�EDFWHULD�LQ�UHJDUGV�
�WR�QLWURJHQ�IL[DWLRQ�LQ�3ODQR��7H[DV�VRLO�
�VSHFLILFDOO\��7KHUHIRUH��WKLV�H[SHULPHQW�ZLOO�
�GHWHUPLQH�WKH�LPSDFW�YDULRXV�VRLO�FRQGLWLRQV��
�LQFOXGLQJ�WKH�SUHVHQFH�RI�RWKHU�PLFUREHV�
�DQG�RU�H[FHVV�QXWULHQWV��KDYH�RQ�SODQW�
�V\PELRVLV�ZLWK�UKL]RELD�DQG�WKHUHIRUH�WKH�
�HIIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�VXFK�VRLO�
�FRQGLWLRQV��,W�ZDV�K\SRWKHVL]HG�WKDW�LI�WKH�VRLO�
�WKH�SODQWV�JURZ�LQ�LV�QHDU�D�ZDONZD\��WKHQ�
�WKHUH�ZLOO�EH�OHVV�UKL]RELD�EDFWHULD�LQ�WKDW�VRLO�
�FRPSDUHG�WR�UKL]RELD�EDFWHULD�LQ�WKH�VRLO�IURP�
�WKH�EDFNJURXQG�GXH�WR�WKH�SUHVHQFH�RI�
�IHUWLOL]HUV��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PDWHULDOV�LQFOXGHG�GLJJLQJ�WRROV��VKRYHO�
�DQG�IRUN���VWHULOH�ZLSHV����SODQWLQJ�SRWV��
�VRLO�GLUW��OHJXPH�VHHGV��&URWDODULD�MXQFHD�
�OHJXPH���FRPPHUFLDO�LQRFXODQW��ZLWK�WKH�
�DFWLYH�UKL]RELD�%UDG\UKL]RELXP�VS���9LJQD���
�%UDG\UKL]RELXP�MDSRQLFXP��5KL]RELXP�
�OHJXPLQRVDUXP�SKDVHROL��DQG�
�5�OHJXPLQRVDUXP�ELRYDU�YLFHDH���WXSSHUZDUH�
�ZLWK�ZDWHU���UXOHU��LQ�FP���ODEHOV��SDSHU�WRZHOV��
�GLJLWDO�PLFURVFRSH��720/29�'LJLWDO�
�0LFURVFRSH���ODSWRS��DQG�D�SKRQH��ZLWK�
�FDPHUD���PLFURFHQWULIXJH�WXEHV��VFDOSHO��
�EOHDFK��SODVWLF�SHVWHO��

�6RLO�IURP�WZR�GLIIHUHQW�ORFDWLRQV��WKH�ZDONZD\�
�DQG�EDFN\DUG��ZHUH�DGGHG�WR���VHSDUDWH�SRWV�
�DQG�ZDWHU�ZDV�DGGHG�WR�HDFK�SRW�WR�PRLVWHQ�
�WKH�VRLO��3RW���DQG���ERWK�UHFHLYHG�VRLO�IURP�
�WKH�EDFN\DUG��KRZHYHU��SRW����SRVLWLYH�
�FRQWURO��DOVR�KDG�WKH�DGGLWLRQ�RI�FRPPHUFLDO�
�LQRFXODQW��1H[W��XVLQJ�D�IRUN�����KROHV�ZHUH�
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�SUHVVHG�LQWR�WKH�VRLO�DQG�RQH�OHJXPH�VHHG�
�ZDV�DGGHG�WR�HDFK�KROH��7KH�GLJJLQJ�WRROV�
�DQG�JDUGHQLQJ�IRUN�ZHUH�VWHULOL]HG�WR�SUHYHQW�
�FRQWDPLQDWLRQ�RI�GLIIHUHQW�VRLOV��7KHQ�WKH�VRLO�
�ZDV�VPRRWKHG�RYHU�HDFK�KROH�WR�FRYHU�WKH�
�VHHGV��$�OD\HU�RI�FRPPHUFLDO�LQRFXODQW�ZDV�
�DGGHG�WR�WKH�VRLO�IRU�WKH�SRVLWLYH�FRQWURO��)RU�
�WKH�ILUVW�ZHHN��WKH�VHHGV�ZHUH�ZDWHUHG�HYHU\�
�GD\��

�$IWHU�WKH�HQG�RI�WKH�ILUVW�ZHHN��WKH�SRWV�ZLWK�
�WKH�SODQWV�ZHUH�SKRWRJUDSKHG�WR�WDNH�QRWH�RI�
�WKH�JURZWK�RI�WKH�OHJXPHV��)RU�WKH�VHFRQG�
�ZHHN�RI�ZDWHULQJ�WKH�OHJXPHV��WKH�OHJXPHV�
�ZHUH�ZDWHUHG�HYHU\�RWKHU�GD\�DQG�
�FRPPHUFLDO�LQRFXODQW�ZDV�DGGHG�RQFH�WR�WKH�
�SRVLWLYH�FRQWURO�SRW��$IWHU�WKH�HQG�RI�WKH�
�VHFRQG�ZHHN��WKH�SRWV�ZLWK�WKH�SODQWV�ZHUH�
�SKRWRJUDSKHG�WR�WDNH�QRWH�RI�WKH�JURZWK�RI�
�WKH�OHJXPHV��7KH�VDPH�SURFHGXUH�ZDV�
�DSSOLHG�IRU�WKH�OHJXPHV�GXULQJ�WKH�WKLUG�ZHHN�
�DV�GXULQJ�WKH�VHFRQG�ZHHN��'XULQJ�WKH�IRXUWK�
�ZHHN�VLQFH�SODQWLQJ��RQH�SODQW�IURP�HDFK�SRW�
�ZDV�SKHQRW\SHG�DQG�LWV�VKRRW�ZDV�PHDVXUHG��
�3KRWRV�ZHUH�WDNHQ�RI�HDFK�SODQW�SKHQRW\SHG�
�DV�GDWD��7KH�SODQWV�ZHUH�WKHQ�SXW�EDFN�LQ�WKH�
�SRWV�WR�FRQWLQXH�WR�JURZ��'XULQJ�WKH�ILIWK�
�ZHHN��D�GLIIHUHQW�SODQW�IURP�HDFK�SRW�ZDV�
�SKHQRW\SHG�IRU�WKHLU�VKRRWV�DQG�XVLQJ�D�
�PLFURVFRSH��WKH�URRW�QRRGOHV�IRU�HDFK�SODQW�
�ZHUH�DQDO\]HG��)LQDOO\��WKH�UKL]RELD�EDFWHULD�
�LQ�WKH�URRW�QRGXOHV�ZDV�LVRODWHG�E\�FXWWLQJ�WKH�
�QRGXOHV�RII�WKH�URRWV�DQG�UHOHDVLQJ�WKH�
�EDFWHULD�E\�FUXVKLQJ�WKH�QRGXOHV�ZLWK�WKH�
�SHVWOH�DIWHU�WKH\�ZHUH�VWHULOL]HG�XVLQJ�GLOXWHG�
�EOHDFK�7KHQ�WKH\�ZHUH�JURZQ�RQ�D�QXWULHQW�
�DJDU�SODWH�DQG�WKH�DPRXQW�RI�UKL]RELD�ZDV�
�DQDO\]HG�DIWHU�WKUHH�GD\V�RI�JURZWK��

�5(68/76�

�6HHGOLQJV�DW���GD\V�SRVW�SODQWLQJ�

�3ODQWV�DW����GD\V�SRVW�SODQWLQJ�
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�3KHQRW\SLQJ�SODQWV�IRXU�ZHHNV�DIWHU�SODQWLQJ�

�3ODQWV�ILYH�ZHHNV�DIWHU�SODQWLQJ�

�3KHQRW\SLQJ�SODQW�VKRRWV�ILYH�ZHHNV�DIWHU�
�SRVW�SODQWLQJ�

�&RPSDULQJ�WKH�OHQJWK�RI�VKRRWV�RI�OHJXPH�
�SODQWV�LQ�HDFK�VRLO�DIWHU�WKH�VHFRQG�WLPH�
�SKHQRW\SLQJ�

�',6&866,21�
�%DVHG�RQ�WKH�JURZWK�RI�WKH�UKL]RELD�EDFWHULD�
�DIWHU�LVRODWLQJ�WKH�QRGXOHV�DQG�DOORZLQJ�WKH�
�EDFWHULD�WR�JURZ�RQ�WKH�QXWULHQW�DJDU�SODWHV�
�IRU�WKUHH�GD\V��LW�ZDV�GHWHUPLQHG�WKDW�ERWK�
�WKH�SRVLWLYH�FRQWURO�VRLO�DQG�WKH�VRLO�IURP�WKH�D�
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�ZDONZD\�ZHUH�DEOH�WR�VXFFHVVIXOO\�IRUP�D�
�PXWXDOLVWLF�UHODWLRQVKLS�ZLWK�UKL]RELD�EDFWHULD�
�LQ�WKH�VRLO��7KLV�LV�GXH�WR�WKH�KLJK�DPRXQW�RI�
�UKL]RELD�JURZWK�RQ�HDFK�SODWH�DQG�WKH�KLJKHU�
�OHQJWK�RI�WKH�VKRRWV�RI�WKH�OHJXPHV�JURZQ�LQ�
�WKH�SRVLWLYH�FRQWURO�DQG�ZDONZD\�VRLOV�
�FRPSDUHG�WR�WKH�VRLO�IURP�WKH�EDFN\DUG�ZKLFK�
�VKRZHG�YHU\�OLWWOH�JURZWK�LQ�UKL]RELD�EDFWHULD��
�7KH�SUHVHQFH�RI�UKL]RELD�LQ�WKH�URRW�QRGXOHV�
�LV�DOVR�VXSSRUWHG�DV�WKH�URRW�QRGXOHV�DSSHDU�
�WR�EH�D�OLJKW�SLQN�FRORU��WKXV�VKRZLQJ�WKDW�WKH�
�UKL]RELD�ZHUH�DFWLYHO\�SHUIRUPLQJ�QLWURJHQ�
�IL[DWLRQ��3DFKRONR���������

�$V�VKRZQ�LQ�WKH�EDU�JUDSK�FRPSDULQJ�WKH�
�OHQJWK�RI�WKH�VKRRWV�RI�WKH�OHJXPHV�IURP�HDFK�
�VRLO��WKH�OHQJWK�RI�����FP�DQG�����FP�IRU�WKH�
�OHJXPH�VKRRWV�LQ�SRVLWLYH�FRQWURO�VRLO�DQG�WKH�
�ZDONZD\�VRLO�UHVSHFWLYHO\�ZHUH�ERWK�KLJKHU�
�WKDQ�WKH�VKRRW�OHQJWK�RI�����FP�IRU�WKH�
�OHJXPH�LQ�EDFN\DUG�VRLO��7KLV�GLIIHUHQFH�LQ�
�OHQJWK�VKRZV�KRZ�GR�WR�WKH�ODFN�RI�UKL]RELD�
�DQG�URRW�QRGXOHV�RQ�WKH�URRWV�RI�WKH�OHJXPH�
�SODQW��WKH�OHJXPH�ZDV�QRW�DEOH�WR�JURZ�
�VLJQLILFDQWO\�GXH�WR�D�ODFN�RI�QLWURJHQ�IL[DWLRQ�
�QRUPDOO\�SHUIRUPHG�E\�UKL]RELD�WKDW�SURYLGH�
�DPPRQLD�IRU�SODQWV�WR�UHDGLO\�XVH��7KHVH�
�UHVXOWV�ZHUH�VXUSULVLQJ�DV�D�FRPPRQ�IDFWRU�
�IRU�UKL]RELD�QRW�EHLQJ�SUHVHQW�LQ�VRLO�LV�D�
�VLJQLILFDQW�DPRXQW�RI�QLWURJHQ�LQ�WKH�VRLO�IRU�
�SODQWV�WR�UHDGLO\�XVH��+RZHYHU��WKHUH�ZDV�QR�
�IHUWLOL]HU��ZKLFK�FRQWDLQV�XVDEOH�QLWURJHQ��
�DSSOLHG�WR�VRLO�LQ�WKH�EDFN\DUG�PHDQLQJ�
�SRVVLEO\�QR�QLWURJHQ�DYDLODEOH�FRPSDUHG�WR�
�VRLO�LQ�WKH�ZDONZD\�ZKHUH�IHUWLOL]HU�DQG�
�WKHUHIRUH�QLWURJHQ�ZDV�SUHVHQW��7KHUHIRUH��
�WKH�LVVXH�RI�QLWURJHQ�FRQWHQW�ZDV�QRW�D�IDFWRU�
�LQ�ZK\�QR�URRW�QRGXOHV�IRUPHG�LQ�VRLO�IURP�WKH�
�EDFN\DUG��

�6HYHUDO�IDFWRUV�FRXOG�KDYH�LQKLELWHG�WKH�
�LQWHUDFWLRQ�RI�UKL]RELD�ZLWK�OHJXPH�URRWV�VXFK�
�DV�WKH�S+�RI�WKH�EDFN\DUG�VRLO��6WXGLHV�KDYH�
�VKRZQ�WKDW�VRLOV�ZLWK�D�S+�ORZHU�WKDQ�����
�KDYH�LQKLELWHG�WKH�SUHVHQFH�RI�UKL]RELD�
�EDFWHULD��WKXV�OHDGLQJ�WR�QR�QRGXOH�IRUPDWLRQ�

��5LFKDUGVRQ�HW�DO���������&RPSHWLWLRQ�RI�
�UKL]RELD�ZLWK�RWKHU�PLFUREHV�WKDW�DUH�
�JHQHWLFDOO\�VLPLODU�FRXOG�KDYH�DOVR�OLPLWHG�
�UKL]RELDO�OHJXPH�LQWHUDFWLRQV��8VLQJ�
�ELRLQIRUPDWLFV��VSHFLILFDOO\�WKH�%/$671�
�VHDUFK�WRRO�IURP�1&%,��WKH�'1$�VHTXHQFH�RI�
�FRPPRQ�UKL]RELD�EDFWHULD�XVHG�LQ�
�FRPPHUFLDO�LQRFXODQW��5KL]RELXP�
�OHJXPLQRVDUXP�ELRYDU�SKDVHROL��ZDV�XVHG�
�DQG�D�JHQHWLFDOO\�VLPLODU�EDFWHULD�FDOOHG�
�$JUREDFWHULXP�UKL]RJHQHV�VWUDLQ�$��
�FKURPRVRPH���WKDW�ZDV�QRW�SDUW�RI�WKH�
�UKL]RELD�JHQXV�ZDV�IRXQG��6LQFH�WKLV�EDFWHULD�
�ZDV�WKH�PRVW�JHQHWLFDOO\�VLPLODU�WR�UKL]RELD��LW�
�ZDV�DVVXPHG�WKDW�LWV�QXWULWLRQDO�QHHGV�ZHUH�
�DOVR�VLPLODU�WR�UKL]RELD��WKXV�EHLQJ�D�VRXUFH�RI�
�FRPSHWLWLRQ�IRU�WKH�UKL]RELD�LQ�WKH�EDFN\DUG�
�VRLO�WKDW�SRVVLEO\�RXWFRPSHWHG�WKH�UKL]RELD��
�7KHUHIRUH��QR�UKL]RELD�ZRXOG�EH�SUHVHQW�WR�
�IRUP�WKH�URRW�QRGXOHV��7KH�ODFN�RI�ELQGLQJ�
�IDFWRUV�LQ�EDFN\DUG�VRLO�FRXOG�DOVR�SOD\�D�
�VLJQLILFDQW�UROH�LQ�QR�QRGXOH�IRUPDWLRQ�RQ�WKH�
�URRWV��%LQGLQJ�SURWHLQV��VXFK�DV�WKH�EDFWHULDO�
�&D����ELQGLQJ�SURWHLQ�NQRZQ�DV�UKLFDGKHVLQ��
�DUH�LQYROYHG�LQ�WKH�DWWDFKPHQW�RI�EDFWHULD��
�VXFK�DV�UKL]RELD��WR�WKH�VXUIDFH�RI�URRW�KDLU�
�FHOOV�DQG�WKH�ODFN�RI�VXFK�SURWHLQV�FRXOG�KDYH�
�SUHYHQWHG�UKL]RELD�IURP�ELQGLQJ�WR�WKH�URRWV�
�WR�IRUP�QRGXOHV��6PLWK�HW�DO���������

�%DVHG�RQ�WKH�GDWD�IURP�WKH�H[SHULPHQW��LW�FDQ�
�EH�DVVXPHG�WKDW�WKH�QLWURJHQ�FRQWHQW�RI�WKH�
�VRLO�LV�QRW�WKH�VROH�IDFWRU�WKDW�GHWHUPLQHV�WKH�
�SUHVHQFH�RU�DEVHQFH�RI�UKL]RELD��6RLO�VKRXOG�
�EH�DQDO\]HG�IRU�PLFUREHV�WKDW�KDYH�VLPLODU�
�QLFKHV�WR�UKL]RELD��IRU�WKH�SUHVHQFH�RI�
�LPSRUWDQW�ELQGLQJ�SURWHLQV��DQG�IRU�WKH�S+�
�OHYHO�WR�GHWHUPLQH�ZKHWKHU�VXFK�VRLO�VKRXOG�
�EH�XVHG�WR�JURZ�OHJXPHV��)URP�WKH�GDWD�
�FROOHFWHG��LW�ZDV�GHWHUPLQHG�WKDW�VRPH�VRLOV�
�LQ�3ODQR��7H[DV�FRXOG�ODFN�ELQGLQJ�IDFWRUV�DQG�
�FRXOG�KDYH�PLFUREHV�WKDW�DUH�FRPSHWLWLYH�ZLWK�
�EDFWHULD��WKXV�SUHYHQWLQJ�QRGXOH�IRUPDWLRQ�
�GHVSLWH�D�ODFN�RI�XVDEOH�QLWURJHQ��
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�5()(5(1&(6�
�/HGHUPDQQ��5���6FKXOWH��&���	�3RROH��3��6����������+RZ�5KL]RELD�$GDSW�WR�WKH�1RGXOH�
�(QYLURQPHQW��-RXUQDO�RI�EDFWHULRORJ\�����������H���������KWWSV���GRL�RUJ���������-%����������

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±������KWWSV���GRL�RUJ�������������������������

�3DFKRONR��.����������5RRW�QRGXOHV�FDXVHG�E\�QLWURJHQ�IL[LQJ�EDFWHULD�YHUVHV�URRW�NQRW�
�QHPDWRGH�GLVHDVH��+RUWLFXOWXUH�)RU�+RPH�*DUGHQHUV��

�5LFKDUGVRQ��$��(���6LPSVRQ��5��-���'MRUGMHYLF��0��$���	�5ROIH��%��*����������([SUHVVLRQ�RI�
�1RGXODWLRQ�*HQHV�LQ�5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�WULIROLL�,V�$IIHFWHG�E\�/RZ�S+�DQG�E\�&D�
�DQG�$O�,RQV��$SSOLHG�DQG�HQYLURQPHQWDO�PLFURELRORJ\��������������±������
�KWWSV���GRL�RUJ���������DHP����������������������

�6PLW��*���6ZDUW��6���/XJWHQEHUJ��%�-�-��DQG�.LMQH��-�:����������0ROHFXODU�PHFKDQLVPV�RI�
�DWWDFKPHQW�RI�5KL]RELXP�EDFWHULD�WR�SODQW�URRWV��0ROHFXODU�0LFURELRORJ\����������������
�KWWSV���GRL�RUJ���������M����������������WE������[�
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�9LD��9��'���=DQHWWL��0��(���	�%ODQFR��)����������+RZ�OHJXPHV�UHFRJQL]H�UKL]RELD��3ODQW�VLJQDOLQJ�
�	�EHKDYLRU���������H����������KWWSV���GRL�RUJ�������������������������������
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�6KUXWL�6XQNDUD�

�7KH�(IIHFWV�RI�0LFUREHV�DQG�$GGHG�&KHPLFDOV�OLNH�3HVWLFLGHV�DQG�)HUWLOL]HUV�
�LQ�'LIIHUHQW�6RLOV�RQ�WKH�*URZWK�RI�/HJXPH�6HHGV�LQ�3ODQR��7;�

�$%675$&7�
�,QWHUDFWLRQV�EHWZHHQ�PLFURRUJDQLVPV�DQG�
�SODQWV�DUH�FUXFLDO�HVSHFLDOO\�OLNH�WKH�UKL]RELDO�
�LQWHUDFWLRQ�ZLWK�SODQW�URRWV�DV�WKLV�DOORZV�
�SODQWV�WR�DEVRUE�WKH�XVDEOH�IRUP�RI�QLWURJHQ��
�DPPRQLD��DQG�IRU�WKH�EDFWHULD�WR�DEVRUE�
�FDUERQ�UHSUHVHQWLQJ�D�PXWXDOLVWLF�
�UHODWLRQVKLS��7KHVH�LQWHUDFWLRQV�DLG�LQ�SODQW�
�JURZWK�DOORZLQJ�IRU�JUHDWHU�\LHOGV�LQ�FURSV��
�7KHUH�ZDV�OLWWOH�WR�QR�LQIRUPDWLRQ�IRXQG�
�UHJDUGLQJ�WKH�PLFUREHV�LQ�WKH�VRLO�LQ�3ODQR��
�7H[DV�ZKLFK�LV�LPSRUWDQW�WR�LGHQWLI\�DV�WKLV�
�FDQ�KHOS�LQFUHDVH�WKH�\LHOG�LQ�FURSV�LQ�OHJXPH�
�SODQWV��7KXV��VRLO�IURP�WKH�ZDON\DUG��VRLO�IURP�
�WKH�EDFN\DUG��DQG�DQRWKHU�SRW�RI�VRLO�IURP�WKH�
�ZDON\DUG�ZLWK�SRVLWLYH�LQRFXODQW�ZHUH�
�JDWKHUHG��&URWDODULD�MXQFHD�VHHGV�ZHUH�
�SODFHG�LQ�WKHVH�SRWV�DQG�WKHLU�KHLJKW��WKH�
�JURZWK�RI�WKHLU�URRWV��DQG�EDFWHULD�ZDV�
�LVRODWHG�WKURXJKRXW�WKH�QH[W�VL[�ZHHNV�DIWHU�
�SODQWLQJ��,W�ZDV�IRXQG�WKDW�WKH�SODQWV�IURP�WKH�
�ZDON\DUG�SURGXFHG�WKH�SODQWV�ZLWK�WKH�PRVW�
�QRGXOHV��D�VLJQ�RI�QLWURJHQ�IL[DWLRQ��ZKLOH�WKH�
�SODQWV�LQ�WKH�RWKHU�SRWV�SURGXFHG�QR�QRGXOHV��
�7KLV�FDQ�EH�GXH�WR�WKH�IDFW�WKDW�WKH�SODQWV�LQ�
�WKH�EDFN\DUG�KDG�DOUHDG\�FRQWDLQHG�IHUWLOL]HU�
�DV�WKHUH�DUH�PXOWLSOH�IORZHUV�JURZLQJ�LQ�WKLV�
�DUHD�DQG�IRU�WKH�SRVLWLYH�FRQWURO�WKHUH�ZDVQ¶W�
�VXIILFLHQW�IRU�WKH�SODQWV�WR�JURZ�IXOO\�DV�WKH\�
�VSURXWHG�PXFK�ODWHU�FRPSDUHG�WR�RWKHU�
�SODQWV��

�,1752'8&7,21�
�,Q�WKLV�H[SHULPHQW��WKH�LQWHUDFWLRQV�EHWZHHQ�
�OHJXPHV�DQG�EDFWHULD�ZHUH�REVHUYHG��
�6SHFLILFDOO\��WKH�LQWHUDFWLRQV�EHWZHHQ�
�FURWDODULD�MXQFHD�DQG�PLFUREHV�LQ�WKH�VRLO�LW�
�JURZV�LQ�OLNH�UKL]RELD��5KL]RELDO�EDFWHULD�DLG�
�LQ�IL[LQJ�QLWURJHQ�DV�WKHVH�PLFURRUJDQLVPV�
�SURGXFH�ZKLWH�QRGXOHV�RQ�WKH�SODQW¶V�URRWV�
�RQFH�WKH�HDUO\�VWDJH�RI�WKLV�LQWHUDFWLRQ�KDV�
�SDVVHG��)RU�WKLV�WR�RFFXU�WKH�URRWV�PXVW�VHQG�
�D�VLJQDO�WKURXJK�IODYRQRLGV�WR�WKH�EDFWHULD�

�DQG�LQ�UHWXUQ�WKH�EDFWHULD�ZLOO�VHQG�D�VLJQDO�
�WKURXJK�WKH�QRG�IDFWRUV��7KLV�SURGXFHV�ZKLWH�
�QRGXOHV�RQ�WKH�URRWV�LQ�ZKLFK�UKL]RELDO�
�EDFWHULD�FDQ�JURZ�UHVXOWLQJ�LQ�SLQN�URGXOHV�
�ZKHUH�QLWURJHQ�FDQ�EH�IL[HG�WR�D�XVDEOH�IRUP�
�IRU�SODQWV�FDOOHG�DPPRQLD�QHHGHG�IRU�SODQW�
�JURZWK�DQG�WKH�EDFWHULD�JDLQ�FDUERQ���$QQHW�
�:HVWKRHN�HW�DO��������8QIRUWXQDWHO\��H[WHUQDO�
�FKHPLFDOV�DGGHG�OLNH�SHVWLFLGHV�DQG�IHUWLOL]HUV�
�FDQ�KDOW�WKHVH�LQWHUDFWLRQV�SUHYHQWLQJ�
�QRGXOHV�RQ�URRWV�IURP�IRUPLQJ�DV�QXWULHQWV�
�OLNH�DPPRQLD�DUH�DOUHDG\�SUHVHQW�LQ�WKH�VRLO��
�7KLV�FDQ�FDXVH�VHYHUDO�GHWULPHQWDO�
�HQYLURQPHQWDO�HIIHFWV�LQFOXGLQJ�UXQRII�DQG�
�JURXQGZDWHU�FRQWDPLQDWLRQ���<DUPLOOD�
�5HLQSUHFKW�HW�DO��������$OWKRXJK�WKHUH�DUH�
�RWKHU�PHWKRGV�RI�SURPRWLQJ�QLWURJHQ�IL[DWLRQ�
�LQFOXGLQJ�FURS�URWDWLRQ�WKDW�GRQ¶W�LQYROYH�
�DGGLQJ�FKHPLFDOV�WR�WKH�VRLO��WKH\�KDYHQ¶W�
�EHHQ�DV�VLJQLILFDQW�FRPSDUHG�WR�WKHVH�
�H[WHUQDO�DGGLWLRQV�ZKLFK�LV�ZK\�XVLQJ�
�IHUWLOL]HUV�DQG�SHVWLFLGHV�LV�VR�FRPPRQ�
�DPRQJVW�FURS�SURGXFHUV���-HQQLIHU�(��)R[�HW�
�DO��������7KHUH�DUH�DOVR�PLFURRUJDQLVPV�WKDW�
�YDU\�IURP�UHJLRQ�WR�UHJLRQ�DQG�LW�LV�XQNQRZQ�
�ZKHWKHU�RU�QRW�UKL]RELDO�EDFWHULD�RU�RWKHU�
�EHQHILFLDO�PLFUREHV�DUH�SUHVHQW�LQ�WKH�VRLO�LQ�
�3ODQR��7H[DV�HVSHFLDOO\�DV�WKHUH�DUH�VSHFLILF�
�W\SHV�RI�EDFWHULD�WKDW�FDQ�LQWHUDFW�ZLWK�WKHVH�
�OHJXPHV�DOWKRXJK�WKHUH�DUH�IHZ�SODQWV�ZKLFK�
�FDQ�LQWHUDFW�ZLWK�PXOWLSOH�EDFWHULD���'RQJ�
�:DQJ�HW�DO���������
�7KLV�H[SHULPHQW�DLPHG�WR�VHH�LI�WKHUH�ZDV�
�UKL]RELDO�EDFWHULD�SUHVHQW�LQ�WKH�VRLOV�RI�
�3ODQR��7H[DV�DQG�ZKDW�ZDV�WKH�HIIHFW�RI�
�DGGHG�FKHPLFDOV�LQFOXGLQJ�IHUWLOL]HUV�DQG�
�SHVWLFLGHV�RQ�WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�
�EDFWHULD�DQG�OHJXPHV��7KH�VRLOV�WKDW�ZHUH�
�WHVWHG�ZHUH�IURP�WZR�ORFDWLRQV��WKH�ZDON\DUG�
�DQG�WKH�EDFN\DUG��,Q�WKH�ZDON\DUG�WKHUH�DUH�
�QR�SODQWV�RWKHU�WKDQ�JUDVV��VR�IHUWLOL]HU�LV�
�KDUGO\�XVHG�DQG�WKHUH�DUH�OLWWOH�WR�QR�LQVHFWV�
�SUHVHQW��,Q�WKH�EDFN\DUG��WKHUH�DUH�VHYHUDO�
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�W\SHV�RI�IORZHU�JURZLQJ�WKDW�EHQHILW�IURP�
�DGGHG�IHUWLOL]HU�DQG�DOVR�VHYHUDO�LQVHFWV�
�LQFOXGLQJ�DQWV�WKDW�DUH�UHPRYHG�E\�SHVWLFLGHV��
�7R�DQVZHU�WKHVH�TXHVWLRQV�WKH�VDPH�OHJXPH�
�VHHGV�RI�FURWDODULD�MXQFHD�ZHUH�DGGHG�WR�D�
�SRW�FRQWDLQLQJ�VRLO�IURP�WKH�ZDONZD\��VRLO�IURP�
�WKH�EDFN\DUG��DQG�D�SRVLWLYH�FRQWURO�ZLWK�VRLO�
�IURP�WKH�ZDONZD\�DQG�SRVLWLYH�LQRFXODQW�WR�
�DLG�LQ�JURZWK�E\�JLYLQJ�QXWULHQWV�DQG�PDWHULDOV�
�QHHGHG�IRU�SODQW�JURZWK��)URP�WKLV�WKH�
�KHLJKWV�RI�WKH�VKRRWV�ZHUH�GHWHUPLQHG��WKH�
�URRWV�RI�WKH�SODQWV�ZHUH�SKHQRW\SH��DQG�
�EDFWHULD�ZDV�LVRODWHG�IURP�WKH�URRWV�IRU�DERXW�
���ZHHNV�DIWHU�SODQWLQJ��7KHVH�UHVXOWV�ZHUH�
�FRPSDUHG�WR�ILQG�WKH�LPSDFW�RI�GLIIHUHQW�
�PLFURRUJDQLVPV�LQ�GLIIHUHQW�VRLOV�LQ�3ODQR��
�7H[DV�RQ�WKH�RYHUDOO�JURZWK�RI�WKH�OHJXPH��
�FURWDODULD�MXQFHD��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PDWHULDOV�XVHG�LQ�WKLV�H[SHULPHQW�
�LQFOXGHG�ZDWHU��IRUN��WUD\����SRWV��D�VKRYHO��
�JORYHV��KDQG�VDQLWL]LQJ�ZLSHV��OHJXPH�VHHGV��
�FRPPHUFLDO�LQRFXODQW��VRLO��VPDOO�WXSSHUZDUH��
�D�EODFN�IROGHU���D�UXOHU��D�VKDUSLH��SODVWLF�
�SHVWOHV��PLFURFHQWULIXJH�WXEHV��KRXVHKROG�
�EOHDFK��DJDU�PHGLD�SODWHV��D�VFDOSHO�DQG�
�ODEHOV��

�,�ODEHOHG�HDFK�SRW�ZLWK�WKH�ORFDWLRQ�RI�WKH�VRLO��
�7KHQ��,�GXJ�XS�VRLO�IURP�HDFK�ORFDWLRQ�XVLQJ�
�WKH�VKRYHO�DQG�SODFHG�LW�LQ�WKH�UHVSHFWLYH�SRW�
�HQVXULQJ�WR�FKDQJH�JORYHV�EHWZHHQ�HDFK�SRW�
��SRVLWLYH�FRQWURO�KDYLQJ�WKH�VDPH�VRLO�IRU�
�ORFDWLRQ�����,�EURXJKW�WKH�VRLO�EDFN�WR�WKH�
�VWHULOL]HG�ZRUNVSDFH��ILOOHG�WKH�SRWV��DQG�
�DGGHG����KROHV�LQ�HDFK�SRW�XVLQJ�D�VWHULOL]HG�
�IRUN��,�DGGHG�ZDWHU�DQG�ZDLWHG�IRU�ZDWHU�WR�
�VHHS�WKURXJK��1H[W��,�DGGHG�DQRWKHU����KROHV�
�LQ�HDFK�SRW�XVLQJ�D�VWHULOL]HG�IRUN��,�DGGHG�
�DQRWKHU����KROHV�LQ�HDFK�SRW�DQG�DGGHG�
�OHJXPH�VHHGV�LQ�SRW���DQG�SRW���DJDLQ�XVLQJ�
�GLIIHUHQW�JORYHV��,�FRYHUHG�WKH�VHHGV�ZLWK�VRLO��
�,�DGGHG�D�SLQFK�RI�FRPPHUFLDO�LQRFXODQW�IRU�
�WKH�SRVLWLYH�FRQWURO�LQ�HDFK�KROH��DGGHG�WKH�
�VHHG��DQG�FRYHUHG�WKH�KROH��)LQDOO\��,�DGGHG�
�ZDWHU�WR�WKH�WKUHH�SRWV�DQG�ZDWHU�WKH�SODQWV�
�HYHU\�RWKHU�GD\��

�7R�SKHQRW\SH��,�WRRN�RQH�SODQW�IURP�HDFK�RI�
�WKH�SRWV�DW�WKUHH�DQG�IRXU�ZHHNV�
�SRVW�SODQWLQJ��,�DGGHG�H[WUD�ZDWHU�LQWR�WKH�
�SRWV�WR�ORRVHQ�WKH�VRLO�DURXQG�WKH�URRWV��,�WKHQ�
�XVHG�VWHULOL]HG�JORYHV�DQG�D�VKRYHO�WR�JHQWO\�
�UHPRYH�WKH�SODQW�VKRRW�DQG�LWV�URRW�IURP�WKH�
�VRLO��,�ZDVKHG�RII�WKH�H[FHVV�VRLO�RQ�WKH�URRWV�
�LQ�D�WXSSHUZDUH�ILOOHG�ZLWK�FOHDQ�ZDWHU��7KHQ��,�
�SDWWHG�WKH�SODQW�GU\�DQG�SODFHG�LW�RQWR�D�EODFN�
�IROGHU�ZLWK�D�ODEHO�ZLWK�WKH�UHVSHFWLYH�WLWOH�RI�
�WKH�VRLO��,�SXW�D�UXOHU�QH[W�WR�WKH�SODQW��
�GHWHUPLQHG�WKH�KHLJKW�RI�WKH�SODQW�VKRRW�IURP�
�LWV�URRW��DQG�WRRN�SLFWXUHV��

�7R�SKHQRW\SH�WKH�URRW�DW�WKH�IRXU�ZHHNV�
�SRVW�SODQWLQJ�,�SODFHG�WKH�URRWV�XQGHU�WKH�
�PLFURVFRSH�DQG�WRRN�SLFWXUHV�RI�WKH�URRWV�DQG�
�URRW�QRGXOHV��

�$IWHU�XVLQJ�PLFURVFRS\�WR�DQDO\]H�WKH�URRWV�
�DQG�URRW�QRGXOHV��,�LVRODWHG�WKH�UKL]RELDO�
�EDFWHULD�DQG�RWKHU�EDFWHULD�IURP�WKH�URRWV�DQG�
�URRW�QRGXOHV��,�VDQLWL]HG�P\�ZRUNVSDFH�ZLWK�
�WKH�KDQG�VDQLWL]LQJ�ZLSHV�DQG�FUHDWHG�WKH�
�GLOXWHG�EOHDFK�VROXWLRQ�ZKLFK�ZDV�SODFHG�LQ�D�
�PLFURFHQWULIXJH��,�WKHQ�DGGHG�ZDWHU�WR�
�DQRWKHU�PLFURFHQWULIXJH��7KHQ�,�WRRN�D�VFDOSHO�
�DQG�FXW�RII�SDUWV�RI�WKH�URRW�DQG�URRW�QRGXOHV�
�DQG�DGGHG�LW�WR�WKH�PLFURFHQWULIXJH�ZLWK�
�EOHDFK�DQG�LQYHUWHG�WKH�WXEH���WLPHV��1H[W��,�
�DGGHG�WKH�URRWV�DQG�URRW�QRGXOHV�WR�WKH�
�PLFURFHQWULIXJH�ZLWK�ZDWHU�DQG�LQYHUWHG�WKDW�
�WXEH����WLPHV��,�WKHQ�SODFHG�WKH�QRGXOHV�DQG�
�URRWV�LQ�DQRWKHU�PLFURFHQWULIXJH�DQG�FUXVKHG�
�WKHP�ZLWK�D�VWHULOL]HG�SODVWLF�SHVWOH��,�DGGHG�
�ZDWHU�DQG�PL[HG�WKH�VROXWLRQ�ZLWK�WKH�SHVWOH��
�7KHQ�,�ODEHOHG�WKH�DJDU�PHGLD�SODWHV�ZLWK�
�UHVSHFWLYH�VRLO�QDPHV�DQG�DGGHG�WKH�FUXVKHG�
�URRW�DQG�URRW�QRGXOH�PL[�LQWR�WKH�SODWHV�ZLWK�D�
�VDQLWL]HG�VZDE��,�WRRN�D�SLFWXUH��FRYHUHG�WKH�
�SODWH�ZLWK�IRLO��DQG�SODFHG�LW�E\�D�ZLQGRZ��,�
�WKHQ�WRRN�SLFWXUHV�IRU�WKH�QH[W�IHZ�GD\V�XQWLO�,�
�VDZ�EDFWHULD�FRORQLHV�JURZLQJ�RQ�WKH�SODWHV��

�5(68/76�
�$W�WKH�HQG�RI�WKH�IRXU�ZHHNV�WKHUH�ZHUH���
�VSURXWV�LQ�WKH�SRW�ZLWK�VRLO�IURP�WKH�SRVLWLYH�
�FRQWURO����VSURXW�LQ�WKH�SRW�ZLWK�VRLO�IURP�WKH�
�ZDONZD\��DQG���VSURXWV�LQ�WKH�SRW�ZLWK�WKH�VRLO�
�IURP�WKH�EDFN\DUG��7KH�KHLJKWV�RI�HDFK�RI�WKH�
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�VSURXWV�ZHUH�DOVR�GHWHUPLQHG�IURP�WKH�WKUHH�
�DQG�IRXU�ZHHN�SHULRG��7KH�RQO\�SODQWV�WKDW�
�FRQWDLQHG�URRW�QRGXOHV�ZHUH�VSURXWV�IURP�WKH�
�ZDONZD\��$IWHU�LVRODWLQJ�WKH�EDFWHULD�DQG�
�SODFLQJ�LW�RQ�WKH�DJDU�PHGLD�SODWHV��WKHUH�ZDV�
�JURZWK�VHHQ�RQ�DOO�SODWHV�VLJQLI\LQJ�WKHUH�ZDV�
�EDFWHULD�SUHVHQW�LQ�DOO�RI�WKH�SODQW�URRWV��
�6SHFLILFDOO\��WKH�EDFWHULD�RQ�WKH�SRVLWLYH�
�FRQWURO�DJDU�PHGLD�SODWH�ZHUH�ILODPHQWRXV��
�LUUHJXODU��DQG�RSDTXH��7KH�EDFWHULD�RQ�WKH�
�ZDONZD\�DJDU�PHGLD�SODWH�ZHUH�VPDOO�
�&RORQLHV��URXQG��DQG�RSDTXH��/DVWO\��WKH�
�EDFWHULD�RQ�WKH�EDFN\DUG�DJDU�SODWH�ZHUH�
�VPDOO��URXQG��DQG�RSDTXH��%LRLQIRUPDWLFV�ZDV�
�XVHG�WR�FRPSDUH�'1$�VHTXHQFHV�RI�
�SUHGLFWHG�W\SHV�RI�EDFWHULD�LQ�WKH�VRLO�WR�WKH�
�'1$�VHTXHQFHV�RI��UKL]RELD��7KLV�ZDV�WKH�
�LQIRUPDWLRQ�IRXQG�IRU�HDFK�RI�WKH�W\SHV�RI�VRLO�
�LQ�WKH�SRWV��

�3RVLWLYH�&RQWURO���:KHQ�FRPSDULQJ�WKH�'1$�
�VHTXHQFH�RI�D�SRVVLEOH�W\SH�RI�EDFWHULD�IRXQG�
�LQ�WKH�FRPPHUFLDO�LQRFXODQW��EUDG\UKL]RELXP�
�MDSFLXP��DQG�ZKDW�,�EHOLHYHG�ZDV�LQ�WKH�VRLO�
�DOUHDG\��UKL]RELXP��WKHUH�ZDV�����LGHQWLW\�
�EHWZHHQ�ERWK�VHTXHQFHV��

�:DONZD\����:KHQ�FRPSDULQJ�WKH�'1$�
�VHTXHQFH�RI�D�SRVVLEOH�W\SH�RI�EDFWHULD�IRXQG�
�LQ�WKH�VRLO��SVHXGRPRQDV��ZLWK�ZKDW�,�
�EHOLHYHG�ZDV�DOUHDG\�LQ�WKH�VRLO��UKL]RELD��
�WKHUH�ZDV�QR�VLJQLILFDQW�VLPLODULW\�IRXQG��

�%DFN\DUG����:KHQ�FRPSDULQJ�WKH�'1$�
�VHTXHQFH�RI�D�SRVVLEOH�W\SH�RI�EDFWHULD�IRXQG�
�LQ�WKH�VRLO��SVHXGRPRQDV��ZLWK�ZKDW�,�
�EHOLHYHG�ZDV�DOUHDG\�LQ�WKH�VRLO��UKL]RELD��
�WKHUH�ZDV�QR�VLJQLILFDQW�VLPLODULW\�IRXQG��

�7$%/(6��*5$3+6�DQG�3+2726�

�$JDU�0HGLD�3ODWH�)RU�3RVLWLYH�&RQWURO�

�$JDU�0HGLD�3ODWH�)RU�:DONZD\�

�$JDU�0HGLD�3ODWH�)RU�%DFN\DUG�

�',6&866,21�
�,Q�WKH�ZDONZD\�WKHUH�ZHUH�QR�SODQWV�RWKHU�
�WKDQ�JUDVV��VR�IHUWLOL]HU�ZDV�KDUGO\�XVHG�DQG�
�WKHUH�ZHUH�OLWWOH�WR�QR�LQVHFWV�SUHVHQW��,Q�WKH�
�EDFN\DUG��WKHUH�ZHUH�VHYHUDO�W\SHV�RI�IORZHU�
�JURZLQJ�WKDW�EHQHILW�IURP�DGGHG�IHUWLOL]HU�DQG�
�DOVR�VHYHUDO�LQVHFWV�LQFOXGLQJ�DQWV�WKDW�ZHUH�
�UHPRYHG�E\�SHVWLFLGHV��7KXV��WKH�FUHDWLRQ�RI�
�URRW�QRGXOHV�ZHUH�SUHYHQWHG�IURP�IRUPLQJ�DV�
�LQ�WKH�EDFN\DUG�DV�WKHUH�ZHUH�SHVWLFLGHV�DQG�
�IHUWLOL]HUV�SUHVHQW�ZKLFK�DGGHG�H[WHUQDO�
�FKHPLFDOV�DQG�QXWULHQWV�WKDW�LQKLELWHG�WKH�
�HDUO\�LQWHUDFWLRQV�EHWZHHQ�WKH�UKL]RELD�
�EDFWHULD�DQG�WKH�OHJXPH�VSURXWV��6SHFLILFDOO\��
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�WKH�IODYRQRLGV�ZHUH�XQDEOH�WR�EH�UHFHLYHG�E\�
�WKH�EDFWHULD�DQG�QRG�IDFWRUV�ZHUH�XQDEOH�WR�
�EH�UHFHLYHG�E\�WKH�SODQW�LWVHOI��
�:KDW�ZDV�XQH[SHFWHG�WKRXJK�ZDV�WKH�
�SRVLWLYH�FRQWURO�QRW�KDYLQJ�DQ\�URRW�QRGXOHV�
�DV�LW�FRQWDLQHG�WKH�VDPH�VRLO�IURP�WKH�
�ZDONZD\�ZKLFK�KDG�URRW�QRGXOHV�DORQJ�ZLWK�
�FRPPHUFLDO�LQRFXODQW�ZKLFK�DGGHG�QXWULHQWV�
�LQWR�WKH�VRLO��7KLV�PD\�KDYH�EHHQ�GXH�WR�WKH�
�IDFW�WKDW�VHYHUDO�RI�WKHVH�SODQWV�ZLOWHG�DQG�
�ZHUHQ¶W�LQ�WKH�EHVW�FRQGLWLRQV�FRPSDUHG�WR�
�WKH�SODQWV�LQ�WKH�RWKHU�SRW�DV�WKH�VRLO�EHFDPH�
�YHU\�GU\��7R�IL[�WKLV�LQ�WKH�IXWXUH��,�ZRXOG�KDYH�
�DGGHG�PRUH�ZDWHU�WR�WKLV�SRW��7KLV�GDWD�FDQ�

�EH�XVHG�LQ�WKH�IXWXUH�DV�LW�FDQ�EH�XVHG�LQ�
�UHVHDUFK�UHJDUGLQJ�WKH�HIIHFWV�RI�DGGHG�
�FKHPLFDOV�OLNH�SHVWLFLGHV�DQG�IHUWLOL]HUV�RQ�
�LQWHUDFWLRQV�ZLWK�EDFWHULD�DQG�OHJXPHV�DV�
�QLWURJHQ�IL[DWLRQ�FDQQRW�RFFXU�ZLWK�WKHVH�
�H[WHUQDO�FKHPLFDOV��7KLV�FDQ�DOVR�EH�XVHG�WR�
�HQFRXUDJH�RWKHUV�WR�XWLOL]H�RUJDQLF�DQG�
�QDWXUDO�PHDQV�RI�SHVWLFLGHV�DQG�IHUWLOL]HUV�
�WKDW�ZLOO�QRW�SUHYHQW�WKLV�LQWHUDFWLRQ�IURP�
�RFFXUULQJ�DV�SHVWLFLGHV�DQG�IHUWLOL]HUV�KDYH�D�
�PXOWLWXGH�RI�KDUPIXO�HIIHFWV�UDQJLQJ�IURP�
�UXQRII�DQG�ZDWHU�SROOXWLRQ�WR�JURXQG�
�FRQWDPLQDWLRQ�DV�VWDWHG�HDUOLHU��

�5()(5(1&(6�
�)R[��-��(���*XOOHGJH��-���(QJHOKDXSW��(���%XURZ��0��(���	�0F/DFKODQ��-��$����������3HVWLFLGHV�
�UHGXFH�V\PELRWLF�HIILFLHQF\�RI�QLWURJHQ�IL[LQJ�UKL]RELD�DQG�KRVW�SODQWV��3URFHHGLQJV�RI�WKH�
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�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD����������������±�������
�KWWSV���GRL�RUJ���������SQDV������������

�5HLQSUHFKW��<���6FKUDP��/���0DUVRODLV��)���6PLWK��7��+���+LOO��%���	�3DXOV��.��3����������(IIHFWV�RI�
�1LWURJHQ�$SSOLFDWLRQ�RQ�1LWURJHQ�)L[DWLRQ�LQ�&RPPRQ�%HDQ�3URGXFWLRQ��)URQWLHUV�LQ�SODQW�
�VFLHQFH������������KWWSV���GRL�RUJ���������ISOV������������

�:DQJ��'���<DQJ��6���7DQJ��)���	�=KX��+����������6\PELRVLV�VSHFLILFLW\�LQ�WKH�OHJXPH��UKL]RELDO�
�PXWXDOLVP��&HOOXODU�PLFURELRORJ\������������±�����
�KWWSV���GRL�RUJ���������M����������������������[�

�:HVWKRHN��$���&ODUN��/��-���&XOEHUW��0���'DOFKDX��1���*ULIILWKV��0���-RUULQ��%���.DUXQDNDUDQ��5���
�/HGHUPDQQ��5���7NDF]��$���:HEE��,���-DPHV��(��.���3RROH��3��6���	�7XUQEXOO��/��$����������
�&RQGLWLRQDO�VDQFWLRQLQJ�LQ�D�OHJXPH�5KL]RELXP�PXWXDOLVP��3URFHHGLQJV�RI�WKH�1DWLRQDO�
�$FDGHP\�RI�6FLHQFHV�RI�WKH�8QLWHG�6WDWHV�RI�$PHULFD�����������H������������
�KWWSV���GRL�RUJ���������SQDV������������

�3DJH������



�6L\D�3DWHO�
�([DPLQLQJ�WKH�,QWHUDFWLRQ�DQG�,PSDFW�%HWZHHQ�

�/HJXPH�DQG�%DFWHULD�LQ�3LVFDWDZD\��1-�

�$%675$&7�
�/HJXPHV�LQWHUDFW�ZLWK�PLFUREHV�RQ�D�GDLO\�
�EDVLV�IRU�VXUYLYDO��0LFUREHV�DUH�D�QHFHVVLW\�
�IRU�OHJXPH��DV�WKH\�KHOS�OHJXPH�UHPDLQ�
�KHDOWK\�DQG�VWURQJ��9HU\�IHZ�H[SHULPHQWV�LQ�
�3LVFDWDZD\��1-�KDYH�EHHQ�FRQGXFWHG�WR�OHDUQ�
�PRUH�DERXW�WKH�LQWHUDFWLRQ�DQG�LPSDFW�
�EHWZHHQ�SODQWV�DQG�EDFWHULD��7KHUHIRUH��
�PXOWLSOH�H[SHULPHQWV�KDYH�EHHQ�FRQGXFWHG�WR�
�VWXG\�WKH�LQWHUDFWLRQ�DQG�LPSDFW�EHWZHHQ�
�OHJXPH�DQG�EHQHILFLDO�PLFUREHV��VSHFLILFDOO\�
�EDFWHULD��6RLO�ZDV�FROOHFWHG�IURP�WZR�GLIIHUHQW�
�ORFDWLRQV�LQ�1HZ�-HUVH\�DQG�SODFHG�LQWR�WKUHH�
�GLIIHUHQW�SRWV��%HIRUH�SODQWLQJ�VHHGV�LQWR�RQH�
�RI�WKH�SRWV��FRPPHUFLDO�LQRFXODQW�ZDV�DGGHG�
�LQ�WKH�VRLO�IRU�D�SRVLWLYH�FRQWURO��)URP�WKHUH��
�OHJXPHV�ZHUH�SODQWHG�LQ�HDFK�SRW��
�*HUPLQDWLRQ�RI�WKH�OHJXPHV�ZHUH�REVHUYHG�
�DQG�PRQLWRUHG�RQ�D�GDLO\�EDVLV��DQG�JLYHQ�WKH�
�OHJXPHV�ZDWHU��ZKHQ�QHHGHG��$IWHU�WKLV��
�SKHQRW\SLQJ�WKH�OHJXPH�VKRRWV�DQG�URRW�
�QRGXOHV��)URP�WKHUH��WKH�URRW�QRGXOHV�ZHUH�
�FORVHO\�REVHUYHG�E\�XWLOL]LQJ�D�GLJLWDO�
�PLFURVFRSH��7KHQ��WKH�UKL]RELDO�EDFWHULD�ZHUH�
�LVRODWHG�IURP�WKH�URRW�QRGXOHV�RI�WKH�OHJXPH��
�)URP�WKHUH��WKH�UKL]RELD�EDFWHULD�ZHUH�
�PLFURVFRSLFDOO\�LGHQWLILHG��)LQDOO\��ZLWK�WKH�XVH�
�RI�ELRLQIRUPDWLFV�WRROV��SODQW�EDFWHULD�
�LQWHUDFWLRQ�ZDV�H[SODLQHG��7KH�OHJXPHV�WKDW�
�UHFHLYHG�SRVLWLYH�FRQWURO�DQG�VRLO�IURP�WKH�
�JDUGHQ�KDG�D�ODUJHU�TXDQWLW\�RI�URRW�QRGXOHV�
�FRPSDUHG�WR�WKH�VRLO�IURP�WKH�EDFN\DUG��,Q�
�IDFW��WKH�OHJXPHV�IURP�WKH�JDUGHQ�VRLO�DQG�
�SRVLWLYH�FRQWURO�ORRNHG�KHDOWKLHU�DQG�VWURQJHU�
�WKDQ�WKH�OHJXPH�IURP�EDFN\DUG�VRLO��7R�DGG�
�RQ��WKH�OHJXPH�IURP�EDFN\DUG�VRLO�HYHQWXDOO\�
�GLHG��ZKLOH�WKH�OHJXPH�IURP�WKH�RWKHU�WZR�
�SRWV�ZHUH�VWLOO�KHDOWK\�DQG�VWURQJ��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�PDWHULDOV�XVHG�IRU�WKLV�H[SHULPHQW�ZHUH�
�DV�IROORZV��OHJXPH�VHHGV��WKUHH�SRWV��ZDWHU��
�VRLO��WZR�WUD\V��FRPPHUFLDO�LQRFXODQW��GLJJLQJ�
�WRROV��VKRYHO�DQG�WKH�IRUN���ODUJH�WXSSHUZDUH��

�SDSHU�WRZHOV�����FP�UXOHU�����LQFK�UXOHU���GDUN�
�EDFNJURXQG��HWKDQRO�ZLSHV��DW�OHDVW�����
�DOFRKRO�FRQWDLQLQJ���/&'�PLFURVFRSH��3&��
�SODVWLF�SHVWOHV��PLFURFHQWULIXJH�WXEHV��
�VFDOSHO��GURSSHU��KRXVHKROG�EOHDFK�WKDW�KDV�
�WKH�DFWLYH�LQJUHGLHQW�RI�VRGLXP�K\SRFKORULWH��
�VZDE��DQG�DJDU�PHGLD�SODWHV��

�6RLO�ZDV�FROOHFWHG�IURP�WZR�GLIIHUHQW�ORFDWLRQV�
�LQ�3LVFDWDZD\��1HZ�-HUVH\��/HJXPH�VHHGV�
�ZHUH�SODQWHG�LQ�WKUHH�GLIIHUHQW�SRWV��ZDWHUHG��
�DQG�SODFHG�QHDU�D�ZLQGRZ�ZKHUH�VXQOLJKW�
�ZDV�HDVLO\�DFFHVVLEOH��

�3RW���DQG���FRQWDLQHG�VRLO�GXJ�IURP�WKH�
�JDUGHQ�LQ�3LVFDWDZD\��1-��,Q�3RW����WKH�VRLO�
�ZDV�FROOHFWHG�IURP�WKH�EDFN\DUG�LQ�
�3LVFDWDZD\��1-���$IWHU�WKH�VRLO�ZDV�SODFHG�LQ�
�DOO�WKUHH�RI�WKH�SRWV��WKHVH�SRWV�ZHUH�ODEHOHG�
�ZLWK�WKH�ORFDWLRQ�QDPH�RI�ZKHUH�WKH�VRLO�ZDV�
�FROOHFWHG�IURP��$�IRUN�ZDV�XVHG�WR�FUHDWH�
�DERXW�����KROHV�LQ�HDFK�SRW�WR�DOORZ�WKH�
�OHJXPH�VHHGV�WR�EH�SODQWHG�LQ�WKH�VRLO��3RW���
�VHUYHG�DV�WKH�SRVLWLYH�FRQWURO�DQG�D�SLQFK�RI�
�FRPPHUFLDO�LQRFXODWH�ZDV�SODFHG�LQ�HDFK�
�KROH��SULRU�WR�DGGLQJ�WKH�OHJXPH�VHHGV�LQ�WKH�
�KROHV�RI�WKLV�SRW��7KH�KROHV�ZHUH�FRYHUHG�
�EDFN�XS�ZLWK�VRLO�DQG�ZDWHU�ZDV�DGGHG�WR�WKH�
�VRLO�WR�DOORZ�WKH�OHJXPH�SODQWV�WR�JURZ��
�7KH�JHUPLQDWLRQ�RI�WKH�OHJXPH�VHHGV�ZHUH�
�REVHUYHG�RQ�D�GDLO\�EDVLV��$W�IRXU�ZHHNV�SRVW�
�SODQWLQJ�WKH�SODQWV�ZHUH�SKHQRW\SHG��
�)RU�SKHQRW\SLQJ��D�GDUN�DQG�IODW�VXUIDFH�ZDV�
�XVHG��7KH�ODE�VSDFH�ZDV�VWHULOL]HG�ZLWK�
�HWKDQRO�ZLSHV�WKDW�FRQWDLQHG�DW�OHDVW�����
�DOFRKRO��7KH�WDOOHVW�SODQW�LQ�HDFK�SRW�ZDV�
�XVHG�WR�SKHQRW\SH��7KH�WDOOHVW�SODQW�ZDV�
�UHPRYHG�IURP�HDFK�SRW��6LQFH�WKH�URRWV�KDG�
�VRLO�SDUWLFOHV��WKH�OHJXPH�SODQWV�ZHUH�GLSSHG�
�LQWR�WKH�ODUJH�FRQWDLQHU�RI�ZDWHU��WR�UHPRYH�
�WKH�VRLO�SDUWLFOHV�RQ�WKH�URRWV��7KH�URRWV�ZHUH�
�FDUHIXOO\�GULHG�ZLWK�SDSHU�WRZHOV��7KH�OHJXPH�
�SODQWV�ZHUH�SODFHG�RQ�WKH�VWHULOL]HG�GDUN�DQG�
�IODW�VXUIDFH��$�ODEHO�ZLWK�WKH�ORFDWLRQ�QDPH�

�3DJH������



�DQG�D����FP�����LQFK��UXOHU�ZHUH�SODFHG�QH[W�
�WR�WKH�OHJXPH�SODQWV��7KH�VKRRW�KHLJKW�RI�WKH�
�OHJXPH�SODQWV�ZHUH�PHDVXUHG��1H[W��SLFWXUHV�
�ZHUH�WDNHQ�RI�WKH�SODQW��LQFOXGLQJ�WKH�ODEHO�
�DQG�WKH�UXOHU��$IWHU�SLFWXUHV�ZHUH�WDNHQ��WKH�
�OHJXPH�SODQW�ZDV�SODFHG�EDFN�LQ�WKH�SRW�E\�
�GLJJLQJ�D�KROH�WKDW�ZDV�DERXW���LQFKHV�GHHS��
�DQG�SODFLQJ�WKH�OHJXPH�SODQW�EDFN�LQ�WKDW�
�KROH��1H[W��URRWV�ZHUH�EXULHG�E\�WKH�VRLO��
�$IWHU�SKHQRW\SLQJ�WKH�OHJXPH�VKRRWV��WKH�
�OHJXPH�URRWV�ZHUH�SKHQRW\SHG�XQGHU�D�
�PLFURVFRSH�WR�LGHQWLI\�DQ\�QRGXOHV�RQ�WKH�
�URRWV��)LQDOO\��EDFWHULD�IURP�WKH�OHJXPH�URRWV�
�ZHUH�LVRODWHG�RQ�WKH�DJDU�PHGLD�SODWHV��
�)LUVW��WKH�OHJXPH�VKRRWV�ZHUH�SKHQRW\SHG�IRU�
�WKH�VHFRQG�WLPH�E\�UHSHDWLQJ�WKH�VDPH�VWHSV�
�WKDW�ZHUH�GHVFULEHG�DERYH��,Q�RUGHU�WR�
�SKHQRW\SH�WKH�URRWV��WKH�$0FDS�VRIWZDUH�ZDV�
�GRZQORDGHG�RQ�D�3&��DQG�FRQQHFWHG�WKH�
�/&'�PLFURVFRSH�WR�WKH�3&��7KH�VDPH�SODQW�
�WKDW�ZDV�SKHQRW\SHG�IRU�WKH�VHFRQG�WLPH�ZDV�
�XVHG�WR�SKHQRW\SH�WKH�URRWV��7KH�URRWV�ZHUH�
�SODFHG�XQGHU�WKH�/('�OLJKW��RQ�WKH�VWDJH�RI�
�WKH�PLFURVFRSH��7KH�FRDUVH�DGMXVWPHQW�NQRE�
�DQG�WKH�ILQH�DGMXVWPHQW�NQRE�ZHUH�DGMXVWHG�
�DV�QHFHVVDU\�WR�JHW�D�FOHDU�DQG�FORVH�XS�YLHZ�
�RI�WKH�URRWV��

�,Q�RUGHU�WR�LVRODWH�EDFWHULD�IURP�WKH�URRWV��WKH�
�ODE�VSDFH�ZDV�VWHULOL]HG�ZLWK�HWKDQRO�ZLSHV�
�WKDW�FRQWDLQ�DW�OHDVW�����DOFRKRO��1H[W��WKH�
�GLOXWHG�EOHDFK�VWHULOL]LQJ�VROXWLRQ�ZDV�FUHDWHG�
�E\�ODEHOLQJ�WKH�PLFURFHQWULIXJH�WXEH�WR�
�LQGLFDWH�WKDW�LW�FRQWDLQV�GLOXWHG�EOHDFK��$IWHU�
�WKH�PLFURFHQWULIXJH�WXEH�ZDV�ODEHOHG������
�GURSV�RI�KRXVHKROG�EOHDFK�ZDV�DGGHG�WR�WKH�
�WXEH��E\�XWLOL]LQJ�D�GURSSHU��)URP�WKHUH�������
�PO�RI�ZDWHU�ZDV�DGGHG�LQ�WKH�VDPH�WXEH�WKDW�
�FRQWDLQV�����GURSV�RI�KRXVHKROG�EOHDFK��7KH�
�PLFURFHQWULIXJH�WXEH�ZDV�WKHQ�LQYHUWHG�
�PXOWLSOH�WLPHV�WR�PL[�WKH�KRXVHKROG�EOHDFK�
�DQG�ZDWHU�WRJHWKHU��7KH�VDPH�OHJXPH�SODQW�
�WKDW�ZDV�SKHQRW\SHG�IRU�WKH�VHFRQG�WLPH�ZDV�
�XVHG�WR�FXW�RII�VHJPHQWV�RI�WKH�URRWV�E\�XVLQJ�
�D�VFDOSHO��7KH�URRW�VHJPHQWV�ZHUH�SODFHG�
�LQVLGH�WKH�PLFURFHQWULIXJH�WXEH�WKDW�FRQWDLQV�
�GLOXWHG�EOHDFK�DQG�WKH�WXEH�ZDV�VKDNHQ�
�DERXW���WLPHV�WR�VWHULOL]H�WKH�URRWV��7KH�URRW�
�VHJPHQWV�ZHUH�WDNHQ�RXW�RI�WKH�WXEH�DQG�

�SODFHG�RQ�DQ�HWKDQRO�ZLSH��ZKLOH�DQRWKHU�
�PLFURFHQWULIXJH�WXEH�ZDV�ILOOHG�ZLWK�FOHDQ�
�ZDWHU��7KH�URRW�VHJPHQW�ZDV�SODFHG�LQ�WKH�
�PLFURFHQWULIXJH�WXEH�WKDW�FRQWDLQV�RQO\�FOHDQ�
�ZDWHU��7KH�WXEH�ZDV�VKDNHQ�IRU�DERXW����
�WLPHV�WR�ULQVH�RII�DQ\�EOHDFK�SDUWLFOHV�WKDW�
�ZHUH�UHPDLQLQJ�RQ�WKH�URRW�VHJPHQWV��7KH�
�URRW�VHJPHQW�ZDV�UHPRYHG�IURP�WKH�WXEH�DQG�
�SODFHG�LQVLGH�DQRWKHU�PLFURFHQWULIXJH�WXEH�
�DQG�WKH�URRWV�ZHUH�FUXVKHG�E\�XWLOL]LQJ�D�
�SODVWLF�SHVWOH��)URP�WKHUH������PO�RI�ZDWHU�
�ZDV�DGGHG�LQ�WKH�WXEH�WKDW�FRQWDLQV�WKH�
�FUXVKHG�VHJPHQWV�RI�WKH�URRW��2QFH�WKH�
�FUXVKHG�VXVSHQVLRQ�ZDV�PDGH�LW�ZDV�
�WUDQVIHUUHG�WR�DQ�DJDU�PHGLD�SODWH��IOLSSHG�
�XSVLGH�GRZQ��DQG�ODEHOHG�ZLWK�WKH�ORFDWLRQ�
�QDPH�RI�WKH�VRLO�DQG�WKH�GDWH��

�$�%/$67�6HDUFK�LQ�1&%,�ZDV�XVHG�WR�ILQG�
�WKH�'1$�VHTXHQFH�RI�WKH�H[DPSOH�EDFWHULD�LQ�
�D�VSHFLILF�VFHQDULR��7KH�VFHQDULR�ZDV�DERXW�
�W\SHV�RI�PLFUREHV�WKDW�FRXOG�EH�SUHVHQW�LQ�WKH�
�VRLO�ZKHQ�WKHUH�ZHUH�QR�QRGXOHV�IRUPLQJ�RQ�
�WKH�URRWV��8WLOL]LQJ�WKH�ELRLQIRUPDWLF�WRROV�RQ�
�1&%,��WKH�'1$�VHTXHQFH�ZDV�DOLJQHG�ZLWK�
�%UDG\UKL]RELXP�-DSRQFLXP��7KH�
�%UDG\UKL]RELXP�-DSRQFLXP�ZDV�RQH�RI�WKH�
�IRXU�EDFWHULD�SUHVHQW�LQ�WKH�SRVLWLYH�FRQWURO��
�7KH�VLPLODULWLHV�DQG�GLIIHUHQFHV�ZHUH�
�REVHUYHG��

�5(68/76�
�2Q�GD\���WKHUH�ZDV�RQH�JHUPLQDWLQJ�SODQW�SHU�
�SRW��$IWHU���GD\V�SRVW�SODQWLQJ�OHJXPH�VHHGV��
�WKHUH�ZHUH�PXOWLSOH�JHUPLQDWLQJ�SODQWV�LQ�WKH�
�SRW�ZLWK�JDUGHQ�VRLO��RQH�PRUH�JHUPLQDWLQJ�
�SODQW�LQ�WKH�SRVLWLYH�FRQWURO��DQG�WKH�WKLUG�SRW�
�GLG�QRW�H[SHULHQFH�DQ\�QHZ�JHUPLQDWLQJ�
�SODQWV��DIWHU�WKH�ILUVW�VHHG�VWDUWHG�WR�VSURXW��
�%\�ZHHN������WKH�SRW�ZLWK�JDUGHQ�VRLO�
�FRQWDLQHG���KHDOWK\�OHJXPH�SODQWV�DQG���
�XQKHDOWK\�RU�EURNHQ�SODQWV��7KH�SRW�ZLWK�
�EDFN\DUG�VRLO�FRQWDLQHG���KHDOWK\�OHJXPH�
�SODQWV�DQG���XQKHDOWK\�RU�EURNHQ�SODQWV��7LQ\�
�VSURXWLQJ�KDV�EHHQ�REVHUYHG�IRU�WKH�WKLUG�
�OHJXPH�SODQW��7KH�SRW�ZLWK�SRVLWLYH�FRQWURO�
�FRQWDLQHG���KHDOWK\�OHJXPH�SODQWV�DQG���
�XQKHDOWK\�RU�EURNHQ�SODQWV���7LQ\�VSURXWLQJ�
�KDG�EHHQ�REVHUYHG�IRU�WKH�WKLUG�OHJXPH�SODQW��
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�%\�ZHHN����WKH�SRW�ZLWK�JDUGHQ�VRLO�KDG���
�KHDOWK\�OHJXPH�SODQWV�DQG���EURNHQ�RU�
�XQKHDOWK\�SODQWV��+RZHYHU��WKH�EDFN\DUG�VRLO�
�DQG�SRVLWLYH�FRQWURO�FRQWDLQHG���KHDOWK\�
�OHJXPHV�DQG���EURNHQ�RU�XQKHDOWK\�OHJXPH��
�$IWHU�SKHQRW\SLQJ�WKH�OHJXPH�URRWV��WKH�VKRRW�
�KHLJKW�IURP�WKH�JDUGHQ�VRLO�DQG�EDFN\DUG�VRLO�
�ZDV������FP��7KH�VKRRW�KHLJKW�IURP�SRVLWLYH�
�FRQWURO�ZDV������FP��

�7KH�UHVXOWV�IRU�SKHQRW\SLQJ�OHJXPH�VKRRWV�
�IRU�WKH�VHFRQG�WLPH�VKRZHG�WKDW�WKH�JDUGHQ�
�VRLO�DQG�SRVLWLYH�FRQWURO�JUHZ�E\�D�ZKROH�
�H[WUD�FHQWLPHWHU��EXW�WKH�OHJXPH�IURP�
�EDFN\DUG�VRLO�RQO\�JUHZ�E\�DQRWKHU�����
�FHQWLPHWHUV��+RZHYHU��RQH�RI�WKH�SODQWV�IURP�
�WKH�EDFN\DUG�VRLO�GLHG��WKHUHIRUH�LW�ZDV�
�UHPRYHG�IURP�WKH�SRW��%XW�WKH�RWKHU���ZHUH�
�KHDOWK\��7ZR�RI�WKH�WKUHH�SODQWV�LQ�SRVLWLYH�
�FRQWURO�ZHUH�KHDOWK\�DQG�WKH�RWKHU�RQH�SODQW�
�ORRNHG�ZHDN��7KH�UHVXOWV�RI�WKH�PLFURVFRS\�RI�
�URRWV�IRU�WKH�SRVLWLYH�FRQWURO�DQG�JDUGHQ�VRLO�
�ZHUH�YHU\�VLPLODU��%RWK�RI�WKHP�KDG�D�ODUJHU�
�TXDQWLW\�RI�URXQG��ZKLWH�URRW�QRGXOHV�RQ�WKH�
�URRWV��YHU\�FXUO\�URRW�KDLU��EXW�WKH�URRWV�IURP�
�WKH�EDFN\DUG�VRLO�KDG�YHU\�IHZ�URRW�QRGXOHV��
�7KH�UHVXOWV�RI�LVRODWLQJ�EDFWHULD�ZHUH�YHU\�
�VWUDLJKWIRUZDUG��7KH�W\SH�RI�FRORQLHV�WKDW�
�ZHUH�IRUPHG�RQ�WKH�DJDU�PHGLD�SODWHV�ZHUH�
�ODUJH�FRORQLHV��RSDTXH��HQWLUH��URXQG��
�)LQDOO\��WKHUH�ZHUH�QR�VLJQLILFDQW�VLPLODULWLHV�
�IRXQG�DIWHU�DOLJQLQJ�WKH�'1$�VHTXHQFHV��

�7$%/(6��*5$3+6�DQG�3+2726��

�)LJXUH����6RLO�FROOHFWLRQ�IURP���GLIIHUHQW�
�ORFDWLRQV�DQG�OHJXPH�VHHGV�SODQWHG�LQ�WKH�
�SRWV��

�)LJXUH�����$GGLWLRQ�RI�FRPPHUFLDO�LQRFXODQW�WR�
�WKH�SRVLWLYH�FRQWURO��

�)LJXUH�����*URZWK�DQG�JHUPLQDWLRQ�RI�WKH�
�OHJXPH�SODQW�LQ�DOO�WKUHH�SRWV��SUH�FODVV�ZHHN�
�����
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�',6&866,21�
�2XW�RI�DOO�WKH�WKUHH�SRWV��WKH�JDUGHQ�VRLO�DQG�
�WKH�SRVLWLYH�FRQWURO�GHPRQVWUDWHG�D�KLJKHU�
�SUHVHQFH�RI�EHQHILFLDO�EDFWHULD�WKDQ�WKH�SRW�
�ZLWK�EDFN\DUG�VRLO��7KLV�ZDV�SURYHQ�E\�
�GHWHFWLQJ�KLJKHU�SUHVHQFH�RI�QRGXOHV�RQ�WKH�
�URRWV�RI�OHJXPH�IURP�WKH�SRVLWLYH�FRQWURO�DQG�
�JDUGHQ�VRLO��7KHVH�EHQHILFLDO�EDFWHULD�
�EHQHILWWHG�WKH�OHJXPH�IURP�WKH�SRVLWLYH�
�FRQWURO�DQG�WKH�JDUGHQ�VRLO��DV�WKH\�ZHUH�WKH�
�PRVW�VWURQJ�DQG�KHDOWKLHVW�SODQWV��7KHUH�ZHUH�

�QRGXOHV�SUHVHQW�LQ�WKH�URRWV�IURP�WKH�
�EDFN\DUG�VRLO��EXW�WKHUH�ZHUH�YHU\�IHZ�
�QRGXOHV��'XH�WR�WKLV��WKH�SODQWV�JURZQ�IURP�
�WKH�EDFN\DUG�VRLO�ZHUH�ZHDN�DQG�RQH�RI�WKHP�
�GLHG��7KHVH�UHVXOWV�ZHUH�H[SHFWHG�IURP�WKH�
�H[SHULPHQWV�DQG�WKH�UHVXOWV�VXSSRUW�WKH�
�K\SRWKHVLV��,Q�WKH�IXWXUH��WKLV�UHVHDUFK�SDSHU�
�ZLOO�EH�XVHIXO�DV�LW�H[SODLQV�WKH�LQWHUDFWLRQ�
�EHWZHHQ�OHJXPH�DQG�UKL]RELXP��DV�ZHOO�DV�
�SURYHV�WKDW�RWKHU�WKDQ�UKL]RELXP�WKHUH�DUH�
�RWKHU�EHQHILFLDO�EDFWHULD�WKDW�OLYH�LQ�WKH�VRLO�WR�
�SURYLGH�WKH�OHJXPH�ZLWK�WKHLU�QHFHVVLWLHV��

�5()(5(1&(6�
�-RQHV��.��0���.RED\DVKL��+���'DYLHV��%��:���7DJD��0��(���	�:DONHU��*��&����������+RZ�UKL]RELDO�
�V\PELRQWV�LQYDGH�SODQWV��WKH�6LQRUKL]RELXP�0HGLFDJR�PRGHO��1DWXUH�UHYLHZV��0LFURELRORJ\��
����������±�����KWWSV���GRL�RUJ���������QUPLFUR�����

�9HUPHXOHQ��$����������1LWURJHQ�)L[DWLRQ��<RXWXEH���1LWURJHQ�)L[DWLRQ���
�<RX7XEHKWWSV���ZZZ�\RXWXEH�FRP�¾�ZDWFK�
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�7DQXVK�'HND�

�+LJK�$PRXQWV�RI�5KL]RELD�%DFWHULD�)RXQG�LQ�*DUGHQLQJ�6RLO�LQ�:DUULQJWRQ��3$�

�$%675$&7�
�7KLV�UHVHDUFK�SURMHFW�DLPV�WR�GHWHUPLQH�
�ZKHWKHU�JDUGHQ�VRLO�FRQWDLQV�KLJKHU�
�FRQFHQWUDWLRQ�RI�5KL]RELD�EDFWHULD�DQG�
�QDWXUDO�VRLO��5KL]RELD�EDFWHULD�ZDV�SUHVXPHG�
�WR�EH�PRUH�DEXQGDQW�LQ�JDUGHQLQJ�VRLO��6RLO�
�ZDV�WDNHQ�IURP���GLVWLQFW�ORFDWLRQV�DQG�
�GLYLGHG�EHWZHHQ�WKUHH�SRWV��)RU�3RW����VRLO�
�ZDV�FROOHFWHG�IURP�WKH�EDFN\DUG��JDUGHQ�
�VRLO���,Q�3RW����VRLO�ZDV�FROOHFWHG�IURP�WKH�
�IURQW�\DUG��QH[W�WR�WKH�VLGHZDON���3RW���VHUYHG�
�DV�WKH�FRQWURO�SRW�ZLWK�VRLO�FROOHFWHG�IURP�WKH�
�EDFN\DUG��,Q�3RW���DQG�3RW����OHJXPH�VHHGV�
�����LQ�HDFK�SRW�ZHUH�SODQWHG���7KH�VRLO�LQ�3RW�
���ZDV�LQRFXODWHG�ZLWK�FRPPHUFLDO�LQRFXODQW�
��ZKLFK�FRQWDLQV�5KL]RELD��DQG�WKHQ����
�OHJXPH�VHHGV�ZHUH�SODQWHG��$OO�WKUHH�SRWV�
�ZHUH�H[SRVHG�WR�WKH�VDPH�DPRXQW�RI�OLJKW��
�ZDWHU��WHPSHUDWXUH�DQG�KXPLGLW\��$IWHU�WKH�
�OHJXPH�VHHGV�JUHZ��WKH�KHLJKW�RI�WKH�SODQWV�
�ZDV�PHDVXUHG�GDLO\�IRU���ZHHNV��7KH�UHVXOWV�
�GHPRQVWUDWHG�WKDW�WKH�SODQWV�LQ�3RW���
��EDFN\DUG�VRLO��ZHUH�WDOOHU�DQG�KDG�D�ODUJHU�
�PDVV�WKDQ�WKH�SODQWV�LQ�3RW���DQG�3RW����

�,1752'8&7,21�
�1LWURJHQ�LV�RQH�RI�WKH�PRVW�HVVHQWLDO�QXWULHQWV�
�IRU�SODQW�JURZWK��1LWURJHQ�LV�D�PDMRU�
�FRPSRQHQW�RI�DPLQR�DFLGV��SURWHLQV���
�HVVHQWLDO�IRU�VWUXFWXUDO�VWUHQJWK�RI�SODQWV�
��*DJH���������,W�LV�DOVR�DQ�LPSRUWDQW�
�FRQVWLWXHQW�RI�FKORURSK\OO��HVVHQWLDO�IRU�
�SKRWRV\QWKHVLV���1LWURJHQ�LV�DEXQGDQWO\�
�SUHVHQW�LQ�WKH�DLU�ZH�EUHDWKH��EXW�SODQWV�
�FDQQRW�XVH�QLWURJHQ�LQ�WKH�DWPRVSKHUH��WKH�
�QLWURJHQ�PXVW�EH�FRQYHUWHG�WR�RWKHU�IRUPV�
�OLNH�DPPRQLXP�DQG�QLWUDWHV��7KLV�FRQYHUVLRQ�
�LV�DOVR�NQRZQ�DV�QLWURJHQ�IL[LQJ��DQG�WKH�
�SURFHVV�LV�IDFLOLWDWHG�E\�GLIIHUHQW�VSHFLHV�RI�
�EDFWHULD��*DJH���������5KL]RELD�LV�RQH�VXFK�
�EDFWHULD��KRZHYHU��IUHH�OLYLQJ�EDFWHULD�FDQQRW�
�IL[�QLWURJHQ��)RU�WKH�SURFHVV�RI�QLWURJHQ�IL[LQJ��
�5KL]RELD�GHYHORSV�D�V\PELRWLF�UHODWLRQVKLS�
�ZLWK�OHJXPHV��WKH�UHVXOW�RI�ZKLFK�LV�WKH�
�IRUPDWLRQ�RI�QRGXOHV�RQ�WKH�URRW�RI�WKH�SODQW�

��:DQJ��/LX�	�=KX���������:LWKLQ�WKLV�QRGXOH��
�WKH�EDFWHULD�FRQYHUW�DWPRVSKHULF�QLWURJHQ�LQWR�
�DPPRQLD��ZLWK�WKH�HQ]\PH�QLWURJHQDVH�
��FRPHV�IURP�WKH�OHJXPHV���7KH�FDUERK\GUDWH�
�UHTXLUHG�IRU�WKH�IL[DWLRQ�LV�DOVR�SURYLGHG�E\�
�WKH�OHJXPH�SODQW��/HJXPHV��EHFDXVH�RI�WKHLU�
�QLWURJHQ�IL[LQJ�FDSDELOLWLHV��DOVR�KHOS�RWKHU�
�FURS�JURZWK�E\�LQFUHDVLQJ�VRLO�QLWURJHQ�
�TXDQWLW\��-RKQVRQ���������

�7KLV�H[SHULPHQW�DLPHG�WR�DQVZHU�WKH�
�IROORZLQJ�TXHVWLRQ��ZLOO�WKHUH�EH�D�ODUJHU�
�DPRXQW�RI�UKL]RELD�EDFWHULD�LQ�JDUGHQLQJ�VRLO�
�FRPSDUHG�WR�UHJXODU�VRLO"�,�K\SRWKHVL]HG�WKDW�
�JDUGHQLQJ�VRLO�ZRXOG�FRQWDLQ�ODUJHU�
�FRQFHQWUDWLRQV�RI�UKL]RELD�EDFWHULD�DQG�
�XQGHUJR�PRUH�QLWURJHQ�IL[DWLRQ�DIWHU�
�HVWDEOLVKLQJ�D�V\PELRWLF�UHODWLRQVKLS�ZLWK�WKH�
�OHJXPH�URRWV��

�0$7(5,$/6�$1'�0(7+2'6�
�0DWHULDOV�
�7KUHH�LGHQWLFDO�ZKLWH�SRWV��JORYHV��
�GLVLQIHFWLQJ�ZLSHV��ODEHOV��PDUNHU��SKRQH�
�FDPHUD��JDUGHQ�WRROV��MDU��IRU�ZDWHULQJ���
�OHJXPH�VHHGV��FRPPHUFLDO�LQRFXODQW��WDS�
�ZDWHU��DQG�PHDVXULQJ�WDSH�ZHUH�XVHG�IRU�WKLV�
�SURMHFW��'LVLQIHFWLQJ�ZLSHV�ZHUH�XVHG�WR�FOHDQ�
�WRROV�DQG�JORYHV�ZHUH�XVHG�WR�DYRLG�
�FRQWDPLQDWLRQ�ZKLOH�FROOHFWLQJ�VRLO�DQG�WR�
�DYRLG�FURVV�FRQWDPLQDWLRQ�RI�VRLO�EHWZHHQ�WKH�
���SRWV��

�3URFHGXUH�
�7KUHH�LGHQWLFDO�SRWV�ZLWK�ODEHOV�LQFOXGLQJ�WKH�
�VLWH�RI�FROOHFWLRQ��GDWH��DQG�LQLWLDOV�ZHUH�XVHG��
�3RW���DQG�3RW����FRQWURO��FRQWDLQHG�VRLO�
�FROOHFWHG�IURP�WKH�EDFN\DUG��3RW���FRQWDLQHG�
�VRLO�FROOHFWHG�IURP�WKH�IURQW�\DUG��(DFK�SRW�
�ZDV�ZDWHUHG�ZLWK�WKH�VDPH�DPRXQW�RI�ZDWHU��
�%RWK�3RW���DQG�3RW���HDFK�KDG����OHJXPH�
�VHHGV�SODQWHG�LQ�WKHP��3RW����WKH�FRQWURO�SRW���
�UHFHLYHG�FRPPHUFLDO�LQRFXODQW��EDFWHULD��SULRU�
�WR�WKH�SODQWLQJ�RI����OHJXPH�VHHGV��$OO���SRWV�
�ZHUH�NHSW�QHDU�D�ZLQGRZ�QH[W�WR�HDFK�RWKHU�
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�WR�HQVXUH�WKH\�DUH�H[SRVHG�WR�WKH�VDPH�OHYHO�
�RI�VXQOLJKW��WHPSHUDWXUH��DQG�KXPLGLW\��
�,VRODWLRQ�RI�WKH�5KL]RELD�EDFWHULD�UHTXLUHG�
�UHPRYLQJ�D�SODQW�IURP�HDFK�SRW�PHDVXULQJ�
�WKHLU�KHLJKW�DQG�REVHUYLQJ�WKHLU�URRWV�XQGHU�
�WKH�PLFURVFRSH��&RWWRQ�VZDEV�ZHUH�XVHG�WR�
�SXW�LVRODWHG�VDPSOHV�LQWR�SHWUL�GLVKHV�WR�
�REVHUYH�EDFWHULDO�JURZWK��

�5(68/76�

�(DFK�SLFWXUH�DERYH�VKRZV�WKH�SODQW�URRWV�RI�
�WKH�FRQWURO��VLGHZDON��DQG�EDFN\DUG�SRWV��
�UHVSHFWLYHO\��7KH�FRQWURO�SODQW�UHDFKHG�D�
�VKRRW�OHQJWK�RI�����FP��ZKLOH�WKH�ZKROH�SODQW�
�ZDV�����FP�ORQJ��7KH�VLGHZDON�SODQW¶V�VKRRW�
�KDG�D�OHQJWK�RI�����FP��DQG�WKH�ZKROH�SODQW�
�ZDV�����FP��7KH�EDFN\DUG�SODQW¶V�VKRRW�
�UHDFKHG�����FP��DQG�WKH�ZKROH�SODQW�UHDFKHG�
�����FP��

�$ERYH�LV�'D\���RI�LVRODWLQJ�EDFWHULD��ZKHUH�
�ZH�FDQ�VHH�WKDW�EDFWHULD�LV�EHJLQQLQJ�WR�JURZ�
�LQ�ERWK�WKH�3RVLWLYH�&RQWURO�DQG�6LGHZDON�
�SODWHV��+RZHYHU��WKHUH�LV�QR�EDFWHULD�JURZWK�
�VHHQ�LQ�WKH�%DFN\DUG�SODWH��

�/HIW�VKRZV�3RVLWLYH�&RQWURO�5RRWV��0LGGOH�
�6KRZV�6LGHZDON�5RRWV��5LJKW�VKRZV�
�%DFN\DUG�5RRWV��

�',6&866,21�
�7KH�VHHGV�WKDW�ZHUH�SODQWHG�LQ�JDUGHQLQJ�VRLO�
��%DFN\DUG��JUHZ�WKH�PRVW�XQGHU�WKH�VDPH�
�FRQGLWLRQV�DQG�WLPH�UHVWUDLQWV��,�RULJLQDOO\�
�DVVXPHG�WKDW�WKLV�ZRXOG�RFFXU�GXH�WR�UKL]RELD�
�EDFWHULD�EHLQJ�SUHVHQW�LQ�WKH�JDUGHQLQJ�VRLO��
�EXW�WKLV�ZDV�QRW�WKH�FDVH��7KH�PHGLD�SODWHV�
�WKDW�DUH�VKRZQ�DERYH�FRQWDLQ�EDFWHULD�WKDW�
�JUHZ�RYHU�GD\V��7KH�EDFN\DUG�PHGLD�SODWH�
�FRQWDLQV�QR�EDFWHULD��7KLV�VKRZV�WKDW�WKHUH�
�ZDV�QR�EDFWHULD�LQ�WKH�JDUGHQLQJ�VRLO��
�+RZHYHU��WKH�SRVLWLYH�FRQWURO�DQG�WKH�
�VLGHZDON�SRWV�GLG�KDYH�EDFWHULD��+RZ�GLG�WKH�
�EDFN\DUG�SODQW�JURZ�WKH�WDOOHVW�WKHQ"�0\�
�LQIHUHQFH�LV�WKDW�VLQFH�WKH�EDFN\DUG�SODQW�ZDV�
�SODFHG�LQ�JDUGHQLQJ�VRLO��LW�KDG�WKH�EHVW�
�FKDQFH�RI�JURZWK�EHFDXVH�RI�WKH�VRLO¶V�
�HQULFKLQJ�QXWULHQWV��

�7KLV�SURMHFW�GHPRQVWUDWHV�KRZ�EDFWHULD�DQG�
�OHJXPH�URRWV�XQGHUJR�D�V\PELRWLF�
�UHODWLRQVKLS��7KH�OHJXPH�URRWV�IRUP�QRGXOHV�
�DQG�WKH�EDFWHULD�UHVLGH�ZLWKLQ�WKHVH�QRGXOHV��
�,W�LV�KHUH�WKDW�WKH�EDFWHULD�KHOSV�WR�IL[�
�DWPRVSKHULF�QLWURJHQ�WR�IRUPV�WKDW�FDQ�EH�
�XVHG�E\�WKH�SODQW�WR�IDFLOLWDWH�VWUXFWXUDO�
�JURZWK�RI�SODQWV�DQG�DOVR�DVVLVW�LQ�WKH�
�SURFHVV�RI�SKRWRV\QWKHVLV��/HJXPHV��LI�
�SODQWHG�LQ�FRPPHUFLDO�FURS�JURZLQJ�ILHOGV��
�FDQ�DOVR�IDFLOLWDWH�DFFHOHUDWHG�JURZWK�RI�RWKHU�
�FURSV�E\�LQFUHDVLQJ�WKH�DPRXQW�RI�QLWURJHQ�LQ�
�WKH�VRLO��
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�5()(5(1&(6�

�*DJH�'��-����������,QIHFWLRQ�DQG�LQYDVLRQ�RI�URRWV�E\�V\PELRWLF��QLWURJHQ�IL[LQJ�UKL]RELD�GXULQJ�
�QRGXODWLRQ�RI�WHPSHUDWH�OHJXPHV��0LFURELRORJ\�DQG�PROHFXODU�ELRORJ\�UHYLHZV��00%5���������
����±�����KWWSV���GRL�RUJ���������00%5�������������������

�-RKQVRQ�*����������+LJK�WKURXJKSXW�'1$�H[WUDFWLRQ�RI�OHJXPH�URRW�QRGXOHV�IRU�UKL]RELDO�
�PHWDJHQRPLFV��$0%�([SUHVV������������KWWSV���GRL�RUJ���������V���������������]�

�:DQJ��4���/LX��-���	�=KX��+����������*HQHWLF�DQG�0ROHFXODU�0HFKDQLVPV�8QGHUO\LQJ�6\PELRWLF�
�6SHFLILFLW\�LQ�/HJXPH�5KL]RELXP�,QWHUDFWLRQV��)URQWLHUV�LQ�SODQW�VFLHQFH����������
�KWWSV���GRL�RUJ���������ISOV������������
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�7LDQD�0LVKUD�

�'HWHUPLQLQJ�WKH�,PSDFW�RI�1LWURJHQ�)L[LQJ�5KL]RELD�%DFWHULD�RQ�WKH�
�'HYHORSPHQW�DQG�3URGXFWLYLW\�RI�&URWDODULD�-XQFHD�LQ�%DWWOH�&UHHN��0,�

�$%675$&7�
�7KH�SODQW�PLFURELRPH�KHOSV�SODQWV�VXFK�DV�
�OHJXPHV�DEVRUE�QLWURJHQ�IURP�WKH�VRLO��
�5KL]RELD�EDFWHULD�KDV�D�XQLTXH�V\PELRVLV�
�ZLWK�OHJXPH�VHHGV��ZKHUH�LW�IL[HV�QLWURJHQ�
�IURP�WKH�DLU�LQWR�D�IRUP�WKDW�FDQ�EH�DFFHVVHG�
�E\�OHJXPH�VHHGV��1LWURJHQ�LV�YHU\�LPSRUWDQW�
�IRU�WKH�JURZWK�RI�SODQWV��,Q�WKLV�SDSHU��ZH�
�VSHFLILFDOO\�VWXG\�WKH�LPSDFW�RI�UKL]RELD�
�EDFWHULD�RQ�WKH�JURZWK�RI�FURWDODULD�MXQFHD��
�7KH�SRVLWLYH�FRQWURO�FRQVLVWV�RI�VRLO�PL[HG�
�ZLWK�UKL]RELD�EDFWHULD�ZKLFK�LV�NQRZQ�WR�
�DFFHOHUDWH�OHJXPH�SODQW�JURZWK��7KH�RWKHU�
�WZR�VRLO�VDPSOHV�DUH�IURP�WZR�EDFN\DUGV�LQ�
�%DWWOH�&UHHN��0LFKLJDQ��7KH�OHJXPH�VHHGV�
�ZHUH�SODQWHG�DQG�PRQLWRUHG�IRU�D�OHQJWK�RI���
�ZHHNV��:H�H[DPLQHG�WKH�VKRRW�OHQJWK�DQG�
�QRGXOH�JURZWK�LQ�HDFK�SRW��2XU�REVHUYDWLRQ�
�ZDV�WKDW�WKH�SODQWV�IURP�%DFN\DUG�/RFDWLRQ���
�SRW�KDG�QR�VSDUVH�QRGXOHV��7KLV�PHDQV�WKH�
�HDUO\�VWDJH�PHVVDJLQJ�EHWZHHQ�WKH�UKL]RELD�
�EDFWHULD�DQG�FURWDODULD�MXQFHD�GLGQ¶W�RFFXU��
�7KH�SODQWV�LQ�SRVLWLYH�FRQWURO�LQWHUDFWHG�ZLWK�
�WKH�UKL]RELD�LQ�WKH�LQRFXODQW�DQG�WKH�%DFN\DUG�
�/RFDWLRQ���SRW��ODNHVLGH�VDPSOH��ZDV�DEOH�WR�
�LQWHUDFW�ZLWK�QDWLYH�0LFKLJDQ�UKL]RELD�
�EDFWHULD��DQG�WKH�SODQWV�SURGXFHG�ZHUH�
�VLPLODU�LQ�TXDOLW\�ZLWK�VLPLODU�UHVXOWV�LQ�WHUPV�
�RI�JHUPLQDWLRQ��VSURXWLQJ��DQG�QRGXOH�
�GHYHORSPHQW��

�,1752'8&7,21�
�&URWDODULD�-XQFHD��DOVR�NQRZQ�DV�6XQQ�
�KHPS���LV�D�OHJXPH�YDULHW\�ZLGHO\�EHOLHYHG�WR�
�KDYH�RULJLQDWHG�LQ�,QGLD��,UPHU�HW�DO����������
�6LPLODU�WR�RWKHU�SODQWV��OHJXPH�SODQWV�UHO\�RQ�
�QXWULHQWV�LQ�WKH�VRLO�DQG�EDFWHULDO�DVVLVWDQFH�
�IRU�RSWLPDO�JURZWK��7KHUH�DUH�PDQ\�PLFUREHV�
�SUHVHQW�LQ�WKH�VRLO��6RPH�DUH�KHOSIXO�ZKLOH�
�RWKHUV�DUH�KDUPIXO��/HJXPHV�SULPDULO\�
�GHSHQG�RQ�WKH�XVH�RI�5KL]RELXP�EDFWHULD�IRU�
�QLWURJHQ�IL[DWLRQ��7KLV�PXWXDOLVWLF�V\PELRWLF�
�UHODWLRQVKLS�EHWZHHQ�WKH�SODQW�DQG�5KL]RELD�

�EDFWHULD�LV�XWLOL]HG�WR�DVVLVW�ZLWK�WKH�SODQW¶V�
�PHWDEROLF�SURFHVVHV��%ODQFR���������
�5KL]RELD�EDFWHULD�KDV�D�XQLTXH�V\PELRVLV�
�ZLWK�OHJXPH�SODQWV��ZKHUH�LW�IL[HV�QLWURJHQ�
��QLWURJHQ��IURP�WKH�DLU�LQWR�D�IRUP�WKDW�FDQ�EH�
�DFFHVVHG�E\�OHJXPH�SODQWV��7KH�UKL]RELD�DOVR�
�EHQHILW�IURP�DQ�H[FKDQJH�LQ�FDUERQ�KHDY\�
�VXEVWDQFHV�OLNH�JOXFRVH�DQG�DPLQR�DFLGV��)RU�
�WKLV�LQWHUDFWLRQ�WR�RFFXU��WKH�SODQWV�PXVW�QHHG�
�QLWURJHQ��%XW�EHFDXVH�WKH�VRLO�LV�IXOO�RI�
�PLOOLRQV�RI�PLFUREHV��OHJXPHV�DQG�UKL]RELD�
�PXVW�VHQG�VLJQDOV�WR�HDFK�RWKHU�IRU�V\PELRVLV�
�WR�RFFXU��1HOVRQ�	�6DGRZVN\���������:KHQ�
�WKH�VRLO�LV�QLWURJHQ�ULFK�GXH�WR�IHUWLOL]HUV�RU�
�PDQ\�SODQWV�JURZLQJ�LQ�WKH�DUHD��WKLV�
�V\PELRVLV�EHWZHHQ�OHJXPHV�DQG�UKL]RELD�ZLOO�
�QRW�KDSSHQ�EHFDXVH�WKH�SODQWV�DOUHDG\�KDYH�
�WR�DFFHVV�WKH�QXWULHQWV�DQG�QLWURJHQ�LQ�WKH�
�VRLO��7XUQHU���������7KLV�PHDQV�WKDW�WKH�
�UHODWLRQVKLS�WR�REWDLQ�QLWURJHQ�LV�QR�ORQJHU�
�QHHGHG��WKHUHIRUH��QR�VLJQDOV�ZLOO�EH�VHQW�WR�
�VWDUW�WKLV�LQWHUDFWLRQ��7KH�SODQW�PLFURELRPH�LV�
�D�NH\�GHWHUPLQDQW�RI�SODQW�KHDOWK�DQG�
�SURGXFWLYLW\�DQG�KDV�UHFHLYHG�VXEVWDQWLDO�
�DWWHQWLRQ�LQ�UHFHQW�\HDUV��

�$�WHVWDPHQW�WR�WKH�LPSRUWDQFH�RI�
�SODQW�PLFUREH�LQWHUDFWLRQV�LV�WKH�P\FRUUKL]DO�
�IXQJL��0ROHFXODU�HYLGHQFH�VXJJHVWV�WKDW�WKHLU�
�DVVRFLDWLRQV�ZLWK�JUHHQ�DOJDH�ZHUH�
�IXQGDPHQWDO�WR�WKH�HYROXWLRQ�RI�ODQG�SODQWV�
�DERXW�����PLOOLRQ�\HDUV�DJR��0RVW�SODQWV��
�DOWKRXJK�QRWDEO\�QRW�$UDELGRSVLV�WKDOLDQD�DQG�
�RWKHU�%UDVVLFDFHDH��KDYH�PDLQWDLQHG�WKLV�
�V\PELRVLV��ZKLFK�DVVLVWV�URRW�XSWDNH�RI�
�PLQHUDO�QXWULHQWV�VXFK�DV�SKRVSKDWH��7KH�
�SODQW�PLFURELRPH�FDQ�EH�FRQVLGHUHG�DQ�
�H[WHQVLRQ�RI�WKH�KRVW�JHQRPH��$ELRWLF�
�FRQGLWLRQV��VXFK�DV�WHPSHUDWXUH��PRLVWXUH��
�DQG�S+��KDYH�EURDG�HIIHFWV�RQ�WKH�
�PLFURELRPH�GLUHFWO\�DQG�LQGLUHFWO\�WKURXJK�WKH�
�KRVW��7XUQHU���������:H�XQGHUWRRN�WKLV�
�UHVHDUFK�VWXG\�WR�EHWWHU�XQGHUVWDQG�WKH�
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�SODQW�PLFUREH�LQWHUDFWLRQV�LQ�WKH�VRLO�LQ�%DWWOH�
�&UHHN��0LFKLJDQ��

�7KH�JRDO�RI�WKLV�H[SHULPHQW�LV�WR�LGHQWLI\�WKH�
�SUHVHQFH�RI�SODQW�V\PELRVLV�ZLWK�UKL]RELD�E\�
�DQDO\]LQJ�WKH�URRWV�RI�OHJXPH�SODQWV�JURZQ�LQ�
���GLIIHUHQW�VRLO�ORFDWLRQV��7R�GR�WKLV��ZH�DVNHG�
�WKH�TXHVWLRQ��KRZ�GR�UKL]RELD�EDFWHULD�DIIHFW�
�WKH�SURGXFWLYLW\�	�JURZWK�RI�OHJXPHV��DQG�LI�
�WKHUH�LV�DQ\�HIIHFW"�7KLV�VWXG\�DLPV�WR�EHWWHU�
�XQGHUVWDQG�WKH�HIIHFWV�RI�WKH�W\SHV�RI�VRLO�LQ�
�%DWWOH�&UHHN��0LFKLJDQ�RQ�SODQW�PLFUREH�
�LQWHUDFWLRQV��,Q�WKLV�H[SHULPHQW��WKUHH�GLIIHUHQW�
�VRLO�ORFDWLRQV�ZHUH�FRPSDUHG�WR�GHWHUPLQH�
�WKH�EHVW�VRLO�FRQGLWLRQV�WR�JURZ�OHJXPH�SODQWV�
�LQ�%DWWOH�&UHHN��0LFKLJDQ��

�0$7(5,$/6�$1'�0(7+2'6�
�6RLO�&ROOHFWLRQ��
�6RLO�ZDV�FROOHFWHG�IURP�WZR�GLIIHUHQW�EDFN\DUG�
�ORFDWLRQV�LQ�%DWWOH�&UHHN��0LFKLJDQ��)LJXUH�
�$����7KH�VRLO�IRU�%DFN\DUG�/RFDWLRQ����ZDV�
�REWDLQHG�IURP�WKH�ODNHVLGH��7KLV�VRLO�ZDV�
�PRLVW��GHQVH��DQG�GDUN�LQ�FRORU��3RW�����3ODQWV�
�KDG�SUHYLRXVO\�EHHQ�JURZQ�LQ�WKLV�VRLO��7KH�
�VHFRQG�VDPSOH�ZDV�FROOHFWHG�IURP�%DFN\DUG�
�/RFDWLRQ����,W�ZDV�GU\��KDUG��DQG�OLJKW�LQ�FRORU�
��3RW�����7KH�VRLO�IURP�WKLV�ORFDWLRQ�KDG�D�YHU\�
�VDQG\�GHQVH�WH[WXUH�WR�LW��7KLV�VRLO�ZDV�IURP�D�
�IUHVKO\�FXOWLYDWHG�KRPH�YHJHWDEOH�JDUGHQ�
�ZKHUH�FRPSRVW�DQG�IHUWLOL]HUV�DUH�FRPPRQO\�
�XVHG��DQG�YHJHWDEOHV�OLNH�WRPDWRHV��DQG�
�VTXDVK��DUH�W\SLFDOO\�JURZQ��3RVLWLYH�FRQWURO�
��3RW����ZDV�SUHSDUHG�E\�WDNLQJ�VRLO�IURP�
�%DFN\DUG�/RFDWLRQ���DQG�DGGLQJ�FRPPHUFLDO�
�LQRFXODQW�ZKHQ�SODQWLQJ�WKH�OHJXPH�
�VHHGOLQJV��7KH�LQRFXODQW�FRQVLVWHG�RI��
�%UDG\UKL]RELXP�VS���9LJQD���%UDG\UKL]RELXP�
�MDSRQLFXP��5KL]RELXP�OHJXPLQRVDUXP�ELRYDU�
�SKDVHROL��DQG�5��OHJXPLQRVDUXP�ELRYDU�
�YLFHDH��7KH�SXUSRVH�RI�WKH�3RVLWLYH�&RQWURO�
�ZDV�IRU�FRPSDULVRQ�RI�QRGXOH�DQG�SODQW�
�JURZWK�WR�WKH�RWKHU�WZR�SRWV��DV�NQRZQ�
�UKL]RELDO�EDFWHULD�ZHUH�DOUHDG\�SUHVHQW��

�3ODQWLQJ�6HHGV��
�7R�EHJLQ�SODQWLQJ�WKH�&URWDODULD�-XQFHD�
�VHHGV��WKH�VRLO�LQ�HDFK�SRW�ILUVW�VHHSHG�ZLWK�
�ZDWHU��7R�GR�WKLV�����KROHV�ZHUH�PDGH�ZLWK�
�WKH�JDUGHQ�IRUN�DQG�ZDWHU�ZDV�SRXUHG��7KLV�

�SURFHVV�ZDV�UHSHDWHG���WLPHV��:H�VWHULOL]HG�
�WKH�JDUGHQ�IRUN�ZKHQ�PRYLQJ�EHWZHHQ�SRWV�
�ZLWK�����LVRSURS\O�DOFRKRO�ZLSHV��$IWHU�WKLV��
����KROHV�ZHUH�PDGH�LQ�HDFK�SRW�WR�SODQW�WKH�
�&URWDODULD�-XQFHD�VHHGV��,Q�3RW���	���WKH�
�OHJXPH�VHHG�ZDV�SODFHG�LQ�WKH�KROH�DQG�
�FRYHUHG�ZLWK�VRLO��,Q�3RW���D�SLQFK�RI�WKH�
�FRPPHUFLDO�LQRFXODQW�ZDV�DGGHG�WR�HDFK�KROH�
�EHIRUH�WKH�OHJXPH�VHHG��WKHQ�FRYHUHG�ZLWK�
�VRLO��6WHULOH�WHFKQLTXH�ZDV�IROORZHG�PDNLQJ�
�VXUH�WR�FKDQJH�LQWR�QHZ�JORYHV�DQG�VWHULOL]H�
�WRROV�ZKHQ�PRYLQJ�WR�D�GLIIHUHQW�SRW��3ODQWV�
�ZHUH�ZDWHUHG�HYHU\�RWKHU�GD\��*HUPLQDWLRQ�
�ZDV�PRQLWRUHG�LQ�HDFK�SRW��)LJXUH�$�D�E�F���
�$V�WKHUH�ZDV�QRW�HQRXJK�JHUPLQDWLRQ��PRUH�
�OHJXPH�VHHGV�ZHUH�SODQWHG�RQ�GD\�IRXU�E\�
�XVLQJ�WKH�DERYH�VWHSV��

�3KHQRW\SLQJ�3ODQW�6KRRWV�	�5RRWV��
�7KH�SODQWV�ZHUH�ILUVW�SKHQRW\SHG�DW�������
�ZHHNV�SRVW�SODQWLQJ��)LJXUH�$�D���7R�GR�WKLV��
�RQH�OHJXPH�SODQW�ZDV�FDUHIXOO\�H[WUDFWHG�
�IURP�HDFK�SRW��:DWHU�ZDV�XVHG�WR�ORRVHQ�WKH�
�VRLO�DQG�GLJJLQJ�WRROV�WR�GLJ�WKH�VRLO�
�VXUURXQGLQJ�WKH�FKRVHQ�SODQW��7KLV�ORRVHQHG�
�WKH�VRLO�DQG�DOORZHG�XV�WR�FDUHIXOO\�H[WUDFW�WKH�
�SODQW�E\�KDQG��7KH�VRLO�ZDV�WKHQ�ZDVKHG�RII�
�WKH�SODQW�ZLWK�ZDWHU��3ODQW�VKRRW�KHLJKW�ZDV�
�PHDVXUHG�XVLQJ�D����FP�UXOHU�DJDLQVW�D�EODFN�
�EDFNJURXQG��3ODQWV�ZHUH�WKHQ�REVHUYHG�
�XQGHU�D�PLFURVFRSH�WR�REVHUYH�URRW�QRGXOHV��
�7KH�QXPEHU�RI�QRGXOHV��VKRRW�KHLJKW��DQG�
�WKHLU�PLFURELRORJLFDO�FKDUDFWHULVWLFV�ZHUH�
�UHFRUGHG�DW�����������DQG���ZHHNV�SRVW�
�SODQWLQJ��)LJXUH�$�E�F�G�H���

�,VRODWLRQ�RI�%DFWHULD��
�5KL]RELD�EDFWHULD�ZDV�LVRODWHG�DW�����ZHHNV�
�SRVW�SODQWLQJ�DQG�WKHQ�SODFHG�LQWR�WKUHH�DJDU�
�PHGLD�SODWHV�WR�H[DPLQH�IRU�FXOWXUH�JURZWK��
�:H�LQGLYLGXDOO\�LVRODWHG�HDFK�SODQW¶V�UKL]RELD��
�7R�EHJLQ����PLFURFHQWULIXJH�WXEHV�ZHUH�
�SUHSDUHG�ZLWK�D�VROXWLRQ�RI�����P/�EOHDFK�DQG�
�����P/�RI�FOHDQ�ZDWHU���������DQG�WXEHV�ZHUH�
�ODEHOHG�DFFRUGLQJ�WR���SRWV��2QH�
�PLFURFHQWULIXJH�WXEH�ZDV�SUHSDUHG�ZLWK�����
�P/�RI�FOHDQ�ZDWHU�WR�ZDVK�RII�H[FHVV�EOHDFK��
�/HJXPH�SODQWV�ZHUH�H[WUDFWHG�DQG�
�SKHQRW\SHG�XVLQJ�WKH�PHQWLRQHG�VWHSV�
�DERYH��2QFH�ORFDWHG�QRGXOHV�LQ�WKH�
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�PLFURVFRSH��WKH\�ZHUH�WKHQ�FXW�RII��LI�QR�
�QRGXOH�URRWV�ZHUH�FXW�RII��WKH�URRWV�XVLQJ�D�
�VWHULOL]HG�VFDOSHO�WR�WKHQ�EH�SODFHG�LQ�WKHLU�
�ODEHOHG�PLFURFHQWULIXJH�WXEH��7KH�WXEH�ZDV�
�JHQWO\�LQYHUWHG�XS�DQG�GRZQ����WLPHV�WR�
�VWHULOL]H�WKH�QRGXOHV�DQG�UHPRYH�H[FHVV�VRLO��
�DQG�WKH�QRGXOHV�ZHUH�WKHQ�UHPRYHG��7R�ZDVK�
�RII�H[FHVV�EOHDFK�VROXWLRQ��QRGXOHV�ZHUH�
�SODFHG�LQ�D�PLFURFHQWULIXJH�WXEH�ZLWK�ZDWHU�
�DQG�LQYHUWHG�VHYHUDO�WLPHV��&OHDQ�QRGXOHV�
�ZHUH�WKHQ�SODFHG�LQWR�D�QHZ�PLFURFHQWULIXJH�
�WXEH�ZLWK�����P/�RI�FOHDQ�ZDWHU��DQG�FUXVKHG�
�XVLQJ�D�SODVWLF�SHVWOH�WR�UHOHDVH�EDFWHULD�IURP�
�LQVLGH�WKH�QRGXOHV��:KHQ�WKH�PLFURFHQWULIXJH�
�WXEH�WXUQHG�µFORXG\¶��WKH�FUXVKHG�PDWHULDO�
�ZDV�SODFHG�LQWR�JHQHUDO�SXUSRVH�DJDU�PHGLD�
�SODWHV��:KHQ�WKLV�ZDV�FRPSOHWHG��PHGLD�
�SODWHV�ZHUH�ODEHOHG�DQG�VHDOHG�XVLQJ�WLQ�IRLO��
�:H�HQVXUHG�WKH�PDLQWHQDQFH�RI�RSWLPDO�
�WHPSHUDWXUH�IRU�EDFWHULD�JURZWK��7KH�SURFHVV�
�ZDV�GRQH�LQ�DOO�WKUHH�SRWV��0HGLD�SODWHV�ZHUH�
�DOORZHG�WR�LQFXEDWH�DQG�UHVXOWV�ZHUH�
�UHFRUGHG�RQ�GD\����

�%LRLQIRUPDWLFV��%/$67�$QDO\VLV��
�'XULQJ�ZHHN����ELRLQIRUPDWLFV�WHFKQRORJ\�ZDV�
�XVHG�WR�EHWWHU�XQGHUVWDQG�WKH�
�OHJXPH�UKL]RELD�V\PELRWLF�UHODWLRQVKLS��7R�GR�
�WKLV��WKH�WZR�'1$�VHTXHQFHV�ZHUH�FRPSDUHG�
�XVLQJ�WKH�VRIWZDUH��%/$67��:H�SHUIRUPHG�D�
�VHDUFK�XVLQJ�WKH�RQOLQH�GDWDEDVH�1&%,�
�*HQH%DQN�/LQN��2QFH�WKH�GHVLUHG�'1$�
�VHTXHQFHV�ZHUH�IRXQG��ZH�XWLOL]HG�RSHQ�
�DFFHVV�VRIWZDUH�³%/$67´��%DVLF�/RFDO�
�$OLJQPHQW�6HDUFK�7RRO��WR�FRPSDUH�WKH�'1$�
�VHTXHQFHV��'1$�VHTXHQFHV�ZHUH�IRXQG�IRU�
�WKH�WKUHH�W\SHV�RI�EDFWHULD��HDFK�RI�ZKLFK�
�WUDQVODWHG�WR�GLIIHUHQW�QRGXOH�SKHQRW\SHV�
��ZKLWH��SLQN��DQG�QR�QRGXOH�JURZWK���:H�
�IXUWKHU�FRPSDUHG�WKHVH�WR�WKH�'1$�VHTXHQFH�
�RI�UKL]RELD�EDFWHULD�IRXQG�LQ�WKH�FRPPHUFLDO�
�LQRFXODQW�XVLQJ�WKH�IHDWXUH�LQ�%/$67�WKDW�
�DOORZV�IRU�GDWD�PLQLQJ�DQG�LGHQWLI\LQJ�
�VHTXHQFHV�SURGXFLQJ�VLJQLILFDQW�DOLJQPHQW��

�5(68/76�
�*HUPLQDWLRQ�	�3ODQW�*URZWK��
�7KH�JHUPLQDWLRQ�UDWH�ZDV�GLIIHUHQW�LQ�DOO�WKUHH�
�SRWV��KRZHYHU��JHUPLQDWLRQ�GLG�RFFXU�LQ�HDFK�
�SRW�E\�GD\�ILYH��:H�QRWLFHG�WKDW�PRVW�

�JHUPLQDWLRQ�RFFXUUHG�LQ�WKH�3RVLWLYH�&RQWURO�
�DQG�WKH�OHDVW�LQ�WKH�%DFN\DUG�/RFDWLRQ���SRW��
�:H�DOVR�IRXQG�WKH�WDOOHVW�SODQWV�ZHUH�
�LGHQWLILHG�LQ�3RVLWLYH�&RQWURO�DQG�%DFN\DUG�
�/RFDWLRQ����VHH�7DEOH���IRU�SODQW�JURZWK�
�VXPPDU\��$OO�WKH�SODQW�VKRRWV�ZHUH�UHG��$OO�
�WKH�%DFN\DUG�/RFDWLRQ���DQG�WKH�3RVLWLYH�
�&RQWURO�SODQWV�KDG�QRGXOHV��%DFN\DUG�
�/RFDWLRQ���SODQWV�KDG�SLQN�QRGXOHV��DQG�WKH�
�3RVLWLYH�&RQWURO�SODQWV�KDG�ZKLWH�DQG�SLQN�
�QRGXOHV��%DFN\DUG�/RFDWLRQ���KDG�QR�
�QRGXOHV��*UDSKV�������DQG���VKRZFDVH�
�JHUPLQDWLRQ�DQG�SODQW�JURZWK�EHORZ��

�$JDU�0HGLD�3ODWHV��
�$IWHU���GD\V��EDFWHULDO�FRORQLHV�ZHUH�
�LGHQWLILHG�LQ�DOO�PHGLD�SODWHV��%DFN\DUG�
�/RFDWLRQ���PHGLD�SODWH�KDG�WKH�PRVW�
�FRORQLHV��%DFWHULD�IRXQG�LQ�PHGLD�IURP�
�3RVLWLYH�&RQWURO�DQG�%DFN\DUG�/RFDWLRQ���DUH�
�VLPLODU�DQG�FDQ�EH�FRPSDUHG��%DFN\DUG�
�/RFDWLRQ����FRORQLHV�ZHUH��JROGHQ�\HOORZ��
�QXPHURXV��ILODPHQWRXV�	�UHJXODU�LUUHJXODU��IODW�
�RSDTXH��%DFN\DUG�/RFDWLRQ���FRORQLHV�ZHUH��
�OLJKW�EURZQ��VFDWWHUHG��WRR�QXPHURXV�WR�FRXQW��
�VPDOO�FRORQLHV���EXII�SLJPHQW��LUUHJXODU��
�LUUHJXODU�XQGXODWH��RSDTXH�	�JURZWK�LQWR�WKH�
�PHGLXP��3RVLWLYH�&RQWURO�FRORQLHV�ZHUH��OLJKW�
�\HOORZ��ODUJH�FRORQLHV��RSDTXH�URXQG�
�ILODPHQWRXV��HQWLUHO\�ZLWK�VRPH�JURZWK�LQWR�
�WKH�PHGLXP��

�³%/$67´��%DVLF�/RFDO�$OLJQPHQW�6HDUFK�7RRO��
�$QDO\VLV��
�5HVHDUFK�ZDV�FRQGXFWHG�WR�LGHQWLI\�WKH�W\SH�
�RI�EDFWHULD�WKDW�H[LVW�LQ�WKHVH�VRLO�ORFDWLRQV��
�7KH�VHTXHQFH�RI�QXFOHRWLGHV�ZHUH�FRPSDUHG�
�DJDLQVW�EUDG\UKL]RELXP�MDSRQLFXP�ZKLFK�ZDV�
�IRXQG�LQ�WKH�FRPPHUFLDO�LQRFXODQW��7KH�URRWV�
�LQ�%DFN\DUG�/RFDWLRQ���KDG�SLQN�QRGXOHV��
�5KL]RELXP�OXSLQL�LV�D�EDFWHULD�LQ�WKH�VRLO�
�ZKLFK�FDXVHV�SLQN�QRGXOHV�WR�IRUP��7KH�
�VLPLODULW\�EHWZHHQ�WKHVH�WZR�EDFWHULD�LV������
�%DFN\DUG�/RFDWLRQ���KDG�QR�QRGXOHV�
�ZKDWVRHYHU��D�EDFWHULD�WKDW�PD\�FDXVH�WKLV�LV�
�VWUHSWRP\FHV�FRHOLFRORU��7KH�VHTXHQFH�
�DOLJQPHQW�EHWZHHQ�VWUHSWRP\FHV�FRHOLFRORU�
�DQG�EUDG\UKL]RELXP�MDSRQLFXP�KDG�D�
�VLPLODULW\�RI������)LQDOO\��WKH�3RVLWLYH�&RQWURO�
�KDG�ZKLWH�QRGXOHV��9HU\�IHZ�SLQN�QRGXOHV�
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�LQGLFDWH�WKH�UHODWLRQVKLS�ZDV�QRW�IXOO\�
�HVWDEOLVKHG�DQG�QHHGV�D�OLWWOH�PRUH�WLPH��,Q�
�WKH�3RVLWLYH�&RQWURO���HQVLIHU�IUHGLL�PD\�EH�
�SUHVHQW�LQ�WKH�VRLO�ZKLFK�FDXVHG�ZKLWH�
�QRGXOHV�WR�IRUP�RQ�WKH�SODQW��EXW�5KL]RELXP�
�OXSLQL�PD\�DOVR�EH�SUHVHQW�DV�WKHUH�ZHUH�IHZ�

�SLQN�QRGXOHV��7KH�VHTXHQFH�DOLJQPHQW�
�EHWZHHQ�UKL]RELXP�OXSLQL�DQG�EUDG\UKL]RELXP�
�MDSRQLFXP�KDG�D�VLPLODULW\�RI������%\�GRLQJ�D�
�%/$67�DQDO\VLV�ZH�FDQ�ILQG�UHJLRQV�RI�ORFDO�
�VLPLODULW\�EHWZHHQ�WKHVH�QXFOHRWLGH�
�VHTXHQFHV��

�7DEOH����6KRRW�+HLJKW�	�1XPEHU�RI�1RGXOHV�

�/RFDWLRQ� �3RVLWLYH�FRQWURO� �%DFN\DUG�/RFDWLRQ��� �%DFN\DUG�/RFDWLRQ���

�������ZHHNV�
�SRVW�
�SODQWLQJ�

�'D\������������
�6KRRW�KHLJKW������FP�
�1RGXOHV����

�'D\������������
�6KRRW�KHLJKW������FP�
�1RGXOHV����

�'D\������������
�6KRRW�KHLJKW�������FP�
�1RGXOHV��QRQH�

���ZHHNV�����
�ZHHNV�SRVW�
�SODQWLQJ�

�'D\����GDWH����������
�6KRRW�KHLJKW����FP�
�1RGXOHV��FOXPS\�������

�'D\�������������
�6KRRW�KHLJKW������FP�
�1RGXOHV��FOXPS\�������

�'D\������������
�6KRRW�KHLJKW����FP�
�1RGXOHV����ELJ�

���ZHHNV�
�SRVW�
�SODQWLQJ�

�'D\����GDWH����������
�3ODQW���6KRRW�KHLJKW����FP�
�1RGXOHV��FOXPS\������
�3ODQW����6KRRW�KHLJKW�����FP�
�1RGXOHV��FOXPS\�������

�'D\����GDWH����������
�6KRRW�KHLJKW����FP�
�1RGXOHV��FOXPS\�������

�'D\����GDWH����������
�6KRRW�KHLJKW����FP�
�1RGXOHV��QRQH�

�',6&866,21�
�/HJXPHV�IRUP�WKH�PDMRU�FRPSRQHQW�RI�DOO�
�DJUDULDQ�V\VWHPV�WKURXJKRXW�WKH�ZRUOG��*UDLQ�
�OHJXPHV�DUH�WKH�PDLQ�VRXUFH�RI�SURWHLQ�ULFK�
�IRRGV�OLNH�VR\EHDQ��JURXQGQXW��DQG�RWKHU�
�RLOVHHG�FURSV��3DVWXUH��)RGGHU��OHJXPHV�DUH�
�LPSRUWDQW�IRU�OLYHVWRFN�IHHG��PDQ\�RI�ZKLFK�
�DOVR�SURGXFH�HGLEOH�IUXLWV��7UHH�OHJXPHV�
�SURGXFH�RWKHU�XVHIXO�SURGXFWV�VXFK�DV�SROHV�
�DQG�FRQVWUXFWLRQ�PDWHULDOV��7KH\�DUH�
�SDUWLFXODUO\�DWWUDFWLYH�FURSV�IURP�D�IDUPHUV
�
�VWDQGSRLQW�DV�WKH\�UHTXLUH�YHU\�ORZ�LQSXW�
�V\VWHPV�LQ�DJULFXOWXUH��PDNLQJ�XVH�RI�
�DWPRVSKHULF�QLWURJHQ��WKURXJK�UKL]RELD��WKDW�
�WUDQVIRUPV�LW�LQWR�SURWHLQ��,QFUHDVHG�
�SURGXFWLYLW\�WKURXJK�LPSURYHG�HIIHFWLYHQHVV�RI�
�WKLV�V\PELRWLF�SURFHVV�LV�VHHQ�DV�D�PDMRU�
�UHVHDUFK�DQG�GHYHORSPHQW�JRDO��7KLV�
�PXWXDOLVP�FRQWULEXWHV�WR�IRUPLQJ�URRW�RU�VWHP�
�QRGXOHV�WKDW�KDYH�UKL]RELD�LQVLGH��5KL]RELD��
�DOVR�FDOOHG�URRW�QRGXODWLQJ�EDFWHULD��DUH�
�*P�QHJDWLYH�VRLO�LQKDELWLQJ�EDFWHULD�WKDW�
�FRQWDLQ�JHQHV�UHTXLUHG�IRU�QRGXODWLRQ�DQG�

�QLWURJHQ�IL[DWLRQ��7KHVH�EDFWHULD�SURGXFH�
�HQ]\PDWLF�PHFKDQLVPV�WKDW�UHGXFH�
�DWPRVSKHULF�GL�QLWURJHQ�QLWURJHQ�WR�DPPRQLD��
�7KH\�XVH�VRODU�HQHUJ\�WR�UHGXFH�WKH�LQHUW�
�QLWURJHQ�JDV�WR�DPPRQLD�DW�QRUPDO�
�WHPSHUDWXUH�DQG�SUHVVXUH���/LQGVWU|P�	�
�0RXVDYL���������7KH�KRVW�SODQWV�VXSSO\�WKH�
�UKL]RELD�ZLWK�&��GLFDUER[\OLF�DFLGV�DV�FDUERQ�
�DQG�HQHUJ\�VRXUFH��DQG�WKH�UKL]RELD�RIIHU�WKH�
�SODQWV�QLWURJHQ�QXWULHQWV�SURGXFHG�E\�
�UHGXFLQJ�DWPRVSKHULF�QLWURJHQ�DQG�
�LQFRUSRUDWLQJ�LW�LQWR�DPLQR�DFLGV��:DQJ��
��������

�:H�DOVR�XQGHUVWDQG�WKDW�VLJQDOLQJ�PROHFXOHV�
�DOORZ�XV�WR�GLVWLQJXLVK�SRWHQWLDOO\�KDUPIXO�
�VSHFLHV�IURP�V\PELRWLF�SDUWQHUV��6HFUHWHG�
�H[RSRO\VDFFKDULGHV�DQG�WKH�
�OLSRSRO\VDFFKDULGHV�SUHVHQW�LQ�WKH�EDFWHULDO�
�FHOO�ZDOO�SOD\�D�FUXFLDO�UROH�LQ�WULJJHULQJ�WKH�
�H[SUHVVLRQ�RI�VSHFLILF�JHQHV�UHODWHG�WR�WKH�
�V\PELRWLF�SURFHVV��2QH�RI�WKH�PDLQ�PROHFXODU�
�GHWHUPLQDQWV�LV�UHIHUUHG�WR�DV�WKH�1RG�)DFWRU��
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�D�GLIIXVLEOH�OLSRFKLWRROLJRVDFFKDULGH�PROHFXOH�
�SURGXFHG�E\�UKL]RELD��7KLV�IXUWKHU�DSSHDUV�WR�
�LQWHUDFW�ZLWK�/\V0�UHFHSWRU�NLQDVHV��DQG�
�PDQ\�RWKHU�LPSRUWDQW�PROHFXODU�VLJQDOV��9LD�
�HW�DO����������7KHVH�PROHFXODU�VLJQDOV�
�H[FKDQJHG�EHWZHHQ�UKL]RELD�DQG�KRVW�
�OHJXPH�SODQWV�KDYH�JUHDW�LPSRUWDQFH�LQ�WKH�
�FRPSHWLWLRQ�ZLWK�WKH�VRLO�PLFURELRWD�DQG�WKH�
�JHQRW\SH�VSHFLILF�SHUFHSWLRQ�RI�KRVW�SODQWV�
��&DQJLROL�HW�DO����������$V�ZH�NQRZ��WKH�
�QDWXUDO�ODQGVFDSHV�DUH�LQFUHDVLQJO\�LPSDFWHG�
�E\�LQWHUIHUHQFH�ZLWK�QLWURJHQ�VXSSOLHV�IURP�
�DTXDWLF�DQG�DLUERUQH�SROOXWLRQ�VRXUFHV��
�)XUWKHUPRUH��QLWURJHQ�HQULFKPHQW�FDQ�
�HOLPLQDWH�WKH�QHW�EHQHILWV�WKDW�SODQWV�JDLQ�
�IURP�QLWURJHQ�IL[LQJ�PLFUREHV�VXFK�DV�
�UKL]RELD��SRWHQWLDOO\�DOWHULQJ�WKH�
�KRVW�PHGLDWHG�VHOHFWLRQ�RQ�QLWURJHQ�IL[DWLRQ�
��:HQGODQGW�HW�DO����������

�2XU�H[SHULPHQW�IRXQG�WKDW�QDWLYH�UKL]RELDO�
�EDFWHULD�LQ�0LFKLJDQ�LQWHUDFW�ZHOO�ZLWK�OHJXPH�
�SODQWV�SODQWHG�LQ�QDWLYH�0LFKLJDQ�VRLO��7KH\�
�SRVLWLYHO\�LPSDFW�WKH�JURZWK�RI�WKH�SODQW�DQG�
�WKH�SURGXFWLRQ�RI�QRGXOHV��7KH�QDWLYH�
�0LFKLJDQ�VRLO�FXOWLYDWHG�ZLWK�IHUWLOL]HUV�GLG�QRW�
�LQWHUDFW�ZLWK�WKH�UKL]RELD�ZHOO��%DFN\DUG�
�/RFDWLRQ�����EXW�QDWLYH�0LFKLJDQ�VRLO�ZLWK�QR�
�IHUWLOL]HUV�LQWHUDFWHG�YHU\�ZHOO�ZLWK�WKH�SUHVHQW�
�UKL]RELD�EDFWHULD�LQ�WKH�VRLO��%DFN\DUG�
�/RFDWLRQ�����:H�ZHUH�DEOH�WR�FRPSDUH�ERWK�
�UHVXOWV�WR�RXU�3RVLWLYH�&RQWURO�ZLWK�WKH�
�FRPPHUFLDO�LQRFXODQW��:H�ZHUH�DEOH�WR�
�GHPRQVWUDWH�WKDW�QDWLYH�0LFKLJDQ�UKL]RELDO�
�EDFWHULD�KDYH�D�SRVLWLYH�HIIHFW�ZKHQ�
�LQWHUDFWLQJ�ZLWK�OHJXPH�VHHGV�SODQWHG�ZLWK�QR�
�IHUWLOL]HU��$QVZHULQJ�WKH�TXHVWLRQ�RI�KRZ�
�UKL]RELD�DIIHFWHG�OHJXPHV�SODQWHG�LQ�
�0LFKLJDQ��

�2XU�ILQGLQJV�ZHUH�DV�H[SHFWHG��%DFN\DUG�
�/RFDWLRQ���LV�ILOOHG�ZLWK�IHUWLOL]HUV�DQG�
�FRPSRVW��7KHUHIRUH��WKH�SODQWV�LQ�WKLV�SRW�
�GLGQ¶W�HVWDEOLVK�WKH�LQLWLDO�LQWHUDFWLYH�VLJQDOV�
�ZLWK�UKL]RELD�EDFWHULD��DQG�QR�QRGXOHV�ZHUH�
�IRUPHG��7KHUH�ZHUH�EDFWHULD�SUHVHQW�LQ�WKH�
�VRLO�ZKLFK�PD\�KDYH�EHHQ�6WUHSWRP\FHV�
�FRHOLFRORU��D�EDFWHULD�IRXQG�FRPPRQO\�LQ�
�IHUWLOL]HU�WUHDWHG�VRLOV��DFWLQJ�DV�DQ�LQKLELWRU\�
�VLJQDO��,Q�%DFN\DUG�/RFDWLRQ����WKHUH�KDV�

�EHHQ�QR�SUHYLRXV�IHUWLOL]HU�RU�SUHYLRXV�
�FXOWLYDWLRQ��DQG�SODQWV�FRPPRQO\�JUHZ�ZHOO��
�7KH�VRLO�LQ�WKLV�FDVH�GLGQ¶W�KDYH�HQRXJK�
�SUH�H[LVWLQJ�QLWURJHQ�LQ�WKH�VRLO��FDXVLQJ�LW�WR�
�KDYH�D�SRVLWLYH�IHHGEDFN�ORRS��DQG�DOORZLQJ�D�
�VXFFHVVIXO�UHODWLRQVKLS�ZLWK�D�UKL]RELDO�
�EDFWHULD���UKL]RELXP�OXSLQL��7KH�3RVLWLYH�
�&RQWURO�DQG�%DFN\DUG�/RFDWLRQ���ZHUH�YHU\�
�VLPLODU��EXW�%DFN\DUG�/RFDWLRQ���SODQWV�KDG�
�PRUH�URRW�QRGXOHV��%DFN\DUG�/RFDWLRQ���DOVR�
�HVWDEOLVKHG�D�VXFFHVVIXO�QLWURJHQ�IL[LQJ�
�UHODWLRQVKLS�EHIRUH�WKH�SRVLWLYH�FRQWURO��7KLV�
�ZDV�VXUSULVLQJ�DV�ZH�H[SHFWHG�WKH�SRVLWLYH�
�FRQWURO�WR�HVWDEOLVK�D�UHODWLRQVKLS�ILUVW�
�EHFDXVH�RI�WKH�XVH�RI�WKH�LQRFXODQW��+RZHYHU��
�ZH�IRXQG�WKDW�QRW�DOZD\V�DGGLQJ�WKH�LQRFXODQW�
�ZLOO�EHQHILW�WKH�SODQW��

�,Q�WKH�IXWXUH��WKH�UHVHDUFK�FDQ�EH�IXUWKHU�
�LPSURYHG�E\�FROOHFWLQJ�VRLO�VDPSOHV�IURP�
�DURXQG�0LFKLJDQ�DQG�XVLQJ�D�YDULHW\�RI�
�OHJXPH�VSHFLHV��7KLV�ZLOO�DOORZ�XV�WR�LGHQWLI\�
�WKH�H[DFW�UKL]RELDO�VSHFLHV�WKDW�DOORZ�FHUWDLQ�
�OHJXPHV�WR�HQWHU�V\PELRVLV��)DUPHUV�LQ�%DWWOH�
�&UHHN��0,��FDQ�XVH�WKHVH�ILQGLQJV�WR�LQFUHDVH�
�WKHLU�DJULFXOWXUDO�RXWSXW�RI�OHJXPHV��7KH\�ZLOO�
�EH�DEOH�WR�LPSURYH�WKH�SURGXFWLYLW\�DQG�
�JURZWK�RI�WKHVH�SODQWV��ZKLFK�ZLOO�SURYLGH�
�PRUH�IRRG�IRU�WKHLU�DQLPDOV�DQG�IRRG�IRU�
�KXPDQ�FRQVXPSWLRQ��

�&21&/86,21�
�$IWHU�FDUHIXO�HYDOXDWLRQ�RI�H[SHULPHQW�UHVXOWV��
�ZH�FRQFOXGH�WKDW�LQWHUDFWLRQ�EHWZHHQ�UKL]RELD�
�DQG�SODQWV�LV�LPSRUWDQW�IRU�WKH�JURZWK�DQG�
�VXUYLYDO�RI�SODQWV��,Q�WKLV�H[SHULPHQW��HDFK�
�ORFDWLRQ�ZDV�FXOWLYDWHG�GLIIHUHQWO\��ZLWK�
�UHVSHFW�WR�H[SRVXUH�WR�IHUWLOL]HUV��DQG�
�SUHYLRXVO\�H[LVWLQJ�SODQWV��8QOLNH�EDFN\DUG�
�ORFDWLRQ����EDFN\DUG�ORFDWLRQ���LV�QRW�DV�
�FXOWLYDWHG�DQG�LV�KHDYLO\�SUH�WUHDWHG�ZLWK�
�IHUWLOL]HUV��7KDW�LV�OLNHO\�ZK\�WKH�UKL]RELD�
�SUREDEO\�PD\�QRW�HYHQ�KDYH�VHQW�WKH�LQLWLDO�
�LQWHUDFWLRQ�VLJQDOV��OHDGLQJ�WR�SUREOHPV�ZLWK�
�JHUPLQDWLRQ��ODFN�RI�QRGXOH�IRUPDWLRQ��DQG�
�ILQDOO\�HDUO\�GHPLVH�RI�WKH�SODQWV���,�ZRXOG�
�KDYH�WR�DVVXPH�EHFDXVH�RI�WKLV��WKH�UKL]RELD�
�LQ�EDFN\DUG�ORFDWLRQ���KDG�D�JUHDWHU�HIIHFW�RQ�
�WKH�GHYHORSPHQW�DQG�SURGXFWLYLW\�RI�WKH�
�SODQWV�WKDQ�LQ�%DFN\DUG�/RFDWLRQ����7KLV�
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�KLJKOLJKWV�WKH�IDFW�WKDW�LI�WKH�IHUWLOL]HU�LV�WKHUH��
�WKH�EDFWHULD�LQ�WKH�VRLO�PD\�QRW�HYHQ�WU\�WR�
�LQWHUDFW�ZLWK�WKH�SODQWV��,�DOVR�DVVXPH�WKH�
�EDFWHULD�LQVLGH�WKH�FRPPHUFLDO�LQRFXODQW�
�ZRXOG�KDYH�KDG�D�JRRG�LPSDFW�RQ�RXU�
�SRVLWLYH�FRQWURO�SRW��OHDGLQJ�WR�VDWLVIDFWRU\�
�JHUPLQDWLRQ��VKRRW�OHQJWK��DQG�QRGXOH�
�IRUPDWLRQ��

�7KH�K\SRWKHVLV�PDGH�DW�WKH�EHJLQQLQJ�RI�WKH�
�H[SHULPHQW�ZDV�SURYHQ�FRUUHFW��:H�FDQ�
�GHPRQVWUDWH�WKDW�WKH�5KL]RELDO�%DFWHULD�KDG�D�

�SRVLWLYH�HIIHFW�RQ�QRGXODWLRQ�DQG�URRW�
�GHYHORSPHQW�RI�FURWDODULD�MXQFHD�SODQWV��EXW�
�ODFNHG�WKH�EHQHILW�RI�JURZWK�LQ�WHUPV�RI�KHLJKW�
�IRU�WKH�OHJXPHV��:H�ZHUH�DOVR�DEOH�WR�
�FRQFOXGH�WKDW�WKH�VRLO�IURP�EDFN\DUG�ORFDWLRQ�
����ODNHVLGH�VDPSOH��FRQWDLQV�PRUH�HIIHFWLYH�
�EDFWHULD�FRPSDUHG�WR�WKH�VRLO�IURP�EDFN\DUG�
�ORFDWLRQ���DQG�LV�DGYDQWDJHRXV�IRU�SODQW�
�JURZWK��$V�%DFN\DUG�/RFDWLRQ���KDG�IHUWLOL]HUV�
�LQ�WKH�VRLO��DQG�%DFN\DUG�/RFDWLRQ���GLG�QRW��
�ZH�FDQ�FRQFOXGH�WKH�UKL]RELD�EDFWHULD�
�LQWHUDFWV�ZHOO�ZLWK�0LFKLJDQ�VRLO��

�5()(5(1&(6�
�&DQJLROL��/���9DFFDUR��)���)LQL��0���0HQJRQL��$���	�)DJRU]L��&����������6FHQW�RI�D�6\PELRQW��7KH�
�3HUVRQDOL]HG�*HQHWLF�5HODWLRQVKLSV�RI�5KL]RELXP�3ODQW�,QWHUDFWLRQ��,QWHUQDWLRQDO�MRXUQDO�RI�
�PROHFXODU�VFLHQFHV���������������KWWSV���GRL�RUJ���������LMPV���������
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�,UPHU��6���3RG]XQ��1���/DQJHO��'���+HLGHPDQQ��)���.DOWHQHJJHU��(���6FKHPPHUOLQJ��%���*HLOIXV��&��
�0���=|UE��&���	�2EHU��'����������1HZ�DVSHFW�RI�SODQW�UKL]RELD�LQWHUDFWLRQ��DONDORLG�ELRV\QWKHVLV�LQ�
�&URWDODULD�GHSHQGV�RQ�QRGXODWLRQ��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�WKH�
�8QLWHG�6WDWHV�RI�$PHULFD���������������±�������KWWSV���GRL�RUJ���������SQDV������������

�/LQGVWU|P��.���	�0RXVDYL��6��$����������(IIHFWLYHQHVV�RI�QLWURJHQ�IL[DWLRQ�LQ�UKL]RELD��0LFURELDO�
�ELRWHFKQRORJ\�������������±�������KWWSV���GRL�RUJ�������������������������

�9LD��9��'���=DQHWWL��0��(���	�%ODQFR��)����������+RZ�OHJXPHV�UHFRJQL]H�UKL]RELD��3ODQW�VLJQDOLQJ�
�	�EHKDYLRU���������H����������KWWSV���GRL�RUJ�������������������������������

�7XUQHU��7�5���-DPHV��(�.��	�3RROH��3�6����������7KH�SODQW�PLFURELRPH��*HQRPH�%LRORJ\����������
�KWWSV���GRL�RUJ���������JE���������������

�:DQJ��(Q�7DR����������6\PELRVLV�EHWZHHQ�5KL]RELD�DQG�/HJXPHV��6SULQJHU/LQN��6SULQJHU�
�6LQJDSRUH���KWWSV���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��

�:HQGODQGW�&(��*DQR�&RKHQ�.$��6WRNHV�3-1��-RQQDOD�%15��=RPRUURGLDQ�$-��$O�0RXVVDZL�.��
�:HQGODQGW��&��(���*DQR�&RKHQ��.��$���6WRNHV��3���-RQQDOD��%���=RPRUURGLDQ��$��-���$O�0RXVVDZL��
�.���	�6DFKV��-��/����������:LOG�OHJXPHV�PDLQWDLQ�EHQHILFLDO�VRLO�UKL]RELD�SRSXODWLRQV�GHVSLWH�
�GHFDGHV�RI�QLWURJHQ�GHSRVLWLRQ��2HFRORJLD�������������±�����
�KWWSV���GRL�RUJ���������V������������������
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�,QGHSHQGHQW�6WXGHQW�5HVHDUFKHUV�
�7KH�IROORZLQJ�VWXGHQWV�GLG�QRW�SDUWLFLSDWH�LQ�5LVLQJ�5HVHDUFKHUV��7KH\�KDYH�FRQGXFWHG�UHVHDUFK�
�RXWVLGH�RI�WKH�80DVV�UHVHDUFK�LQWHQVLYH��$IWHU�FDUHIXO�UHYLHZ��ZH�KDYH�GHHPHG�WKHLU�UHVHDUFK�
�ZRUWK\�RI�SXEOLFDWLRQ�LQ�RXU�VFLHQWLILF�UHVHDUFK�MRXUQDO��

�$GLWUL�%DODML�
�+RZ�6RFLDO�&RQIRUPLW\�$IIHFWV�WKH�&KRLFH�WR�-D\ZDON�LQ�%RVWRQ��0DVVDFKXVHWWV�

�,1752'8&7,21�
�6RFLDO�FRQIRUPLW\��DFWLQJ�LQ�WDQGHP�ZLWK�D�
�JURXS�RI�SHRSOH�LQVWHDG�RI�XVLQJ�RQH¶V�
�LQGLYLGXDO�MXGJPHQW��LV�LQ�PDQ\�ZD\V�
�LQJUDLQHG�LQ�KXPDQ�QDWXUH��6LQFH�EHLQJ�LQ�D�
�JURXS�LV�VDIHU�IRU�VXUYLYDO�VLWXDWLRQV��KXPDQV�
�KDYH�HYROYHG�WR�W\SLFDOO\�IHHO�XQFRPIRUWDEOH�
�ZKHQ�GHYLDWLQJ�IURP�FROOHFWLYH�QRUPV�RU�
�EHKDYLRUV��/HYLQH���������$������UHVHDUFK�
�VWXG\�LQWHUHVWHG�LQ�WKH�DEXQGDQFH�RI�VRFLDO�
�FRQIRUPLW\�VKRZHG�WKDW�SHRSOH�DGKHUHG�WR�
�FURVVLQJ�ODZV�PRUH�RIWHQ�ZKHQ�D�VLQJOH�
�VWUDQJHU�DW�WKH�OLJKW�UHIUDLQHG�IURP�MD\ZDONLQJ�
��&KDL�HW�DO���+RZHYHU��WKH�VWXG\�GLG�QRW�WHVW�
�FRQIRUPLW\�ZLWK�D�ODUJHU�JURXS�RI�LQGLYLGXDOV�
�DGKHULQJ�WR�WKH�ODZ�DQG�DVVHVVLQJ�LI�RWKHUV�
�FKRRVH�WR�ZDLW�DW�WKH�FURVVZDON��)DFWRUV�VXFK�
�DV�DJH��JHQGHU��DQG�SKRQH�XVH�FDQ�
�FRQWULEXWH�WR�WKH�OLNHOLKRRG�RI�D�SHGHVWULDQ�
�MD\ZDONLQJ�EXW�WKH�ELJJHVW�FRPSRQHQW�LV�
�ZKHWKHU�SHGHVWULDQV�IHHO�DEOH�WR�EUHDN�WKH�
�VRFLDO�QRUPV�VHW�LQ�SODFH�E\�VRFLHW\��6KDDEDQ�
�HW�DO���������$Q�DGGLWLRQDO�IDFWRU�WKDW�FRXOG�
�LQIOXHQFH�RQH¶V�FKRLFH�WR�MD\ZDON�LV�WKH�
�UHODWLYHO\�ORZ�UHSHUFXVVLRQV�WKDW�SXUVXH�DIWHU�
�EUHDNLQJ�WKLV�ODZ��7KH�OHJDO�FRQVHTXHQFH�RI�
�MD\ZDONLQJ�LQ�%RVWRQ��0DVVDFKXVHWWV�LV�
�PLQLPDO��WKH�%RVWRQ�0XQLFLSDO�&RXUW�LPSRVHV�
�D�ILQH�RI����IRU�WKH�ILUVW�WKUHH�RIIHQVHV�DQG����
�IRU�VXEVHTXHQW�LQFLGHQWV��0DVV�JRY���

�5(6($5&+�48(67,21�+<327+(6,6�
�7KH�PDLQ�TXHVWLRQ�WKLV�UHVHDUFK�H[SHULPHQW�
�VWULYHV�WR�DQVZHU�LV�KRZ�VRFLDO�FRQIRUPLW\�
�DIIHFWV�VRPHRQH¶V�FKRLFH�WR�MD\ZDON��'XH�WR�
�WKH�HPSKDVLV�VRFLHW\�SXWV�RQ�VRFLDO�QRUPV��
�P\�K\SRWKHVLV�LV�WKDW�ZKHQ�RWKHU�LQGLYLGXDOV�

�DUH�SUHVHQW��SHGHVWULDQV�ZLOO�FKRRVH�QRW�WR�
�MD\ZDON�EHFDXVH�RI�VRFLDO�FRQIRUPLW\�
�SDWWHUQV��

�0(7+2'6�
�7R�WHVW�ZKHWKHU�VRFLDO�FRQIRUPLW\�ZRXOG�SOD\�
�D�UROH�LQ�D�SHGHVWULDQ¶V�FKRLFH�WR�DGKHUH�WR�RU�
�EUHDN�WKH�ODZ�WKDW�SURKLELWV�MD\ZDONLQJ��WZR�
�GLIIHUHQW�WHVWV�ZHUH�VHW�XS��DQ�H[SHULPHQWDO�
�DQG�D�FRQWURO��([SHULPHQWDO�WULDOV�ZHUH�XVHG�
�WR�PHDVXUH�KRZ�WKH�SUHVHQFH�RI�RWKHUV�
�IROORZLQJ�WKH�ODZ�LQIOXHQFHG�MD\ZDONLQJ�
�WKURXJK�FRQIRUPLW\��DQG�FRQWURO�WULDOV�ZHUH�
�XVHG�WR�REVHUYH�MD\ZDONLQJ�DQG�FRQIRUPLW\�
�ZLWKRXW�DQ\�RXWVLGH�SUHVHQFH��$�WULDO�EHJDQ�
�ZKHQ�WKH�FURVVZDON�VLJQ�WXUQHG�WR�VWRS�DQG�
�HQGHG�ZKHQ�WKH�ZDON�VLJQ�DSSHDUHG��$�
�MD\ZDONHU�ZDV�GHILQHG�DV�VRPHRQH�ZKR�
�ZDONHG�DFURVV�WKH�FURVVZDON�ZKLOH�WKH�VLJQ�
�UHDG�VWRS��1RQ�MD\ZDONHUV�ZHUH�SHRSOH�ZKR�
�VWRSSHG�DW�WKH�FURVVZDON�DQG�REH\HG�WKH�
�VWRS�VLJQ�ZKLOH�ZDLWLQJ�XQWLO�WKH�VLJQ�VDLG�WKH\�
�FRXOG�FURVV��)RU�H[SHULPHQWDO�WULDOV��RQFH�WKH�
�FURVVZDON�VLJQ�FKDQJHG�IURP�ZDON�WR�VWRS��
�WKUHH�LQGLYLGXDOV�ZDONHG�XS�WR�WKH�FURVVZDON�
�VHSDUDWHO\�DQG�GLG�QRW�PDNH�LW�NQRZQ�WKH\�
�ZHUH�WRJHWKHU��$OO�WKUHH�LQGLYLGXDOV�ZHUH�
�LQVWUXFWHG�WR�ZDLW�DW�WKH�FURVVZDON�XQWLO�WKH�
�VLJQ�WXUQHG�WR�ZDON�DQG�WKHQ�ZDONHG�WR�WKH�
�RWKHU�VLGH�RI�WKH�VWUHHW��7ZR�UHVHDUFKHUV�
�REVHUYHG�WKH�QXPEHU�RI�SHRSOH�MD\ZDONLQJ�
�YHUVXV�WKRVH�ZKR�GLG�QRW�RQ�WKH�VDPH�
�FURVVZDON�IURP�D�GLVWDQFH��7KH�UHVHDUFKHUV�
�UHFRUGHG�WKH�QXPEHU�RI�SHRSOH��H[FOXGLQJ�WKH�
�WKUHH�LQGLYLGXDOV�SODQWHG�IRU�WKH�H[SHULPHQW��
�ZKR�FURVVHG�ZKLOH�WKH�VLJQ�VDLG�VWRS��WKH�
�QXPEHU�RI�SHRSOH�ZKR�MD\ZDONHG��DQG�WKH�
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�QXPEHU�RI�SHRSOH�ZKR�ZDLWHG�IRU�WKH�VLJQ�WR�
�WXUQ�WR�ZDON�WR�FURVV��7KH�WULDOV�ZKHUH�QR�RQH�
�EHVLGHV�WKH�SODQWHG�LQGLYLGXDOV�ZHUH�DW�WKH�
�FURVVZDON�ZHUH�QRW�YLDEOH�DQG�ZHUH�QRW�
�FRXQWHG��)RU�WKH�FRQWURO�WULDOV��WKH�VDPH�WZR�
�UHVHDUFKHUV�REVHUYHG�DQG�UHFRUGHG�WKH�
�QXPEHU�RI�SHRSOH�ZKR�MD\ZDONHG�DQG�WKH�
�QXPEHU�RI�SHRSOH�ZKR�GLGQ¶W�MD\ZDON�ZKLOH�
�WKH�WKUHH�SODQWHG�LQGLYLGXDOV�ZHUH�QRW�
�SDUWLFLSDWLQJ��7KLV�ZDV�GRQH�WR�JHW�D�

�SHUVSHFWLYH�RQ�WKH�W\SLFDO�DPRXQW�RI�SHRSOH�
�MD\ZDONLQJ�ZLWKRXW�H[WHUQDO�LQIOXHQFH��:H�
�DOWHUQDWHG�EHWZHHQ�FRQWURO�DQG�H[SHULPHQWDO�
�WULDOV�ZKLOH�DOVR�DOWHUQDWLQJ�WKH�RUGHUV�RI�
�ZKLFK�W\SH�RI�WHVW�VWDUWHG�ILUVW�WR�DGG�YDULDWLRQ�
�WR�WKH�SURFHVV�DQG�JHW�PRUH�DFFXUDWH�UHVXOWV��
�7KLV�VWHS�ZDV�UHSHDWHG����WLPHV�WR�UHVXOW�LQ�
����WRWDO�WULDOV��

�5HVXOWV�

�)LJXUH�����3HUFHQW�RI�3HRSOH�-D\ZDONLQJ�YHUVHV�:DLWLQJ��%DVHG�RQ�7\SH�RI�7HVWV�

�)LJXUH�����3HUFHQW�RI�3HRSOH�-D\ZDONLQJ�LQ�([SHULPHQWDO��YV��&RQWURO�7HVWV�
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�-D\ZDON� �:DLWLQJ�

�S�YDOXH�� ������� �������

�([SHULPHQWDO�0HDQ�� ������ ������

�&RQWURO�0HDQ�� ������ ������

�([SHULPHQWDO�6WDQGDUG�'HYLDWLRQ�� ������� �������

�&RQWURO�6WDQGDUG�'HYLDWLRQ�� ������� �������

�(IIHFW�6L]H�� ������� �������

�'XULQJ�WKH�FRQWURO�WHVW��ZKHUH�WKH�WKUHH�
�SODQWHG�LQGLYLGXDOV�ZHUH�QRW�SUHVHQW��WKH�WZR�
�UHVHDUFKHUV�REVHUYHG�WKH�DPRXQW�RI�SHRSOH�
�ZKR�MD\ZDONHG�YV��GLGQ¶W�MD\ZDON�RQ�D�QRUPDO�
�FURVVZDON��2XW�RI�WKH����WRWDO�SHRSOH�
�REVHUYHG�GXULQJ�DOO����FRQWURO�H[SHULPHQWV�
�FRPELQHG�����SHRSOH�MD\ZDONHG�FRPSDUHG�WR�
�WKH����ZKR�ZDLWHG�IRU�WKH�FURVV�VLJQ��7KHVH�
�UHVXOWV�VKRZ�WKDW�DSSUR[LPDWHO\�����RI�
�SHRSOH�MD\ZDON�RQ�D�QRUPDO�EDVLV�FRPSDUHG�
�WR�WKH�����RI�SHRSOH�ZKR�IROORZ�WKH�ODZ��

�'XULQJ�WKH�H[SHULPHQWDO�WHVW��WKH�WKUHH�
�SODQWHG�LQGLYLGXDOV�ZHUH�SUHVHQW�DQG�FOHDUO\�
�IROORZHG�WKH�ODZ�E\�ZDLWLQJ�DW�WKH�FURVVZDON�
�ZKHQ�WKH�VLJQ�ZDV�RQ�VWRS�DQG�RQO\�
�FRQWLQXLQJ�DORQJ�WKH�LQWHUVHFWLRQ�ZKHQ�WKH�
�VLJQ�VZLWFKHG�WR�ZDON��,Q�WRWDO�����SHRSOH�
�ZHUH�REVHUYHG�GXULQJ�WKH�WHVW�RXW�RI�ZKLFK����
�SHRSOH�MD\ZDONHG�ZKLOH����SHRSOH�ZDLWHG�ZLWK�
�WKH�SODQWHG�LQGLYLGXDOV�DW�WKH�FURVVZDON��,Q�
�WKLV�WHVW��DSSUR[LPDWHO\�����RI�SHRSOH�
�MD\ZDONHG�FRPSDUHG�WR�����RI�SHRSOH�ZKR�
�ZDLWHG�IRU�WKH�ZDON�VLJQ��

�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFHV��PRUH�
�FRPPRQO\�NQRZQ�DV�6366��LV�D�VRIWZDUH�
�XVHG�WR�DQDO\]H�TXDQWLWDWLYH�GDWD��7KLV�
�VRIWZDUH�ZDV�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH�
�UHVXOWV�JDWKHUHG�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��
�,Q�RUGHU�IRU�GDWD�WR�EH�VHHQ�DV�VWDWLVWLFDOO\�

�VLJQLILFDQW�WKH�³S�YDOXH´�RU�WKH�³SUREDELOLW\�
�YDOXH´�KDV�WR�EH�OHVV�WKDQ�������$V�YLVLEOH�LQ�
�WKH�JUDSK��WKH�S�YDOXHV�IRU�ERWK�WKH�QXPEHU�
�RI�SHRSOH�MD\ZDONLQJ�DQG�WKH�QXPEHU�RI�
�SHRSOH�ZDLWLQJ�DUH�EHORZ������ZKLFK�GHHPV�
�WKH�GDWD�IURP�WKH�H[SHULPHQWV�VWDWLVWLFDOO\�
�VLJQLILFDQW��$QRWKHU�LQGLFDWRU�WKDW�WKH�GDWD�LV�
�VLJQLILFDQW�DQG�DFFXUDWH�LV�WKH�UHODWLYHO\�ORZ�
�VWDQGDUG�GHYLDWLRQV��7KH�VWDQGDUG�GHYLDWLRQ�
�VKRZV�KRZ�IDU�DSDUW�WKH�GLIIHUHQW�SORWV�RI�GDWD�
�DUH�LQ�DQ�H[SHULPHQW�DV�D�UHIOHFWLRQ�RI�WKH�
�UHOLDELOLW\�RI�WKH�GDWD��6LQFH�DOO�RI�WKH�VWDQGDUG�
�GHYLDWLRQV�ZHUH�DSSUR[LPDWHO\���RU�EHORZ��WKH�
�GDWD�FDQ�EH�VHHQ�DV�YDOLG�DQG�UHOLDEOH��

�$V�VHHQ�LQ�WKH�ILJXUHV�SUHVHQWHG������RI�
�SHRSOH�MD\ZDONHG�GXULQJ�D�FRQWURO�WHVW�
�FRPSDUHG�WR�����RI�SHRSOH�ZKR�MD\ZDONHG�
�GXULQJ�WKH�H[SHULPHQWDO�WHVW��)LJXUH���YLVLEO\�
�VKRZV�WKH�VWDUN�FRQWUDVW�LQ�WKH�SHUFHQW�RI�
�SHRSOH�MD\ZDONLQJ��EOXH�FRORU��DQG�WKH�
�SHUFHQW�RI�SHRSOH�ZDLWLQJ��UHG�FRORU��EHWZHHQ�
�WKH�WZR�GLIIHUHQW�W\SHV�RI�WHVWV��7KLV�LV�IXUWKHU�
�SURYHQ�E\�ILJXUH���ZKLFK�RQO\�VKRZV�WKH�
�SHUFHQW�RI�SHRSOH�MD\ZDONLQJ�EHWZHHQ�WKH�WZR�
�WHVWV��,W�LV�FOHDU�LQ�WKLV�JUDSK�WKDW�WKHUH�LV�D�
�VKDUS�LQFUHDVH�LQ�WKH�SHUFHQWDJH�RI�SHRSOH�
�MD\ZDONLQJ�LQ�WKH�FRQWURO�WKDQ�LQ�WKH�
�H[SHULPHQWDO�WHVW��7KLV�SURYHV�WKDW�ZKHQ�WKH�
�SODQWHG�LQGLYLGXDOV�ZHUH�VWDQGLQJ�DW�WKH�
�FURVVZDON��V\PEROL]LQJ�D�JURXS�RI�SHRSOH�
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�REH\LQJ�WKH�ODZ��PRUH�SHRSOH�IHOW�LQFOLQHG�WR�
�VWLFN�ZLWK�WKHP�DQG�FRQIRUP�WR�WKH�JURXS�
�ZDLWLQJ�UDWKHU�WKDQ�MD\ZDONLQJ��,Q�WKH�FRQWURO�
�WHVW��RQH�FDQ�VHH�WKDW�PDQ\�SHRSOH�MD\ZDON�
�UHJXODUO\�LQ�WKHLU�GDLO\�OLYHV�EXW�WKH�QHHG�WR�
�FRQIRUP�WR�VRFLHWDO�JURXSV�FDQ�FDXVH�SHRSOH�
�WR�GUDVWLFDOO\�FKDQJH�ZKHWKHU�WKH\�FKRRVH�WR�
�MD\ZDON�RU�QRW��

�&21&/86,21�
�,Q�FRUUHODWLRQ�ZLWK�ZKDW�ZDV�SUHGLFWHG�LQ�WKH�
�K\SRWKHVLV��WKH�HPSKDVLV�VRFLHW\�SXWV�RQ�
�VRFLDO�FRQIRUPLW\�FDQ�EH�VHHQ�WKURXJK�WKH�
�SHGHVWULDQV¶�FKRLFH�WR�HLWKHU�MD\ZDON�RU�ZDLW�
�IRU�WKH�FURVVZDON�WR�EH�VDIH��:KHQ�WKH�WKUHH�
�SODQWHG�LQGLYLGXDOV�ZHUH�ZDLWLQJ�DW�WKH�
�LQWHUVHFWLRQ��WKHUH�ZDV�D�FOHDU�LQFUHDVH�LQ�WKH�
�QXPEHU�RI�SHRSOH�ZDLWLQJ��FRPSDUHG�WR�ZKHQ�
�QR�RQH�ZDV�SUHVHQW��7KLV�VKRZV�WKDW�WKH�XUJH�
�WR�VWD\�ZLWKLQ�VRFLHWDO�QRUPV�LV�VR�GHHS�WKDW�LW�
�FDQ�SURPSW�SHRSOH�WR�FKDQJH�D�KDELW�
�HQJUDYHG�LQ�WKHLU�GDLO\�OLYHV��

�7KHUH�ZHUH�DOVR�OLPLWDWLRQV�H[SHULHQFHG�
�GXULQJ�WKH�UHVHDUFK�H[SHULPHQWDWLRQV�OLNH�
�ZHDWKHU��WLPH�RI�GD\��WUDIILF��DQG�H[SHULPHQWDO�
�QHHGV��6LQFH�LW�ZDV�UDLQLQJ�RQ�RQH�RI�WKH�
�GD\V�XVHG�IRU�GDWD�FROOHFWLRQ��WKH�ZHDWKHU�
�ZDV�FRQVLGHUHG�D�OLPLWDWLRQ�GXH�WR�WKH�
�SUREDELOLW\�WKDW�PDQ\�SHRSOH�ZRXOG�EH�OHVV�
�LQFOLQHG�WR�ZDLW�DW�D�FURVVZDON�LI�LW�ZDV�

�UDLQLQJ��$GGLWLRQDOO\��PRUH�SHRSOH�PD\�RSW�WR�
�WUDYHO�E\�FDU�RU�WUDLQ�ZKHQ�WKH�ZHDWKHU�LV�QRW�
�LGHDO�ZKLFK�FDXVHV�IHZHU�SHRSOH�WR�EH�RQ�WKH�
�VWUHHWV�UHVXOWLQJ�LQ�D�OHVV�DFFXUDWH�RXWFRPH��
�7KH�QH[W�OLPLWDWLRQ�H[SHULHQFHG�ZDV�WKH�WLPH�
�RI�GD\�VLQFH�DOO�RI�WKH�GDWD�ZDV�FROOHFWHG�RQ�
�ZHHNGD\V�GXULQJ��������30��7KLV�WLPH�IUDPH�
�LV�GXULQJ�WKH�DYHUDJH�SHUVRQ¶V�W\SLFDO�ZRUN�
�GD\�ZKLFK�FRXOG�PDNH�PRUH�SHGHVWULDQV�IHHO�
�WKH�QHHG�WR�MD\ZDON�LI�WKH\�ZHUH�UXQQLQJ�ODWH�
�IRU�ZRUN�RU�FODVV��7KH�WKLUG�OLPLWDWLRQ�ZDV�
�WUDIILF�VLQFH�GXULQJ�EXVLHU�WLPHV�ZKHQ�PRUH�
�FDUV�ZHUH�RQ�WKH�URDGV��LW�LV�PRUH�GDQJHURXV�
�IRU�SHRSOH�WR�EH�MD\ZDONLQJ�DQG�FURVVLQJ�WKH�
�URDG�ZKHQ�YHKLFOHV�FRXOG�FRPH�WKURXJK�WKH�
�LQWHUVHFWLRQ��:KHQ�WKHUH�DUH�IHZHU�FDUV�RQ�
�WKH�URDG�DQG�WKH�VWUHHWV�DUH�HPSWLHU��PDQ\�
�SHRSOH�PD\�IHHO�PRUH�VDIH�DQG�FRPIRUWDEOH�
�FURVVLQJ�WKH�URDG�ZKHQ�WKH�VLJQ�LV�RQ�VWRS��

�)LQDOO\��WKH�ODVW�OLPLWDWLRQ�ZDV�WKH�
�H[SHULPHQWDO�QHHGV�RI�WKH�UHVHDUFK�WHVWV��)RU�
�D�YLDEOH�UHVXOW��SHGHVWULDQV�QHHGHG�WR�ZDON�XS�
�WR�WKH�FURVVZDON�ZKLOH�WKH�VLJQ�ZDV�RQ�VWRS�
�DQG�PDNH�WKH�FRQVFLRXV�GHFLVLRQ�WR�ZDLW�IRU�LW�
�WR�FKDQJH�WR�ZDON��(DFK�WLPH�WKH�VLJQ�
�LPPHGLDWHO\�VZLWFKHG�WR�ZDON�RU�LW�ZDV�
�DOUHDG\�RQ�ZDON��WKH�UHVXOW�ZDV�QRW�YDOLG�DQG�
�D�QHZ�WHVW�KDG�WR�EH�VWDUWHG��

�5()(5(1&(6�
�&KDL��6KL��;���:RQJ��<��'���(U��0��-���	�*ZHH��(��7��0����������)X]]\�ORJLF�EDVHG�REVHUYDWLRQ�
�DQG�HYDOXDWLRQ�RI�SHGHVWULDQV¶�EHKDYLRUDO�SDWWHUQV�E\�DJH�DQG�JHQGHU��7UDQVSRUWDWLRQ�5HVHDUFK��
�3DUW�)��7UDIILF�3V\FKRORJ\�DQG�%HKDYLRXU���������±�����KWWSV���GRL�RUJ���������M�WUI�������������

�'DQQLFN��/��,���������,QIOXHQFH�RI�DQ�$QRQ\PRXV�6WUDQJHU�RQ�D�5RXWLQH�'HFLVLRQ�WR�$FW�RU�1RW�WR�
�$FW��$Q�([SHULPHQW�LQ�&RQIRUPLW\��7KH�6RFLRORJLFDO�4XDUWHUO\�����������������'2,��
���������M����������������WE������[�
�/HYLQH��-��0����������&RQIRUPLW\��(QF\FORSHGLD�%ULWDQQLFD��
�KWWSV���ZZZ�EULWDQQLFD�FRP�WRSLF�FRQIRUPLW\�

�6KDDEDQ��0��'���	�0RKDPPHG��$����������$QDO\VLV�RI�LOOHJDO�SHGHVWULDQ�FURVVLQJ�EHKDYLRU�RQ�D�
�PDMRU�GLYLGHG�DUWHULDO�URDG��7UDQVSRUWDWLRQ�5HVHDUFK��3DUW�)��7UDIILF�3V\FKRORJ\�DQG�%HKDYLRXU��
��������±������KWWSV���GRL�RUJ���������M�WUI�������������
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�$QNLWK�6XUHGGL�
�5HYLHZ�RI�%HVW�3UDFWLFHV�IRU�+HDOWKFDUH�3URIHVVLRQDOV�LQ�WKH�6HWWLQJ�RI�+XPDQ�7UDIILFNLQJ�

�,1752'8&7,21�

�+XPDQ�7UDIILFNLQJ�LV�D�JOREDO�LQGXVWU\�WKDW�LV�
�ZRUWK�����ELOOLRQ�GROODUV��6KDQGUR�HW�DO���
�������DQG�LV�FRQVLGHUHG�WR�EH�ERWK�D�ODUJH�
�SXEOLF�KHDOWK�DQG�KXPDQ�ULJKWV�LVVXH��
�$GGLWLRQDOO\��LW�FDQ�DIIHFW�DQ\RQH��UHJDUGOHVV�
�RI�UDFH��JHQGHU��RU�RWKHU�GHPRJUDSKLFV�
��7RQH\�%XWOHU�HW�DO����������7KH�,QWHUQDWLRQDO�
�/DERU�2UJDQL]DWLRQ¶V�HVWLPDWHV�URXJKO\�
�DURXQG������PLOOLRQ�SHRSOH�ZHUH�WUDIILFNHG�LQ�
�������,Q�WKH�VDPH������HVWLPDWH������RI�WKH�
�WRWDO�QXPEHU�RI�YLFWLPV�ZHUH�PDGH�XS�RI�JLUOV�
�DQG�ZRPHQ��$ERXW���PLOOLRQ�RI�WKHVH�YLFWLPV�
�ZHUH�DOVR�YLFWLPV�RI�JOREDO�IRUFHG�VH[XDO�
�H[SORWDWLRQ��ZLWK�PRUH�WKDQ�����RI�WKRVH�
�YLFWLPV�EHLQJ�FKLOGUHQ��7RQH\�%XWOHU�HW�DO���
��������7R�KHOS�HQG�WKH�KRUURUV�RI�KXPDQ�
�WUDIILFNLQJ��LQWHUYHQWLRQV�E\�KHDOWKFDUH�
�SURIHVVLRQDOV�FDQ�PDNH�DOO�WKH�GLIIHUHQFH��
�����RI�KXPDQ�WUDIILFNLQJ�YLFWLPV�ZLOO�YLVLW�D�
�KHDOWKFDUH�SURIHVVLRQDO�GXULQJ�WKHLU�FDSWLYLW\�
��7LOOHU�DQG�5H\QROGV���������7KURXJK�
�WHVWLPRQLHV�JLYHQ�E\�VXUYLYRUV��PRVW�KXPDQ�
�WUDIILFNLQJ�YLFWLPV�FDQ�UHFHLYH�WUHDWPHQW�IURP�
�KRVSLWDOV�GXULQJ�WKHLU�WLPH�RI�FDSWLYLW\��ZKLFK�
�PD\�EH�WKH�RQH�RI�WKH�IHZ�WLPHV�YLFWLPV�DUH�
�DEOH�WR�UHFHLYH�SULYDWH�DWWHQWLRQ��'RQDKXH�HW�
�DO����������:LWK�WUDLQLQJ��KHDOWKFDUH�
�SURIHVVLRQDOV�FDQ�EHWWHU�XQGHUVWDQG�DQG�
�VFUHHQ�IRU�YLFWLPV�DQG�SURYLGH�KHOS�
�DFFRUGLQJO\��7KHUHIRUH��WUDLQLQJ�WKDW�SURYLGHV�
�DQ�LQFUHDVHG�IRFXV�RQ�KXPDQ�WUDIILFNLQJ�
�HGXFDWLRQ�LV�UHFRPPHQGHG�LQ�KRVSLWDOV�DQG�
�PHGLFDO�HGXFDWLRQ�LQVWLWXWLRQV��$QRWKHU�DUHD�
�RI�UHVHDUFK�WKDW�VWLOO�QHHGV�WR�EH�IXUWKHU�
�VWXGLHG�DUH�VWDQGDUGL]HG�PHWKRGV�WKDW�FDQ�EH�
�GHYHORSHG�WR�DVVHVV�SDWLHQWV�LQ�KHDOWKFDUH�
�VHWWLQJV�IRU�WUDXPD��DEXVH��DQG�SRVVLEOH�
�WUDIILFNLQJ��

�%$&.*5281'�
�7KLV�SDSHU�DLPV�WR�KLJKOLJKW�ZKDW�KHDOWKFDUH�
�ZRUNHUV�LQ�WKH�8QLWHG�6WDWHV�FDQ�GR�LQ�WKH�

�IDFH�RI�D�SRVVLEOH�WUDIILFNLQJ�YLFWLP�DQG�KRZ�WR�
�DLG�WKH�HQG�WR�KXPDQ�WUDIILFNLQJ�DV�D�ZKROH��
�7KHUH�LV�D�ODUJH�GLIIHUHQFH�EHWZHHQ�KXPDQ�
�VPXJJOLQJ�DQG�KXPDQ�WUDIILFNLQJ��WKRXJK�ERWK�
�RFFXU�WKURXJKRXW�WKH�JOREH��+XPDQ�
�WUDIILFNLQJ��KRZHYHU��LQYROYHV�WKH�H[SORLWDWLRQ�
�RI�D�SHUVRQ�XVLQJ�FRHUFLRQ�IRU�ODERU�RU�VH[��
�:KHQ�YLFWLPV�DUH�DW�D�KHDOWKFDUH�SURYLGHU��
�WKLV�LV�ZKHUH�SURIHVVLRQDOV�FDQ�LQWHUYHQH�IRU�
�WKH�EHWWHU��'RQDKXH�HW�DO����������'XH�WR�WKH�
�ODFN�RI�WUDLQLQJ�VXUURXQGLQJ�UHFRJQL]LQJ�VLJQV�
�DQG�V\PSWRPV�RI�YLFWLPL]DWLRQ��KHDOWKFDUH�
�SURYLGHU�NQRZOHGJH�RIWHQ�IDOOV�VKRUW��,W�LV�
�EHFRPLQJ�PRUH�FOHDU�WKDW�GRFWRUV�KDYH�DFWLYH�
�DQG�LPSRUWDQW�UROHV�LQ�WKH�LGHQWLILFDWLRQ�DQG�
�DLG�RI�KXPDQ�WUDIILFNLQJ�YLFWLPV��5HVHDUFK�
�FRQGXFWHG�E\�/RQJ�DQG�'RZGHOO�LQ������
�IRXQG�PLVSHUFHSWLRQV�KHOG�E\�HPHUJHQF\�
�URRP�QXUVHV�VXUURXQGLQJ�KXPDQ�WUDIILFNLQJ�
�VXFK�DV�YLFWLPV�EHLQJ�SURVWLWXHV��IRUHLJQ�ERUQ��
�IHPDOH��RU�SUHGRPLQDQWO\�\RXQJ��3HDUVRQ��
��������$Q�LPSRUWDQW�UHVRXUFH�WKDW�FDQ�EH�
�LQWHJUDWHG�LQWR�SUDFWLFH�LV�WKH�LQGHSWK�
�IUDPHZRUN�IRU�SURWRFROV�UHODWHG�WR�WKH�
�DVVLVWDQFH�RI�VXVSHFWHG�YLFWLPV�RI�KXPDQ�
�WUDIILFNLQJ�LQ�D�KHDOWKFDUH�VHWWLQJ��FUHDWHG�E\�
�WKH�1DWLRQDO�+XPDQ�7UDIILFNLQJ�5HVRXUFH�
�&HQWHU��3HDUVRQ���������

�/,7(5$785(�5(9,(:�
�6DIWH\�DQG�SURWHFWLYH�PHDVXUHV�IRU�KXPDQ�
�WUDIILFNLQJ�YLFWLPV�H[LVW�LQ�WKH�8QLWHG�6WDWHV�RI�
�$PHULFD��2QH�RI�VXFK�SURWHFWLRQV�LV�WKDW�D�
�IRUHLJQ�SHUVRQ�WKDW�LV�WUDIILFNHG�FDQ�XWLOL]H�
�IHGHUDOO\�IXQGHG�EHQHILWV�VXFK�DV�LPPLJUDWLRQ�
�DVVLVWDQFH�RU�DFFHVV�KHDOWKFDUH��UHJDUGOHVV�
�RI�LPPLJUDWLRQ�VWDWXV�7KH�LPPLJHDWLRQ�
�DVVLVWDQFH�SRUWLRQ�RI�WKHVH�SURWHFWLYH�
�PHDVXUHV�LQFOXGHV�D�7�YLVD��7RQH\�%XWOHU��
��������$FFRUGLQJ�WR�WKH�'HSDUWPHQW�RI�8�6��
�&LWL]HQVKLS�DQG�,PPLJUDWLRQ�6HUYLFHV��WKH�7�
�YLVD�LV�D�WHPSRUDU\�LPPLJUDWLRQ�EHQHILW�WKDW�
�FDQ�DOORZ�IRU�WKH�YLFWLP�WR�WHPSRUDULO\�VWD\�LQ�
�WKH�8QLWHG�6WDWHV�GXULQJ�WKH�SURVHFXWLRQ�RI�
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�WKH�WUDIILFNHU�IRU�XS�WR���\HDUV��ZLWK�VRPH�
�H[FHSWLRQV�DOORZHG��7KLV�LV�FULWLFDO�WR�WKH�
�VDIHW\�RI�WKH�YLFWLP��HVSHFLDOO\�ZKHQ�WKH�
�YLFWLP�LV�IURP�DQRWKHU�FRXQWU\�DQG�GRHV�QRW�
�KDYH�WKH�UHVRXUFHV�WR�UHSDWULDWH��7KH�-XVWLFH�
�IRU�9LFWLPV�RI�7UDIILFNLQJ�$FW�ZDV�DGRSWHG�LQ�
������DQG�SURYLGHG�DFFHVV�WR�JRYHUQPHQW�
�UHVRXUFHV�DQG�IXQGLQJ�LQ�WKH�DLG�RI�KXPDQ�

�WUDIILFNLQJ�YLFWLPV��,Q�DGGLWLRQ�WR�DZDUHQHVV�RI�
�IXQGLQJ�DQG�RWKHU�UHVRXUFHV��WKH�PDLQ�
�UHVRXUFH�WKDW�KHDOWKFDUH�SURIHVVLRQDOV�FDQ�
�UHO\�RQ�LV�WKHPVHOYHV��6RPH�RI�WKH�VLJQV�DQG�
�V\PSWRPV�ZKLFK�PD\�UDLVH�VXVSLFLRQ�IRU�D�
�SRVVLEOH�YLFWLP�RI�KXPDQ�WUDIILFNLQJ�DUH�OLVWHG�
�LQ�7DEOH����WKRXJK�QRW�OLPLWHG�WR�RQO\�WKHVH�
��7LOOHU�DQG�5H\QROGV���������

�0HQWDO�RU�EHKDYLRUDO�V\PSWRPV� �3K\VLFDO�V\PSWRPV�

�Ɣ� �$Q[LHW\�
�Ɣ� �'HSUHVVLRQ�
�Ɣ� �([FHVVLYH�IHDU�
�Ɣ� �3DUDQRLD�
�Ɣ� �1HUYRXVQHVV�
�Ɣ� �$YRLGDQFH�RI�H\H�FRQWDFW�
�Ɣ� �6LJQV�RI�FRQILQHPHQW�
�Ɣ� �'HIHUV�DOO�GHFLVLRQV��EHORQJLQJV��DQG�

�SHUVRQDO�LWHPV�WR�DQ�DXWKRULW\�ILJXUH�
�Ɣ� �([KDXVWLRQ�
�Ɣ� �)DWLJXH�
�Ɣ� �,QFUHDVHG�VXLFLGDOLW\�DQG�VHOI�KDUP�
�Ɣ� �&KDQJHV�LQ�PHQVWUXDO�SDWWHUQV�LQ�

�ZRPHQ�
�Ɣ� �6XEVWDQFH�DEXVH�
�Ɣ� �'HSHQGHQF\�
�Ɣ� �,QVRPQLD�
�Ɣ� �'LVVRFLDWLYH�GLVRUGHUV��LQFOXGLQJ�

�PHPRU\�ORVV��ORVV�RI�VHOI��HWF���
�Ɣ� �,QFRQVLVWHQW�PHPRULHV�

�Ɣ� �,OO�DSSHDULQJ�
�Ɣ� �0DOQRXULVKPHQW�
�Ɣ� �6LJQV�RI�WRUWXUH�
�Ɣ� �6LJQV�RI�VH[XDO�DEXVH�
�Ɣ� �6LJQV�RI�SK\VLFDO�DEXVH��

�ż� �%UXLVHV�
�ż� �&XWV�
�ż� �)UDFWXUHV�
�ż� �3UHYLRXV�EOXQW�IRUFH�WUDXPDV�
�ż� �%URNHQ�WHHWK�

�Ɣ� �6LJQV�RI�UHVWUDLQW�XVH�

�7DEOH������3K\VLFDO�DQG�PHQWDO�EHKDYLRUDO�V\PSWRPV�RI��YLFWLPV��,I�D�SDWLHQW�SUHVHQWV�ZLWK�KLJK�
�OLNHOLKRRG�WR�EH�D�YLFWLP�RI�KXPDQ�WUDIILFNLQJ��KHDOWKFDUH�SURIHVVLRQDOV�VKRXOG�DOZD\V�EH�DZDUH�
�RI�WKH�RSWLRQ�DQG�SURWRFRO�WR�VLJQDO�IRU�KHOS�LI�WKH�SDWLHQW�RU�SURYLGHU�LV�LQ�LPPHGLDWH�GDQJHU��
�$GGLWLRQDOO\��SURYLGHUV�PXVW�ZRUN�ZLWK�WKH�SDWLHQW�WR�PDNH�VXUH�WKDW�WKH�SDWLHQW
V�VDIHW\�LV�QRW�
�EHLQJ�SXW�LQ�GDQJHU�RXWVLGH�RI�WKH�VHWWLQJ�RI�WKH�KHDOWKFDUH�IDFLOLW\��

�',6&866,21�

�2Q�D��JOREDO�VFDOH��KXPDQ�WUDIILFNLQJ�LV�
�DSSUR[LPDWHG�WR�KDYH�SODFHG�DURXQG������
�PLOOLRQ�YLFWLPV�LQWR�IRUFHG�ODERU��+HPPLQJV�HW�
�DO����������+RZHYHU��VWLOO�PRUH�WKDQ�����RI�
�KXPDQ�WUDIILFNLQJ�VXUYLYRUV�KDG�FRQWDFW�ZLWK�

�KHDOWKFDUH�SURYLGHUV�DQG�WKH�KHDOWKFDUH�
�V\VWHP�LQ�JHQHUDO�GXULQJ�WKHLU�SHULRG�RI�
�H[SORLWDWLRQ��7KXV��WKLV�SXWV�KHDOWKFDUH�
�SURYLGHUV�LQ�DQ�LPSRUWDQW�SRVLWLRQ�ZKHUH�WKH\�
�FDQ�EH�D�SRWHQWLDOO\�OLIH�VDYLQJ�DGYRFDWH�IRU�
�YLFWLPV��6KDQGUR�HW�DO�����������$V�SDUW�RI�D�
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�PHWD�DQDO\VLV�RI�WKH�FXUUHQW�DYDLODEOH�ERG\�RI�
�OLWHUDWXUH��LW�ZDV�IRXQG�WKDW�DV�D�UHVXOW�RI�
�DGGLWLRQDO�WUDLQLQJ��KHDOWKFDUH�SURIHVVLRQDOV�
�IHOW�PRUH�FRQILGHQW�ZKHQ�LW�FDPH�WR�
�XQGHUVWDQGLQJ�KXPDQ�WUDIILFNLQJ�DQG�EHLQJ�
�DEOH�WR�XQGHUVWDQG�DQG�LGHQWLI\�YLFWLPV�
��'RQDKXH�HW�DO����������

�0(7+2'6�
�$�PHWD�DQDO\VLV�ZDV�SHUIRUPHG�DFURVV�
�QXPHURXV�UHVHDUFK�VWXGLHV��$GGLWLRQDOO\��DQ�
�RQOLQH�WUDLQLQJ�PRGXOH�NQRZQ�DV�
�+7(PHUJHQF\�FRP�SURYLGHG�GDWD�DERXW�WKH�
�KHDOWKFDUH�ZRUNHUV�ZKR�SDUWLFLSDWHG�LQ�WKH�
�VWXG\�DQG�VXUYH\HG�EHIRUH�DQG�DIWHU�WR�VHH�
�KRZ�HIIHFWLYH�WKH�FRXUVHV�DQG�OHVVRQV�DERXW�
�KXPDQ�WUDIILFNLQJ�ZHUH��5HVHDUFK�DQG�
�LQIRUPDWLRQ�ZDV�FROOHFWHG�RQ�('�3HUVRQQHO�
�WKDW�DUH�ORFDWHG�LQ�WZR�VXEXUEDQ�KRVSLWDOV��
�7KH�ORFDWLRQ�RI�WKHVH�KRVSLWDOV�DUH�FORVH�WR�D�
�1RUWKHDVW�0HWURSROLWDQ�FLW\�DQG�WKHUH�ZHUH�D�
�WRWDO�RI����SHRSOH�DSDUW�IURP�WKH�VXUYH\�WKDW�
�FRQVLVWHG�RI�KHDOWKFDUH�ZRUNHUV�VXFK�DV�
�SK\VLFLDQV��QXUVH�SUDFWLWLRQHUV��QXUVHV��DQG�
�PRUH��$FFRUGLQJ�WR�WKH�VXUYH\��WKH�UHVXOWV�
�IRXQG�WKDW�DERXW�����RI�VXUYH\HG�KHDOWKFDUH�
�ZRUNHUV�QHYHU�KDG�DQ\�SULRU�KXPDQ�WUDIILFNLQJ�
�WUDLQLQJV�DQG�HYHQ�EHIRUH�WKH�VXUYH\�ZDV�
�FRPSOHWHG��DERXW�OHVV�WKDQ�KDOI�RI�WKH�
�KHDOWKFDUH�ZRUNHUV�LQ�WKH�VXUYH\�NQHZ�D�
�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�DERXW�KXPDQ�
�WUDIILFNLQJ��7KDQNV�WR�WKH�WUDLQLQJ�SURYLGHG��
�KHDOWKFDUH�ZRUNHUV�IHOW�PXFK�PRUH�FRQILGHQW�
�ZLWK�DQ�LQFUHDVH�RI�����RI�PXFK�PRUH�
�FRPSUHKHQVLYH�NQRZOHGJH�RI�KXPDQ�
�WUDIILFNLQJ������WKRXJKW�WKH�WUDLQLQJ�ZDV�
�XVHIXO�ZKHQ�LW�FDPH�WR�WKHLU�
�ZRUNVSDFH�VHWWLQJ��'RQDKXH�HW�DO����������

�&21&/86,21��
�+XPDQ�WUDIILFNLQJ�LV�D�JOREDO�LVVXH�DQG�����
�ELOOLRQ�GROODU�EXVLQHVV��+XPDQ�WUDIILFNLQJ�FDQ�

�RFFXU�DQ\ZKHUH�DQG�WR�DQ\RQH��QR�PDWWHU�
�ZKDW�DJH��JHQGHU��VH[XDO�RULHQWDWLRQ��HWF��

�+XPDQ�WUDIILFNLQJ�FDQ�LQFOXGH�ODERU�RU�VH[�
�H[SORLWDWLRQ��'HVSLWH�PHQWDO�KHDOWK�EHLQJ�
�ODUJHO\�LPSDFWHG�GXULQJ�WUDIILFNLQJ��UHVHDUFK�
�WKDW�LV�IRFXVHG�RQ�WKH�VXSSRUWLYH�QHHGV�RI�
�PHQWDO�KHDOWK�RXWFRPHV�DQG�WUDIILFNLQJ�
�VXUYLYRUV�LV�OLPLWHG��+HDOWKFDUH�SURIHVVLRQDOV�
�DUH�LQ�D�SRVLWLRQ�ZKHUH�LI�WKH\�FDQ�LGHQWLW\�WKH�
�VLJQV�RI�KXPDQ�WUDIILFNLQJ��WKH\�FDQ�LQWHUYHQH�
�DQG�SRVVLEO\�HQG�WKH�F\FOH�RI�RSSUHVVLRQ�IRU�
�RQH�LQGLYLGXDO��:LWK�PRUH�HPSKDVLV�RQ�
�KXPDQ�WUDIILFNLQJ�HGXFDWLRQ�LQ�WKH�PHGLFDO�
�VHWWLQJV��WKH�PRUH�KHDOWKFDUH�SURIHVVLRQDOV�
�FDQ�EHFRPH�DGYRFDWHV�IRU�KXPDQ�WUDIILFNLQJ�
�YLFWLPV��)XWXUH�GLUHFWLRQV�PD\�LQFOXGH�ORRNLQJ�
�LQWR�GLIIHUHQW�IRUPV�RI�FRPPXQLW\�RXWUHDFK�WR�
�HQJDJH�WKH�FRPPXQLW\�LQ�VWRSSLQJ�KXPDQ�
�WUDIILFNLQJ��$Q�H[DPSOH�RI�WKLV�ZRXOG�EH�
�SXWWLQJ�XS�KXPDQ�WUDIILFNLQJ�KHOS�VWLFNHUV�QRW�
�RQO\�LQ�IHPDOH�UHVWURRPV��EXW�DOVR�SRVVLEO\�
�PDOH�UHVWURRPV��+RZHYHU��WKH�HIILFDF\�RI�WKLV�
�PHWKRG�LV�VWLOO�\HW�WR�EH�WHVWHG��HVSHFLDOO\�LQ�
�UHJDUGV�WR�VDIHW\�RI�YLFWLPV��HVSHFLDOO\�LI�WKHLU�
�WUDIILFNHUV�DUH�DZDUH�RI�WKHVH�UHVRXUFHV��
�ZKLFK�PD\�EHFRPH�LQFUHDVLQJO\�UHOHYDQW�DV�
�WKH�QXPEHU�RI�JHQGHU�QHXWUDO�UHVWURRPV�
�LQFUHDVH��$QRWKHU�DUHD�RI�UHVHDUFK�WKDW�VWLOO�
�QHHGV�WR�EH�IXUWKHU�VWXGLHG�DUH�VWDQGDUGL]HG�
�PHWKRGV�WKDW�FDQ�EH�GHYHORSHG�WR�DVVHVV�
�SDWLHQWV�LQ�KHDOWKFDUH�VHWWLQJV�IRU�WUDXPD��
�DEXVH��DQG�WUDIILFNLQJ��+HDOWKFDUH�ZRUNHUV�
�QHHG�EHWWHU�HGXFDWLRQ�UHJDUGLQJ�KXPDQ�
�WUDIILFNLQJ�VR�WKDW�ZD\�WKH�ZRUNHUV�FDQ�
�UHFRJQL]H�WKH�VLJQV��VWHS�LQ��DQG�LQWHUYHQH�WR�
�SUHYHQW�WKH�HVFDODWLRQ�RU�SURORQJHG�
�YLFWLPL]DWLRQ�RI�LQGLYLGXDOV��

�5()(5(1&(6�
�&KDIIHH��7���	�(QJOLVK��$����������6H[�WUDIILFNLQJ�RI�DGROHVFHQWV�DQG�\RXQJ�DGXOWV�LQ�WKH�8QLWHG�
�6WDWHV��&XUUHQW�2SLQLRQ�LQ�2EVWHWULFV�	�*\QHFRORJ\������������±�����
�KWWSV���GRL�RUJ���������JFR������������������
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�'RQDKXH��6���6FKZLHQ��0���	�/D9DOOHH��'����������(GXFDWLQJ�HPHUJHQF\�GHSDUWPHQW�VWDII�RQ�WKH�
�LGHQWLILFDWLRQ�DQG�WUHDWPHQW�RI�KXPDQ�WUDIILFNLQJ�YLFWLPV��-RXUQDO�RI�(PHUJHQF\�1XUVLQJ���������
���±����KWWSV���GRL�RUJ���������M�MHQ�������������

�)UDQNOLQ��0��,���	�.RV]DOLQVNL��5��6����������+XPDQ�WUDIILFNLQJ�LQ�UHKDELOLWDWLRQ��:KDW�QXUVHV�QHHG�
�WR�NQRZ��5HKDELOLWDWLRQ�1XUVLQJ�����������±����KWWSV���GRL�RUJ���������UQM������������������

�*DUJ��$���3DQGD��3���0DOD\��6���	�5RVH��-��$����������$�KXPDQ�WUDIILFNLQJ�HGXFDWLRQDO�SURJUDP�
�DQG�SRLQW�RI�FDUH�UHIHUHQFH�WRRO�IRU�SHGLDWULF�UHVLGHQWV��0HG(G3257$/��
�KWWSV���GRL�RUJ����������PHSB����������������

�*DUJ��$���3DQGD��3���1HXGHFNHU��0���	�/HH��6����������%DUULHUV�WR�WKH�DFFHVV�DQG�XWLOL]DWLRQ�RI�
�KHDOWKFDUH�IRU�WUDIILFNHG�\RXWK��$�V\VWHPDWLF�UHYLHZ��&KLOG�$EXVH�	�1HJOHFW���������������
�KWWSV���GRL�RUJ���������M�FKLDEX�������������

�+HPPLQJV��6���-DNRERZLW]��6���$EDV��0���%LFN��'���+RZDUG��/��0���6WDQOH\��1���=LPPHUPDQ��&���
�	�2UDP��6����������5HVSRQGLQJ�WR�WKH�KHDOWK�QHHGV�RI�VXUYLYRUV�RI�KXPDQ�WUDIILFNLQJ��$�
�V\VWHPDWLF�UHYLHZ��%0&�+HDOWK�6HUYLFHV�5HVHDUFK���������
�KWWSV���GRL�RUJ���������V�����������������

�,GHQWLI\LQJ�9LFWLPV�RI�+XPDQ�7UDIILFNLQJ��:KDW�WR�/RRN�IRU�LQ�+HDOWK�&DUH�6HWWLQJV����Q�G����
�1DWLRQDO�7UDIILFNLQJ�+XPDQ�5HVRXUFH�&HQWHU���

�3DOLQHV��3��$���5DEELWW��$��/���3DQ��$��<���1XJHQW��0��/���	�(KUPDQ��:��*����������&RPSDULQJ�
�PHQWDO�KHDOWK�GLVRUGHUV�DPRQJ�VH[�WUDIILFNHG�FKLOGUHQ�DQG�WKUHH�JURXSV�RI�\RXWK�DW�KLJK�ULVN�IRU�
�WUDIILFNLQJ��$�GXDO�UHWURVSHFWLYH�FRKRUW�DQG�VFRSLQJ�UHYLHZ��&KLOG�$EXVH�	�1HJOHFW���������������
�KWWSV���GRL�RUJ���������M�FKLDEX�������������

�3HDUVRQ��*��6����������,GHQWLI\LQJ�KXPDQ�WUDIILFNLQJ�LVVXHV�LQ�RXU�SDWLHQWV��-RXUQDO�RI�WKH�
�$PHULFDQ�3V\FKLDWULF�1XUVHV�$VVRFLDWLRQ������������±�����
�KWWSV���GRL�RUJ��������������������������

�6KDQGUR��-���&KLVROP�6WUDNHU��0���'XEHU��+��&���)LQGOD\��6��/���0XQR]��-���6FKPLW]��*���6WDQ]HU��
�0���6WRNORVD��+���:LHQHU��'��(���	�:LQJNXQ��1����������+XPDQ�WUDIILFNLQJ��$�JXLGH�WR�
�LGHQWLILFDWLRQ�DQG�DSSURDFK�IRU�WKH�HPHUJHQF\�SK\VLFLDQ��$QQDOV�RI�(PHUJHQF\�0HGLFLQH���������
�KWWSV���GRL�RUJ���������M�DQQHPHUJPHG�������������

�7LOOHU��-���	�5H\QROGV��6����������+XPDQ�WUDIILFNLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW��,PSURYLQJ�RXU�
�UHVSRQVH�WR�D�YXOQHUDEOH�SRSXODWLRQ��:HVW-(0������0D\�,VVXH���������
�KWWSV���GRL�RUJ���������ZHVWMHP��������������

�7RQH\�%XWOHU��7��-���/DGG��0���	�0LWWHO��2���Q�G����1DWLRQDO�/LEUDU\�RI�0HGLFLQH��1DWLRQDO�&HQWHU�IRU�
�%LRWHFKQRORJ\�,QIRUPDWLRQ��
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�8QHUWO��.��0���:DOVK��&��*���	�&OD\WRQ��(��:����������&RPEDWWLQJ�KXPDQ�WUDIILFNLQJ�LQ�WKH�8QLWHG�
�6WDWHV��+RZ�FDQ�PHGLFDO�LQIRUPDWLFV�KHOS"�-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO�,QIRUPDWLFV�
�$VVRFLDWLRQ������������±�����KWWSV���GRL�RUJ���������MDPLD�RFDD����

�9LFWLPV�RI�KXPDQ�WUDIILFNLQJ��7�QRQLPPLJUDQW�VWDWXV���86&,6���������2FWREHU������5HWULHYHG�
�6HSWHPEHU�����������IURP�
�KWWSV���ZZZ�XVFLV�JRY�KXPDQLWDULDQ�YLFWLPV�RI�KXPDQ�WUDIILFNLQJ�DQG�RWKHU�FULPHV�YLFWLPV�RI�KX�
�PDQ�WUDIILFNLQJ�W�QRQLPPLJUDQW�VWDWXV�
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�$ULDQD�7DQKD�

�5HKDELOLWDWLRQ�IRU�6WURNH�3DWLHQWV�8VLQJ�1HXURSODVWLFLW\�

�$%675$&7�
�7KLV�SDSHU�LV�DERXW�KRZ�QHXURSODVWLFLW\�FDQ�
�EH�XVHG�WR�DLG�VWURNH�SDWLHQWV��
�1HXURUHKDELOLWDWLRQ�FDQ�EH�YHU\�XVHIXO�WR�
�VRPHRQH�ZKR�KDV�KDG�D�VWURNH�DQG�FDQ�DOORZ�
�WKHP�WR�UHJDLQ�QHDUO\�DOO�WKHLU�ORVW�
�IXQFWLRQDOLWLHV��:LWK�WKLV�QHZIRXQG�
�LQIRUPDWLRQ��PHGLFDO�GRFWRUV�DQG�RWKHU�
�KHDOWKFDUH�SURIHVVLRQDOV�FDQ�WUHDW�VRPHRQH�
�ZKR�KDV�KDG�D�VWURNH�PRUH�HIIHFWLYHO\��

�,1752'8&7,21�
�7KH�EUDLQ�LV�D�NH\�RUJDQ�LQ�WKH�KXPDQ�ERG\��,W�
�FRQWUROV�ZKDW�SHRSOH�GR��VD\��DQG�WKLQN��
�'LVHDVHV�DQG�LQMXULHV�WKDW�KDUP�WKH�EUDLQ�DUH�
�GHWULPHQWDO��2QH�RI�WKH�ZRUVW�EUDLQ�LQMXULHV�LV�
�D�VWURNH��7KRXVDQGV�RI�SHRSOH�ORVH�WKHLU�
�DELOLWLHV�WR�WKH�GDPDJH�FDXVHG�E\�VWURNHV�DQG�
�VXIIHU�IRU�WKH�UHVW�RI�WKHLU�OLYHV��,I�GRFWRUV�
�FRXOG�ILQG�D�ZD\�WR�XVH�QHXURSODVWLFLW\�WR�KHOS�
�VWURNH�SDWLHQWV�UHFRYHU�IDVWHU�DQG�PRUH�
�HIILFLHQWO\��WKLV�ZRXOG�EHQHILW�WKH�SRSXODWLRQ��
�7KH�KXPDQ�EUDLQ�DOZD\V�KDV�WKH�DELOLW\�RI�
�QHXURSODVWLFLW\��FDXVLQJ�WKHUH�WR�EH�KXJH�
�SRWHQWLDO�LQ�WKLV�DUHD��7KLV�EULQJV�IRUWK�WKH�
�TXHVWLRQ��LQ�ZKDW�ZD\V�FDQ�QHXURSODVWLFLW\�
�KHOS�DLG�VWURNH�SDWLHQWV�ZLWK�WKH�EUDLQ�
�GDPDJH�WKH\�KDYH�XQGHUJRQH"�

�$�VWURNH�LV�D�PHGLFDO�FRQGLWLRQ�LQ�ZKLFK�WKH�
�DEVHQFH�RI�EORRG�IORZ�WR�WKH�EUDLQ�FDXVHV�
�FLUFXODWRU\�GLVRUGHUV�LQ�WKH�EUDLQ�DQG�FDQ�
�FDXVH�WKH�EUDLQ�FHOOV�WR�EHFRPH�GDPDJHG�
�DQG�RU�GLH�>��@��6WURNH�LV�WKH�OHDGLQJ�FDXVH�RI�
�ORQJ�WHUP�GLVDELOLW\�LQ�WKH�86$�DQG�LV�RQH�RI�
�WKH�PRVW�FRPPRQ�KHDOWK�LVVXHV�>�@��

�$FFRUGLQJ�WR�WKH�&'&��VRPHRQH�KDV�D�VWURNH�
�HYHU\����VHFRQGV�LQ�WKH�86$�>�@��*RLQJ�HYHQ�
�IXUWKHU��VRPHRQH�LQ�WKH�86$�GLHV�HYHU\�WKUHH�
�DQG�D�KDOI�PLQXWHV�EHFDXVH�RI�D�VWURNH�>�@��
�6WURNH�FDQ�RFFXU�IURP�KLJK�EORRG�SUHVVXUH��
�GLDEHWHV��VPRNLQJ��DQG�KHDUW�GLVHDVH��DV�WKH�

�&'&�VD\V�>�@��6\PSWRPV�RI�VWURNH�LQFOXGH�
�QXPEQHVV��ZHDNQHVV��DQG�YLVXDO�ORVV�>��@��
�6RPH�SHRSOH�GR�QRW�HYHQ�QRWLFH�WKDW�WKH\�
�KDYH�KDG�D�VWURNH��,W�LV�LPSRUWDQW�WR�WU\�WR�
�UHFRJQL]H�ZKHQ�VRPHRQH�KDV�KDG�D�VWURNH�WR�
�UHFRYHU�WKH�PRVW�HIILFLHQWO\��7KLV�LV�D�YHU\�
�VHULRXV�LVVXH��VWURNHV�DUH�GHELOLWDWLQJ�PLOOLRQV�
�RI�SHRSOH��PDNLQJ�LW�GLIILFXOW�IRU�WKHP�WR�OLYH�D�
�QRUPDO�OLIH�ZLWKRXW�QHHGLQJ�VRPH�VRUW�RI�DLG��
�'RFWRUV�KDYH�EHHQ�ORRNLQJ�IRU�PHWKRGV�RI�
�WKHUDS\�DQG�PHGLFLQHV�WKDW�ZRXOG�KHOS�WKH�
�UHFRYHU\�SDWK�IRU�VWURNH�SDWLHQWV�WR�EH�
�VPRRWKHU�DQG�PRUH�HIILFLHQW��2QH�PHWKRG�
�WKDW�ZDV�IRXQG�WR�EH�YHU\�HIIHFWLYH�ZDV�
�QHXURSODVWLFLW\��

�1HXURSODVWLFLW\�UHIHUV�WR�WKH�IXQFWLRQDO�DQG�
�VWUXFWXUDO�FKDQJHV�LQ�WKH�EUDLQ�WKDW�RFFXU�
�GXULQJ�GHYHORSPHQW��LQWHUDFWLRQ�ZLWK�WKH�
�HQYLURQPHQW��DJLQJ��DQG�UHVSRQVH�WR�LQMXU\�
�>�@��$QRWKHU�ZD\�RI�SXWWLQJ�LW�LV�WKDW�
�³QHXURSODVWLFLW\�LV�WKH�DELOLW\�RI�WKH�EUDLQ�WR�
�UHGHYHORS�LWV�QHXURQ�QHWZRUN�DW�WKH�KHDOWK\�
�SDUW�RI�WKH�EUDLQ��WR�WDNH�RYHU�WKH�UROH�RI�WKH�
�GDPDJHG�SDUW´�>�@��1HXURSODVWLFLW\�RFFXUV�LQ�
�HYHU\RQH��$Q\WKLQJ�WKDW�UHTXLUHV�D�SHUVRQ¶V�
�EUDLQ�WR�FKDQJH�LWV�WKLQNLQJ�LV�FRQVLGHUHG�
�QHXURSODVWLFLW\��7KLV�FDQ�UDQJH�IURP�OHDUQLQJ�
�D�QHZ�ODQJXDJH�WR�SOD\LQJ�WKH�SLDQR��6RPH�
�H[DPSOHV�RI�QHXURSODVWLFLW\�WKDW�UHODWH�WR�
�LQMXU\�DUH�WKLQJV�UHODWLQJ�WR�WKH�ORVV�RI�VHQVHV��
�KHPLVSKHUHFWRPLHV��DQG�WKH�UHKDELOLWDWLRQ�RI�
�VWURNH�SDWLHQWV��,Q�WKH�FDVH�RI�ORVW�VHQVHV��
�RWKHU�VHQVHV�PLJKW�EH�KHLJKWHQHG��)RU�
�H[DPSOH��LI�VRPHRQH�ORVW�WKHLU�VHQVH�RI�
�H\HVLJKW��WKHLU�VHQVH�RI�VRXQG�RU�VPHOO�PLJKW�
�EH�EHWWHU�WR�PDNH�XS�IRU�LW��,Q�D�
�KHPLVSKHUHFWRP\��KDOI�RI�WKH�EUDLQ�LV�
�UHPRYHG�RU�GLVFRQQHFWHG�IURP�WKH�RWKHU�KDOI��
�3HRSOH��PRVW�FRPPRQO\�FKLOGUHQ��JR�WKURXJK�
�WKLV�RSHUDWLRQ�WR�DYRLG�KDYLQJ�VHYHUH�
�VHL]XUHV��:LWK�FKLOGUHQ��QHXURSODVWLFLW\�LV�
�PRUH�HIIHFWLYH��³,W¶V�DV�LI�WKHLU�EUDLQV�KDYHQ¶W�
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�TXLWH�\HW�GHFLGHG�ZKDW�WKH\�ZDQWHG�WR�EH�
�ZKHQ�WKH\�JUHZ�XS´�>�@��7KDW�FDXVHV�WKH�
�RWKHU�SDUWV�RI�WKHLU�EUDLQV�WR�DGDSW�ZLWK�WKH�
�RWKHU�UROHV�HDVLHU��/DVWO\��WKHUH�DUH�VLPLODU�
�ZD\V�LQ�ZKLFK�VWURNH�SDWLHQWV�FDQ�EH�
�EHQHILWHG�E\�WKH�SKHQRPHQRQ�FDOOHG�
�QHXURSODVWLFLW\��

�0(7+2'6�$1'�0$7(5,$/6�
�3XEPHG�JRY�ZDV�XVHG�DV�D�GDWDEDVH�WR�ILQG�
�DUWLFOHV�UHODWHG�WR�QHXURSODVWLFLW\��VWURNH�
�SDWLHQWV��DQG�UHKDELOLWDWLRQ��7KH�ZHEVLWH�IRU�
�WKH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��VSHFLILFDOO\�
�WKH�1DWLRQDO�&HQWHU�IRU�%LRWHFKQRORJ\�
�,QIRUPDWLRQ��ZDV�DOVR�XVHG�DORQJ�ZLWK�7KH�
�8QLYHUVLW\�RI�3LWWVEXUJK¶V�RQOLQH�OLEUDU\��

�5(68/76�
�5HFRYHU\�DIWHU�VWURNH�GHSHQGV�RQ�
�QHXURSODVWLFLW\�DQG�RWKHU�WKLQJV�UHODWLQJ�WR�LW��
�1HXURSODVWLFLW\�SOD\V�D�KXJH�UROH�LQ�VWURNH�
�UHFRYHU\�EHFDXVH�RWKHU�SDUWV�RI�WKH�EUDLQ�
�FRXOG�DGDSW�WR�WDNH�WKH�IXQFWLRQV�RI�WKH�SDUWV�
�RI�WKH�EUDLQ�WKDW�GLHG��1HXURUHKDELOLWDWLRQ�
�FRPELQHV�WKH�DVSHFW�RI�QHXURSODVWLFLW\�DQG�
�WKH�UHKDELOLWDWLRQ�RI�VWURNH�YLFWLPV��
�1HXURUHKDELOLWDWLRQ�UHVHDUFK�DLPV�WR�ILQG�
�LQWHUYHQWLRQV�WKDW�SURPRWH�UHFRYHU\�DQG�WR�
�HVWDEOLVK�ZKHWKHU�WKH�SUHVHQFH�RU�DEVHQFH�RI�
�LPSURYHPHQW�FDQ�EH�H[SODLQHG�E\�DQ\�
�QHXURQDO�FKDQJHV�WKDW�RFFXU�LQ�WKH�
�SRVW�VWURNH�EUDLQ�>�@��0DLHU�WHVWHG����
�SULQFLSOHV�WKDW�VKRXOG�JXLGH�WKH�GHVLJQ�RI�
�HIIHFWLYH�QHXURUHKDELOLWDWLRQ�SURWRFROV�IRU�
�SRVW�VWURNH�UHFRYHU\��7KHVH�LQFOXGHG�PDVVHG�
�SUDFWLFH��VSDFHG�SUDFWLFH��GRVDJH��
�WDVN�VSHFLILF�SUDFWLFH��JRDO�RULHQWHG�SUDFWLFH��
�YDULDEOH�SUDFWLFH��LQFUHDVLQJ�GLIILFXOW\��
�PXOWLVHQVRU\�VWLPXODWLRQ��UK\WKPLF�FXHLQJ��
�H[SOLFLW�IHHGEDFN�NQRZOHGJH�RI�UHVXOWV��
�LPSOLFLW�IHHGEDFN�NQRZOHGJH�RI�SHUIRUPDQFH��
�PRGXODWH�HIIHFWRU�VHOHFWLRQ��DFWLRQ�
�REVHUYDWLRQ�HPERGLHG�SUDFWLFH��PRWRU�
�LPDJHU\��DQG�VRFLDO�LQWHUDFWLRQ�>�@��7KHVH�
�ZHUH�VSOLW�LQWR�WZR�JURXSV��PRWRU�FRUWH[�
�DFWLYLWLHV�DQG�RWKHU�QHWZRUNV��0RWRU�FRUWH[�
�DFWLYLWLHV�LQFOXGHG�PDVVHG�SUDFWLFH��GRVDJH��
�YDULDEOH�SUDFWLFH��WDVN�VSHFLILF�SUDFWLFH��
�PRGXODWH�HIIHFWRU�VHOHFWLRQ��DQG�PXOWLVHQVRU\�
�VWLPXODWLRQ�>�@��2WKHU�QHWZRUNV�LQFOXGHG�

�JRDO�RULHQWHG�SUDFWLFH��LQFUHDVLQJ�GLIILFXOW\��
�DFWLRQ�REVHUYDWLRQ��PRWRU�LPDJHU\��PLUURU�
�WKHUDS\��UK\WKPLF�FXHLQJ��LPSOLFLW�
�IHHGEDFN�NQRZOHGJH�RI�UHVXOWV��DQG�VRFLDO�
�LQWHUDFWLRQ�>�@��7KH�UHVHDUFK�DUWLFOH�ORRNHG�DW�
�KRZ�QHXURSODVWLFLW\�DIIHFWV�HDFK�RI�WKHVH�
�JURXSV�DQG�KRZ�HDFK�SULQFLSOH�FDQ�DLG�VWURNH�
�YLFWLPV��7KH�FRQFOXVLRQ�RI�WKH�UHVHDUFK�LV�WKDW�
�DQ�HIIHFWLYH�UHKDELOLWDWLRQ�DSSURDFK�VKRXOG�
�WKXV�LQFRUSRUDWH�SULQFLSOHV�RI�ERWK�W\SHV�WR�
�FRXQWHUDFW�QHXURQDO�GHJUDGDWLRQ�DQG�SURPRWH�
�LPSURYHPHQW��

�,W�LV�H[WUHPHO\�LPSRUWDQW�WR�GHWHUPLQH�ZKHQ�
�WKH�VWURNH�RFFXUUHG��7KHUH�LV�D�SDUWLFXODU�
�ZLQGRZ�RI�HQKDQFHG�QHXURSODVWLFLW\�DIWHU�
�VWURNH�LQ�ZKLFK�UHFRYHU\�DQG�UHKDELOLWDWLRQ�
�PLJKW�EH�PRUH�YHU\�HIIHFWLYH�>�@��,W�LV�YHU\�
�XQFRPPRQ�WR�VSHFLILFDOO\�VHH�WULDOV�RI�
�UHKDELOLWDWLRQ�ZLWKLQ�WKH�ILUVW�WZR�ZHHNV�DIWHU�D�
�VWURNH��DV�PDQ\�SHRSOH�EHOLHYH�WKDW�WKH�
�VWURNH�YLFWLPV�VKRXOG�UHVW�>�@��7KLV�KDV�D�
�QHJDWLYH�HIIHFW�UDWKHU�WKDQ�D�SRVLWLYH�RQH��,W�LV�
�VKRZQ�WKDW�IRUFHG�EHG�UHVW�DIWHU�VWURNH�PD\�
�KDUP�WKH�YLFWLP�LQVWHDG�RI�KHOSLQJ�WKHP�KHDO��
�$FFRUGLQJ�WR�&ROHPDQ��UHFRYHU\�VWDUWLQJ�
�ZLWKLQ�WKH�ILUVW����KRXUV�DIWHU�VWURNH�PD\�KDUP�
�WKH�SDWLHQW�UHFRYHU\�VWDUWHG�ZLWKLQ�WKH�ILUVW�
�WZR�ZHHNV�LV�YHU\�EHQHILFLDO�>�@��7R�
�VXPPDUL]H��VWDUWLQJ�UHFRYHU\�EHWZHHQ�RQH�WR�
�IRXUWHHQ�GD\V�LV�YHU\�HIIHFWLYH�IRU�VWURNH�
�YLFWLPV��7KLV�LV�SUREDEO\�EHFDXVH�ZLWKLQ�WKH�
�ILUVW����KRXUV��WKH�EUDLQ�LV�VWLOO�UHFRYHULQJ�IURP�
�WKH�LQLWLDO�VWURNH�DQG�DIWHU�WZR�ZHHNV��WKH�
�EUDLQ�KDV�DOUHDG\�FDOPHG�GRZQ�DQG�DFFHSWHG�
�WKH�QHZ�ZD\�RI�OLIH��

�2WKHU�WKDQ�WLPH��WKHUH�DUH�QR�RWKHU�OLPLWV�RQ�
�QHXURSODVWLFLW\�DQG�LWV�DLG�WR�VWURNH�YLFWLPV��
�+DYLQJ�D�PRUH�LQWHQVH�VWURNH�ZLOO�PDNH�LW�
�KDUGHU�WR�FRPSOHWHO\�JR�EDFN�WR�OLYLQJ�KRZ�LW�
�ZDV��$V�WKH�EUDLQ�VXIIHUV�PRUH��LW�PD\�JHW�
�PRUH�GLIILFXOW�WR�UHVWRUH�LW�WR�LWV�SUHYLRXV�JORU\��
�7KH�DELOLWLHV�ORVW�GXULQJ�WKH�VWURNH�KDYH�QR�
�HIIHFW�RQ�QHXURSODVWLFLW\��LW�ZRUNV�QR�PDWWHU�
�ZKDW�DELOLWLHV�DUH�ORVW��,I�VSHHFK�LV�ORVW��WKDW�
�FDQ�EH�UHOHDUQHG�E\�D�GLIIHUHQW�SDUW�RI�WKH�
�EUDLQ��,I�PRYHPHQW�LQ�WKH�OHIW�OHJ�ZDV�ORVW��
�WKDW�FDQ�EH�UHOHDUQHG�E\�D�GLIIHUHQW�SDUW�RI�WKH�
�EUDLQ��+RZHYHU��LI�VRPHWKLQJ�OLNH�WKH�PHPRU\�
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�FRUWH[�LV�GDPDJHG��WKHQ�LW�LV�XQVXUH�ZKDW�
�ZRXOG�KDSSHQ��7KH�KLSSRFDPSXV�LV�D�YHU\�
�VHQVLWLYH�DUHD�RI�WKH�EUDLQ��$Q\�GDPDJH�WR�LW�
�PD\�FDXVH�VRPHRQH�WR�ORVH�WKHLU�PHPRULHV�
�RU�EH�XQDEOH�WR�FUHDWH�QHZ�RQHV��,I�VRPH�SDUW�
�RI�WKH�EUDLQ�LV�VWLOO�IXQFWLRQLQJ��WKH�EUDLQ�FDQ�
�DGDSW�LWVHOI�WR�PDNH�LW�HDVLHU�WR�OLYH�OLIH�DV�D�
�QRUPDO�KXPDQ�EHLQJ��

�/LYLQJ�ZLWK�VWURNH�LV�H[WUHPHO\�GLIILFXOW��
�$FFRUGLQJ�WR�/HJJ��SRVW�VWURNH�HIIHFWV�FRXOG�
�OHDYH�YLFWLPV�XQDEOH�WR�GR�GDLO\�WDVNV�WKH\�
�PXVW�GR�WR�OLYH��VXFK�DV�HDWLQJ�DQG�GULQNLQJ��
�PRYLQJ�DURXQG�WKHLU�KRPHV��JRLQJ�WR�WKH�
�EDWKURRP��FDUU\LQJ�RXW�SHUVRQDO�K\JLHQH�
�WDVNV��GUHVVLQJ�WKHPVHOYHV��DQG�JURRPLQJ�
�WKHPVHOYHV�>�@��7KLV�LV�HPEDUUDVVLQJ�WR�
�VWURNH�YLFWLPV��VR�PDQ\�RI�WKHP�PRVWO\�DUH�
�DIUDLG�WR�UHDFK�RXW�IRU�KHOS�RU�DVVLVWDQFH�ZLWK�
�WKHVH�HYHU\GD\�WDVNV��/HJJ�JRHV�RQ�WR�WDON�
�DERXW�KRZ�XVLQJ�QHXURSODVWLFLW\�DQG�
�RFFXSDWLRQDO�WKHUDS\�FDQ�KHOS�VWURNH�YLFWLPV�
�UHFRYHU�DQG�LPSURYH�WKHLU�DELOLW\�WR�FDUU\�RXW�
�WKH�DFWLYLWLHV�RI�GDLO\�OLYLQJ�>�@��$IWHU�
�FRQGXFWLQJ�DQ�H[SHULPHQW�RQ�WKLV�WRSLF��/HJJ�
�IRXQG�WKDW�WKHUH�ZDV�YHU\�³ORZ�TXDOLW\´�
�HYLGHQFH�WKDW�RFFXSDWLRQDO�WKHUDS\�FDQ�KHOS�
�LPSURYH�WKH�SHUIRUPDQFH�RI�GDLO\�WDVNV�LQ�
�VWURNH�YLFWLPV�>�@��%HFDXVH�WKH�VWXG\�KDG�
�PHWKRGRORJLFDO�IODZV��LW�LV�QRW�SRVVLEOH�WR�XVH�
�WKLV�GDWD�ZLWK������FRQILGHQFH��

�7KLV�DUWLFOH�JRHV�WKURXJK�UHVHDUFK�WKDW�
�VXSSRUWV�FRUWH[�VWLPXODWLRQ�WR�WULJJHU�
�QHXURSODVWLFLW\�DQG�DLG�VWURNH�SDWLHQWV�LQ�WKHLU�
�UHFRYHU\��,Q�WKLV�H[SHULPHQW��LW�LV�UHVHDUFKHG�
�KRZ�RQH�FDQ�RYHUFRPH�7%,V��RU�WUDXPDWLF�
�EUDLQ�LQMXULHV�>�@��&RUWH[�VLPXODWLRQ�VWXGLHV�LQ�
�VWURNH�SDWLHQWV��LQFOXGLQJ�RQHV��KDYH�SURYLGHG�
�HYLGHQFH�WKDW�FRUWH[�VWLPXODWLRQ�FDQ�DOWHU�
�EUDLQ�SODVWLFLW\�DQG�WKDW�LW�ZRXOG�VXSSRUW�WKH�
�UHFRYHU\�RI�IXQFWLRQDO�PRWRU�VNLOOV�>�@��,Q�D�
�FOLQLFDO�WULDO��LPSODQWDEOH�HSLGXUDO�ELSRODU�
�HOHFWURGHV�ZHUH�SODFHG�RYHU�WKH�PRWRU�FRUWH[�
�RI�VWURNH�VXUYLYRUV�>�@��,Q�WKHVH�WULDOV��WKH�
�VWURNH�VXUYLYRUV�UHFHLYHG�FRUWH[�VLPXODWLRQ�
�GXULQJ�SK\VLFDO�WKHUDS\�RU�GLG�QRW�UHFHLYH�LW�
�GXULQJ�SK\VLFDO�WKHUDS\�>�@��7KH�UHVXOWV�ZHUH�
�WKDW�FRUWH[�VLPXODWLRQ�KHOSHG�WKH�YLFWLPV�
�UHFRYHU�DQG��PRUH�VSHFLILFDOO\��KHOSHG�WKHP�

�UHJDLQ�WKH�DELOLW\�WR�PRYH�WKHLU�KDQG��ZKLFK�
�WKH\�FRXOG�QRW�EHIRUH�EHFDXVH�RI�WKH�VWURNH�
�>�@��&RUWH[�VLPXODWLRQ�PLJKW�DOVR�EH�DQRWKHU�
�ZD\�WR�KHOS�VWURNH�YLFWLPV�DORQJ�ZLWK�
�QHXURSODVWLFLW\��

�$Q�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�WKH�
�,QGRQHVLDQ�UHJLRQ�RQ�QHXURSODVWLFLW\�DQG�
�VWURNH�SDWLHQWV�>�@��0RUH�VSHFLILFDOO\��LW�ZDV�
�WHVWHG�KRZ�SK\VLRWKHUDS\�DIIHFWV�EUDLQ�
�SODVWLFLW\�DFFRUGLQJ�WR�WKH�DELOLW\�RI�EDODQFH�
�DQG�IXQFWLRQDO�DELOLW\�>�@��6L[W\�IRXU�VWURNH�
�SDWLHQWV�IURP�WKH�6XUDNDUWD�UHJLRQ�RI�
�,QGRQHVLD�ZHUH�VHOHFWHG�IRU�WKLV�H[SHULPHQW�
�>�@��$IWHU�EHLQJ�UDQGRPO\�VSOLW�LQWR�KDOI��RQH�
�JURXS�UHFHLYHG�QHXUR�UHVWRUDWLRQ�SURWRFRO�IRU�
�D�ZHHN�ZKLOH�WKH�RWKHU�UHFHLYHG�FRQYHQWLRQDO�
�SK\VLRWKHUDS\�IRU�D�ZHHN�>�@��&RQYHQWLRQDO�
�SK\VLRWKHUDS\�LQFOXGHV�FKDQJLQJ�SRVLWLRQV��
�EUHDWKLQJ�H[HUFLVHV��DQG�H[HUFLVH�WKHUDS\�LQ�
�SDVVLYH�DQG�DFWLYH�PRELOL]DWLRQ�WR�KHOS�WKH�
�VWURNH�SDWLHQW�UHFRYHU�>�@��7KH�
�QHXUR�UHVWRUDWLRQ�SURWRFRO�LQFOXGHG�FRJQLWLYH��
�DVVRFLDWLYH�DQG�DXWRPDWLRQ�VWDJHV��7KH�
�UHVXOWV�VKRZHG�WKDW�ERWK�JURXSV�KDG�
�LPSURYHPHQWV�LQ�EDODQFH�DQG�IXQFWLRQDO�
�SHUIRUPDQFH��EXW�RQO\�WKH�LQWHUYHQWLRQ�JURXS�
�KDG�D�VLJQLILFDQW�LPSURYHPHQW�LQ�
�QHXURSODVWLFLW\�UHJHQHUDWLRQ�>�@��:KHQ�WKH�
�WZR�JURXSV�ZHUH�FRPSDUHG�LQVWHDG��WKH�
�QHXURUHVWRUDWLYH�LQWHUYHQWLRQ�JURXS�KDG�D�
�JUHDWHU�HIIHFWLYHQHVV�FRPSDUHG�WR�WKH�
�FRQYHQWLRQDO�SK\VLRWKHUDS\�LQWHUYHQWLRQ�LQ�
�WHUPV�RI�IXQFWLRQDO�SHUIRUPDQFH�DQG�EDODQFH�
�EXW�GLG�QRW�DFKLHYH�VWDWLVWLFDO�GLIIHUHQFH�LQ�
�QHXURSODVWLFLW\�UHJHQHUDWLRQ�>�@��7KH�UHVXOW�RI�
�WKH�H[SHULPHQW�ZDV�WKDW�QHXURSODVWLFLW\�KDG�D�
�SRVLWLYH�LPSDFW�RQ�EDODQFH�DQG�IXQFWLRQDO�
�DELOLW\�RI�VWURNH�SDWLHQWV�LQ�RQO\�D�VHYHQ�GD\�
�SHULRG�>�@��7KH�FRQFOXVLRQ�RI�WKLV�H[SHULPHQW�
�LV�WKDW�VHUYLFHV�VXFK�DV�SK\VLRWKHUDS\�DUH�
�LPSRUWDQW�IRU�VWURNH�UHKDELOLWDWLRQ�DQG�FDQ�DLG�
�QHXURSODVWLFLW\��

�2QH�VWXG\�WKDW�ZDV�LQWHUHVWLQJ�ZDV�D�VWXG\�
�WKDW�ORRNHG�DW�QHXURSODVWLFLW\�LQ�VWURNH�
�SDWLHQWV�DQG�GHSUHVVLRQ��0RUH�HYLGHQFH�LV�
�EHLQJ�SUHVHQWHG�WKDW�GHSUHVVLRQ�LV�FORVHO\�
�UHODWHG�WR�EUDLQ�VWUXFWXUH�DQG�IXQFWLRQDO�
�FKDQJHV�>��@��,Q�SDWLHQWV�ZLWK�GHSUHVVLRQ��
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�EUDLQ�VWUXFWXUH�FKDQJHV�DUH�FORVHO\�
�DVVRFLDWHG�ZLWK�FHUWDLQ�SDUWV�RI�WKH�QHUYRXV�
�V\VWHP��OLNH�WKH�IURQWDO�OREH��FLQJXODWH�J\UXV��
�DQG�KLSSRFDPSXV�>��@��7KH�KLSSRFDPSXV�LV�
�H[WUHPHO\�LPSRUWDQW��DV�LW�FRQWUROV�VWUHVV�DQG�
�PRRG�UHJXODWLRQ��$Q�DXWRSV\�VWXG\�IRXQG�WKDW�
�SDWLHQWV�ZLWK�GHSUHVVLRQ�VKRZHG�³LPSDLUHG�
�SODVWLFLW\�RI�DFWXDO�KLSSRFDPSDO�QHXURQV´�>��@��
�7KLV�PHDQV�WKDW�LI�WKLV�SDUW�RI�WKH�EUDLQ�GLG�JHW�
�LQMXUHG��LW�ZRXOG�EH�KDUGHU�WR�UHFRYHU�IURP�WKH�
�LQMXU\��

�',6&866,21�
�+RZ�FDQ�QHXURSODVWLFLW\�KHOS�DLG�VWURNH�
�SDWLHQWV�ZLWK�WKH�EUDLQ�GDPDJH�WKH\�KDYH�
�XQGHUJRQH"�7KH�UHKDELOLWDWLRQ�IRU�VWURNH�
�SDWLHQWV�XVLQJ�QHXURSODVWLFLW\�FDQ�EH�YHU\�
�EHQHILFLDO��1HXURSODVWLFLW\�LV�WKH�DELOLW\�RI�WKH�
�EUDLQ�WR�UHZRUN�LWVHOI�WR�DGDSW�WR�QHZ�WKLQJV�RU�
�LQMXULHV�LQ�WKH�EUDLQ��$�VWURNH�LV�ZKHUH�WKH�
�EUDLQ�ORVHV�R[\JHQ�DQG�VRPH�RI�WKH�EUDLQ�
�WLVVXHV�GLH��1HXURUHKDELOLWDWLRQ�KDV�EHHQ�
�SURYHQ�WR�KHOS�LQFUHDVH�WKH�FKDQFH�RI�WKH�
�EUDLQ�EHLQJ�KHDOHG�DIWHU�VWURNH�LI�RQH�DFWLYLW\�
�IURP�HDFK�JURXS�LV�XVHG��,W�LV�LPSRUWDQW�WLPH�
�ZLVH�WR�EH�DEOH�WR�UHFRJQL]H�ZKHQ�D�SHUVRQ�
�KDV�KDG�D�VWURNH��2QFH�GHWHUPLQHG��WKHUH�
�PXVW�EH�D����KRXU�ZDLW�WLPH�EHIRUH�
�QHXURSODVWLFLW\�FDQ�ZRUN��$IWHU�WZR�ZHHNV�RI�
�ZDLWLQJ��WKRXJK��WKLV�LV�WRR�ORQJ��DQG�LW�ZLOO�QR�
�ORQJHU�EH�DV�HIIHFWLYH�WR�XVH�QHXURSODVWLFLW\��

�2WKHU�WKDQ�WKH�WLPH�OLPLW��RWKHU�IDFWRUV�GR�QRW�
�DIIHFW�QHXURSODVWLFLW\��,I�SDUW�RI�WKH�EUDLQ�FDQ�
�IXQFWLRQ�DV�QRUPDO��WKH�UHVW�RI�WKH�EUDLQ�FDQ�
�EH�DGDSWHG�LQWR�LW�WR�VXUYLYH�DQG�UHVWRUH�WKH�
�KXPDQ
V�SUHYLRXV�DELOLWLHV��6WURNH�SDWLHQWV�
�VXIIHU�HYHU\�GD\�WR�GR�FRPPRQ�GDLO\�WDVNV��,I�
�QHXURSODVWLFLW\�DQG�RFFXSDWLRQDO�WKHUDS\�ZHUH�
�XVHG�SURSHUO\��WKLV�ZRXOG�GHFUHDVH�WKH�
�FKDQFHV�WKDW�VWURNH�YLFWLPV�DUH�HPEDUUDVVHG�
�DQG�WRR�KDQGLFDSSHG�WR�GR�EDVLF�WDVNV��

�$FFRUGLQJ�WR�.REHLVV\��FRUWH[�VLPXODWLRQ�FDQ�
�DOVR�KHOS�DLG�WKH�UHFRYHU\�RI�VWURNH�SDWLHQWV�
�DQG�FDXVH�QHXURSODVWLFLW\�WR�ZRUN�PRUH�
�HIIHFWLYHO\��%DVHG�RQ�DQ�H[SHULPHQW�
�FRQGXFWHG�LQ�,QGRQHVLD��VHUYLFHV�VXFK�DV�
�SK\VLRWKHUDS\�DUH�LPSRUWDQW�IRU�VWURNH�
�UHKDELOLWDWLRQ�DQG�FDQ�DLG�QHXURSODVWLFLW\��2QH�
�VWXG\�DOVR�FRUUHODWHV�GHSUHVVLRQ�DQG�
�QHXURSODVWLFLW\��,W�LV�LPSRUWDQW�WR�PDNH�VXUH�
�WKDW�WKH�EUDLQ�GRHV�QRW�JHW�KXUW�RU�DQ\WKLQJ�
�WKDW�FRXOG�FDXVH�VRPHRQH�WR�KDYH�
�GHSUHVVLRQ��7KURXJKRXW�DOO�WKLV�UHVHDUFK��
�QHXURSODVWLFLW\�FDQ�DLG�VWURNH�SDWLHQWV�LQ�
�PDQ\�ZD\V��7KLV�LV�LPSRUWDQW�WR�FRQVLGHU�
�EHFDXVH�LW�KDV�WKH�SRVVLELOLW\�WR�KHOS�VR�PDQ\�
�VWURNH�YLFWLPV�UHFRYHU�IURP�H[WUHPHO\�
�GHELOLWDWLQJ�LQMXULHV��7KH�EUDLQ¶V�DELOLW\�WR�KHDO�
�DQG�DGDSW�LQ�WKH�ZD\�WKDW�LW�GRHV�LV�UHDOO\�D�
�PLUDFOH�DQG�LV�VXSHU�LQWHUHVWLQJ�WR�VHH��

�5()(5(1&(6�
�&DUVRQ��%��DQG�0XUSKH\��&����������*LIWHG�+DQGV��7KH�%HQ�&DUVRQ�6WRU\��

�&ROHPDQ��(��5���0RXGJDO��5���/DQJ��.���+\DFLQWK��+��,���$ZRVLND��2��2���.LVVHOD��%��0���	�)HQJ��
�:����������(DUO\�5HKDELOLWDWLRQ�$IWHU�6WURNH��D�1DUUDWLYH�5HYLHZ��&XUUHQW�DWKHURVFOHURVLV�
�UHSRUWV��������������KWWSV���GRL�RUJ���������V�����������������

�+XJXHV��1���3HOOHJULQR��&���5LYHUD��&���%HUWRQ��(���3LQ�%DUUH��&���	�/DXULQ��-����������,V�
�+LJK�,QWHQVLW\�,QWHUYDO�7UDLQLQJ�6XLWDEOH�WR�3URPRWH�1HXURSODVWLFLW\�DQG�&RJQLWLYH�)XQFWLRQV�
�DIWHU�6WURNH"��,QWHUQDWLRQDO�MRXUQDO�RI�PROHFXODU�VFLHQFHV���������������
�KWWSV���GRL�RUJ���������LMPV���������

�.REHLVV\��)����������%UDLQ�QHXURWUDXPD��%RFD�5DWRQ��&5&�3UHVV��7D\ORU�	�)UDQFLV�*URXS��
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�/HJJ��/��$���/HZLV��6��5���6FKRILHOG�5RELQVRQ��2��-���'UXPPRQG��$���	�/DQJKRUQH��3����������
�2FFXSDWLRQDO�WKHUDS\�IRU�DGXOWV�ZLWK�SUREOHPV�LQ�DFWLYLWLHV�RI�GDLO\�OLYLQJ�DIWHU�VWURNH��7KH�
�&RFKUDQH�GDWDEDVH�RI�V\VWHPDWLF�UHYLHZV��������&'��������
�KWWSV���GRL�RUJ������������������&'�������SXE��

�0DLHU��0���%DOOHVWHU��%��5���	�9HUVFKXUH��3����������3ULQFLSOHV�RI�1HXURUHKDELOLWDWLRQ�$IWHU�6WURNH�
�%DVHG�RQ�0RWRU�/HDUQLQJ�DQG�%UDLQ�3ODVWLFLW\�0HFKDQLVPV��)URQWLHUV�LQ�V\VWHPV�QHXURVFLHQFH��
���������KWWSV���GRL�RUJ���������IQV\V������������

�5DKD\X��8��%���:LERZR��6���6HW\RSUDQRWR��,���	�+LEDWXOODK�5RPOL��0����������(IIHFWLYHQHVV�RI�
�SK\VLRWKHUDS\�LQWHUYHQWLRQV�LQ�EUDLQ�SODVWLFLW\��EDODQFH�DQG�IXQFWLRQDO�DELOLW\�LQ�VWURNH�VXUYLYRUV��
�$�UDQGRPL]HG�FRQWUROOHG�WULDO��1HXUR5HKDELOLWDWLRQ������������±�����
�KWWSV���GRL�RUJ���������15(��������

�6DPSDLR�%DSWLVWD��&���6DQGHUV��=��%���	�-RKDQVHQ�%HUJ��+����������6WUXFWXUDO�3ODVWLFLW\�LQ�
�$GXOWKRRG�ZLWK�0RWRU�/HDUQLQJ�DQG�6WURNH�5HKDELOLWDWLRQ��$QQXDO�UHYLHZ�RI�QHXURVFLHQFH������
���±����KWWSV���GRL�RUJ���������DQQXUHY�QHXUR���������������

�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ���������6WURNH�)DFWV��&HQWHUV�IRU�'LVHDVH�&RQWURO�
�DQG�3UHYHQWLRQ���KWWSV���ZZZ�FGF�JRY�VWURNH�IDFWV�KWP����

�6]HOHQEHUJHU��5���.RVWND��-���6DOXN�%LMDN��-���	�0LOOHU��(����������3KDUPDFRORJLFDO�,QWHUYHQWLRQV�
�DQG�5HKDELOLWDWLRQ�$SSURDFK�IRU�(QKDQFLQJ�%UDLQ�6HOI�UHSDLU�DQG�6WURNH�5HFRYHU\��&XUUHQW�
�QHXURSKDUPDFRORJ\�����������±����KWWSV���GRL�RUJ����������������;������������������
�=KDR��-��/���-LDQJ��:��7���:DQJ��;���&DL��=��'���/LX��=��+���	�/LX��*��5����������([HUFLVH��EUDLQ�
�SODVWLFLW\��DQG�GHSUHVVLRQ��&16�QHXURVFLHQFH�	�WKHUDSHXWLFV������������±�����
�KWWSV���GRL�RUJ���������FQV�������
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�(WKDQ�$QJHOHV�
�7HHQ�:HLJKWOLIWLQJ��$YRLGLQJ�,QMXU\�DQG�5LVN�

�,1752'8&7,21�
�,Q�UHFHQW�\HDUV��ZHLJKWOLIWLQJ�KDV�EHFRPH�
�SRSXODU�DPRQJ�WKH�WHHQDJHV��$V�UHFHQWO\�DV�
�����������RI�WHHQV��DFFRUGLQJ�WR�D�
�TXHVWLRQQDLUH�FRQGXFWHG�E\�WKH�&HQWHU�IRU�
�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��SDUWLFLSDWH�
�LQ�ZHLJKW�WUDLQLQJ�H[HUFLVHV�WKUHH�����RU�PRUH�
�GD\V�D�ZHHN��:DQJ���������%HFDXVH�RI�WKLV�
�ULVH�LQ�LQWHUHVW�DPRQJ�WHHQDJHUV��LW�LV�
�LPSRUWDQW�WR�NQRZ�WKH�WUDLQLQJ�ULVNV�DQG�KRZ�
�WR�DYRLG�LQMXULHV��$�FRPPRQ�P\WK�LV�WKDW�
�ZHLJKW�WUDLQLQJ�DQG�KLJK�LPSDFW�VSRUWV�FDQ�
�VWXQW�\RXU�JURZWK�DQG�GDPDJH�JURZWK�SODWHV��
�+RZHYHU��WKLV�P\WK�PD\�EH�WUXH�ZKHQ�
�LPSURSHU�IRUP�DQG�ZHLJKW�DUH�XVHG�ZKLOH�
�SHUIRUPLQJ�D�VSHFLILF�PRYHPHQW��$�KDQGIXO�RI�
�ULVNV�PD\�KDSSHQ�ZKLOH�OLIWLQJ�ZHLJKWV��EXW�WKH�
�EHQHILWV�FDQ�RXWZHLJK�WKH�ULVNV�ZKHQ�WDNLQJ�
�WKH�ULJKW�SUHFDXWLRQV�DQG�WLPH��3HUH]���������
�7KLV�SDSHU�ZLOO�GLVFXVV�WKH�EHQHILFLDO�KDELWV�
�WKDW�WHHQDJHUV�VKRXOG�KDYH�WR�UHGXFH�
�VKRUW�WHUP�RU�HYHQ�ORQJ�WHUP�LQMXULHV��,W�ZLOO�
�DOVR�GLVFXVV�WKH�GLIIHUHQFHV�EHWZHHQ�
�ERG\EXLOGLQJ��ZHLJKWOLIWLQJ��DQG�SRZHUOLIWLQJ��

�%RG\EXLOGLQJ�
�$FFRUGLQJ�WR�3DUU\��%RG\EXLOGLQJ�LV�WKH�XVH�RI�
�K\SHUWURSK\�WUDLQLQJ�WR�LQFUHDVH�PXVFOH�PDVV�
�DQG�VL]H�IRU�DHVWKHWLFV�UDWKHU�WKDQ�WKH�
�SXUSRVH�RI�EHLQJ�DEOH�WR�OLIW�D�ODUJH�VXP�RI�
�ZHLJKW���������3HRSOH�PLJKW�FRPSHWH�LQ�
�ERG\EXLOGLQJ�FRPSHWLWLRQV��ZKHUH�WKH\�DUH�
�VFRUHG�RQ�WKHLU�PXVFOH�FRQWURO�WR�FRUUHFWO\�
�SHUIRUP�SRVHV��,Q�PDQ\�FRPSHWLWLRQV��WKHUH�
�DUH�PDQ\�PDQGDWRU\�SRVHV�LQ�ZKLFK�
�ERG\EXLOGHUV�PXVW�SHUIRUP��VXFK�DV�WKH�IURQW�
�GRXEOH�ELFHS�LQ�ZKLFK�FRPSHWLWRUV�OLIW�WKHLU�
�DUPV�DQG�EULQJ�WKHP�GRZQ�WR�IOH[�WKH�ELFHSV��
�$QRWKHU�LV�WKH�ODW�VSUHDG�LQ�ZKLFK�FRPSHWLWRUV�
�UHDFK�EDFN��VTXHH]H�WKHLU�ZDLVW��DQG�VSUHDG�
�WKHLU�VKRXOGHUV�RXW�WR�FUHDWH�D�9�VKDSH�ZLWK�
�WKHLU�WRUVR��

�:HLJKWOLIWLQJ�
�:HLJKWOLIWLQJ�LV�D�FRPSHWLWLYH�VSRUW�ZLWK�WZR�
�PDLQ�OLIWV��WKH�VQDWFK��DQG�WKH�FOHDQ�DQG�MHUN��

�7KH�VQDWFK�LV�D�PRYHPHQW�LQ�ZKLFK�WKH�
�FRPSHWLWRU�OLIWV�WKH�EDUEHOO�RII�WKH�JURXQG�WR�
�DERYH�WKHLU�KHDG��7KH�FOHDQ�DQG�MHUN�DUH�
�VLPLODU�WR�WKH�VQDWFK�LQ�ZKLFK�WKH�JRDO�LV�WR�OLIW�
�WKH�EDUEHOO�DERYH�WKHLU�KHDG��+RZHYHU��WKH�
�GLIIHUHQFH�LV�EHWZHHQ�WKHVH�WZR�PRYHPHQWV�
�ZKHUH�WKH�FOHDQ�DQG�MHUN�LV�D�PRYHPHQW�
�ZKHQ�WKH�FRPSHWLWRU�OLIWV�WKH�EDUEHOO�XS�EXW�
�WKHQ�WZLVWV�WKHLU�HOERZV�IRUZDUG��DOORZLQJ�WKH�
�EDUEHOO�WR�UHVW�RQ�WKHLU�XSSHU�FKHVW��7KH\�WKHQ�
�HLWKHU�WKUXVW�WKH�EDU�XS�DQG�ODQG�LQ�D�VTXDW�
�SRVLWLRQ�RU�D�OXQJH��

�3RZHUOLIWLQJ�
�3RZHUOLIWLQJ�LV�PXFK�OHVV�WHFKQLFDO�FRPSDUHG�
�WR�ZHLJKWOLIWLQJ��:HLJKWOLIWLQJ�KDV�PRUH�
�FRPSOH[�PRYHPHQWV�ZKLOH�SRZHUOLIWLQJ�KDV�
�PRUH�VLPSOH�PRYHPHQWV�LQ�ZKLFK�WKH�EDU�
�SDWK�JRHV�LQ�RQH�RU�WZR�GLUHFWLRQV��7KH�PDLQ�
�OLIWV�RI�SRZHUOLIWLQJ�LQFOXGH�WKH�EHQFK�SUHVV��
�WKH�VTXDW��DQG�WKH�GHDGOLIW��
�7KH�GHDGOLIW�LV�ZKHQ�WKH�EDUEHOO�LV�OLIWHG�RII�WKH�
�JURXQG�FORVH�WR�WKH�OLIWHU¶V�VKLQV��7KH�
�ZHLJKWOLIWHU¶V�EDFN�LV�NHSW�VWUDLJKW�ZKLOH�OLIWLQJ�
�WKH�EDUEHOO�LQ�D�KLQJH�PRWLRQ��
�7KH�VTXDW�FDQ�EH�FRPSOHWHG�DV�D�IURQW�VTXDW�
�RU�EDFN�VTXDW��)RU�D�IURQW�VTXDW��WKH�
�ZHLJKWOLIWHU�KDV�D�EDU�UHVWLQJ�RQ�WKHLU�KDQGV�
�DQG�XSSHU�FKHVW��%\�EHQGLQJ�WKHLU�NQHHV�DQG�
�NHHSLQJ�WKH�EDFN�VWUDLJKW��WKH\�ZLOO�OLIW�EDFN�XS�
�XVLQJ�WKHLU�TXDGULFHS�PXVFOH�DQG�KDPVWULQJ�
�PXVFOHV�WR�OLIW�WKH�EDUEHOO�EDFN�XS��
�7KH�EHQFK�SUHVV�UHTXLUHV�WKH�OLIWHU�WR�OD\�RQ�D�
�EHQFK�DQG�SXVK�WKH�EDUEHOO�RII�RI�WKHLU�FKHVW��

�:K\�7HHQV�*HW�,QMXUHG�
�0DQ\�LQMXULHV�ZLWKLQ�ZHLJKWOLIWLQJ�RIWHQ�FRPH�
�IURP�D�SRRU�IRUP�GXULQJ�D�FHUWDLQ�OLIW�RU�XVLQJ�
�LQFRUUHFW�ZHLJKW��$Q�H[DPSOH�RI�SRRU�IRUP�LQ�
�ZHLJKWOLIWLQJ�FRXOG�EH�QRW�KDYLQJ�D�VWUDLJKW�
�VSLQH�ZKLOH�SHUIRUPLQJ�D�FRPSRXQG�OLIW�VXFK�
�DV�D�GHDGOLIW�RU�D�VQDWFK�ZKLFK�FRXOG�UHVXOW�LQ�
�D�VSLQDO�LQMXU\�RU�OXPEDU�LQMXU\��
�$QRWKHU�ZD\�WHHQV�FDQ�JHW�LQMXUHG�LV�E\�
�KDYLQJ�DQ�LPSURSHU�ORDG�RQ�WKH�EDU��,I�WKH\�
�MHUN�WKH�EDU�PHDQLQJ��WKHUH�LV�VODFN�LQ�WKHLU�

�3DJH������



�DUPV�DQG�VKRXOGHUV��WKH\�PD\�FDXVH�DQ�
�LQMXU\�WR�WKHLU�DUPV��VXFK�DV�D�PXVFOH�VWUDLQ�
�DQG�RU�WHDULQJ�RI�D�WHQGRQ��7KH\�PD\�DOVR�
�ORVH�EDODQFH�ZKLOH�KROGLQJ�WKH�LPSURSHU�ORDG��
�ZKLFK�FRXOG�FDXVH�WKHP�WR�IDOO�RYHU��7KHVH�
�DUH�VRPH�RI�WKH�PRVW�FRPPRQ�LQMXULHV�WKDW�
�PD\�KDSSHQ�ZKLOH�ZHLJKWOLIWLQJ��

�$YRLGLQJ�,QMXULHV�
�7KH�EHVW�ZD\V�WR�DYRLG�LQMXU\�RU�WKH�
�LQFUHDVHG�ULVN�DUH�WR�VWUHWFK�DQG�ZDUP�XS�
�EHIRUH�SHUIRUPLQJ�DQ\�OLIW��XVLQJ�WKH�FRUUHFW�
�ORDG�DQG�HTXLSPHQW�IRU�WKH�H[HUFLVH��XVLQJ�
�FRUUHFW�IRUP�GXULQJ�H[HUFLVHV�WKDW�KHDYLO\�
�IRFXV�RQ�PXOWLSOH�PXVFOHV��DQG�DOORZLQJ�IRU�
�HQRXJK�UHVW�WLPH�LQ�EHWZHHQ�OLIWLQJ�VHWV��

�6WUHWFKLQJ�
�6WUHWFKLQJ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�WKLQJV�
�WR�GR�EHIRUH�SHUIRUPLQJ�DQ\�H[HUFLVH�
�EHFDXVH�LW�DOORZV�WKH�PXVFOHV�WR�EHFRPH�
�PRUH�IOH[LEOH�DQG�FRPSOHWH�PRUH�FRPSOH[�
�PRYHPHQWV��%\�QRW�VWUHWFKLQJ�SULRU�WR�OLIWLQJ��LW�
�PLJKW�PHDQ�WKH�OLIWHU�FDQQRW�SHUIRUP�WKH�
�H[HUFLVH�WR�LWV�IXOOHVW�DQG�UHFHLYH�WKH�
�H[SHFWHG�UHVXOWV��

�7KH�EHVW�W\SH�RI�VWUHWFKLQJ�WR�GR�EHIRUH�OLIWLQJ�
�ZHLJKWV�LV�G\QDPLF�VWUHWFKLQJ��'\QDPLF�
�VWUHWFKLQJ�LV�PRYHPHQW�EDVHG�LQ�ZKLFK�WKH�
�PXVFOHV�DUH�QRW�EHLQJ�VWUHWFKHG�LQ�D�IL[HG�
�SRVLWLRQ��$Q�H[DPSOH�RI�G\QDPLF�VWUHWFKLQJ�LV�
�OHJ�VZLQJV�DJDLQVW�D�ZDOO�LQ�ZKLFK�\RX�VZLQJ�
�\RXU�OHJ�IURP�PHGLDOO\�WR�ODWHUDOO\�ZKLOH�
�VXSSRUWLQJ�\RXUVHOI�RQ�D�ZDOO��7KLV�FDQ�VWUHWFK�
�WKH�KLS�IOH[RU�PXVFOHV�ZKLFK�DUH�WKH�LOLDFXV��
�SVRDV�PDMRU��UHFWXV�IHPRULV��DQG�VDUWRULXV��
�7KHVH�PXVFOHV�DUH�PRVW�LPSRUWDQW�GXULQJ�
�KLQJLQJ�ZHLJKWOLIWLQJ�DFWLYLWLHV�DQG�FRPSRXQG�
�OHJ�H[HUFLVHV�VXFK�DV�VTXDWV��OXQJHV��VSOLW�
�VTXDWV��DQG�GHDGOLIWV��

�$QRWKHU�H[DPSOH�RI�G\QDPLF�VWUHWFKLQJ�LV�DUP�
�FLUFOHV�LQ�ZKLFK�\RX�H[WHQG�\RXU�DUPV�RXW�
�ODWHUDOO\�DQG�PRYH�WKHP�LQ�D�FLUFXODU�PRWLRQ�
�PRYLQJ�FORFNZLVH�VWDUWLQJ�VPDOO�DQG�PDNLQJ�
�WKH�FLUFXODU�PRWLRQV�JUDGXDOO\�ODUJHU�IRU�������
�VHFRQGV��WKHQ�\RX�UHSHDW�WKH�PRWLRQ��EXW�LQ�D�
�FRXQWHU�FORFNZLVH�GLUHFWLRQ��7KLV�ZDUPV�XS�
�WKH�URWDWRU�FXII�PXVFOHV��ZKLFK�DUH�WKH�

�VXEVFDSXODULV��WHUHV�PLQRU��LQIUDVSLQDWXV��DQG�
�VXSUDVSLQDWXV��5RWDWRU�FXII�PXVFOHV�DUH�EHLQJ�
�XVHG�LQ�QHDUO\�HYHU\�XSSHU�ERG\�H[HUFLVHV��
�LQFOXGLQJ�WKH�EHQFK�SUHVV��LQFOXGHG�GXPEEHOO�
�SUHVV��DQG�ODW�SXOOGRZQV��

�&RUUHFW�:HLJKW�
�0DQ\�SHRSOH�ZKR�OLIW�ZHLJKWV�IUHTXHQWO\�RU�
�VHPL�IUHTXHQWO\�PD\�ZDQW�WR�³HJR�OLIW�´�
�PHDQLQJ�WKH\�WU\�WR�OLIW�D�PD[LPXP�DPRXQW�RI�
�ZHLJKW�ZKLOH�XVLQJ�SRRU�IRUP��(JR�OLIWLQJ�FDQ�
�EH�YHU\�GDQJHURXV�DQG�LV�RQH�RI�WKH�PRVW�
�FRPPRQ�ZD\V�SHRSOH�ZKR�OLIW�DUH�LQMXUHG�
�EHFDXVH�WKH\�DUHQ¶W�DZDUH�RI�KRZ�PXFK�
�ZHLJKW�WKH\�FDQ�KDQGOH�IRU�FHUWDLQ�UHSHWLWLRQ�
�UDQJHV��$FFRUGLQJ�WR�6PLWK��LI�WKH�OLIWHU�FDQ�
�RQO\�GR�����UHSV�RI�D�FHUWDLQ�ZHLJKW��WKHQ�WKDW�
�ZHLJKW�LV�FRQVLGHUHG�WR�EH�³KHDY\´�IRU�WKHLU�
�VWUHQJWK�DELOLWLHV���������,I�WKH�DPRXQW�RI�
�UHSHWLWLRQV�WKH�ZHLJKWOLIWHU�FDQ�GR�LV�EHWZHHQ�
�������WKHQ�WKDW�LV�FRQVLGHUHG�D�³PRGHUDWH´�
�ZHLJKW��WKLV�LV�ZKDW�PDQ\�ERG\EXLOGHUV�
�FKRRVH�WR�OLIW�WR�LQFUHDVH�PXVFOH�PDVV�DQG�
�VKDSH��/DVWO\��DQ\WKLQJ�RYHU����UHSHWLWLRQV�LV�
�FRQVLGHUHG�³OLJKW´�ZHLJKW��
�,W�LV�RIWHQ�UHFRPPHQGHG�WR�EHJLQQHUV�DQG�
�\RXQJ�WHHQDJHUV�ZKR�VWDUW�OLIWLQJ�ZHLJKWV�WR�
�RIWHQ�XVH�D�ZHLJKW�WKDW�LV�FRQVLGHUHG�³OLJKW´�WR�
�SHUIHFW�WKHLU�IRUP�WR�SUHYHQW�GDPDJH�DQG�
�LQMXULHV�WR�WKHLU�ERG\��

�+RZ�7HHQV�&DQ�/LIW�6DIHO\�
�:KHQ�PDQ\�WHHQDJHUV�WKLQN�RI�VWDUWLQJ�WR�OLIW�
�ZHLJKWV��WKH\�RIWHQ�WU\�WR�OLIW�DV�PXFK�ZHLJKW�
�DV�SRVVLEOH�LQVWHDG�RI�WKLQNLQJ�DERXW�WKHLU�
�IRUP�GXULQJ�WKHLU�H[HUFLVH��7KH�HDVLHVW�ZD\�WR�
�SHUIHFW�\RXU�IRUP�LV�WR�VWDUW�ZLWK�D�YHU\�ORZ�
�ZHLJKW�RU�QR�ZHLJKW�DW�DOO�WR�SHUIHFW�WKH�IRUP�
�DQG�WDNH�WKH�WLPH�QHHGHG�GXULQJ�WKH�
�FRQFHQWULF�DQG�HFFHQWULF�SDUWV�RI�WKH�
�H[HUFLVH��(FFHQWULF�PHDQV�WKH�PRYHPHQW�RI�
�WKH�OLIW�LQ�ZKLFK�WKH�WDUJHWHG�PXVFOH�V��DUH�
�EHLQJ�VWUHWFKHG�DQG�OHQJWKHQHG��VXFK�DV�WKH�
�GRZQ�PRYHPHQW�GXULQJ�D�VTXDW�RU�EHQFK�
�SUHVV��&RQFHQWULF�PHDQV�WKH�PRYHPHQW�RI�
�WKH�OLIW�LQ�ZKLFK�WKH�WDUJHWHG�PXVFOH�V��DUH�
�EHLQJ�FRQWUDFWHG�DQG�VKRUWHQLQJ�VXFK�DV�WKH�
�SXOOLQJ�PRYHPHQW�GXULQJ�D�SXOO�XS��

�:K\�7HHQV�6KRXOG�/LIW�
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�7KH�PDLQ�UHDVRQ�PDQ\�WHHQV�JHW�LQWR�
�ZHLJKWOLIWLQJ�LV�WR�EHFRPH�VWURQJHU�DQG�VKRZ�
�RII�WKHLU�VWUHQJWK��EXW�WKHUH�DUH�PDQ\�PRUH�
�EHQHILWV�RI�ZHLJKWOLIWLQJ�IRU�WHHQDJHUV��2QH�RI�
�WKHVH�EHQHILWV�LV�WKDW�PDQ\�WHHQDJHUV�KDYH�
�LQFUHDVHG�FRQILGHQFH�DQG�ORZHU�GHSUHVVLYH�
�PRRGV��DV�VKRZQ�LQ�D�VWXG\�E\�%UHWW�*RUGRQ��
�D�SRVWGRFWRUDO�IHOORZ�VWXG\LQJ�H[HUFLVH�DQG�
�FDQFHU�DW�WKH�8QLYHUVLW\�RI�3HQQV\OYDQLD�
�6WDWH��*RUGRQ���������+H�FRQFOXGHG�WKDW�WKH�
�LQFUHDVHG�IHHOLQJ�RI�FRQILGHQFH�PLJKW�FRPH�
�IURP�WKH�IHHOLQJ�RI�DFFRPSOLVKPHQW�RI�RQH¶V�
�VHOI�WKDW�FRPHV�IURP�H[HUFLVLQJ�DQG�WKH�JRDO�

�RI�LQFUHDVLQJ�UHSHWLWLRQ�UDQJHV�DQG�ZHLJKW�RQ�
�VSHFLILF�H[HUFLVHV��

�7HHQV
�LQWHUHVW�LQ�ZHLJKWOLJKW�KDV�LQFUHDVHG�
�GUDPDWLFDOO\�LQ�WKH�SDVW�WZR�GHFDGHV��7KLV�
�LQFUHDVLQJ�LQWHUHVW�KDV�QRZ�PDGH�LW�PRUH�
�QHFHVVDU\�WKDQ�HYHU��IRU�\RXQJ�WHHQV�ZKR�DUH�
�VWDUWLQJ�WR�ZHLJKW�OLIW��WKDW�PDQ\�NQRZ�WKH�
�ULVNV�RI�WKHVH�VSHFLILF�H[HUFLVHV�DQG�KRZ�WR�
�SURSHUO\�SHUIRUP�WKHP�ZLWK�PLQLPDO�ULVN�RI�
�LQMXU\��7KURXJK�SURSHU�SDWLHQFH�DQG�OHDUQLQJ��
�PDQ\�WHHQV�ZLOO�EH�DEOH�WR�VXFFHHG�LQ�WKHLU�
�JRDOV�ZLWKLQ�UHFUHDWLRQDO�DFWLYLW\�DQG�SRVVLEO\�
�ZLWKLQ�WKH�VSRUW��

�5()(5(1&(6�
�*RUGRQ��%��5���0F'RZHOO��&��3���+DOOJUHQ��0���0H\HU��-��'���/\RQV��0���	�+HUULQJ��0��3����������
�$VVRFLDWLRQ�RI�(IILFDF\�RI�5HVLVWDQFH�([HUFLVH�7UDLQLQJ�:LWK�'HSUHVVLYH�6\PSWRPV��
�0HWD�DQDO\VLV�DQG�0HWD�UHJUHVVLRQ�$QDO\VLV�RI�5DQGRPL]HG�&OLQLFDO�7ULDOV��-$0$�SV\FKLDWU\��
�����������±�����KWWSV���GRL�RUJ���������MDPDSV\FKLDWU\�����������

�2SOHU��/��'����������<RXU�EUDLQ�RQ�EDUEHOOV��&RXOG�VWUHQJWK�WUDLQLQJ�KHOS�LPSURYH�\RXU�PRRG"�
�:DVKLQJWRQ�3RVW��

�3HUH]��$����������'RHV�ZHLJKW�WUDLQLQJ�VWXQW�JURZWK"�_�7KLQN�7ZLFH��87�$XVWLQ��
�KWWSV���VLWHV�XWH[DV�HGX�WKLQN�WZLFH������������GRHV�ZHLJKW�WUDLQLQJ�VWXQW�JURZWK��

�3DUU\��$����������:HLJKWOLIWLQJ�9HUVXV�3RZHUOLIWLQJ��'LIIHUHQFHV�DQG�&RPSDULVRQ��&KDUDFWHU�
�VWUHQJWK��
�KWWSV���ZZZ�FKDUDFWHUVWUHQJWK�FR�XN�SRVW�ZHLJKWOLIWLQJ�YHUVXV�SRZHUOLIWLQJ�GLIIHUHQFHV�DQG�FRPS�
�DULVRQ��

�6PLWK��-����������+RZ�WR�&KRRVH�WKH�5LJKW�:HLJKW�WR�/LIW�:KHQ�<RX�+LW�WKH�*\P��5XQQHU¶V�
�:RUOG��KWWSV���ZZZ�UXQQHUVZRUOG�FRP�WUDLQLQJ�D���������KRZ�PXFK�ZHLJKW�VKRXOG�L�OLIW��

�:DQJ��5����������0RUH�7HHQV�7XUQLQJ�7R�:HLJKW�/LIWLQJ��0RXQWDLQHHU��
�KWWSV���VKVQHZV�RUJ�������VSRUWV�PRUH�WHHQV�WXUQLQJ�WR�ZHLJKW�OLIWLQJ��
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�*DXWKDP�5DQJDQDWKDQ�

�2EVHUYDWLRQ�RI�.HUDWRVLV�3LODULV�LQ�D�0XOWL�*HQHUDWLRQ�)DPLO\�DQG�WKH�&RPSDUDWLYH�6WXG\�
�RI�7XUPHULF�5RVH�:DWHU�DQG�/RRIDK�7KHUDSLHV�RQ�5HGXFLQJ�.HUDWRVLV��

�$%675$&7�
�.HUDWRVLV�3LODULV�LV�D�IRUP�RI�EXLOW�XS�NHUDWLQ�
�WKDW�SUHVHQWV�DV�VPDOO�EXPSV�RQ�DUHDV�RI�WKH�
�ERG\��VXFK�DV�WKH�DUPV��EXWWRFNV��FKHHNV��
�DQG�WKLJKV��7KHVH�EXPSV�DUH�KDUPOHVV��
�QRQ�FRQWDJLRXV��DQG�XVXDOO\��UHVROYH�ZLWK�
�DJH��.HUDWRVLV�3LODULV�LV�D�KHUHGLWDU\�
�GHUPDWRORJLFDO�GLVHDVH�SDVVHG�IURP�WKH�
�SDUHQW�V���

�7KLV�VWXG\�LQYHVWLJDWHV�WKH�LQFLGHQFH�RI�
�NHUDWRVLV�LQ�D�PXOWL�JHQHUDWLRQ�IDPLO\��
�.HUDWRVLV�SLODULV�RU�UHG�EXPSV�ZDV�ILUVW�
�REVHUYHG�RQ�WKH�XSSHU�IRUHDUPV�DW�SXEHUW\�
�RQVHW��DSSUR[LPDWHO\��DJH�����$V�SDUW�RI�WKLV�
�UHVHDUFK��D�PXOWL�JHQHUDWLRQDO�IDPLO\�ZDV�
�LQWHUYLHZHG��WR�ILQG�RXW�PRUH�DERXW�WKH�
�KHUHGLWDU\�QDWXUH�RI�WKLV�GLVHDVH��

�7KH�HIIHFW�RI�DSSO\LQJ�D�PL[WXUH�RI�WXUPHULF�
�DQG�URVH�ZDWHU�RQ�NHUDWRVLV�ZDV�REVHUYHG�DV�
�D�WUHDWPHQW�RSWLRQ��$GGLWLRQDOO\��WKH�HIIHFW�RI�
�XVLQJ�D�SODQW�EDVHG�VFUXEEHU�ORRIDK�RQ�
�NHUDWRVLV�ZDV�REVHUYHG��

�$�FRPSDULVRQ�RI�WKH�UHVXOWV�RI�WKH�
�WXUPHULF�URVH�ZDWHU�WKHUDS\�DQG�WKH�ORRIDK�
�WKHUDS\�ZDV�PDGH�WR�FRQFOXGH�ZKLFK�LV�D�
�EHWWHU�VROXWLRQ�IRU�NHUDWRVLV��

�,1752'8&7,21�
�.HUDWRVLV�3LODULV��D�EHQLJQ�KHUHGLWDU\�
�GHUPDWRORJLFDO�GLVHDVH��LV�VHHQ�WR�KDYH�D�
�JHQHWLF�FRPSRQHQW�>�@��7KH�GLVHDVH�SUHVHQWV�
�ZLWK�EXLOW�XS�NHUDWLQ�DV�VPDOO�EXPSV�RQ�DUHDV�
�RI�WKH�ERG\�WKDW�UHVROYH�ZLWK�DJH�>�@��

�7KHUH�DUH�VHYHUDO�FOLQLFDO�WULDOV�WKDW�KDYH�
�EHHQ�FRQGXFWHG�IRU�NHUDWRVLV�WUHDWPHQW�DQG�
�HDFK�HYDOXDWHV�D�FKHPLFDO�RU�GUXJ�DSSOLFDWLRQ�
�IRU�NHUDWRVLV�>�@��7KLV�UHVHDUFK�IRFXVHV�RQ�WKH�
�XVH�RI�SODQW�EDVHG�SURGXFWV�WR�VHH�LI�WKH\�ZLOO�

�UHGXFH�NHUDWRVLV��

�7KH�JRDO�RI�WKLV�UHVHDUFK�LV�WR�FUHDWH�D�WRRONLW�
�IRU�NHUDWRVLV�WKDW�FDQ�EH�SDVVHG�WR�WKH�
�DXWKRU¶V�UHODWLYHV�ZKR�ZLOO�VRRQ�EH�UHDFKLQJ�
�DGROHVFHQW�DJH�DQG�PD\�GHYHORS�NHUDWRVLV��
�7KLV�WRRONLW�FRQWDLQLQJ�SODQW�EDVHG�SURGXFWV�
�OLNH�WXUPHULF�URVH�ZDWHU��DQG�ORRIDK�FDQ�WKHQ�
�EH�VRFLDOL]HG�DQG�ZLGHO\�XVHG�IRU�RWKHU�
�IDPLOLHV�ZLWK�NHUDWRVLV��7KLV�SODQW�EDVHG�
�WRRONLW�ZLOO�KHOS�LQ�LPSURYLQJ�WKH�PRUDOH�RI�
�\RXQJ�DGROHVFHQWV�ZLWK�NHUDWRVLV��
�5RVH�ZDWHU�FRQWDLQV�PDQ\�LPSRUWDQW�
�PDWHULDOV�WKDW�KHOS�WKH�VNLQ��LQFOXGLQJ�
�YLWDPLQV�%�DQG�&��5RVH�ZDWHU�LV�VDLG�WR�
�UHPRYH�RLO�DQG�GLUW�IURP�WKH�VNLQ��EH�
�DQWLEDFWHULDO��DQG�QRW�FORJ�\RXU�SRUHV�>�@��
�7XUPHULF�FRQWDLQV�DQ�DFWLYH�LQJUHGLHQW�NQRZQ�
�DV�FXUFXPLQ�WKDW�SURYLGHV�EHQHILWV�ZKHQ�XVHG�
�RQ�WKH�VNLQ��,W�FDQ�KHOS�H[IROLDWH�GHDG�VNLQ�
�FHOOV�DQG�UHGXFH�DFQH�>�@��

�$�ORRIDK�LV�D�QDWXUDO�SURGXFW��DV�LW�FRPHV�
�IURP�WKH�ORRIDK�SODQW��,W�LV�JUHDW�IRU�\RXU�VNLQ�
�VLQFH�LW�WDNHV�DZD\�GHDG�VNLQ��GLUW��DQG�RLOV��
�DQG�LW�LV�VDIH�WR�XVH�>�@��

�([LVWLQJ�UHVHDUFK�KDV�VWXGLHG�WKH�HIIHFWV�RI�
�ODVHUV�RQ�NHUDWRVLV�DQG�WKH�DSSOLFDWLRQ�RI�
�FHUWDLQ�DFLGV�DQG�PLQHUDO�RLOV�WR�UHGXFH�
�NHUDWRVLV�>�@��7KHUH�LV�QR�UHVHDUFK�WKDW�KDV�
�VWXGLHG�WKH�HIIHFW�RI�QDWXUDO�SURGXFWV�DV�
�WKHUDSLHV�WR�UHGXFH�NHUDWRVLV�SLODULV��
�7KLV�VWXG\�HYDOXDWHV�DQG�FRPSDUHV�WZR�
�WKHUDSLHV��RQH��WKH�DSSOLFDWLRQ�RI�D�
�WXUPHULF�URVH�ZDWHU�PL[��DQG�WKH�RWKHU��WKH�
�DSSOLFDWLRQ�RI�D�ORRIDK��WR�UHGXFH�NHUDWRVLV��
�7KH�WZR�WKHUDSLHV�ZHUH�DSSOLHG�DW�WKH�VDPH�
�WLPH��WXUPHULF�URVH�ZDWHU�PL[�RQ�WKH�OHIW�DUP�
�DQG�ORRIDK�RQ�WKH�ULJKW��6XUYH\�UHVSRQGHQWV�
�YRWHG�RQ�WKH�EHIRUH�DQG�DIWHU�SLFWXUHV�RI�WKH�
�WZR�WUHDWPHQWV��
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�+\SRWKHVLV�
�S�WXUPHULF�URVH����7KH�SURSRUWLRQ�RI�
�UHVSRQGHQWV�WKDW�VHOHFWHG�WKH�SRVW�WUHDWPHQW�
�OHIW�DUP�SLFWXUH�WR�KDYH�VPRRWKHU�VNLQ��
�LQGLFDWHV�WXUPHULF�URVH�ZDWHU�WKHUDS\�LV�
�HIIHFWLYH��

�S�ORRIDK����7KH�SURSRUWLRQ�RI�UHVSRQGHQWV�WKDW�
�VHOHFWHG�WKH�SRVW�WUHDWPHQW�ULJKW�DUP�SLFWXUH�
�WR�KDYH�VPRRWKHU�VNLQ��LQGLFDWHV�ORRIDK�
�WKHUDS\�LV�HIIHFWLYH��

�1XOO�+\SRWKHVLV�
�7KH�WXUPHULF�URVH�ZDWHU�WKHUDS\�LV�PRUH�
�HIIHFWLYH�RU�DW�OHDVW�HTXDO�WR�WKH�ORRIDK�
�WKHUDS\�WR�UHGXFH�.HUDWRVLV�3LODULV��

�S�WXUPHULF�URVH��! �S�ORRIDK��

�5HVHDUFK�+\SRWKHVLV�
�7KH�ORRIDK�WKHUDS\�LV�EHWWHU�WKDQ�WKH�
�WXUPHULF�URVH�ZDWHU�WKHUDS\�WR�UHGXFH�
�.HUDWRVLV�3LODULV��

�S�WXUPHULF�URVH����S�ORRIDK��

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�SUHVHQFH�RI�JHQHWLF�WUDQVPLVVLRQ�RI�
�NHUDWRVLV�LQ�D�PXOWL�JHQHUDWLRQDO�IDPLO\�ZDV�
�LQYHVWLJDWHG�E\�FRQGXFWLQJ�DQ�LQWHUYLHZ�ZLWK�
�PHPEHUV�RI�WKH�DXWKRU¶V�IDPLO\�WR�ILQG�RXW�LI�
�NHUDWRVLV�LV�LQGHHG�KHUHGLWDU\��7KH�UHVHDUFK�
�ZDV�FRQGXFWHG�EHWZHHQ�0D\������±�$XJXVW�
�������

�,QWHUYLHZ�ZLWK�WKH�PXOWL�JHQHUDWLRQDO�IDPLO\�
�7R�REVHUYH�WKH�LQFLGHQFH�RI�.HUDWRVLV��D�
�*RRJOH�)RUPV�VXUYH\�ZDV�FUHDWHG�ZLWK�WKH�
�IROORZLQJ�TXHVWLRQV��

���� �7KLV�LV�D�VXUYH\�WR�REWDLQ�IDPLO\�GDWD�
�RQ�WKH�JHQHWLF�EDVLV�IRU�NHUDWRVLV��$OO�
�WKH�GDWD�REWDLQHG�LQ�WKLV�VXUYH\�ZLOO�EH�
�XVHG�ZLWKRXW�GLVFORVLQJ�SHUVRQDO�
�LQIRUPDWLRQ��

���� �,I�\RX�DUH�DQ�DGXOW�RI����\HDUV�RI�DJH�
�RU�PRUH��SOHDVH�DQVZHU�WKH�TXHVWLRQV�
�IRU�\RXUVHOI��

���� �,I�\RX�DUH�D�SDUHQW�RI�D�PLQRU�FKLOG�
�OHVV�WKDQ����\HDUV�RI�DJH��SOHDVH�WDNH�

�WKH�VXUYH\�DJDLQ��IRU�HDFK�RI�\RXU�
�FKLOGUHQ��

�1RWH��2QO\�RQH�SDUHQW�QHHGV�WR�FRPSOHWH�WKH�
�VXUYH\�IRU�HDFK�FKLOG��

�7DEOH����)DPLO\�,QIRUPDWLRQ��
�4���$UH�\RX�ILOOLQJ�WKH�VXUYH\�IRU�\RXUVHOI�RU�
�\RXU�FKLOG"�
�4���:KDW�LV�\RXU��RU�\RXU�FKLOG¶V��UHODWLRQVKLS�
�ZLWK�*DXWKDP"�3OHDVH�VSHFLI\���PDWHUQDO�
�DXQW��SDWHUQDO�XQFOH��HWF���
�4���:KDW�DJH�UDQJH�GR�\RX�EHORQJ�WR"�
����������������������������$ERYH����
�4���'R�\RX��RU�\RXU�FKLOG��KDYH�UHG�EXPSV�RQ�
�WKH�VNLQ�RI�\RXU�XSSHU�DUPV"�'LG�\RX�HYHU�
�KDYH�UHG�EXPSV�RQ�WKH�VNLQ�RI�\RXU�XSSHU�
�DUPV"�
�4���,I�\HV�WR�4���WKHQ�DW�ZKDW�DJH�GLG�\RX�
�ILUVW�QRWLFH�WKHP�RQ�\RX��RU�\RXU�FKLOG�"�
�4���,I�\HV�WR�4���WKHQ�DW�ZKDW�DJH�GLG�WKH\�
�VXEVLGH�RU�JR�DZD\"�
�4���'R�\RX��RU�\RXU�FKLOG��KDYH�WKHVH�UHG�
�EXPSV�RQ�DQ\�RWKHU�VNLQ�RQ�\RXU�ERG\"�,I�\RX�
�ZRXOG�OLNH��SOHDVH�PHQWLRQ��LI�QRW�\RX�PD\�
�PRYH�RQ��
�4���,I�\HV�WR�4���GR�\RX��RU�\RXU�FKLOG��ZLVK�
�\RX�FRXOG�PDNH�WKH�UHG�EXPSV�GLVDSSHDU"�
�3OHDVH�HQWHU�DQ\�RWKHU�IHHOLQJV�\RX�KDYH�
�DERXW�WKLV�VNLQ�DSSHDUDQFH�DQG�LWV�LPSDFW�RQ�
�\RXU��RU�FKLOG¶V��OLIH��

�7KHVH�TXHVWLRQV�ZHUH�VHQW�WKURXJK�D�VXUYH\�
�WR�WKH�DXWKRU¶V�PDWHUQDO�DQG�SDWHUQDO�IDPLO\��
�DQG�WKH�UHVXOWV�ZHUH�FROOHFWHG��

�&UHDWLQJ�WKH�WXUPHULF�URVH�ZDWHU�PL[�
�$�GR]HQ�UHG�URVHV�DQG������OEV��RI�WXUPHULF�
�ZHUH�SXUFKDVHG�IURP�WKH�ORFDO�JURFHU\�VWRUH��
�7KH�URVH�SHWDOV�ZHUH�VHSDUDWHG�IURP�WKH�
�EXQFK�DQG�WKH�WXUPHULF�ZDV�FKRSSHG�LQWR�
�VPDOO�SLHFHV��,Q�D�ODUJH�VWDLQOHVV�VWHHO�SRW����
���R]��FXSV�RU����R]�RI�ILOWHUHG�WDS�ZDWHU�ZHUH�
�DGGHG��1H[W��WKH�URVH�SHWDOV�DQG�WXUPHULF�
�ZHUH�DGGHG�WR�WKH�ILOWHUHG�ZDWHU��7KH�PL[WXUH�
�ZDV�ERLOHG�RQ�WKH�VWRYH�IRU����PLQXWHV��WKHQ�
�OHIW�WR�FRRO�WR�URRP�WHPSHUDWXUH��7KLV�PL[WXUH�
�ZDV�SDVVHG�WKURXJK�D�VWUDLQHU�WR�REWDLQ�D�
�WXUPHULF�URVH�ZDWHU�PL[WXUH��7KH�
�WXUPHULF�URVH�ZDWHU�PL[WXUH�PHDVXUHG��������
�R]��FXSV�RU����R]�DQG�ZDV�WKHQ�UHIULJHUDWHG��

�3DJH������



�3UH�&RQGLWLRQ�EHIRUH�WKH�H[SHULPHQW�
�$�ZHHN�EHIRUH�WKH�H[SHULPHQW�WKH�DXWKRU�
�PDGH�VXUH�WR�XVH�RQO\�VRDS�DQG�ZDWHU�LQ�WKH�
�PRUQLQJ�VKRZHU��1R�GHUPDWRORJLFDO�
�WUHDWPHQWV��DQWLELRWLFV��RU�ORRIDK��RWKHU�WKDQ�D�
�UHJXODU�PRLVWXUL]HU�ZHUH�DSSOLHG��7KLV�VDPH�
�SURFHVV�ZDV�FRQWLQXHG�IRU�WKH�HQWLUHW\�RI�WKH�
�H[SHULPHQW�WLPH�IUDPH��7KLV�ZDV�GRQH�WR�
�HQVXUH�WKDW�IXOO�EORZQ�NHUDWRVLV�LV�VHHQ�RQ�WKH�
�DUPV�DQG�QRW�UHGXFHG�E\�DQ\�RWKHU�IDFWRU��

�([SHULPHQW�ZLWK�WZR�GLIIHUHQW�WKHUDSLHV�RQ�WKH�
�DXWKRU¶V�OHIW�DQG�ULJKW�DUP�
�'D\��RI�WKH�H[SHULPHQW�±�0D\����������
�'D\��RI�WKH�H[SHULPHQW�±�-XQH���������

�3LFWXUHV�RI�WKH�DXWKRU¶V�OHIW�DUP�DQG�ULJKW�DUP�
�EHIRUH�WKH�VWDUW�RI�WKH�WUHDWPHQW�ZHUH�WDNHQ��
�RQ�WKH�QLJKW�RI�0D\�����������(YHU\�QLJKW�WKH�
�WXUPHULF�URVH�ZDWHU�PL[�ZDV�DSSOLHG�WR�WKH�
�OHIW�DUP��7KH�ORRIDK�ZDV�GLSSHG�LQ�ZDUP�
�ZDWHU�DQG�JHQWO\�UXEEHG�XS�DQG�GRZQ�WKH�
�ULJKW�DUP�IRU�DERXW����VHFRQGV��7KLV�
�WUHDWPHQW�ZDV�UHSHDWHG�HYHU\�QLJKW�RQ�ERWK�
�DUPV�IRU���GD\V��3LFWXUHV�RI�WKH�OHIW�DQG�ULJKW�
�DUPV�DIWHU�WKH�WUHDWPHQW�ZHUH�WDNHQ�RQ�WKH�
��WK�GD\��-XQH��WK��������$�1LNRQ�'���FDPHUD�
�ZDV�XVHG�WR�FDSWXUH�WKH�SLFWXUHV��

�7KH�EHIRUH�DQG�DIWHU�SLFWXUHV�ZHUH�FRPSDUHG�
�WR�VHH�WKH�HIIHFWV�RI�WKH�WUHDWPHQW��7R�UHPRYH�
�WKH�H[SHULPHQWHU¶V�ELDV��SDUWLFLSDQWV�ZHUH�
�HQOLVWHG�IURP�VRFLDO�QHWZRUNLQJ�WR�YRWH�RQ�WKH�
�SUH�WUHDWPHQW�DQG�SRVW�WUHDWPHQW�SLFWXUHV�WR�
�GHWHUPLQH�WKH�UHVXOWV�RI�WKH�DSSOLFDWLRQ��

�7DEOH����6XUYH\�IRU�5HVXOWV�
�4���3LFWXUH�RI�WKH�OHIW�DUP�RQ�'D\��EHIRUH�
�WUHDWPHQW�DQG�SLFWXUH�RI�WKH�OHIW�DUP�RQ�'D\���
�DIWHU���GD\V�RI�WUHDWPHQW��3LFN�ZKLFK�LV�
�VPRRWKHU�
�4���3LFWXUH�RI�WKH�ULJKW�DUP�RQ�'D\��EHIRUH�
�WUHDWPHQW�DQG�SLFWXUH�RI�WKH�ULJKW�DUP�RQ�'D\�
���DIWHU���GD\V�RI�WUHDWPHQW��3LFN�ZKLFK�LV�
�VPRRWKHU��
�4���3LFWXUHV�RI�4��DQG�4���&DOO�WKHUDS\�$�
�DQG�WKHUDS\�%��$VN�ZKLFK�WKHUDS\�UHVXOWHG�LQ�
�VPRRWKHU�VNLQ��

�5(68/76�
�6XUYH\�UHVXOWV�GHPRQVWUDWHG�WKDW�D�FKLOG�WKDW�
�KDV�RQH�SDUHQW�ZLWK�.HUDWRVLV�3LODULV��WKHQ�
�WKH�FKLOG�ZLOO�JHW�WKH�FRQGLWLRQ�DV�WKH\�DJH��
�DURXQG�WKH�WHHQDJH�\HDUV��,I�ERWK�SDUHQWV�
�KDYH�.HUDWRVLV�3LODULV��WKHQ�WKH�FKLOGUHQ�
�H[KLELW�WKLV�VNLQ�FRQGLWLRQ�DW�DQ�HDUOLHU�DJH��,I�
�ERWK�SDUHQWV�GLG�QRW�KDYH�.HUDWRVLV�3LODULV��
�WKH�FKLOGUHQ�GLG�QRW�VKRZ�WKH�FRQGLWLRQ��7KLV�
�REVHUYDWLRQ�LV�OLPLWHG�WR�WKH�DXWKRU¶V�
�PXOWL�JHQHUDWLRQDO�IDPLO\��

�7KH�OHIW�DUP�DQG�ULJKW�DUP�SUH�WUHDWPHQW�DQG�
�SRVW�WUHDWPHQW�SLFWXUHV�ZHUH�XVHG�WR�FUHDWH�D�
�VXUYH\�DQG�VHQW�RXW�WR�IDPLO\�DQG�IULHQGV��
�5HVSRQVHV�ZHUH�REWDLQHG�IURP����
�SDUWLFLSDQWV��

�,PDJH������/HIW�DUP�EHIRUH�DQG�DIWHU�WKH�
�WXUPHULF�DQG�URVH�ZDWHU�WUHDWPHQW��
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�3LFWXUH���±�3UH�WUHDWPHQW��
�3LFWXUH���±�3RVW�WUHDWPHQW�

�,PDJH������5LJKW�DUP�EHIRUH�DQG�DIWHU�WKH�
�ORRIDK�WUHDWPHQW��

�3LFWXUH�����%HIRUH�7UHDWPHQW��
�3LFWXUH�����$IWHU�7UHDWPHQW�

�7XUPHULF�DQG�5RVH�:DWHU�7UHDWPHQW�
����RXW�RI����UHVSRQGHQWV�DJUHHG�WKDW�$UP���
�VKRZHG�IHZHU�UHG�EXPSV�RU�.HUDWRVLV�
�LQGLFDWLQJ�WUHDWPHQW�ZDV�HIIHFWLYH��

����SHRSOH�WKRXJKW�WKDW�ERWK�WKH�DUPV�ORRNHG�
�WKH�VDPH�LQGLFDWLQJ�QR�HIIHFW�RI�WKH�WUHDWPHQW��

����UHVSRQGHQWV�WKRXJKW�WKDW�$UP��VKRZHG�
�IHZHU�EXPSV�LQGLFDWLQJ�WUHDWPHQW�PLJKW�KDYH�
�ZRUVHQHG�WKH�FRQGLWLRQ��

�/RRIDK�7UHDWPHQW�
����RXW�RI����UHVSRQGHQWV�DJUHHG�WKDW�$UP��
�VKRZHG�IHZHU�UHG�EXPSV�LQGLFDWLQJ�DQ�
�HIIHFWLYH�WUHDWPHQW����SHRSOH�WKRXJKW�WKDW�
�ERWK�WKH�DUPV�ORRNHG�WKH�VDPH��DQG���SHRSOH�
�WKRXJKW�WKDW�$UP��VKRZHG�IHZHU�EXPSV��

�6WDWLVWLFDO�$QDO\VLV�
�$�WZR�VDPSOH�SURSRUWLRQ�WHVW�ZDV�FRQGXFWHG�
�XVLQJ�WKH�VXUYH\�UHVXOWV�RI�WKH�WUHDWPHQW�
�SLFWXUHV��WR�GHWHUPLQH�ZKLFK�K\SRWKHVLV�LV�
�FRUUHFW�>�@��

�S���WXUPHULF�URVH�� � ������ ����������Q ���

�S���ORRIDK�� � ������ �����������Q ���

�S��A� � ������������������ ����������

�=� �>S���WXUPHULF�URVH�����S���ORRIDK�@���VTUW�>��S��A� ������S��A�������Q���
���Q�@� ����������

�3�YDOXH�LV���
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�S��������DQG�S��������VR�WKH�QXOO�K\SRWKHVLV�
�ZDV�UHMHFWHG�IRU�ERWK�WKHVH�VLJQLILFDQFH�
�OHYHOV��

�7KDW�LV��VWDWLVWLFDOO\��IURP�WKH�VXUYH\�UHVXOWV��LW�
�ZDV�IRXQG�WKDW�WKH�ORRIDK�WKHUDS\�LV�EHWWHU�
�WKDQ�WKH�WXUPHULF�URVH�ZDWHU�WKHUDS\��

�S���WXUPHULF�URVH�� ���S���ORRIDK��

�',6&866,21�
�.HUDWRVLV�LQ�WKH�DXWKRU¶V�PXOWL�JHQHUDWLRQDO�
�IDPLO\�

�(YHU\�LQGLYLGXDO�WKDW�H[KLELWHG�NHUDWRVLV�
�SLODULV�KDG�DW�OHDVW�RQH�SDUHQW�ZLWK�WKH�VDPH�
�FRQGLWLRQ��:KHQ�RQH�SDUHQW�KDG�NHUDWRVLV�
�DQG�WKH�RWKHU�GLG�QRW��WKHQ�WKH�FKLOGUHQ�
�VWDUWHG�VKRZLQJ�NHUDWRVLV�LQ�WKH�WHHQDJH�
�\HDUV�DQG�EH\RQG��:KHQ�ERWK�SDUHQWV�KDG�
�NHUDWRVLV��WKH�FKLOGUHQ�VWDUWHG�VKRZLQJ�
�NHUDWRVLV�PXFK�HDUOLHU�WKDQ�WHHQV�VXJJHVWLQJ�
�VWURQJ�HYLGHQFH�RI�WKH�JHQHWLF�EDVLV�RI�
�NHUDWRVLV�SLODULV�LQ�WKH�DXWKRU¶V�IDPLO\��

�:KLFK�WKHUDS\�LV�EHWWHU�IRU�UHGXFLQJ�NHUDWRVLV�
�SLODULV"�
�%DVHG�RQ�WKH�UHVXOWV�RI�WKH�VWDWLVWLFDO�DQDO\VLV�
�RI�WKH�EHIRUH�DQG�DIWHU�SLFWXUHV��WKH�ORRIDK�
�WKHUDS\�UHVXOWHG�LQ�D�JUHDWHU�UHGXFWLRQ�RI�
�NHUDWRVLV�SLODULV��

�/LPLWDWLRQV��
�$�JHQHWLF�WUHH�ZDV�FUHDWHG�EDVHG�RQO\�RQ�WKH�
�DXWKRU¶V�PXOWL�JHQHUDWLRQDO�IDPLO\��,W�ZRXOG�EH�
�LGHDO�WR�FRQGXFW�WKLV�UHVHDUFK�RQ�PDQ\�
�IDPLOLHV��7KH�WKHUDSLHV�ZHUH�DSSOLHG�WR�RQO\�D�
�VLQJOH�LQGLYLGXDO��,W�ZRXOG�EH�EHWWHU�WR�DSSO\�
�WKLV�WR�D�FRKRUW�RI�SDWLHQWV�WR�VWXG\�WKH�
�HIIHFWV��$OVR��SHRSOH�IURP�WKH�DXWKRU¶V�VRFLDO�
�QHWZRUN�KDYH�YRWHG�RQ�WKH�EHIRUH�DQG�DIWHU�
�SLFWXUHV��,W�ZRXOG�EH�EHWWHU�IRU�GHUPDWRORJLVWV�
�WR�UDWH�WKH�HIIHFWLYHQHVV�RI�WKH�WKHUDSLHV��,Q�
�DGGLWLRQ��WKH�SLFWXUHV�ZHUH�WDNHQ�DW�EHVW�HIIRUW�
�LQ�WKH�VDPH�OLJKWLQJ��EHIRUH�DQG�DIWHU��&OLFNLQJ�
�SLFWXUHV�LQ�D�SURIHVVLRQDO�ODE�ZRXOG�EH�PRUH�
�DSSURSULDWH��

�5()(5(1&(6�
�.HUDWRVLV�SLODULV��061���Q�G����5HWULHYHG�-XO\�����������IURP�
�KWWSV���ZZZ�PVQ�FRP�HQ�XV�KHDOWK�FRQGLWLRQ�NHUDWRVLV�SLODULV�

�3HQQ\FRRN��.��%���	�0F&UHDG\��7��$����������.HUDWRVLV�3LODULV��3XE0HG��6WDW3HDUOV�3XEOLVKLQJ��
�5HWULHYHG�-XO\�����������IURP�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�ERRNV�1%.��������

�0DJKIRXU��-���/\��6���+DLGDUL��:���7D\ORU��6��/���	�)HOGPDQ��6��5����������7UHDWPHQW�RI�NHUDWRVLV�
�SLODULV�DQG�LWV�YDULDQWV��D�V\VWHPDWLF�UHYLHZ��7KH�-RXUQDO�RI�GHUPDWRORJLFDO�WUHDWPHQW���������
�����±������KWWSV���GRL�RUJ�������������������������������

�1DXPDQQ��0����������5RVH�ZDWHU�IRU�VNLQ��%HQHILWV�DQG�KRZ�WR�XVH�LW��8WRSLD��5HWULHYHG�-XO\�����
�������IURP�KWWSV���XWRSLD�RUJ�JXLGH�URVH�ZDWHU�IRU�VNLQ�EHQHILWV�XVH��

�)URVW��)����������7XUPHULF�IRU�VNLQ�KHDOWK��7XUPHULF�5HSRUW��5HWULHYHG�-XO\�����������IURP�
�KWWSV���WXUPHULFUHSRUW�RUJ�WXUPHULF�LQIRUPDWLRQ�WXUPHULF�IRU�VNLQ�KHDOWK��

�/RRIDK�6SRQJH��:KDW�WR�.QRZ�$ERXW�8VLQJ�,W�WR�&OHDQ�DQG�([IROLDWH����������+HDOWKOLQH��
�5HWULHYHG�-XO\�����������IURP�
�KWWSV���ZZZ�KHDOWKOLQH�FRP�KHDOWK�ORRIDK�VSRQJH�XVHV�DQG�EHQHILWV�
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�������K\SRWKHVLV�WHVWLQJ�IRU�WZR�VDPSOH�SURSRUWLRQV��6WDW������3HQQ6WDWH��6WDWLVWLFV�2QOLQH�
�&RXUVHV���Q�G����5HWULHYHG�$XJXVW����������IURP�KWWSV���RQOLQH�VWDW�SVX�HGX�VWDW����OHVVRQ�������
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�+DLOH\�&KXODPRUNRGW�
�.LQHWLFV�RI�3RO\PHU�'HJUDGDWLRQ�ZLWK�7HQHEULR�0ROLWRU���

�8VLQJ�0HDOZRUPV�WR�6WRS�3ODVWLF�:DVWH�

�$%675$&7�
�$PHULFDQV�JHQHUDWH����PLOOLRQ�WRQV�RI�
�GLVFDUGHG�SODVWLF�ZDVWH�WKDW�DFFXPXODWHV�LQ�
�ODQGILOOV���3ODVWLFV�FDQ�WDNH�RYHU�ILIW\�\HDUV�WR�
�GHFRPSRVH���$FFXPXODWLQJ�SODVWLF�ZDVWH�LV�
�EHFRPLQJ�D�PDMRU�SUREOHP���,Q�D�6WDQIRUG�
�VWXG\��WKH�7HQHEULR�0ROLWRU�KDV�EHHQ�VKRZQ�WR�
�GLJHVW�6W\URIRDP��D�SRSXODU�IRUP�RI�
�3RO\VW\UHQH��7KH�3ODVWLFV�,QGXVWU\�&RXQFLO�
�FDWHJRUL]HG�SODVWLFV�LQWR�VL[�FDWHJRULHV�EDVHG�
�RQ�WKH�FKHPLFDO�PRQRPHU���,�SHUIRUPHG�DQ�
�H[SHULPHQW�WR�GHWHUPLQH�LI�WKH�7HQHEULR�
�0ROLWRU�FRXOG�DOVR�GLJHVW�DOO�VL[�FDWHJRULHV�RI�
�SODVWLFV���2YHU�IRXU�ZHHNV��3RO\VW\UHQH�KDV�D�
�PHDQ�UHGXFWLRQ�RI��������6'��������
�3RO\SURS\OHQH�KDV�D�PHDQ�UHGXFWLRQ�RI�
��������6'���������/RZ�'HQVLW\�3RO\HWK\OHQH�
�KDV�D�PHDQ�UHGXFWLRQ�RI��������6'���������
�3RO\YLQ\O�&KORULGH�KDV�D�PHDQ�UHGXFWLRQ�RI�
�������6'���������DQG�+LJK�'HQVLW\�
�3RO\HWK\OHQH�KDV�D�PHDQ�UHGXFWLRQ�RI������
��6'���������0\�H[SHULPHQW�VKRZV�WKDW�WKH�
�7HQHEULR�0ROLWRU�ZDV�QRW�DV�HIIHFWLYH�LQ�
�GLJHVWLQJ�RWKHU�SODVWLFV�DV�ZHOO�DV�
�SRO\VW\UHQH��$OWKRXJK�P\�K\SRWKHVLV�ZDV�QRW�
�VXSSRUWHG�E\�P\�H[SHULPHQW��WKH�VWXG\�
�GHPRQVWUDWHG�WKDW�7HQHEULR�0ROLWRU�FDQ�EH�
�XVHG�WR�GLJHVW�RWKHU�SODVWLFV��

�,1752'8&7,21�
�$PHULFDQV�JHQHUDWH������PLOOLRQ�WRQV�RI�
�SODVWLF�DQQXDOO\��2QO\������RI�SODVWLF�LV�
�UHF\FOHG��$V�D�UHVXOW�����PLOOLRQ�WRQV�RI�
�GLVFDUGHG�SODVWLF�ZDVWH�DFFXPXODWHV�LQ�
�ODQGILOOV��3ODVWLFV�FDQ�WDNH�RYHU�ILIW\�\HDUV�WR�
�GHFRPSRVH��3ODVWLFV�FDQ�EH�DXJPHQWHG�ZLWK�
�DGGLWLYHV�WKDW�FDXVH�WKHP�WR�H[WHQG�WKH�
�XVHIXO�OLIH�RI�WKH�LWHP��EXW�LQFUHDVH�WKH�
�GHFRPSRVLWLRQ�UDWH�WR�����\HDUV��,Q�D�
�6WDQIRUG�VWXG\��PHDOZRUPV��7HQHEULR�0ROLWRU��
�KDYH�EHHQ�VKRZQ�WR�GLJHVW�6W\URIRDP�
��3RO\VW\UHQH���7KH�UHVHDUFK�VKRZV�WKDW�WKH�
�7HQHEULR�0ROLWRU�KDV�EDFWHULDO�IORUD�WKDW�LV�
�DEOH�WR�EUHDN�GRZQ�SRO\VW\UHQH�LQWR�&DUERQ�
�'LR[LGH�DQG�ERG\�PDVV��-RUGDQ���������

�,Q�������<DQJ�HW�$O�SXEOLVKHG�D�VWXG\�IURP�
�6WDQIRUG�8QLYHUVLW\�LQ�WKH�(QYLURQPHQWDO�
�6FLHQFH�DQG�7HFKQRORJ\�-RXUQDO�DERXW�WKH�
�DELOLW\�IRU�WKH�7HQHEULR�0ROLWRU�WR�GLJHVW�
�3RO\VW\UHQH���+LV�VWXG\�VKRZHG�WKDW�WKH�
�PHDOZRUPV��ZKLFK�DUH�WKH�ODUYDH�RI�WKH�
�7HQHEULR�0ROLWRU��ZHUH�DEOH�WR�FKHZ��HDW��DQG�
�GLJHVW�6W\URIRDP��

�,Q�WKLV�VWXG\��WKH�UHVHDUFKHUV�VWXGLHG�WKH�
�PHDOZRUPV�HQWLUHO\�ZLWK�3RO\VW\UHQH�RYHU�
�RQH�PRQWK���7KH�UHVHDUFKHUV�DQDO\]HG�WKH�
�GLJHVWLYH�V\VWHP�XVLQJ�FKURPDWRJUDSK\��
�QXFOHDU�PDJQHWLF�UHVRQDQFH�VSHFWURVFRS\��
�7KH�VWXG\�UHYHDOHG�3RO\VW\UHQH�PROHFXOHV�
�WKDW�KDYH�EHHQ�GHFRPSRVHG�WR�
�GHSRO\PHUL]HG�IUDJPHQWV�LQ�WKH�GLJHVWLYH�
�V\VWHP���7KH�VWXG\�VKRZHG�WKDW�RYHU�RQH�
�PRQWK��WKHUH�ZDV�������GHJUDGDWLRQ��7KLV�
�ELRGHJUDGDWLRQ�RI�3RO\VW\UHQH�EURXJKW�WKH�
�FRQFHSW�RI�UDSLG�GHJUDGDWLRQ�RI�SODVWLFV�
�ZDVWH��

�7KHUH�KDYH�EHHQ�IROORZ�XS�VWXGLHV�LVRODWLQJ�
�WKH�EDFWHULD�LQ�WKH�7HQHEULR�0ROLWRU��
�PHDVXULQJ�WKH�NLQHWLFV�RI�SRO\VW\UHQH�
�GLJHVWLRQ��DQG�IROORZLQJ�WKH�SDVVDJH�RI�
�PLFURSODVWLFV�XS�WKH�7HQHEULR�0ROLWRU�)RRG�
�FKDLQ��7KHUH�KDV�QRW�EHHQ�D�IRUPDO�VWXG\�WR�
�GHWHUPLQH�LI�WKH�7HQHEULR�0ROLWRU�LV�DEOH�WR�
�GLJHVW�WKH�VL[�FDWHJRULHV�RI�SODVWLFV��7KH�
�3ODVWLFV�,QGXVWU\�&RXQFLO�KDV�VL[�SODVWLFV�
�FODVVHV��

�3ODVWLFV�KDYH�EHFRPH�WKH�FDWHJRU\�QDPH�IRU�
�VXEVWDQFHV�FDOOHG�SRO\PHUV���7KH�WUDQVODWLRQ�
�RI�SRO\PHU�LV��RI�PDQ\�SDUWV����3RO\PHUV�DUH�
�UHSHDWLQJ�FKHPLFDOV�WKDW�IRUP�D�ORQJ�FKDLQ�RI�
�PROHFXOHV���3RO\PHUV�LQ�QDWXUH�LQFOXGH�
�VXJDUV�VXFK�DV�VWDUFKHV��WKH�'1$�EDFNERQH��
�DQG�FHOOXORVH��

�3ODVWLFV�DUH�XVHIXO�EHFDXVH�WKH\�DUH�FKHDS��
�VWURQJ��DQG�XVHIXO���3ODVWLFV�DUH�HDVLO\�
�VKDSHG�LQWR�XVHIXO�GHYLFHV��3ODVWLFV�DUH�XVHG�
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�IRU�PHGLFDO�GHYLFHV��FRPSXWHU�SDUWV��HDWLQJ�
�XWHQVLOV��FRQWDLQHUV��DQG�IXUQLWXUH���7KH�
�SODVWLFV�DUH�FDWHJRUL]HG�LQWR�WKH�IXQGDPHQWDO�
�SRO\PHU���7KH�3ODVWLFV�,QGXVWU\�&RXQFLO�
�FUHDWHG�WKH�5HVLQ�,GHQWLILFDWLRQ�&RGH�WR�
�FDWHJRUL]H�SODVWLF�RQ�WKH�IXQGDPHQWDO�UHSHDW�
�SRO\PHU�OLQN���7KH�SODVWLFV�DUH�3RO\YLQ\O�
�&KORULGH��3RO\SURS\OHQH��3RO\VW\UHQH��
�3RO\HWK\OHQH�7HUHSKWKDODWH��+LJK�'HQVLW\�
�3RO\HWK\OHQH��/RZ�'HQVLW\�3RO\HWK\OHQH��

�7KLV�VWXG\�ZDV�GHVLJQHG�WR�GHWHUPLQH�LI�WKH�
�7HQHEULR�0ROLWRU�FDQ�GLJHVW�RWKHU�SODVWLFV�LQ�
�DGGLWLRQ�WR�3RO\VW\UHQH���,�K\SRWKHVL]H�WKDW�
�7HQHEULR�0RQLWRU�FDQ�GLJHVW�3RO\HWK\OHQH�
�7HUHSKWKDODWH��+LJK�'HQVLW\�3RO\HWK\OHQH��
�3RO\YLQ\O�&KORULGH��/RZ�'HQVLW\�3RO\HWK\OHQH��
�3RO\SURS\OHQH�DW�WKH�VDPH�UDWH�RI�
�3RO\VW\UHQH��

�0$7(5,$/6�$1'�0(7+2'6�
�0DWHULDOV�
�7KHUH�DUH�WZR�VXEVHWV�IRU�PDWHULDOV���
�FRQVWUXFWLRQ�DQG�H[SHULPHQW��0\�HTXLSPHQW�
�LQFOXGH�:DWHU�%RWWOH��*URFHU\�%DJ��7RLOHW�
�%UXVK��%UHDG�%DJ��6WUDZV��6W\URIRDP�&XSV��
�0HDOZRUPV��)DVW�)RRG��&RQWDLQHU��'LJLWDO�
�6FDOH��6FLVVRUV��5XEEHU��:DOOHW��DQG�
�6SHFLPHQ�&RQWDLQHU�

�3URFHGXUHV�
�7KH�7HQHEULR�0ROLWRU�ZDV�REWDLQHG�IURP�D�
�ORFDO�3HW�6WRUH��7KH�7HQHEULR�ZDV�KRXVHG�LQ�
�D�GDUN��GDPS����GHJUHH�KDELWDW��7KH�:DWHU�
�%RWWOH��*URFHU\�%DJ��7RLOHW�%UXVK��%UHDG�%DJ��
�6WUDZV��DQG�6W\URIRDP�&XS�'9'�ZHUH�FXW�
�DQG�FUXVKHG�LQWR�DSSUR[LPDWHO\��PP�VL]H�
�IUDJPHQWV�VDPSOHV��7KHVH�VDPSOHV�ZHLJKHG�
����PJ��7KHVH�VDPSOHV�ZHUH�DGGHG�WR�HDFK�
�VSHFLPHQ�FRQWDLQHU��7KLUW\�ILYH�7HQHEULR�
�0ROLWRU�ZHUH�DGGHG�WR�HDFK�VSHFLPHQ�
�FRQWDLQHU��(DFK�VSHFLPHQ�ZHLJKHG�ZHHNO\��
�:KHQ�ZHLJKLQJ�WKH�VSHFLPHQ��,�UHPRYHG�WKH�
�VSHFLPHQ�IUDJPHQWV�DQG�OHIW�WKH�PHDOZRUPV��
�,�ZHLJKHG�HDFK�IUDJPHQW�ZHHNO\�IRU�IRXU�
�ZHHNV��

�6DIHW\�,VVXHV�
�7KH�VDIHW\�LVVXHV�LQYROYH�WZR�DVSHFWV������
�FRQVWUXFWLRQ�DQG�����WHVWLQJ��)URP�D�

�FRQVWUXFWLRQ�VWDQGSRLQW��VDIHW\�SURWRFROV�ZHUH�
�DGKHUHG�WR�GXULQJ�WKH�XVH�RI�SRZHU�WRROV�DQG�
�VKDUS�LQVWUXPHQWV��$�WDEOH�VDZ�ZDV�XVHG�WR�
�FXW�WKH��´�[��´�ZRRG�SODQNV��$�SRZHU�KDQG�
�GULOO�ZDV�XVHG�WR�PDNH�SLORW�KROHV�IRU�WKH�
�VFUHZV��$�SRZHU�MLJVDZ�ZDV�XVHG�WR�FXW�
�RSHQLQJV�LQ�WKH�SO\ZRRG��$SSURSULDWH�DWWLUH��
�VXFK�DV�VDIHW\�JRJJOHV�DQG�OHDWKHU�VDIHW\�
�JORYHV��ZHUH�XVHG�GXULQJ�SRZHU�WRRO�
�RSHUDWLRQ��)URP�D�WHVWLQJ�VWDQGSRLQW��WKH�
�VDIHW\�SURWRFRO�ZDV�DGKHUHG�WR��8ULQH�ZDV�QRW�
�XVHG��:DWHU�DQG�ZDWHU�ZLWK�IRRG�FRORULQJ�ZDV�
�XVHG�IRU�DFWXDO�WHVWLQJ��:DWHU�LV�D�UHDVRQDEOH�
�VXEVWLWXWH�IRU�XULQH�EXW�SURYLGHV�HOLPLQDWHG�
�ULVNV�RI�EDFWHULDO�LQIHFWLRQ�DQG�DFLGLF�GDPDJH��

�5(68/76�
�2YHU�IRXU�ZHHNV��3RO\VW\UHQH�KDV�D�PHDQ�
�UHGXFWLRQ�RI��������6'��������3RO\SURS\OHQH�
�KDV�D�PHDQ�UHGXFWLRQ�RI��������6'���������
�/RZ�'HQVLW\�3RO\HWK\OHQH�KDV�D�PHDQ�
�UHGXFWLRQ�RI��������6'���������3RO\YLQ\O�
�&KORULGH�KDV�D�PHDQ�UHGXFWLRQ�RI�������6'��
��������DQG�+LJK�'HQVLW\�3RO\HWK\OHQH�KDV�D�
�PHDQ�UHGXFWLRQ�RI�������6'���������

�3RO\VW\UHQH�DQG�3RO\SURS\OHQH�KDG�WKH�EHVW�
�GLJHVWLRQ�UDWHV�RI�������DQG��������7KLV�
�UHIOHFWV�D�VLPLODU�FDUERQ�EDFNERQH�VWUXFWXUH��
�0\�H[SHULPHQW�VKRZV�WKDW�/RZ�'HQVLW\�
�3RO\HWK\OHQH�DQG�3RO\HWK\OHQH�7HUHSKWKDODWH�
�KDG�PRGHUDWH�DPRXQWV�RI�GHJUDGDWLRQ�DW�
�DURXQG������3RO\YLQ\O�&KORULGH�DQG�
�+LJK�'HQVLW\�3RO\HWK\OHQH�KDG�PLQLPDO�
�GHJUDGDWLRQ�RI�DURXQG�����

�)LJXUH����3ODVWLF�'HJUDGDWLRQ�E\�7HQHEULR�
�0ROLWRU�
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�3RO\VW\UHQH�
�3RO\SURS\OHQ�
�H�

�/RZ�'HQVLW�
�\�
�3RO\HWK\OHQ�
�H�

�3RO\HWK\OHQ�
�H�
�7HUHSKWKDODW�
�H�

�3RO\YLQ\O�
�&KORULGH�

�+LJK�'HQVLW�
�\�
�3RO\HWK\OHQ�
�H�

�:HHN��� ����� ����� ����� ����� ����� �����
�:HHN��� ������ ������ ������ ������ ������ ������
�:HHN��� ������ ������ ������ ������ ������ ������
�:HHN��� ������ ������ ������ ������ ������ ������
�:HHN��� ������ ������ ������ ������ ������ ������

�'HJUDGDWLRQ�
�IURP�:HHN���
�WR�:HHN��� ������ ������ ������ ������ ����� �����

�',6&866,21�
�(Q]\PHV�VSHHG�XS�FKHPLFDO�UHDFWLRQV�LQ�WKH�
�ERG\���7KH\�ELQG�WR�PROHFXOHV�NQRZQ�DV�
�VXEVWUDWHV�DQG�DOWHU�WKHP���7KH�HQ]\PHV�DUH�
�HVVHQWLDO�IRU�GLJHVWLQJ�IRRG��PXVFOHV�DFWLRQV��
�QHUYH�IXQFWLRQ��DQG�UHVSLUDWLRQ���7KHVH�
�HQ]\PHV�VSHHG�XS�D�UHDFWLRQ�E\�D�SURFHVV�
�NQRZQ�DV�FDWDO\]DWLRQ���&DWDO\]DWLRQ�LQYROYHV�
�UHGXFLQJ�WKH�DFWLYDWLRQ�HQHUJ\���$�VXEVWUDWH�
�ELQGV�WR�WKH�DFWLYH�VLWH�RI�DQ�HQ]\PH�DQG�LV�
�FRQYHUWHG�LQWR�D�SURGXFW���2QFH�WKH�SURGXFW�
�OHDYHV�WKH�DFWLYH�VLWH��WKH�HQ]\PH�LV�SUHSDUHG�
�WR�SURFHVV�DQRWKHU�QHZ�VXEVWUDWH��

�(Q]\PHV�ZRUN�LQ�WKH�GLJHVWLYH�V\VWHP��'1$�
�UHSOLFDWLRQ��DQG�OLYHU�HQ]\PHV���,Q�WKH�
�GLJHVWLYH�V\VWHP��HQ]\PHV�KHOS�WKH�ERG\�
�EUHDN�GRZQ�ODUJHU�FRPSOH[�PROHFXOHV�LQWR�
�VPDOOHU�PROHFXOHV���$Q�H[DPSOH�LV�WKH�
�HQ]\PH�DP\ODVH�WKDW�EUHDNV�GRZQ�D�WZR�ULQJ�
�VXJDU�WR�D�RQH�ULQJ�PRQRVDFFKDULGH���7KH�
�RQH�ULQJ�PRQRVDFFKDULGH�DOORZV�WKH�ERG\�WR�
�XVH�WKHP�DV�IXHO���,Q�'1$�UHSOLFDWLRQ��
�HQ]\PHV�KHOS�WKH�SURFHVV�RI�FRS\LQJ�'1$��
�(DFK�FHOO�LQ�\RXU�ERG\�FRQWDLQV�'1$�JHQHWLF�
�PDWHULDO���7KHVH�FHOO�UHSOLFDWLRQV�DQG�HDFK�
�WLPH�D�FHOO�GLYLGHV�WKHUH�LV�D�SURFHVV�IRU�WKH�
�'1$�WR�EH�FRSLHG��(Q]\PHV�IDFLOLWDWH�WKLV�
�PHFKDQLVP�E\�XQZLQGLQJ�WKH�'1$�FRLOV�DQG�

�PDNLQJ�D�FRS\�RI�WKH�LQIRUPDWLRQ���,Q�WKH�OLYHU��
�HQ]\PHV�EUHDN�GRZQ�ODUJH�WR[LQ�PROHFXOHV��
�7KH�FDWDEROLVP�RI�WKH�WR[LQV�LQYROYHV�WKH�
�XWLOL]DWLRQ�RI�D�UDQJH�RI�HQ]\PHV��

�7KH�LQLWLDO�PHFKDQLVP�RI�HQ]\PHV�LV�WKH�ORFN�
�DQG�NH\�PRGHO�SURSRVHG�LQ��������7KH�
�HQ]\PH�DQG�DQ�DFWLYH�VLWH�ZLWK�D�VSHFLILF�
�WKUHH�GLPHQVLRQDO�VKDSH���2QH�VSHFLILF�
�VXEVWUDWH�ILWV�LQWR�WKH�DFWLYH�VLWH���7KLV�DOORZV�
�RQO\�RQH�VXEVWUDWH�WR�EH�FKDQJHG�E\�WKH�
�HQ]\PH���7KH�XSGDWHG�PRGHO�LV�WKH�
�LQGXFHG�ILW�PRGHO���,Q�WKH�LQGXFHG�ILW�PRGHO��
�WKH�HQ]\PHV�FRQIRUPV�DURXQG�WKH�VXEVWUDWH��
�7KLV�DOORZV�PRUH�SURWHLQV�WR�LQWHUDFW�ZLWK�WKH�
�DFWLYH�VLWH���2QFH�WKH�VXEVWUDWH�LV�SRVLWLRQHG�
�LQ�WKH�DFWLYH�VLWH��WKHQ�FDWDO\]DWLRQ�LV�LQLWLDWHG��

�(Q]\PHV�ZRUN�LQ�VSHFLILF�FRQGLWLRQV���0DQ\�
�HQ]\PHV�ZRUN�EHVW�DW����&�±�ERG\�
�WHPSHUDWXUH���$W�KLJK�RU�ORZHU�WHPSHUDWXUH�
�WKH�HQ]\PH�LV�WKRXJKW�WR�FKDQJH�VKDSH�DQG�LW�
�GRHV�QRW�ZRUN�DV�ZHOO�DV�RU�DV�TXLFNO\���,Q�
�DGGLWLRQ��HQ]\PHV�ZRUN�LQ�D�FHUWDLQ�S+�UDQJH��
�6RPH�HQ]\PHV�ZRUN�EHWWHU�LQ�DQ�DONDOLQH�
�HQYLURQPHQW���2WKHU�HQ]\PHV�ZRUN�IDVWHU�LQ�
�DQ�DFLGLF�HQYLURQPHQW���$Q�H[DPSOH�LV�JDVWULF�
�GLJHVWLYH�HQ]\PHV���7KHVH�HQ]\PHV�IXQFWLRQ�
�RSWLPDOO\�LQ�DQ�DFLGLF�S+�RI����ZKLFK�LV�WKH�
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�DFLGLW\�RI�WKH�VWRPDFK��

�0\�H[SHULPHQW�VKRZV�WKDW�WKH�7HQHEULR�
�0ROLWRU�ZDV�QRW�DV�HIIHFWLYH�LQ�GLJHVWLQJ�RWKHU�
�SODVWLFV�FRPSDUHG�WR�SRO\VW\UHQH��+RZHYHU��
�WKH�7HQHEULR�0ROLWRU�VWLOO�KDV�GHPRQVWUDWHG�

�HIILFDF\�LQ�GLJHVWLQJ�RWKHU�SODVWLFV��VXFK�DV�
�SRO\SURS\OHQH��/RZ�'HQVLW\�3RO\HWK\OHQH��
�DQG�3RO\HWK\OHQH�7HUHSKWKDODWH��7KH�
�7HQHEULR�0ROLWRU�VKRXOG�EH�FRQVLGHUHG�WR�EH�
�GHSOR\HG�WR�FRPEDW�SODVWLFV�SROOXWLRQ��

�5()(5(1&(6�
�)HUUDULR��0����������7KH�6HYHQ�'LIIHUHQW�7\SHV�RI�3ODVWLF���3ODVWLFV�)RU�&KDQJH��5HWULHYHG�IURP�
�KWWSV���ZZZ�SODVWLFVIRUFKDQJH�RUJ�EORJ�GLIIHUHQW�W\SHV�RI�SODVWLF��

�,PDQ��-�����������6W\URIRDP�HDWLQJ�PHDOZRUPV�PLJKW�KHOS�UHGXFH�SODVWLF�ZDVWH��VWXG\�ILQGV��
�&11���5HWULHYHG�RQ�����������IURP�KWWSV���ZZZ�FQQ�FRP������������XV�VW\URIR�
�DP�HDWLQJ�PHDOZRUPV�SODVWLF�ZDVWH�LQGH[�KWPO�

�-RUGDQ��5����������0HDOZRUPV�3URYLGH�3ODVWLF�6ROXWLRQ���6WDQIRUG�1HZV�5HWULHYHG�IURP�
�KWWSV���QHZV�VWDQIRUG�HGX������������PHDOZRUPV�SURYLGH�SODVWLF�VROXWLRQ��

�0DODZL�%UDQGRQ��$��*DR��6���7LDQ��5���1LQJ��'���<DQJ��6���=KRX��-���:X��:���	�&ULGGOH��&��6��
����������%LRGHJUDGDWLRQ�RI�3RO\HWK\OHQH�DQG�3ODVWLF�0L[WXUHV�LQ�0HDOZRUPV��/DUYDH�RI�7HQHEULR�
�PROLWRU��DQG�(IIHFWV�RQ�WKH�*XW�0LFURELRPH��(QYLURQPHQWDO�6&LHQFH�	�7HFKQRORJ\����������
������������'2,����������DFHV�HVW��E������

�0RKDQDQ��1���0RQWD]HU��=���6KDUPD��3��.���	�/HYLQ��'��%����������0LFURELDO�DQG�(Q]\PDWLF�
�'HJUDGDWLRQ�RI�6\QWKHWLF�3ODVWLFV��)URQWLHUV�LQ�PLFURELRORJ\��������������
�KWWSV���GRL�RUJ���������IPLFE�������������
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�6DPDQWKD�&KXODPRUNRGW��+DLOH\�&KXODPRUNRGW�
�+DUQHVVLQJ�WKH�6DJXDUR�&DFWXV�WR�7UHDW�6NLQ�,QIHFWLRQV���

�$QWLPLFURELDO�3URSHUWLHV�RI�WKH�&DUQHJLHD�*LJDQWHD�6HHG�([WUDFW�

�$%675$&7�
�7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�GHWHUPLQH�
�LI�WKH�6DJXDUR�&DFWXV��&DUQHJLHD�*LJDQWHD��
�H[WUDFW�KDV�HTXLYDOHQW�DQWLELRWLF�HIILFDF\�WR�
�WKH�DQWLELRWLFV�$PSLFLOOLQ��1HRP\FLQ��DQG�
�(U\WKURP\FLQ�DJDLQVW�6WDSK\ORFRFFXV�
�(SLGHUPLGLV���$FXWH�VNLQ�LQIHFWLRQV�DUH�D�
�VLJQLILFDQW�EXUGHQ�RQ�WKH�KHDOWK�FDUH�V\VWHP��
�7KH�1DWLRQDO�+RVSLWDO�$PEXODWRU\�0HGLFDO�
�&DUH�6XUYH\�IRXQG�D�����LQFUHDVH�LQ�RIILFH�
�YLVLWV��IURP�����PLOOLRQ�YLVLWV�LQ������WR������
�PLOOLRQ�RIILFH�YLVLWV�LQ�������:H�SHUIRUPHG�WKH�
�.LUE\�%DXHU�WHVW�WR�FRPSDUH�WKH�DQWLELRWLF�
�HIILFDF\�RI�WKH�6DJXDUR�&DFWXV�H[WUDFW�WR�WKDW�
�RI�FRQYHQWLRQDO�DQWLELRWLFV��2XU�UHVXOWV�VKRZ�
�WKDW�&DUQHJLHD�*LJDQWHD�VHHG�H[WUDFW�GLG�QRW�
�ZRUN�DV�ZHOO�DV�FRQYHQWLRQDO�DQWLELRWLFV��
�+RZHYHU��LW�GHPRQVWUDWHG�WKDW�&DUQHJLHD�
�*LJDQWHD�VHHG�H[WUDFW�GRHV�H[KLELW�
�LQWHUPHGLDWH�DQWLPLFURELDO�SURSHUWLHV��
�$GGLWLRQDO�VWXGLHV�FRXOG�H[SORUH�WKH�
�&DUQHJLHD�*LJDQWHD�HIIHFW�RQ�RWKHU�EDFWHULD�
�DQG�&DUQHJLHD�*LJDQWHD�SRWHQWLDWLRQ�ZLWK�
�RWKHU�DQWLELRWLFV��

�,1752'8&7,21�
�$FXWH�VNLQ�LQIHFWLRQV�DUH�D�VLJQLILFDQW�EXUGHQ�
�RQ�WKH�KHDOWKFDUH�V\VWHP���7KH�1DWLRQDO�
�+RVSLWDO�$PEXODWRU\�0HGLFDO�&DUH�6XUYH\�
�IRXQG�D�����LQFUHDVH�LQ�RIILFH�YLVLWV�WR������
�PLOOLRQ�RIILFH�YLVLWV�LQ�������XS�IURP�����PLOOLRQ�
�YLVLWV�LQ�������.D\H�HW�DO���������6NLQ�DQG�VRIW�
�WLVVXH�LQIHFWLRQV��667,��LQYROYH�WKH�EDFWHULDO�
�LQYDVLRQ�RI�WKH�VNLQ�DQG�FRQQHFWLYH�WLVVXHV�
��6WXOEHUJ�HW�DO����������7KH�667,�VHYHULW\�
�UDQJHV�IURP�PLQRU�WR�OLIH�WKUHDWHQLQJ��6HYHUH�
�667,�FDQ�UHVXOW�LQ�VXUJHU\��VHSVLV��DQG�GHDWK��

�6NLQ�LQIHFWLRQV�DUH�W\SLFDOO\�WUHDWHG�ZLWK�
�DQWLELRWLFV��:KLOH�DQWLELRWLFV�DUH�HIIHFWLYH��WKH�
�HPHUJHQFH�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULD�
�XUJHV�DOWHUQDWLYH�WUHDWPHQWV�WR�EH�H[SORUHG��

�$�WUDGLWLRQDO�1DYDMR�WUHDWPHQW�XVHV�JURXQGHG�
�6DJXDUR�&DFWXV�VHHGV�DV�WRSLFDO�
�DQWLPLFURELDO�WUHDWPHQW��0F&OHDU\�	�
�:DONLQJWRQ����������7KLV�SURMHFW�ZLOO�H[SORUH�
�WKH�HIILFDF\�RI�WKLV�6DJXDUR�6HHG�WUHDWPHQW��
�:H�K\SRWKHVL]H�WKDW�WKH�6DJXDUR�&DFWXV�
�H[WUDFW�KDV�HTXLYDOHQW�DQWLELRWLF�HIILFDF\�WR�
�WKH�DQWLELRWLFV�DPSLFLOOLQ��QHRP\FLQ��DQG�
�HU\WKURP\FLQ�DJDLQVW�6WDSK\ORFRFFXV�
�(SLGHUPLGLV��

�7KH�6DJXDUR�&DFWXV��&DUQHJLHD�*LJDQWHD��LV�
�D�ODUJH�FDFWXV�VSHFLHV�QDWLYH�WR�$UL]RQD��
�&DOLIRUQLD�DQG�0H[LFR��7KH�6DJXDUR�IUXLW�LV�
�XVHG�DV�D�PHGLFLQDO�WUHDWPHQW�E\�1DWLYH�
�$PHULFD�IRU�WUHDWPHQW�RI�LQIHFWLRQV��7KH�
�6DJXDUR�IUXLW�KDV�EHHQ�VWXGLHG�IRU�WUHDWPHQW�
�RI�KLJK�EORRG�SUHVVXUH�DQG�EORRG�VXJDU�OHYHOV�
��0F&OHDU\�	�:DONLQJWRQ���������

�0$7(5,$/6�$1'�0(7+2'6�
�7KH�&DUQHJLHD�*LJDQWHD�H[WUDFW�ZDV�
�SUHSDUHG�E\�FUXVKLQJ�WKH�VHHGV�LQ�D�PRUWDU�
�DQG�SHVWOH���7KH�JURXQGV�ZHUH�WKHQ�VRDNHG�LQ�
�JO\FHULQH�DQG�GLVWLOOHG�ZDWHU�VROXWLRQ�LQ�D�����
�UDWLR��7KH�&DUQHJLHD�*LJDQWHD�VROXWLRQ�ZDV�
�VRDNHG�RQ�GLIIHUHQW�DQWLELRWLF�GLVFV�RYHUQLJKW��
�ZKLFK�LQFOXGHG�D�SHQLFLOOLQ�GLVF��D�QHRP\FLQ�
�GLVF��DQG�DQ�HU\WKURP\FLQ�GLVF���$Q�HPSW\�
�GLVF�ZDV�XVHG�DV�WKH�FRQWURO��

�7KH�.LUE\�%DXHU�'LVN�'LIIXVLRQ�WHVW�LV�D�
�SURWRFRO�WKDW�GHWHUPLQHV�EDFWHULDO�VHQVLWLYLW\�
�WR�DQ�DQWLELRWLF�RU�DQWLPLFURELDO�FRPSRXQG�
��+XG]LFNL���������&OLQLFDOO\��WKH�.LUE\�%DXHU�
�WHVW�LV�XVHG�WR�GHWHUPLQH�SURSHU�DQWLELRWLF�
�WUHDWPHQW�RI�SDWLHQWV�ZLWK�LQIHFWLRQV��%KDUJDY�
�HW�DO����������,Q�D�UHVHDUFK�VHWWLQJ��WKH�.LUE\�
�%DXHU�WHVW�WHVWV�QHZ�DQWLPLFURELDO�
�VXEVWDQFHV
�HIILFDF\���7KH�]RQH�RI�LQKLELWLRQ��
�REVHUYHG�DV�WKH�DEVHQFH�RI�EDFWHULDO�JURZWK�
�DURXQG�GLVNV�ZLWK�DQWLELRWLFV��PHDVXUHV�WKH�
�DELOLW\�RI�WKH�DQWLELRWLF�WR�HUDGLFDWH�WKH�
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�EDFWHULD��

�7KH�.LUE\�%DXHU�WHVW�ZDV�SHUIRUPHG�E\�
�LQRFXODWLQJ�WKH�DJDU�SODWH�E\�WUDQVIHUULQJ�WKH�
�EURWK�FRQWDLQLQJ�6WDSK\ORFRFFXV�(SLGHUPLGLV��
�7KH�EURWK�ZDV�FRYHUHG�ZLWK�D�VWHULOH�SODVWLF�
�VSUHDGHU�WR�HYHQO\�GLVWULEXWH�WKH�EURWK�RYHU�
�WKH�SODWH��:H�WKHQ�SODFHG�WKH�QHRP\FLQ��
�DPSLFLOOLQ��DQG�HU\WKURP\FLQ�GLVFV��FDUQHJLHD�
�JLJDQWHD�H[WUDFW��DQ�HPSW\�GLVN��DQG�D�
�JO\FLQH�ZDWHU�GLVN��

�7KH�DJDU�SODWH�ZDV�VHDOHG�DQG�SODFHG�LQ�DQ�
�LQFXEDWRU�DW����GHJUHHV�FHOVLXV��$�WRWDO�RI�ILYH�
�WULDOV�ZLWK�ILYH�DJDU�SODWHV�ZDV�SUHSDUHG��$IWHU�
����KRXUV��DQ�DQWLPLFURELDO�FKHPLFDO�WHVW�ZDV�

�SHUIRUPHG�E\�XVLQJ�D�PLOOLPHWHU�FDOLSHU�WR�
�PHDVXUH�WKH�VL]H�RI�HDFK�LQKLELWRU\�FLUFOH��

�5(68/76�
�$PSLFLOOLQ�KDG�D�PLQLPXP�LQKLELWRU\�
�FRQFHQWUDWLRQ��0,&��OHYHO�PHDQ�RI�����PP�
�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI����PP��7DEOH����
�)LJXUH�����1HRP\FLQ�KDG�D�0,&�OHYHO�PHDQ�RI�
�����PP�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI����PP��
�(U\WKURP\FLQ�KDG�D�0,&�OHYHO�PHDQ�RI�
�����PP�ZLWK�D�VWDQGDUG�GHYLDWLRQ�RI����PP��
�7KH�&DUQHJLHD�*LJDQWHD�H[WUDFW�KDG�D�0,&�
�OHYHO�PHDQ�RI����PP�ZLWK�D�VWDQGDUG�
�GHYLDWLRQ�RI����PP���7KH�HPSW\�GLVF�KDG�D�
�0,&�OHYHO�PHDQ�RI����PP�ZLWK�D�VWDQGDUG�
�GHYLDWLRQ�RI����PP��7DEOH�����

�7$%/(6��*5$3+6�DQG�3+2726��

�)LJXUH���� �&DUQHJLHD�*LJDQWHD�H[WUDFW�YV�$QWLELRWLFV��,QKLELWRU\�(IILFDF\��7KH�
�/DUJHU�LQKLELWRU\�FLUFOH�GLDPHWHU�UHIOHFWV�JUHDWHU�DQWLELRWLF�HIILFDF\��

�7ULDO���� �7ULDO���� �7ULDO���� �7ULDO���� �7ULDO���� �0HDQ�
�6WDQGDUG�
�'HYLDWLRQ�

�$PSLFLOOLQ� ������ ���� ������ ���� ������ ������� �������
�1HRP\FLQ� ������ ������ ������ ������ ������ ������ �������
�(U\WKURP\FLQ� ������ ������ ������ ������ ������ ������� �������
�&DFWXV�([WUDFW� ����� ����� ����� ����� ����� ������ �������
�(PSW\�'LVF� ��� ��� ��� ��� ��� ����� �������
�*O\FLQH�'LVF� ��� ��� ��� ��� ��� ��� �������
�7DEOH�����&DUQHJLHD�*LJDQWHD�H[WUDFW�YV�$QWLELRWLFV�,QKLELWRU\�(IILFDF\�'DWD��7KH�VL]H�RI�WKH�
�LQKLELWRU\�FLUFOH�FRPSDUHV�FRQYHQWLRQDO�DQWLELRWLFV�WR�WKH�&DFWXV�([WUDFW�
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�',6&866,21�
�7KH�UHVXOWV�VKRZ�WKDW�WKH�&DUQHJLHD�
�*LJDQWHD�VHHG�H[WUDFW�LV�QRW�DV�HIIHFWLYH�DV�
�FRQYHQWLRQDO�DQWLELRWLFV�LQ�WUHDWLQJ�
�6WDSK\ORFRFFXV�(SLGHUPLGLV���+RZHYHU��WKH�
�UHVXOWV�VKRZ�WKDW�&DUQHJLHD�*LJDQWHD�GRHV�
�KDYH�VRPH�DQWLELRWLF�DQG�LQWHUPHGLDWH�
�DQWLPLFURELDO�SURSHUWLHV��

�$QWLELRWLFV�IXQFWLRQ�E\�EORFNLQJ�EDFWHULDO�
�SURFHVVHV�DQG�LQKLELWLQJ�EDFWHULDO�
�UHSURGXFWLRQ���$QWLELRWLFV�RIWHQ�RULJLQDWH�IURP�
�WUDGLWLRQDO�UHPHGLHV�XVHG�LQ�FXOWXUH�IRU�
�PLOOHQQLD��)RU�H[DPSOH��WKH�&KLQHVH�KHUEDOLVW�
�XVHG�$UWHPLVLD�SODQWV�WR�JXDUG�DJDLQVW�
�GLVHDVHV��$�FKHPLFDO�H[WUDFW��4XLQJKDRVX��
�ZDV�LVRODWHG�IRU�WKDW�ZDV�GHWHUPLQHG�WR�EH�
�WKH�DQWL�PDODULDO�GUXJ��$UWHPLVLQLQ��
�$UWHPLVLQLQ�VKRZV�LPSURYHG�VHYHQ�GD\�EORRG�
�FOHDUDQFH�UDWHV�RI�PDODULD�WKDQ�RWKHU�
�PHGLFDWLRQV��

�7KH�OLPLWDWLRQV�RI�P\�UHVHDUFK�LQFOXGH�WKH�
�VWXG\�RI�RQO\�RQH�EDFWHULD�VWUDLQ��
�6WDSK\ORFRFFXV�HSLGHUPLGLV��7KHUH�DUH�
�VHYHUDO�RWKHU�W\SHV�RI�EDFWHULD�WKDW�FDQ�
�EHFRPH�SDWKRJHQLF��VXFK�DV�6WUHSWRFRFFXV��
�$GGLWLRQDO�VWXGLHV�FRXOG�H[SORUH�WKH�
�&DUQHJLHD�*LJDQWHD�HIIHFW�RQ�RWKHU�EDFWHULD�
�DQG�H[SORUH�&DUQHJLHD�*LJDQWHD¶V�
�SRWHQWLDWLRQ�ZLWK�RWKHU�DQWLELRWLFV��

�,Q�FRQFOXVLRQ��&DUQHJLHD�*LJDQWHD�H[WUDFW�
�VKRZV�PRGHUDWH�HIILFDF\�DV�DQ�DQWLPLFURELDO�
�DJHQW���&DUQHJLHD�*LJDQWHD�DV�DQ�DGMXYDQW�
�WKHUDS\�WR�FRQYHQWLRQDO�WKHUDSLHV�VKRXOG�EH�
�H[SORUHG���&RQYHQWLRQDO�PHGLFLQH�IRFXVHV�RQ�
�H[LVWLQJ�LQYHQWRU\�RI�SKDUPDFHXWLFDO�
�DQWLELRWLFV���%DFWHULD�DUH�DFKLHYLQJ�DQWLELRWLF�
�UHVLVWDQFH�WR�PDQ\�RI�WKHVH�DQWLELRWLFV��
�&DUQHJLHD�*LJDQWHD�FRXOG�OHDG�WR�WKHUDSHXWLF�
�PRGDOLWLHV�WRROV�WR�FRPEDW�WKHVH�WURXEOHVRPH�
�LQIHFWLRQV��

�5()(5(1&(6�
�%KDUJDY��+�6���6KDVWUL��6�'���3RRUQDY��6�3���'DUVKDQ��.�0���DQG�1D\DN��0�0����������
�0HDVXUHPHQW�RI�WKH�=RQH�RI�,QKLELWLRQ�RI�DQ�$QWLELRWLF�� �,(((��WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�
�$GYDQFHG�&RPSXWLQJ�� �'2,�����������,$&&���������

�+XG]LFNL��-�����������.LUE\�%DXHU�'LVN�'LIIXVLRQ�6XVFHSWLELOLW\�7HVW�3URWRFRO�� �$PHULFDQ�6RFLHW\�
�IRU�0LFURELRORJ\����

�.D\H��.��6���3HWW\��/��$���6KRUU��$��)���	�=LOEHUEHUJ��0��'����������&XUUHQW�(SLGHPLRORJ\��(WLRORJ\��
�DQG�%XUGHQ�RI�$FXWH�6NLQ�,QIHFWLRQV�LQ�WKH�8QLWHG�6WDWHV���&OLQLFDO�LQIHFWLRXV�GLVHDVHV���DQ�RIILFLDO�
�SXEOLFDWLRQ�RI�WKH�,QIHFWLRXV�'LVHDVHV�6RFLHW\�RI�$PHULFD����������6XSSO�����6���±6�����
�KWWSV���GRL�RUJ���������FLG�FL]����

�0F&OHDU\��-��DQG�:DONLQJWRQ��'�/�����������$QWLPLFURELDO�$FWLYLW\�RI�WKH�&DFWDFHDH���7RUUH\�
�%RWDQLFDO�6RFLHW\�� �9RO�����1R����SS����������

�6WXOEHUJ��'�/���3HQURG��0�$�P�DQG�%ODWQ\��5�$����������&RPPRQ�%DFWHULDO�6NLQ�,QIHFWLRQV��
�$PHULFDQ�)DPLO\�3K\VLFLDQ���5HWUHLYHG�IURP��KWWSV���ZZZ�DDIS�RUJ�DIS�����������S����KWPO�
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�.HYLQ�,GLFXOD�

�$QDO\VLV�RI�0LFURSODVWLF�(IIHFWV�RI�&KORURFRFFXP�$OJDH�
�DQG�,WV�,PSOLFDWLRQV�RQ�0DULQH�/,IH�

�$%675$&7�
�7KHUH�LV�DQ�XUJHQW�QHHG�WR�DVVHVV�KRZ�WKH�
�FRQFHQWUDWLRQ�RI�PLFURSODVWLFV�DIIHFW�ORFDO�
�HFRV\VWHPV��HVSHFLDOO\�LQ�UHODWLRQ�WR�WKH�
�VDIHW\�RI�WKH�RUJDQLVPV�OLYLQJ�ZLWKLQ�WKH�/RQJ�
�,VODQG�6RXQG��7KLV�UHVHDUFK�FRQVLVWHG�RI�
�DQDO\]LQJ�ZDWHU�VDPSOHV�IURP�WKH�6XQNHQ�
�0HDGRZ�6WDWH�3DUN��7KLV�ORFDWLRQ�LV�
�VLJQLILFDQW�EHFDXVH�LW�KDV�D�ODUJH�SRSXODWLRQ�
�RI�RUJDQLVPV�GHSHQGHQW�RQ�WKH�/,6��LQFOXGLQJ�
�VXPPHU�WRXULVWV�DQG�RWKHU�RUJDQLVPV��:H�
�FROOHFWHG���VDPSOHV�RI�/,6�ZDWHUV��7KHVH�
�ZDWHU�VDPSOHV�ZHUH�WKHQ�XVHG�WR�PRQLWRU�WKH�
�JURZWK�DQG�GHYHORSPHQW�RI�&KORUURFXPP�
�DOJDH��&KORURSK\OO�FRQFHQWUDWLRQ�ZDV�
�HYDOXDWHG�RYHU�D�ILYH�GD\�JURZWK�SHULRG�ZLWK�
�D�FRQWURO�RI�VSULQJ�ZDWHU��7KLV�VWXG\�IRXQG�
�WKDW�PLFURSODVWLFV�KDYH�QR�VSHFLILF�VKRUW�WHUP�
�HIIHFW�RQ�FKORURFFRFXP�DOJDH��

�,1752'8&7,21�
�0LFURSODVWLFV�KDYH�EHHQ�LQWURGXFHG�LQWR�RXU�
�HQYLURQPHQW�HYHU�VLQFH�WKH�ZRUOG�KDV�
�GHSHQGHG�RQ�WKH�XVH�RI�SODVWLFV�LQ�HYHU\GD\�
�OLIH��7KH�DPRXQW�RI�FRQVXPHU�DQG�FRPPHUFLDO�
�SURGXFWV�WKDW�XVH�SODVWLFV�DUH�LQQXPHUDEOH��
�7KHVH�PLFURSODVWLFV�FDQ�HQWHU�WKH�
�HQYLURQPHQW�WKURXJK�WKH�GHJUDGDWLRQ�RI�
�ODUJHU�SODVWLFV��DQG�WKH\�SRVH�D�SUREOHP�WR�
�WKH�HQYLURQPHQW�EHFDXVH�RQFH�WKH\�HQWHU�DQ�
�HQYLURQPHQW�LQ�ODUJH�TXDQWLWLHV��WKH\�FDQ�
�UHPDLQ�SHUVLVWHQW�LQ�WKH�HQYLURQPHQW�DQG�
�DIIHFW�WKH�SURGXFHUV�DQG�FRQVXPHUV�LQ�WKH�
�HQYLURQPHQW��

�0LFURSODVWLFV�DV�GHILQHG�E\�WKH�2[IRUG�
�(QJOLVK�GLFWLRQDU\�DUH�³H[WUHPHO\�VPDOO�SLHFHV�
�RI�SODVWLF�GHEULV�LQ�WKH�HQYLURQPHQW�UHVXOWLQJ�
�IURP�WKH�GLVSRVDO�DQG�EUHDNGRZQ�RI�
�FRQVXPHU�SURGXFWV�DQG�LQGXVWULDO�ZDVWH´��
�7KHVH�PLFURSODVWLFV�DUH�HQWHULQJ�WKH�/RQJ�

�,VODQG�6RXQG�WKURXJK�GHJUDGLQJ�ILVKLQJ�QHWV��
�LQGXVWULDO�PDWHULDOV��DQG�FOHDQLQJ�DEUDVLYHV��
�/DUJH�SODVWLFV�EHFRPH�PLFURSODVWLFV�GXH�WR�
�WKH�XOWUDYLROHW�UDGLDWLRQ�IURP�WKH�VXQ��7KHVH�
�PLFURSODVWLFV�FDQ�UDQJH�LQ�VL]H�IURP�
�PLOOLPHWHUV�WR�QDQRSDUWLFOHV��

�$FFRUGLQJ�WR�WKH�8QLWHG�1DWLRQV�(QYLURQPHQW�
�$VVHPEO\��81(3���WKHUH�DUH�DQ�HVWLPDWHG�
������WULOOLRQ�SODVWLF�SDUWLFOHV�WKDW�DUH�LQ�WKH�
�RFHDQV�ULJKW�QRZ��ZKLFK�LV�HTXLYDOHQW�WR�
���������WRQV�RI�SODVWLF�LQ�WKH�RFHDQ��
�5HVHDUFK�KDV�VKRZQ�WKDW�PLFURSODVWLFV�KDYH�
�EHHQ�IRXQG�LQ�HYHU\�VLQJOH�ERG\�RI�ZDWHU�DQG�
�DUH�GRLQJ�WUHPHQGRXV�GDPDJH�WR�WKH�RFHDQ�
�HQYLURQPHQW��$OIDUR�1~xH]���������$QRWKHU�
�VWXG\�GRQH�E\�WKH�,QWHUQDWLRQDO�$WRPLF�
�(QHUJ\�$JHQF\�VKRZV�WKDW�HYHU�VLQFH�������
�WKHUH�KDV�EHHQ�D�GUDPDWLF�LQFUHDVH�RI�
�PLFURSODVWLF�DPRXQWV�LQ�WKH�(DVWHUQ�7URSLFDO�
�3DFLILF��-HQQHW�2UD\HYD����������6LPLODUO\��
�WKH\�GR�PXFK�GDPDJH�WR�WKH�RFHDQ�DQLPDOV��
�$FFRUGLQJ�WR�UHVHDUFKHUV�DW�-LDQJVX�.H\�
�/DERUDWRU\�RI�0DULQH�%LRUHVRXUFHV�
�5HVRXUFHV�DQG�(QYLURQPHQW�RI�&KLQD��
�PLFURSODVWLFV�FDQ�KDYH�WR[LF�HIIHFWV�RQ�ILVK�
�DQG�RWKHU�DTXDWLF�OLIH��LQFOXGLQJ�UHGXFLQJ�IRRG�
�LQWDNH��GHOD\LQJ�JURZWK��FDXVLQJ�R[LGDWLYH�
�GDPDJH�DQG�DEQRUPDO�EHKDYLRUV��6XFK�
�GDPDJH�LV�D�WUHPHQGRXV�KDUP�WR�WKH�RFHDQ�
�HFRV\VWHP��4LDQJ�DQG�&KHQJ���������
�7KH�/RQJ�,VODQG�6RXQG�VXSSOLHV�ZDWHU�WR�
�PDQ\�UHVLGHQWV�DQG�RUJDQLVPV�ORFDOO\��7KH�
�/RQJ�,VODQG�6RXQG�LV�DQ�HVWXDU\��PHDQLQJ�LW�
�LV�D�SODFH�ZKHUH�VDOWZDWHU�DQG�IUHVKZDWHU�
�PL[��DQG�KRVWV�LWV�RZQ�VSHFLDO�HFRV\VWHP�WKDW�
�LV�RQH�RI�WKH�PRVW�SURGXFWLYH�HFRV\VWHPV�RQ�
�HDUWK��7KH�/RQJ�,VODQG�6RXQG�LV�DOVR�
�&RQQHFWLFXW
V�ODUJHVW�DQG�PRVW�LPSRUWDQW�
�QDWXUDO�UHVRXUFH��FRQWULEXWLQJ�WR�DQ�HVWLPDWHG�
������ELOOLRQ�SHU�\HDU�LQ�WKH�UHJLRQDO�HFRQRP\��
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�0LOOLRQV�RI�SHRSOH�OLYH�RQ�WKH�/RQJ�,VODQG�
�6RXQG�ZDWHUVKHG�DQG�WDNH�SDUW�LQ�WKH�
�DFWLYLWLHV�WKDW�WDNH�SODFH�RQ�WKH�6RXQG�OLNH�
�ILVKLQJ��VZLPPLQJ��DQG�ERDWLQJ��7KH�/RQJ�
�,VODQG�6RXQG�LV�LQ�GDQJHU�GXH�WR�WKH�
�VXEVWDQWLDOO\�KLJK�FRQFHQWUDWLRQ�RI�
�PLFURSODVWLFV�LQ�WKH�ZDWHU��$FFRUGLQJ�WR�WKH�
�8QLYHUVLW\�RI�&RQQHFWLFXW�WKHUH�LV�DQ�
�HVWLPDWHG������PLFURSODVWLFV�SHU�FXELF�PHWHU�
��5H\HV���������0LFURSODVWLFV�DUH�WDNLQJ�D�
�KXJH�WROO�RQ�WKH�ORFDO�RUJDQLVPV��7KLV�KLJK�
�FRQFHQWUDWLRQ�RI�PLFURSODVWLFV�LV�VXUH�WR�KDUP�
�WKH�ORFDO�HFRV\VWHP�ZLWKLQ�WKH�/RQJ�,VODQG�
�6RXQG��$FFRUGLQJ�WR�8QLYHUVLW\�RI�
�&RQQHFWLFXW�UHVHDUFKHUV��WKH�PLFURSODVWLFV�
�SUHVHQW�LQ�WKH�/RQJ�,VODQG�6RXQG�SRVH�D�
�WKUHDW�WR�WKH�ORFDO�VKHOOILVK�DQG�VQDLO�
�SRSXODWLRQ��0LFURSODVWLFV�FDQ�DOVR�FDXVH�
�XQNQRZQ�KDUP�WR�WKH�UHVLGHQWV�RI�WKLV�DUHD�
��5H\HV���������

�7KH�/RQJ�,VODQG�6RXQG�LV�LQ�GDQJHU�RI�
�EHFRPLQJ�KHDYLO\�FRQWDPLQDWHG�ZLWK�
�PLFURSODVWLFV��7KHUH¶V�DQ�XUJHQW�QHHG�WR�
�DVVHVV�KRZ�WKH�FRQFHQWUDWLRQ�RI�FHUWDLQ�
�PLFURSODVWLFV�LV�DIIHFWLQJ�WKH�ORFDO�HFRV\VWHP�
�IRU�WKH�VDIHW\�RI�WKH�RUJDQLVPV�OLYLQJ�ZLWKLQ�
�WKH�/RQJ�,VODQG�6RXQG��7KH�/RQJ�,VODQG�
�6RXQG�LV�KRPH�WR�RYHU������VSHFLHV�RI�
�LQYHUWHEUDWHV�DQG�����VSHFLHV�RI�ILVK��7KHVH�
�DQLPDOV�DUH�SDUW�RI�WKH�6RXQG�DQG�DUH�
�LPSRUWDQW�WR�WKH�HFRV\VWHP��7KH�/RQJ�,VODQG�
�6RXQG¶V�DELOLW\�WR�VXVWDLQ�WKLV�JUHDW�DPRXQW�RI�
�PDULQH�OLIH�LV�GHSHQGHQW�RQ�WKH�TXDOLW\�RI�WKH�
�ZDWHU��$FFRUGLQJ�WR�WKH�8QLYHUVLW\�RI�
�&RQQHFWLFXW�WKHUH�LV�DQ�HVWLPDWHG������
�PLFURSODVWLFV�SHU�FXELF�PHWHU��5H\HV���������
�7KLV�LV�D�VLJQLILFDQW�DPRXQW�RI�PLFURSODVWLFV�LQ�
�WKH�ZDWHU��DQG�LW�FDQ�KDYH�GHWULPHQWDO�HIIHFWV�
�RQ�WKH�PDULQH�OLIH�DQG�HFRV\VWHP�LQ�WKH�/RQJ�
�,VODQG�6RXQG��3RO\VW\UHQH�PLFURSODVWLFV�FDQ�
�SRVVLEO\�DIIHFW�PDULQH�DQLPDOV
�DELOLW\�WR�
�UHSURGXFH��$Q�H[SHULPHQW�GRQH�E\�/L\XDQ�
�4LDQJ�DQG�-LQSLQJ�&KHQJ�RI�WKH�6WDWH�.H\�
�/DERUDWRU\�RI�(VWXDULQH�DQG�&RDVWDO�
�5HVHDUFK��(DVW�&KLQD�1RUPDO�8QLYHUVLW\��
�6KDQJKDL��&KLQD�DQG�+RQJ�.RQJ�%UDQFK�RI�
�6RXWKHUQ�0DULQH�6FLHQFH�DQG�(QJLQHHULQJ�
�*XDQJGRQJ�/DE�IRXQG�D�FRUUHODWLRQ�EHWZHHQ�
�WKH�DPRXQW�RI�SRO\VW\UHQH�PLFURSODVWLFV�D�

�]HEUD�ILVK�LV�H[SRVHG�WR�DOWHUDWLRQ�LQ�WKH�
�UHSURGXFWLYH�V\VWHPV�RI�WKH�]HEUDILVK��4LDQJ�
�DQG�&KHQJ���������,I�WKH�UHVHDUFK�JRHV�RQ�WR�
�VKRZ�WKDW�RWKHU�ILVK�DUH�DOVR�PHW�ZLWK�WKH�
�VDPH�SUREOHPV�LW�FRXOG�EH�D�SUREOHP��
�(VSHFLDOO\�ZKHQ�WKH�DPRXQW�RI�PLFURSODVWLFV�
�LQ�WKH�/RQJ�,VODQG�6RXQG�LV�VR�KLJK��7KHUH�
�QHHGV�WR�EH�OLJKW�EURXJKW�LQWR�WKLV�VXEMHFW�
�EHFDXVH�WKH�SRVVLEOH�GHWULPHQWDO�HIIHFWV�RI�
�PLFURSODVWLFV�LV�WRR�KLJK�MXVW�WR�EH�LJQRUHG��
�$QRWKHU�UHDVRQ�DV�WR�ZK\�WKH�FRQWDPLQDWLRQ�
�RI�PLFURSODVWLFV�VKRXOG�QRW�EH�LJQRUHG�LV�WKDW�
�WKH�PLFURSODVWLFV�FDQ�EH�RI�SRWHQWLDO�KDUP�WR�
�WKH�KXPDQ�OLIH�OLYLQJ�DURXQG�LW��5HVHDUFK�
�GRQH�LQ�&KLQD�LQGLFDWHV�WKDW�PLFUR�SODVWLF�
�FRQWDPLQDWLRQ�LQ�FUDEV�LV�ZRUWK\�RI�DWWHQWLRQ�
�IRU�KXPDQ�KHDOWK�DQG�WKH�VWDELOLW\�RI�PDULQH�
�HFRV\VWHPV��=KDQJ�HW�DO����������7KH�/RQJ�
�,VODQG�6RXQG�LV�QDWLYH�WR�WZR�VSHFLHV�RI�
�DQLPDOV��6OLSSHU�6QDLOV�DQG�6HD�6TXLUWV��
�8&RQQ�UHVHDUFKHUV�FRQGXFWHG�D�VHULHV�RI�
�WHVWV�XVLQJ�WKHVH�WZR�RUJDQLVPV��7KHVH�
�VSHFLHV�RI�RUJDQLVPV�DUH�LQGLVFULPLQDWH�
�VXVSHQVLRQ�IHHGHUV��:KLFK�PHDQV�WKH\�GR�
�QRW�KDYH�WKH�DELOLW\�WR�VHOHFWLYHO\�UHMHFW�
�SDUWLFOHV�WKDW�WKH\�LQJHVW��7KHUHIRUH��WKHVH�
�DQLPDOV�DUH�WKH�SHUIHFW�WHVW�VDPSOHV�EHFDXVH�
�WKH\�FDQQRW�UHMHFW�WKH�OHYHO�RI�PLFURSODVWLF��
�VKRZLQJ�WKH�WUXH�OHYHO�RI�PLFURSODVWLFV�LQ�WKH�
�ZDWHU��$OWKRXJK�WKH�UHVHDUFK�VXJJHVWV�WKDW�
�WKHUH�DUH�QR�KDUPIXO�HIIHFWV�RI�LQJHVWLQJ�
�PLFURSODVWLFV�WR�RUJDQLVPV��WKH\�VSHFLILFDOO\�
�VWDWHG�LW�LV�RQO\�DW�WKH�OHYHO�LW�LV�DW�QRZ��(YHQ�
�WKRXJK�WKHUH�DUH�QR�VSHFLILF�KDUPIXO�HIIHFWV�RI�
�LQMHFWLQJ�PLFURSODVWLF�DFFRUGLQJ�WR�WKLV�
�VRXUFH��$FFRUGLQJ�WR�UHVHDUFKHUV�LQ�&KLQD��D�
�VLJQLILFDQW�DPRXQW�RI�PLFURSODVWLFV�DUH�YHU\�
�KDUPIXO�WR�WKH�RFHDQLF�OLIH�DQG�HQYLURQPHQW�
��4LDQJ�DQG�&KHQJ���������%RWK�UHVHDUFK�DUH�
�WUXVWZRUWK\��7KHUHIRUH��WKH�JDS�DULVHV��7R�
�ZKDW�H[WHQW�WKH�FRQFHQWUDWLRQ�RI�PLFURSODVWLF�
�LV�KLJK�HQRXJK�WR�FDXVH�D�QHJDWLYH�HIIHFW�RQ�
�WKH�RUJDQLVPV�WKDW�PD\�LQJHVW�LW"�,I�WKH�OHYHO�
�RI�PLFURSODVWLFV�H[FHHGV�WKH�WKUHVKROG�RI�D�
�FHUWDLQ�DPRXQW��LW�FDXVHV�GHWULPHQWDO�HIIHFWV�
�WR�WKH�ORFDO�RUJDQLVPV�RI�WKH�/RQJ�,VODQG�
�6RXQG��,QFOXGLQJ�ORFDO�PDULQH�DQLPDOV�DQG�
�WKH�UHVLGHQWV�RI�KXPDQ�OLYLQJ�QHDU�WKH�/RQJ�
�,VODQG�6RXQG��,W�LV�LPSRUWDQW�WR�FRQGXFW�VXFK�
�UHVHDUFK�WR�WUXO\�XQGHUVWDQG�WKH�OHYHO�RI�
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�PLFURSODVWLFV�LQ�WKH�/RQJ�,VODQG�6RXQG�WR�
�SUHYHQW�WKH�OHYHO�RI�PLFURSODVWLFV�IURP�
�H[FHHGLQJ��6XFK�DFWLRQV�ZLOO�QRW�RQO\�KHOS�
�SURWHFW�WKH�PDULQH�DQLPDOV��EXW�DOVR�SURWHFW�
�WKH�ORFDO�KXPDQ�SRSXODWLRQ��

�0LUFRSODVWLFV�DFW�DV�D�SRLVRQ��DV�ERWK�ODUJH�
�DQG�VPDOO�FUHDWXUHV�LQJHVW�SODVWLF�PDWHULDOV��
�EHOLHYLQJ�WKHP�WR�EH�IRRG��RU�PLFURSODVWLFV��
�XQNQRZLQJO\��7KHVH�SODVWLFV�FDQ�OHDG�WR�
�VHYHUH�GLJHVWLYH�SUREOHPV��DQG�HYHQ�GHDWK��
�7KLV�SROOXWLRQ�DOVR�KDV�RWKHU�FRQVHTXHQFHV��
�LQFOXGLQJ�VHULRXV�HFRQRPLF�ORVVHV�LQ�WKH�
�ILVKLQJ�LQGXVWU\��0LFURSODVWLFV�FDQ�KDUP�
�PDULQH�OLIH��DQG�FDQ�OHDG�WR�D�ORVV�RI�UHYHQXH�
�GXH�WR�IHZHU�ILVK�EHLQJ�FDXJKW��0LFURSODVWLFV�
�DOVR�OHDG�WR�SRRUHU�TXDOLW\�DQG�IHZHU�KHDOWK\�
�VSRWV�LQ�WKH�RFHDQ��OHDGLQJ�WR�IHZHU�KHDOWK\�
�ILVK�EHLQJ�FDXJKW��7KLV�QRW�RQO\�DIIHFWV�WKH�
�ILVKLQJ�HFRQRP\�DV�D�ZKROH��EXW�DOVR�
�VSHFLILFDOO\�WKRVH�LQGLYLGXDOV�ZKRVH�OLYHV�
�GHSHQG�RQ�WKH�VHDV�DQG�WKH�ILVK�LQ�WKHP��
�0LFURSODVWLFV�DUH�VPDOO��WKH\�FDQ�EH�MXVW�D�
�IHZ�PLFURPHWHUV�ORQJ�DQG�VPDOOHU�WKDQ�WKH�
�GLDPHWHU�RI�D�SLHFH�RI�KDLU��\HW�VWLOO�GR�VHULRXV�
�GDPDJH�WR�DQ�RUJDQLVP��7KLV�PDNHV�
�PLFURSODVWLFV�KDUGHU�WR�WUDFN�LQ�WKH�
�HQYLURQPHQW��DV�VRPHWLPHV�\RX�FDQ
W�HYHQ�
�VHH�WKH�SLHFH�RI�SODVWLF��$V�PDFURSODVWLFV�
�EUHDN�GRZQ�LQWR�PLFURSODVWLFV��WKH�PRUH�
�PLFURSODVWLFV�ZLOO�EH�SUHVHQW��DQG�WKH�PRUH�
�KDUP�WKH\�FDQ�FDXVH��$OO�W\SHV�RI�FUHDWXUHV�
�LQJHVW�PLFURSODVWLFV��DQG�DV�WKH\�PRYH�XS�WKH�
�IRRG�FKDLQ��WKRVH�PLFURSODVWLFV�PD\�HQG�XS�LQ�
�WKH�KXPDQ�ERG\��

�7KHUH�DUH�PDQ\�RWKHU�ZD\V�WKDW�PLFURSODVWLFV�
�PDNH�LW�LQWR�WKH�HQYLURQPHQW��DQG�DV�RXU�
�ZDWHU�WUHDWPHQW�V\VWHPV�DUH�QRW�GHVLJQHG�WR�
�UHPRYH�WKHP��WKH�PLFURSODVWLFV�PDNH�WKHLU�
�ZD\�WKURXJK�WKH�HQYLURQPHQW�DQG�FDXVH�
�KDUP�WR�WKH�RUJDQLVPV�LQ�WKH�HQYLURQPHQW��
�$FFRUGLQJ�WR�-XGLWK�6FKlOL��D�UHVHDUFKHU�DW�
�WKH�:RUOG�7UDGH�,QVWLWXWH��WKH�FRVW�WR�PDULQH�
�LQGXVWULHV�LQ�WKH�3DFLILF�UHJLRQ�RI�$VLD�LV�
�HVWLPDWHG�WR�EH�DURXQG������ELOOLRQ�GROODUV�SHU�
�\HDU��0DWVDQJRX���������6LJQLILFDQW�FKDQJH�
�ZLOO�WDNH�WLPH�DQG�PRQH\��EXW�LI�WKH�FXUUHQW�
�WUHQG�ZLWK�PLFUR�SODVWLFV�FRQWLQXHV��WKH�
�FRQVHTXHQFHV�ZLOO�JHW�ZRUVH��DQG�LW�LV�

�LPSRUWDQW�WR�NQRZ�WKRVH�FRQVHTXHQFHV�DQG�
�WR�UHVHDUFK�PLFURSODVWLFV�WR�NQRZ�WKHLU�IXWXUH�
�LPSDFW��

�7KH�XUJHQW�QHHG�WR�DVVHVV�KRZ�WKH�
�FRQFHQWUDWLRQ�RI�PLFURSODVWLFV�DIIHFWV�ORFDO�
�HFRV\VWHPV��HVSHFLDOO\�LQ�UHODWLRQ�WR�WKH�
�VDIHW\�RI�WKH�RUJDQLVPV�OLYLQJ�ZLWKLQ�WKH�/RQJ�
�,VODQG�6RXQG��OHG�XV�WR�FRQGXFW�WKLV�
�H[SHULPHQW��2XU�UHVHDUFK�FRQVLVWHG�RI�
�DQDO\]LQJ�ZDWHU�VDPSOHV�IURP�WKH�6XQNHQ�
�0HDGRZ�6WDWH�3DUN��7KLV�ORFDWLRQ�LV�
�VLJQLILFDQW�EHFDXVH�LW�KDV�D�ODUJH�SRSXODWLRQ�
�RI�RUJDQLVPV�GHSHQGHQW�RQ�WKH�/RQJ�,VODQG�
�6RXQG��LQFOXGLQJ�VXPPHU�WRXULVWV�DQG�RWKHU�
�RUJDQLVPV��:H�FROOHFWHG���VDPSOHV�RI�/RQJ�
�,VODQG�6RXQG�ZDWHUV��7KHVH�ZDWHU�VDPSOHV�
�ZHUH�WKHQ�XVHG�WR�PRQLWRU�WKH�JURZWK�DQG�
�GHYHORSPHQW�RI�&KORUURFXPP�DOJDH��
�&KORURSK\OO�FRQFHQWUDWLRQ�ZDV�HYDOXDWHG�RYHU�
�D�ILYH�GD\�JURZWK�SHULRG�ZLWK�D�FRQWURO�RI�
�VSULQJ�ZDWHU��:H�K\SRWKHVL]HG�WKDW�WKH�
�DPRXQW�RI�FKORURSK\OO�ZRXOG�GHFUHDVH�RYHU�
�WKLV�WLPH�SHULRG�GXH�WR�WKH�FRQFHQWUDWLRQ�RI�
�PLFURSODVWLFV��2XU�UHVHDUFK�SURFHGXUH�ZDV�
�DGYDQWDJHRXV�LQ�ILJXULQJ�RXW�ZKHWKHU�RU�QRW�
�PLFURSODVWLFV�KDG�DQ�HIIHFW�RQ�WKH�
�FKORUURFFXP�DOJDH�EHFDXVH�RXU�UHVHDUFK�WRRN�
�SODFH�LQ�WZR�SKDVHV��3KDVH�RQH�ZDV�WKH�
�DQDO\]LQJ�RI�PLFURSODVWLFV��DQG�SKDVH�WZR�
�ZDV�WKH�LQWURGXFWLRQ�RI�WKH�PLFUSODVWLFV�WR�WKH�
�&KORURFFXP�DOJDH��

�0$7(5,$/6�$1'�0(7+2'6�
�2XU�UHVHDUFK�WRRN�SDUW�LQ�WZR�SKDVHV��3KDVH�
�RQH�ZDV�WKH�FROOHFWLRQ�DQG�DQDO\VLV�RI�
�PLFURSODVWLFV��3KDVH�WZR�ZDV�WKH�H[SRVXUH�RI�
�WKH�PLFURSODVWLFV�WR�&KORURFRFFXP�$OJDH��
�3KDVH�RQH�VWDUWHG�ZLWK�WKH�ORFDWLRQ�RI�D�ERG\�
�RI�ZDWHU�IURP�ZKLFK�ZH�ZDQWHG�WR�FROOHFW�
�VDPSOHV��:H�FROOHFWHG�ZDWHU�VDPSOHV�IURP�
�PXOWLSOH�DUHDV�RI�WKH�/RQJ�,VODQG�6RXQG��
�:DWHU�VDPSOHV�RI�RQH�OLWHU�ZHUH�FROOHFWHG�
�IURP�WKH�VRXQG��:H�QRWHG�WKH�WLPH��GDWH��
�FRRUGLQDWHV��DQG�ZHDWKHU�FRQGLWLRQV�ZKHQ�
�WKH�VDPSOH�ZDV�FROOHFWHG��$IWHU�FROOHFWLRQ��ZH�
�EURXJKW�WKH�ZDWHU�VDPSOHV�WR�WKH�ODE�DQG�
�SRXUHG�WKH�FRQWHQWV�RI�WKH�OLWHU�ERWWOH�LQWR�D�
�VLHYH�VWUXFWXUH��:H�XVHG�D�VTXHHJHH�ERWWOH�
�ZLWK�ZDWHU�IURP�WKH�/RQJ�LVODQG�VRXQG�WR�
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�ULQVH�WKH�ZDOOV�RI�WKH�OLWHU�ERWWOH�PDNLQJ�VXUH�
�DOO�WKH�SDUWLFOHV�PDGH�LW�LQWR�WKH�VLHYLQJ�
�VWUXFWXUH��

�1H[W��ZLWK�WKH�IRUFHSV�DQG�WKH�VTXHHJHH�
�ERWWOH�ZH�WRRN�DQG�ULQVHG�DZD\�WKH�ODUJHVW�
�IUDJPHQWV�VXFK�DV�DOJDH��URFNV��HWF��2QFH�
�VLHYH���ZDV�ULQVHG��ZH�WRRN�LW�RXW��7KH�
�SDUWLFOHV�RI�LQWHUHVW�ZHUH�RQ�WKH�VLHYH����VR�
�ZLWK�WKH�KHOS�RI�D�VSRRQ�ZH�WRRN�WKH�PDWHULDO�
�IURP�WKH�VLHYH���DQG�SXW�LW�LQ�D�JODVV�MDU��:LWK�
�WKH�ZDVK�ERWWOH�RI�ZDWHU�ZH�ULQVHG�DQG�
�FROOHFWHG�DOO�WKH�UHPDLQLQJ�SDUWLFOHV�RQ�WKH�
�VLHYH���DQG�SXW�LW�LQ�WKH�JODVV�MDU��:LWK�WKH�
�ZDVK�ERWWOH�RI�ZDWHU�ZH�PDGH�VXUH�DOO�WKH�
�UHPDLQLQJ�SDUWLFOHV�RQ�VLHYH���PDGH�LWV�ZD\�
�RYHU�WR�WKH�JODVV�MDU��/DVW�ZH�FORVHG�WKH�MDU�
�DQG�PDGH�VXUH�WR�ODEHO�LW�ZLWK�D�GDWH�DQG�
�SODFH�DW�ZKLFK�WKH�VDPSOH�ZDV�IURP��
�$IWHU�WKLV�ILOWUDWLRQ�VWHS�RI�WKH�FROOHFWLRQ�DQG�
�DQDO\VLV�RI�PLFURSODVWLFV�SKDVH�ZH�PRYHG�RQ�
�WR�WKH�LGHQWLILFDWLRQ�RI�WKH�PLFURSODVWLFV��:H�
�SRXUHG�WKH�FRQWHQWV�RI�WKH�MDU�ZKLFK�ZH�KDG�
�ODEHOHG�DQG�SRXUHG�LW�LQWR�D�EHDNHU��3ODFLQJ�
�WKH�EHDNHU�RQ�D�PDJQHWLF�VWLUULQJ�SODWH�ZH�
�XVHG�WKH�KLJK�VHWWLQJ�DQG�ERLOHG�RII�WKH�ZDWHU��
�$IWHU�LW�ZDV�ERLOHG�RII�DQG�RQO\�VHGLPHQW�ZDV�
�OHIW�WKH�KRW�SODWH�ZDV�WXUQHG�RII��:H�OHIW�WKH�

�PDWHULDO�WR�FRRO�RII�IRU�DQ�KRXU��$IWHU�OHWWLQJ�
�WKH�PDWHULDO�FRRO�RII�ZH�UHPRYHG�WKH�
�PDJQHWLF�VWLUULQJ�EDU�DQG�SRXUHG�D�IHZ�
�PLOOLPHWHUV�RI�ZDWHU�IURP�WKH�/RQJ�LVODQG�
�VRXQG�WR�PDNH�WKH�PDWHULDO�PRUH�SOLDEOH��
�$IWHU�WKLV�ZH�VFRRSHG�WKH�PDWHULDO�XVLQJ�D�
�VSRRQ�RQWR�D�SHWUL�GLVK��

�7KH�ILQDO�VWHS�RI�WKH�FROOHFWLRQ�DQG�DQDO\VLV�RI�
�WKH�PLFURSODVWLFV�SKDVH�ZDV�WR�LGHQWLI\�WKH�
�PLFURSODVWLFV��:H�SODFHG�WKH�SHWUL�GLVK�RQ�WKH�
�WULQRFXODU�PDJQLILHU�DQG�DGMXVWHG�WKH�OLJKW�DQG�
�RSWLFV�XQWLO�ZH�JRW�D�VKDUS�LPDJH�RQ�WKH�
�FRPSXWHU��:H�REVHUYHG�WKH�VDPSOH�DQG�XVHG�
�IRUFHSV�ZLWK�WKH�WKLQQHVW�HQGV�WR�PDQLSXODWH�
�DOO�WKH�IUDJPHQWV�SUHVHQW��$IWHU�FROOHFWLQJ�
�GDWD�RQ�WKH�PLFURSODVWLFV�IRXQG�ZH�ZHQW�RQ�WR�
�WKH�VHFRQG�SKDVH�RI�RXU�H[SHULPHQW��WKH�
�H[SRVXUH�RI�WKH�PLFURSODVWLFV�WR�
�&KORURFRFFXP�$OJDH��)LUVW��FKORUURFRFFXP�
�DOJDH�ZDV�JURZQ�RYHU�D����KRXU�OLJKW�DQG���
�KRXU�GDUN�F\FOH�DQG�H[SRVHG�RQH�VDPSOH�WR�
�FOHDQ�ZDWHU�DV�D�FRQWURO��DQG�WZR�VDPSOHV�WR�
�ZDWHU�IURP�WKH�VRXQG��ZLWK�PLFURSODVWLFV�LQ�LW��
�:H�WKHQ�PRQLWRUHG�WKH�JURZWK�RI�ERWK�
�VDPSOHV��DQDO\]LQJ�DQ\�FKDQJHV�DQG�
�GLIIHUHQFHV�LQ�WKH�WZR�ZLWK�UHJDUGV�WR�WKH�
�FKORURSK\OO�FRQWHQW�XVLQJ�D�OLJKW�VSHFWURPHWHU��

�5(68/76�

�3KDVH���
�)RU�WKH�ILUVW�SKDVH�RI�UHVHDUFK�GDWD�ZDV�FROOHFWHG�RQ�WKH�ORFDWLRQ�LQ�ZKLFK�WKH�PLFURSODVWLFV�
�FDPH�IURP��WKH�SHULPHWHU�RI�WKH�PLFURSODVWLFV��DQG�WKH�DUHD�RI�WKH�PLFURSODVWLFV��$OO�WKHVH�GDWD�
�SRLQWV�ZHUH�RUJDQL]HG�LQWR�WKH�JUDSK�VKRZQ�EHORZ��7KH�VRIWZDUH�V\VWHP�,PDJH�-�ZDV�XVHG�WR�
�DQDO\]H�PLFURSODVWLFV�ZLWK�UHJDUGV�WR�WKH�DUHD�DQG�SHULPHWHU��

�,PDJH���RQ�6'�
�FDUG� �SHULPHWHU��ȝP�� �$UHD��Pð�� �/RFDWLRQ�

���� ������ �&HQWUH�,VODQG�

���� ������ �&HQWUH�,VODQG�
���� ������ �������� �&HQWUH�,VODQG�

��� ������ �&HQWUH�,VODQG�
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�$9(5$*(�6,=(�� ������

�3KDVH���
�3KDVH�WZR�FRQVLVWHG�RI�WKH�H[SRVXUH�RI�WKH�PLFURSODVWLFV�LGHQWLILHG�LQ�SKDVH�RQH�WR�
�FKORUURFRFXP�DOJDH��7KH�FRQWURO�JURXS�ZDV�VHHQ�WR�KDYH�OHVV�FKORURSK\OO�FRQWHQW�WKDQ�WKH�
�JURXS�ZKLFK�ZDV�H[SRVHG�WR�WKH�PLFURSODVWLFV��7R�FDOFXODWH�WKH�FRQFHQWUDWLRQ�RI�FKORURSK\OO�
�DEVRUSWLRQ�IURP�WKH�OLJKW�VSHFWURPHWHU�ZH�XVHG�%HHU
V�ODZ�WR�GHWHUPLQH�FRQFHQWUDWLRQ�RI�
�FKORURSK\OO��

�&RQWURO�*URXS�

��� �0HDVXUHG�
�$EVRUEDQFH�� �&RHII��0����� �FP��������� �3DWK�/HQJWK���FP���������

�&RQFHQWUDWLRQ�RI�
�&KORURSK\OO��0���

�'D\���� �������� �������� ���� ������[�����������
�'D\���� ������� �������� ���� ������[�����������
�'D\���� �������� �������� ���� ������[�����������
�'D\���� �������� �������� ���� ������[�����������
�'D\���� �������� �������� ���� ������[�����������

�([SHULPHQWDO�*URXS��

���

�0HDVXUHG�
�$EVRUEDQFH��������

�&RHII�
��0������FP��������� �3DWK�OHQJWK��FP���

�&RQFHQWUDWLRQ�
�RI�FKORURSK\OO�
��0���

�'D\���� �������� �������� ���� �����[��������
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�'D\���� ��������� �������� ���� �����[����������
�'D\���� ��������� �������� ���� �����[����������
�'D\���� ��������� �������� ���� �����[����������
�'D\���� ��������� �������� ���� �����[����������

�',6&866,21�
�$W�WKH�HQG�RI�WKH�H[SHULPHQW�LW�ZDV�REVHUYHG�
�WKDW�WKH�H[SHULPHQWDO�JURXS�KDG�PRUH�
�FKORURSK\OO�WKDQ�WKH�FRQWURO�JURXS��7KLV�
�PHDQV�WKDW�WKH�K\SRWKHVLV�ZDV�UHMHFWHG�DQG�
�WKH�QXOO�K\SRWKHVLV�ZDV�DFFHSWHG��8OWLPDWHO\�
�LW�FDQ�EH�FRQFOXGHG�IURP�WKH�H[SHULPHQW�
�ZKLFK�ZH�FRQGXFWHG�WKDW�WKHUH�DUH�QR�VKRUW�
�WHUP�HIIHFWV�RI�PLFURSODVWLFV�RQ�
�&KORURFFRFXP�DOJDH��ZKLFK�FDQ�EH�EDFNHG�
�XS�E\�WKH�VKRUW�H[SRVXUH�SHULRG�RI�ILYH�GD\V�
�DQG�WKH�FRQWURO�JURXS�KDYLQJ�OHVV�FKORURSK\OO�
�WKDQ�WKH�H[SHULPHQWDO�JURXS��7KLV�RFFXUUHG�
�SRVVLEO\�GXH�WR�WKH�VKRUW�H[SRVXUH�SHULRG�LQ�
�ZKLFK�WKH�FKORURFRFFXP�DOJDH�ZDV�H[SRVHG�
�WR�PLFURSODVWLFV��/LPLWDWLRQV�WR�RXU�UHVHDUFK�
�ZRXOG�EH�WKDW�ILUVW�ZH�RQO\�XVHG�
�FKORURFRFFXP�DOJDH��7KHUH�DUH�PDQ\�RWKHU�
�VSHFLHV�RI�DOJDH�WKDW�FRXOG�KDYH�EHHQ�XVHG�
�DQG�FRXOG�KDYH�\LHOGHG�GLIIHUHQW�UHVXOWV��
�$QRWKHU�OLPLWDWLRQ�ZRXOG�EH�WKH�IDFW�WKDW�WKH�
�H[SRVXUH�SHULRG�ZDV�RQO\�ILYH�GD\V��)LYH�
�GD\V�LV�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH�DQG�
�PRUH�GDWD�SRLQWV�ZRXOG�EH�QHHGHG�IRU�PRUH�

�FRQFOXVLYH�UHVXOWV��$�WKLUG�OLPLWDWLRQ�ZRXOG�EH�
�WKDW�RQO\�FKORURSK\OO�FRQWHQW�ZDV�PHDVXUHG��
�7KHUH�ZHUH�PDQ\�RWKHU�IDFWRUV�WKDW�FRXOG¶YH�
�EHHQ�PHDVXUHG�VXFK�DV�QXWULHQW�UDWLR�DQG�
�R[\JHQ�SURGXFWLRQ�UDWH��2XU�H[SHULPHQW�GLGQ¶W�
�PHDVXUH�KRZ�WKHVH�IDFWRUV�ZHUH�EHLQJ�
�DIIHFWHG�VR�ZH�GRQ¶W�NQRZ�LI�PLFURSODVWLFV�KDG�
�DQ�HIIHFW�RQ�WKRVH�IDFWRUV��

�2XU�VWXG\�KDV�D�PDMRU�LPSOLFDWLRQ�RQ�WKH�ORFDO�
�HQYLURQPHQW��7KH�/RQJ�,VODQG�6RXQG�UHJLRQ��
�&KORURFRFFXP�DOJDH�LV�QDWLYH�WR�HVWXDULHV�
�VXFK�DV�WKH�/RQJ�,VODQG�6RXQG��7KLV�PHDQV�
�WKDW�GXH�WR�WKH�PLFURSODVWLFV�LQ�WKH�/RQJ�
�,VODQG�6RXQG�WKHUH�FRXOG�EH�D�KDUPIXO�HIIHFW�
�RQ�WKH�DOJDH�ZKLFK�DUH�WKH�SURGXFHUV�LQ�WKH�
�HQYLURQPHQW��,I�WKH�SURGXFHUV�DUH�DIIHFWHG�LQ�
�WKH�HQYLURQPHQW�LQ�D�QHJDWLYH�ZD\�LW�FDQ�
�FDXVH�D�ELRPDJQLILFDWLRQ�HIIHFW�ZKLFK�ZRXOG�
�DIIHFW�WKH�HQWLUH�HFRV\VWHP�LQFOXGLQJ�WKH�WRS�
�SUHGDWRUV��)XWXUH�UHVHDUFK�ZRXOG�HQWDLO�D�
�ORQJHU�H[SRVXUH�SHULRG�RI�PLFURSODVWLFV�WR�WKH�
�FKORURFFRFXP�DOJDH�DQG�PHDVXULQJ�IDFWRUV�
�RWKHU�WKDQ�FKORURSK\OO�FRQWHQW�VXFK�DV�
�QXWULHQW�UDWLR�DQG�R[\JHQ�FRQVXPSWLRQ�UDWH��
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�/RQJ�,VODQG�6RXQG����������&RQQHFWLFXW�'HSDUWPHQW�RI�(QHUJ\�DQG�(QYLURQPHQWDO�3URWHFWLRQV��
�5HWULHYHG�IURP�KWWSV���SRUWDO�FW�JRY�'((3�&RDVWDO�5HVRXUFHV�/RQJ�,VODQG�6RXQG��a�WH[W /RQJ�
�,VODQG�6RXQG�LV�&RQQHFWLFXW
V�\HDU�WR�WKH�UHJLRQDO�HFRQRP\��

�0DWVDQJRX��(���������-XO\�����&RXQWLQJ�WKH�FRVW�RI�SODVWLF�SROOXWLRQ��:RUOG�)LQDQFH��5HWULHYHG�
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�([DPLQLQJ�D�3RVVLEOH�&RUUHODWLRQ�%HWZHHQ�&RYLG����9DFFLQH�
�$FFHVVLELOLW\�DQG�+HVLWDQF\�LQ�+LJK�,QFRPH�&RXQWLHV�LQ�WKH�8QLWHG�6WDWHV�
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�7KLV�VWDWLVWLFDO�DQDO\VLV�ZLOO�GHWHUPLQH�LI�WKHUH�
�LV�D�FRUUHODWLRQ�EHWZHHQ�ORZHU�YDFFLQH�
�DFFHVVLELOLW\�DQG�YDFFLQH�KHVLWDQF\�LQ�WKH�WRS�
����FRXQWLHV�ZLWK�WKH�KLJKHVW�PHGLDQ�
�KRXVHKROG�LQFRPH�LQ�WKH�8QLWHG�6WDWHV���7KH�
�&9$&�LQGH[�ZDV�XVHG�WR�PHDVXUH�YDFFLQH�
�DFFHVVLELOLW\��ZKLOH�D�&'&�VXUYH\�LQ�ZKLFK�
�SHRSOH�ZHUH�DVNHG�KRZ�KHVLWDQW�WKH\�ZHUH�
�WRZDUGV�JHWWLQJ�YDFFLQDWHG�ZDV�XVHG�DV�D�
�PHDVXUH�RI�YDFFLQH�KHVLWDQF\���8OWLPDWHO\��
�ZKLOH�KLJKHU�LQFRPH�FRXQWLHV�KDG�EHWWHU�
�&9$&�LQGH[HV�WKDQ�WKH�QDWLRQDO�DYHUDJH��WKH�
�SHUFHQW�RI�SHRSOH�KHVLWDQW�WR�YDFFLQDWLRQV�
�ZDV�FORVH�WR�WKH�QDWLRQDO�DYHUDJH>�@���7KHUH�
�ZDV�QR�VWULFW�FRUUHODWLRQ�IRXQG�EHWZHHQ�
�PHGLDQ�KRXVHKROG�LQFRPH�DQG�HLWKHU�YDFFLQH�
�DFFHVVLELOLW\�RU�YDFFLQH�KHVLWDQF\��LQGLFDWLQJ�
�WKH�LPSRUWDQFH�RI�RWKHU�IDFWRUV�LQ�GHFLGLQJ�WKH�
�YDFFLQDWLRQ�VWDWXV�RI�D�FRXQW\��
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�7KH�GHYHORSPHQW�RI�&29,'����YDFFLQHV�
�DPLGVW�WKH�FRURQDYLUXV�SDQGHPLF�ZDV�WKH�
�UHVXOW�RI�D�FRRUGLQDWHG�LQWHUQDWLRQDO�HIIRUW�
�EHWZHHQ�JRYHUQPHQWV�DQG�FRUSRUDWLRQV>�@��
�:KLOH�WKH�WLPHOLQH�RQ�ZKLFK�WKHVH�YDFFLQHV�
�KDYH�EHHQ�GHYHORSHG�KDV�EHHQ�
�XQSUHFHGHQWHG��GLVWULEXWLQJ�WKHVH�YDFFLQHV�LQ�
�DQ�HIILFLHQW�DQG�HTXLWDEOH�PDQQHU�UHPDLQV�D�
�FKDOOHQJH��ERWK�DFURVV�WKH�ZRUOG�DQG�LQ�WKH�
�8QLWHG�6WDWHV���2QH�RI�WKH�ODUJHVW�EDUULHUV�WR�
�YDFFLQDWLRQ�UHPDLQV�HFRQRPLF��ZLWK�SRRUHU�
�FRXQWLHV��RQ�DYHUDJH��IDFLQJ�PRUH�KHDOWKFDUH�
�EDUULHUV�WKDQ�ULFKHU�RQHV>�@���7KXV��
�YDFFLQDWLRQ�HIIRUWV�LQ�ULFKHU�FRXQWLHV�VKRXOG�
�EH�HYDOXDWHG�WR�PHDVXUH�WKH�H[WHQW�WR�ZKLFK�
�HFRQRPLF�DIIOXHQFH�SOD\V�D�UROH�LQ�YDFFLQH�
�DFFHVV��DV�ZHOO�DV�PHDVXULQJ�SRWHQWLDO�OLQNV�
�EHWZHHQ�YDFFLQH�KHVLWDQF\�DQG�
�ORZHU�WKDQ�H[SHFWHG�YDFFLQH�DFFHVVLELOLW\�LQ�
�VDLG�FRXQWLHV��
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�7KH�WRS����FRXQWLHV�ZLWK�WKH�KLJKHVW�PHGLDQ�
�KRXVHKROG�LQFRPH�LQ�WKH�8QLWHG�6WDWHV�ZHUH�
�FKRVHQ�IRU�WKLV�VWDWLVWLFDO�DQDO\VLV���7KH�
�PHDVXUH�RI�YDFFLQH�DFFHVVLELOLW\�XVHG�ZDV�
�WKH�&9$&��&29,'����9DFFLQH�&RYHUDJH�
�,QGH[���ZKLFK�LV�PHDVXUHG�RQ�D�VFDOH�IURP�
������ZLWK�D�KLJKHU�VFRUH�LQGLFDWLQJ�LW�LV�PRUH�
�GLIILFXOW�WR�DFFHVV�YDFFLQDWLRQV>�@���7KH�LQGH[��
�GHYHORSHG�E\�6XUJR�9HQWXUHV��XWLOL]HV�ILYH�
�VSHFLILF�³WKHPHV´�WR�FDSWXUH�DQ�LGHD�RI�WKH�
�&29,'����YDFFLQH�FRYHUDJH�LQ�D�VSHFLILF�
�FRXQW\��KLVWRULF�XQGHUYDFFLQDWLRQ��LQGLFDWHG�
�E\�ORZHU�YDFFLQH�FRYHUDJH�DQG�KLVWRULF�
�UHIXVDO�RI�YDFFLQHV���VRFLRGHPRJUDSKLF�
�EDUULHUV��LQGLFDWHG�E\�VRFLRHFRQRPLF�VWDWXV�
�DQG�DFFHVV�WR�UHOLDEOH�KHDOWKFDUH�
�LQIRUPDWLRQ���UHVRXUFH�FRQVWUDLQHG�KHDOWKFDUH�
�V\VWHP��LQGLFDWHG�E\�ORZ�ORFDO�KHDOWKFDUH�
�FDSDFLW\���KHDOWKFDUH�DFFHVVLELOLW\�EDUULHUV�
��LQGLFDWHG�E\�FRVW�DQG�WUDQVSRUWDWLRQ�EDUULHUV�
�WR�KHDOWKFDUH���DQG�LUUHJXODU�FDUH�VHHNLQJ�
�EHKDYLRUV��LQGLFDWHG�E\�D�ODFN�RI�URXWLQH�YLVLWV�
�WR�D�KHDOWKFDUH�SURIHVVLRQDO����7KH�PHDVXUH�
�RI�YDFFLQH�KHVLWDQF\�XVHG�ZDV�GHULYHG�IURP�D�
�&'&�VWXG\>�@��LWVHOI�IURP�WKH������+RXVHKROG�
�3XOVH�6XUYH\>�@��HVWLPDWLQJ�WKH�QXPEHU�RI�
�SHRSOH�³KHVLWDQW´��³KHVLWDQW�RU�XQVXUH´��DQG�
�³VWURQJO\�KHVLWDQW´�UHJDUGLQJ�WKHLU�LQWHQWLRQ�WR�
�UHFHLYH�WKH�&29,'����YDFFLQDWLRQ���7KHVH�
�WKUHH�FODVVLILFDWLRQV�ZHUH�FRPELQHG�IRU�WKLV�
�VWXG\�WR�IRUP�D�VLQJOH�LQGLFDWRU�RI�³��KHVLWDQW´�
�WR�UHFHLYH�WKH�YDFFLQDWLRQ��

�7KLV�GDWD�ZDV�LQSXWWHG�LQWR�D�WDEOH�RUJDQL]HG�
�LQ�DVFHQGLQJ�RUGHU�IRU�WKH�FRXQWLHV�ZLWK�WKH�
�KLJKHVW�PHGLDQ�KRXVHKROG�LQFRPH���7KH�GDWD�
�ZDV�WKHQ�DQDO\]HG�WR�GHWHUPLQH�LI�DQ\�
�FRUUHODWLRQ�H[LVWHG�VWULFWO\�EHWZHHQ�KRXVHKROG�
�LQFRPH�DQG�YDFFLQH�DFFHVVLELOLW\�DV�LQGLFDWHG�
�E\�WKH�&9$&�LQGH[�RU�YDFFLQH�KHVLWDQF\�DV�
�LQGLFDWHG�E\�WKH���KHVLWDQW��
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�DYHUDJH�RI������
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�$V�D�UHVXOW�RI�WKLV�VWXG\��ZH�FDQ�FRQFOXGH�WKDW�
�SXUH�KRXVHKROG�LQFRPH��ZKLOH�LPSRUWDQW��
�SOD\V�D�VPDOO�SDUW�LQ�GHWHUPLQLQJ�WKH�
�DYDLODELOLW\�DQG�SHUFHSWLRQ�RI�YDFFLQHV��ZKLFK�
�DUH�RQO\�DFFXUDWHO\�PHDVXUHG�WKURXJK�D�KRVW�
�RI�GHPRJUDSKLF��KLVWRULFDO��VRFLRHFRQRPLF��
�DQG�JHRJUDSKLF�LQIRUPDWLRQ���)DFWRUV�VXFK�DV�
�WKH�GLVWDQFH�WR�QHDUE\�PDMRU�KHDOWK�FHQWHUV�
�SOD\�D�ODUJH�UROH�LQ�YDFFLQDWLRQ�DFFHVV��ZKLOH�
�HGXFDWLRQ�OHYHO�DQG�SXEOLF�FRQILGHQFH�FDQ�
�KHDYLO\�LQIOXHQFH�KHVLWDQF\��>�����@�����7KH�
�LPSRUWDQFH�RI�WKH�&9$&�LQGH[�PXVW�EH�

�HPSKDVL]HG�DV�LW�LV�D�PHWULF�WKDW�FRQVLGHUV�D�
�YDULHW\�RI�VRFLDO�LQGLFDWRUV�LQ�D�SDUWLFXODU�
�FRXQW\��ZKLFK�FDQ�KHOS�SXEOLF�KHDOWK�RIILFLDOV�
�ORFDWH�DQG�WDUJHW�SDUWLFXODU�DUHDV�RI�FRQFHUQ�
�ZLWK�UHJDUGV�WR�YDFFLQDWLRQ�VWDWXV���7KLV�VWXG\�
�XOWLPDWHO\�KLJKOLJKWV�WKH�VKRUWFRPLQJV�RI�DQ�
�LQGH[�VXFK�DV�PHGLDQ�KRXVHKROG�LQFRPH��
�ZKLFK�FDQQRW�DFFXUDWHO\�FRQVLGHU�WKH�
�LPPHQVH�GLYHUVLW\�DQG�FRPSOLFDWHG�LQWULFDFLHV�
�RI�VRFLRGHPRJUDSKLF��HFRQRPLF��DQG�
�JHRJUDSKLF�IDFWRUV�LQ�WKH�8QLWHG�6WDWHV��
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�9HUVLRQ����KWWS���SUHFLVLRQIRUFRYLG�RUJ�FYDF�
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�%XUHDX��8��6��&�����������+RXVHKROG�SXOVH�VXUYH\��0HDVXULQJ�VRFLDO�DQG�HFRQRPLF�LPSDFWV�
�GXULQJ�WKH�FRURQDYLUXV�SDQGHPLF��&HQVXV�JRY��5HWULHYHG�6HSWHPEHU����������IURP�
�KWWSV���ZZZ�FHQVXV�JRY�SURJUDPV�VXUYH\V�KRXVHKROG�SXOVH�VXUYH\�KWPO�

�'DPEDGDUMDD��'���$OWDQNKX\DJ��*��(���&KDQGDJD��8���.KX\DJ��6��2���%DWNKRURO��%���.KDLGDY��1���
�'XODPVXUHQ��2���*RPERGRUM��1���'RUMVXUHQ��$���6LQJK��3���1\DP��*���2WJDQED\DU��'���	�
�7VHUHQQDGPLG��1����������)DFWRUV�$VVRFLDWHG�ZLWK�&29,'����9DFFLQH�+HVLWDQF\�LQ�0RQJROLD��$�
�:HE�%DVHG�&URVV�6HFWLRQDO�6XUYH\��,QWHUQDWLRQDO�MRXUQDO�RI�HQYLURQPHQWDO�UHVHDUFK�DQG�SXEOLF�
�KHDOWK�����������������KWWSV���GRL�RUJ���������LMHUSK����������

�3DJH������



�/DUD�1HPHWK�
�&RUUHODWLRQ�EHWZHHQ�'LDEHWHV�DQG�3DQFUHDWLF�&DQFHU�

�$%675$&7�
�7KLV�VWXG\�LQYHVWLJDWHV�WKH�UHODWLRQVKLS�
�EHWZHHQ�GLDEHWHV�DQG�WKH�ULVN�RI�GHYHORSLQJ�
�SDQFUHDWLF�FDQFHU��$�OLWHUDWXUH�UHYLHZ�WKURXJK�
�3XEPHG��7KH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��
�DQG�7KH�%ULWLVK�-RXUQDO�RI�&DQFHU�ZDV�
�SHUIRUPHG�WR�HYDOXDWH�DUWLFOHV�WR�GHWHUPLQH�
�WKH�FRUUHODWLRQ��7\SH���'LDEHWHV�ZDV�
�FRQVLVWHQWO\�GHPRQVWUDWHG�WR�LQFUHDVH�WKH�
�SUREDELOLW\�RI�GHYHORSLQJ�SDQFUHDWLF�FDQFHU��
�:KLOH�VRPH�GDWD�VXJJHVWV�WKDW�WKHUH�LV�DOVR�D�
�VLPLODU�UHODWLRQVKLS�EHWZHHQ�7\SH���GLDEHWHV�
�DQG�FDQFHU�GHYHORSPHQW��WKH�FRUUHODWLRQ�
�UHPDLQV�LQFRQFOXVLYH�GXH�WR�WKH�ODFN�RI�
�UHVHDUFK��

�,1752'8&7,21�
�7\SH���GLDEHWHV�LV�FDXVHG�E\�LQVXOLQ�
�UHVLVWDQFH��GXH�WR�WKH�SDQFUHDV¶�LQDELOLW\�WR�
�PHHW�WKH�KLJKHU�LQVXOLQ�GHPDQG�DV�EORRG�
�VXJDU�ULVHV��,Q�FRQWUDVW��7\SH���GLDEHWHV�LV�
�FDXVHG�E\�WKH�ODFN�RI�LQVXOLQ�SURGXFHG�E\�WKH�
�SDQFUHDV��UHVXOWLQJ�LQ�OLIH�WKUHDWHQLQJ�EORRG�
�VXJDU�IOXFWXDWLRQV��7\SH���GLDEHWHV�FDQ�RQO\�
�EH�FRQWUROOHG�E\�VHOI�DGPLQLVWHUHG�LQVXOLQ�DQG�
�JOXFRVH��$SSUR[LPDWHO\����PLOOLRQ�$PHULFDQV�
�DUH�OLYLQJ�ZLWK�7\SH���GLDEHWHV�DQG�����PLOOLRQ�
�$PHULFDQV�OLYH�ZLWK�7\SH���GLDEHWHV�>�@��
�&RQVLGHULQJ�KRZ�SUHYDOHQW�GLDEHWHV�LV�LQ�
�$PHULFD��LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKH�
�SRVVLEOH�ORQJ�WHUP�HIIHFWV��)RU�WKLV�UHDVRQ��
�H[WHQVLYH�GLDEHWHV�UHVHDUFK�PXVW�EH�
�SHUIRUPHG�LQ�RUGHU�WR�ILQG�QHZ�WDUJHWHG�DQG�
�HIIHFWLYH�WKHUDSLHV��

�6LQFH�7\SH���DQG�7\SH���GLDEHWHV�DUH�GLUHFWO\�
�UHODWHG�WR�WKH�SDQFUHDV�DQG�KRZ�LW�IXQFWLRQV��
�WKHUH�LV�D�SRVVLELOLW\�RI�SDQFUHDWLF�FDQFHU�
�GHYHORSPHQW�LQ�GLDEHWLF�SDWLHQWV��3DQFUHDWLF�
�FDQFHU�KDV�RQH�RI�WKH�ORZHVW�VXUYLYDO�UDWHV�
�EHFDXVH�LW�LV�GLIILFXOW�WR�GLDJQRVH�DW�DQ�HDUO\�
�VWDJH�>�@��%HFDXVH�LW�LV�UHVLVWDQW�WR�PDQ\�
�IRUPV�RI�UDGLRWKHUDS\�DQG�FKHPRWKHUDS\��LW�LV�
�D�GLIILFXOW�GLVHDVH�WR�WUHDW��7KHUHIRUH��LW�LV�
�LPSRUWDQW�WR�LGHQWLI\�SRVVLEOH�FDXVHV�

�UHVSRQVLEOH�IRU�SDQFUHDWLF�FDQFHU�WR�
�XQGHUVWDQG�GLVHDVH�SUHYHQWLRQ��

�0$7(5,$/6�$1'�0(7+2'6�
�$�OLWHUDWXUH�UHYLHZ�ZDV�SHUIRUPHG�XVLQJ�
�3XEPHG��7KH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��
�DQG�7KH�%ULWLVK�-RXUQDO�RI�&DQFHU��.H\ZRUGV�
�LQFOXGHG�³GLDEHWHV´�DQG�³SDQFUHDWLF�FDQFHU�´�
�2QO\�SXEOLFDWLRQV�WKDW�FRQWDLQHG�LQIRUPDWLRQ�
�RQ�ERWK�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU�ZHUH�
�LQFOXGHG��$UWLFOHV�GDWHG�EHIRUH������ZHUH�
�H[FOXGHG�IURP�WKH�DQDO\VLV��

�5(68/76�
�)LYH�DUWLFOHV�ZHUH�LGHQWLILHG�WKDW�GLVFXVVHG�
�WKH�FRUUHODWLRQ�EHWZHHQ�7\SH���GLDEHWHV�DQG�
�SDQFUHDWLF�FDQFHU��$OPRVW�HYHU\�VWXG\�
�DFNQRZOHGJHG�WKDW�WKHUH�ZDV�D�GHILQLWLYH�
�UHODWLRQVKLS�EHWZHHQ�7\SH���GLDEHWHV�DQG�
�SDQFUHDWLF�FDQFHU��+RZHYHU��LW�LV�XQFOHDU�
�ZKHWKHU�7\SH���GLDEHWHV�LQFUHDVHV�FDQFHU�
�ULVN�RU�YLFH�YHUVD��$OWKRXJK�VRPH�VWXGLHV�GR�
�VXJJHVW�WKDW�WKHUH�LV�D�FDXVDO�UHODWLRQVKLS�
�EHWZHHQ�7\SH���GLDEHWHV�DQG�SDQFUHDWLF�
�FDQFHU��WKH�UHVHDUFK�WKDW�KDV�EHHQ�FRQGXFWHG�
�VR�IDU�LV�QRW�VXIILFLHQW�HQRXJK�WR�GHILQLWLYHO\�
�VXSSRUW�WKLV�FODLP��

�',6&866,21�
�6WHYHQV�HW��DO�UHYLHZHG����FDVHV�RI�
�SDQFUHDWLF�FDQFHU�LQ�\RXQJ�RQVHW�7\SH���
�GLDEHWHV�>�@��,W�LV�VWURQJO\�VXJJHVWHG�WKDW�
�WKHUH�LV�DQ�LQFUHDVHG�ULVN�RI�SDQFUHDWLF�
�FDQFHU�LQ�SDWLHQWV�ZLWK�7\SH���GLDEHWHV��,W�
�ZDV�GHWHUPLQHG�WKDW�IRU�SDQFUHDWLF�FDQFHU�LQ�
�7\SH���GLDEHWHV�FRPSDUHG�WR�KHDOWK\�
�SDWLHQWV��WKH�UHODWLYH�ULVN�ZDV�������ZLWK�D�
�����FRQILGHQFH�LQWHUYDO��6LPLODUO\��WKHUH�
�VHHPV�WR�EH�D�UHODWLRQVKLS�EHWZHHQ�
�SDQFUHDWLF�FDQFHU�DQG�7\SH���GLDEHWHV��
�+RZHYHU��WKH�DXWKRUV�VXJJHVW�WKDW�SDQFUHDWLF�
�FDQFHU�PD\�KDYH�WKH�SRWHQWLDO�WR�FDXVH�7\SH�
���GLDEHWHV��LQVXOLQ�UHVLVWDQFH�DQG�GLDEHWHV�
�PD\�EH�LQGXFHG�E\�XQGLDJQRVHG�FDQFHU�RU�
�ZKHQ�WKH�SDQFUHDV�LV�H[KLELWLQJ�SUHFDQFHURXV�

�3DJH������



�FRQGLWLRQV��7KH�GDWD�GHPRQVWUDWHG�WKDW�WKH�
�ULVN�RI�SDQFUHDWLF�FDQFHU�LV�VLPLODUO\�KLJK�LQ�
�ERWK�7\SH���DQG�7\SH���GLDEHWLFV��

�$�PHWD�DQDO\VLV�FRQGXFWHG�E\�
�&DUUHUDV�7RUUHV�HW��DO�IRFXVHG�RQ�IDFWRUV�
�FRQWULEXWLQJ�WR�SDQFUHDWLF�FDQFHU�LQ�DGGLWLRQ�
�WR�7\SH���GLDEHWHV�VXFK�DV�REHVLW\��
�K\SHUWHQVLRQ��G\VOLSLGHPLD��DQG�LQVXOLQ�
�UHVLVWDQFH�>�@��7\SH���GLDEHWHV�ZDV�QRW�
�PHQWLRQHG�LQ�WKLV�SDSHU��7KH�UHVXOWV�UHYHDOHG�
�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�SDQFUHDWLF�
�FDQFHU�DQG�ERWK�ERG\�PDVV�LQGH[��%0,��DQG�
�JHQHWLFDOO\�LQFUHDVHG�IDVWLQJ�LQVXOLQ�OHYHOV��
�1R�UHODWLRQVKLS�EHWZHHQ�HLWKHU�7\SH���RU�
�7\SH���GLDEHWHV�ZDV�IRXQG��

�,Q�FRQWUDVW��3HDUVRQ�6WXWWDUG�HW��DO�FRQGXFWHG�
�D�UHYLHZ�WKDW�H[DPLQHG�WKH�FDXVDO�
�UHODWLRQVKLS�EHWZHHQ�7\SH���GLDEHWHV�DQG�
�RQH
V�ULVN�IRU�GHYHORSLQJ�FHUWDLQ�FDQFHUV�>�@��
�7KHLU�ILQGLQJV�VXJJHVW�DQ�DVVRFLDWLRQ�
�EHWZHHQ�7\SH���GLDEHWHV�DQG�SDQFUHDWLF�
�FDQFHU��DV�ZHOO�DV�FRORUHFWDO��KHSDWRFHOOXODU��
�JDOOEODGGHU��EUHDVW��DQG�HQGRPHWULDO�FDQFHUV��

�$GGLWLRQDO�UHVHDUFK�LQYROYHG�D�PHWD�DQDO\VLV�
�H[DPLQLQJ�ZKHWKHU�WKH�DVVRFLDWLRQ�EHWZHHQ�
�7\SH���GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU�LV�
�FDXVDO�RU�FRQVHTXHQWLDO�>�@��:LWK�GDWD�
�FROOHFWHG�IURP������LQGLYLGXDOV�����
�FDVH�FRQWURO�DQG����FRKRUW�RU�QHVWHG�

�FDVH�FRQWURO�VWXGLHV���WKH�UHODWLYH�ULVN�ZDV�
�GHWHUPLQHG�WR�EH�����������FRQILGHQFH�
�LQWHUYDO������������ZLWK�KHWHURJHQHLW\�DFURVV�
�WKH�VWXGLHV��7KH�WLPLQJ�RI�SDQFUHDWLF�FDQFHU�
�GLDJQRVLV�VHHPHG�WR�EH�LQYHUVHO\�DVVRFLDWHG�
�ZLWK�WKH�GXUDWLRQ�RI�GLDEHWHV��7\SH���GLDEHWLFV�
�WKDW�KDYH�EHHQ�UHFHQWO\�GLDJQRVHG�ZLWKLQ���
�\HDUV�KDG�D�����JUHDWHU�ULVN�IRU�GHYHORSLQJ�
�FDQFHU�LQ�FRPSDULVRQ�WR�7\SH���GLDEHWLFV�ZKR�
�KDYH�EHHQ�GLDJQRVHG�PRUH�WKDQ���\HDUV�DJR��

�/DVWO\��D�FRKRUW�VWXG\�E\�=HQGHKGHO�HW��DO�ZDV�
�LQFOXGHG�WR�EHWWHU�XQGHUVWDQG�WKH�SUHYDOHQFH�
�RI�FDQFHU�LQ�7\SH���GLDEHWLFV�VSHFLILFDOO\��
�$QDO\VLV�RI��������WHVW�VXEMHFWV�UHYHDOHG�WKDW�
�WKHUH�ZDV�D�����LQFUHDVH�LQ�RYHUDOO�FDQFHU�
�LQFLGHQFH�DPRQJ�7\SH���GLDEHWLFV��,W�ZDV�
�GLVFRYHUHG�WKDW�7\SH���GLDEHWHV�VOLJKWO\�
�LQFUHDVHV�ULVN�RI�GHYHORSLQJ�FDQFHU�RYHUDOO��
�KRZHYHU��WKH�VSHFLILF�FDQFHUV�DVVRFLDWHG�ZLWK�
�7\SH���GLDEHWHV�GLIIHU�IURP�WKRVH�DVVRFLDWHG�
�ZLWK�7\SH���GLDEHWHV��

�7KHUH�LV�D�VWURQJ�DVVRFLDWLRQ�EHWZHHQ�7\SH���
�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU±ZKHWKHU�
�7\SH���GLDEHWHV�LV�D�SUHFXUVRU�WR�SDQFUHDWLF�
�FDQFHU�RU�ZKHWKHU�LW�LV�WKH�RWKHU�ZD\�DURXQG�
�KDV�\HW�WR�EH�GHWHUPLQHG��7KHUH�LV�DOVR�VRPH�
�HYLGHQFH�RI�DQ�DVVRFLDWLRQ�EHWZHHQ�7\SH���
�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU��EXW�IXUWKHU�
�VWXGLHV�DUH�VWLOO�QHHGHG�LQ�RUGHU�WR�SURYH�WKLV�
�FODLP��

�5()(5(1&(6�
�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ����������7\SH���GLDEHWHV��&HQWHUV�IRU�'LVHDVH�
�&RQWURO�DQG�3UHYHQWLRQ��5HWULHYHG�$XJXVW�����������IURP�
�KWWSV���ZZZ�FGF�JRY�GLDEHWHV�EDVLFV�W\SH��KWPO�

�&DVDUL��,���	�)DODVFD��0����������'LHW�DQG�3DQFUHDWLF�&DQFHU�3UHYHQWLRQ��&DQFHUV��������
�����±������KWWSV���GRL�RUJ���������FDQFHUV��������

�6WHYHQV��5��-���5RGGDP��$��:���	�%HUDO��9����������3DQFUHDWLF�FDQFHU�LQ�W\SH���DQG�\RXQJ�RQVHW�
�GLDEHWHV��V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��%ULWLVK�MRXUQDO�RI�FDQFHU������������±�����
�KWWSV���GRL�RUJ���������VM�EMF���������

�&DUUHUDV�7RUUHV��5���-RKDQVVRQ��0���*DERULHDX��9���+D\FRFN��3��&���:DGH��.��+���5HOWRQ��&��/���
�0DUWLQ��5��0���'DYH\�6PLWK��*���	�%UHQQDQ��3����������7KH�5ROH�RI�2EHVLW\��7\SH���'LDEHWHV��
�DQG�0HWDEROLF�)DFWRUV�LQ�3DQFUHDWLF�&DQFHU��$�0HQGHOLDQ�5DQGRPL]DWLRQ�6WXG\��-RXUQDO�RI�WKH�
�1DWLRQDO�&DQFHU�,QVWLWXWH����������GM[�����KWWSV���GRL�RUJ���������MQFL�GM[����

�3DJH������



�3HDUVRQ�6WXWWDUG��-���3DSDGLPLWULRX��1���0DUNR]DQQHV��*���&LYLGLQL��6���.DNRXURX��$���*LOO��'���
�5L]RV��(��&���0RQRUL��*���:DUG��+��$���.\UJLRX��0���*XQWHU��0��-���	�7VLOLGLV��.��.����������7\SH���
�'LDEHWHV�DQG�&DQFHU��$Q�8PEUHOOD�5HYLHZ�RI�2EVHUYDWLRQDO�DQG�0HQGHOLDQ�5DQGRPL]DWLRQ�
�6WXGLHV��&DQFHU�HSLGHPLRORJ\��ELRPDUNHUV�	�SUHYHQWLRQ���D�SXEOLFDWLRQ�RI�WKH�$PHULFDQ�
�$VVRFLDWLRQ�IRU�&DQFHU�5HVHDUFK��FRVSRQVRUHG�E\�WKH�$PHULFDQ�6RFLHW\�RI�3UHYHQWLYH�
�2QFRORJ\�������������±������KWWSV���GRL�RUJ�������������������(3,���������

�+X[OH\��5���$QVDU\�0RJKDGGDP��$���%HUULQJWRQ�GH�*RQ]iOH]��$���%DU]L��)���	�:RRGZDUG��0��
���������7\SH�,,�GLDEHWHV�DQG�SDQFUHDWLF�FDQFHU��D�PHWD�DQDO\VLV�RI����VWXGLHV��%ULWLVK�MRXUQDO�RI�
�FDQFHU��������������±������KWWSV���GRL�RUJ���������VM�EMF���������

�=HQGHKGHO��.���1\UpQ��2���gVWHQVRQ��&���$GDPL��+���(NERP��$���DQG�<H��:����������&DQFHU�
�,QFLGHQFH�LQ�3DWLHQWV�:LWK�7\SH���'LDEHWHV�0HOOLWXV��$�3RSXODWLRQ�%DVHG�&RKRUW�6WXG\�LQ�
�6ZHGHQ��-1&,��-RXUQDO�RI�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH��9ROXPH�����,VVXH�����3DJHV�
�����±������KWWSV���GRL�RUJ���������MQFL�GMJ����

�3DJH������



�0HJKDQD�'DVDUL�

�6\]\JLXP�6DPDUDQJHQVH��5RVH�$SSOH��$QWKRF\DQLQ�)UXLW�([WUDFW�
�([KLELWV�&HOO�0HWDEROLF�$FWLYLW\�DJDLQVW�

�1RQ�6PDOO�+XPDQ�+&&����/XQJ�&DQFHU�&HOOV�

�$%675$&7�
�2QH�LQ�HYHU\����$PHULFDQV�ZLOO�EH�GLDJQRVHG�
�ZLWK�OXQJ�FDQFHU�LQ�WKHLU�OLIHWLPH��6L[W\�ILYH�
�SHUFHQW�RI�DOO�FDQFHU�GHDWKV�DUH�GXH�WR�OXQJ�
�FDQFHU��'HVSLWH�WKH�VHYHULW\�RI�WKLV�LOOQHVV��WKH�
�WUHDWPHQW�RSWLRQV�WR�FRPEDW�WKH�FDQFHU�DUH�
�OLPLWHG�WR�FKHPRWKHUDS\��LPPXQRWKHUDS\��RU�
�VXUJHU\��$V�WKH�DIRUHPHQWLRQHG�WUHDWPHQWV�
�KDYH�GDQJHURXV�VLGH�HIIHFWV��LW�LV�HVVHQWLDO�WR�
�UHVHDUFK�QHZ�SODQW�EDVHG�WUHDWPHQWV��3ODQWV�
�EHORQJLQJ�WR�WKH�6\]\JLXP�JHQXV��D�JHQXV�RI�
�SODQWV�NQRZQ�IRU�DQWLEDFWHULDO��DQWLYLUDO��DQG�
�DQWL�LQIODPPDWRU\�DFWLYLWLHV�KDYH�EHHQ�XVHG�
�DV�D�VROLG�H[WUDFW�WR�WHVW�DJDLQVW�FHOO�OLQHV��
�6\]\JLXP�VDPDUDQJHQVH��DOVR�NQRZQ�DV�
�5RVH�$SSOHV��DUH�NQRZQ�IRU�WKHLU�DQWLFDQFHU��
�DQWLWXPRU��DQG�DQWL�LQIODPPDWRU\�HIIHFWV��
�PRVWO\�LPSDUWLQJ�WR�WKHLU�ELRDFWLYH�FRPSRXQGV�
��)UDXFKHV�HW�DO����������$QWKRF\DQLQV��
�ZDWHU�VROXEOH�YDFXRODU�SLJPHQWV�SUHVHQW�LQ�
�PDQ\�IUXLWV�DQG�YHJHWDEOHV��DUH�NQRZQ�IRU�
�WKHLU�FKHPRWKHUDSHXWLF�DELOLWLHV��HVSHFLDOO\�DV�
�WKH\�WDUJHW�FDQFHU�FHOOV��ZKLOH�KDYLQJ�OLWWOH�WR�
�QR�HIIHFW�RQ�KHDOWK\�FHOOV��&KDUHSDOOL�HW�DO���
��������7KH�REMHFWLYH�RI�WKLV�H[SHULPHQW�LV�WR�
�GHWHUPLQH�LI�DQWKRF\DQLQV�H[WUDFWHG�IURP�WKH�
�5RVH�$SSOH�GHPRQVWUDWH�PRUH�FHOO�PHWDEROLF�
�DFWLYLW\�WKDQ�WKH�5RVH�$SSOH�IUXLW�DV�D�ZKROH��
�,W�ZDV�K\SRWKHVL]HG�WKDW�WKH�WUHDWPHQW�ZLWK�D�
�FRQFHQWUDWHG�IRUP�RI�DQWKRF\DQLQV�VKRXOG�
�VKRZ�OHVV�FHOO�PHWDEROLF�DFWLYLW\�DV�WKH�
�FHOOXODU�UHSURGXFWLRQ�RI�FDQFHU�FHOOV�VKRXOG�EH�
�VORZHG�GRZQ�FRPSDUHG�WR�WKH�WUHDWPHQW�RI�
�WKH�ZKROH�IUXLW��8VLQJ�D�6R[KOHW�DSSDUDWXV�
�DQG�FROXPQ�FKURPDWRJUDSK\��WKH�WZR�
�VHSDUDWH�WUHDWPHQWV�ZHUH�FUHDWHG�DQG�
�DSSOLHG�WR�+&&����OXQJ�FDUFLQRPD�FHOOV��7KH�
�FHOO�PHWDEROLF�UDWH�ZDV�HYDOXDWHG�XVLQJ�DQ�
�DFLG�SKRVSKDWDVH�DVVD\��,W�ZDV�GLVFRYHUHG�
�WKDW�ERWK�WUHDWPHQWV�VKRZHG�D�VLJQLILFDQWO\�
�ORZHU�FHOO�PHWDEROLF�UDWH�DW����PLFUROLWHUV�
�FRPSDUHG�WR�WKH�FRQWURO��+RZHYHU��WKHUH�ZDV�

�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
�WKH�UDWHV�RI�ERWK�WUHDWPHQWV��OHDYLQJ�WKH�
�DQVZHU�WR�WKH�UHVHDUFK�TXHVWLRQ�DVNHG�WR�
�UHPDLQ�LQFRQFOXVLYH��:KLOH�WKH�K\SRWKHVLV�
�ZDV�QRW�VXSSRUWHG�E\�WKLV�H[SHULPHQW��IXWXUH�
�VWXGLHV�FDQ�EH�FRQGXFWHG�LQ�WKLV�ILHOG�RI�
�LQTXLU\�DV�WKLV�VWXG\�VKRZHG�WKDW�5RVH�$SSOH�
�PHWKDQRO�H[WUDFWV�KDYH�DQWLFDQFHU�SRWHQWLDO��

�,1752'8&7,21�
�2QH�RI�WKH�PRVW�OHDGLQJ�FDXVHV�RI�GHDWK�LQ�
�WKH�ZRUOG�DW�WKLV�PRPHQW�LV�FDQFHU��/XQJ�
�FDQFHU��VSHFLILFDOO\��WRRN�DOPRVW�����PLOOLRQ�
�OLYHV�LQ������DORQH��'XH�WR�WKH�VHYHULW\�RI�WKLV�
�LOOQHVV��WKH�WUHDWPHQW�RSWLRQV�WR�FRPEDW�
�GLIIHUHQW�VWDJHV�DQG�W\SHV�RI�OXQJ�FDQFHU�
�KDYH�LPSURYHG�RYHU�WLPH��ZLWK�WUHDWPHQWV�
�VXFK�DV�FKHPRWKHUDS\��LPPXQRWKHUDS\��RU�
�VXUJHU\��+RZHYHU��GXH�WR�WKH�ORQJ�WHUP�
�LPSDFWV�RI�WKH�DIRUHPHQWLRQHG�WUHDWPHQWV�
�VXFK�DV�KHDUW�SUREOHPV��KHUEDO�UHPHGLHV�DUH�
�RIWHQ�SUHIHUUHG�LI�SRVVLEOH��'XH�WR�WKHLU�
�PLQLPDO�VLGH�HIIHFWV��LW�LV�HVVHQWLDO�WR�UHVHDUFK�
�SODQW�EDVHG�WUHDWPHQW�RSWLRQV�IRU�FDQFHUV�
�VXFK�DV�OXQJ�FDQFHU��

�6\]\JLXP�VDPDUDQJHQVH�
�,Q�RUGHU�WR�EH�XVHG�DV�DQ�KHUEDO�WUHDWPHQW�
�DJDLQVW�DOLPHQWV��SODQW�VSHFLHV�EHORQJLQJ�WR�D�
�FHUWDLQ�JHQXV�WKDW�DUH�NQRZQ�WR�H[KLELW�
�DQWLYLUDO��DQWLFDQFHU�DFWLYLW\��RU�
�LPPXQRPRGXODWRU\�SURSHUWLHV�DUH�RIWHQ�
�FUHDWHG�LQWR�VROLG�H[WUDFWV�WR�WHVW�WKHLU�
�SRWHQWLDO�DV�WKH\�H[KLELW�VLPLODU�FKDUDFWHULVWLFV�
�DPRQJ�WKHLU�JHQXV��)RU�H[DPSOH��PDQ\�
�VSHFLHV�LQ�WKH�(FKLQDFHD�JHQXV��D�JHQXV�RI�
�KHUEDFHRXV�IORZHULQJ�SODQWV��DUH�FUHDWHG�LQWR�
�H[WUDFWV�DQG�XVHG�WR�FRPEDW�FROGV�DQG�IHYHUV�
�DV�PRVW�RI�WKH�SODQWV�LQ�WKLV�JHQXV�H[KLELW�
�VLPLODU�EHKDYLRU�WR�HDFK�RWKHU��$DUODQG�HW�DO���
��������$V�D�UHVXOW��SODQWV�DQG�VSLFHV�DUH�
�RIWHQ�FKRVHQ�WR�EH�WHVWHG�IRU�WKHLU�SURSHUWLHV�
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�EDVHG�RQ�KRZ�VLPLODU�VSHFLHV�WR�WKHP�
�EHKDYH��ZKHWKHU�WKH\�DUH�SODQW�VSHFLHV�LQ�WKH�
�VDPH�JHQXV�RU�SODQW�VSHFLHV�ZLWK�VLPLODU�
�FRQVWLWXHQW�FRPSRXQGV��
�3ODQWV�EHORQJLQJ�6\]\JLXP�JHQXV��D�JHQXV�RI�
�SODQWV�NQRZQ�IRU�DQWLEDFWHULDO��DQWLIXQJDO��
�DQWLYLUDO��DQWLGLDEHWLF��DQWL�LQIODPPDWRU\��DQG�
�DQWLFDQFHU�DFWLYLWLHV��DUH�RIWHQ�WHVWHG�IRU�WKHLU�
�PHGLFLQDO�SURSHUWLHV�GXH�WR�WKH�EHKDYLRU�RI�
�RWKHU�VSHFLHV�LQ�WKH�VDPH�JHQXV��&RFN�HW�DO���
��������$V�D�UHVXOW��RWKHU�SODQWV�LQ�WKLV�JHQXV�
�KDYH�EHHQ�XVHG�DV�D�VROLG�H[WUDFW�WR�WHVW�
�DJDLQVW�FHOO�OLQHV��)RU�H[DPSOH��D�SUHYLRXVO\�
�FRQGXFWHG�UHVHDUFK�H[SHULPHQW�WHVWHG�WKH�
�DQWLFDQFHU�SRWHQWLDO�RI�D�FORYH�EXG�GULHG�
�IORZHU�EXG�H[WUDFW�DJDLQVW�DQ�$����OXQJ�
�FDUFLQRPD�FHOO�OLQH��7KH�UHVHDUFK�
�GHPRQVWUDWHG�WKDW�FORYH�EXGV��ZKHQ�
�FRPELQHG�ZLWK�D�FKORURIRUP�H[WUDFWLRQ�
�VROYHQW��H[KLELWHG�VLJQLILFDQW�DQWLFRDJXODQW�
�DFWLYLW\��$OL�HW�DO����������2WKHU�SODQWV�LQ�WKLV�
�JHQXV�RWKHU�WKDQ�FORYH�EXGV�KDYH�EHHQ�
�WHVWHG�IRU�WKHLU�SRWHQWLDO�DV�ZHOO��H[KLELWLQJ�
�VLPLODU�DQWLFDQFHU�EHKDYLRU��

�6\]\JLXP�VDPDUDQJHQVH��DOVR�NQRZQ�DV�
�5RVH�$SSOHV��DUH�NQRZQ�IRU�WKHLU�DQWLFDQFHU�
�HIIHFWV��DQWLWXPRU��DQWL�LQIODPPDWRU\��
�DQWL�YLUXV��DQWLEDFWHULDO��DQG�DQWLGLDEHWLF�
�DFWLYLW\�PRVWO\�LPSDUW�WR�WKHLU�ELRDFWLYH�
�FRPSRXQGV�WKDW�LQFOXGH�DQWKRF\DQLQV��
�FDURWHQRLGV��IODYRQRLGV�DQG�JDOOLF�DFLG�
��)UDXFKHV�HW�DO����������

�$QWKRF\DQLQV�
�$QWKRF\DQLQV��ZDWHU�VROXEOH�YDFXRODU�
�SLJPHQWV�SUHVHQW�LQ�PDQ\�IUXLWV�DQG�
�YHJHWDEOHV��DUH�NQRZQ�IRU�WKHLU�
�FKHPRWKHUDSHXWLF�DELOLWLHV��HVSHFLDOO\�DV�WKH\�
�WDUJHW�FDQFHU�FHOOV��ZKLOH�KDYLQJ�OLWWOH�WR�QR�
�HIIHFW�RQ�KHDOWK\�FHOOV��&KDUHSDOOL�HW�DO���
��������7KHUH�LV�DOVR�GDWD�WKDW�D�GLUHFW�
�UHODWLRQVKLS�LV�SUHVHQW�EHWZHHQ�WKH�
�DQWLR[LGDQW�DFWLYLW\�DQG�WKH�SRO\SKHQROLF�
�FRQWHQW�RI�WKH�SODQW�H[WUDFW��$KPHG�HW�DO���
��������$QWKRF\DQLQV�DORQJ�>�IODYRQHV�DQG�
�IODYRQRLGV�DUH�FRQVLGHUHG�SRO\SKHQROLF��ZKLOH�
�DQWLR[LGDQWV�DUH�EHQHILFLDO�LQ�FRPEDWLQJ�
�FDQFHU�DV�WKH\�ZRUN�E\�WUDFNLQJ�GRZQ�DQG�
�QHXWUDOL]LQJ�KDUPIXO�IUHH�UDGLFDOV�LQVLGH�WKH�

�ERG\��

�7R�GHWHUPLQH�WKH�VSHFLILF�DQWKRF\DQLQV�ZLWKLQ�
�6\]\JLXP�VDPDUDQJHQVH�WKDW�DUH�UHVSRQVLEOH�
�IRU�WKH�PRVW�DQWKRF\DQLQ�DFWLYLW\��D�OLTXLG�
�FKURPDWRJUDSK\±PDVV�VSHFWURPHWU\�
��+3/&�06��WHVW�FDQ�EH�GRQH�WR�LGHQWLI\�WKHP��
�'HSHQGLQJ�RQ�WKH�JHRJUDSKLFDO�ORFDWLRQ�RI�
�ZKHUH�WKH�VSHFLILF�DSSOH�ZDV�IURP��WKH�
�GLIIHUHQW�W\SHV�DQG�WKHLU�UHVSHFWLYH�SHUFHQW�RI�
�DQWKRF\DQLQV�LQ�WKH�IUXLW�FDQ�EH�GLIIHUHQW��
�ZKLFK�LV�ZK\�D�+3/&�06�WHVW�FDQ�EH�KHOSIXO�
�WR�IXOO\�LQWHUSUHW�WKH�UHVXOWV�RI�WKH�H[SHULPHQW�
��&KDUHSDOOL�HW�DO����������:KLOH�JHRJUDSKLFDO�
�ORFDWLRQ�LV�LQIOXHQWLDO�RQ�WKH�DQWKRF\DQLQV�
�SUHVHQW��WKH�FRPPRQ�DQWKRF\DQLQ�SUHVHQW�LQ�
�PRVW�URVH�DSSOHV�LV�F\DQLGLQ���2�JOXFRVLGH��
�F\DQLGLQ�����2�GLJOXFRVLGH��DQG�
�SHRQLGLQ���2�JOXFRVLGH�DFFRUGLQJ�WR��%DWLVWD�
�HW�DO����������7KH�DQWKRF\DQLQ�IRXQG�ZLWK�WKH�
�PRVW�FRQWHQW�DQG�ZLWK�WKH�PRVW�SRWHQWLDO�
�EHQHILFLDO�EHKDYLRU�LV�F\DQLGLQ���JOXFRVLGH�DV�
�GLIIHUHQW�VWXGLHV�KDYH�GHPRQVWUDWHG�WKDW�WKLV�
�DQWKRF\DQLQ�KDV�WKH�SRWHQWLDO�WR�GHPRQVWUDWH�
�R[LGDWLYH�GDPDJHV�DQG�WKH�SURWHFWLYH�HIIHFWV�
�RQ�R[LGDWLYH�VWUHVV��LQIODPPDWLRQ�
�VXSSUHVVLRQ��REHVLW\�SUHYHQWLRQ��DWWHQXDWLRQ�
�RI�OXQJ�LQMXU\�DQG�SULPDU\�KHSDWRF\WHV�
�SURWHFWLRQ��1XQHV�HW�DO����������'XH�WR�WKH�
�DQWKRF\DQLQV�WKDW�GHPRQVWUDWH�ELRDFWLYLW\�
�ZLWKLQ�WKH�URVH�DSSOHV��WKHUH�LV�VXIILFLHQW�
�UHDVRQ�WR�WHVW�WKH�SRWHQWLDO�RI�5RVH�$SSOHV�
�DJDLQVW�FDQFHU�FHOO�OLQHV��

�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�IRFXVHG�RQ�
�WHVWLQJ�WKH�FHOO�PHWDEROLF�DFWLYLW\�RI�DQ�
�DQWKRF\DQLQ�6\]\JLXP�VDPDUDQJHQVH�
�PHWKDQROLF�H[WUDFW�WR�WKH�EHKDYLRU�RI�WKH�
�PHWKDQROLF�H[WUDFW�RI�WKH�ZKROH�IUXLW�DJDLQVW�
�DQ�+&&����OXQJ�FDUFLQRPD�FHOO�OLQH��7KH�ILUVW�
�H[WUDFW�ZKLFK�LV�WKH�H[WUDFW�RI�WKH�ZKROH�IUXLW�
�ZLOO�EH�FUHDWHG�E\�EOHQGLQJ�WKH�IUXLW�DQG�
�GU\LQJ�LW�VR�WKDW�LW�EHFRPHV�D�VROLG�H[WUDFW��
�ZKLFK�ZRXOG�WKHQ�EH�FRPELQHG�ZLWK�DQ�
�H[WUDFWLRQ�VROYHQW�RI�PHWKDQRO�WKURXJK�WKH�
�XVH�RI�D�6R[KOHW�DSSDUDWXV��7KH�VHFRQG�
�H[WUDFW�ZLWK�WKH�DQWKRF\DQLQV�ZLOO�EH�FUHDWHG�
�WKURXJK�WKH�XVH�RI�D�6R[KOHW�DSSDUDWXV�ZLWK�
�DQ�H[WUDFWLRQ�VROYHQW�RI�PHWKDQRO��DQG�WKHQ�D�
�FROXPQ�FKURPDWRJUDSK\�WHVW�ZLOO�EH�
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�FRQGXFWHG�WR�VHSDUDWH�WKH�DQWKRF\DQLQV�IURP�
�WKH�H[WUDFW��$IWHU�FUHDWLQJ�WZR�GLIIHUHQW�
�H[WUDFWV��WKH�H[WUDFWV�ZLOO�EH�DSSOLHG�WR�WKH�
�FHOO�OLQH�WKURXJK�WKH�XVH�RI�DQ�DFLG�
�SKRVSKDWDVH�DVVD\��ZKLFK�LV�D�FRORULPHWULF�
�DVVD\�XVHG�WR�GHWHUPLQH�SUROLIHUDWH�EHKDYLRU�
�LQ�WKH�FHOO��7KH�DFLG�SKRVSKDWDVH�DVVD\�
�PHDVXUHV�WKH�PHWDEROLF�DFWLYLW\�RI�WKH�FHOOV�
�WKURXJK�WKH�XVH�RI�3�QLWURSKHQ\O�SKRVSKDWH��
�ZKLFK�LV�FRQYHUWHG�WR�3�QLWURSKHQRO�WKURXJK�
�DFLG�SKRVSKDWDVH�HQ]\PHV�DQG�FHOOV��6R��WKH�
�UDWH�RI�PHWDEROLVP�IRU�HDFK�RI�WKH�ZHOOV�FDQ�
�EH�IRXQG�E\�PHDVXULQJ�WKH�DEVRUEDQFH�DW�
����QP�DQG����QP��EDFNJURXQG�DEVRUEDQFH���
�6LPLODU�WR�VRPH�RI�WKH�SUHYLRXVO\�UHIHUHQFHG�
�UHVHDUFK�DUWLFOHV��WKLV�H[SHULPHQW�ZLOO�EH�
�WHVWLQJ�WKH�FHOO�PHWDEROLF�DFWLYLW\�RI�D�5RVH�
�$SSOHV��KRZHYHU��WKHUH�DUH�VRPH�GLIIHUHQFHV�
�WR�WKH�SUHYLRXVO\�FRQGXFWHG�UHVHDUFK��7KLV�
�H[SHULPHQW�LV�GLIIHUHQW�IURP�SUHYLRXVO\�
�FRQGXFWHG�UHVHDUFK�EHFDXVH�LQ�WKH�SDVW��
�WKHUH�KDV�QRW�EHHQ�UHVHDUFK�VSHFLILFDOO\�
�WHVWLQJ�WKH�GLIIHUHQFH�LQ�DQWLFDQFHU�EHKDYLRU�
�IRU�WKH�QDWXUDO�DQWKRF\DQLQV�IURP�5RVH�
�$SSOHV�FRPSDUHG�WR�LWV�QDWXUDO�IUXLW�H[WUDFW��
�:KLOH�WKHUH�PD\�KDYH�EHHQ�H[SHULPHQWV�
�WHVWLQJ�WKH�QDWXUDO�IUXLW�6\]\JLXP�H[WUDFWV�
�DJDLQVW�FHOO�OLQHV��WKHUH�KDYH�QRW�EHHQ�DQ\�
�VSHFLILF�WHVWV�DJDLQVW�WKH�FHOO�OLQH�RU�WHVWV�RQ�
�DQWKRF\DQLQV�IURP�WKLV�IUXLW��

�0$7(5,$/6�$1'�0(7+2'6�
�/\RSKLOL]DWLRQ�
�6HYHQ�6\]\JLXP�VDPDUDQJHQVHV��5RVH�
�$SSOHV��ZHUH�REWDLQHG�IURP�0LDPL�)UXLW�DQG�
�WKHQ�EOHQGHG�ZLWK�WKH�DGGLWLRQ�RI�ZDWHU��7R�
�O\RSKLOL]H��UHPRYH�WKH�ZDWHU��WKH�EOHQGHG�
�5RVH�$SSOHV�ZHUH�VSUHDG�HYHQO\�RYHU�WZR�
�WUD\V�WKDW�ZHUH�ILWWHG�ZLWK�SDUFKPHQW�SDSHU��
�7KHVH�WUD\V�ZHUH�SODFHG�LQVLGH�WKH�IUHH]H�
�GU\HU�DQG�OHIW�UXQQLQJ�RYHUQLJKW��7KH�UHVXOWLQJ�
�H[WUDFWLRQ�ZDV�IUHH�RI�ZDWHU��

�0HWKDQRO�([WUDFWLRQ�
�7KH�VROLG�H[WUDFW�IRUPHG�DIWHU�WKH�WUHDWPHQW�
�ZDV�IUHH]H�GULHG�ZDV�FUXVKHG�LQWR�VPDOOHU�
�SLHFHV�XVLQJ�D�PRUWDU�DQG�SHVWOH��7R�FRPELQH�
�WKH�VROLG�H[WUDFW�ZLWK�PHWKDQRO��D�6R[KOHW�
�DSSDUDWXV�ZDV�VHW�XS��7KH�WKLPEOH�ZDV�
�ORDGHG�KDOIZD\�ZLWK�WKH�5RVH�$SSOH�VROLG�

�H[WUDFW��7KH�WKLPEOH�ZDV�WKHQ�QHVWHG�LQVLGH�
�WKH�6R[KOHW�DSSDUDWXV��WKH�QXPEHU�WKUHH�LQ�
�)LJXUH�����0RODU�PHWKDQRO�ZDV�ILOOHG�XS�WR�WKH�
�KDOIZD\�PDUN�LQ�WKH�FRQLFDO�IODVN�DQG�ZHGJHG�
�LQVLGH�WKH�DSSDUDWXV��WKH�QXPEHU�RQH�LQ�
�)LJXUH�����7KH�DSSDUDWXV�ZDV�SODFHG�LQVLGH�
�WKH�IXPH�KRRG�DQG�ZDV�OHIW�WR�UXQ�IRU�WKUHH�
�GD\V��7KH�UHVXOWLQJ�OLTXLG��WKH�QXPEHU�RQH�LQ�
�)LJXUH���DIWHU�WKH�H[WUDFWLRQ�ZDV�FRQGXFWHG��
�ZDV�SUHVHUYHG�DV�WUHDWPHQW����

�)LJ������6R[KOHW�DSSDUDWXV�ZLWK�HDFK�SDUW�
�ODEHOHG��

�*HO�)LOWUDWLRQ�&KURPDWRJUDSK\�
�$�VPDOO��PRGLILHG�SLSHWWH�ZDV�XVHG�WR�
�UHSOLFDWH�D�FROXPQ�FKURPDWRJUDSK\�SURFHVV��
�)LUVW��D�VPDOO�DPRXQW�RI�FRWWRQ�ZDV�XVHG�WR�
�SOXJ�WKH�WLS��7KHQ�$PEHUOLWH�;$'��+3�UHVLQ�
�ZDV�XVHG�WR�SDFN�WKH�SLSHWWH��OHDYLQJ�WZR�WR�
�WKUHH�FHQWLPHWHUV�DW�WKH�WRS��7KH�O\RSKLOL]HG�
�VROLG�5RVH�$SSOH�ZDV�SDFNHG�RQWR�WKH�WRS��
�FRPSOHWHO\�SDFNLQJ�WKH�HQWLUH�SLSHWWH�ZLWK�
�VROLGV��8VLQJ�PHWKDQRO�DV�WKH�VROYHQW��WKH�
�FROXPQ�ZDV�HOXWHG��IRUPLQJ�VHYHUDO�FRORU�
�EDQGV�DV�WKH�VROLG�H[WUDFW�KDV�DQ�RUDQJH�
�FRORU�FRQWUDVWLQJ�ZLWK�WKH�ZKLWH�FRORU�RI�WKH�
�UHVLQ��%HIRUH�WKH�HOXWLRQ�RFFXUUHG��D�FROOHFWLRQ�
�EHDNHU�ZDV�SODFHG�XQGHU�WKH�SLSHWWH��7KH�
�UHVXOWLQJ�OLTXLG�ZDV�SUHVHUYHG�DV�WUHDWPHQW����
�D�5RVH�$SSOH�PHWKDQROLF�DQWKRF\DQLQ�
�H[WUDFW��

�+&&����&HOO�&XOWXUH�
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�7KH�QRQ�VPDOO�OXQJ�DGHQRFDUFLQRPD�FHOO�OLQH��
�+&&�����ZDV�JURZQ�WR�FRQIOXHQF\�XVLQJ�D�
�EDVH�PHGLXP�FRQVLVWLQJ�RI�����530,������
�0HGLXP�DQG�����IHWDO�ERYLQH�VHUXP��)%6���
�7KH�PHGLD�ZDV�UHQHZHG�HYHU\�WZR�WR�WKUHH�
�GD\V��7KH�SRSXODWLRQ�GRXEOLQJ�WLPH�ZDV�
�DSSUR[LPDWHO\����KRXUV��DV�D�UHVXOW��FHOOV�
�ZHUH�VXEFXOWXUHG�WZR�WLPHV�D�ZHHN�DW�D�UDWLR�
�RI������2QFH�JURZQ�WR�FRQIOXHQF\��WKH�FHOOV�
�ZHUH�VHHGHG�LQWR�D����ZHOO�SODWH�DW�D�VHHGLQJ�
�GHQVLW\�RI�����[��A��FHOOV��

�&HOO�7UHDWPHQW�
�7R�WHVW�WKH�PHWDEROLVP�RI�YDU\LQJ�DPRXQWV�RI�
�WUHDWPHQWV��WKH�WZR�WUHDWPHQWV�ZHUH�DSSOLHG�
�WR�WKH�FHOOV�DW�GLIIHUHQW�YROXPHV��VWDUWLQJ�DW�
����/�WR�����/��FRXQWLQJ�E\����/��
�$GGLWLRQDOO\��WZR�H[SHULPHQWDO�FRQWUROV�ZHUH�
�XWLOL]HG��FHOOV�ZLWK�QR�WUHDWPHQW�DQG�FHOOV�ZLWK�
�WKH�VDPH�FRQFHQWUDWLRQ�RI�PHWKDQRO��$OO�
�WUHDWPHQWV�DQG�FRQWUROV�ZHUH�OHIW�IRU�IRXU�
�GD\V�EHIRUH�HYDOXDWLQJ�FHOO�PHWDEROLVP���$V�
�VKRZQ�LQ�)LJXUH����WKH�ILUVW�IRXU�URZV�ZHUH�
�WUHDWHG�ZLWK�YDU\LQJ�DPRXQWV�RI�WUHDWPHQW���
��(����ZKLOH�WKH�ODVW�IRXU�URZV�ZHUH�WUHDWHG�
�ZLWK�YDU\LQJ�DPRXQWV�RI�WUHDWPHQW����(����

�)LJ������$Q�LOOXVWUDWLRQ�GHSLFWLQJ�WKH�DPRXQW�RI�
�HDFK�VROXWLRQ�DGGHG�WR�HDFK�ZHOO��

�$FLG�3KRVSKDWDVH�$VVD\�
�$IWHU�WKH�WUHDWPHQWV�ZHUH�OHIW�IRU�IRXU�GD\V��
�WKH�DFLG�SKRVSKDWDVH�DVVD\�ZDV�UXQ�WR�
�HYDOXDWH�FHOO�PHWDEROLVP��)LUVW��DOO�WKH�PHGLD�
�ZDV�UHPRYHG�IURP�WKH�SODWH��DQG�HDFK�ZHOO�
�ZDV�ILOOHG�JHQWO\�ZLWK�3%6�DQG�UHPRYHG��7KLV�
�ZDV�UHSHDWHG�WZLFH��7KHQ��WR�HDFK�ZHOO��
�����/�RI���P0�S�1LWURSKHQ\O�SKRVSKDWH�
�GLVRGLXP�VDOW�KH[DK\GUDWH�LQ����0�VRGLXP�
�DFHWDWH��S+������FRQWDLQLQJ������7ULWRQ�;�����
�ZDV�DGGHG��7KLV�ZHOO�SODWH�ZDV�OHIW�LQ�WKH�
�&2��LQFXEDWRU�IRU�WZR�KRXUV��$IWHU�WZR�KRXUV��
����/�RI����0�1D2+�ZDV�DGGHG�WR�HDFK�ZHOO�

�DQG�UHDG�RQ�SODWH�UHDGHU�DW����QP�DQG�
����QP��7KH�WHVWHG�DEVRUEDQFH�ZDV�DW�
����QP�ZKLOH�WKH�EDFNJURXQG�DEVRUEDQFH�
�ZDV�DW����QP��

�'$7$�$1'�5(68/76�
�)RU�WKLV�H[SHULPHQW��WKHUH�ZHUH�WZR�
�WUHDWPHQWV�DQG�WZR�FRQWUROV��7UHDWPHQW���ZDV�
�WKH�PHWKDQROLF�H[WUDFW�RI�WKH�ZKROH�5RVH�
�$SSOH�IUXLW��ZKLOH�WUHDWPHQW���ZDV�WKH�
�PHWKDQROLF�H[WUDFW�RI�DQWKRF\DQLQV�IURP�WKH�
�ZKROH�5RVH�$SSOH�IUXLW��7KH�ILUVW�FRQWURO�ZDV�
�WKH�FHOOV�ZLWK�QR�WUHDWPHQW�DSSOLHG��ZKLOH�WKH�
�VHFRQG�FRQWURO�ZDV�WKH�FHOOV�ZLWK�WKH����0�
�FRQFHQWUDWLRQ�RI�PHWKDQRO�DSSOLHG��,Q�)LJXUH�
����+&&����FHOOV��FXOWXUHG�E\�RWKHU�VFLHQWLVWV��
�DUH�VKRZQ�DW�FRQIOXHQF\�IRU�FRPSDULVRQ�
�SXUSRVHV��)LJXUH���VKRZV�WKH�+&&����FHOOV�
�SUHVHQW�LQ�WKH�ZHOO�SODWH�DIWHU�EHLQJ�
�VXEFXOWXUHG�DQG�VHHGHG�LQ��

�)LJ������&RQIOXHQW�+&&����FHOOV�XQGHU�ORZ�
�GHQVLW\�PLFURVFRSH�OHQV��

�)LJ������([SHULPHQWDO�+&&����FHOOV�DIWHU�EHLQJ�
�VHHGHG�LQWR�WKH�ZHOO�SODWH��

�7KH�FHOOV�ZHUH�WUHDWHG�DFFRUGLQJ�WR�WKH�
�DIRUHPHQWLRQHG�SURFHGXUH�DQG�HYDOXDWHG�
�XVLQJ�DQ�DFLG�SKRVSKDWDVH�DVVD\��7KH�
�UHFRUGHG�DEVRUEDQFH�IRU�HDFK�ZHOO�DW����QP�
�ZDV�VXEWUDFWHG�IURP�WKDW�PHDVXUHG�DW�
����QP��DV�DW����QP��WKH�EDFNJURXQG�
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�DEVRUEDQFH�LV�PHDVXUHG��7KH�DYHUDJH�RI�
�HDFK�YDOXH�IRU�WKH�VDPH�WUHDWPHQW�ZDV�
�FDOFXODWHG�DQG�UHFRUGHG�LQ�WKH�GDWD�WDEOH��
�,Q�WKLV�H[SHULPHQW��LW�ZDV�K\SRWKHVL]HG�WKDW�
�WKH�DEVRUEDQFH��FHOO�PHWDEROLVP�UDWHV��ZRXOG�
�EH�OHVV�IRU�WKH�WUHDWPHQW�ZLWK�D�PRUH�
�FRQFHQWUDWHG�IRUP�RI�DQWKRF\DQLQV�FRPSDUHG�
�WR�WKH�IUXLW�DV�D�ZKROH��7KLV�ZDV�MXVWLILHG�
�EHFDXVH�DQWKRF\DQLQV�DUH�NQRZQ�WR�KDYH�
�ELRDFWLYH�FRPSRXQGV��DQG�D�PRUH�
�FRQFHQWUDWHG�IRUP�RI�FRPSRXQGV�NQRZQ�WR�
�KDYH�DQWLFDQFHU�EHKDYLRU�VKRXOG�UHVXOW�LQ�
�VORZHU�FHOOXODU�UHSURGXFWLRQ�RI�FDQFHU�FHOOV�
�FRPSDUHG�WR�WKH�H[WUDFW�RI�WKH�ZKROH�IUXLW��

�7KH�GDWD�UHFRUGHG�LQ�7DEOH���VKRZV�WKH�
�DYHUDJH�DEVRUEDQFH�UHFRUGHG�E\�WKH�
�PLFURSODWH�UHDGHU��7KH�ORZHVW�DEVRUEDQFH�
�ZDV�UHFRUGHG�DW�����/�IRU�ERWK�WUHDWPHQWV��
�ZKLOH�WKH�KLJKHVW�RFFXUUHG�DW�����/�IRU�
�WUHDWPHQW����EXW�IRU�WUHDWPHQW����LW�RFFXUUHG�DW�
�����/��7KH�DYHUDJH�DEVRUEDQFH�RI�WKH�FHOOV�
�ZLWK�QR�WUHDWPHQW�DSSOLHG�ZDV���������7KH�
�DYHUDJH�DEVRUEDQFH�IRU�WKH�PHWKDQRO�ZDV�
�QRW�UHFRUGHG�SURSHUO\�GXH�WR�PHDVXUHPHQW�
�HUURUV��VR�LW�ZDV�QRW�XVHG�IRU�FRPSDULVRQ��
�8VLQJ�WKH�GDWD�UHFRUGHG�LQ�7DEOH����)LJXUH���
�DQG���ZHUH�FUHDWHG��7KH�JUDSKV�WKHPVHOYHV�
�VKRZ�QR�DSSDUHQW�WUHQG��

�7DEOH���
�$YHUDJH�$EVRUEDQFH�9DOXHV�3HU�7UHDWPHQW�

�$YHUDJH�$EVRUEDQFH�RI�+&&����
�&HOOV�

�7UHDWPHQW��� �7UHDWPHQW���
�����/� �������� ��������
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�������/� �������� ��������

�)LJ������/LQH�JUDSK�RI�WKH�FHOO�PHWDEROLF�UDWHV�
�IRU�GLIIHUHQW�DPRXQWV�RI�WUHDWPHQW����

�)LJ������/LQH�JUDSK�RI�WKH�FHOO�PHWDEROLF�UDWHV�
�IRU�GLIIHUHQW�DPRXQWV�RI�WUHDWPHQW����

�7R�IXUWKHU�LQWHUSUHW�WKH�UHVXOWV�RI�WKH�
�H[SHULPHQW��D�RQH�WDLOHG�XQSDLUHG�W�WHVW�ZDV�
�UXQ�EHWZHHQ�WKH�FRQWURO��+&&����FHOOV�WKDW�
�ZHUH�QRW�WUHDWHG��DQG�FHOOV�DSSOLHG�ZLWK����
�PLFUROLWHUV�RI�WUHDWPHQW����DV�DW�WKLV�DPRXQW�
�WKH�ORZHVW�DEVRUEDQFH�ZDV�UHFRUGHG��7KH�
�RQH�WDLOHG�S�YDOXH�LV��������ZKLFK�LV�
�FRQVLGHUHG�H[WUHPHO\�VLJQLILFDQW��LQGLFDWLQJ�
�WKDW�WKH�FHOO�PHWDEROLVP�UDWH�LV�ORZHU�IRU�FHOOV�
�ZLWK�WUHDWPHQW���FRPSDUHG�WR�WKH�FRQWURO��7R�
�XQGHUVWDQG�WKH�SRWHQWLDO�RI�WUHDWPHQW����WKH�
�VDPH�RQH�WDLOHG�XQSDLUHG�W�WHVW�ZDV�UXQ��
�H[FHSW�WKLV�WLPH�LW�ZDV�EHWZHHQ�WKH�FRQWURO�
�DQG�WKH�FHOOV�DSSOLHG�ZLWK����PLFUROLWHUV�RI�
�WUHDWPHQW����7KH�S�YDOXH�FDOFXODWHG�ZDV�
���������ZKLFK�LV�FRQVLGHUHG�YHU\�VLJQLILFDQW��
�VWDWLQJ�WKDW�WKH�FHOO�PHWDEROLVP�UDWH�IRU�FHOOV�
�ZLWK�WUHDWPHQW���LV�ORZHU�WKDQ�WKH�FRQWURO��7R�
�HYDOXDWH�ZKLFK�RI�WKH�WZR�WUHDWPHQWV�LV�PRUH�
�HIIHFWLYH��DQRWKHU�RQH�WDLOHG�W�WHVW�ZDV�UXQ�
�EHWZHHQ�WKH�DEVRUEDQFH�RI�WUHDWPHQW���DQG�

�3DJH������



�WUHDWPHQW����7KH�S�YDOXH�FDOFXODWHG�LV���������
�ZKLFK�LV�FRQVLGHUHG�QRW�VLJQLILFDQW��WKHUHIRUH��
�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�
�FHOO�PHWDEROLF�DFWLYLW\�RI�ERWK�WUHDWPHQWV��

�',6&866,21�
�5HVXOWV�RI�$FLG�3KRVSKDWDVH�$VVD\�
�7KH�SXUSRVH�RI�WKLV�H[SHULPHQW�LV�WR�FRPSDUH�
�WKH�FHOO�PHWDEROLF�DFWLYLW\�RI�DQ�DQWKRF\DQLQ�
�6\]\JLXP�VDPDUDQJHQVH�PHWKDQROLF�H[WUDFW�
�WR�WKH�EHKDYLRU�RI�WKH�PHWKDQROLF�H[WUDFW�RI�
�WKH�IUXLW�DJDLQVW�DQ�+&&����OXQJ�FDQFHU�FHOO�
�OLQH��,W�ZDV�K\SRWKHVL]HG�WKDW�D�FRQFHQWUDWHG�
�WUHDWPHQW�RI�DQWKRF\DQLQV��WUHDWPHQW����
�ZRXOG�KDYH�D�ORZHU�FHOO�PHWDEROLF�UDWH�GXH�WR�
�SUHYLRXV�UHVHDUFK�LQGLFDWLQJ�WKDW�
�DQWKRF\DQLQV�IURP�WKLV�IUXLW�H[KLELW�
�DQWLFDQFHURXV�SURSHUWLHV��

�7KH�UHVXOWV�RI�WKLV�VWXG\�VKRZ�WKDW�FRPSDUHG�
�WR�QR�WUHDWPHQW��ERWK�WUHDWPHQWV�VKRZ�
�VLJQLILFDQWO\�OHVV�FHOOXODU�PHWDEROLVP��
�KRZHYHU��FRPSDUHG�WR�HDFK�RWKHU��WKHUH�LV�QRW�
�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��7KHUHIRUH��
�ERWK�WUHDWPHQWV�VKRZ�DQWLFDQFHU�SRWHQWLDO��
�EXW�WKH�PDLQ�UHVHDUFK�TXHVWLRQ�UHPDLQV�
�LQFRQFOXVLYH��0XOWLSOH�RQH�WDLOHG�XQSDLUHG�
�W�WHVWV�ZHUH�UXQ�WR�FRPSDUH�WKH�FRQWURO��
�WUHDWPHQW����DQG�WUHDWPHQW����:LWK�D�S�YDOXH�
�RI��������IRU�WKH�GLIIHUHQFH�EHWZHHQ�
�WUHDWPHQW���DQG�WUHDWPHQW����WKH�WHVW�FODLPV�
�WKDW�WKHUH�LV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�
�GLIIHUHQFH��6LQFH�RQO\�RQH�WULDO�ZDV�
�FRQGXFWHG��LW�LV�SRVVLEOH�WKDW�D�GLIIHUHQFH�LV�
�QRW�SUHVHQW�GXH�WR�HUURUV�WKDW�RFFXUUHG�LQ�WKH�
�H[SHULPHQW��:KLOH�WKHUH�ZDV�QRW�D�VWDWLVWLFDOO\�
�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WUHDWPHQWV��
�WKLV�H[SHULPHQW�GHPRQVWUDWHV�WKDW�WKH�
�6\]\JLXP�VDPDUDQJHQVH�IUXLW�KDV�EHQHILFLDO�
�FHOO�PHWDEROLF�SURSHUWLHV��ZKLFK�LV�D�QHZ�
�GLVFRYHU\��

�(UURUV�DQG�/LPLWDWLRQV�
�7KH�DEVRUEDQFH�YDOXHV�UHFRUGHG�LQ�WKLV�
�H[SHULPHQW�ZHUH�KHDYLO\�LPSDFWHG�E\�VRXUFHV�
�RI�HUURU�LQ�WKLV�H[SHULPHQW��7KH�DQWKRF\DQLQ�
�WUHDWPHQW�PD\�QRW�KDYH�H[KLELWHG�WKH�FHOO�
�PHWDEROLF�UDWH�WKDW�ZDV�H[SHFWHG�GXH�WR�QRW�
�FRPSOHWHO\�VHSDUDWLQJ�WKH�DQWKRF\DQLQV�IURP�
�WKH�UHVW�RI�WKH�VROXWLRQ��7R�DYRLG�WKLV��D�ODUJHU�

�FROXPQ�VKRXOG�EH�XVHG�WR�UXQ�WKH�
�JHO�ILOWUDWLRQ��FRPSDUHG�WR�WKH�WHVW�SLSHWWH�
�XVHG�LQ�SODFH��$QRWKHU�VRXUFH�RI�HUURU�LV�WKH�
�PLFURSODWH�UHDGHU�QRW�UHFRUGLQJ�WKH�
�DEVRUEDQFH�FRPSOHWHO\�DFFXUDWHO\��UHVXOWLQJ�
�LQ�KLJKHU�DEVRUEDQFH�UDWHV�WKDQ�ZKDW�ZDV�
�H[SHFWHG��

�/LPLWDWLRQV�SUHVHQW�LQ�WKLV�H[SHULPHQW�DOVR�
�FRQWULEXWHG�WR�WKH�LQFRQFOXVLYH�DQVZHU�WR�WKH�
�UHVHDUFK�TXHVWLRQ��7KH�PDLQ�OLPLWDWLRQ�ZDV�
�WLPH�FRQVWUDLQWV��$V�RQO\�RQH�WULDO�ZDV�
�FRQGXFWHG��WKH�GDWD�PD\�QRW�EH�DQ�DFFXUDWH�
�UHSUHVHQWDWLRQ�RI�WKH�UHVXOWV�RI�WKH�
�H[SHULPHQW��7R�YDOLGDWH�RU�IRUPXODWH�D�FOHDUHU�
�DQVZHU��PRUH�WULDOV�PD\�EH�FRQGXFWHG��
�$GGLWLRQDOO\��DV�D����ZHOO�SODWH�ZDV�XVHG�WR�
�HYDOXDWH�WKH�FHOO�PHWDEROLF�UDWH��WKH�FHOOV�
�ZHUH�PRUH�VXVFHSWLEOH�WR�FRQWDPLQDWLRQ��,Q�
�WKH�IXWXUH��LW�ZRXOG�EH�EHWWHU�WR�H[SORUH�
�SURFHGXUHV�XVLQJ�RWKHU�ZHOO�SODWHV�ZLWK�D�
�ODUJHU�ZHOO�YROXPH��

�)XWXUH�5HVHDUFK�
�:KLOH�WKH�UHVXOWV�GR�QRW�VKRZ�D�VLJQLILFDQW�
�GLIIHUHQFH�LQ�WKH�DEVRUEDQFH�UDWHV�EHWZHHQ�
�WKH�FHOOV�DSSOLHG�ZLWK�WKH�WZR�GLIIHUHQW�
�WUHDWPHQWV��LW�FDQ�EH�FRQFOXGHG�WKDW�5RVH�
�$SSOHV�H[KLELW�DQWL�FDQFHURXV�EHKDYLRU�WKDW�
�FDQ�EH�IXUWKHU�UHVHDUFKHG��$GGLWLRQDOO\��DV�WKH�
�K\SRWKHVLV�PDGH�EHIRUH�FRQGXFWLQJ�WKLV�
�H[SHULPHQW�ZDV�QRW�VXSSRUWHG�E\�WKH�GDWD�
�FROOHFWHG��LW�LV�LOOXVWUDWHG�WKDW�DQWKRF\DQLQV�
�IURP�WKH�6\]\JLXP�VDPDUDQJHQVH�IUXLW�GR�QRW�
�GHPRQVWUDWH�D�VLPLODU�OHYHO�RI�DQWLFDQFHU�
�EHKDYLRU�WKDW�ZDV�H[SHFWHG�IURP�SUHYLRXV�
�UHVHDUFK�H[SHULPHQWV��7R�XQGHUVWDQG�PRUH�
�DERXW�WKH�OLPLWDWLRQV�RI�DQWKRF\DQLQV�LQ�
�UHJDUG�WR�DQWLFDQFHURXV�EHKDYLRU��LW�LV�
�LPSRUWDQW�WR�FRQGXFW�PRUH�UHVHDUFK�LQWR�
�DQWKRF\DQLQV�RI�IUXLWV�IURP�WKH�6\]\JLXP�
�JHQXV��7KH�FRQFOXVLRQV�JDWKHUHG�IURP�WKLV�
�H[SHULPHQW�FDQ�EH�IXUWKHU�XWLOL]HG�LQ�IXWXUH�
�VWXGLHV�DV�5RVH�$SSOHV�GHPRQVWUDWH�WKH�
�SRWHQWLDO�WR�EH�GHYHORSHG�DV�D�SRVVLEOH�
�KHUEDO�WUHDWPHQW�IRU�QRQ�VPDOO�OXQJ�FDQFHU�
�FHOOV��
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�$&.12:/('*0(176�
�7KH�PDWHULDOV�QHHGHG�WR�FRPSOHWH�WKLV�H[SHULPHQW�ZHUH�SURYLGHG�E\�0LDPL�)UXLW��5RVH�$SSOH���
�DQG�6LJPD�$OGULFK��$PEHUOLWH�;$'��+3���'U��7RPOLQVRQ��6R[KOHW�$SSDUDWXV���$GGLWLRQDOO\��0U��
�3URIILWW�DQG�'U��7RPOLQVRQ�SURYLGHG�DLG�LQ�GHYLVLQJ�DQG�FRQGXFWLQJ�WKLV�H[SHULPHQW��7KH�
�$FDGHPLHV�RI�/RXGRXQ�SURYLGHG�PDWHULDOV�DQG�ZRUNVSDFH�WR�FRQGXFW�WKH�H[SHULPHQW��

�5()(5(1&(6�
�$TLO��)���*XSWD��$���0XQDJDOD��5���-H\DEDODQ��-���.DXVDU��+���6KDUPD��5��-���6LQJK��,��3���	�*XSWD��
�5��&����������$QWLR[LGDQW�DQG�DQWLSUROLIHUDWLYH�DFWLYLWLHV�RI�DQWKRF\DQLQ�HOODJLWDQQLQ�HQULFKHG�
�H[WUDFWV�IURP�6\]\JLXP�FXPLQL�/���-DPXQ��WKH�,QGLDQ�%ODFNEHUU\���1XWULWLRQ�DQG�FDQFHU���������
����±�����KWWSV���GRL�RUJ������������������������������

�$XVLQD��3���%UDQFR��-��5���'HPDULD��7��0���(VWHYHV��$��0���/HDQGUR��-��*��%���2FKLRQL��$��&���
�0HQGRQoD��$��3��0���3DOKDQR��)��/���2OLYHLUD��0��)���$ERX�.KHLU��:���6ROD�3HQQD��0���	�=DQFDQ��
�3����������$FHW\OVDOLF\OLF�DFLG�DQG�VDOLF\OLF�DFLG�SUHVHQW�DQWLFDQFHU�SURSHUWLHV�DJDLQVW�PHODQRPD�
�E\�SURPRWLQJ�QLWULF�R[LGH�GHSHQGHQW�HQGRSODVPLF�UHWLFXOXP�VWUHVV�DQG�DSRSWRVLV��6FLHQWLILF�
�5HSRUWV���������KWWSV���GRL�RUJ���������V������������������

�%XUULV��+��$����������6KRUWFRPLQJV�RI�FXUUHQW�WKHUDSLHV�IRU�QRQ�VPDOO�FHOO�OXQJ�FDQFHU��XQPHW�
�PHGLFDO�QHHGV��2QFRJHQH�����6XSSO����6������KWWSV���GRL�RUJ���������RQF����������

�&HFL��&���/DFDO��3��0���7HQWRUL��/���'H�0DUWLQR��0��*���0LDQR��5���	�*UD]LDQL��*����������
�([SHULPHQWDO�(YLGHQFH�RI�WKH�$QWLWXPRU��$QWLPHWDVWDWLF�DQG�$QWLDQJLRJHQLF�$FWLYLW\�RI�(OODJLF�
�$FLG��1XWULHQWV����������������KWWSV���GRL�RUJ���������QX���������

�/LQ��%��:���*RQJ��&��&���6RQJ��+��)���	�&XL��<��<����������(IIHFWV�RI�DQWKRF\DQLQV�RQ�WKH�
�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�FDQFHU��%ULWLVK�MRXUQDO�RI�SKDUPDFRORJ\���������������±������
�KWWSV���GRL�RUJ���������ESK�������
�/XQJ�&DQFHU�6WDWLVWLFV�_�+RZ�&RPPRQ�LV�/XQJ�&DQFHU���Q�G����:ZZ�FDQFHU�RUJ��
�KWWSV���ZZZ�FDQFHU�RUJ�FDQFHU�OXQJ�FDQFHU�DERXW�NH\�VWDWLVWLFV�KWPO��a�WH[W /XQJ���FDQFHU���
��LV���E\���IDU�
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�1HHPD�6DNDUL\D��7UR\�5RKQ�

�%'1)�/HYHOV�LQ�3HRSOH�ZLWK�1HXURGHJHQHUDWLYH�'LVHDVHV�

�$%675$&7�
�7KH�EUDLQ�GHULYHG�QHXURWURSKLF�IDFWRU��%'1)��
�JHQH�FRGHV�IRU�WKH�EUDLQ�GHULYHG�QHXURWURSKLF�
�IDFWRU�SURWHLQ��,QWHUHVWLQJO\��PXWDWLRQV�RI�WKH�
�%'1)�JHQH�FDQ�OHDG�WR�KLJKHU�%0,��5HJXODU�
�YHUVLRQV�RI�WKH�FRGHG�JHQH�DUH�OHVV�SUHYDOHQW�
�LQ�SHRSOH�ZKR�KDYH�QHXURGHJHQHUDWLYH�
�GLVHDVHV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�
�$O]KHLPHU¶V�'LVHDVH��$'���$'¶V�FRPPRQ�
�V\PSWRP�RI�GHPHQWLD�LV�FDXVHG�E\�GHDWK�RI�
�QHXURQV��ZKLFK�LV�OLQNHG�WR�WKH�GHFUHDVHG�
�OHYHOV�RI�WKH�%'1)�SURWHLQ��*HQH�WKHUDS\�LV�D�
�SRWHQWLDO�WUHDWPHQW�IRU�$O]KHLPHU¶V�SDWLHQWV�
�ZLWK�OHVV�%'1)�SURWHLQ��

�,1752'8&7,21�
�7KH�EUDLQ�GHULYHG�QHXURWURSKLF�IDFWRU�JHQH�
��%'1)��HQFRGHV�IRU�WKH�EUDLQ�GHULYHG�
�QHXURWURSKLF�IDFWRU�SURWHLQ²D�W\SH�RI�SURWHLQ�
�WKDW�DLGV�ZLWK�WKH�JURZWK��VXUYLYDO��DQG�
�PDLQWHQDQFH�RI�QHXURQV��7KH�SURWHLQ�LV�
�HVSHFLDOO\�LPSRUWDQW�LQ�OHDUQLQJ�DQG�PHPRU\�
�GHYHORSPHQW��DV�WKH�SURWHLQ�LV�PRVW�SUHVHQW�
�LQ�WKH�FHUHEUDO�FRUWH[�DQG�WKH�KLSSRFDPSXV��
�:LWKLQ�WKH�QHXURQ��%'1)�FDQ�EH�IRXQG�DW�WKH�
�V\QDSVHV²UHJXODWLQJ�V\QDSWLF�SODVWLFLW\�DQG�
�QHXURQDO�FRPPXQLFDWLRQ��6LQFH�%'1)�LV�D�
�QHXURWURSKLF�IDFWRU��LW�FDQ�EH�IRXQG�LQ�VRPDWLF�
�FHOOV��PRVW�FRPPRQO\�LQ�WKH�QXFOHXV�DQG�
�HQGRSODVPLF�UHWLFXOXP�UHJLRQV��,QWHUHVWLQJO\��
�PXWDWLRQV�RI�WKLV�JHQH�FDQ�OHDG�WR�KLJKHU�
�%0,��,Q�P\�UHVHDUFK��,�LQYHVWLJDWHG�WKH�
�UHODWLRQVKLS�EHWZHHQ�WKH�%'1)�JHQH�DQG�
�QHXURGHJHQHUDWLYH�GLVHDVHV��VSHFLILFDOO\�$'��

�0$7(5,$/6�$1'�0(7+2'6�
�)RU�WKLV�VWXG\��,�SHUIRUPHG�D�PHWD�DQDO\VLV�E\�
�FRQGXFWLQJ�D�OLWHUDWXUH�UHYLHZ�WKURXJK�WKH�
�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��1&%,���
�.H\ZRUGV�WKDW�ZHUH�XVHG�WR�VHDUFK�
�GDWDEDVHV�LQFOXGHG³%'1)´�DQG�
�³$O]KHLPHU¶V�´�$UWLFOHV�ZHUH�H[FOXGHG�LI�WKH\�
�GLG�QRW�SURYLGH�GDWD�DERXW�WKH�%'1)�SURWHLQ�
�LQ�UHODWLRQ�WR�QHXURGHJHQHUDWLYH�GLVHDVHV�DQG�

�LI��%'1)�SURWHLQ�ZDV�QRW�WKH�PDLQ�IRFXV�RI�
�WKH�DUWLFOH��$�WRWDO�RI��WKUHH�SXEOLFDWLRQV�ZHUH�
�LGHQWLILHG�IURP�1&%,���EXW�RWKHU�FUHGLEOH�
�DUWLFOHV�ZHUH�DOVR�XVHG�IRU�IRXQGDWLRQDO�
�NQRZOHGJH��

�5(68/76�
�7KH�UHVHDUFK�RI�0RUL�DQG�2QR�HW��DO�VKRZV�
�WKDW�WKH�PHGLDQ�DPRXQW�RI�%'1)�SURWHLQ�LQ�
�SHRSOH�LQ�WKH�1RUPDO�&RQWURO��1&��JURXS�
��*URXS����LV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
�PHGLDQ�DPRXQW�RI�%'1)�SURWHLQ�LQ�SHRSOH�
�ZLWK�PLOG�FRJQLWLYH�LPSDLUPHQW��0&,��GXH�WR�
�$'��*URXS����>�@��7KH�PLQLPXP�DPRXQW�RI�
�SURWHLQ�LQ�*URXS���LV�DOVR�PXFK�KLJKHU�WKDQ�
�WKH�PLQLPXP�RI�*URXS����6LPLODU�UHVXOWV�FDQ�
�EH�VHHQ�ZLWK�WKH�3DUNLQVRQ
V�'LVHDVH��3'��
�UHVHDUFK�RI�+XDQJ�DQG�=KRX�HW��DO��ZLWK�WKH�
�%'1)�FRQFHQWUDWLRQ�EHLQJ�PXFK�ORZHU�LQ�
�SHRSOH�ZLWK�3'�WKDQ�LQ�SHRSOH�ZLWKRXW�3'�>�@��
�,Q�ERWK�VWXGLHV��WKH�S�YDOXHV�DUH�OHVV�WKDQ�
�������FRQILUPLQJ�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�
�WKHVH�UHVXOWV��

�)LJXUH����%R[�SORW�RI�%'1)�&RQFHQWUDWLRQ�
��QJ�P/��LQ�QRUPDO�FRQWURO�SDWLHQWV��1&��DQG�LQ�
�SDWLHQWV�ZLWK�PLOG�FRJQLWLYH�LPSDLUPHQW�GXH�WR�
�$O]KHLPHU¶V�'LVHDVH��0&,�GXH�WR�$'���
�S������
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�)LJXUH����6HUXP�%'1)�&RQFHQWUDWLRQ��SJ�PO��
�LQ�FRQWURO�SDWLHQWV�DQG�SDWLHQWV�ZLWK�
�3DUNLQVRQ¶V�GLVHDVH��S������

�',6&866,21�
�7KH�UHVXOWV�RI�WKH�VWXGLHV�ZHUH�VRPHZKDW�
�XQH[SHFWHG��ZH�ZHUH�VXUSULVHG�E\�WKH�ODUJH�
�GLIIHUHQFH�LQ�%'1)�OHYHOV�EHWZHHQ�WKH�FRQWURO�
�JURXS�DQG�QHXURGHJHQHUDWLYH�GLVHDVH�JURXS��

�+RZHYHU��XSRQ�IXUWKHU�H[DPLQDWLRQ��WKH�
�UHODWLRQVKLS�EHWZHHQ�%'1)�OHYHOV�DQG�
�QHXURGHJHQHUDWLYH�GLVHDVHV�GRHV�LQ�IDFW�
�PDNH�VHQVH��$V�D�PDLQWHQDQFH�SURWHLQ��
�%'1)�LV�IRXQG�LQ�KLJK�OHYHOV�LQ�WKH�DUHDV�RI�
�WKH�EUDLQ�WKDW�FRQWURO�OHDUQLQJ�DQG�PHPRU\��
�%HFDXVH�WKH�SURWHLQ�LV�QRW�SUHVHQW�WR�
�PDLQWDLQ�WKHVH�WZR�MREV�RI�WKH�EUDLQ�GXH�WR�
�GHFUHDVHG�OHYHOV��LW�PD\�FDXVH�GHPHQWLD�
��PHPRU\�ORVV�²D�YHU\�FRPPRQ�V\PSWRP�RI�
�$'��:KLOH�%'1)�PD\�QRW�FDXVH�$'�LWVHOI��LW�
�PRVW�OLNHO\�LV�UHODWHG�WR�WKH�GHPHQWLD�VHHQ�LQ�
�$'�SDWLHQWV��$V�ZH�FDQ�VHH�IURP�WKH�GDWD��
�WKH�UHVXOWV�DUH�VLPLODU�IRU�3'�DV�ZHOO��DQG�
�RWKHU�SXEOLFDWLRQV�KDYH�VKRZQ�VLPLODU�GDWD��
�7KH�UHVXOWV�RI�WKHVH�VWXGLHV�FDQ�EH�XVHG�LQ�
�WKH�IXWXUH�WR�SURYLGH�WUHDWPHQW�IRU�
�QHXURGHJHQHUDWLYH�GLVHDVHV��,QGHHG��
�UHVHDUFK�LV�EHLQJ�GRQH�RQ�$GHQR�$VVRFLDWHG�
�9LUXV��$$9��%'1)��JHQH�WKHUDS\��ZKHUH�WKH�
�%'1)�SURWHLQ�ZRXOG�EH�VHQW�LQWR�WKH�EUDLQ�LQ�
�DQ�DGHQRYLUXV�VLQFH�WKH�SURWHLQ�GRHV�QRW�
�FURVV�WKH�EORRG�EUDLQ�EDUULHU��:KLOH�WKLV�VWXG\�
�LV�VWLOO�LQ�3KDVH����LW�VKRZV�SURPLVLQJ�UHVXOWV�
�WKDW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�WKH�
�H\H�RSHQLQJ�GDWD�RI�WKH�FRUUHODWLRQ�RI�%'1)�
�DQG�QHXURGHJHQHUDWLYH�GLVHDVHV��

�5()(5(1&(6�
�+XDQJ��<���<XQ��:���=KDQJ��0���/XR��:���	�=KRX��;����������6HUXP�FRQFHQWUDWLRQ�DQG�FOLQLFDO�
�VLJQLILFDQFH�RI�EUDLQ�GHULYHG�QHXURWURSKLF�IDFWRU�LQ�SDWLHQWV�ZLWK�3DUNLQVRQ
V�GLVHDVH�RU�HVVHQWLDO�
�WUHPRU��7KH�-RXUQDO�RI�LQWHUQDWLRQDO�PHGLFDO�UHVHDUFK�������������±������
�KWWSV���GRL�RUJ��������������������������
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�.XURGD��7���<DQR��6���+LHGD��6���.LXFKL��<���,NHXFKL��7���	�2QR��.����������6HUXP�%'1)�DV�D�
�3RWHQWLDO�%LRPDUNHU�RI�$O]KHLPHU
V�'LVHDVH��9HULILFDWLRQ�7KURXJK�$VVHVVPHQW�RI�6HUXP��
�&HUHEURVSLQDO�)OXLG��DQG�0HGLDO�7HPSRUDO�/REH�$WURSK\��)URQWLHUV�LQ�QHXURORJ\��������������
�KWWSV���GRL�RUJ���������IQHXU�������������

�1DJDKDUD��$��+���:LOVRQ��%��5���,YDV\N��,���.RYDFV��,���5DZDOML��6���%ULQJDV��-��5���3LYLURWWR��3��-���
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�%DWKLQD��6���	�'DV��8��1����������%UDLQ�GHULYHG�QHXURWURSKLF�IDFWRU�DQG�LWV�FOLQLFDO�LPSOLFDWLRQV��
�$UFKLYHV�RI�PHGLFDO�VFLHQFH���$06�������������±������KWWSV���GRL�RUJ���������DRPV������������
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�3UDQDY�%RGHPSXGL�

�$QDO\VLV�RI�$FTXLUHG�$SODVWLF�$QHPLD�

�$%675$&7�
�$FTXLUHG�DSODVWLF�DQHPLD�LV�D�SHUSOH[LQJ�
�GLVRUGHU�DV�UHVHDUFKHUV�UHPDLQ�XQVXUH�RI�WKH�
�GHILQLWH�FDXVH�RI�WKH�GLVRUGHU��5DGLDWLRQ�DQG�
�FKHPRWKHUDS\�WUHDWPHQWV��H[SRVXUH�WR�WR[LF�
�FKHPLFDOV��XVH�RI�FHUWDLQ�GUXJV��DXWRLPPXQH�
�GLVRUGHUV��YLUDO�LQIHFWLRQ��DQG�SUHJQDQF\�DUH�
�DOO�SRWHQWLDO�FDXVHV�RI�DFTXLUHG�DSODVWLF�
�DQHPLD����� �7KH�QXPHURXV�SRWHQWLDO�FDXVHV�RI�
�DSODVWLF�DQHPLD�PDNH�LW�LQFUHDVLQJO\�GLIILFXOW�
�IRU�GRFWRUV�WR�GLDJQRVH�WKH�GLVRUGHU��7KH�
�GLVRUGHU�WDUJHWV�WKH�LPPXQH�V\VWHP�DQG�
�FDXVHV�7�O\PSKRF\WHV�WR�WDUJHW�DQG�GHVWUR\�
�WKH�PRVW�SULPLWLYH�FHOOV�FDSDEOH�RI�GHYHORSLQJ�
�LQWR�KHPDWRSRLHWLF�VWHP�FHOOV����� �7KLV�FDXVHV�
�WKH�ERQH�PDUURZ�RI�WKH�LQGLYLGXDO�WR�EH�
�UHSODFHG�ZLWK�IDW��7KH�LQKLELWLRQ�RI�WKH�UHJXODU�
�IXQFWLRQ�RI�WKH�ERQH�PDUURZ�FUHDWHV�D�
�GHILFLHQF\�RI�UHG�DQG�ZKLWH�EORRG�FHOOV�DQG�
�SODWHOHWV��SDQF\WRSHQLD��DQG�VHWV�D�SUHFHGHQW�
�IRU�IXWXUH�FRPSOLFDWLRQV����� �%ORRG�FHOO�
�WUDQVIXVLRQV�FDQ�EH�XWLOL]HG�LI�D�SDWLHQW�LV�LQ�
�LPPHGLDWH�PHGLFDO�GDQJHU��7UHDWPHQW�OLNH�
�WKLV�FDQ�KHOS�RIIVHW�WKH�HIIHFWV�RI�DQHPLD�IRU�
�DOPRVW�WZR�PRQWKV����� �7KH�SUHIHUUHG�ORQJ�WHUP�
�WUHDWPHQW�WKDW�LV�FXUUHQWO\�HPSOR\HG�WR�WUHDW�
�WKLV�LVVXH�LV�D�ERQH�PDUURZ�WUDQVSODQW��

�(SLGHPLRORJ\�DQG�3XEOLF�+HDOWK�$VSHFWV�
�7KH�WHUP�³DQHPLD´�LV�GHULYHG�IURP�WKH�DELOLW\�
�WR�PHDVXUH�UHG�EORRG�FHOOV�LQ�D�KHPDWRFULW��
�7KH�WHUP�³DSODVWLF´�UHIHUV�WR�WKH�LQDELOLW\�RI�
�PDUURZ�WR�IRUP�EORRG����� �7KH�ILUVW�SDWLHQW�RI�WKH�
�GLVRUGHU�ZDV�3DXO�(KUOLFK�LQ�������³DQHPLD�
�DSODVWLTXH´�DQG�WKH�FOLQLFDO�IHDWXUHV�RI�WKH�
�GLVRUGHU�ZHUH�GLVFRYHUHG�LQ�WKH�HDUO\���WK�
�FHQWXU\����� �,W�LV�XQGHWHUPLQHG�ZKDW�SRSXODWLRQV�
�DUH�VXVFHSWLEOH�WR�WKH�GLVRUGHU��KRZHYHU��
�UHVHDUFK�VXJJHVWV�WKH�LQFLGHQFH�YDULHV�EDVHG�
�RQ�JHRJUDSK\��JHQHWLF�GLIIHUHQFHV��DQG�LV�
�PRUH�FRPPRQ�LQ�\RXQJHU�SRSXODWLRQV��DJH������
�7KH�DVVXPSWLRQ�FDQ�EH�PDGH�WKDW�D�IDPLO\�
�KLVWRU\�RI�ERQH�PDUURZ�IDLOXUH�GLVRUGHUV�
�OLQNHG�WR�WKH�HQYLURQPHQW��WR[LQ��RU�PXWDWLRQV�
�FRXOG�UHVXOW�LQ�LQFUHDVHG�VXVFHSWLELOLW\�WR�

�DFTXLUHG�DSODVWLF�DQHPLD��7KH�FRPSOH[LW\�RI�
�WKH�GLVRUGHU�DOVR�PDNHV�LW�GLIILFXOW�WR�WUDFN�WKH�
�GLVRUGHU��7KH�LQFLGHQFH�RI�DSODVWLF�DQHPLD�LQ�
�(XURSH�DQG�,VUDHO�LV���IRU�HYHU\���������
�SHRSOH��7KH�LQFLGHQFH�UDWH�LV�WZR�RU�WKUHH�
�WLPHV�JUHDWHU�LQ�$VLD��7KH�H[DFW�LQFLGHQFH�
�UDWHV�WKDW�H[LVW�LQ�WKH�8QLWHG�6WDWHV�DUH�
�XQNQRZQ�DOWKRXJK�VRPH�VRXUFHV�VD\�WKDW�
�DSSUR[LPDWHO\�����������QHZ�FDVHV�RI�
�DSODVWLF�DQHPLD�DUH�GLDJQRVHG�HDFK�\HDU�����
�7KHUH�KDYH�EHHQ�VRPH�LPSRUWDQW�
�RFFXUUHQFHV�RI�WKLV�GLVRUGHU�WKDW�KDV�DOORZHG�
�IRU�VLJQLILFDQW�IRFXV�DQG�DGYDQFHV�LQ�UHVHDUFK�
�RQ�WKH�GLVRUGHU��:KHQ�PDUURZ�IDLOXUH�ZDV�
�ILUVW�GLVFRYHUHG�WKH�HQYLURQPHQWDO�
�DSSOLFDWLRQV�RI�WKH�GLVRUGHU�ZHUH�ILUVW�
�UHFRJQL]HG�DPRQJ�6ZHGLVK�ELF\FOH�PDNHUV�
�DQG�WKHLU�H[SRVXUH�WR�EHQ]HQHLQ�LQ�
�XQFRQWUROOHG�ZRUN�HQYLURQPHQWV��0RUH�
�LGLRV\QFUDWLFDOO\��DSODVWLF�DQHPLD�DOVR�KDV�
�EHHQ�DVVRFLDWHG�ZLWK�GUXJV�VXFK�DV�
�FKORUDPSKHQLFRO��ZKLFK�SHRSOH�EHOLHYH�WR�EH�
�WKH�FDXVH�RI�DFTXLUHG�DSODVWLF�DQHPLD�����

�$FTXLUHG�DSODVWLF�DQHPLD�LV�D�GLIILFXOW�GLVRUGHU�
�WR�GLDJQRVH�VLQFH�LW�KDV�V\PSWRPV�WKDW�DUH�
�FRPPRQ�DPRQJ�QXPHURXV�RWKHU�GLVRUGHUV��
�6\PSWRPV�FDQ�LQFOXGH�IDWLJXH��ZHDNQHVV��
�GL]]LQHVV��DQG�VKRUWQHVV�RI�EUHDWK�ZKLFK�DUH�
�DOO�V\PSWRPV�YHU\�FRPPRQ�DPRQJ�QXPHURXV�
�RWKHUV����� �6LQFH�WKH�GLVRUGHU�LV�QRW�FRPSOHWHO\�
�XQGHUVWRRG��GLDJQRVLV�RI�WKH�GLVRUGHU�LV�DOVR�
�GLIILFXOW�WR�PDNH�GXH�WR�WKH�ORZ�QXPEHU�RI�
�FDVHV�WKDW�DUH�SUHVHQWHG�HDFK�\HDU��7KH�
�VWDQGDUG�DSSURDFK�WR�GLDJQRVLQJ�DFTXLUHG�
�DSODVWLF�DQHPLD�LV�EDVLF�DQG�WKH�UHDVRQ�WKDW�
�PDQ\�FDVHV�DUH�RYHUORRNHG��$�GRFWRU�ZLOO�
�GLDJQRVH�DSODVWLF�DQHPLD�EDVHG�RQ�PHGLFDO�
�DQG�IDPLO\�KLVWRULHV��D�SK\VLFDO�H[DP��DQG�
�WHVW�UHVXOWV��2QFH�WKH\�NQRZ�WKH�FDXVH�DQG�
�VHYHULW\�RI�WKH�FRQGLWLRQ��WKH�GRFWRU�FDQ�
�FUHDWH�D�WUHDWPHQW�SODQ����� �$IWHU�WKHUH�LV�
�UHDVRQDEOH�VXVSLFLRQ�RI�D�KHPDWRORJLF�
�GLVRUGHU�ZLWKLQ�WKH�SDWLHQW�WKH�GRFWRU�LV�DEOH�
�WR�WDNH�IXUWKHU�DFWLRQ��7KH�PRVW�FRPPRQ�QH[W�
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�VWHS�LV�WR�FRQGXFW�D�&%&�WHVW�RU�HYHQ�
�0\HORG\VSODVWLF�V\QGURPH��0'6���7KH�WHVW�
�PHDVXUHV�KHPDWRFULW��WKH�SRUWLRQ�RI�WKH�EORRG�
�WKDW�FRQWDLQV�UHG�EORRG�FHOOV���WKH�DPRXQW�RI�
�KHPRJORELQ��FDUULHU�RI�SURWHLQ�LQ�WKH�EORRG���
�DQG�WKH�QXPEHU�DQG�W\SHV�RI�ZKLWH�EORRG�
�FHOOV��7KH�GLVHDVH�QXPEHU�LV���������DFTXLUHG�
�DSODVWLF�DQHPLD�����

�',6($6(�0(&+$1,60�
�0RVW�FDVHV�RI�DFTXLUHG�DSODVWLF�DQHPLD�DUH�
�LGLRSDWKLF��EXW�UHVHDUFKHUV�DUH�OHG�WR�EHOLHYH�
�WKDW�WKH�PDLQ�FDXVH�RI�WKH�GLVRUGHU�LV�ZKHQ�
�WKH�DXWRLPPXQH�V\VWHP�PLVWDNHQO\�WDUJHWV�
�ERQH�PDUURZ�DV�D�³IRUHLJQ´�RU�LQYDGLQJ�
�RUJDQLVP����� �$OWKRXJK�PXFK�LV�QRW�NQRZQ�DERXW�
�WKH�FDXVHV�RI�DFTXLUHG�DSODVWLF�DQHPLD��LW�LV�
�HVVHQWLDO�WR�XQGHUVWDQG�WKH�SUROLIHUDWLRQ�RI�WKH�
�GLVHDVH�WKURXJKRXW�WKH�ERG\�WR�DGGUHVV�LWV�
�HIIHFWV��

�1XPHURXV�IDFWRUV�FDQ�LQLWLDWH�WKH�SURFHVV�RI�
�WKH�GLVRUGHU��KRZHYHU��D�VLPLODU�SDWKZD\�LV�
�IROORZHG�ZLWKLQ�WKH�ERG\�RI�D�SDWLHQW��
�$FTXLUHG�DSODVWLF�DQHPLD�LV�FDXVHG�E\�DQ�
�LPPXQH�PHGLDWHG�GHVWUXFWLRQ�RI�
�KHPDWRSRLHWLF�VWHP�FHOOV��+HPDWRSRLHWLF�FHOOV�
�GHYHORS�LQWR�DOO�W\SHV�RI�EORRG�FHOOV��LQFOXGLQJ�
�ZKLWH�EORRG�FHOOV��UHG�EORRG�FHOOV��DQG�
�SODWHOHWV�DUH�UHJXODUO\�IRXQG�ZLWKLQ�WKH�ERQH�
�PDUURZ��7KH�PDMRU�UROH�WKDW�WKHVH�FHOOV�SOD\�
�ZLWKLQ�WKH�ERG\�LV�WKH�VDPH�UHDVRQ�ZK\�
�SDWLHQWV�DIIHFWHG�E\�DSODVWLF�DQHPLD�VXIIHU�OLIH�
�WKUHDWHQLQJ�FRPSOLFDWLRQV��

�7KH�ILUVW�LVVXH�WKDW�WKH\�QRUPDOO\�HQFRXQWHU�LV�
�DQ�DOWHUDWLRQ�RI�WKH�IXQFWLRQ�RI�WKH�LPPXQH�
�V\VWHP��$�FKDQJH�LQ�VXFK�DQ�HVVHQWLDO�
�V\VWHP�FDQ�KDYH�GUDVWLF�FRQVHTXHQFHV�DV�
�WKH�ERG\�EHJLQV�WR�ILJKW�LWVHOI��,PPXQH�V\VWHP�
�FHOOV��7�O\PSKRF\WHV��WDUJHW�DQG�GHVWUR\�WKH�
�PRVW�SULPLWLYH�FHOOV�FDSDEOH�RI�GHYHORSLQJ�
�LQWR�KHPDWRSRLHWLF�VWHP�FHOOV�ZLWKLQ�WKH�ERQH�
�PDUURZ��OHDGLQJ�WR�WKH�ERQH�PDUURZ�EHLQJ�
�UHSODFHG�E\�IDW��7KLV�IDW�LV�FDOOHG�PDUURZ�
�DGLSRVH�WLVVXH��0$7��ZKLFK�LV�D�XQLTXH�IDW�
�GHSRW�DQG�DQ�LQFUHDVH�LQ�WKLV�WLVVXH�PD\�
�UHVXOW�IURP�DQ�DEQRUPDO�SUROLIHUDWLRQ�RI�
�PDUURZ�IDW�FHOOV�DQG�WKH�GLVSODFHPHQW�RI�WKH�
�KHPDWRSRLHWLF�WLVVXH�RI�WKH�PDUURZ�������� �$V�D�

�UHVXOW��PRVW�RI�WKH�IXQFWLRQ�RI�WKH�ERQH�
�PDUURZ�LV�LQKLELWHG�DQG�KDV�ZLGHVSUHDG�
�HIIHFWV�ZLWKLQ�WKH�ERG\�DV�WKH�PDUURZ�LV�
�FRQWLQXRXVO\�GHJUDGHG��

�7KH�XQQDWXUDO�UHSODFHPHQW�RI�WKH�ERQHV�ZLWK�
�IDW�FDXVHV�WKH�IDW�WR�RFFXS\�WKH�
�KHPDWRSRLHWLF�VSDFH��DQG�GLUHFWO\�LQWHUIHUH�
�ZLWK�KHPDWRSRLHVLV�YLD�SDUDFULQH�DFWLRQ�ZLWKLQ�
�WKH�ERQH�PDUURZ�PLFURHQYLURQPHQW��7KH�
�VXSSUHVVLRQ�RI�KHPDWRSRLHVLV�ZLWKLQ�D�SDWLHQW�
�OHDGV�WR�WKH�SDWLHQW�GHYHORSLQJ�D�GHILFLHQF\�RI�
�UHG�DQG�ZKLWH�EORRG�FHOOV�DQG�SODWHOHWV�
��SDQF\WRSHQLD��ZKLFK�DUH�WKH�UHDVRQV�IRU�WKH�
�DQHPLF�IDFWRUV�RI�WKH�GLVRUGHU����� �7KH�GHFUHDVH�
�LQ�UHG�DQG�ZKLWH�EORRG�FHOOV�DQG�SODWHOHW�
�FRQFHQWUDWLRQ�LV�RQH�RI�WKH�UHDVRQV�WKDW�WKLV�
�GLVRUGHU�LV�VR�GDQJHURXV�WR�WKRVH�DIIHFWHG��
�7KH�ERQH�PDUURZ¶V�IXQFWLRQ�LQ�WKH�ERG\�LV�
�HVVHQWLDO�IRU�WKH�UHJXODU�SURGXFWLRQ�RI�EORRG�
�FHOOV�DQG�ZKHQ�D�IXQFWLRQ�OLNH�WKLV�LV�DOWHUHG�
�WKHUH�DUH�ZLGHVSUHDG�LPSDFWV�ZLWKLQ�WKH�ERG\�
�RQ�WKH�HVVHQWLDO�PROHFXOHV�WKDW�DUH�QHFHVVDU\�
�WR�IXQFWLRQ��

�7KH�PROHFXOHV�WKDW�DUH�LQYROYHG�LQ�WKLV�
�GLVRUGHU�DUH�WKH�ERQH�PDUURZ�FRQWDLQLQJ�
�KHPDWRSRLHWLF�VWHP�FHOOV��5%&V�LQ�DGXOWV�DUH�
�XVXDOO\�SURGXFHG�LQ�WKH�ERQH�PDUURZ�DQG�
�SDUWLFLSDWH�LQ�5%&�SURGXFWLRQ��7KH�5%&�
�SURGXFWLRQ�SURFHVV�LV�FDOOHG�HU\WKURSRLHVLV��
�3ODWHOHWV�DUH�VPDOO����WR���PLFURQV�LQ�
�GLDPHWHU���FRORUOHVV��GLVN�VKDSHG�F\WRSODVPLF�
�FHOOV�VSOLW�IURP�FHOOV�LQ�WKH�ERQH�PDUURZ��7KH\�
�KHOS�FRQVWULFW�GDPDJHG�EORRG�YHVVHOV��7KH\�
�IRUP�KHPRVWDWLF�SOXJV�LQ�LQMXUHG�EORRG�
�YHVVHOV�E\�EHFRPLQJ�VZROOHQ��VSLN\��VWLFN\��
�DQG�VHFUHWRU\��7KH\�SURYLGH�VXEVWDQFHV�WKDW�
�DFFHOHUDWH�EORRG�FORWWLQJ��VXFK�DV�IDFWRUV�9,,,�
�DQG�;,,,�DQG�SODWHOHW�IDFWRUV�����

�75($70(176�
�$FTXLUHG�DSODVWLF�DQHPLD�LV�D�GLVRUGHU�WKDW�LV�
�FRPSOH[�DQG�UHTXLUHV�PXOWLSOH�VWHSV�LQ�RUGHU�
�WR�DGGUHVV��7KH�UHDVRQ�IRU�WKLV�LV�WKDW�WKHUH�LV�
�QRW�PXFK�UHVHDUFK�WKDW�LV�FRQGXFWHG�RQ�WKH�
�WUHDWPHQW�SURFHVV�RI�WKH�GLVRUGHU�GXH�WR�WKH�
�PLQLPDO�FDVHV�DQG�WKH�OLPLWHG�DPRXQW�RI�
�UHVHDUFK�DQG�H[SHQVLYH�WUHDWPHQW�SURFHVV�
�IRU�WKH�GLVRUGHU�����
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�,QLWLDOO\��UHVHDUFKHUV�ZHUH�QRW�DZDUH�RI�WKH�
�SURSHU�WUHDWPHQW�SODQ�IRU�WKLV�GLVRUGHU�GXH�WR�
�WKH�ODFN�RI�UHVHDUFK�RQ�WKH�OLPLWHG�QXPEHU�RI�
�FDVHV�WKDW�ZHUH�H[DPLQHG�DQG�GRFXPHQWHG��
�$OVR�GXH�WR�WKH�LQGHILQLWH�FDXVH�RI�WKH�
�GLVRUGHU��LW�ZDV�GLIILFXOW�IRU�UHVHDUFKHUV�WR�
�GLVWLQJXLVK�D�GHILQLWH�VROXWLRQ�WR�WKH�GLVRUGHU��
�7KLV�LV�ZK\�WKH�ILUVW�WUHDWPHQW�UHVXOWHG�LQ�WKH�
�XVDJH�RI�D�UHG�DQG�ZKLWH�EORRG�FHOO�WUDQVSODQW�
�LQ�DQ�HIIRUW�WR�DFFRPPRGDWH�IRU�WKH�IDLOXUH�RI�
�ERQH�PDUURZ�WR�SURGXFH�WKH�WZR�HVVHQWLDO�
�FHOOV�LQ�WKH�EORRG����� �7KLV�ZDV�D�VROXWLRQ�WR�WKH�
�VKRUW�WHUP�HIIHFWV�RI�WKH�GLVRUGHU��EXW�LW�VRRQ�
�EHFDPH�HYLGHQW�WKDW�WKLV�VROXWLRQ�ZDV�QRW�
�VXVWDLQDEOH�DQG�ZRXOG�QHHG�D�VROXWLRQ�WKDW�
�ZRXOG�WUXO\�UHSOLFDWH�WKH�IXQFWLRQ�RU�HYHQ�
�UHVWRUH�WKH�ERQH�PDUURZ��

�&XUUHQWO\��WKH�WUHDWPHQW�SURFHVV�GHSHQGV�RQ�
�WKH�LQGLYLGXDO¶V�DJH��JHQHUDO�KHDOWK��DQG�WKH�
�VHYHULW\�RI�DSODVWLF�DQHPLD����� �2QFH�WKH�
�WUHDWPHQW�SURFHVV�LV�GHFLGHG�WUHDWPHQW�
�FRQVLVWV�RI�JLYLQJ�UHG�EORRG�FHOO�WUDQVIXVLRQV�
�WR�FRUUHFW�DQHPLD��SODWHOHW�WUDQVIXVLRQV�WR�

�WUHDW�RU�SUHYHQW�VHULRXV�EOHHGLQJ��DQG�
�DQWLELRWLFV�WR�WUHDW�RU�SUHYHQW�LQIHFWLRQV�����
�7KHUH�DUH�QRW�PDQ\�GUXJV�WKDW�FDQ�VLPXODWH�
�WKH�UHSOLFDWLRQ�WKDW�VWHP�FHOOV�DOORZ�IRU�DQG�
�WKLV�LV�WKH�UHDVRQ�ZK\�WKH�XVH�RI�FHUWDLQ�
�PHGLFDO�GUXJV��DOVR�LV�UDUHO\�DVVRFLDWHG�ZLWK�
�DSODVWLF�DQHPLD��DV�LV�QRQ�YLUDO�KHSDWLWLV��%RWK�
�PD\�WULJJHU�WKH�LPPXQH�V\VWHP�UHVSRQVH�WKDW�
�PLVWDNHQO\�GHVWUR\V�KHPDWRSRLHWLF�VWHP�
�FHOOV�����

�7KH�UHDVRQ�WKDW�VWHP�FHOO�WUHDWPHQW�LV�VR�
�HIIHFWLYH�LQ�WKLV�SURFHGXUH�LV�WKDW�VWHP�FHOOV�
�DUH�SURYLGHG�E\�ERQH�PDUURZ�WUDQVSODQWDWLRQ�
�WKHVH�VWHP�FHOOV�FDQ�GLYLGH��GLIIHUHQWLDWH�DQG�
�EHFRPH�UHG�RU�ZKLWH�EORRG�FHOOV�RU�SODWHOHWV�����
�,W�KDV�EHHQ�SURYHQ�WKDW�WKLV�LV�DQ�HIIHFWLYH�
�PHWKRG�WR�UHJHQHUDWH�WKH�IXQFWLRQ�RI�WKH�FHOOV�
�WKDW�DUH�QRUPDOO\�DIIHFWHG�E\�DFTXLUHG�
�DSODVWLF�DQHPLD�DQG�LV�DOVR�D�SURYHQ�
�WUHDWPHQW�IRU�QXPHURXV�RWKHU�GLVRUGHUV�WKDW�
�DUH�UHODWHG�WR�WKH�SURGXFWLRQ�RI�FHOOV�LQ�WKH�
�EORRG��

�5()(5(1&(6�
�6HQFHQ��/����������$FTXLUHG�DSODVWLF�DQHPLD��125'��1DWLRQDO�2UJDQL]DWLRQ�IRU�5DUH�'LVRUGHUV���
�KWWSV���UDUHGLVHDVHV�RUJ�UDUH�GLVHDVHV�DFTXLUHG�DSODVWLF�DQHPLD���$FFHVVHG�-XQH�����������

�/HDGHUVKLS�LQ�VFLHQFH�DZDUG��$SODVWLF�$QHPLD�	�0'6�,QWHUQDWLRQDO�)RXQGDWLRQ��
�KWWSV���ZZZ�DDPGV�RUJ�DERXW�XV�OHDGHUVKLS�DZDUG�OHDGHUVKLS�LQ�VFLHQFH��$FFHVVHG�-XQH�����
�������

�<RXQJ��1��6����������$SODVWLF�$QHPLD��7KH�1HZ�(QJODQG�MRXUQDO�RI�PHGLFLQH�����������
�����±������KWWSV���GRL�RUJ���������1(-0UD��������

������,&'����&0�FRGH�'�����������,&'����&0�&RGH�'�������'UXJ�LQGXFHG�DSODVWLF�DQHPLD��
�KWWSV���LFGOLVW�FRP�LFG����'������$FFHVVHG�-XQH�����������

�$SODVWLF�$QHPLD��XQVSHFLILHG��,&'��
�KWWS���ZZZ�LFG�GDWD�FRP������9ROXPH��������������������KWP��a�WH[W ,&'��'���'&0����
�'LDJQRVLV���&RGH�������������$���$SODVWLF���DQHPLD��&���XQVSHFLILHG��$FFHVVHG�
�-XO\�����������
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�6FKHOOHU��(��/���&DZWKRUQ��:��3���%XUU��$��$���+RURZLW]��0��&���	�0DF'RXJDOG��2��$����������
�0DUURZ�$GLSRVH�7LVVXH��7ULPPLQJ�WKH�)DW��7UHQGV�LQ�HQGRFULQRORJ\�DQG�PHWDEROLVP��7(0��
�����������±�����KWWSV���GRL�RUJ���������M�WHP�������������

�,VODP��$���������'R�ERQH�PDUURZ�IDW�FHOOV�RU�WKHLU�SUHFXUVRUV�KDYH�D�SDWKRJHQLF�UROH�LQ�
�LGLRSDWKLF�DSODVWLF�DQDHPLD"��0HG�+\SRWKHVHV�����������������
�GRL������������������������������

�0DONLQ��'���.RUHQ��*���	�6DXQGHUV��(��)����������'UXJ�LQGXFHG�DSODVWLF�DQHPLD��SDWKRJHQHVLV�
�DQG�FOLQLFDO�DVSHFWV��7KH�$PHULFDQ�MRXUQDO�RI�SHGLDWULF�KHPDWRORJ\�RQFRORJ\������������±�����
�KWWSV���GRL�RUJ����������������������������������
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�3XMD�7HMDV�%KDYVDU�

�$QDO\VLV�RI�WKH�&RUUHODWLRQ�EHWZHHQ�&RYLG����DQG�0\RSLD�

�$%675$&7�
�&RYLG����KDV�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�WKH�
�XWLOL]DWLRQ�RI�WHFKQRORJ\�DQG�LQGRRU�DFWLYLWLHV��
�7KHVH�DUH�VRPH�H[WHUQDO�IDFWRUV�NQRZQ�WR�
�H[DFHUEDWH�QHDUVLJKWHGQHVV�DPRQJ�WKH�
�SRSXODWLRQ��0\RSLD��RU�QHDUVLJKWHGQHVV��
�LPSDFWV�ELOOLRQV�RI�SHRSOH�DURXQG�WKH�ZRUOG��,W�
�LV�QHFHVVDU\�WR�LGHQWLI\�ZKHWKHU�D�FRUUHODWLRQ�
�H[LVWV�EHWZHHQ�&RYLG����DQG�P\RSLD�LQ�RUGHU�
�WR�GHWHUPLQH�ZKHWKHU�SUHYHQWLRQ�PHDVXUHV�
�DUH�QHFHVVDU\��'XH�WR�WKH�LQDELOLW\�RI�
�FROOHFWLQJ�SULPDU\�GDWD��,�KDYH�XWLOL]HG�
�VHFRQGDU\�GDWD�DQDO\VLV�XVLQJ�UHOLDEOH�
�VFLHQWLILF�MRXUQDOV��$IWHU�GLVFRYHULQJ�GDWD�IRU�
�SDUWLFLSDQWV�DIIHFWHG�E\�&RYLG�����,�VSOLW�WKHP�
�XS�LQWR�GLIIHUHQW�DJH�JURXSV�WR�GLVFHUQ�LI�WKHUH�
�ZDV�D�UHODWLRQVKLS�EHWZHHQ�&RYLG����DQG�
�P\RSLD��7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�SDSHU�
�VXSSRUWV�WKDW�WKHUH�LV�D�VWURQJ�FRUUHODWLRQ�
�EHWZHHQ�&RYLG����DQG�KLJKHU�UDWHV�RI�0\RSLD�
�LQ�DGROHVFHQWV�DQG�DGXOWV��

�,1752'8&7,21�
�7KH�SRZHU�RI�D�OHQV�LV�GHWHUPLQHG�LQ�RUGHU�WR�
�FRUUHFW�QHDUVLJKWHGQHVV��)RU�P\RSLD��
�QHJDWLYH�SRZHUHG�OHQVHV�DUH�XWLOL]HG��0RUH�
�GLRSWHUV��WKH�XQLW�RI�PHDVXUHPHQW�IRU�OHQV�
�SRZHU��DUH�UHTXLUHG�IRU�FRUUHFWLRQ�WKH�PRUH�
�VHYHUH�D�SHUVRQ
V�QHDUVLJKWHGQHVV�LV��7KH�
�FXUYHG�VKDSH�RI�JODVVHV�DLGV�LQ�DSSURSULDWH�
�H\H�IRFXV�RQ�OLJKW��1HDUVLJKWHGQHVV���7KH�
�6SKHUH�VWDQGV�IRU�WKH�SUHVFULSWLRQ�VWUHQJWK�RI�
�H\HJODVVHV��ZKLFK�LQGLFDWHV�KRZ�VWURQJ�WKH�
�OHQVHV�PXVW�EH�WR�FRUUHFW�EOXUU\�YLVLRQ��
�&\OLQGHU�LQGLFDWHV�DVWLJPDWLVP��D�FRQGLWLRQ�LQ�
�ZKLFK�WKH�FRUQHD�KDV�DQ�LUUHJXODU�VWUXFWXUH�
�WKDW�LPSDLUV�RU�GLVWRUWV�YLVLRQ��7KH�VSKHULFDO�
�HTXLYDOHQW��6(��LV�GHWHUPLQHG�LQ�RUGHU�WR�
�SODFH�WKH�VSKHUH�DQG�F\OLQGHU�RQ�D�EDODQFH��
�6( �&\OLQGHU�����6SKHUH��%R\G���������
�0\RSLF�KXPDQV�DUH�WKRVH�ZKR�KDYH�P\RSLD��
�ZKHUHDV�QRQP\RSLF�KXPDQV�KDYH�QRUPDO�
�UHIUDFWLRQ��RU�HPPHWURSHV���&RPPRQ�P\RSLD�

�RIWHQ�KDV�D�GLRSWHU�UDQJH�RI����WR�����2Q�WKH�
�RWKHU�KDQG��KLJK�P\RSLD�W\SLFDOO\�KDV�D�
�GLRSWHU�YDOXH�RI����RU�KLJKHU��+LJK�P\RSLD�
�LQFUHDVHV�WKH�ULVN�RI�YLVLRQ�SUREOHPV�OHDGLQJ�
�WR�ORQJ�WHUP�YLVLRQ�ORVV�RU�SHUKDSV�EOLQGQHVV��
�3RVVLEOH�YLVLRQ�SUREOHPV�LQFOXGH�UHWLQDO�
�GDPDJH��FDWDUDFWV��DQG�JODXFRPD��
�3DWKRORJLFDO�P\RSLD�LV�WKH�WHUP�XVHG�ZKHQ�
�KLJK�P\RSLD�UHVXOWV�LQ�WLVVXH�GDPDJH�
��1HDUVLJKWHGQHVV���

�&RYLG����KDV�LPSDFWHG�LQGLYLGXDOV�WKURXJKRXW�
�WKH�ZRUOG��:KHWKHU�LW�ZDV�WKURXJK�FLW\�
�VKXWGRZQV�RU�FORVXUH�RI�OHLVXUH�DFWLYLWLHV��
�VHYHUDO�SDUWV�RI�SHRSOHV¶�OLYHV�KDYH�EHHQ�
�GLVUXSWHG��7KH�VKLIW�WR��YLUWXDO�VFKRROV�DQG�
�ZRUNSODFHV�DUH�H[WHUQDO�IDFWRUV�WKDW�LQIOXHQFH�
�WKH�YLVLRQ�FRQGLWLRQ�RI�P\RSLD�WKDW�LPSDFWV�
�ELOOLRQV�RI�SHRSOH�5HFHQW�UHVHDUFK�SUHGLFWV�
�WKDW�KDOI�WKH�ZRUOG¶V�SRSXODWLRQ�ZLOO�GHYHORS�
�VRPH�JUDGH�RI�P\RSLD�E\�������ZLWK�XS�WR�����
�DW�D�VLJQLILFDQWO\�LQFUHDVHG�ULVN�RI�EHFRPLQJ�
�EOLQG��%ULHQ����������7KLV�VWXG\�DLPV�WR�
�LQYHVWLJDWH�ZKHWKHU�UDWHV�RI�P\RSLD�
�LQFUHDVHG�GXH�WR�H[WHUQDO�IDFWRUV�WKDW�DURVH�
�GXH�WR�WKH�&29,'����SDQGHPLF��
�0(7+2'2/2*<��
�,Q�WKLV�VWXG\��,�FRQGXFWHG�D�VHFRQGDU\�GDWD�
�DQDO\VLV�XVLQJ�LQIRUPDWLRQ�JDWKHUHG�IURP�D�
�UDQJH�RI�VRXUFHV��WKH�PDMRULW\�RI�ZKLFK�DUH�
�SDSHUV�SXEOLVKHG�LQ�UHOLDEOH�VFLHQWLILF�MRXUQDOV�
�DV�ZHOO�DV�WKH�XVH�RI�UHOLDEOH�ZHEVLWHV��$IWHU�
�GLVFRYHULQJ�GDWD�IRU�SDUWLFLSDQWV�DIIHFWHG�E\�
�&RYLG�����,�VSOLW�WKHP�XS�LQWR�GLIIHUHQW�DJH�
�JURXSV�WR�GLVFHUQ�LI�WKHUH�ZDV�D�UHODWLRQVKLS�
�EHWZHHQ�&RYLG����DQG�P\RSLD��

�5(68/76�
�6HFWLRQ����&RYLG����DQG�0\RSLD�LQ�
�$GROHVFHQWV�
�$GROHVFHQWV�DUH�D�PDMRU�SDUW�RI�WKH�
�SRSXODWLRQ�WKDW�ZHUH�LPSDFWHG�E\�&RYLG�����$�
�FURVV�VHFWLRQDO�VWXG\�REVHUYHG�VWXGHQWV�IURP�
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��QG�JUDGH�WR��UG�JUDGH�LQ����GLIIHUHQW�VFKRROV�
�LQ�*XDQJ]KRX��&KLQD��7R�GLVFHUQ�ZKHWKHU�
�HIIHFWV�RQ�P\RSLD�ZHUH�VROHO\�FRUUHODWHG�WR�
�&RYLG�����FRPSDULVRQV�ZHUH�PDGH�EHWZHHQ�
�WKH�H[SRVXUH�DQG�QRQ�H[SRVXUH�JURXSV��,Q�
�1RYHPEHU�DQG�'HFHPEHU������DQG�
�1RYHPEHU�DQG�'HFHPEHU�������WKH�H[SRVXUH�
�JURXS�XQGHUZHQW�WKRURXJK�H\H�H[DPV��
�([DPV�ZHUH�SHUIRUPHG�RQ�WKH�QRQ�H[SRVHG�
�JURXS�LQ�1RYHPEHU�DQG�'HFHPEHU�RI������
�DQG�1RYHPEHU�DQG�'HFHPEHU�RI�������+X��
��������

�)LJXUH���VKRZV�WKH�3HUFHQWDJH�RI�6WXGHQWV�
�ZLWK�0\RSLD�ZLWK�RU�ZLWKRXW�&RYLG����
�([SRVXUH�

��+X��������

�7KH�UHVXOWV�RI�WKH�FURVV�VHFWLRQDO�VWXG\�
�DPRQJ�VWXGHQWV�LQ�&KLQD�GHPRQVWUDWH�WKDW�
�KLJKHU�UDWHV�RI��P\RSLD�ZHUH�IRXQG�LQ�WKH�
�H[SRVXUH�JURXS��DIIHFWHG�E\�&RYLG�����
�FRPSDUHG�WR�WKH�QRQ�H[SRVXUH�JURXS�
��XQDIIHFWHG�E\�&RYLG������:KHUHDV�������RI�
�WKH�QRQ�H[SRVXUH�JURXS�KDG�P\RSLD�RYHU�RQH�
�\HDU��������RI�WKH�H[SRVXUH�JURXS�KDG�
�P\RSLD��+X���������7KH�JUHDWHU�SHUFHQWDJH�
�RI�P\RSLF�VWXGHQWV�GXULQJ�&RYLG����
�GHPRQVWUDWHV�WKDW�WKHUH�LV�D�FRUUHODWLRQ�
�EHWZHHQ�WKH�WZR�YDULDEOHV�IRU�DGROHVFHQWV��
�'HPRQVWUDWHG�E\�WKH�VWDWLVWLFDO�DQDO\VLV��WKH�
�3�YDOXH�IRU�JUDGH���VWXGHQWV�ZLWK�WKH�
�SUHYDOHQFH�P\RSLD�ZLWK�RU�ZLWKRXW�&RYLG����
�H[SRVXUH�LV���������$�3�YDOXH�RI�������LV�
�VWDWLVWLFDOO\�VLJQLILFDQW��+X���������ZKLFK�
�VKRZV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�
�YDULDEOHV�LQ�FKLOGUHQ�LV�VLJQLILFDQW��7KLV�VWXG\�
�GHPRQVWUDWHV�WKHUH�LV�D�VWURQJ�FRUUHODWLRQ�
�EHWZHHQ�&RYLG����DQG�P\RSLD�LQ�
�DGROHVFHQWV��

�6HFWLRQ����&RYLG����DQG�0\RSLD�LQ�$GXOWV��
�7KH�2SWRPHWU\�&OLQLF�RI�5DPNKDPKDHQJ�
�8QLYHUVLW\�LQ�7KDLODQG�FROOHFWHG�GDWD�RQ�
�P\RSLD�IRU�DGXOWV�ZKR�YLVLWHG�WKH�FOLQLF�LQ�
������RU������DQG�UHFUXLWHG�WKHP�IRU�D�IROORZ�
�XS�LQ������RU�HDUO\�������$�VXUYH\�ZDV�
�FDUULHG�RXW�XVLQJ�TXHVWLRQQDLUHV�WR�HYDOXDWH�
�WKH�OLIHVW\OH�DGMXVWPHQWV�PDGH�GXULQJ�WKH�
�&29,'����SDQGHPLF��

�)LJXUH���VKRZV�WKH�6SKHULFDO�(TXLYDOHQW�IRU�
�$GXOWV�WRZDUGV�WKH�%HJLQQLQJ�RI�&RYLG����DQG�
�WKH�(QG�

�7KH�ORQJLWXGLQDO�VWXG\�LOOXVWUDWHV�WKDW�P\RSLD�
�KDV�LQFUHDVHG�DPRQJ�DGXOW�SDUWLFLSDQWV�RYHU�
�WKH�SDVW���\HDUV��7KH�6SKHULFDO�(TXLYDOHQW�
�WRWDO�PHDQ�ZDV�������DW�WKH�EHJLQQLQJ�RI�
�&RYLG�����ZKHUHDV�LW�EHFDPH�������WRZDUGV�
�WKH�HQG�RI�&RYLG�����$ORQJ�ZLWK�WKH�LQFUHDVH�
�LQ�P\RSLD��³0RVW�RI�WKH�SDUWLFLSDQWV���������
�VHOI�UHSRUWHG�WKDW�WKHLU�GDLO\�XVH�RI�GLJLWDO�
�GHYLFHV�LQFUHDVHG�E\�DSSUR[LPDWHO\����������
�KRXUV´��.RKPDUQ���������

�7KH�VLJQLILFDQW�GLIIHUHQFH�LQ�SRZHU�LQGLFDWHV�
�WKHUH�LV�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�
�&RYLG����DQG�P\RSLD�LQ�DGXOWV��+RZHYHU��D�
�OLPLWDWLRQ�RI�WKH�VWXG\�LV�WKDW�RQO\����
�SDUWLFLSDQWV�ZHUH�LQYROYHG��.RKPDUQ��������
�DQG�DV�D�UHVXOW��WKH�OLNHOLKRRG�RI�HUURUV�LV�
�KLJKHU��

�6HFWLRQ����&RYLG����DQG�0\RSLD�LQ�(OGHUO\��
�$�VWXG\�E\�WKH�1DWLRQDO�/LEUDU\�RI�0HGLFLQH�
�IRXQG�WKDW�KLJKHU�UDWHV�RI�P\RSLD�FRUUHODWHG�
�ZLWK�&RYLG����LQ�WKH�HOGHUO\��+RZHYHU��WKH�
�FRUUHODWLRQ�PD\�EH�FDXVHG�DV�D�UHVXOW�RI�WKH�
�FRQWUDFWLRQ�RI�&RYLG����DV�LPSOLFDWLRQV�
�LQFOXGH�YLVLRQ�ORVV�LQ�HOGHUO\��³$ERXW����RI�
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�SDWLHQWV�ZLWK�&29,'����PDQLIHVW�RFXODU�VLJQV�
�RI�FRQMXQFWLYLWLV��LQFOXGLQJ�FRQMXQFWLYDO�
�K\SHUHPLD��FKHPRVLV��HSLSKRUD��RU�LQFUHDVHG�
�VHFUHWLRQV��$GGLWLRQDOO\��FRQMXQFWLYLWLV�KDV�
�EHHQ�UHSRUWHG�LQ������RI�SDWLHQWV�ZLWK�PLOG�
�&29,'�DQG����RI�SDWLHQWV�ZLWK�VHYHUH�
�&29,'���´��)UDQFR���������7KHVH�ORZHU�
�SHUFHQWDJHV��KRZHYHU��GHPRQVWUDWH�WKDW�
�WKHUH�LV�QRW�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�
�&RYLG����DQG�P\RSLD��

�',6&866,21�
�7KURXJK�WKH�VRXUFHV�WKDW�KDYH�EHHQ�
�FRQVROLGDWHG�LQ�WKH�SDSHU��D�SRVLWLYH��VWURQJ�
�FRUUHODWLRQ�EHWZHHQ�&RYLG����DQG�P\RSLD�LV�
�VKRZQ�LQ�DGROHVFHQWV�DQG�DGXOWV��7KH�
�LQIRUPDWLRQ�SUHVHQWHG�LQ�WKLV�SDSHU�VXSSRUWV�
�WKLV�DVVRFLDWLRQ��EXW�,�DP�DZDUH�WKDW�VFLHQWLILF�
�SDSHUV�DUH�W\SLFDOO\�SXEOLVKHG�ZKHQ�D�
�EUHDNWKURXJK�RFFXUV��6WXGLHV�WKDW�ZRXOG�QRW�
�KDYH�SURGXFHG�PHDQLQJIXO�UHVXOWV�PD\�QRW�
�KDYH�HYHU�EHHQ�SXEOLVKHG��WKHUHIRUH�WKH\�
�ZRXOG�QRW�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�
�DVVHVVPHQW��

�/LPLWDWLRQV�RI�WKHVH�VWXGLHV��KRZHYHU��DUH�
�PDLQO\�GXH�WR�WKH�UHDVRQ�WKDW�&RYLG����LV�
�UHODWLYHO\�UHFHQW�DQG�QRW�PXFK�GDWD�KDV�EHHQ�
�FROOHFWHG��)RU�LQVWDQFH��DOWKRXJK�WKRXVDQGV�
�RI�SDUWLFLSDQWV�ZHUH�SDUW�RI�WKH�DGROHVFHQWV�
�VWXG\��WKH\�ZHUH�RQO\�EHWZHHQ�WKH�DJHV���WR���
��+X���������6LPLODUO\��IRU�WKH�DGXOWV�VWXG\��RQO\�
����SDUWLFLSDQWV�ZHUH�VXUYH\HG��.RKPDUQ��
��������)RU�WKH�HOGHUO\�VWXG\��JHQHUDO�YLVLRQ�

�ORVV�SUREOHPV�ZHUH�UHSRUWHG�UDWKHU�WKDQ�
�VROHO\�P\RSLD��7KHVH�PD\�XQGHUPLQH�WKH�
�YDOLGLW\�RI�WKH�VWURQJ�FRUUHODWLRQ��KRZHYHU��D�
�FRUUHODWLRQ�LV�VWLOO�REVHUYHG��

�7KH�UHVXOWV�ZHUH�H[SHFWHG�EHFDXVH�PDQ\�
�H[WHUQDO�IDFWRUV�WKDW�DUH�WKH�VRXUFH�RI�
�P\RSLD��VXFK�DV�WHFKQRORJ\�DQG�LQGRRU�
�DFWLYLWLHV��ZHUH�XWLOL]HG�SUHGRPLQDQWO\�GXULQJ�
�&RYLG�����$QRWKHU�UHVXOW�WKDW�ZDV�H[SHFWHG�
�ZDV�WKH�ZHDN�FRUUHODWLRQ�EHWZHHQ�&RYLG����
�DQG�P\RSLD�IRU�WKH�HOGHUO\��%HFDXVH�P\RSLD�
�XVXDOO\�VWDELOL]HV�E\�DGXOWKRRG��WKHUH�ZRXOG�
�QRW�EH�VLJQLILFDQW�FKDQJHV�LQ�WKH�ODWHU�\HDUV��
�+RZHYHU��RQH�SRVVLEOH�FDXVH�RI�WKH�VOLJKW�
�LQFUHDVH�PD\�EH�GXH�WR�LQDELOLW\�WR�UHFHLYH�
�JODVVHV�RU�FRQWDFWV��ZKLFK�PD\�KDYH�
�H[DFHUEDWHG�WKH�VSKHULFDO�HTXLYDOHQW��
�)XUWKHU�UHVHDUFK�RQ�WKH�VSHFXODWHG�UHDVRQV�
�RI�D�FRUUHODWLRQ�EHWZHHQ�&RYLG����DQG�
�P\RSLD�FDQ�SURYLGH�D�VROXWLRQ�WR�PLWLJDWH�WKH�
�LQFUHDVH�LQ�P\RSLD�LQ�WKH�ZRUOG��7KLV�GDWD�FDQ�
�EH�XVHG�WR�LGHQWLI\�&RYLG����KDV�DQ�
�DVVRFLDWLRQ�ZLWK�P\RSLD�DQG�WKHQ�WKH�VSHFLILF�
�DFWLYLWLHV�WKDW�KDYH�EHHQ�DOWHUHG�FDQ�EH�
�VWXGLHG�LI�WKH\�KDYH�D�ODUJH�LPSDFW�RQ�WKH�
�KLJKHU�UDWHV�RI�P\RSLD��)XWXUH�VWXG\�HIIRUWV�
�VKRXOG�IRFXV�RQ�XQGHUVWDQGLQJ�WKH�
�UDPLILFDWLRQV�RI�P\RSLD��DV�LWV�SUHYDOHQFH�LV�
�UDSLGO\�ULVLQJ��

�5()(5(1&(6�
�%R\G����������(\H�$QDWRP\��3DUWV�RI�WKH�(\H�DQG�+RZ�:H�6HH��$PHULFDQ�$FDGHP\�RI�
�2SKWKDOPRORJ\��KWWSV���ZZZ�DDR�RUJ�H\H�KHDOWK�DQDWRP\�SDUWV�RI�H\H�

�%ULHQ�+ROGHQ�9LVLRQ�,QVWLWXWH����������+DOI�WKH�ZRUOG�WR�EH�VKRUW�VLJKWHG�E\�������2QH�ELOOLRQ�KLJK�
�P\RSHV�JOREDOO\�E\�������6FLHQFH'DLO\��5HWULHYHG�$XJXVW����������IURP�
�ZZZ�VFLHQFHGDLO\�FRP�UHOHDVHV����������������������KWP�

�)UDQFR��2��+���*DYLULD��-��*���9DUDV��-��0���	�&KRZGKXU\��5����������(\H�KHDOWK�LQ�ROGHU�SHRSOH�
�DW�WKH�WLPH�RI�FRURQD��0DWXULWDV���������±�����KWWSV���GRL�RUJ���������M�PDWXULWDV�������������
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�+X��<���0'����������5DWHV�RI�0\RSLD�'HYHORSPHQW�LQ�<RXQJ�&KLQHVH�6FKRROFKLOGUHQ�'XULQJ�WKH�
�2XWEUHDN�RI�&29,'�����-$0$�2SKWKDOPRORJ\��5HWULHYHG�IURP�
�KWWSV���MDPDQHWZRUN�FRP�MRXUQDOV�MDPDRSKWKDOPRORJ\�IXOODUWLFOH���������

�.RKPDUQ��7���6ULVXUDWWDQDPHWKDNXO��1���:DWFKDUDSDODNRUQ��$���3R\RPWLS��7���	�3RROVDQDP��&��
���������2XWEUHDN�RI�&29,'����5HODWHG�0\RSLD�3URJUHVVLRQ�LQ�$GXOWV��$�3UHOLPLQDU\�6WXG\��
�&OLQLFDO�RSWRPHWU\���������±�����KWWSV���GRL�RUJ���������2372�6�������

�1HDUVLJKWHGQHVV��0HGOLQH3OXV�*HQHWLFV��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��
�KWWSV���PHGOLQHSOXV�JRY�JHQHWLFV�FRQGLWLRQ�QHDUVLJKWHGQHVV��
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�5LGKL�.RQHU�
�5DWH�RI�3KRWRV\QWKHVLV�ZLWK�9DU\LQJ�&RQFHQWUDWLRQV�RI�6RGLXP�%LFDUERQDWH�

�$%675$&7�
�7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�H[SHULPHQW�
�ZDV�WR�GHWHUPLQH�KRZ�SKRWRV\QWKHWLF�UDWHV�
�IOXFWXDWHG�DV�WKH�DPRXQW�RI�FDUERQ�GLR[LGH�
�VRXUFH��VRGLXP�ELFDUERQDWH��1D+&2����
�FKDQJHG��7KH�FRQFHQWUDWLRQ�RI�VRGLXP�
�ELFDUERQDWH�ZDV�H[DPLQHG�DV�SKRWRV\QWKHVLV�
�QHFHVVLWDWHV�D�FDUERQ�GLR[LGH�VRXUFH�LQ�RUGHU�
�WR�IXQFWLRQ��)RXU�EHDNHUV�ZHUH�XVHG�LQ�WKLV�
�H[SHULPHQW��HDFK�ZLWK�D�GLIIHULQJ�
�FRQFHQWUDWLRQ�RI�VRGLXP�ELFDUERQDWH��$V�D�
�FRQWURO��D�EHDNHU�ZLWK�QR�VRGLXP�ELFDUERQDWH�
�ZDV�XVHG��:LWK�PRQLWRULQJ�WKH�WLPLQJV�DW�
�ZKLFK�HDFK�OHDI�GLVN�HPHUJHG��WKH�ODE�JURXS�
�ZDV�DEOH�WR�DFFXUDWHO\�GLVFHUQ�WKH�
�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�SDUDPHWHUV��
�3KRWRV\QWKHVLV�ZDV�IRXQG�WR�EH�IDVWHU�LQ�
�EHDNHUV�ZLWK�JUHDWHU�FDUERQ�GLR[LGH�
�FRQFHQWUDWLRQV�WKDQ�WKRVH�ZLWK�ORZHU�
�FRQFHQWUDWLRQV��

�,1752'8&7,21�
�7KH�UDWH�RI�SKRWRV\QWKHVLV�ZDV�PHDVXUHG�LQ�
�WKLV�H[SHULPHQW�E\�WKH�EXR\DQF\�RI�WKH�OHDI�
�GLVNV��7KH�OHDI�GLVNV��VSRQJ\�PHVRSK\OO�
�OD\HU��EHFRPH�PRUH�GHQVH�WKDQ�ZDWHU�DV�
�JDVVHV�DUH�GUDZQ�RXW�RI�WKH�JDSV��IRUFLQJ�
�WKHP�WR�VLQN��7KH�OHDI�GLVNV�ZLOO�XQGHUJR�
�SKRWRV\QWKHVLV�LI�WKH\�DUH�LPPHUVHG�LQ�D�IOXLG�
�FRQWDLQLQJ�DQ�DOWHUQDWH�VRXUFH�RI�FDUERQ�
�GLR[LGH��VXFK�DV�VRGLXP�ELFDUERQDWH�
��7XUWHQZDOG���������3KRWRV\QWKHVLV�SURGXFHV�
�PRUH�R[\JHQ��ZKLFK�SURPRWHV�WKH�OHDYHV�WR�
�IORDW�WR�WKH�WRS��7HVWV�ZHUH�FDUULHG�RXW�WR�
�REVHUYH�WKH�UDWH�RI�SKRWRV\QWKHVLV�DW�GLIIHUHQW�
�FRQFHQWUDWLRQV�RI�VRGLXP�ELFDUERQDWH��ZLWK�
�REVHUYDWLRQV�PDGH�DW�FRQFHQWUDWLRQV�RI�������
�����DQG�����7KH�ODE�WHVWV�ZHUH�SHUIRUPHG�
�VXFFHVVIXOO\�XVLQJ�SUHYLRXV�NQRZOHGJH�RI�
�SKRWRV\QWKHVLV�DQG�LWV�F\FOH�OHDUQHG�IURP�WKH�
�$3�ELRORJ\�FRXUVH��DQG�WKH�FRQFOXVLRQV�DQG�
�GLVFXVVLRQV�DUH�GRFXPHQWHG�WKURXJKRXW�WKLV�
�ERDUG��

�+\SRWKHVLV����

�3KRWRV\QWKHVLV�UDWHV�ZLOO�EH�KLJKHU�LQ�WKH�
�EHDNHUV�ZLWK�D�KLJKHU�VRGLXP�ELFDUERQDWH�
�FRQWHQW��7KLV�ZLOO�KDSSHQ�EHFDXVH�FDUERQ�
�GLR[LGH�LV�D�QHFHVVDU\�FRPSRQHQW�RI�
�SKRWRV\QWKHVLV�DQG�VR�PXVW�EH�SURGXFHG�DW�D�
�KLJK�UDWH��7R�WHVW�WKLV��OHDI�GLVNV�ZHUH�SODFHG�
�LQ�ZDWHU�ZLWK�YDU\LQJ�FRQFHQWUDWLRQV�RI�D�
�FDUERQ�GLR[LGH�VRXUFH��VRGLXP�ELFDUERQDWH���

�0(7+2'6�$1'�0$7(5,$/6�
������JUDPV�EDNLQJ�VRGD��VRGLXP�
�ELFDUERQDWH���OLTXLG�VRDS�VROXWLRQ����RUDO�
�V\ULQJHV��OHDYHV�RI�VSLQDFK��KROH�SXQFKHU����
�EHDNHUV��WLPHU��KHDW�ODPS����KHDW�VLQNV��ULQJ�
�VWDQG��ZHLJKLQJ�VFDOH��ZHLJK�ERDW��VDIHW\�
�JRJJOHV�

�352&('85(�
�6WXGHQWV�ZRUH�VDIHW\�JRJJOHV�DIWHU�JDWKHULQJ�
�DQG�DUUDQJLQJ�DOO�RI�WKH�PDWHULDOV������P/�
�GLVWLOOHG�ZDWHU�ZDV�GLYLGHG�HYHQO\�DPRQJVW�
�WKUHH�EHDNHUV��7KH�ZHLJKW�ERDW�ZDV�FOHDQHG�
�DQG�GULHG�ZHOO�EHIRUH�EHLQJ�SODFHG�RQ�D�VFDOH�
�DQG�WRUQ������JUDPV�RI�VRGLXP�ELFDUERQDWH�
�ZDV�PHDVXUHG�DQG�SRXUHG�LQWR�RQH�RI�WKH�
�WKUHH�EHDNHUV��DORQJ�ZLWK�D�GURS�RI�VRDS�
�VROXWLRQ��DQG�WKH�EHDNHU�ZDV�VWLUUHG�XQWLO�WKH�
�VRGLXP�ELFDUERQDWH�ZDV�FRPSOHWHO\�
�GLVVROYHG��7KLV�ZDV�WKHQ�GRQH�ZLWK���JUDPV�
�DQG���JUDPV�RI�1D+&2��WR�FUHDWH�WKUHH�
�VRGLXP�FDUERQDWH�VROXWLRQV�RI�����SHUFHQW����
�SHUFHQW��DQG���SHUFHQW��7KHQ����OHDI�GLVNV�
�ZHUH�SXQFKHG�RXW�RI�WKH�VSLQDFK��PHHWLQJ�WKH�
�QHHGV�QRW�WR�GDPDJH�WKH�YHLQV��$�FOHDQ�
�V\ULQJH�ZDV�XVHG�WR�H[WUDFW���P/�RI�WKH�����
�SHUFHQW�VROXWLRQ��DQG����OHDI�GLVNV�ZHUH�
�LQVHUWHG�LQVLGH��+ROGLQJ�D�ILQJHU�WR�WKH�V\ULQJH�
�HQWUDQFH�DQG�SXOOLQJ�EDFN�WKH�SOXQJHU�IRU����
�VHFRQGV�ZKLOH�VLPXOWDQHRXVO\�VKDNLQJ�WKH�
�V\ULQJH�WR�NHHS�WKH�OHDI�GLVNV�IURP�VWLFNLQJ�WR�
�WKH�VLGHV��DV�PXFK�H[FHVV�DLU�DV�SRVVLEOH�
�ZDV�SXVKHG�RXW��DQG�D�YDFXXP�ZDV�FUHDWHG�
�E\�KROGLQJ�D�ILQJHU�WR�WKH�V\ULQJH�HQWUDQFH�
�DQG�SXOOLQJ�EDFN�WKH�SOXQJHU�IRU����VHFRQGV�
�ZKLOH�VLPXOWDQHRXVO\�VKDNLQJ�WKH�V\ULQJH�WR�
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�NHHS�WKH�OHDI�GLVNV�IURP�VWLFNLQJ�WR�WKH�VLGHV��
�7KLV�V\ULQJH�ZDV�SODFHG�LQ�D�VHSDUDWH�
�FRQWDLQHU��7KLV�VWHS�ZDV�WKHQ�UHSHDWHG�LQ�WZR�
�DGGLWLRQDO�FOHDQ�V\ULQJHV�ZLWK�WKH���SHUFHQW�
�DQG���SHUFHQW�VROXWLRQV��7KH�KHDW�ODPS�ZDV�
�FRQQHFWHG�WR�WKH�ULQJ�VWDQG�DQG�WXUQHG�RQ��
�DQG�ZDWHU�ZDV�SXW�LQWR�WKH�WKUHH�KHDW�VLQNV�LQ�
�HTXDO�DPRXQWV��7KH�FRQWHQWV�RI�WKH�V\ULQJHV�
�ZHUH�SRXUHG�LQWR�WKHLU�UHVSHFWLYH�EHDNHUV��
�ZKLFK�ZHUH�WKHQ�SODFHG�XQGHU�WKH�KHDW�ODPS�
�ZLWK�WKH�KHDW�VLQNV�RQ�WRS��7KH�WLPHU�ZDV�
�WKHQ�VWDUWHG��DQG�WKH�QXPEHU�RI�GLVNV�WKDW�
�URVH�WR�WKH�VXUIDFH�ZDV�UHFRUGHG�HYHU\�
�PLQXWH�WKDW�SDVVHG��7KH�H[SHULPHQW�ZDV�

�FRPSOHWHG�DIWHU����PLQXWHV�KDG�SDVVHG�RU�DOO�
�RI�WKH�GLVNV�KDG�IORDWHG�WR�WKH�WRS��7KH�
�PDWHULDOV�ZHUH�DSSURSULDWHO\�GLVSRVHG�RI��DQG�
�WKH�VXUIDFH��EHDNHU��DQG�V\ULQJHV�ZHUH�
�FOHDQHG��

�5(68/76�
�7KH�VROXWLRQ�FRQWDLQLQJ����VRGLXP�
�ELFDUERQDWH�FRPSOHWHG�SKRWRV\QWKHVLV�DQG�
�DVFHQGHG�WR�WKH�WRS�RI�WKH�EHDNHU�DW�D�VORZHU�
�UDWH�WKDQ�WKH�VROXWLRQV�FRQWDLQLQJ���SHUFHQW�
�DQG���SHUFHQW�VRGLXP�ELFDUERQDWH��VHH�JUDSK�
�����

�7DEOH����7LPH�DW�ZKLFK�/HDI�'LVNV�)ORDWHG�WR�7RS�RI�%HDNHU�

�/HDI�'LVN� ������1D+&2ધ� ������1D+&2ધ� ������1D+&2ધ� ������1D+&2ધ�
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�*UDSK����

�7KH�OHDI�GLVNV�LQ�WKLV�H[SHULPHQW�ZHUH�GLYLGHG�
�LQWR�IRXU�EHDNHUV��HDFK�ZLWK�D�GLIIHUHQW�
�FRQFHQWUDWLRQ�RI�VRGLXP�ELFDUERQDWH��
�%HDNHU���KDG�D�FRQFHQWUDWLRQ�RI�����SHUFHQW��
�%HDNHU���KDG�D�FRQFHQWUDWLRQ�RI�����SHUFHQW��
�%HDNHU���KDG�D�FRQFHQWUDWLRQ�RI�����SHUFHQW��
�DQG�%HDNHU���KDG�D�FRQFHQWUDWLRQ�RI�����
�SHUFHQW��7KH�WLPH�DW�ZKLFK�WKH�OHDI�GLVNV�URVH�
�WR�WKH�VXUIDFH�RI�WKH�EHDNHU�ZDV�PHWLFXORXVO\�
�UHFRUGHG��7KH�GLIIHUHQW�FRQFHQWUDWLRQV�
�SURGXFHG�GLIIHUHQW�UHVXOWV�LQ�WKH�H[SHULPHQW��
�%HFDXVH�WKHUH�ZDV�QR�RWKHU�VRXUFH�RI�FDUERQ�
�GLR[LGH�LQ�WKH�ZDWHU�IRU�WKH�OHDI�GLVNV�WR�
�SKRWRV\QWKHVL]H�LQ�%HDNHU����QRQH�RI�WKH�OHDI�
�GLVNV�IORDWHG�WR�WKH�VXUIDFH��7KH�ILUVW�OHDI�GLVN�
�IORDWHG�DW�������DQG�WKH�ODVW�OHDI�GLVN�IORDWHG�
�DW�������LQ�%HDNHU����7KH�ILUVW�OHDI�GLVN�
�IORDWHG�DW������DQG�WKH�ODVW�OHDI�GLVN�IORDWHG�DW�
�������LQ�%HDNHU����7KH�UHVXOWV�VKRZ�D�GLVWLQFW�
�GLIIHUHQFH��WKH�OHDI�GLVNV�LQ�%HDNHU���IORDWHG�
�WR�WKH�VXUIDFH�DW�D�IDVWHU�UDWH�WKDQ�WKRVH�LQ�
�%HDNHU����7KH�ILUVW�OHDI�GLVN�IORDWHG�WR�WKH�
�VXUIDFH�LQ�%HDNHU���DW�������DQG�WKH�ODVW�OHDI�

�GLVN�IORDWHG�WR�WKH�VXUIDFH�DW�������7KH�OHDI�
�GLVNV�URVH�DW�WKH�IDVWHVW�UDWH�LQ�WKH�ODVW�
�EHDNHU��

�',6&866,21�
�&2����+�2���OLJKW�HQHUJ\�ĺ�2����&�+��2��
�LV�WKH�SKRWRV\QWKHVLV�HTXDWLRQ��:KHQ�WKH�OHDI�
�LV�YDFXXPHG��WKH�&2��JDV�LQ�WKH�PHVRSK\OO�LV�
�HYDFXDWHG�DQG�UHSODFHG�ZLWK�WKH�VROXWLRQ��
�FDXVLQJ�WKH�OHDI�GLVNV�WR�VLQN��$OO�RI�WKH�
�SKRWRV\QWKHWLF�UHDFWDQWV�DUH�SUHVHQW�LQ�WKH�
�H[SHULPHQWV��$V�D�UHVXOW��ZKHQ�R[\JHQ�LV�
�FUHDWHG��LW�EHFRPHV�WUDSSHG�LQ�WKH�PHVRSK\OO��
�FDXVLQJ�WKH�OHDI�WR�IORDW��

�:DWHU�DQG�OLJKW�HQHUJ\�DUH�NHSW�FRQVWDQW�DQG�
�LQ�H[FHVV�LQ�WKH�H[SHULPHQW��7KH�VWXGHQWV�
�DOWHUHG�WKH�FRQFHQWUDWLRQ�RI�GLVVROYHG�&2��E\�
�DGGLQJ�YDU\LQJ�DPRXQWV�RI�VRGLXP�FDUERQDWH�
�LQWR�WKH�VDPH�DPRXQW�RI�ZDWHU��SURGXFLQJ�DQ�
�LQGHSHQGHQW�YDULDEOH��$OWKRXJK�WKH�DPRXQW�RI�
�OHDYHV�WKDW�IORDW�LV�WKH�RQO\�WKLQJ�WKDW�FDQ�EH�
�REVHUYHG�ZLWK�WKH�QDNHG�H\H��WKH�H[SHULPHQW�
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�LV�DFWXDOO\�LQYHVWLJDWLQJ�WKH�SDFH�DW�ZKLFK�
�R[\JHQ�JDV�LV�FUHDWHG��7KH�IDVWHU�WKH�OHDI�
�GHQVLW\�FKDQJHV�DQG�IORDWV��WKH�PRUH�R[\JHQ�
�PROHFXOHV�DUH�FUHDWHG�DQG�JR�LQWR�WKH�
�PHVRSK\OO�LQ�D�VKRUWHU�DPRXQW�RI�WLPH��
�7KLV�H[SHULPHQW�\LHOGHG�SRVLWLYH�UHVXOWV��
�VXSSRUWLQJ�WKH�WKHRU\��$V�WKH�FRQFHQWUDWLRQ�RI�
�&2��LQ�WKH�FHOO�LQFUHDVHG��WKH�UDWH�DW�ZKLFK�
�UHDFWDQWV�ZHUH�FRQVXPHG�LQFUHDVHG�DV�PRUH�
�&2��PROHFXOHV�HQWHUHG�WKH�FHOO��UHVXOWLQJ�LQ�D�
�ULVH�LQ�WKH�UDWH�DW�ZKLFK�2��ZDV�FUHDWHG��$V�D�
�UHVXOW��WKH�OHDI�GLVNV�LPPHUVHG�LQ�WKH���
�SHUFHQW�VROXWLRQ�IORDWHG�IDVWHU�WKDQ�WKRVH�
�LPPHUVHG�LQ�WKH�����SHUFHQW�DQG���SHUFHQW�
�VROXWLRQV��DV�H[SHFWHG��

�7KHUH�ZHUH�QR�RXWOLHUV��DQG�DOO�RI�WKH�
�WUHQGOLQHV�IROORZHG�WKHLU�H[SHFWHG�WUHQGV��ZLWK�
�WKH�����SHUFHQW�FOLPELQJ�WKH�VORZHVW�DQG�WKH�
���SHUFHQW�ULVLQJ�WKH�IDVWHVW��+RZHYHU��WKHUH�
�ZHUH�VRPH�SRVVLEOH�H[SHULPHQWDO�HUURUV��
�%HFDXVH�WKH�V\ULQJHV�DQG�VWLUULQJ�VWLFNV�ZHUH�
�QRW�SURSHUO\�ODEHOHG��WKH\�PD\�KDYH�EHHQ�

�FRQWDPLQDWHG��$OVR��EHFDXVH�VRPH�RI�WKH�
�YDFXXP�HG�OHDI�GLVNV�VDW�LQ�WKH�V\ULQJH�IRU�
�ORQJHU�WKDQ�WKH�GLVNV�IRU�WKH�RWKHU�VROXWLRQV��
�VRPH�FDUERQ�GLR[LGH�PD\�KDYH�OHDNHG�LQWR�
�WKH�GLVNV�EHIRUH�WKH\�ZHUH�SODFHG�LQ�WKH�
�EHDNHU�VROXWLRQ��7KLV�FRXOG�EH�UHFWLILHG�E\�
�GRLQJ�DOO�RI�WKH�WULDOV�DW�WKH�VDPH�WLPH�DQG�
�UHGXFLQJ�WKH�GXUDWLRQ�WKH�GLVNV�VSHQG�LQ�WKH�
�V\ULQJH��

�7KLV�VWXG\�KDV�WKH�SRWHQWLDO�WR�KHOS�RYHUFRPH�
�WKH�ZRUOG
V�KXQJHU�SUREOHP��3ODQWV�WKDW�DUH�
�VXEMHFWHG�WR�PRUH�FDUERQ�GLR[LGH�XQGHUJR�
�SKRWRV\QWKHVLV�PRUH�TXLFNO\��DV�
�GHPRQVWUDWHG�E\�WKLV�H[SHULPHQW��,Q�D�
�FRQWUROOHG�JUHHQKRXVH��WKLV�H[SHULPHQW�PLJKW�
�EH�FDUULHG�RXW�RQ�D�PXFK�ELJJHU�VFDOH��ZLWK�
�HQRUPRXV�DPRXQWV�RI�FDUERQ�GLR[LGH�
�VXSSOLHG�WR�WKH�SODQWV�YLD�SXPSV�RU�ZDWHU��
�3ODQWV�FRXOG�EH�KDUYHVWHG�DQG�UHSODFHG�ZLWK�
�IUHVK�RQHV�DV�WKH\�PDWXUH��%HFDXVH�FDUERQ�
�GLR[LGH�LV�D�UHQHZDEOH�DQG�UHF\FODEOH�
�PDWHULDO��WKLV�SURFHVV�PD\�EH�FRQWLQXHG�
�LQGHILQLWHO\��SURGXFLQJ�IDU�PRUH�IRRG�WKDQ�LV�
�QRZ�SURGXFHG��

�5()(5(1&(6�
�7XUWHQZDOG��.��7����������:KDW�+DSSHQV�WR�&DUERQ�'LR[LGH�'XULQJ�3KRWRV\QWKHVLV"�6FLHQFLQJ��
�KWWSV���VFLHQFLQJ�FRP�KDSSHQV�FDUERQ�GLR[LGH�GXULQJ�SKRWRV\QWKHVLV���������KWPO�
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�6DUDVZDWL�6KHH�
�([SORUDWLRQ�2I�(IIHFW�RI�+LVWRU\�RQ�/LWHUDWXUH�

�7KURXJK�*LRYDQQL
V�5RRP�:ULWWHQ�%\�-DPHV�%DOGZLQ�

�$%675$&7�
�7KLV�LQWHUGLVFLSOLQDU\�SDSHU�H[SORUHV�WKH�HIIHFW�
�RI�KLVWRU\�RQ�OLWHUDWXUH�WKURXJK�WKH�ERRN�
�*LRYDQQL¶V�5RRP�ZULWWHQ�E\�-DPHV�%DOGZLQ��
�SXEOLVKHG�E\�'LDO�3UHVV��1�<���LQ�������D�
�JURXQGEUHDNLQJ�QRYHO�DERXW�ORYH�DQG�WKH�IHDU�
�RI�ORYH�VHW�DPRQJ�WKH�ERKHPLDQ�EDUV�DQG�
�QLJKWFOXEV�RI�����V�3DULV���7KH�KLVWRULFDO�
�FRQWH[W�RI�WKHRORJ\��OHJLVODWLRQ��PHGLFLQH��DQG�
�OLWHUDWXUH�LV�DQDO\]HG�WR�XQGHUVWDQG�WKH�
�EDFNJURXQG�ZKHQ�WKH�ERRN�ZDV�ZULWWHQ���7KH�
�KLVWRULFDO�FRQWH[W�LV�IRXQG�JUHDWO\�DIIHFWLQJ�WKH�
�FRQWHQW�RI�WKH�ERRN��IRVWHULQJ�D�EURDG�SXEOLF�
�GLVFRXUVH�RI�LVVXHV�UHJDUGLQJ�VDPH�VH[�
�GHVLUH��

�,1752'8&7,21�
�*LRYDQQL¶V�5RRP�IRFXVHV�RQ�WKH�HYHQWV�LQ�WKH�
�OLIH�RI�DQ�$PHULFDQ�PDQ��'DYLG��OLYLQJ�LQ�3DULV�
�DQG�KLV�VWUXJJOHV�IRU�VHOI�NQRZOHGJH�ZKHQ�
�FDXJKW�EHWZHHQ�FRQYHQWLRQDO�PRUDOLW\�RI�
�KHWHURVH[XDOLW\�WRZDUG�KLV�JLUOIULHQG��+HOOD��
�DQG�UHSUHVVHG�GHVLUHV�IRU�KRPRVH[XDOLW\�ZLWK�
�RWKHU�PHQ�LQ�KLV�OLIH��SDUWLFXODUO\�DQ�,WDOLDQ�
�EDUWHQGHU�QDPHG�*LRYDQQL�ZKRP�KH�PHHWV�DW�
�D�3DULVLDQ�JD\�EDU���7KLV�SDSHU�H[DPLQHV�WKH�
�KLVWRULFDO�FRQWH[W�RI�WKHRORJ\��OHJLVODWLRQ��
�PHGLFLQH��DQG�OLWHUDWXUH�WR�XQGHUVWDQG�WKH�
�HIIHFW�LW�KDG�RQ�WKH�FRQWHQW�RI�WKH�ERRN���,W�
�GRHV�QRW�H[DPLQH�WKH�HIIHFW�RI�KLVWRULFDO�
�FRQWH[W�RQ�WKH�TXDOLW\�RI�WKH�ZULWLQJ��

�0$7(5,$/6�$1'�0(7+2'6�
�$IWHU�UHDGLQJ�WKH�ERRN�WKRURXJKO\��,�SUHSDUHG�
�D�5HDGHU�5HVSRQVH�3DSHU��553��LGHQWLI\LQJ�
�WKH�IHDWXUHV�RSHUDWLQJ�ZLWKLQ�WKH�WH[W�DQG�WKH�
�LPSDFW�LW�KDV�RQ�P\�XQGHUVWDQGLQJ��,�
�UHVHDUFKHG�P\�KLJK�VFKRRO�OLEUDU\�DQG�
�FROOHJH�OHYHO�GDWDEDVHV�OLNH�-6725�WR�ILQG�
�VFKRODUO\�DQDO\VHV�RI�WKH�ERRN�DV�ZHOO�DV�
�KLVWRU\�RI�OLWHUDWXUH�RQ�KRPRVH[XDOLW\�DQG�
�ELVH[XDOLW\���,�VXEPLWWHG�D�VHULHV�RI�TXHVWLRQV�
�WKDW�H[SORUHG�WKH�HIIHFW�RI�WKH�KLVWRULFDO�SHULRG�

�RQ�WKLV�ERRN�DQG�,�ZURWH�WKLV�UHVHDUFK�SDSHU�
�RXWOLQLQJ�P\�LQYHVWLJDWLRQ��PHWKRGRORJ\�XVHG��
�DQG�NH\�ILQGLQJV��

�5(68/76�
�,�IRXQG�WKDW�WKH�KLVWRULFDO�FRQWH[W�RI�WKHRORJ\��
�OHJLVODWLRQ��PHGLFLQH��DQG�OLWHUDWXUH�JUHDWO\�
�DIIHFWHG�WKH�FRQWHQW�RI�WKH�ERRN���7KH�ERRN�LQ�
�WXUQ�IRVWHUHG�D�EURDGHU�SXEOLF�GLVFRXUVH�RI�
�LVVXHV�UHJDUGLQJ�VDPH�VH[�GHVLUH��

�',6&866,21�
�6LQFH�(XURSHDQ�LPPLJUDQWV�FDPH�WR�³QHZO\�
�GLVFRYHUHG´�$PHULFD�ZLWK�WKH�PLVVLRQ�WR�
�VSUHDG�&KULVWLDQLW\��&KULVWLDQ�WKHRORJ\�
�LQIOXHQFHG�JHQGHU�UROHV��ZLWK�UHJDUG�WR�
�JHQGHU�H[SUHVVLRQ�DQG�VH[XDOLW\��7KH�LGHDV�
�GHULYHG�IURP�WKH�FRQWHQWV�RI�WKH�%LEOH�ZHUH�
�XVHG�WR�MXVWLI\�WKH�KDWUHG��H[FOXVLRQ��DQG�
�RSSUHVVLRQ�RI�KRPRVH[XDO�SHRSOH��)RU�
�H[DPSOH��/HYLWLFXV�������DQG�������DUH�WZR�
�FKDSWHUV�LQ�WKH�%LEOH�ZULWWHQ�WR�OLVW�UXOHV�
�PHDQW�WR�SUHYHQW�WKH�,VUDHOLWHV�IURP�UHSHDWLQJ�
�WKH�DFWLRQV�RI�WKH�&DQDDQLWHV��VSHFLILFDOO\�
�UHJDUGLQJ�WKH�UHOLJLRXV��VH[XDO�ULWXDOV�ZKHUH�
�HYHU\�NLQG�RI�VH[XDO�SUDFWLFH�ZDV�SHUIRUPHG��
�LQFOXGLQJ�KRPRVH[XDO�VH[��7KH�%LEOH�UHDGV��
�WKDW��>W@KRX�VKDOW�QRW�OLH�ZLWK�PDQNLQG�DV�ZLWK�
�ZRPDQNLQG��LW�LV�DQ�DERPLQDWLRQ����/HYLWLFXV�
��������DQG��>L@I�D�PDQ�DOVR�OLH�ZLWK�PDQNLQG�
�DV�KH�OLHWK�ZLWK�D�ZRPDQ��ERWK�RI�WKHP�KDYH�
�FRPPLWWHG�DQ�DERPLQDWLRQ��WKH\�VKDOO�VXUHO\�
�EH�SXW�WR�GHDWK��WKHLU�EORRG�EH�XSRQ�WKHP��
��/HYLWLFXV���������LQWHQGLQJ�WR�SUHYHQW�SHRSOH�
�IURP�VXEPLWWLQJ�WR�KRPRVH[XDO�GHVLUHV�
��/HYLWLFXV��7KH�+RO\�%LEOH���&KULVWLDQ�IDLWK�KDV�
�ZHDSRQL]HG�WKHVH�ZRUGV�WR�ODEHO�KRPRVH[XDO�
�UHODWLRQVKLSV�DV�QRW�SURSHUO\�UHIOHFWLQJ�*RG
V�
�SODQ�IRU�IDPLOLHV�DQG�VRFLHW\��+RZHYHU��WKLV�LV�
�QRW�QHFHVVDULO\�DFFXUDWH�ZLWK�WKH�FRQWH[W�RI�
�WKH�%LEOLFDO�HUD��7KHVH�SKUDVHV�GLUHFWO\�UHIHU�
�WR�WKH�FXOWLF�VH[XDO�SUDFWLFHV�RI�WKH�
�&DQDDQLWHV��QRW�HYHU\GD\�&KULVWLDQ�OLIH��
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�7KH�VRFLHWDO�QRUPV�HVWDEOLVKHG�E\�WKHRORJ\�
�VLJQLILFDQWO\�LQIOXHQFHG�WKH�OHJLVODWLRQ�WKDW�
�UHJXODWHG�VRFLHW\�DQG�HQIRUFHG�JHQGHU�
�QRUPV��2QH�H[DPSOH�ZDV�ZKHQ�3UHVLGHQW�
�'ZLJKW�'��(LVHQKRZHU�LVVXHG�([HFXWLYH�
�2UGHU�������RQ�$SULO�����������KH�EDQQHG�
�KRPRVH[XDOV�IURP�ZRUNLQJ�IRU�WKH�IHGHUDO�
�JRYHUQPHQW��7KLV�H[HFXWLYH�RUGHU�GHWHUPLQHG�
�ZKHWKHU�IHGHUDO�HPSOR\HHV�ZHUH�FRQVLGHUHG�
�VHFXULW\�ULVNV�E\�H[SDQGLQJ�WKH�JURXQGV�IRU�
�GLVPLVVDO�DQG�PDQGDWLQJ�LQYHVWLJDWLRQ�LQWR�
�WKHLU�SHUVRQDO�OLYHV��,Q�WKH�H[HFXWLYH�RUGHU��
�VH[XDO�RULHQWDWLRQ�LV�OLVWHG�DV�JURXQGV�IRU�
�GLVPLVVDO�RI�D�IHGHUDO�JRYHUQPHQW�SRVLWLRQ��
�VWDWLQJ�WKDW�SHRSOH�ZKR�LGHQWLI\�ZLWK��VH[XDO�
�SHUYHUVLRQ���UHIHUULQJ�WR�KRPRVH[XDOLW\��SRVH�
�D�VHFXULW\�ULVN�WR�WKH�FRXQWU\��VWDWLQJ�KRZ�WKH�
�LQYHVWLJDWLRQV�DUH�³GHVLJQHG�WR�GHYHORS�
�LQIRUPDWLRQ�DV�WR�ZKHWKHU�WKH�
�HPSOR\PHQW«LQ�WKH�)HGHUDO�VHUYLFH�RI�WKH�
�SHUVRQ�EHLQJ�LQYHVWLJDWHG�LV�FOHDUO\�
�FRQVLVWHQW�ZLWK�WKH�LQWHUHVWV�RI�WKH�QDWLRQDO�
�VHFXULW\���([HF��2UGHU�1R����������7KH�
�FU\SWLF�WRQH�RI�WKLV�VWDWHPHQW�SURYHV�KRZ�WKH�
�JRYHUQPHQW�YLHZHG�KRPRVH[XDOLW\�DV�WDERR�
�DQG�LQDSSURSULDWH�WR�GLVFXVV��7KLV�RUGHU�
�SURYHG�WR�EH�H[WUHPHO\�GDPDJLQJ�WR�WKH�
�/*%74��FRPPXQLW\��FDXVLQJ�PDQ\�
�KRPRVH[XDO�LQGLYLGXDOV�WR�ORVH�WKHLU�MREV��WKLV�
�EHLQJ�GXH�WR�WKH�V\VWHPLF�WDUJHWLQJ�IURP�WKH�
�IHGHUDO�JRYHUQPHQW�QRW�DOORZLQJ�
�KRPRVH[XDOV�WR�JR�DJDLQVW�WKH�VRFLHWDO�
�H[SHFWDWLRQV��7KLV�OHIW�KRPRVH[XDO�SHRSOH�
�ZLWKRXW�MREV��OLYHOLKRRGV��SHQVLRQV��DQG�WKH�
�DELOLW\�WR�PDNH�D�OLYLQJ�DQG�SURYLGH�IRU�WKHLU�
�IDPLOLHV��$GGLWLRQDOO\��WKH�JRYHUQPHQW�
�SURYLGHG�QR�HYLGHQFH�IRU�ODEHOLQJ�
�KRPRVH[XDOLW\�DV�D�VHFXULW\�ULVN��LQGLFDWLQJ�
�WKDW�WKLV�ZDV�ZULWWHQ�LQWR�H[HFXWLYH�RUGHU�
�EHFDXVH�RI�VRFLHWDO�ELDV�DQG�WKH�SUHVVXUH�WR�
�FRQIRUP�WR�KHWHURQRUPDWLYH�VRFLHWDO�
�VWDQGDUGV��

�3HUKDSV�VRPH�RI�WKH�PRVW�GDPDJLQJ�DQG�
�VLJQLILFDQW�LQIOXHQFHV�RI�$PHULFDQ�VRFLDO�
�QRUPV�KDYH�EHHQ�UHSRUWV�RI�PHGLFDO�
�SURIHVVLRQDOV�RQ�KRPRVH[XDOLW\��,Q�������WKH�
�$PHULFDQ�3V\FKLDWULF�$VVRFLDWLRQ�OLVWHG�
�KRPRVH[XDOLW\�LQ�WKH�SHUVRQDOLW\�GLVRUGHU�
�FDWHJRU\�XQGHU�WKH�VXEFDWHJRU\�³VRFLRSDWKLF�

�SHUVRQDOLW\�GLVWXUEDQFH´�DV�D�³VH[XDO�
�GHYLDWLRQ�´�7KH�VH[XDO�GHYLDWLRQ�LQFOXGHG�
�³KRPRVH[XDOLW\��WUDQVYHVWLVP��SHGRSKLOLD��
�IHWLVKLVP�DQG�VH[XDO�VDGLVP��LQFOXGLQJ�UDSH��
�VH[XDO�DVVDXOW��PXWLODWLRQ�´��'60�,���7KLV�
�DIIHFWHG�WKH�JD\�FRPPXQLW\�DQG�VRFLHW\
V�
�YLHZ�RQ�KRPRVH[XDOLW\�VLJQLILFDQWO\�EHFDXVH�
�LW�WXUQHG�KRPRVH[XDOLW\�IURP�EHLQJ�D�VLQ�WR�
�EHLQJ�DQ�LOOQHVV��LQYDOLGDWLQJ�WKHLU�LGHQWLW\��
�WKHLU�WLHV�WR�*RG�DQG�UHOLJLRQ��DQG�WKHLU�WLHV�WR�
�WKHLU�ELRORJ\�DQG�KHDOWK��$�UHSRUW�E\�6DUDK�
�%DXJKH\�*LOO�DQDO\]HG�D�ERRN�E\�(ULF�0DUFXV�
�RQ�JD\�HTXDO�ULJKWV��0DNLQJ�*D\�+LVWRU\��
�KLJKOLJKWV�WKH�XQGHUO\LQJ�HIIHFWV�RI�WKH�PHQWDO�
�LOOQHVV�FODVVLILFDWLRQ��VWDWLQJ�KRZ�PHGLFDO�
�OLWHUDWXUH�ZDV�³RQH�RI�WKH�PDMRU�LVVXHV�WKDW�
�HPHUJHG�GXH�WR�WKH�$3$�FODVVLILFDWLRQ«�
�EHFDXVH�LW�ZDV�VXSSRVHGO\�EDVHG�RQ�
�VFLHQWLILF�ILQGLQJV�´�PDNLQJ�³�LW«GLIILFXOW�IRU�
�KRPRVH[XDOV�WR�GLVSXWH�YLHZV�ZKLFK�KHOG�
�WKHP�DV�GHYLDQW��7KHLU�RSSRQHQWV�FRXOG�
�GLVPLVV�DQ\�RI�WKHLU�DUJXPHQWV�EDVHG�RQ�WKH�
�QRWLRQ�WKDW�WKH\�ZHUH�³VLFN´��%DXJKH\�*LOO�����
�3HRSOH�ZKR�RSSRVHG�KRPRVH[XDOLW\�XVHG�WKLV�
�PHGLFDO�GLDJQRVLV�DV�D�ZHDSRQ�WR�VXJJHVW�
�WKDW�KRPRVH[XDO�SHRSOH�ZHUH�DEQRUPDO��

�7KHRORJ\��OHJLVODWXUH��PHGLFLQH��DQG�WKH�
�VXEVHTXHQW�WUDGLWLRQDO�JHQGHU�H[SHFWDWLRQV�
�SUHVHQW�LQ�$PHULFD�DIIHFWHG�LWV�OLWHUDWXUH��7KLV�
�LV�GHPRQVWUDWHG�LQ�WKH������QRYHO�7KH�0DQ�
�,Q�7KH�*UD\�)ODQQHO�6XLW�E\�6ORDQ�:LOVRQ��
�ZKLFK�GLVFXVVHV�����V�FRQIRUPLW\�DQG�
�FXOWXUH��6SHFLILFDOO\��WKH�QRYHO�RXWOLQHV�WKH�
�UROHV�RI�PHQ�DQG�SURYLGHV�LQVLJKW�LQWR�WKH�
�PDOH�JHQGHU�H[SHFWDWLRQV�RI�WKH�SHULRG��
�:LOVRQ�VD\V���QRZ�LW�LV�WLPH�WR�UDLVH�OHJLWLPDWH�
�FKLOGUHQ��DQG�PDNH�PRQH\��DQG�GUHVV�
�SURSHUO\��DQG�EH�NLQG�WR�RQH
V�ZLIH��DQG�
�DGPLUH�RQH
V�ERVV��DQG�OHDUQ�QRW�WR�ZRUU\��
�DQG�WKLQN�RI�RQHVHOI�DV�ZKDW"����,
P�MXVW�D�PDQ�
�LQ�D�JUD\�IODQQHO�VXLW���:LOVRQ������7KLV�
�GHVFULSWLRQ�RI�ZKDW�VRFLHW\�H[SHFWHG�RI�PHQ�
�HPSKDVL]HV�PDNLQJ�PRQH\��KDYLQJ�D�ZLIH��
�ZHDULQJ�D�JUD\�IODQQHO�VXLW��DOO�WKLQJV�WKDW�
�FKDUDFWHUL]H�PDVFXOLQH�TXDOLWLHV�DQG�
�SHUSHWXDWHV�WKH�LGHDOV�RI�D�WUDGLWLRQDO�PDQ�
�FRQIRUPLQJ�WR�WKH�VRFLHWDO�VWDQGDUG��OLNH�
�EHLQJ�WKH�SULPDU\�LQFRPH�RI�WKH�IDPLO\�DQG�
�SURYLGLQJ�IRU�D�ZLIH�DQG�NLGV��KLQWLQJ�WKDW�
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�EHLQJ�LQ�D�KHWHURVH[XDO�UHODWLRQVKLS�ZDV�WKH�
�RQO\�DFFHSWDEOH�QRUP��

�7KH�QRYHO�*LRYDQQL
V�5RRP�E\�-DPHV�
�%DOGZLQ�GHVFULEHV�WKH�DWPRVSKHUH�RI�D�
�KRPRVH[XDO�EDU�LQ�WKH�SULQFLSDO�KRPH�WR�JD\�
�VXEFXOWXUH�LQ�WKH�����V��WKH�
�6DLQW�*HUPDLQ�GHV�3UHV�TXDUWHU�RI�3DULV�
����KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*LRYDQQL
VB5RR�
�P�����7KLV�YLEUDQW�DQG�OLEHUDWHG�DUHD�RI�)UDQFH�
�PDNHV�LW�D�ILWWLQJ�VHWWLQJ�ZKHUH�*LRYDQQL�DQG�
�'DYLG
V�ORYH�VWRU\�XQIROGV��7KLV�KDV�EHHQ�
�PDGH�PRUH�DSSDUHQW�DIWHU�UHVHDUFKLQJ�
�$PHULFD
V�VWULFW�VRFLDO�JHQGHU�H[SHFWDWLRQV�
�GXULQJ�WKH�����V��7KH�FRQWUDVW�EHWZHHQ�WKH�
�8QLWHG�6WDWHV�DQG�)UDQFH�UHJDUGLQJ�KRZ�
�DFFHSWLQJ�SHRSOH�ZHUH�RI�WKH�KRPRVH[XDO�

�FRPPXQLW\�LV�VWDUN��7KLV�LV�QRW�WR�VD\�WKDW�
�3DULV�LV�IUHH�RI�KRPRSKRELD�HQWLUHO\��KRZHYHU��
�WKH�ZHLJKW�RI�KRPRSKRELD�LQJUDLQHG�LQ�VRFLHW\�
�LV�FHUWDLQO\�PXFK�OLJKWHU�DQG�LV�QRW�FRQILQLQJ�
�FRPSDUHG�WR�$PHULFD��(YHQ�VR��3DULV�KDV�
�EHHQ�D��JD\�KDYHQ��DQG�D�EXVWOLQJ�FHQWHU�IRU�
�TXHHU�OLIH�LQ�WKH�����V��WKH�
�6W�*HUPDLQ�GHV�3UpV�TXDUWHU�DV�WKH�FHQWHU�RI�
�WKH�FXOWXUDO�KRWVSRW��%DOGZLQ�KLPVHOI�PRYHG�
�WR�3DULV��LQ������WR�FRPH�WR�WHUPV�ZLWK�KLV�
�RZQ�VH[XDO�DPELYDOHQFH�
����KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�-DPHVB%DOGZLQ����
�DQG�ZDV�DEOH�WR�DUWLFXODWH�WKLV�WKURXJK�WKH�
�LQQHU�VWUXJJOH�RI�'DYLG�ZLWK�KLV�UHODWLRQVKLSV��
�+HQFH��WKH�KLVWRULFDO�FRQWH[W�RI�WKHRORJ\��
�OHJLVODWLRQ��PHGLFLQH��DQG�OLWHUDWXUH�JUHDWO\�
�DIIHFWHG�WKH�FRQWHQW�RI�WKH�ERRN��

�5()(5(1&(6�
�%DOGZLQ��-����������*LRYDQQL
V�URRP��D�QRYHO��1HZ�<RUN��'LDO�3UHVV��

�'H&DQLR��)����������$QDO\VLV�$QG�6\QWKHVLV�2I�/HYLWLFXV��5HWULHYHG�0DUFK����������IURP�
�KWWSV���ELEOH�RUJ�VHULHVSDJH���DQDO\VLV�DQG�V\QWKHVLV�OHYLWLFXV�

�6FRILHOG��&��,����������7KH�KRO\�ELEOH��&RQWDLQLQJ�WKH�ROG�DQG�QHZ�WHVWDPHQWV��&KULVWLDQ�
�+HULWDJH��

�8QLWHG�6WDWHV��&RQJUHVV��([HFXWLYH�2UGHU��������3UHVLGHQW�'ZLJKW�'��(LVHQKRZHU���������7KH�
�1DWLRQDO�$UFKLYHV�&RQJUHVV��$FFHVVHG���0DU��������

�%DXJKH\�*LOO��6����������:KHQ�*D\�:DV�1RW�2ND\�ZLWK�WKH�$3$��$�+LVWRULFDO�2YHUYLHZ�RI�
�+RPRVH[XDOLW\�DQG�LWV�6WDWXV�DV�0HQWDO�'LVRUGHU��2FFDP
V�5D]RU��������

�:LOVRQ��6���������7KH�0DQ�LQ�WKH�*UD\�)ODQQHO�6XLW��D�QRYHO��6LPRQ�	�6FKXVWHU��
�+HQGHUVRQ��0��*����������-DPHV�%DOGZLQ��([SDWULDWLRQ��KRPRVH[XDO�SDQLF��DQG�PDQ
V�HVWDWH��
�&DOODORR������������±�����KWWSV���GRL�RUJ���������FDO�����������

�7KRPDV��+����������³LPPDFXODWH�PDQKRRG´��7KH�FLW\�DQG�WKH�3LOODU��*LRYDQQL¶V�URRP��DQG�WKH�
�VWUDLJKW�DFWLQJ�JD\�PDQ��7ZHQWLHWK�&HQWXU\�/LWHUDWXUH������������±�����
�KWWSV���GRL�RUJ����������������[�����������

�7XKNDQHQ��0����������-DPHV�%DOGZLQ�RQ�WKH�$PHULFDQ�([SUHVV�DQG�WKH�4XHHU�8QGHUJURXQG��
�(QJOLVK�/DQJXDJH�1RWHV������������±�����KWWSV���GRL�RUJ���������������������������
��������$XJXVW��*LRYDQQL
V�URRP��:LNLSHGLD���KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�*LRYDQQL
VB5RRP�
��������$XJXVW��-DPHV�%DOGZLQ��:LNLSHGLD��KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�-DPHVB%DOGZLQ�
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�6DUDVZDWL�6KHH�

�,QVHUWLRQ�RI�6;�����'DOWRQ�LQ�0DOH�6SHFLILF�/HWKDO���

�$%675$&7�
�7KLV�SDSHU�XVHV�PRGHUQ�PROHFXODU�ELRORJ\�
�WHFKQLTXHV��0HQGHOLDQ�JHQHWLFV��DQG�
�LPPXQR�KLVWRFKHPLVWU\�WR�FKDUDFWHUL]H�QRYHO�
�IUXLW�IO\�'URVRSKLOD�PHODQRJDVWHU�VWUDLQV�DQG�
�GHWHUPLQH�WKH�ORFDWLRQ�RI�D�3�HOHPHQW�
�LQVHUWLRQ��'1$�H[WUDFWLRQ�DQG�L3&5�DUH�XVHG�
�WR�JHW�D�'1$�VDPSOH��DQG�WKHQ�6DQJHU�
�6HTXHQFLQJ�LV�XVHG�WR�JHW�WKH�QXFOHRWLGH�
�VHTXHQFHV�RI�WKH�'1$�VDPSOH��7KH�ZHEVLWH�
�)O\%DVH�%/$67�LV�WKHQ�XVHG�WR�FRPSDUH�WKH�
�3�HOHPHQW�DQG�XQNQRZQ�'1$�VHTXHQFH�WR�
�WKH�DOUHDG\�NQRZQ�'URVRSKLOD�JHQRPH��
�'URVRSKLOD�ODUYDH�DUH�DOVR�GLVVHFWHG�DQG�
�LPDJHG�ZLWK�IOXRUHVFHQFH�WR�GHWHUPLQH�ZKHUH�
�WKH�H[SUHVVLRQ�LV�LQ�WKH�EUDLQ�DQG�WKH�JXW��7KH�
�UHVXOWV�GHWHUPLQH�WKDW�WKH�3�HOHPHQW�LQVHUWLRQ�
�LV�LQ�WKH�0DOH�6SHFLILF�/HWKDO���JHQH�RI�WKH�
�'URVRSKLOD�DQG�H[SUHVVLRQ�LV�VKRZQ�LQ�WKH�
�EUDLQ�DQG�SRVVLEO\�LQ�WKH�JXW��

�,1752'8&7,21�
�7KH�ZRUN�LQYROYLQJ�/H[$��D�QRYHO�ELQDU\�JHQH�
�H[SUHVVLRQ�WRRO��LV�LPSRUWDQW�IRU�WKH�IXWXUH�
�VWXGLHV�RI�PHWDEROLVP��GHYHORSPHQW��DQG�
�QHXURELRORJ\�RI�'URVRSKLOD�PHODQRJDVWHU��
�7KH�FUHDWLRQ�RI�����QRYHO�/H[$�GULYHU�OLQHV�
�KDYH�JUHDWO\�H[SDQGHG�WKH�DUHDV�SRVVLEOH�IRU�
�VWXG\��LQFOXGLQJ�VSHFLILF�/H[$�GULYHUV�IRU�VWHP�
�FHOOV��HQWHULF�FHOOV�LQ�WKH�JXW��DQG�RWKHU�
�GHYHORSPHQWDO�UHODWHG�WLVVXH�W\SHV��7KLV�
�SDSHU�H[SODLQV�ZKHUH�D�3�HOHPHQW�
�WUDQVSRVRQ�JHWV�UDQGRPO\�LQVHUWHG�LQ�
�XQNQRZQ�JHQRPLF�'1$�LQ�'URVRSKLOD�DQG�
�ZKHUH�WKLV�XQNQRZQ�'1$�VKRZV�H[SUHVVLRQ��

�0$7(5,$/6�$1'�0(7+2'6�
�����,QVHUWLRQ�/RFDWLRQ�DQG�0DSSLQJ�
�)ROORZLQJ�WKH�FUHDWLRQ�RI�WKH�3�HOHPHQW�
�LQVHUWLRQ�LQ�WKH�'URVRSKLOD�PHODQRJDVWHU��
�'1$�H[WUDFWLRQ��L3&5��DQG�6DQJHU�
�6HTXHQFLQJ�ZHUH�XVHG�WR�GHWHUPLQH�WKH�
�ORFDWLRQ�RI�WKH�LQVHUWLRQ�LQ�WKH�JHQRPH��'1$�

�H[WUDFWLRQ�LVRODWHG�WKH�JHQRPLF�'1$��DV�LW�
�EURNH�GRZQ�WKH�FHOO�DQG�QXFOHDU�PHPEUDQHV�
�SURWHFWLQJ�WKH�'1$����PJ�RI�'URVRSKLOD�ZDV�
�JURXQG�XS�LQ�����ȝ/�%XIIHU�$7/��XVLQJ�D�
�PLFURSHVWOH��ZKLFK�VHSDUDWHG�WKH�FHOO�PDWHULDO�
�IURP�WKH�'1$��DOORZLQJ�IRU�D�FOHDQHU�DQG�
�FOHDUHU�'1$�VDPSOH��7R�PDNH�VXUH�WKH�'1$�
�ZDV�IXOO\�SXULILHG��WKH�QH[W�VWHSV�ZHUH�WR�DGG�
����ȝ/�RI�WKH�GHWHUJHQW�3URWHLQDVH�.�WR�O\VH�
�DQG�EUHDN�RSHQ�WKH�QXFOHXV�RI�WKH�FHOOV�DQG�
�H[SRVH�WKH�'1$��1H[W�����ȝ/�%XIIHU�$/�DQG�
�����ȝ/�HWKDQRO�ZDV�DGGHG�DQG�WKH�PL[WXUH�
�ZDV�WKHQ�FHQWULIXJHG��7KHQ��WKH�'1$�ZDV�
�ZDVKHG��ZKLFK�VHSDUDWHG�WKH�IUHH�'1$�IURP�
�DQ\�RWKHU�GHEULV�IURP�WKH�FHOO�DQG�UHSHDWHG�
�IRU�D�WRWDO�RI�WZR�WLPHV��1H[W�WKH�HOXWLRQ�
�SURFHVV�ZDV�SHUIRUPHG��DQG�����ȝ/�%XIIHU�
�$(�ZDV�SLSHWWHG�GLUHFWO\�RQ�WKH�'1HDV\�
�PHPEUDQH��$IWHU�H[WUDFWLRQ��L3&5�ZDV�XVHG�
�WR�ORFDWH�WKH�3�HOHPHQW�LQVHUWLRQ��7KLV�
�SURFHVV�EHJDQ�ZLWK�GLJHVWLRQ��ZKHUH�VPDOOHU�
�SLHFHV�RI�JHQRPLF�'1$�ZLWK�WKH�3�HOHPHQW�
�DQG�WKH�XQNQRZQ�VHTXHQFH�ZHUH�FUHDWHG��
�7KHQ�WKH�UHVWULFWLRQ�HQ]\PH�+SD,,�ZDV�XVHG�
�WR�FOHDYH�DW�D�UHVWULFWLRQ�VLWH��&&**��LQ�WKH�3�
�HOHPHQW��FUHDWLQJ�VWLFN\�HQGV��1H[W�OLJDWLRQ�
�RFFXUUHG�ZKHUH�'1$�OLJDVH�ZDV�DGGHG�DQG�
�WKH�VWLFN\�HQGV�VHOI�OLJDWHG��7KLV�SURFHVV�
�UHVXOWHG�LQ�D�FLUFXODU�SLHFH�RI�'1$�ZKHUH�
�3&5�FRXOG�EH�SHUIRUPHG��DOORZLQJ�IRU�WKH�
�DPSOLILFDWLRQ�RI�WKH�WDUJHW�VHTXHQFH�XVLQJ�WZR�
�SULPHUV��,Q�WKLV�SURFHVV��WKH�XQNQRZQ�
�VHTXHQFH�ZDV�DPSOLILHG�E\�PDNLQJ�WKH�
�SULPHUV�IRU�WKH�3�HOHPHQW�WKDW�LQLWLDOO\�IDFHG�
�DZD\�IURP�HDFK�RWKHU��EXLOW�WRZDUGV�HDFK�
�RWKHU�DIWHU�WKH�FLUFXODWLRQ�RI�WKH�WHPSODWH��
�ZKHUH�RQH�VLGH�RI�FLUFXODU�'1$�ZDV�WKH�
�NQRZQ�3�HOHPHQW�DQG�WKH�RWKHU�SDUW�ZDV�WKH�
�WDUJHW�VHTXHQFH��+HUH��.XUW�DQG�8OI�ZHUH�WKH�
�SULPHUV�XVHG��.XUW�IRU�WKH��¶�HQG�DQG�8OI�IRU�
�WKH��¶�HQG��7KH�VHTXHQFHV�ZHUH�WKHQ�VHQW�WR�
�D�ODE�ZKHUH�6DQJHU�6HTXHQFLQJ�ZDV�
�SHUIRUPHG�WR�GHWHUPLQH�WKH�QXFOHRWLGH�
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�VHTXHQFH�RI�WKH�WDUJHW�'1$�VHTXHQFH��7KLV�
�SURFHVV�XVHG�JHO�HOHFWURSKRUHVLV�DQG�D�VLQJOH�
�VHTXHQFLQJ�SULPHU��6S���FRPSOHPHQWDU\�WR�
�WKH��
�HQG�RI�RQH�RI�WKH�VWUDQGV�RI�WKH�3&5�
�SURGXFW�WR�GHWHUPLQH�WKH�QXFOHRWLGH�
�VHTXHQFH��DQG�WKHVH�UHVXOWV�ZHUH�VHQW�EDFN�
�IRU�DQDO\VLV��

����6HTXHQFH�$QDO\VLV�DQG�3ULPHU�'HVLJQ�
�7KH�UHWXUQHG�VHTXHQFH�IURP�6DQJHU�
�6HTXHQFLQJ�LQFOXGHG�WKH�3�HOHPHQW�ZLWK�WKH�
�HLJKW�EDVH�SDLU�GLUHFW�UHSHDW�IROORZLQJ��,Q�
�RUGHU�WR�GHWHUPLQH�WKH�WDUJHW�VHTXHQFH��WKH�
�HQG�RI�WKH�3�HOHPHQW��777&$7&$7*��ZDV�
�IRXQG��ZKLFK�PDUNHG�WKH�EHJLQQLQJ�RI�WKH�
�VHTXHQFH�WKDW�ZRXOG�EH�SXW�LQWR�)O\%DVH�
�%/$67�IRU�VHTXHQFH�DQDO\VLV��%HFDXVH�+SD,,�
�ZDV�XVHG�DV�WKH�UHVWULFWLRQ�HQ]\PH��WKH�
�ORFDWLRQ�RI�UHVWULFWLRQ�VLWH�&&**�ZDV�IRXQG�
�QH[W�WR�GHWHUPLQH�WKH�HQG�RI�WKH�VHTXHQFH�WR�
�EH�DQDO\]HG�LQ�)O\%DVH�%/$67��$IWHU�
�GHWHUPLQLQJ�WKH�WDUJHW�VHTXHQFH��WKH�
�VHTXHQFH�EHWZHHQ�ZDV�SXW�LQWR�)O\%DVH�
�%/$67��7KH�WDUJHW�VHTXHQFH�ZDV�WKHQ�
�FRPSDUHG�ZLWK�WKH�NQRZQ�'URVRSKLOD�JHQRPH�
�VHTXHQFH��DOORZLQJ�WKH�LQVHUWLRQ�RI�WKH�3�
�HOHPHQW�WR�EH�ORFDWHG��)RU�SULPHU�GHVLJQ��
�3&5�ZDV�XVHG�WR�FRQILUP�WKH�3�HOHPHQW�
�LQVHUWLRQ�VLWH��E\�DPSOLI\LQJ�D�UHJLRQ�RI�WKH�3�
�HOHPHQW�DQG�WKH�DGMDFHQW�JHQRPLF�VHTXHQFH��
�7R�GR�WKLV��D�SULPHU�PXVW�EH�GHVLJQHG�EDVHG�
�RQ�WKH�LQVHUWLRQ�VLWH�RI�WKH�3�HOHPHQW��7KLV�
�SULPHU�ZDV�GHVLJQHG�WR�DQQHDO�������EDVHV�
�DZD\�IURP�WKH�LQVHUWLRQ�VLWH�LQ�WKH�JHQRPLF�
�'1$�DQG�LW�H[WHQGHG�WRZDUGV�WKH�3�HOHPHQW��
�7R�GHVLJQ�WKH�SULPHU��WKH�ZHEVLWH�)O\%DVH�
�ZDV�XVHG��7KH�SURJUDP�WKHQ�FUHDWHG�ERWK�D�
�OHIW�DQG�ULJKW�SULPHU��DQG�WKH�DSSURSULDWH�
�SULPHU�ZDV�FKRVHQ�EDVHG�RQ�WKH�3�HOHPHQW�
�RULHQWDWLRQ��

����'LVVHFWLRQ�DQG�6WDLQLQJ�
�'LVVHFWLRQ�EHJDQ�ZLWK�VHOHFWLQJ�WKLUG�LQVWDU�
�ODUYDH�SODFLQJ�WKHP�LQ�D�ZHOO�ILOOHG�ZLWK�3%6��
�7KHQ�RQH�RI�WKH�ODUYDH�ZDV�RULHQWHG�VR�WKDW�
�WKH�DQWHULRU�HQG�RI�WKH�ODUYD��ZKHUH�WKH�PRXWK�
�KRRNV�DUH�FRQWDLQHG��IDFHG�WKH�XSSHU�ULJKW�
�FRUQHU�RI�WKH�ZHOO��$W�DSSUR[LPDWHO\�WZR�WKLUGV�
�GRZQ�WKH�ODUYD�IURP�WKH�PRXWK�KRRNV��WKH�
�ODUYD�ZDV�FXW�XVLQJ�IRUFHSV��)ROORZLQJ�WKLV��

�WKH�ODUYDH�ZHUH�LQYHUWHG�WR�H[SRVH�WKH�
�LQWHUQDO�RUJDQV��)ROORZLQJ�LQYHUVLRQ��WKH�
�LQYHUWHG�ODUYDH�ZHUH�VXEPHUJHG�ZLWK�����ȝ/�
�RI����IRUPDOGHK\GH�LQ�D�����P/�(SSHQGRUI�
�WXEH�IRU�IL[DWLRQ���1H[W��WKLV�WXEH�ZDV�
�LQFXEDWHG�RQ�WKH�URFNHU�IRU����PLQXWHV�DW�
�URRP�WHPSHUDWXUH��$IWHU����PLQXWHV��WKH�
�LQYHUWHG�ODUYDH�ZHUH�UHPRYHG�IURP�WKH�
�URFNHU��WKH�IRUPDOGHK\GH�ZDV�UHPRYHG��DQG�
�����ȝ/�3%6�ZDV�DGGHG��7KLV�ZDV�UHSHDWHG�
�IRU�D�WRWDO�RI�WKUHH�ZDVKHV��1H[W��WKH�IL[HG�
�LQYHUWHG�ODUYDH�ZHUH�WUDQVIHUUHG�EDFN�LQWR�D�
�ZHOO�ILOOHG�ZLWK�3%6�IRU�GLVVHFWLRQ��'XULQJ�
�GLVVHFWLRQ��WKH�EUDLQ�DQG�JXW�ZHUH�LVRODWHG�
�IURP�WKH�UHVW�RI�WKH�RUJDQ�DQG�WKH�FOHDQ�EUDLQ�
�DQG�JXW�ZHUH�WUDQVIHUUHG�LQWR�DQRWKHU�ZHOO�
�ILOOHG�ZLWK�3%6�LQ�SUHSDUDWLRQ�IRU�PRXQWLQJ�
�DQG�LPDJLQJ��7R�PRXQW�WKH�GLVVHFWHG�RUJDQV��
�D�GURS�RI�'$3,��D�IOXRUHVFHQW�VWDLQ�WKDW�ELQGV�
�VWURQJO\�WR�'1$��ZDV�SODFHG�RQ�WKH�JODVV�
�VOLGH��DQG�IRXU�KDOYHV�RI�ODUYDO�FXWLFOH�ZHUH�
�SODFHG�LQ�WKH�FRUQHUV�RI�WKH�GURS�RI�'$3,��
�DFWLQJ�DV�VSDFHUV��1H[W�WKH�ODUYDH�JXWV�ZHUH�
�SODFHG�LQWR�WKH�'$3,�DQG�DOLJQHG�XVLQJ�
�IRUFHSV�WR�IDFLOLWDWH�LPDJLQJ��7KLV�SURFHVV�
�ZDV�UHSHDWHG�IRU�WKH�ODUYDO�EUDLQV��7KH�
�RUJDQV�ZHUH�WKHQ�FRYHUHG�ZLWK�FRYHUVOLSV�DQG�
�VHDOHG�ZLWK�FOHDU�QDLO�SROLVK��$Q\�DLU�EXEEOHV�
�FUHDWHG�ZHUH�ILOOHG�LQ�E\�SLSHWWLQJ�H[WUD�'$3,�
�LQWR�WKH�ORFDWLRQV�ZKHUH�DLU�EXEEOHV�ZHUH�
�SUHVHQW��
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�)LJXUH������¶�WR��¶�3�HOHPHQW�ZLWK�WKH�LQVHUWLRQ�
�VLWH��/��������������(LJKW�EDVH�SDLUV�GLUHFW�
�UHSHDW��&7&*&&$&��/RFDWHG�LQ�WKH�ILUVW�H[RQ�
�RI�WKH�0DOH�6SHFLILF�/HWKDO���JHQH��ZKLFK�LV�
�ORFDWHG�DW��/���������������������������

�)RU�VHTXHQFLQJ��RQO\�WKH��¶�HQG�ZDV�
�VXFFHVVIXO�DQG�UHWXUQHG�D�'1$�VHTXHQFH�
�ZLWK�D�PDWFK�RQ�)O\%DVH��7KHUHIRUH��WKH�OHYHO�
�RI�FHUWDLQW\�IRU�WKH�LQVHUWLRQ�LV�ORZ�DV�WKH�
�LQVHUWLRQ�VLWH�FRXOG�QRW�EH�FRQILUPHG�ZLWK�WKH�
��¶�HQG��

�)LJXUH�����6SDWLRWHPSRUDO�H[SUHVVLRQ�SDWWHUQV�
�RI�WKH�JHQH�ZLWK�WKH�3�HOHPHQW�LQVHUWLRQ��*)3�
�IOXRUHVFHQFH�DQG�'$3,�IOXRUHVFHQFH�LPDJHV�
�RYHUODLG���$��7KLUG�LQVWDU�ODUYDO�EUDLQ�ZLWK�
�H[SUHVVLRQ�RI�PRWRU�QHXURQV���%��7KLUG�LQVWDU�
�ODUYDO�KLQGJXW�IROGHG�RYHU�WKLUG�LQVWDU�ODUYDO�
�PLGJXW�DQG�JDVWULF�FDHFD�ZLWK�SRVVLEOH�
�H[SUHVVLRQ�LQ�WKH�PLGJXW��7KH�UHVXOWV�IURP��$��
�DQG��%��DUH�UHSURGXFLEOH��EXW�IOXRUHVFHQFH�LQ�
�WKH�&16�DQG�LQ�WKH�PLGJXW�DURXQG�WKH�JDVWULF�
�FDHFD�DQG�SURYHQWULFXOXV�QHHG�WR�EH�VWXGLHG�
�IXUWKHU�EHIRUH�FRQILUPDWLRQ��

�7KHUH�ZDV�D�EDFNJURXQG�H[SUHVVLRQ�SUHVHQW�
�LQ�WKH�EUDLQ��+RZHYHU��LQ�WKH�YHQWUDO�QHUYH�
�FRUG��91&��WKHUH�ZDV�VRPH�H[SUHVVLRQ�LQ�WKH�
�SRVWHULRU�HQG��,W�ZDV�RXW�RI�IRFXV��KRZHYHU�
�WKHVH�DUH�EHOLHYHG�WR�EH�H[SUHVVLRQV�RI�PRWRU�
�QHXURQV��VSHFLILFDOO\�RQHV�WKDW�DLG�ODUYDH�LQ�
�FUDZOLQJ�DQG�PRYLQJ�DURXQG��%HFDXVH�RI�WKH�
�ORFDWLRQ�RI�WKH�H[SUHVVLRQ�DQG�WKH�IDFW�WKDW�
�'URVRSKLOD�DUH�ELODWHUDO��WKLV�H[SUHVVLRQ�LV�
�H[SHFWHG�WR�EH�SUHVHQW�RQ�ERWK�VLGHV�RI�WKH�
�91&��+RZHYHU�WKLV�LPDJH�GRHV�QRW�UHSUHVHQW�
�WKDW�FRQFHSW�DV�WKH�91&�LV�SRVLWLRQHG�
�GLDJRQDOO\��7KHUHIRUH�LW�ZDV�YHU\�GLIILFXOW�WR�
�JHW�ERWK�VLGHV�RI�WKH�91&�LQ�RQH�IRFDO�VKRW��
�7R�FRQILUP�H[SUHVVLRQ�RQ�ERWK�VLGHV�RI�WKH�
�91&��FRPSXWDWLRQDO�PHWKRGV�WKDW�ZHUH�QRW�
�DYDLODEOH�DW�+DUYDUG��FDQ�DOORZ�ERWK�VLGHV�RI�
�WKH�91&�WR�EH�VHHQ�LQ�WKH�VDPH�LPDJH��DQG�
�FRQILUP�WKH�H[SUHVVLRQ�RQ�ERWK�VLGHV��,Q�WKH�
�FHQWUDO�QHUYRXV�V\VWHP��&16���WKHUH�VHHPV�
�WR�EH�VRPH�H[SUHVVLRQ�RQ�WKH�OHIW�OREH�RI�WKH�
�&16��KRZHYHU�WKLV�FRXOG�DOVR�EH�DQ�
�DXWRIOXRUHVFHQW�D[RQ�WKDW�KDSSHQHG�WR�EH�
�DEOH�WR�VKRZ�WKURXJK�WKH�OHIW�OREH�RQ�LPDJLQJ��
�7KHUHIRUH�LW�ZDV�FRQFOXGHG�WKDW�LW�ZDV�
�XQOLNHO\�WKDW�WKHUH�ZDV�DQ\�H[SUHVVLRQ�LQ�WKH�
�&16��7KH�IOXRUHVFHQFH�SUHVHQW�LQ�WKH�KLQGJXW�
�LV�DXWRIOXRUHVFHQFH�IURP�ODUYD�IRRG��7KHUH�LV�
�IOXRUHVFHQFH�LQ�WKH�PLGJXW��KRZHYHU�WKLV�ZDV�
�FRQVLGHUHG�EDFNJURXQG�IOXRUHVFHQFH�DQG�LV�
�SUHVHQW�LQ�PDQ\�GLIIHUHQW�OLQHV�RI�GURVRSKLOD�
�WKDW�KDYH�EHHQ�SUHYLRXVO\�VWXGLHG��,W�LV�
�XQFOHDU�LI�WKHUH�ZDV�IOXRUHVFHQFH�SUHVHQW�
�QHDU�WKH�JDVWULF�FDHFD��DQG�PRUH�LPDJLQJ�FDQ�
�FRQILUP�WKLV�LQ�WKH�IXWXUH��
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�0DOH�6SHFLILF�/HWKDO����H[SUHVVLRQ�LV�H[SHFWHG�
�WR�EH�SUHVHQW�LQ�WKH�ODUYDO�YHQWUDO�QHUYH�FRUG��
�([SUHVVLRQ�LV�VHHQ�WKHUH�EDVHG�RQ�WKH�
�LPDJLQJ�RI�WKH�GLVVHFWHG�EUDLQ��7KLV�VKRZV�
�RYHUODS�EHWZHHQ�WKH�H[SHFWHG�H[SUHVVLRQ�
�SDWWHUQ�EDVHG�RQ�RYHUODSSLQJ�JHQH�DFWLYLW\�
�DQG�DFWXDO�HQKDQFHU�DFWLYLW\��

�',6&866,21�
�7KH�RYHUODSSLQJ�JHQH��0DOH�6SHFLILF�/HWKDO���
��06/�����HQFRGHV�D�SURWHLQ�WKDW�IRUPV�WKH�
�VWUXFWXUH�DQG�RUJDQL]DWLRQ�RI�WKH�IXOO�
�PDOH�VSHFLILF�OHWKDO�GRVDJH�FRPSHQVDWLRQ�
�FRPSOH[��7KLV�FRPSOH[�XSUHJXODWHV�WKH�UDWH�
�RI�WUDQVFULSWLRQ�RI�PRVW�;�OLQNHG�JHQHV�LQ�
�PDOH�'URVRSKLOD��ZKLFK�UHVXOWV�LQ�
�WUDQVFULSWLRQ�RI�WKH�JHQHV�RQ�WKH�VLQJOH�;�
�FKURPRVRPH�RI�PDOHV�HTXDO�WR�WKH�JHQHV�RQ�
�ERWK�;�FKURPRVRPHV�LQ�IHPDOHV��6XQ���������
�0DOHV�KRPR]\JRXV�IRU�ORVV�RI�IXQFWLRQ�
�PXWDWLRQV�LQ�WKH�PDOH�VSHFLILF�OHWKDO���PVO����
�PDOH�VSHFLILF�OHWKDO���PVO����PDOH�VSHFLILF�
�OHWKDO���PVO����PDOHOHVV��POH��RU�PDOHV�
�DEVHQW�RQ�WKH�ILUVW��PRI��JHQHV�GLH�GXH�WR�D�
�IDLOXUH�WR�SHUIRUP�GRVDJH�FRPSHQVDWLRQ�
��0D[ZHOO���������7KHUHIRUH��GXULQJ�GRVDJH�
�FRPSHQVDWLRQ�WUDQVFULSWLRQ�LQFUHDVHV�
�DSSUR[LPDWHO\�WZR�IROG��7KLV�RFFXUV�WKURXJK�
�KLVWRQH�DFHW\ODWLRQ�E\�WKH�PDOH�VSHFLILF�OHWKDO�
�FRPSOH[��DV�WKH�JHQH�SURWHLQV�KDYH�D�
�IXQGDPHQWDO�UROH�LQ�WKH�XSUHJXODWLRQ�RI�
�WUDQVFULSWLRQ�LQ�WKH�PDOH�;�FKURPRVRPH��7KH�
�FRPSOH[�LQFOXGHV�ILYH�06/�SURWHLQV�ZKLFK�DUH�

�UHTXLUHG�IRU�WKH�FUHDWLRQ�RI�YLDEOH�PDOHV��
�06/���06/���06/���02)��DQG�DFHW\O�
�WUDQVIHUDVH��6SHFLILFDOO\��WKH�06/�SURWHLQV�DUH�
�LQYROYHG�LQ�WKH�KLVWRQH�DFHW\OWUDQVIHUDVH�IRU�
�JOREDO�K\SHUDFHW\ODWLRQ�RI�;�OLQNHG�FKURPDWLQ�
�DW�KLVWRQH�+��DW�O\VLQH����+�.��DF���7KH�
�+�.��DF�PRGLILFDWLRQ�VWRSV�FKURPDWLQ�IURP�
�FRPSDFWLQJ�DQG�HQKDQFHV�'1$�DFFHVVLELOLW\�
�DQG�WUDQVFULSWLRQ��&RQUDG���������7KLV�
�SURFHVV�KDSSHQV�ZKHQ�WKH�06/�SURWHLQV�
�ELQG��DQG�KLVWRQH�DFHW\ODWLRQ�RFFXUV��$V�D�
�UHVXOW�RI�WKH�KLVWRQH�DFHW\ODWLRQ��WKH�DIILQLW\�RI�
�WKH�KLVWRQH�IRU�WKH�'1$�ZRXOG�GHFUHDVH��DQG�
�GHVWDELOL]H�WKH�FKURPDWLQ�VWUXFWXUH�DV�WKH�
�LQWHUDFWLRQ�EHWZHHQ�DGMDFHQW�QXFOHRVRPHV�
�ZHDNHQHG��/XJHU���������7KLV�VXJJHVWV�WKDW�
�WKH�FKURPDWLQ�VWUXFWXUH�E\�KLVWRQH�DFHW\ODWLRQ�
�SOD\V�D�ODUJH�UROH�LQ�KRZ�0DOH�6SHFLILF�/HWKDO�
�LQFUHDVHV�WKH�;�OLQNHG�JHQH�H[SUHVVLRQ�LQ�
�PDOHV��

�$&.12:/('*(0(176�
�6DUDVZDWL�6KHH�DFNQRZOHGJHV�'U��6HXQJ�.��
�.LP�RI�6WDQIRUG�8QLYHUVLW\�6FKRRO�RI�
�0HGLFLQH��0V��1LFROH�/DQW]�RI�7KH�
�/DZUHQFHYLOOH�6FKRRO��DQG�'U��/XW]�.RFNHO�RI�
�6WDQIRUG�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH�IRU�
�WHDFKLQJ�³%,26�6����$QLPDO�7UDQVJHQHVLV���$�
�/DERUDWRU\�3ULPHU�RQ�*HQHWLFV´�LQ�+DUYDUG�
�6HFRQGDU\�6FKRRO�3URJUDP��663��GXULQJ�
�6XPPHU������EDVHG�RQ�ZKLFK�WKLV�SDSHU�LV�
�ZULWWHQ��

�5()(5(1&(6�
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�/���*RXWWH�*DWWDW��'���-HQNLQV��9��.���.DXIPDQ��7���/DUNLQ��$���0DWWKHZV��%��%���0LOOEXUQ��*���	�
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�6WUHOHWV��9��%����������)O\%DVH��D�JXLGHG�WRXU�RI�KLJKOLJKWHG�IHDWXUHV��*HQHWLFV����������L\DF�����
�KWWSV���GRL�RUJ���������JHQHWLFV�L\DF����

�+DOODFOL��(���/LSS��0���*HRUJLHY��3���6SLHOPDQ��&���&XVDFN��6���$NKWDU��$���	�.DGOHF��-����������
�0VO��PHGLDWHG�GLPHUL]DWLRQ�RI�WKH�GRVDJH�FRPSHQVDWLRQ�FRPSOH[�LV�HVVHQWLDO�IRU�PDOH�
�;�FKURPRVRPH�UHJXODWLRQ�LQ�'URVRSKLOD��0ROHFXODU�FHOO������������±�����
�KWWSV���GRL�RUJ���������M�PROFHO�������������

�/XJHU��.���0lGHU��$��:���5LFKPRQG��5��.���6DUJHQW��'��)���	�5LFKPRQG��7��-����������&U\VWDO�
�VWUXFWXUH�RI�WKH�QXFOHRVRPH�FRUH�SDUWLFOH�DW�����$�UHVROXWLRQ��1DWXUH����������������±�����
�KWWSV���GRL�RUJ���������������

�0RUDOHV��9���6WUDXE��7���1HXPDQQ��0��)���0HQJXV��*���$NKWDU��$���	�%HFNHU��3��%����������
�)XQFWLRQDO�LQWHJUDWLRQ�RI�WKH�KLVWRQH�DFHW\OWUDQVIHUDVH�02)�LQWR�WKH�GRVDJH�FRPSHQVDWLRQ�
�FRPSOH[��7KH�(0%2�MRXUQDO��������������±������KWWSV���GRL�RUJ���������VM�HPERM���������

�3DOPHU��0��-���5LFKPDQ��5���5LFKWHU��/���	�.XURGD��0��,����������6H[�VSHFLILF�UHJXODWLRQ�RI�WKH�
�PDOH�VSHFLILF�OHWKDO���GRVDJH�FRPSHQVDWLRQ�JHQH�LQ�'URVRSKLOD��*HQHV�	�GHYHORSPHQW��������
����±�����KWWSV���GRL�RUJ���������JDG���������

�6FRWW��0��-���3DQ��/��/���&OHODQG��6��%���.QR[��$��/���	�+HLQULFK��-����������06/��SOD\V�D�FHQWUDO�
�UROH�LQ�DVVHPEO\�RI�WKH�06/�FRPSOH[��HVVHQWLDO�IRU�GRVDJH�FRPSHQVDWLRQ�LQ�'URVRSKLOD��7KH�
�(0%2�MRXUQDO������������±�����KWWSV���GRL�RUJ���������HPERM����������

�6XQ��;��-���0DQ��1���7DQ��<���1LPHU��6��'���	�:DQJ��/����������7KH�5ROH�RI�+LVWRQH�
�$FHW\OWUDQVIHUDVHV�LQ�1RUPDO�DQG�0DOLJQDQW�+HPDWRSRLHVLV��)URQWLHUV�LQ�RQFRORJ\����������
�KWWSV���GRL�RUJ���������IRQF������������
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�6KUH\D�6XQNDUD�

�%LR�ZDVWH�DV�D�7RRO�IRU�'HWR[LILFDWLRQ�

�$%675$&7�
�7KH�JRDO�RI�WKLV�SURMHFW�ZDV�WR�FUHDWH�D�
�ORZ�FRVW�YHUVLRQ�RI�DFWLYDWHG�FDUERQ�WR�EH�
�XVHG�IRU�ZDWHU�SXULILFDWLRQ�DV�DQ�DOWHUQDWLYH�WR�
�FRPPHUFLDOO\�DYDLODEOH�FDUERQ��ZKLFK�LV�YHU\�
�H[SHQVLYH�IRU�GHYHORSLQJ�FRXQWULHV�VLQFH�LW�
�XVHV�PDQ\�LQWULFDWH�SLHFHV�RI�HTXLSPHQW��
�)UXLW�SHHOV�FDQ�EH�XVHG�WR�FUHDWH�UDZ�FDUERQ�
�WKURXJK�WKH�SURFHVV�RI�ZDVKLQJ�DQG�GU\LQJ�
�WKH�SHHOV�DQG�WKHQ�DFWLYDWLQJ�WKHP�ZLWK�QLWULF�
�DFLG��7KLV�SURMHFW�FRQFOXGHG�WKDW�DFWLYDWHG�
�FDUERQ�SUHSDUHG�IURP�FKHPLFDOO\�WUHDWHG�IUXLW�
�SHHOV�KDV�EHHQ�SURYHG�DV�DQ�HIIHFWLYH�
�DOWHUQDWLYH�WR�WKH�FXUUHQW�H[SHQVLYH�PHWKRGV�
�RI�UHPRYLQJ�G\HV�IURP�ZDVWHZDWHU��7KH�
�EDQDQD�SHHOV�ZHUH�KLJKO\�HIIHFWLYH�LQ�
�UHPRYLQJ�KHDY\�PHWDO�SROOXWDQWV��HVSHFLDOO\�
�OHDG��:H�LQYHVWLJDWHG�WKH�HIIHFWV�RI�GLIIHUHQW�
�YDULDEOHV�VXFK�DV��S+��FRQWDFW�WLPH��DQG�
�DGVRUEHQW�GRVHV�RQ�G\H�UHPRYDO�DQG�QR�
�VLJQLILFDQW�HIIHFW�ZDV�REVHUYHG��)URP�WKH�
�UHVXOWV�RI�WKH�H[SHULPHQW��LW�LV�FRQFOXGHG�WKDW�
�DGVRUSWLRQ�XVLQJ�ORZ�FRVW��DFWLYDWHG�FDUERQ�LV�
�DQ�HIIHFWLYH�SURFHVV�IRU�WKH�UHPRYDO�RI�KHDY\�
�PHWDO�SROOXWDQWV�DQG�WR[LF�G\HV�IURP�ZDWHU��
�ZKLFK�VHUYHV�DV�D�SRWHQWLDO�VROXWLRQ�WR�ERWK�
�ZDWHU�LPSXULW\�DQG�LQFUHDVLQJ�VL]HV�RI�
�ODQGILOOV��

�,1752'8&7,21�
�:DWHU�SROOXWLRQ�KDV�EHFRPH�D�PDMRU�SUREOHP�
�ZRUOGZLGH�IURP�UXUDO�FRXQWULHV�WR�ELJ�FLWLHV��
�(YHU\�\HDU��DURXQG���PLOOLRQ�SHRSOH�GLH�IURP�
�ZDWHU�UHODWHG�GLVHDVHV��PRVW�RI�ZKLFK�LQFOXGH�
�KHDY\�PHWDO�SROOXWLRQ��7KHVH�KHDY\�PHWDOV�LQ�
�ZDWHU�VXFK�DV�OHDG�DQG�PDQJDQHVH�FDQ�
�FDXVH�GDPDJH�WR�WKH�EUDLQ�DQG�QHUYRXV�
�V\VWHP�LQ�FKLOGUHQ�DQG�GLVUXSW�WKH�LPPXQH�
�V\VWHP�WKURXJK�WKH�GHYHORSPHQW�RI�
�DXWRLPPXQLW\��7KHUH�KDYH�EHHQ�QXPHURXV�
�VROXWLRQV�FUHDWHG�WR�UHGXFH�KHDY\�PHWDO�
�SROOXWDQWV�LQ�ZDWHU��WKH�PRVW�SURPLQHQW�RQH�LV�
�WKH�SURFHVV�RI�FRDJXODWLRQ�DQG�IORFFXODWLRQ��

�VHGLPHQWDWLRQ��DQG�ILOWUDWLRQ�ZKLFK�LV�XVHG�LQ�
�PDQ\�FRPPXQLWLHV�LQ�WKH�86$��&'&���������
�%XW�PDQ\�RI�WKHVH�SURFHVVHV�UHTXLUH�WKH�
�DGGLWLRQ�RI�KDUPIXO�FKHPLFDOV�WKDW�DUH�QRW�
�IXOO\�UHPRYHG��+RZHYHU��RQH�PHWKRG�
�HIIHFWLYHO\�UHPRYHV�ZDWHU�SROOXWLRQ�ZLWKRXW�
�DQ\�IXUWKHU�DGGLWLRQ�RI�SROOXWDQWV�DQG�KDV�
�HYHQ�EHHQ�SRVHG�DV�D�VROXWLRQ�IRU�DQRWKHU�
�ZRUOG�ZLGH�SUREOHP��ULVLQJ�ODQGILOOV��7KLV�
�PHWKRG�LV�FDOOHG�FRPPHUFLDO�DFWLYDWHG�
�FDUERQ��

�&RPPHUFLDO�DFWLYDWHG�FDUERQ�XVHV�KLJKO\�
�SRURXV�ELR�ZDVWH�PDWHULDO�WR�DEVRUE�
�FRQWDPLQDQWV�LQ�ZDWHU�OLNH�KHDY\�PHWDOV�DQG�
�V\QWKHWLF�FKHPLFDOV�VXFK�DV�PHWK\OHQH�EOXH�
�DQG�D]R�G\HV�ZKLFK�DUH�FRPPRQO\�XVHG�LQ�
�WKH�WH[WLOH�LQGXVWU\�IRU�FRORULQJ�FORWKLQJ�:DQJ��
��������:KLOH�WKLV�PHWKRG�LV�KLJKO\�HIIHFWLYH�LQ�
�UHPRYLQJ�SROOXWDQWV�LQ�ZDWHU��LW�LV�DOVR�KLJKO\�
�H[SHQVLYH�VLQFH�LW�XVHV�PDQ\�LQWULFDWH�SLHFHV�
�RI�HTXLSPHQW��$OWKRXJK�FRPPHUFLDO�FDUERQ�LV�
�H[SHQVLYH��WKHUH�LV�D�ZD\�WR�UHSOLFDWH�LWV�
�PHWKRGV�WR�SURGXFH�D�ORZ�FRVW�DFWLYDWHG�
�FDUERQ�PDGH�DW�KRPH�ZLWKRXW�LQWULFDWH�
�HTXLSPHQW�DQG�IXUWKHU�VDYH�WKH�HQYLURQPHQW��

�$URXQG�WKH�ZRUOG��ODQGILOOV�FRQWLQXH�WR�JURZ��
�/DQGILOOV�FRQWDLQ�LWHPV�VXFK�DV�SODVWLFV��EXW�
�WKH\�DOVR�FRQWDLQ�KLJK�DPRXQWV�RI�ELRZDVWH��
�VXFK�DV�IUXLW�SHHOV���3DWKDN���������GLVFXVVHG�
�KRZ�IUXLW�SHHOV�FRQWDLQ�QHJDWLYHO\�FKDUJHG�
�LRQV��ZKHUHDV�KHDY\�PHWDOV�LQ�ZDWHU�KDYH�
�SRVLWLYHO\�FKDUJHG�LRQV��6LQFH�WKHVH�LRQV�DUH�
�SRODU�RSSRVLWHV��WKH�IUXLW�SHHOV�KDYH�WKH�DELOLW\�
�WR�UHPRYH�SROOXWDQWV�IURP�ZDWHU��WKHUHIRUH�
�SXULI\LQJ�LW��

�7KH�SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�PRGLI\�
�IUXLW�SHHOV�VR�WKDW�WKH\�FDQ�DEVRUE�FRPPRQ�
�SROOXWDQWV�LQ�XQSXULILHG�ZDWHU�DQG�FRPSDUH�
�WKHLU�HIIHFWLYHQHVV��6LQFH�DOO�IUXLW�SHHOV�
�FRQWDLQ�QHJDWLYHO\�FKDUJHG�LRQV��LW�ZDV�
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�K\SRWKHVL]HG�WKDW�DOO�WKH�IRXU�IUXLW�SHHOV�XVHG�
�LQ�WKH�H[SHULPHQW�ZRXOG�KDYH�WKH�VDPH�
�LPSDFW�RQ�WKH�IRXU�WHVW�ZDWHUV�ZKLFK�FRQWDLQ�
�GLIIHUHQW�LPSXULWLHV��OHDG��PDQJDQHVH��
�IOXRULGH��DQG�PHWK\OHQH�EOXH���7KLV�UHVHDUFK�
�RQ�WKH�SRWHQWLDO�XVH�RI�IUXLW�SHHOV�DV�ILOWHUV�LV�
�LPSRUWDQW�EHFDXVH�LW�FDQ�VROYH�WZR�PDMRU�
�SUREOHPV�LQ�WKH�ZRUOG��ZDWHU�SROOXWLRQ�DQG�
�LQFUHDVLQJ�ODQGILOOV��

�0$7(5,$/6�
�7KH�PDWHULDOV�QHHGHG�ZHUH������JUDPV�RI�
�VRGLXP�IOXRULGH�������JUDPV�RI�OHDG�QLWUDWH��
������JUDPV�RI�PDJQHVLXP�VXOIDWH������JUDPV�
�RI�PHWK\OHQH�EOXH�G\H�����PO�RI�QLWULF�DFLG��
�VRGLXP�FKORULGH�DQG�VRGLXP�K\GUR[LGH��
�2UDQJH��SRPHJUDQDWH��OHPRQ��DQG�EDQDQD�
�SHHOV�ZHUH�DOVR�QHHGHG��HQRXJK�IRU����PJ��
����PJ�����PJ��RU����PJ�RI�HDFK�IUXLW�
�DFFRUGLQJ�WR�GLIIHUHQW�WULDOV�PHQWLRQHG�IXUWKHU�
�RQ��2WKHU�PDWHULDOV�QHHGHG�DOVR�LQFOXGH�3+�
�0HWHUV�ZDWHU�WHVW�VWULS�NLW�IRU�)OXRULGH��/HDG��
�0DQJDQHVH��'\HV�GHWHFWLRQ��URRP�
�WHPSHUDWXUH�GLVWLOOHG�ZDWHU��WHVW�WXEHV�DQG�
�KROGHUV��JORYHV��VDIHW\�JRJJOHV��SURWHFWLYH�
�DSURQ��IUXLW�SHHOHU��F\OLQGULF�WLJKW�FRQWDLQHU�
��KHDW�VDIH���JULQGHU��DQG�*HPLQL����3RUWDEOH�
�0LOOLJUDP�6FDOH��

�0(7+2'6�
�)LUVW��WKH�UDZ�FDUERQ�ZDV�SUHSDUHG�E\�XVLQJ�
�WKH�IUXLW�SHHOHU�RU�NQLIH�WR�SHHO�DOO�WKH�IRXU�
�IUXLWV��OHPRQ��RUDQJH��SRPHJUDQDWH��EDQDQD���
�7KH�SHHOV�ZHUH�ZDVKHG�DQG�GULHG��WKHQ�
�SODFHG�LQ�D�KHDW�VDIH�FRQWDLQHU��WKHQ�LQ�D�
�KHDW�VDIH�SRW�RYHU�ORZ�KHDW�IRU���KRXUV��7KH�
�IUXLW�SHHOV�ZHUH�JURXQG�XS�DQG�ZHLJKHG�
�DFFRUGLQJ�WR�PHDVXUHPHQWV�DERYH���7KLV�
�JURXQG�XS�SHHO�ZDV�WKH�UDZ�FDUERQ��

�1H[W��WKH�DFWLYDWHG�FDUERQ�ZDV�SUHSDUHG�E\�
�ZDVKLQJ��GU\LQJ��WKHQ�VRDNLQJ�WKH�UDZ�FDUERQ�
�LQ����P/�RI�QLWULF�DFLG�IRU���KRXUV��7KHQ�LW�ZDV�
�UH�ZDVKHG�DQG�GULHG��DQG�WKH�HQG�UHVXOW�ZDV�
�DFWLYDWHG�FDUERQ��1H[W��WKH�SROOXWHG�ZDWHUV�
�ZHUH�PDGH��FUHDWLQJ�IRXU�GLIIHUHQW�PL[WXUHV�
�XVLQJ�VRGLXP�IOXRULGH��OHDG�QLWUDWH��
�PDQJDQHVH�VXOIDWH�DQG�PHWK\OHQH�EOXH��HDFK�
�DGGHG�WR������P/�GLVWLOOHG�ZDWHU��1H[W��WKH�
�EDWFK�H[SHULPHQWV�XVLQJ�WKH�GLIIHUHQW�

�VFHQDULRV�ZHUH�SHUIRUPHG��)LUVW��WKH�GLIIHUHQW�
�SROOXWHG�ZDWHUV�ZHUH�SRXUHG�LQWR�WKH�
�FRUUHVSRQGLQJ�WHVW�WXEHV��1H[W��XVLQJ�WKH�
�ZDWHU�WHVW�VWULS�NLW��WKH�LQLWLDO�LPSXULW\�OHYHO�RI�
�WKH�ZDWHU�ZDV�UHFRUGHG��)LQDOO\��XVLQJ�WKH�
�GLIIHUHQW�VFHQDULRV�PHQWLRQHG�EHORZ��S+��
�DGVRUEHQW�GRVDJH�DQG�FRQWDFW�WLPH��WKH�ILQDO�
�LPSXULW\�OHYHO�IRU�DOO�GLIIHUHQW�WULDOV�ZDV�IRXQG�
�DQG�UHFRUGHG��7KH�SROOXWHG�ZDWHUV�ZHUH�
�UHPDGH�IRU�DOO�IRXU�WULDOV��

�7KH�VFHQDULRV�PHQWLRQHG�DERYH�ZHUH�FUHDWHG�
�DV�IROORZV��)RU�WKH�S+�YDULDWLRQ�VFHQDULR��WKH�
�S+�OHYHO�RI�WKH�ZDWHU�ZDV�FKDQJHG�IURP�����
��IRU�D�WRWDO�RI�IRXU�GLIIHUHQW�WULDOV�IRU�S+����S+�
����S+����DQG�S+����XVLQJ�GLIIHUHQW�DPRXQWV�RI�
�VRGLXP�K\GUR[LGH�DQG�VRGLXP�FKORULGH��WKH�
�S+�PHWHUV�ZHUH�XVHG�WR�VHH�LI�WKH�FRUUHFW�S+�
�OHYHO�ZDV�UHDFKHG���)RU�WKH�DGVRUEHQW�
�GRVDJH�VFHQDULR��WKH�DPRXQW�RI�DGVRUEHQW�
�GRVDJH�ZDV�FKDQJHG���������������������PJ�
�RI�WKH�PRGLILHG�IUXLW�SHHO��IRU�D�WRWDO�RI�IRXU�
�GLIIHUHQW�WULDOV��RQH�WULDO�IRU�����PJ�RI�
�DGVRUEHQW��RQH�WULDO�IRU�����PJ��RQH�WULDO�IRU�
�����PJ��DQG�RQH�WULDO�IRU�����PJ���7KH�
�FRQWDFW�WLPH�ZDV�����PLQXWHV��WKH�S+�ZDV����
�DQG���P/�LPSXUH�VROXWLRQ�ZDV�XVHG�IRU�HDFK�
�WULDO�LQ�WKLV�VFHQDULR��5HVXOWV�ZHUH�UHFRUGHG�
�DQG�JUDSKHG�DFFRUGLQJO\��)LQDOO\��IRU�WKH�
�FRQWDFW�WLPH�VFHQDULR��WKH�FRQWDFW�WLPH�ZDV�
�FKDQJHG������PLQ������PLQ������PLQ������
�PLQ��IRU�IRXU�GLIIHUHQW�WULDOV��7KH�DGVRUEHQW�
�GRVDJH�ZDV�����PJ��WKH�S+�ZDV����DQG�
���P/�LPSXUH�VROXWLRQ�ZDV�XVHG�IRU�HDFK�WULDO�
�LQ�WKLV�VFHQDULR��5HVXOWV�ZHUH�UHFRUGHG�DQG�
�JUDSKHG�DFFRUGLQJO\��

�5(68/76�
�$IWHU�WKH�UHVXOWV�ZHUH�QRWHG�GRZQ��DQ�
�DQDO\VLV�ZDV�WDNHQ�RQ�WKH�UHVXOWV��7KH�ILQDO�
�LPSXULW\�OHYHO�IRU�WKH�IRXU�GLIIHUHQW�SHHOV�LQ�WKH�
�GLIIHUHQW�VFHQDULRV�ZHUH�FRPSDUHG�ZLWK�RQH�
�DQRWKHU��7KH�ILQDO�LPSXULW\�OHYHOV�IRU�EDQDQDV�
�IRU�DOO�GLIIHUHQW�VFHQDULRV�IRU�WKH�OHDG��
�PDQJDQHVH��DQG�IOXRULGH�DQG�PHWK\OHQH�EOXH�
�ZHUH�OHVV�WKDQ�WKH�ILQDO�LPSXULW\�OHYHOV�ZKHQ�
�WKH�RWKHU�SHHOV�ZHUH�XVHG�IRU�WKHVH���SROOXWHG�
�ZDWHUV��$ORQJ�ZLWK�WKLV�SDWWHUQ�WKURXJKRXW�P\�
�GDWD��WKH�SRPHJUDQDWH�SHHOV�KDG�WKH�JUHDWHVW�
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�ILQDO�LPSXULW\�OHYHO�IRU�DOO�WKH�LPSXULILHG�ZDWHUV�
�ZLWK�WKH�VFHQDULRV�KDYLQJ�QR�HIIHFW�RQ�WKH�
�UHVXOWV��

�2QH�VLPLODULW\�EHWZHHQ�WKH�GDWD�ZDV�WKDW�WKH�
�EDQDQD�SHHOV�KDG�WKH�ORZHVW�LPSXULW\�OHYHO�IRU�
�DOO�WKH�GLIIHUHQW�LPSXUH�ZDWHU��GHVSLWH�WKH�

�WKUHH�VFHQDULRV�RI�FKDQJLQJ�WKH�FRQWDFW�WLPH�
�RI�WKH�SHHO�ZLWK�WKH�ZDWHU��WKH�DPRXQW�RI�
�SHHOV�SXW�LQ�WKH�ZDWHU�DQG�WKH�FKDQJH�LQ�WKH�
�S+�OHYHO�RI�WKH�ZDWHU��7KH�UHSUHVHQWDWLRQ�RI�
�WKH�GDWD�KHOSV�PH�VHH�WKLV�EHFDXVH�LQ�DOO�WKH�
�JUDSKV�WKH�EDU�IRU�WKH�EDQDQD�SHHOV�IRU�WKH�
�ILQDO�LPSXULW\�OHYHO�ZDV�ORZHU�WKDQ�WKH�UHVW�RI�
�WKH�SHHOV�ZKLFK�VKRZV�WKDW�EDQDQD�SHHOV�KDG�
�WKH�ORZHVW�LPSXULW\�OHYHO��

�7$%/(6��*5$3+6�DQG�3+2726�
�([SHULPHQWDO�'HVLJQ��

�,QGHSHQGHQW�9DULDEOHV� �'HSHQGHQW�YDULDEOHV� �&RQWURO�

�Ɣ� �$GVRUEHQW�GRVDJHV��DPRXQW�
�RI�IUXLW�SHHO�XVHG��������WR�
�����PJ�

�Ɣ� �S+�OHYHO�YDULDWLRQV�����WR���
�Ɣ� �&RQWDFW�WLPH�YDULDWLRQV�RI�WKH�

�SHHOV�LQ�WKH�ZDWHU�������WR�
�����PLQXWHV�

�Ɣ� �/HYHO�RI�LPSXULW\�
�RI�WKH�ZDWHU�DIWHU�
�SHHOV�DUH�SXW�LQ�

�Ɣ� ����PO�RI�LPSXULILHG�
�ZDWHU�IRU�HDFK�RI�
�WKH�GLIIHUHQW�WULDOV�

�127(��7ZR�H[DPSOH�UHSUHVHQWDWLYH�JUDSKV�ZHUH�FKRVHQ�WR�VKRZFDVH�WKH�GDWD�IRU�VLPSOLILFDWLRQ�
�SXUSRVHV�VLQFH�WKHUH�ZHUH����JUDSKV�LQ�WRWDO��

�7KLV�JUDSK�VKRZV�WKH�GDWD�IRU�WKH�VSHFLILF�VFHQDULR�LQ�ZKLFK�WKH�ZDWHU�ZDV�SROOXWHG�ZLWK�IOXRULGH�
�DW�S+�OHYHO�RI���ZLWK�WKH�FRQWDFW�WLPH�RI�����PLQXWHV��,W�LV�VKRZQ�WKDW�WKH�EDQDQD�KDG�D�KLJKHU�
�PD[LPXP�SHUFHQWDJH�UHPRYDO�RI�WKH�SROOXWDQW�RI�����DV�ZHOO�DV�D�ORZHU�ILQDO�LPSXULW\�OHYHO�RI���
�33%��VKRZLQJ�KRZ�HIIHFWLYH�WKH�EDQDQD�SHHO�ZDV�DW�UHPRYLQJ�WKH�SROOXWDQW�FRPSDUHG�WR�WKH�
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�RWKHU�IUXLW�SHHOV��0XOWLSOH�JUDSKV�ZHUH�DQDO\]HG�FROOHFWHG�VKRZFDVLQJ�WKH�IRXU�LPSXULWLHV�DGGHG�
�WR�WKH�ZDWHU�FRPELQHG�ZLWK�WKH�RWKHU�YDULDEOHV��S+��7LPH��HWF���

�7KLV�JUDSK�VKRZV�WKH�GDWD�IRU�WKH�VSHFLILF�
�VFHQDULR�LQ�ZKLFK�WKH�ZDWHU�ZDV�SROOXWHG�ZLWK�
�OHDG�DW�D�S+�RI���DQG�D�FRQWDFW�WLPH�RI�����
�PLQXWHV��,W�LV�VKRZQ�WKDW�WKH�ZDWHU�ZLWK�WKH�
�EDQDQD�SHHO�UHVXOWHG�LQ�D�VLJQLILFDQWO\�ORZHU�
�ILQDO�LPSXULW\�OHYHO�RI����33%�FRPSDUHG�WR�WKH�
�ZDWHUV�ZLWK�WKH�RWKHU�SHHOV��VKRZLQJ�KRZ�
�HIIHFWLYH�WKH�EDQDQD�ZDV�DW�UHPRYLQJ�WKH�
�SROOXWDQW��0XOWLSOH�JUDSKV�ZHUH�
�DQDO\]HG�FROOHFWHG�VKRZFDVLQJ�WKH�IRXU�
�LPSXULWLHV�DGGHG�WR�WKH�ZDWHU�FRPELQHG�ZLWK�
�WKH�RWKHU�YDULDEOHV��S+��7LPH��HWF���
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�SHHOV�FDQ�EH�XVHG�IRU�UHPRYLQJ�LPSXULW\�LQ�
�ZDWHU�GHVSLWH�VRPH�KDYLQJ�RULJLQDOO\�KLJK�
�DFLGLW\�OHYHOV�LQ�WKHLU�SHHOV��OLNH�WKH�RUDQJH�
�DQG�OHPRQ�SHHOV��:DWHU�SROOXWLRQ�LV�D�YHU\�
�HYLGHQW�SUREOHP�LQ�WKH�ZRUOG��EXW�LW�FRXOG�
�KDYH�D�VLJQLILFDQW�LPSURYHPHQW�WKURXJK�WKH�
�ILQGLQJV�RI�WKLV�UHVHDUFK��%DQDQD�SHHOV�KDYH�
�VKRZQ�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�ILQDO�

�VKRZQ�WR�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�WKH�ILQDO�
�LPSXULW\�OHYHO�RI�ZDWHU�GHVSLWH�WKH�XVH�RI�
�GLIIHUHQW�SROOXWDQWV��VXFK�DV�OHDG�ZKLFK�LV�D�
�KHDY\�PHWDO�DQG�PHWK\OHQH�EOXH��ZKLFK�LV�D�
�WR[LF�G\H��$OWKRXJK�EDQDQD�SHHOV�KDYH�
�VKRZQ�WR�EH�WKH�PRVW�HIIHFWLYH�LQ�WHUPV�RI�
�ZDWHU�SXULILFDWLRQ��WKH�RWKHU�WKUHH�IUXLW�SHHOV�
�ZKLFK�ZHUH�OHPRQ��SRPHJUDQDWH�DQG�RUDQJH�
�GLG�VKRZ�WR�KDYH�UHPRYHG�DW�OHDVW�VRPH�RI�
�WKH�LPSXULW\�LQ�WKH�ZDWHU��7R�SURYLGH�VXSSRUW�
�RQ�ZK\�EDQDQD�SHHOV�DUH�PRUH�HIIHFWLYH�WKDQ�
�SRPHJUDQDWH�SHHOV��EDQDQD�SHHOV�KDYH�KLJK�
�OHYHOV�RI�FDUER[\OLF�DFLGV��ZKLFK�DUH�DFLGV�
�WKDW�FKDUJH�LRQV�ZLWKLQ�WKH�SHHOV�VR�WKDW�WKH\�
�EHFRPH�QHJDWLYHO\�FKDUJHG��&KRL���������
�7KLV�LV�LPSRUWDQW�EHFDXVH�WKHVH�QHJDWLYHO\�
�FKDUJHG�LRQV�ELQG�WKH�SRVLWLYHO\�FKDUJHG�LRQV�
�LQ�FRPPRQ�KHDY\�PHWDO�SROOXWDQWV��
�3RPHJUDQDWH�SHHOV�RQ�WKH�RWKHU�KDQG�KDYH�
�DFLGV�FDOOHG�SXQLF�DFLGV�ZKLFK�KDYH�K\GUDWLQJ�
�DQG�UHJHQHUDWLQJ�TXDOLWLHV�HVSHFLDOO\�IRU�\RXU�
�VNLQ��6KDEELU�HW�DO����������7KLV�FRXOG�H[SODLQ�
�ZK\�WKH\�ZHUH�OHVV�HIIHFWLYH�DW�UHPRYLQJ�
�LPSXULWLHV�VLQFH�WKH\�GR�QRW�KDYH�WKH�QHHGHG�
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�SURSHUWLHV�RI�EDQDQD�SHHOV�IRU�DEVRUELQJ�
�SROOXWDQWV�LQ�ZDWHU��

�)RU�IXWXUH�XVH��WKH�WHFKQLTXHV�IRU�WKH�
�PRGLILFDWLRQV�RI�IUXLW�SHHOV�FDQ�DOVR�EH�
�DSSOLFDEOH�WR�QXPHURXV�RWKHU�ELRZDVWH�
�PDWHULDOV�VLQFH�WKH\�DUH�RUJDQLF�PDWHULDOV�

�WKDW�KDYH�DFLGV�WR�KHOS�FKDUJH�LRQV�ZLWKLQ�
�WKHP�IRU�WKH�DEVRUSWLRQ�RI�SROOXWDQWV��7KLV�FDQ�
�OHDG�WR�QHZ�DYHQXHV�RI�UHVHDUFK�UHODWLQJ�WR�
�WKH�XVH�RI�QXPHURXV�ELRZDVWH�PDWHULDOV�IRU�
�DFWLYDWHG�FDUERQ��ZKLFK�VHUYHV�DV�D�ORZ�FRVW�
�ZD\�WR�SXULI\�ZDWHU�DQG�UHGXFH�ODQGILOO�ZDVWH��
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��IF�FEE�FE���VHVVLRQPJU�����
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�������������������
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�,VRODWLQJ�%DFWHULRSKDJHV�IURP�&RPSRVW�

�8VLQJ�*RUGRQLD�5XEULSHUWLQFWD�DV�D�%DFWHULDO�+RVW�
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�%DFWHULRSKDJHV�DUH�YLUXVHV�WKDW�WDUJHW�DQG�NLOO�
�EDFWHULD��+RZHYHU��PDQ\�EDFWHULRSKDJHV�
�KDYH�QRW�\HW�EHHQ�GLVFRYHUHG��WKXV�
�HQFRXUDJLQJ�UHVHDUFKHUV�WR�LGHQWLI\�QHZ�RQHV�
�XVLQJ�KRVW�RUJDQLVPV��7KLV�VWXG\�
�GHPRQVWUDWHV�KRZ�WR�LVRODWH�QHZ�
�EDFWHULRSKDJHV�WKDW�LQIHFW�*RUGRQLD�
�5XEULSHUWLQFD�XVLQJ����FRPSRVW�VDPSOHV�IURP�
�WKH�8QLYHUVLW\�RI�&DOLIRUQLD��6DQWD�&UX]�
��8&6&��FDPSXV��&26026�3ODWIRUP�8&���
�:H�IRXQG�WKDW�WZR�RXW�RI�WKH�VL[�VDPSOHV�RQ�
�RQH�SODWH�VKRZHG�YLVLEOH�SODTXHV�ZLWK�FHQWUDO�
�FOHDULQJ��VXJJHVWLQJ�WKDW�SKDJHV�KDG�LQIHFWHG�
�WKH�KRVW��3KDJH�WKHUDS\�FDQ�SURYLGH�D�
�SRWHQWLDO�VROXWLRQ�IRU�WKH�WUHDWPHQW�RI�
�DQWLELRWLF�UHVLVWDQW�EDFWHULD��
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�%DFWHULRSKDJHV��RU�SKDJHV��DUH�YLUXVHV�WKDW�
�NLOO�EDFWHULD�E\�LQIHFWLQJ�DQG�UHSOLFDWLQJ�ZLWKLQ�
�EDFWHULD��7KH�ILUVW�XVH�RI�SKDJHV�LQ�D�PHGLFDO�
�FRQWH[W�LV�FUHGLWHG�WR�G
+HUHOOH�DQG�KLV�
�KRVSLWDO�LQWHUQV�LQ������ZKHQ�WKH\�LQVWUXFWHG�
�D����\HDU�ROG�ER\�VXIIHULQJ�IURP�VHYHUH�
�G\VHQWHU\�WR�LQJHVW�D�FRFNWDLO�RI�SKDJHV��7KH\�
�ZHUH�IRXQG�WR�EH�JUHDWO\�HIIHFWLYH�DQG�DOO�RI�
�KLV�V\PSWRPV�ZHQW�DZD\�DIWHU�MXVW�RQH�GRVH�
��6XODNYHOLG]H�HW�DO����������6LQFH�WKHQ��
�UHVHDUFKHUV�KDYH�XVHG�SKDJHV�WR�UHPHG\�
�LOOQHVVHV��QRZ�UHIHUUHG�WR�DV�SKDJH�WKHUDS\�
��/LQ�HW�DO����������3KDJH�WKHUDS\�LV�RIWHQ�XVHG�
�IRU�WKH�WUHDWPHQW�RI�GLVHDVHV�VXFK�DV�
�6WDSK\ORFRFFDO�OXQJ�LQIHFWLRQV��
�3VHXGRPRQDV�DHUXJLQRVD�LQIHFWLRQV�LQ�F\VWLF�
�ILEURVLV�SDWLHQWV��XULQDU\�WUDFW�LQIHFWLRQV��H\H�
�LQIHFWLRQV��DQG�VXUJLFDO�ZRXQG�LQIHFWLRQV�
��6XODNYHOLG]H�HW�DO����������)XUWKHU��GRFWRUV�
�DUH�LQFUHDVLQJO\�XVLQJ�EDFWHULRSKDJHV�WR�WUHDW�
�PXOWLGUXJ�UHVLVWDQW�EDFWHULDO�LQIHFWLRQV��

�3KDJHV�DUH�YDULHG�LQ�WKHLU�DSSHDUDQFH�
�LQFOXGLQJ�GLIIHULQJ�VL]HV�RI�WKH�FDSVXOH�RU�

�SUHVHQFH�RI�D�WDLO��7KH\�UHSOLFDWH�LQ�EDFWHULD�
�E\�ELQGLQJ�DQG�LQMHFWLQJ�WKHLU�RZQ�VHW�RI�
�JHQHV�LQWR�WKH�F\WRSODVP�RI�WKH�FHOO��6WHZDUG�
�HW�DO����������7KHUH�DUH�WZR�PDLQ�W\SHV�RI�
�UHSOLFDWLRQ�F\FOHV�WHUPHG�O\WLF�DQG�O\VRJHQLF��
�,Q�WKH�O\WLF�F\FOH��WKH�SKDJH�'1$�OLPLWV�FHOO�
�IXQFWLRQ�DQG�GHVWUR\V�WKH�KRVW�FHOO�'1$��
�ZKLFK�NLOOV�WKH�FHOO��7KHQ��SKDJHV�DUH�
�UHOHDVHG�DQG�PRYH�RQ�WR�RWKHU�FHOOV��0DNN\�
�HW�DO����������,Q�FRQWUDVW��LQ�WKH�O\VRJHQLF�
�F\FOH��WKH�KRVW�FHOO�LVQ¶W�NLOOHG�EXW�LQVWHDG�
�XVHG�IRU�WKH�SKDJH�WR�SUROLIHUDWH�E\�
�UHSOLFDWLQJ�LWV�JHQRPH���.DVPDQ�HW�DO����������

�9LUXOHQW��O\WLF��SKDJHV�LQIHFW�DQG�NLOO�EDFWHULD�
�TXLFNO\��PDNLQJ�SKDJHV�SUDFWLFDO�IRU�ILJKWLQJ�
�EDFWHULDO�GLVHDVHV��)XUWKHU��XVLQJ�D�PL[�RU�
�FRFNWDLO�RI�PXOWLSOH�SKDJHV�KDV�EHHQ�VKRZQ�
�WR�SUHYHQW�WKH�IRUPDWLRQ�RI�UHVLVWDQW�VWUDLQV�E\�
�WDUJHWLQJ�PXOWLSOH�UHFHSWRUV��5HJHLPEDO�HW�DO���
��������$�UHFHQW�VWXG\�VKRZHG�WKDW�
�$FLQHWREDFWHU�EDXPDQQLL��D�KLJKO\�LQIHFWLRXV�
�DQWLELRWLF�UHVLVWDQW�EDFWHULD�RQ�WKH�:RUOG�
�+HDOWK�2UJDQL]DWLRQ¶V�OLVW�RI�PRVW�KLJK�SULRULW\�
�SDWKRJHQV��LV�PRVW�HIIHFWLYHO\�WUHDWHG�XVLQJ�D�
�SHUVRQDOL]HG�FRFNWDLO�RI�ILYH�SKDJHV�
��5HJHLPEDO�HW�DO���������$VRNDQ�HW�DO����������

�7KH�DLP�RI�WKH�VWXG\�LV�WR�LQYHVWLJDWH�ZKHWKHU�
�SKDJHV�DUH�HIIHFWLYH�LQ�WUHDWLQJ�EDFWHULD�XVLQJ�
�FRPSRVW�IURP�WKH�8&6&�FDPSXV��
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�7KLV�UHVHDUFK�ZDV�FRQGXFWHG�DV�SDUW�RI�WKH�
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�SURJUDP�FRQGXFWHG�DW�IRXU�RI�WKH�8QLYHUVLW\�RI�
�&DOLIRUQLD�FDPSXVHV�IRU�KLJK�VFKRRO�VWXGHQWV��
�7KLV�VWXG\�ZDV�VSHFLILFDOO\�FRQGXFWHG�DW�WKH�
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�)LUVW��FRPSRVW�ZDV�DFTXLUHG�IURP�WKH�8&6&�
�FDPSXV�DV�KLJK�OHYHOV�RI�VRLO�EDFWHULD�WKDW�
�EUHDN�GRZQ�RUJDQLF�PDWHULDOV�DUH�SUHVHQW�LQ�
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�WKHVH�VDPSOHV��FUHDWLQJ�LGHDO�FRQGLWLRQV�IRU�
�SKDJH�LVRODWLRQ��$IWHU�JDWKHULQJ�WKH�FRPSRVW��
�WKH�FXOWXULQJ�VDPSOHV�ZHUH�SUHSDUHG�E\�
�DGGLQJ������O�RI�*��UXEULSHUWLQFWD��WKH�KRVW��
�ZLWK�����PO�RI�SHSWRQH�\HDVW�FDOFLXP��3<&D��
�PHGLD�LQ�D�FXOWXUH�WXEH��3<&D�LV�D�
�JHQHUDO�SXUSRVH�PHGLXP�WKDW�KDV�WKH�
�QXWULHQWV�QHHGHG�WR�VXSSRUW�EDFWHULDO�OLIH��
�LQFOXGLQJ�D�ORZ�FRQFHQWUDWLRQ�RI�FDOFLXP�
��6HJXUD�HW�DO����������1H[W������PJ�RI�WKH�
�ELRORJLFDO�FRPSRVW�VDPSOH�ZDV�DGGHG�WR�WKH�
�����PO�RI�3<&D�PHGLD�ZLWK�WKH�KRVW��&XOWXUH�
�WXEHV�ZHUH�SODFHG�LQ�D�VKDNHU�DW�����&�IRU����
�KRXUV�DQG�WKHQ�VWRUHG�DW����&��$IWHU����KRXUV��
�VDPSOHV�ZHUH�ILOWHUHG�ZLWK�D�����PLFURQ�ILOWHU��

�7ZR�DJDU�SODWHV�ZHUH�SUHSDUHG�XVLQJ�D�3<&D�
�PHGLXP�DQG������O�RI�WKH�EDFWHULDO�VROXWLRQ�LQ�
�3<&D�ZDV�DGGHG�WR�����PO�RI�PROWHQ������
�DJDU��a���&����)RXU�LQGLYLGXDO�3<&D�PL[WXUHV�
�ZHUH�SODWHG�RQWR�HDFK�DJDU�SODWH�XVLQJ�
�FRPSRVW�VDPSOHV�IURP�GLIIHUHQW�ORFDWLRQV�
�DORQJ�ZLWK�RQH�FRQWURO�JURXS�FRQWDLQLQJ�QR�

�FRPSRVW�DQG�ZHUH�ODEHOHG�ZLWK�ILYH�GLVWLQFW�
�DUHDV��3ODWHV�ZHUH�WKHQ�VWRUHG�DW�����&�
�RYHUQLJKW��7KHQ�����O�RI�WKH�ILOWUDWH�ZDV�
�VSRWWHG�RQ�HDFK�VHFWLRQ�RI�ERWK�DJDU�SODWHV�
�H[FHSW�WKH�FRQWURO��7KH�SODWHV�ZHUH�WKHQ�
�REVHUYHG�IRU�VLJQV�RI�SKDJH�LQIHFWLRQ�VXFK�DV�
�SODTXH�IRUPDWLRQ�ZLWK�D�FHQWUDO�FOHDULQJ��
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�VDPSOHV�RQ�RQH�SODWH�VKRZHG�YLVLEOH�SODTXHV�
�ZLWK�FHQWUDO�FOHDULQJ�VXJJHVWLQJ�WKDW�SKDJHV�
�KDG�LQIHFWHG�WKH�KRVW��)LJXUH����ULJKW���7KH�
�FOHDU�VSRW�ZLWKLQ�WKH�SODTXH�LV�WKH�DUHD�ZKHUH�
�WKH�SKDJH�NLOOHG�WKH�EDFWHULD�RQ�ERWK�SODWHV��
�6HFWLRQV�-�DQG�0�VDZ�D�PDMRU�DFFXPXODWLRQ�
�RI�EDFWHULRSKDJH��WKXV�IRUPLQJ�SODTXHV�ZLWK�
�FOHDULQJV�LQ�WKH�PLGGOH��6HFWLRQV�6�DQG�'�VDZ�
�D�PLQRU�DFFXPXODWLRQ�RI�EDFWHULRSKDJH��,Q�WKH�
�RWKHU�DJDU�SODWH��)LJXUH����OHIW���DOO�IRXU�
�VHFWLRQV�KDG�SODTXHV�ZLWK�FOHDULQJ��WKXV�
�LQGLFDWLQJ�WKDW�WKH\�KDG�EDFWHULRSKDJH�
�LQIHFWLRQ��

�)LJXUH����3ODTXH�)RUPDWLRQ�RQ�7ZR�$JDU�3ODWHV���/HIW���)LQGLQJV�RI�EDFWHULRSKDJH�LVRODWLRQ�DIWHU�
����KRXUV�XVLQJ�IRXU�GLVWLQFW�FRPSRVW�VDPSOHV�FRPSDUHG�WR�WKH�FRQWURO���5LJKW���)RXU�DGGLWLRQDO�
�EDFWHULRSKDJH�VDPSOHV�FRPSDUHG�WR�WKH�FRQWURO��3ODTXHV�ZLWK�D�FHQWUDO�FOHDULQJ�LQGLFDWH�WKDW�
�EDFWHULRSKDJHV�DWWDFN�EDFWHULD�LQ�WKHVH�VDPSOHV��
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�ZHUH�DEOH�WR�LQIHFW�*��UXEULSHUWLQFWD��

�2XU�VWXG\�GRHV�KDYH�VRPH�OLPLWDWLRQV��)RU�
�H[DPSOH��RQO\�WZR�FRPSRVW�VDPSOHV�ZHUH�
�XVHG��7KHUHIRUH��ZLWK�VXFK�D�OLPLWHG�VDPSOH�
�VL]H��WKH�SUHFLVLRQ�RI�RXU�UHVXOWV�PD\�KDYH�
�EHHQ�DIIHFWHG��1RQHWKHOHVV��WKH�SODWHV�ZHUH�
�YHU\�VLPLODU�LQ�WHUPV�RI�UHVXOWV�DQG�HLJKW�
�GLIIHUHQW�FRPSRVW�VDPSOHV�IURP�WKH�8&6&�
�FDPSXV�ZHUH�XVHG��)XUWKHU��SODTXH�IRUPDWLRQ�
�LV�D�UHODWLYHO\�VXEMHFWLYH�PHDVXUH�RI�SKDJH�
�LQIHFWLRQ��+RZHYHU��JLYHQ�WKDW�WKHUH�ZHUH�
�GLVWLQFW�SODTXHV�RQ�WKH�SODWHV�WKDW�ZHUH�
�YLVLEOH�WR�WKH�QDNHG�H\H��WKLV�KHOSV�WR�PLWLJDWH�
�WKH�FRQFHUQ�DV�WKH�LQIHFWLRQ�ZDV�YHU\�
�DSSDUHQW��)LQDOO\��ZH�RQO\�XVHG�RQH�W\SH�RI�
�EDFWHULD�LQ�WKLV�VWXG\��WKXV�PDNLQJ�RXU�
�ILQGLQJV�OHVV�JHQHUDOL]DEOH��+RZHYHU��WKH�
�ILQGLQJV�ZH�GLG�KDYH�XVLQJ�RQH�EDFWHULD�ZHUH�
�KHOSIXO�IRU�VHWWLQJ�XS�IXWXUH�H[SHULPHQWV��

�7KURXJK�WKLV�H[SHULPHQW��LW�LV�FOHDU�WKDW�WKH�
�EDFWHULRSKDJH�VXFFHVVIXOO\�LQIHFWHG�*��
�UXEULSHUWLQFWD��,W�ZDV�HYLGHQW�WKDW�WKHUH�ZHUH�
�YLUXOHQFH�IDFWRUV�LQ�WKH�VRLO�PHDQLQJ�ZH�KDG�D�
�VXFFHVVIXO�LVRODWLRQ��*LYHQ�WKDW�WKH\�ZHUH�
�DEOH�WR�NLOO�WKH�EDFWHULD��ZH�WKLQN�WKDW�WKLV�ZDV�
�D�SKDVH�RI�WKH�O\WLF�F\FOH��

�8OWLPDWHO\��WKH�DSSOLFDWLRQ�RI�SKDJH�WKHUDS\�LQ�
�PRGHUQ�PHGLFLQH�KDV�DOORZHG�IRU�D�SRWHQWLDO�
�VROXWLRQ�IRU�WKH�WUHDWPHQW�RI�
�DQWLELRWLF�UHVLVWDQW�EDFWHULD���/LQ�HW�DO����������
�1RQHWKHOHVV��SKDJH�WKHUDS\�KDV�EHHQ�SURYHQ�
�D�FKDOOHQJH�GXH�WR�WKH�OLPLWHG�WDUJHW�VSHFLHV�
�RI�SKDJHV��)XWXUH�UHVHDUFK�VKRXOG�IRFXV�RQ�
�FKDUDFWHUL]LQJ�WKH�VWUDLQV�RI�EDFWHULRSKDJHV�
�IRXQG�XVLQJ�3&5�DQG�GHWHUPLQLQJ�ZKLFK�
�SKDJHV�PLJKW�EH�PRVW�HIILFLHQW�LQ�WKH�SDWLHQW�
�VHWWLQJ��+\PDQ�HW��DO���������7KHVH�ILQGLQJV�
�FDQ�KHOS�SURYLGH�D�SRWHQWLDO�VROXWLRQ�IRU�
�DQWLELRWLF�UHVLVWDQW�EDFWHULD�DQG�SRWHQWLDOO\�
�RWKHU�GLVHDVHV�LQ�WKH�FOLQLFDO�VHWWLQJ��
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�DQG�FKHPRWKHUDS\��������������±������KWWSV���GRL�RUJ���������$$&����������
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�LQFUHDVHV�SRO\�EHWD�K\GUR[\EXW\UDWH�DFFXPXODWLRQ�LQ�$]RWREDFWHU�YLQHODQGLL�RQ�VROLG�PHGLXP��
�$SSOLHG�PLFURELRORJ\�DQG�ELRWHFKQRORJ\������������±�����
�KWWSV���GRL�RUJ���������V�����������������

�7KRPDV��*�+����������)UHGHULFN�:LOOLDP�7ZRUW��1RW�MXVW�EDFWHULRSKDJH��0LFURELRORJ\�6RFLHW\��
�5HWULHYHG�-XO\�����������IURP�
�KWWSV���PLFURELRORJ\VRFLHW\�RUJ�SXEOLFDWLRQ�SDVW�LVVXHV�ZRUOG�ZDU�L�DUWLFOH�IUHGHULFN�ZLOOLDP�WZRUW��
�QRW�MXVW�EDFWHULRSKDJH�KWPO�

�6WHZDUG���.����������/\WLF�YV�O\VRJHQLF�±�XQGHUVWDQGLQJ�EDFWHULRSKDJH�OLIH�F\FOHV��7HFKQRORJ\�
�1HWZRUNV��5HWULHYHG�6HSWHPEHU����������IURP�
�KWWSV���ZZZ�WHFKQRORJ\QHWZRUNV�FRP�LPPXQRORJ\�DUWLFOHV�O\WLF�YV�O\VRJHQLF�XQGHUVWDQGLQJ�EDFW�
�HULRSKDJH�OLIH�F\FOHV��������

�6XODNYHOLG]H��$���$ODYLG]H��=���	�0RUULV��-��*���-U���������%DFWHULRSKDJH�WKHUDS\��$QWLPLFURELDO�
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�6UXWKL�6XGDUVDQ�
�(IIHFWV�RI�0DWHUQDO�(QYLURQPHQWDO�)DFWRUV�RQ�(DUO\�)HWDO�'HYHORSPHQW�

�7KH�SUHQDWDO�SHULRG��WKH�SHULRG�RI�WLPH�GXULQJ�
�ZKLFK�WKH�IHWDO�GHYHORSV��VKDSHV�PDQ\�
�DVSHFWV�RI�D�FKLOG�VXFK�DV�EHKDYLRUDO��
�SK\VLFDO��DQG�JHQHWLF�FKDUDFWHULVWLFV��'XULQJ�
�WKLV�WLPH��WKH�JURZWK�DQG�GHYHORSPHQW�RI�D�
�IHWXV�FDQ�EH�LQIOXHQFHG�E\�HQYLURQPHQWDO�
�IDFWRUV�IURP�WKH�PRWKHU��7KH�SURFHVV�WKURXJK�
�ZKLFK�RQH
V�HQYLURQPHQW�DIIHFWV�WKH�
�SKHQRW\SH�RU�JHQRW\SH�RI�DQ�LQGLYLGXDO�LV�
�UHIHUUHG�WR�DV�HSLJHQHWLFV��(SLJHQHWLF�WUDLWV�
�DUH�KHULWDEOH�SKHQRW\SHV�RU�FKDQJHV�LQ�JHQH�
�H[SUHVVLRQ��UHVXOWLQJ�IURP�FKDQJHV�LQ�
�FKURPRVRPHV�ZLWKRXW�DQ\�DOWHUDWLRQV�WR�WKH�
�RULJLQDO�'1$�VHTXHQFH��0DQ\�RI�WKHVH�
�DOWHUDWLRQV�DUH�D�UHVXOW�RI�HQYLURQPHQWDO�
�IDFWRUV�VXFK�DV�QXWULWLRQ��89�H[SRVXUH��
�SK\VLFDO�DFWLYLW\��DOFRKRO��DQG�VWUHVV��7KHVH�
�WUDLWV�FDQ�LQIOXHQFH�FKDUDFWHULVWLFV�VXFK�DV�
�EHKDYLRU��PHWDEROLVP��DQG�LQFUHDVH�WKH�
�OLNHOLQHVV�RI�SV\FKRORJLFDO�DQG�SK\VLFDO�
�LOOQHVVHV��2IWHQWLPHV��HSLJHQHWLF�WUDLWV�DUH�
�H[SUHVVHG�DIWHU�IUHTXHQW�H[SRVXUH�WR�D�
�VSHFLILF�HQYLURQPHQWDO�FRQGLWLRQ��ZKLFK�PD\�
�FDXVH�D�JHQH�WR�EH�VLOHQFHG�RU�H[SUHVVHG��
�7KURXJKRXW�SUHJQDQF\��WKH�PRWKHU�DQG�IHWXV�
�VKDUH�UHVRXUFHV�VXFK�DV�QXWULWLRQ�DQG�
�R[\JHQ��DOORZLQJ�WKH�IHWXV�WR�VXUYLYH��7KLV�LV�
�GRQH�WKURXJK�WKH�SODFHQWD�DQG�XPELOLFDO�FRUG��
�ERWK�FRQQHFWLQJ�WKH�PRWKHU�DQG�WKH�
�GHYHORSLQJ�IHWXV��$V�D�UHVXOW��HQYLURQPHQWDO�
�IDFWRUV�ZKLFK�DIIHFW�WKH�ELRORJLFDO�PRWKHU�RI�D�
�FKLOG�GXULQJ�SUHJQDQF\�DOVR�KDYH�DQ�HIIHFW�RQ�
�WKH�IHWXV��7KLV�LV�NQRZQ�DV�PDWHUQDO�
�HSLJHQHWLFV��RU�WKH�HIIHFWV�RI�WKH�PDWHUQDO�
�HQYLURQPHQW��SKHQRW\SH��DQG�RU�JHQRW\SH�RQ�
�WKH�JHQHWLF�PDNHXS�DQG�SKHQRW\SH�RI�WKH�
�RIIVSULQJ��

�:KLOH�HQYLURQPHQWDO�KD]DUGV�DUH�D�FOHDU�
�WKUHDW�WR�WKH�GHYHORSLQJ�IHWXV��WKH\�PD\�QRW�
�DOZD\V�UHVXOW�LQ�KDUP��7KH�LPSDFW�RI�VXFK�
�GDQJHUV�LV�GHWHUPLQHG�E\�WKH�FRPELQDWLRQ�RI�
�VHYHUDO�IDFWRUV��LQFOXGLQJ�WKH�WLPLQJ�RI�

�H[SRVXUH��WKH�GXUDWLRQ�RI�H[SRVXUH��DQG�DQ\�
�JHQHWLF�YXOQHUDELOLWLHV�WKDW�PD\�H[LVW��7KH�
�VSHFLILF�WLPH�DQG�LQWHQVLW\�RI�ZKHQ�WKH�
�JURZLQJ�RUJDQLVP�LV�H[SRVHG�WR�WKH�ULVN�PLJKW�
�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�IHWXV�DQG�
�KRZ�LW�UHDFWV�WR�WKH�HQYLURQPHQWDO�FRQGLWLRQV��
�&ULWLFDO�SHULRGV�RFFXU�WKURXJKRXW�IHWDO�
�GHYHORSPHQW�DQG�DUH�WLPHV�RI�LQFUHDVHG�
�VHQVLWLYLW\���,Q�WKH�ILUVW�HLJKW�ZHHNV�IROORZLQJ�
�FRQFHSWLRQ��IRU�H[DPSOH��DQ�HPEU\R�LV�PRVW�
�VHQVLWLYH�WR�WHUDWRJHQV��3UH�FRQFHSWLRQ�
�FRQVXOWDWLRQV�ZLWK�REVWHWULFLDQV�DQG�
�PDWHUQDO�IHWDO�PHGLFLQH�VSHFLDOLVWV�DUH�
�WKHUHIRUH�FULWLFDO�WR�GHWHUPLQH�WKH�EHVW�
�PHGLFDWLRQ�UHJLPHQ�IRU�FRQWUROOLQJ�D�SDWLHQW
V�
�XQGHUO\LQJ�FRQGLWLRQV��+RZHYHU��VHULRXV�
�RUJDQ�GDPDJH��VXFK�DV�GDPDJH�WR�WKH�EUDLQ�
�DQG�YLVLRQ��FDQ�RFFXU�LQ�WKH�ODWWHU�ZHHNV�RI�
�SUHJQDQF\��$SDUW�IURP�DEVWDLQLQJ�IURP�GUXJV��
�DOFRKRO��SKDUPDFHXWLFDOV��DQG�RWKHU�
�VXEVWDQFHV��JRRG�PHGLFDO�WUHDWPHQW��VRFLDO�
�VXSSRUW��DQG�SRVWQDWDO�FDUH�FDQ�DOO�KHOS�WR�
�UHGXFH�WKH�ULVNV�SRVHG�E\�HQYLURQPHQWDO�
�FRQWDPLQDQWV��

�&RQJHQLWDO�PDOIRUPDWLRQV��KLJKHU�RGGV�RI�
�PLVFDUULDJH��SUHWHUP�ELUWK��LQWUDXWHULQH�JURZWK�
�UHVWULFWLRQ��DQG�VWLOOELUWK�DUH�YDULDEOHV�WKDW�
�PD\�FRQWULEXWH�WR�QHJDWLYH�SUHJQDQF\�
�RXWFRPHV��$GGLWLRQDOO\��RWKHU�UHSURGXFWLYH�
�SURFHVVHV��VXFK�DV�PHQVWUXDO�DEQRUPDOLWLHV�
�DQG�LQIHUWLOLW\��PD\�EH�DIIHFWHG��6PRNLQJ��
�YLGHR�GLVSOD\�WHUPLQDOV��DQHVWKHWLF�JDVVHV��
�DQWLQHRSODVWLF�PHGLFDWLRQV��DQG�H[SRVXUH�WR�
�OHDG��VHOHQLXP��DQG�LQRUJDQLF�PHUFXU\�DUH�
�DPRQJ�HQYLURQPHQWDO�YDULDEOHV�WKDW�KDYH�
�EHHQ�OLQNHG�WR�SRRU�SUHJQDQF\�RXWFRPHV��
�$PRQJVW�WKHVH��VPRNLQJ�GXULQJ�SUHJQDQF\�
�KDV�EHHQ�LGHQWLILHG�DV�WKH�PRVW�FRPPRQ�
�HQYLURQPHQWDO�ULVN�DVVRFLDWHG�ZLWK�DGYHUVH�
�SUHJQDQF\�RXWFRPHV��&LJDUHWWH�VPRNLQJ�
�GXULQJ�SUHJQDQF\�LV�VWLOO�D�VHULRXV�SXEOLF�
�KHDOWK�ULVN��
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�(SLJHQHWLF�FKDQJHV�WDNH�SODFH�LQ�QXPHURXV�
�IRUPV��2QH�H[DPSOH�RI�KRZ�DQ�HSLJHQHWLF�
�FKDQJH�PD\�WDNH�SODFH�LV�WKURXJK�'1$�
�PHWK\ODWLRQ��ZKLFK�RFFXUV�ZKHQ�D�PHWK\O�
�JURXS�LV�DGGHG�WR�'1$��VXSSUHVVLQJ�JHQH�
�WUDQVFULSWLRQ��'1$�PHWK\ODWLRQ�FDXVHV�
�SHUPDQHQW�FKDQJHV�WR�SKHQRW\SHV��ZKLFK�DUH�
�LQKHULWHG�WKURXJK�VHYHUDO�FHOO�GLYLVLRQ�F\FOHV��
�7KLV�PRGLILHV�WKH�IXQFWLRQ�RI�D�VSHFLILF�JHQH��
�WKHUHIRUH�PRGLI\LQJ�JHQH�H[SUHVVLRQ��'1$�
�PHWK\ODWLRQ�KDV�EHHQ�REVHUYHG�WR�KDYH�D�
�GLUHFW�FRUUHODWLRQ�WR�GLHW�DQG�YDULRXV�RWKHU�
�HQYLURQPHQWDO�IDFWRUV��

�$QRWKHU�ZD\�HSLJHQHWLF�FKDQJHV�LPSDFW�'1$�
�LV�WKURXJK�KLVWRQH�PRGLILFDWLRQ�+LVWRQHV�DUH�D�
�FODVV�RI�DONDOLQH��EDVLF�S+��SURWHLQV�LQ�WKH�
�QXFOHXV�DQG�KHOS�FRPSUHVV�'1$�LQWR�
�FKURPDWLQ��7KHLU�SRVLWLYH�FKDUJHV�DOORZ�WKHP�
�WR�ELQG�ZLWK�'1$��7KH\
UH�SUHVHQW�LQVLGH�
�HXNDU\RWLF�FHOOV
�QXFOHL��1XFOHRVRPHV�DUH�
�PDGH�XS�RI�'1$�DQG�KLVWRQHV�WKDW�DUH�
�SDFNHG�WRJHWKHU�WR�IRUP�FKURPDWLQ��7ZR�
�FKURPDWLGV�PDNH�XS�D�FKURPRVRPH��6RPH�
�KLVWRQHV�DUH�DOVR�DVVRFLDWHG�ZLWK�JHQH�
�H[SUHVVLRQ��+LVWRQH�PRGLILFDWLRQ�IDFWRUV�
�FRQWURO�JHQH�WUDQVFULSWLRQ�DQG�FKURPDWLQ�
�VWUXFWXUHV��WKHUHIRUH�FDXVLQJ�DQ�LPSDFW�RQ�
�JHQH�H[SUHVVLRQ�DQG�SKHQRW\SHV��
�(QYLURQPHQWDO�YDULDEOHV�VXFK�DV�IRRG��
�REHVLW\��DQG�SK\VLFDO�LQDFWLYLW\�KDYH�D�
�VLJQLILFDQW�UROH�LQ�WKH�GHYHORSPHQW�RI�W\SH���
�GLDEHWHV��7KHVH�YDULDEOHV�DIIHFW�JHQH�
�H[SUHVVLRQ�WKURXJK�HSLJHQHWLF�SDWKZD\V��
�FRQWULEXWLQJ�WR�WKH�HVWDEOLVKPHQW�RI�GLDEHWHV��
�1)�%�S����33$5���3G[���37(1��DQG�JOXW��DUH�
�DPRQJ�WKH�JHQHV�ZKRVH�DFWLYLW\�LV�FKDQJHG�
�LQ�7�'0��$OWKRXJK�VHYHUDO�HSLJHQHWLF�
�PRGLILFDWLRQV�WR�GLDEHWHV�UHODWHG�JHQHV��
�LQFOXGLQJ�'1$�PHWK\ODWLRQ��KDYH�EHHQ�IRXQG��
�WKHUH�KDV�EHHQ�QR�HYLGHQFH�RI�D�OLQN�EHWZHHQ�
�JOREDO�JHQH�PHWK\ODWLRQ�DQG�7�'0��JOXFRVH��
�LQVXOLQ��RU�LQVXOLQ�UHVLVWDQFH��

�'1$�LV�ZUDSSHG�DURXQG�KLVWRQHV��WLJKWO\�
�ZUDSSHG�'1$�FDQQRW�EH�UHDG�E\�WKH�SURWHLQ��
�ZKLFK�UHVXOWV�LQ�WKH�JHQH�EHLQJ�WXUQHG�³RII´��
�'1$�WKDW�LV�QRW�ZUDSSHG�DURXQG�KLVWRQHV��
�OHDGV�WR�WKH�JHQH�EHLQJ�UHDG�DV�³RQ´��$V�D�
�JHQH�LV�UHDG�DV�HLWKHU�³RQ´�RU�³RII´��WKLV�KDV�DQ�

�HIIHFW�RQ�WKH�SKHQRW\SH�RI�DQ�LQGLYLGXDO��
�&KHPLFDO�JURXSV�FDQ�FKDQJH�ZKHWKHU�D�JHQH�
�LV�H[SUHVVHG�DV�RQ�RU�RII��DQG�LI�WKH�'1$�LV�
�ZUDSSHG�DURXQG�D�KLVWRQH��$GGLWLRQDOO\��1RQ�
�FRGLQJ�51$�VHTXHQFHV�GR�QRW�HQFRGH�
�IXQFWLRQDO�SURWHLQV�DQG�FRGLQJ�51$�LV�XVHG�WR�
�V\QWKHVL]H�SURWHLQV��1RQ�FRGLQJ�51$�
�DWWDFKHV�WR�WKH�FRGLQJ�51$�DQG�EUHDNV�LW�
�GRZQ�VR�WKDW�LW�FDQ�EH�XVHG�WR�PDNH�SURWHLQV��
�7KLV�XOWLPDWHO\�FRQWULEXWHV�WR�JHQH�
�H[SUHVVLRQ��DQG�UHODWHV�WR�HSLJHQHWLFV�DV�WKLV�
�SURFHVV�LV�LQIOXHQFHG�E\�HQYLURQPHQWDO�
�IDFWRUV��

�'LIIHUHQW�SKHQRW\SHV�FDQ�EH�JHQHUDWHG�E\�
�DFWLYDWLQJ�DQG�VXSSUHVVLQJ�WKH�DFWLYLW\�RI�
�FHUWDLQ�JHQH�VHWV��D�SURFHVV�UHJXODWHG�E\�
�WUDQVFULSWLRQ�IDFWRUV��7UDQVFULSWLRQ�IDFWRUV�
�IXQFWLRQ�E\�LGHQWLI\LQJ�DQG�ELQGLQJ�VPDOO�
�UHJLRQV�RI�'1$�WHUPHG�FLV�UHJXODWRU\�
�VHTXHQFHV�LQ�WKH�JHQRPH��$Q�HQKDQFHU�LV�D�
�FLV�UHJXODWRU\�UHJLRQ�WKDW�SURGXFHV�D�
�UHGXFWLRQ�LQ�JHQH�DFWLYLW\�ZKHQ�ERXQG�E\�
�WUDQVFULSWLRQ�IDFWRUV��ZKHUHDV�D�VLOHQFHU�LV�D�
�VHTXHQFH�WKDW�FDXVHV�D�GHFUHDVH�LQ�JHQH�
�DFWLYLW\�ZKHQ�ERXQG�E\�WUDQVFULSWLRQ�IDFWRUV��
�7KHVH�WUDQVFULSWLRQ�IDFWRUV�FDQ�EH�LQIOXHQFHG�
�E\�HQYLURQPHQWDO�IDFWRUV��FDXVLQJ�D�JHQH�WR�
�EH�HQKDQFHG�RU�VFLOHQHHG��7KLV�FRXOG�OHDG�WR�
�FKDQJHV�LQ�WKH�SKHQRW\SH�RI�WKH�LQGLYLGXDO�RU�
�IHWXV��

�(SLJHQHWLF�LQKHULWDQFH�UHIHUV�WR�WKH�SDVVLQJ�RI�
�HSLJHQHWLF�WUDLWV�WKURXJK�VHYHUDO�RUJDQLVPV�
�DQG�JHQHUDWLRQV���&KDQJHV�WR�D�SDUHQW
V�
�SKHQRW\SH�FDXVHG�E\�HQYLURQPHQWDO�IDFWRUV�
�PD\�EH�SDVVHG�RQ�WR�WKHLU�RIIVSULQJ��)RU�
�H[DPSOH��VWUHVVIXO�FLUFXPVWDQFHV�SDUHQWV�
�ZHUH�SODFHG�LQ�EHIRUH�UHSURGXFLQJ��PD\�
�LPSDFW�WKHLU�FKLOGUHQ�LQ�WKH�IRUP�RI�
�SDWKRORJLFDO�FRQGLWLRQV��UHSUHVHQWHG�DV�VWUHVV�
�UHVSRQVH�PHFKDQLVPV��,Q�WKLV�FDVH��WKH�
�HQYLURQPHQWDO�WULJJHU�FDXVLQJ�HSLJHQHWLF�
�LQKHULWDQFH�ZDV�VWUHVV��7KLV�LV�SUHVHQW�LQ�
�SUHJQDQF\�DV�ZHOO��ZKHUH�HQYLURQPHQWDO�
�IDFWRUV�WKH�PRWKHU�IDFHV�GXULQJ�SUHJQDQF\��
�FDQ�FDXVH�JHQHWLF�FKDQJHV�LQ�WKH�IHWXV�ZKLFK�
�PD\�EH�SUHVHQW�IRU�WKH�GXUDWLRQ�RI�WKHLU�OLIH��
�6HYHUDO�QHZ�VWXGLHV�KDYH�GLVFRYHUHG�
�PHWKRGV�E\�ZKLFK�PDWHUQDO�QXWULWLRQ��VWUHVV��
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�DQG�WR[LF�VXEVWDQFHV�LQIOXHQFH�WKH�
�H[SUHVVLRQ�RI�LPSULQWHG�JHQHV�GXULQJ�
�SUHJQDQF\��DOWHULQJ�IHWDO�DQG�QHRQDWDO�
�SKHQRW\SH�DQG�VXVFHSWLELOLW\�WR�GLVHDVH�
�GHYHORSPHQW�ODWHU�LQ�OLIH��)HWDO�DQG�QHRQDWDO�
�SKHQRW\SH�DUH�ERWK�LQIOXHQFHG�E\�PDWHUQDO�
�HSLJHQHWLFV��0DWHUQDO�HSLJHQHWLFV�UHIHUV�WR�
�GLHW�RU�RWKHU�HQYLURQPHQWDO�FKDQJHV�LQ�WKH�
�PRWKHU�ZKLFK�FRQWULEXWH�WR�WKH�JURZWK��
�GHYHORSPHQW��DQG�HSLJHQHWLF�WUDLWV�RI�WKH�
�IHWXV��0DWHUQDO�OLIHVW\OH�YDULDEOHV�LQFOXGLQJ�
�VPRNLQJ��QLFRWLQH�DQG�FDIIHLQH���DOFRKROLVP��
�DQG�SV\FKRVRFLDO�VWUHVV�KDYH�EHHQ�OLQNHG�WR�
�HSLJHQHWLF�PROHFXODU�SDWKZD\V��UHVXOWLQJ�LQ�
�DEQRUPDO�QHXURORJLFDO�V\QGURPH�LQ�FKLOGUHQ��
�'XULQJ�SUHJQDQF\��VPRNLQJ�DQG�DOFRKRO�XVH�
�DUH�WZR�RI�WKH�PRVW�KDUPIXO�EHKDYLRUV�WKDW�
�KDYH�EHHQ�GHPRQVWUDWHG�WR�LQIOXHQFH�
�RIIVSULQJ
V�ODQJXDJH��VSHHFK��KHDULQJ��DQG�
�FRJQLWLYH�GHYHORSPHQW��6PRNLQJ
V�QHJDWLYH�
�FRQVHTXHQFHV�DUH�ZHOO�NQRZQ��'HVSLWH�WKLV��
�ZRPHQ
V�VPRNLQJ�UDWHV�KDYH�UHPDLQHG�KLJK�
�RYHU�WKH�SUHYLRXV����\HDUV��'HVSLWH�ZDUQLQJV�
�DERXW�WKH�GDQJHUV�RI�VPRNLQJ��DERXW���±���
�SHUFHQW�RI�DGXOW�ZRPHQ�LQ�WKH�8QLWHG�6WDWHV�
�VPRNH��ZLWK�UDWHV�PXFK�KLJKHU�DPRQJ�
�\RXQJHU�ZRPHQ�DQG�WKRVH�IURP�SRRUHU�
�VRFLRHFRQRPLF�EDFNJURXQGV��,Q�ZRPHQ��
�WKHUH�KDV�EHHQ�D�SDUDOOHO�LQFUHDVH�LQ�FDQFHU��
�KHDUW�GLVHDVH��DQG�RWKHU�DLOPHQWV�GLUHFWO\�
�OLQNHG�WR�VPRNLQJ��:RPHQ�RI�UHSURGXFWLYH�
�DJH�DFFRXQW�IRU�WKH�PDMRULW\�RI�IHPDOH�
�VPRNHUV��/RZ�ELUWK�ZHLJKW��LQWUDXWHULQH�
�JURZWK�UHWDUGDWLRQ��SODFHQWDO�GLIILFXOWLHV��
�SUHPDWXUH�GHOLYHU\��DQG�VSRQWDQHRXV�
�DERUWLRQ�DUH�DOO�OLQNHG�WR�VPRNLQJ�GXULQJ�
�SUHJQDQF\��,Q�WKH�\HDU�������WKHUH�ZHUH������
�SUHWHUP�ELUWKV�DQG������ORZ�ELUWK�ZHLJKW�
�EDELHV�LQ�&RQQHFWLFXW�DORQH��6PRNLQJ�
�PRWKHUV�DUH�WZLFH�DV�OLNHO\�WR�JLYH�ELUWK�WR�
�EDELHV�ZLWK�ORZ�ELUWK�ZHLJKW��/%:���7KHVH�
�EDELHV�ZHLJK�����WR�����JUDPV�OHVV�WKDQ�
�EDELHV�GHOLYHUHG�WR�QRQ�VPRNLQJ�PRPV��,Q�
�DGGLWLRQ�WR�WKH�ULVNV�RI�VPRNLQJ�IRU�WKH�
�PRWKHU��H[SRVXUH�WR�WREDFFR�VPRNH�LQ�WKH�
�VXUURXQGLQJV�LQFUHDVHV�WKH�ULVN�RI�6XGGHQ�
�1HZERUQ�'HDWK�6\QGURPH��6,'6���HDU�
�LQIHFWLRQV��DVWKPD��DQG�RWKHU�UHVSLUDWRU\�
�SUREOHPV�LQ�WKH�LQIDQW��1RW�RQO\�GRHV�
�VPRNLQJ�GXULQJ�SUHJQDQF\�KDUP�SODFHQWDO�

�IXQFWLRQ��EXW�QLFRWLQH�DOVR�SHQHWUDWHV�WKH�
�SODFHQWD�DQG�DFWV�DV�D�QHXUR�WHUDWRJHQ��,W�
�DIIHFWV�WKH�QHXURORJLFDO�V\VWHP�RI�WKH�IHWXV��
�LQWHUIHULQJ�ZLWK�LWV�GHYHORSPHQW��1LFRWLQH�
�DOWHUV�WKH�SDWWHUQ�RI�FHOO�SUROLIHUDWLRQ�DQG�
�GLIIHUHQWLDWLRQ�LQ�WKH�HPEU\RQLF�EUDLQ�E\�
�WDUJHWLQJ�QLFRWLQLF�DFHW\OFKROLQH�UHFHSWRUV��
�&HOO�GHDWK�DQG�QHXUDO�GDPDJH�HQVXH�DV�D�
�UHVXOW�RI�WKLV��7KLV�KDV�EHHQ�OLQNHG�WR�WKH�
�OLNHOLKRRG�RI�FRJQLWLYH�DQG�DXGLWRU\�
�SURFHVVLQJ�DEQRUPDOLWLHV��DV�ZHOO�DV�VRFLDO�
�EHKDYLRU�LPSDFWV�2EHVH�ZRPHQ�KDYH�DQ�
�LQFUHDVHG�FKDQFH�RI�KDYLQJ�FKLOGUHQ�ZLWK�
�DXWLVP�VSHFWUXP�GLVRUGHUV��$FFRUGLQJ�WR�
�PHWD�DQDO\VLV�ILQGLQJV��ODWH�PDWHUQDO�DJH�LV�D�
�ULVN�IDFWRU�IRU�DXWLVP�LQ�FKLOGUHQ��
�3RRU�GLHWV�GHILFLHQW�LQ�FULWLFDO�QXWULHQWV�VXFK�
�DV�LRGLQH��LURQ��IRODWH��FDOFLXP��DQG�]LQF�
�GXULQJ�SUHJQDQF\�FDQ�OHDG�WR�DQHPLD��
�SUH�HFODPSVLD��KHPRUUKDJHV��DQG�PDWHUQDO�
�PRUWDOLW\�LQ�ZRPHQ��6WLOOELUWK��ORZ�ELUWKZHLJKW��
�ZDVWLQJ��DQG�GHYHORSPHQWDO�GHOD\V�LQ�
�FKLOGUHQ�DUH�DOO�DOVR�SRVVLEOH�RXWFRPHV��
�1XWULWLRQ�RI�WKH�PRWKHU�LV�RQH�VXFK�
�HQYLURQPHQWDO�IDFWRU�ZKLFK�FDQ�DOWHU�WKH�
�SKHQRW\SH�DQG�JHQRW\SH�RI�WKH�IHWXV�GXULQJ�
�GHYHORSPHQW��3UHJQDQF\�LQYROYHV�D�VHULHV�RI�
�VXEWOH��RQJRLQJ�SK\VLRORJLF�FKDQJHV�WKDW�
�LQIOXHQFH�DOO�QXWULWLRQ�PHWDEROLVP��7KH�
�FKDQJHV�ZLOO�OLNHO\�GLIIHU�IURP�ZRPDQ�WR�
�ZRPDQ��EDVHG�RQ�KHU�SUH�SUHJQDQF\�GLHW��
�JHQHWLF�SUHGLFWRUV�RI�IHWDO�JURZWK��DQG�OLIHVW\OH�
�KDELWV��6WXGLHV�RI�SURWHLQ�DQG�HQHUJ\�
�PHWDEROLVP�VKRZ�WKDW�DGMXVWLQJ�KRZ�WKRVH�
�QXWULHQWV�DUH�XVHG�FDQ�KHOS�WR�FRQVHUYH�IHWDO�
�VXSSOLHV��%\�WKH�VHFRQG�WULPHVWHU�RI�
�SUHJQDQF\��FKDQJHV�LQ�QLWURJHQRXV�FKHPLFDO�
�PHWDEROLVP�KDYH�WDNHQ�SODFH��7KHVH�
�PRGLILFDWLRQV�DOORZ�IRU�SRVLWLYH�QLWURJHQ�
�UHWHQWLRQ�GXULQJ�WKH�ODWWHU�TXDUWHU�RI�
�SUHJQDQF\��ZKHQ�IHWDO�QHHGV�DUH�KLJKHVW��7KH�
�HQHUJ\�QHHGV�RI�EDVDO�PHWDEROLVP�DUH�
�UHJXODWHG�E\�PDWHUQDO�GLHW�WKURXJKRXW�
�SUHJQDQF\�DQG�IHWDO�JURZWK��,I�WKH�PDWHUQDO�
�HQHUJ\�UHVHUYHV�DUH�ORZ�DW�WKH�WLPH�RI�
�FRQFHSWLRQ��WKH�EDVDO�PHWDEROLF�UDWH�LV�
�UHGXFHG�WR�VDYH�HQHUJ\��,Q�DGGLWLRQ��PRWKHUV�
�ZKR�KDYH�ODUJHU�FKLOGUHQ�KDYH�KLJKHU�
�LQFUHDVHV�LQ�WKHLU�EDVDO�PHWDEROLF�UDWH�DQG�
�SRRUHU�PDWHUQDO�HQHUJ\�VWRUDJH�UDWHV��
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�3K\VLRORJLF�PRGLILFDWLRQV�PD\�EH�DLGHG�E\�
�FKDQJHV�LQ�PRWKHU�HDWLQJ�DQG�SK\VLFDO�
�DFWLYLW\�KDELWV�GXULQJ�SUHJQDQF\��+RZHYHU��
�EHFDXVH�RI�WKH�ZLGH�UDQJH�LQ�GLHWDU\�
�FRQVXPSWLRQ�DQG�SK\VLFDO�DFWLYLW\��
�GHPRQVWUDWLQJ�WKRVH�FKDQJHV�LV�GLIILFXOW��)RU�
�DOO�QXWULHQWV��WKHUH�DUH�WKUHVKROGV�LQ�WKH�DELOLW\�
�WR�UHJXODWH�QXWULHQW�XVDJH�WR�WKH�DPRXQW�
�SURYLGHG��)HWDO�JURZWK�DQG�GHYHORSPHQW�DUH�
�KDUPHG�PRUH�WKDQ�PRWKHU�KHDOWK�ZKHQ�
�LQWDNHV�IDOO�EHORZ�WKH�WKUHVKROG��7KLV�FDQ�EH�
�FDXVHG�E\�ERWK�XQGHUQXWULWLRQ�DQG�
�RYHUQXWULWLRQ��,W�LV�FUXFLDO�WKDW�PRWKHUV�IROORZ�D�
�EDODQFHG�GLHW��

�0RWKHUV�ZKR�ZHUH�PDOQRXULVKHG�RIWHQ�KDG�
�FKLOGUHQ�ZKR�ZHUH�GHOLYHUHG�VHYHUHO\�
�XQGHUZHLJKW��7KLV�KDV�FDXVHG�ODVWLQJ�HIIHFWV�
�RQ�WKH�PHWDEROLVP�RI�WKH�RIIVSULQJ��HYHQ�ZHOO�
�LQWR�WKHLU�DGXOW�OLIH��:H�VHH�ODVWLQJ�HIIHFWV�RI�
�PDOQXWULWLRQ�GXULQJ�SUHJQDQF\�WKURXJK�PDMRU�
�KLVWRULFDO�HYHQWV��

�'XULQJ�:RUOG�:DU�,,��IRRG�VXSSOLHV�LQ�7KH�
�1HWKHUODQGV�JUHZ�LQFUHDVLQJO\�VKRUW�DV�WKH�
�FRXQWU\�H[SHULHQFHG�DQ�H[WUHPHO\�KDUG�
�ZLQWHU��7KH�1D]LV�FXW�RII�IRRG�DQG�IXHO�
�VXSSOLHV�WR�ZHVWHUQ�+ROODQG��FDXVLQJ�����
�PLOOLRQ�SHRSOH�WR�JR�KXQJU\�DQG�VWDUYH��7KH�
�'XWFK�+XQJHU�:LQWHU��RIWHQ�NQRZQ�DV�WKH�
�'XWFK�)DPLQH��RFFXUUHG�DW�WKLV�WLPH��%\�WKH�
�WLPH�IRRG�VXSSOLHV�ZHUH�UHVWRUHG�LQ�0D\�
�������ZKHQ�WKH�$OOLHV�FRQTXHUHG�7KH�
�1HWKHUODQGV��EHWZHHQ��������DQG��������
�SHRSOH�KDG�SHULVKHG�IURP�IDPLQH��0DQ\�PRUH�
�SHRSOH�ZHUH�H[WUHPHO\�PDOQRXULVKHG��
�LQFOXGLQJ�SUHJQDQW�RU�VRRQ�WR�EH�SUHJQDQW�
�ZRPHQ��0HGLFDO�H[SHUWV�LQ�WKH�1HWKHUODQGV�
�UHFRUGHG�WKH�ZHLJKW�DQG�EORRG�SUHVVXUH�RI�
�SUHJQDQW�ZRPHQ��DV�ZHOO�DV�WKH�ZHLJKW�DQG�
�VL]H�RI�QHZERUQV�DQG�SODFHQWDV�DW�GHOLYHU\��
�WKH�OHQJWK�RI�XPELOLFDO�FRUGV��DQG�ZULWWHQ�
�DFFRXQWV�RI�ODERUV�DQG�ELUWKV��7KH�'XWFK�
�+XQJHU�:LQWHU�FRKRUW�UHIHUV�WR�WKH�FKLOGUHQ�
�ERUQ�WR�WKHVH�ZRPHQ��0DQ\�VWXGLHV�KDYH�
�WUDFNHG�WKH�FRKRUW
V�KHDOWK�WKURXJKRXW�WKHLU�
�OLIHWLPHV�DV�D�UHVXOW�RI�WKH�IDPLQH��7KH�
�SXUSRVH�RI�WKLV�VWXG\�EULHI�LV�WR�H[DPLQH�KRZ�
�SODFHQWDV�UHDFWHG�WR�WKH�IDPLQH�DW�YDULRXV�
�VWDJHV�RI�SUHJQDQF\��

�2YHUDOO��EDELHV�ERUQ�GXULQJ�WKH�IDPLQH�RU�
�ZKLOH�VWLOO�LQ�WKH�ZRPE�KDG�VPDOOHU�SODFHQWDV��
�ZHUH�VKRUWHU�DQG�WKLQQHU�DW�ELUWK��DQG�KDG�
�VPDOOHU�KHDG�FLUFXPIHUHQFHV�WKDQ�EDELHV�
�ERUQ�EHIRUH�WKH�FULVLV��7KH�VPDOOHU�SODFHQWD�
�FKDQJHG�WKH�EDE\�ZHLJKW�SHU�JUDP�RI�
�SODFHQWD�UDWLR��ZKLFK�LV�XVHG�WR�GHWHUPLQH�
�SODFHQWDO�HIILFLHQF\���KRZ�ZHOO�LW�SHUIRUPV�LWV�
�UROH��'HSHQGLQJ�RQ�WKH�VWDJH�RI�SUHJQDQF\�
�GXULQJ�WKH�IDPLQH��WKH�SODFHQWD�EHFDPH�PRUH�
�RU�OHVV�HIIHFWLYH��

�7KH�'XWFK�+XQJHU�:LQWHU�)DPLQH��VSDQQLQJ�
�IURP�1RYHPEHU�������WR�$SULO������ZDV�D�
�WLPH�RI�QHDU�VWDUYDWLRQ�IRU�VHYHUDO�
�FRPPXQLWLHV��7KLV�ZDV�FDXVHG�E\�DQ�
�H[FHSWLRQDOO\�KDUVK�ZLQWHU��\HDUV�RI�EUXWDO�
�ZDU��DQG�DQ�LQVXIILFLHQW�VXSSO\�RI�FURSV�DV�D�
�UHVXOW��'XULQJ�WKLV�WLPH��VRPH�RI�WKH�ORZHVW�
�WHPSHUDWXUHV�LQ�(XURSHDQ�KLVWRU\�ZHUH�
�UHFRUGHG��)RRG�UDWLRQV�GURSSHG�IURP�������
�FDORULHV�D�GD\��WR������DQG�HYHQ�ORZHU��$V�WKH�
�IDPLQH�ZDV�UHDFKLQJ�LWV�HQG��WRZDUGV�$SULO�RI�
�������LQGLYLGXDOV�ZHUH�OLPLWHG�WR�RQH�SLHFH�RI�
�EUHDG�DQG���SRWDWRHV�IRU�WKH�ZKROH�ZHHN��
�6HYHUDO�VFLHQWLVWV�FRQGXFWHG�UHVHDUFK�RQ�
�KRZ�VWUHVV�GXULQJ�WKH�IDPLQH�LPSDFWHG�
�FKLOGUHQ�DQG�FDXVHG�VLGH�HIIHFWV�GXULQJ�WKHLU�
�DGXOW�OLIH��

�:RPHQ�ZKR�VXUYLYHG�WKH�IDPLQH�DQG�KDG�D�
�FKLOG�ODWHU�VKRZHG�ORZHU�SODFHQWDO�VL]H�DQG�
�WKLFNQHVV�IRU�XS�WR����PRQWKV�DIWHU�WKH�IDPLQH�
��WKH�HQG�RI�WKH�VWXG\�SHULRG���7KHLU�SODFHQWDV�
�ZHUH�DOVR�PRUH�RYDO�LQ�IRUP�WKDQ�WKRVH�RI�
�QHZERUQV�GHOLYHUHG�EHIRUH�WR�WKH�IDPLQH��
�LQGLFDWLQJ�WKDW�LPSODQWDWLRQ�ZDV�LPSHGHG�IRU�
�VRPH�WLPH�DIWHU�EHLQJ�VXEMHFWHG�WR�VWDUYDWLRQ��
�7KH�VFLHQWLVWV�KLJKOLJKW�WKDW�WKLV�RYDO�VKDSH�LV�
�FRPSDUDEOH�WR�SUHHFODPSWLF�SODFHQWDV���D�
�FRQGLWLRQ�FDXVHG�E\�SRRU�LPSODQWDWLRQ��
�7KLV�IDPLQH�DGGLWLRQDOO\�GHPRQVWUDWHG�WKH�
�HIIHFWV�RI�QXWULWLRQ�RI�WKH�PRWKHU�GXULQJ�IHWDO�
�GHYHORSPHQW��:RPHQ�ZKR�ZHUH�SUHJQDQW�
�GXULQJ�WKH�IDPLQH�JDYH�ELUWK�WR�FKLOGUHQ�ZKR�
�ZHUH�PRUH�OLNHO\�WR�GHYHORS�W\SH���GLDEHWHV��
�VFKL]RSKUHQLD��DQG�KHDUW�IDLOXUH��7KHVH�
�FKLOGUHQ�ZHUH�DOVR�DW�D�PXFK�JUHDWHU�ULVN�IRU�
�REHVLW\��DQG�RIWHQ�OLYHG�D�VKRUWHU�OLIHVSDQ�
�WKDQ�WKRVH�ERUQ�RXWVLGH�RI�WKLV�WLPH�SHULRG��
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�&RPSDUHG�WR�WKHLU�VLEOLQJV�WKDW�ZHUH�ERUQ�
�HLWKHU�EHIRUH�RU�DIWHU�WKH�IDPLQH��WKHVH�
�RIIVSULQJ�KDG�D�FKDQJH�LQ�PHWK\ODWLRQ��ZKLFK�
�ZDV�HLWKHU�LQFUHDVHG�RU�GHFUHDVHG�LQ�FHUWDLQ�
�DUHDV��7KLV�FKDQJH�LQ�PHWK\ODWLRQ�PRVW�OLNHO\�
�DFFRXQWHG�IRU�WKH�YDULDQFH�LQ�SKHQRW\SHV�
�EHWZHHQ�FKLOGUHQ�ERUQ�GXULQJ�WKH�'XWFK�
�+XQJHU�:LQWHU�)DPLQH��DQG�WKRVH�ERUQ�
�EHIRUH�DQG�DIWHU�WKH�HYHQW��$GGLWLRQDOO\��
�VLPLODU�HIIHFWV�ZHUH�VHHQ�LQ�FKLOGUHQ�ZKR�
�ZHUH�ERUQ�GXULQJ�WKH�VHYHQ�\HDU�IDPLQH�LQ�
�6ZHGHQ��

�6PRNLQJ�KDV�DOVR�EHHQ�REVHUYHG�WR�KDYH�
�VLJQLILFDQW�HIIHFWV�RQ�IHWDO�GHYHORSPHQW�ZKHQ�
�GRQH�ZKLOH�SUHJQDQW��%DELHV�GHOLYHUHG�XQGHU�
�WKHVH�FLUFXPVWDQFHV�ZHUH�VHHQ�WR�EH�
�GHOLYHUHG�PXFK�HDUOLHU�WKDQ�H[SHFWHG��OLNHO\�WR�
�VXIIHU�IURP�6,'6��VXGGHQ�LQIDQW�GHDWK�
�V\QGURPH���ORZ�ELUWK�ZHLJKW��DQG�SK\VLFDO�
�GLIIHUHQFHV�VXFK�DV�XQGHUGHYHORSHG�PRXWK�
�DQG�OLS��,Q�XWHUR�GHYHORSPHQW�LV�RQH�RI�WKH�
�PRVW�LPSRUWDQW�SHULRGV�GXULQJ�ZKLFK�SRRU�
�LQWUDXWHULQH�FLUFXPVWDQFHV�DQG�H[SRVXUHV�
�FDQ�DIIHFW�WKH�IHWXV
V�JURZWK�DQG�
�GHYHORSPHQW��DV�ZHOO�DV�WKH�FKLOG
V�IXWXUH�
�SRVWQDWDO�KHDOWK�DQG�EHKDYLRU��,Q�SUHQDWDO�
�H[SRVXUH�WR�PDWHUQDO�FLJDUHWWH�VPRNLQJ�LV�VWLOO�
�UHDVRQDEO\�SUHYDOHQW��DOWKRXJK�LW�LV�VWLOO�
�GDQJHURXV��3UHQDWDO�VPRNLQJ�H[SRVXUH�KDV�
�EHHQ�OLQNHG�WR�ORZHU�ELUWK�ZHLJKW��SRRU�
�GHYHORSPHQWDO�DQG�SV\FKRORJLFDO�RXWFRPHV��

�DQG�DQ�LQFUHDVHG�ULVN�RI�LOOQHVVHV�DQG�
�EHKDYLRUDO�SUREOHPV�ODWHU�LQ�OLIH�
�7KH�FRQFHSW�RI�HSLJHQHWLFV�FDQ�EH�XVHG�E\�
�VFLHQWLVWV�WR�FRQWURO�WKH�DFWLYDWLRQ�RI�FHUWDLQ�
�JHQHV�RU�JHQHWLF�PDUNHUV�SUHVHQW�LQ�YDULRXV�
�LQGLYLGXDOV��7KH�DEHUUDQW�VLOHQFLQJ�RI�QRQ�
�PXWDWHG�WXPRU�VXSSUHVVRU�JHQHV��ZKLFK�DFWV�
�DV�DQ�DOWHUQDWLYH�WR�PXWDWLRQV�IRU�FDXVLQJ�
�JHQH�IXQFWLRQ�ORVV��LV�D�VLJQLILFDQW�H[DPSOH�RI�
�HSLJHQHWLF�PRGLILFDWLRQ�LQ�FDQFHU��7KH�
�GLVFRYHU\�RI�PXWDWLRQV�LQ�JHQHV�WKDW�HQFRGH�
�VHYHUDO�SURWHLQV�WKDW�UHJXODWH�WKH�HSLJHQRPH�
�LQ�SUDFWLFDOO\�HYHU\�FDQFHU�W\SH��LV�D�QHZ�
�LQWULJXLQJ�LQGLFDWLRQ�RI�WKH�UHOHYDQFH�RI�
�HSLJHQHWLF�DOWHUDWLRQV��8QGHUVWDQGLQJ�WKH�
�FRQVHTXHQFHV�RI�WKHVH�JHQHWLF�DOWHUDWLRQV�LV�
�FULWLFDO�IRU�FDQFHU�UHVHDUFK�7KLV�WHFKQRORJ\�
�FRXOG�EH�XVHG�WR�VXSSUHVV�JHQHV�VXFK�DV�
�WKRVH�ZKLFK�FRGH�IRU�FDQFHU�RU�RWKHU�
�GDQJHURXV�LOOQHVVHV��$�JHQH�FDQ�EH�WXUQHG�
�RQ�RU�RII�XVLQJ�WHFKQLTXHV�IURP�'1$�
�PHWK\ODWLRQ��,Q�RUGHU�WR�FKHPLFDOO\�IOLS�D�JHQH�
�WR�WXUQ�LW�RQ��D�PHWK\O�JURXS�VKRXOG�EH�DGGHG�
�WR�WKH�VLGH�'1$�RI�D�FKDLQ��+RZHYHU�L,Q�RUGHU�
�WR�FKHPLFDOO\�IOLS�WKH�JHQH�RII��D�GHPHWK\ODWH�
�FRPSRXQG�VKRXOG�EH�LQWURGXFHG���(SLJHQHWLF�
�GUXJV�DUH�H[WUHPHO\�LPSRUWDQW�DV�DGYDQFHV�LQ�
�WKH�PHGLFDO�ILHOG�DUH�FRQWLQXLQJ�WR�EH�PDGH��
�(YHQWXDOO\��LW�ZLOO�EH�SRVVLEOH�WR�VLPSO\�³WXUQ�
�RII´�WKH�H[SUHVVLRQ�RI�JHQHV�RI�VHYHUDO�GHDGO\�
�RU�KDUPIXO�LOOQHVVHV�VXFK�DV�FDQFHU��DXWLVP��
�DQG�$O]KHLPHU
V��

�5()(5(1&(6�
�3RZOHGJH��7DELWKD�0��³%HKDYLRUDO�(SLJHQHWLFV��+RZ�1XUWXUH�6KDSHV�1DWXUH��([SHULHQFH�DQG�
�6RFLDO�(QYLURQPHQW�+DYH�D�5ROH²3UREDEO\�D�.H\�5ROH²LQ�'HYHORSPHQW�´�%LR6FLHQFH��YRO������
�QR�����>$PHULFDQ�,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV��2[IRUG�8QLYHUVLW\�3UHVV@��������SS�����±����
�KWWSV���GRL�RUJ���������ELR����������������

�3RZOHGJH��7DELWKD�0��³(SLJHQHWLFV�DQG�'HYHORSPHQW�´�%LR6FLHQFH��YRO������QR�����>$PHULFDQ�
�,QVWLWXWH�RI�%LRORJLFDO�6FLHQFHV��2[IRUG�8QLYHUVLW\�3UHVV@��������SS�����±����
�KWWSV���GRL�RUJ���������ELR����������������

�3ORPLQ��5REHUW��DQG�.DWKU\Q�$VEXU\��³1DWXUH�DQG�1XUWXUH��*HQHWLF�DQG�(QYLURQPHQWDO�
�,QIOXHQFHV�RQ�%HKDYLRU�´�7KH�$QQDOV�RI�WKH�$PHULFDQ�$FDGHP\�RI�3ROLWLFDO�DQG�6RFLDO�6FLHQFH��
�YRO�������>6DJH�3XEOLFDWLRQV��,QF���$PHULFDQ�$FDGHP\�RI�3ROLWLFDO�DQG�6RFLDO�6FLHQFH@��������SS��
���±�����KWWS���ZZZ�MVWRU�RUJ�VWDEOH�������������
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�3ORPLQ��5REHUW��³,QWURGXFWLRQ��'HYHORSPHQWDO�%HKDYLRUDO�*HQHWLFV�´�&KLOG�'HYHORSPHQW��YRO������
�QR�����>:LOH\��6RFLHW\�IRU�5HVHDUFK�LQ�&KLOG�'HYHORSPHQW@��������SS�����±����
�KWWS���ZZZ�MVWRU�RUJ�VWDEOH������������

�0HDQH\��0LFKDHO�-��³(SLJHQHWLFV�DQG�WKH�%LRORJLFDO�'HILQLWLRQ�RI�*HQH�î�(QYLURQPHQW�
�,QWHUDFWLRQV�´�&KLOG�'HYHORSPHQW��YRO������QR�����>:LOH\��6RFLHW\�IRU�5HVHDUFK�LQ�&KLOG�
�'HYHORSPHQW@��������SS����±�����KWWS���ZZZ�MVWRU�RUJ�VWDEOH�������������

�(SLJHQHWLF�0DWWHUV��7KH�/LQN�EHWZHHQ�(DUO\�1XWULWLRQ��0LFURELRPH��DQG�/RQJ�WHUP�+HDOWK�
�'HYHORSPHQW�´�)URQWLHUV�����$XJXVW�������
�KWWSV���ZZZ�IURQWLHUVLQ�RUJ�DUWLFOHV���������ISHG������������IXOO��$FFHVVHG����$SULO�������
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�7HMDV�%KRJDOH�
�7KH�9LDELOLW\�RI�8VLQJ�,QGXFHG�3OXULSRWHQW�6WHPV�&HOOV�

�DQG�2OIDFWRU\�1HUYH�&HOOV�DV�7UHDWPHQWV�

�$%675$&7�
�,QGXFHG�SOXULSRWHQW�VWHP�FHOOV��,36&V��DUH�
�DUWLILFLDO�FHOOV�WKDW�DUH�GHULYHG�IURP�VRPDWLF�
�FHOOV�WKDW�KDYH�EHHQ�UHSURJUDPPHG�DQG�
�UH�SXUSRVHG�WR�EHFRPH�SOXULSRWHQW�WKURXJK�
�SOXULSRWHQF\�JHQH�IDFWRUV��:KLOH�WKHVH�FHOOV�
�GR�KDYH�VXFFHVV�LQ�EHLQJ�H[SUHVVLYH�DQG�
�GLIIHUHQWLDWLQJ�LQWR�WKH�QHFHVVDU\�FHOOV�QHHGHG�
�LQ�WKH�ERG\��WKLV�LV�RQO\�DSSOLFDEOH�WR�PLFH��$�
�PRUH�QDWXUDO�EXW�OLWWOH�H[SORUHG�FHOO�W\SH�WKDW�
�FDQ�EH�XVHG�LQ�VWHP�FHOO�UHVHDUFK�DUH�WKH�
�QHXUDO�VWHP�FHOOV�IRXQG�LQ�WKH�ROIDFWRU\�EXOE��
�7KRXJK�WKHUH�LV�YHU\�OLWWOH�NQRZQ�DERXW�WKH�
�SRVVLEOH�XVDJH�RI�WKH�FHOOV��LW�KDV�EHHQ�
�HVWDEOLVKHG�WKDW�WKHLU�UHJHQHUDWLYH�DELOLWLHV�LQ�
�WKH�QDVDO�FDYLW\�PDNH�LW�SRVVLEOH�WR�SRLQW�WR�
�ROIDFWRU\�FHOOV�DV�WUHDWPHQW�DV�ZHOO��7KLV�
�DUWLFOH�ZLOO�GLVFXVV�DQG�VXPPDUL]H�WKH�
�ILQGLQJV�IURP�HOHFWURQLF�GDWDEDVHV�WKDW�IRFXV�
�RQ�HLWKHU�,36&V�RU�ROIDFWRU\�FHOOV�DV�ZHOO�DV�
�H[SORUH�LQ�VWHP�FHOO�UHVHDUFK�DQG�ORRN�
�WRZDUGV�WKH�YLDELOLW\�RI�XVLQJ�,36&V�DQG�
�ROIDFWRU\�FHOOV�LQ�WUHDWPHQWV�WR�UHYHUVH�
�GDPDJH�RQ�V\VWHPV�WKDW�HYHQWXDOO\�UHQGHU�
�LQGLYLGXDOV�ZLWK�D�ORVV�RI�PRWRU�DQG�HPRWLRQDO�
�VNLOOV��7KH�UHVXOWV�KLJKOLJKW�WKH�HIILFDF\�RI�
�,36&V�DQG�ROIDFWRU\�FHOOV�IRU�WUHDWPHQWV�EXW�
�DOVR�SRLQW�WRZDUGV�FDYHDWV�WKDW�PD\�LQGXFH�
�VHFRQGDU\�GLVHDVHV�RU�WKH�ODFN�RI�IXQFWLRQ��,W�
�VKRXOG�EH�QRWHG�WKDW�PXFK�RI�WKH�FDVHV�WR�
�XVH�VWHP�FHOOV�KDYH�EHHQ�SHUIRUPHG�RQ�UDWV�
�DQG�UDWKHU�IHZ�H[SHULPHQWDO�WUHDWPHQWV�KDYH�
�EHHQ�XVHG�IRU�KXPDQV�GXH�WR�HWKLFDO�
�LPSOLFDWLRQV��

�,1752'8&7,21�
�6WHP�FHOOV�DUH�VSHFLDOL]HG�QDWXUDO�FHOOV�WKDW�
�KDYH�WKH�DELOLW\�WR�GLIIHUHQWLDWH�LQWR�YDULRXV�
�RWKHU�FHOOV�IRXQG�ZLWKLQ�WKH�ERG\��7KHVH�FDQ�
�UDQJH�IURP�GDPDJHG�WLVVXH�FHOOV�WR�PXVFOH�
�FHOOV�DQG�DUH�PDLQO\�IRXQG�DV�WZR�FHUWDLQ�
�W\SHV��HPEU\RQLF�DQG�DGXOW�VWHP�FHOOV��
�(PEU\RQLF�VWHP�FHOOV��(6&V��FRPH�IURP�

�XQXVHG�HPEU\RV�DQG�FRPH�DV�GRQDWLRQV��
�7KHVH�FHOOV�DUH�SOXULSRWHQW��DOORZLQJ�WKHP�WR�
�GLIIHUHQWLDWH�LQWR�PRUH�WKDQ�RQH�W\SH�RI�FHOO�������
�7KH�XVH�RI�(6&V�DV�SRWHQWLDO�WUHDWPHQWV�
�GRHV�FRPH�ZLWK�VHYHUDO�HWKLFDO�LVVXHV��PDLQO\�
�GXH�WR�WKH�IDFW�WKDW�LW�PXVW�EH�KDUYHVWHG�IURP�
�KXPDQ�HPEU\RV��:KLOH�LW�FDQ�DOVR�EH�IRXQG�LQ�
�DPQLRWLF�IOXLG��LW�GRHV�EUHDFK�WKH�VDIHW\�RI�
�ZRPHQ�DQG�DV�D�UHVXOW�UDLVHV�DQRWKHU�
�TXHVWLRQ�WKDW�IRFXVHV�RQ�WKH�HWKLFV�RI�LWV�
�KDUYHVW��$GXOW�VWHP�FHOOV�RQ�WKH�RWKHU�KDQG�
�DUH�PXOWLSRWHQW�FHOOV��DOORZLQJ�WKHP�WR�
�GLIIHUHQWLDWH�LQWR�RWKHU�W\SHV�RI�FHOOV�EXW�EHLQJ�
�OLPLWHG�WR�FHUWDLQ�W\SHV�GHSHQGLQJ�RQ�ZKDW�
�UHJLRQV�WKH\�DUH�H[WUDFWHG�IURP��7KHVH�FHOOV�
�H[LVW�LQ�D�YHU\�VPDOO�TXDQWLW\�DQG�GXH�WR�WKHLU�
�OLPLWHG�PDQLSXODWLRQ��LW�SXWV�WKH�XVDJH�RI�DGXOW�
�VWHP�FHOOV�DV�WUHDWPHQWV�ZLWKLQ�WKH�
�FRQVWUDLQWV�RI�ZKHUH�LW�LV�EHLQJ�H[WUDFWHG�
�IURP��

�$V�VWHP�FHOOV�DUH�OLPLWHG�IURP�WKH�UHVWULFWLRQV�
�WKDW�DUH�SODFHG�RQ�WKHP�GXH�WR�HWKLFV�DQG�
�GLIIHUHQWLDWLRQ�FRQVWUDLQWV��LW�QHFHVVLWDWHV�
�RWKHU�DOWHUQDWLYHV�WR�EH�XVHG�IRU�WKH�SRVVLEOH�
�FXUHV�IRU�QHXURGHJHQHUDWLYH�GLVHDVHV��
�,QGXFHG�SOXULSRWHQW�VWHP�FHOOV��,36&V��GR�
�RSHQ�D�JDWHZD\�LQWR�UHJHQHUDWLYH�FHOO�
�WUHDWPHQWV�GXH�WR�WKHLU�JHQHUDWLRQ�WR�RFFXU�
�IURP�KHDOWK\�SDWLHQWV��7KHVH�FHOOV�DUH�
�UH�SXUSRVHG�DQG�UHSURJUDPPHG�WKURXJK�
�SOXULSRWHQF\�JHQH�IDFWRUV�������7KH������VWXG\����
�VKRZV�WKDW�GXH�WR�WKHLU�DUWLILFLDO�QDWXUH��WKHVH�
�FHOOV�PXVW�EH�VSHFLDOL]HG�ILUVW�SULRU�WR�EHLQJ�
�LQMHFWHG�LQWR�KXPDQV�RU�WKH\�IRUP�DV�
�WHUDWRPDV��WXPRUV�WKDW�DUH�IRUPHG�DV�UHVXOW�RI�
�XQGLIIHUHQWLDWHG�DQG�IDVW�JURZWK��)XUWKHUPRUH��
�WKH�VWXG\�JDWKHUV�WKH�SUHVHQW�LPPXQRORJLFDO�
�WKUHDW�UHFLSLHQW�ERGLHV�IDFH�DV�D�UHVXOW�RI�
�KXPDQ�OHXNRF\WH�DQWLJHQV��+/$��EHLQJ�
�DWWULEXWHG�WR�WKH�GRQRU�,36&�DQG�WULJJHULQJ�DQ�
�LPPXQH�UHVSRQVH�LQ�WKH�UHFLSLHQW�ERG\��
�7KRXJK�WKHUH�DUH�VHYHUDO�FKDOOHQJHV�SUHVHQW�
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�ZLWK�XVLQJ�,36&V��WKH\�DUH�D�YDOXDEOH�
�UHVRXUFH�IRU�SRVVLEOH�QHZ�GUXJV�DQG�EHLQJ�
�XVHG�WKURXJK�FHOO�WKHUDS\��

�7KH�XVH�RI�ROIDFWRU\�FHOOV�DV�WUHDWPHQWV�LV�D�
�UHODWLYHO\�QHZ�FRQFHSW�DQG�DWWULEXWHV�WR�WKH�
�UHJHQHUDWLYH�DELOLWLHV�RI�ROIDFWRU\�QHXURQV�
�ORFDWHG�LQ�WKH�QDVDO�FDYLW\��7KHVH�FHOOV�KDYH�D�
�OLIHVSDQ�RI�XSWR�VL[�WR�HLJKW�PRQWKV�WR�ZKLFK�
�WKH\�DUH�UHSODFHG�E\�QHZ�QHXURQV�DV�D�UHVXOW�
�RI�XQGLIIHUHQWLDWHG�ROIDFWRU\�EXOEV�VSHFLDOL]LQJ�
�LQWR�WKH�ZHDNHQLQJ�QHXURQ¶V�SODFH��$OWKRXJK�
�WKHVH�FHOOV�GR�DOORZ�IRU�GLIIHUHQWLDWLRQ��LW�LV�
�WKRXJKW�WR�EH�RQO\�PXOWLSRWHQW�GXH�WR�WKHLU�
�ORFDOL]DWLRQ�LQ�WKH�EDVDO�OD\HU�RI�WKH�ROIDFWRU\�
�HSLWKHOLXP�DQG�YRPHURQDVDO�RUJDQ��$V�
�LQGLYLGXDOV�DJH��WKH�UHJHQHUDWLYH�FDSDFLW\�RI�
�WKH�ROIDFWRU\�V\VWHP�GHFUHDVHV��HVSHFLDOO\�LI�
�DIIHFWHG�E\�QHXUR��GHJHQHUDWLYH�GLVHDVHV�DQG�
�RWKHU�SDWKRSK\VLRORJLFDO�GLVHDVHV�DIIHFWLQJ�
�WKH�QDVDO�FDYLW\�������%XW�WKHLU�UDSLG�
�UHSOHQLVKPHQW�DELOLW\�GRHV�PDNH�ZD\�IRU�GUXJ�
�VFUHHQLQJV�DQG�RWKHU�FHOO�WKHUDSLHV�DV�ZHOO��

�0$7(5,$/6�$1'�0(7+2'6�
�8VLQJ�HOHFWURQLF�GDWDEDVHV�VXFK�DV�WKH�WKH�
�1DWLRQDO�/LEUDU\�RI�0HGLFLQH��1DWXUH�5HYLHZV�
�&OLQLFDO�2QFRORJ\�-RXUQDO��6WHP�&HOOV�
�-RXUQDOV��%LRPHG�&HQWUDO��DQG�7KH�0D\R�
�&OLQLF�ZHUH�XVHG�WR�SRRO�WRJHWKHU�DUWLFOHV�WKDW�
�FRXOG�EH�XVHG�IRU�WKH�PHWD�DQDO\VLV��7KH�
�DUWLFOHV�FRQWDLQLQJ�WKH�NH\�ZRUGV�³ROIDFWRU\�
�FHOOV´��³LQGXFHG�SOXULSRWHQW�VWHP�FHOOV´��³PRWRU�
�IXQFWLRQV´��DQG�³VHQVRU\�IXQFWLRQV´�ZHUH�XVHG�
�DV�ZHOO�DV�IROORZHG�E\�KDYLQJ�WZR�PDLQ�
�FULWHULDV��WKH\�PXVW�GLVFXVV�WKH�SURSHUWLHV�RI�
�,36&V�DQG�ROIDFWRU\�FHOOV�DQG�WKH�DUWLFOH�PXVW�
�EH�LQ�(QJOLVK��3UHYLRXV�PHWD�DQDO\VLV�DUWLFOHV�
�ZHUH�DOVR�LQFOXGHG��$UWLFOHV�ZHUH�H[FOXGHG�LI�
�WKH\�ZHUH�LQ�ODQJXDJHV�RWKHU�WKDQ�(QJOLVK�
�DQG�LI�WKH�VWXG\�VDPSOH�ZDV�WRR�VPDOO�WR�
�FRPH�XS�ZLWK�D�FRQFOXVLYH�UHVXOW��

�5(68/76�
�7KH�GDWD�IURP�WKH�PHWD�DQDO\VLV�VKRZHG�WKH�
�HIILFDF\�RI�ERWK�,36&V�DQG�ROIDFWRU\�FHOOV�DV�
�UHJHQHUDWLYH�WUHDWPHQWV�WKURXJK�PLFH�PRGHOV�
�DQG�LQ�YLWUR�VWXGLHV��7DEOH�����

�,QGXFHG�3OXULSRWHQF\�6WHP�&HOOV�

�,36�FHOOV�KDYH�VKRZQ�VHYHUDO�VXFFHVVHV�RYHU�
�WKH�FRXUVH�RI�\HDUV�WR�DOORZ�IRU�GLIIHUHQWLDWLRQ��
�DOWKRXJK�LW�LV�OLPLWHG�WR�PRXVH�WULDOV��
�&KDPEHUV�HW�DO����� �VKLQHV�OLJKW�RQ�WKH�XVH�RI�
�KXPDQ�VRPDWLF�FHOOV�WR�GHYHORS�SOXULSRWHQW�
�FHOOV�WKDW�KDYH�WKH�DELOLW\�WR�JR�LQWR�D�VWDWH�RI�
�GLIIHUHQWLDWLRQ�E\�GD\�����%\�LQGXFLQJ�WKH�
�KXPDQ�LQGXFHG�SOXULSRWHQW�VWHP�FHOOV�
��K,36&V��LQWR�WKH�QHXUDO�SDWKZD\��WKH�FHOOV�
�ZHUH�UHDGLO\�DEOH�WR�GLIIHUHQWLDWH�LQWR�
�GRSDPLQH�QHXURQV�DQG�RWKHU�PRWRU�QHXURQ�
�VXEW\SHV��6ZLVWRZVNL�HW�DO����� �DOVR�FRQILUPV�WKLV�
�VXFFHVV�LQ�D�[HQRIUHH�V\VWHP��WKXV�LQGLFDWLQJ�
�WKDW�K,36&V�FDQ�EH�XVHG�WR�WUHDW�
�QHXURGHJHQHUDWLYH�GLVHDVHV�VXFK�DV�
�3DUNLQVRQV�E\�SURGXFLQJ�GRSDPLQH�QHXURQV�
�DQG�UHFHSWRUV�WKURXJKRXW�WKH�ERG\��5XIDLKDK�
�HW�DO����� �DOVR�FRQILUPV�WKH�WUDQVSODQW�RI�K,36&V�
�LQWR�RWKHU�PDPPDOV�GRHV�LQGLFDWH�WKH�
�SURPRWLRQ�RI�WLVVXH�JURZWK��7KURXJK�
�LPPXQRIOXRUHVFHQFH�VWDLQLQJ�DQG�ODVHU�
�'RSSOHU�GDWD��LW�FDQ�EH�LGHQWLILHG�WKDW�ZKHQ�
�K,36&V�DUH�LQMHFWHG�LQ�WKH�LVFKHPLF�KLQGOLPE��
�WKH�FDSLOODU\�GHQVLW\�LQFUHDVHV��$OLSR�HW�DO�����
�GRHV�VKRZ�,36&V�EHLQJ�XVHG�LQ�PRXVH�
�ERGLHV�WR�WUHDW�K\SHUJO\FHPLF�SKHQRW\SHV��
�8VLQJ�VNLQ�ILEUREODVWV��UHWURYLUDO�WUDQVFULSWLRQ�
�IDFWRUV�ZHUH�WUDQVGXFHG�LQWR�WKH�ILEUREODVWV�WR�
�FUHDWH�,36&�FRORQLHV�ZKLFK�ZRXOG�WKHQ�EH�
�LQMHFWHG�LQWR�WKH�PLFH�WR�FRUUHFW�WKH�
�K\SHUJO\FHPLF�SKHQRW\SHV��7KH�LQLWLDO�VNLQ�
�ILEUREODVW�FRQYHUVLRQ�LQWR�WKH�ȕ�OLNH�FHOOV�ZHUH�
�LQ�YLWUR�EXW�IROORZLQJ�WKHLU�GLIIHUHQWLDWLRQ��LW�
�ZRXOG�EH�LQMHFWHG�LQWR�WKH�PLFH�DQG�IROORZHG�
�WR�VHH�LQVXOLQ�EHLQJ�VHFUHWHG�DIWHU�PDUNLQJ�
�JOXFRVH�LQ�WKH�PLFHV¶�ERGLHV��

�:KLOH�PRVW�VWXGLHV�PHQWLRQHG�DERYH�DUH�
�LQWHJUDWLYH�DQG�GLUHFW�LQ�WKHLU�DSSURDFK�WR�
�LQWURGXFLQJ�WKH�,36�FHOOV�LQWR�WKH�ERG\�RI�WKH�
�PLFH��0RUDGL�HW�DO����� �VXJJHVWV�WKDW�
�QRQ�LQWHJUDWLYH�PHWKRGV�DUH�PXFK�EHWWHU�DW�
�GHOLYHULQJ�WKH�SXUSRVH�RI�SOXULSRWHQF\�FHOOV��
�%\�LQGXFLQJ�WUDQVJHQHV�LQWR�WKH�SOXULSRWHQW�
�FHOOV��WKHUH�LV�D�SRVVLEOH�ULVN�RI�DFWLYDWLQJ�
�DQRWKHU�JHQH�RU�FKDQJLQJ�WKH�SXUSRVH�RI�WKH�
�FHOO�HQWLUHO\��UHQGHULQJ�WKH�FHOO�XVHOHVV�DQG�
�WKH�VXEVHTXHQW�GDXJKWHU�JHQHUDWLRQV�XVHOHVV�
�DV�ZHOO��%HFDXVH�RI�WKHLU�ORZ�UHSURJUDPPLQJ�
�HIILFLHQF\��LI�FRXSOHG�ZLWK�PLFUR51$V�RU�RWKHU�
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�VPDOO�PROHFXOHV�WKDW�DVVLVW�LQ�WKH�
�UHSURJUDPPLQJ�SKDVH�RI�WKH�SOXULSRWHQW�FHOO��
�WKHUH�ZRXOG�EH�D�VLJQLILFDQW�ULVH�LQ�WKH�RYHUDOO�
�HIIHFWLYHQHVV�RI�WKH�,36�FHOOV��

�,QWHJUDWLRQ�RI�,36�FHOOV�LQWR�WKH�ERG\�GRHV�
�SRVH�VHYHUDO�ULVNV�DV�WKH�SRVVLEOH�DFTXLVLWLRQ�
�RI�VHFRQGDU\�GLVHDVHV�DV�ZHOO�DV�ORVV�RI�
�IXQFWLRQ�GRHV�SHUWDLQ�WR�KHDY\�ULVNV�RYHUDOO��
�7HUDWRPDV�DUH�DOVR�LQGLFDWLYH�RI�,36&V�
�SUROLIHUDWLQJ��KRZHYHU��DW�DQ�XQFKHFNHG�
�JURZWK�UDWH�DQG�ZLWKRXW�DQ\�GLIIHUHQWLDWLRQ��,W�
�QHFHVVLWDWHV�IRU�D�GLIIHUHQWLDWLRQ�JHQH�EHLQJ�
�LQWURGXFHG�SULRU�WR�LWV�LQWURGXFWLRQ�LQWR�WKH�
�UHFLSLHQW�ERG\�DORQJVLGH�ZLWK�SUHYHQWDWLYH�
�PHDVXUHV�WR�NHHS�WKH�+/$�LPPXQRORJLFDO�
�GHIHQVH�PHFKDQLVP�IURP�WULJJHULQJ��

�2OIDFWRU\�&HOOV�
�2OIDFWRU\�FHOOV�DUH�XQLTXH�LQ�WKH�VHQVH�WKDW�
�WKH\�DUH�VRPH�RI�WKH�RQO\�FHOOV�WKDW�KDYH�WKH�
�DELOLW\�WR�EH�SOXULSRWHQW��DIWHU�D�ORQJ�EHOLHYHG�
�WKHRU\�WKDW�WKH\�DUH�PXOWLSRWHQW����� �EXW�FDQ�RQO\�
�GR�VR�LQ�FHUWDLQ�FRQGLWLRQV��8QOLNH�ERQH�
�PDUURZ�FHOOV�WKDW�DUH�PXOWLSRWHQW��&RVWDQ]R¶V�
�VWXG\����� �KLJKOLJKWV�WKH�VSDWLDO�FKDOOHQJHV�WKDW�
�DUH�SUHVHQWHG�WR�UHJHQHUDWLQJ�QHUYH�FHOOV�GXH�
�WR�OHVLRQV�WR�WKH�ROIDFWRU\�QHUYHV��7KHVH�

�OHVLRQV�FDXVH�D[RQ�VKHDWK�DOLJQPHQW�WR�EH�
�GLVUXSWHG��FDXVLQJ�QHUYH�OLQNV�WR�EH�VHYHUHG�
�DQG�SUHYHQWLQJ�HOHFWULFDO�LPSXOVHV�WR�JHW�
�WKURXJK�IRU�PRWRU�DQG�VHQVRU\�IXQFWLRQV��
�0DUHL�HW�DO������ �VWXG\�KLJKOLJKWV�WKH�VDPH�LVVXH�
�RI�ODFNLQJ�PRWRU�DQG�VHQVRU\�IXQFWLRQV�ZLWKLQ�
�PLFH�GHVSLWH�DGXOW�KXPDQ�ROIDFWRU\�EXOE�
�QHXUDO�FHOOV�EHLQJ�HQJUDIWHG�LQWR�WKH�PLFH��
�7KH�ROIDFWRU\�FHOOV�GLG�GLIIHUHQWLDWH�LQWR�
�QHXURQV�DQG�RWKHU�QHXUDO�QHWZRUNV��KRZHYHU��
�WKHUH�ZDV�D�ODFN�RI�IXQFWLRQ�SUHVHQWHG�LQ�
�WKHVH�PLFH��

�:LWK�WKH�%HHFKHU�VWXG\�������LW�VKHGV�OLJKW�RQ�
�SRVVLEO\�QHZ�FHOO�WUDQVSODQWDWLRQ�WKHUDS\�ZLWK�
�ROIDFWRU\�HQVKHDWKLQJ�FHOOV��2(&V���%\�
�H[SUHVVLQJ�GLUHFWLRQDO�DQG�PDWUL[�PROHFXOH�
�VXSSRUW�WR�JURZLQJ�QHUYH�FHOOV��LW�LQGLFDWHV�
�WKDW�WKHVH�FHOO�W\SHV�DUH�H[WUHPHO\�LPSRUWDQW�
�LQ�JURZLQJ�QHUYHV�ORFDWHG�ZLWKLQ�WKH�QHUYH�
�ILEHU�OD\HU�RI�WKH�ROIDFWRU\�EXOE��6HR�HW�DO������
�GRHV�VXJJHVW�WKDW�VRPH�VHQVRU\�IXQFWLRQV�
�FDQ�EH�UHWXUQHG�WKURXJK�D�FRPELQDWLRQ�RI�
�SUHGQLVRORQH�DQG�*�ELORED�FRPSDUHG�WR�RQO\�
�SUHGQLVRORQH�WKURXJK�D�UDQGRPL]HG�WULDO��
�7KRXJK�WKHUH�ZDV�QRW�PXFK�RI�D�VWDWLVWLFDO�
�GLIIHUHQFH�LQ�WKH�WZR�WKHUDSLHV��WKH�
�FRPELQDWLRQ�WKHUDS\�GRHV�VXJJHVW�EHWWHU�
�HIILFDF\�WR�WUHDWLQJ�ORVW�ROIDFWRU\�VHQVH��

�7DEOH����6XPPDU\�RI�6WHP�&HOO�0HWD�DQDO\VLV�

�$UWLFOH�7\SH� �6WXG\� �2XWFRPH�

�,QGXFHG�
�3OXULSRWHQF\�
�6WHP�&HOOV�

�0RUDGL�HW�DO������������ �,36&V�KDYH�EHWWHU�VXFFHVV�WKURXJK�QRQ�LQWHJUDWLYH�
�PHWKRGV�

�&KDPEHUV�HW�DO������������ �'LUHFWHG�GLIIHUHQWLDWLRQ�DOORZV�IRU�XQLIRUP�DQG�IDVW�
�QHXUDO�FRQYHUVLRQ�

�6ZLVWRZVNL�HW�DO������������ �K,36&V�GLIIHUHQWLDWH�LQ�[HQRIUHH�V\VWHPV�

�5XIDLKDK�HW�DO������������ �K,36&�WUDQVSODQW�VKRZHG�KLJKHU�FDSLOODU\�GHQVLW\�

�$OLSR�HW�DO������������ �ȕ�OLNH�FHOOV�ZHUH�GLIIHUHQWLDWHG�E\�PRXVH�VNLQ�,36&V�

�2OIDFWRU\�
�&HOOV�

�%HHFKHU�HW�DO������������ �2OIDFWRU\�HQVKHDWKLQJ�FHOOV��2(&V��FDQ�EH�XVHG�IRU�
�FHOO�WUDQVSODQWDWLRQ�
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�&RVWDQ]R������������ �7KH�GLVUXSWLRQ�RI�D[RQ�VKHDWK�DOLJQPHQW�IURP�
�UHJHQHUDWLQJ�QHUYH�FHOOV�

�0DUHL�HW�DO������������� �(QJUDIWHG�FHOOV�IDLOHG�WR�EULQJ�EDFN�PRWRU�DQG�
�VHQVRU\�IXQFWLRQV�

�6HR�HW�DO������������� �*�%LORED�DQG�SUHGQLVRORQH�VKRZHG�FOLQLFDO�HIILFDF\�
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