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�
,1752'8&7,21,�ZLOO�VWDUW�WKLV�GLVFXVVLRQ�ZLWK�WKH�SUHPLVH�WKDW�EHFDXVH�RI�WKH�NLQG�RI�WUDYHO�ZH�DUH�GLVFXVVLQJ�WRGD\ WKHUH�LV�D�VWURQJ�FKDQFH�WKDW�IDWLJXH�LV�LQYROYHG�LQ�D�QXPEHU�RI�WKH�FUDVKHV�ZH¶YH�KHDUG�VRPH�RXWOLQH�LQIRUPDWLRQ�DERXW���,¶OO�JR�IXUWKHU�DQG�VD\�WKDW�WKHUH�LV�D�YHU\�JRRG�FKDQFH�WKDW�XS�WR�RQH�LQ�ILYH�FUDVKHV�DQG�SHUKDSV�PRUH�FDQ�EH�H[SHFWHG�WR�LQYROYH�VRPH�HOHPHQW�RI�IDWLJXH� 6R�ZH�DUH�WDONLQJ�DERXW�D�UHDO�SUREOHP�ZLWK�VRPH�UHDO�FRQVHTXHQFHV�LQ�WHUPV�RI�URDG�WUDXPD�:KDW�LV�IDWLJXH"��0RVW�SHRSOH�VHHP�WR�WKLQN�WKH\�NQRZ�EXW�WKHUH�DUH�D�IHZ�PLVFRQFHSWLRQV�DQG�FHUWDLQO\�VRPH�LPSRUWDQW�IDFWV�WKDW�PDQ\�SHRSOH�GRQ¶W�NQRZ�6R�OHW¶V�VWDUW�ZLWK�VRPH�GHILQLWLRQV���
'(),1,1*�)$7,*8()DWLJXH�QHHGV�WR�EH�GHILQHG�VR�WKDW�LWV�FKDUDFWHU�DQG�HIIHFWV�FDQ�EH�GLVWLQJXLVKHG�IURP�RWKHU�IRUPV�RI� LPSDLUPHQW�� VXFK�DV� LPSDLUPHQW� IURP�WKH�XVH�RI�SUHVFULSWLRQ�DQG�QRQ�SUHVFULSWLRQ�GUXJV��FDQQDELQRLGV�DQG�RWKHU�µUHFUHDWLRQDO¶�VXEVWDQFHV�DQG�DOFRKRO���:KLOH�XVH�RI� DOFRKRO� DQG�RWKHU�GUXJV� �DQG�VRPH�DVVRFLDWHG�EHKDYLRXUV��FDQ� OHDG� WR� IDWLJXH�DQG�JLYH�ULVH� WR�PXFK� WKH�VDPH�SV\FKRSK\VLRORJLFDO� LPSDLUPHQW�DV�IDWLJXH��D�SHUVRQ�FDQ�RI�FRXUVH�EH�LPSDLUHG�E\�IDWLJXH�ZLWKRXW�XVH�RI�GUXJV�DQG�DOFRKRO���7KLV�UHTXLUHV�D�GHILQLWLRQ�WKDW�UHODWHV�VSHFLILFDOO\�WR�IDWLJXH��HYHQ�LI�VRPH�RI�WKH�LPSDLUPHQW�RXWFRPHV�DUH�FRPPRQ�WR�RWKHU�FRQWULEXWRU\�IDFWRUV���)RU�WKH�SXUSRVHV�RI�GULYLQJ�LPSDLUPHQW��WKLV�GRHV�QRW�PDWWHU���0XFK� RI� WKH� UHVHDUFK� RQ� IDWLJXH� LQ� $XVWUDOLD� KDV� EHHQ� LQ� UHODWLRQ� WR� WKH� URDG� WUDQVSRUW�LQGXVWU\���7KH�RXWFRPH�RI�WKLV�UHVHDUFK�LV�UHOHYDQW�WR�DOO�GULYHUV�DQG�ULGHUV���0RVW�UHVHDUFK�KDV�WHQGHG� WR�XVH�RSHUDWLRQDO�GHILQLWLRQV�RI�IDWLJXH��IRFXVVLQJ�RQ�SV\FKRSK\VLRORJLFDO�RXWFRPHV�DQG� OLQNLQJ� WKHP� WR� VOHHS�GHSULYDWLRQ��� �� �7KH� UHSRUW� RI� WKH�1HYLOOH� ,QTXLU\��� VXPPHG�XS�YDULRXV�GHILQLWLRQV�DQG�FRQFOXGHG���´IDWLJXH�LV�WKH�UHVXOW�RI LQDGHTXDWH�UHVW�RYHU�D�SHULRG�RI�WLPH�DQG�«��OHDGV�WR�SK\VLFDO�DQG�PHQWDO�LPSDLUPHQW´���$� )DWLJXH� ([SHUW� *URXS� FRQYHQHG� E\� WKH� $XVWUDOLDQ� 7UDQVSRUW� 6DIHW\� %XUHDX�� WKH� /DQG�7UDQVSRUW� 6DIHW\� $XWKRULW\� 1HZ� =HDODQG� DQG� WKH� 1DWLRQDO� 5RDG� 7UDQVSRUW� &RPPLVVLRQ���VXJJHVWHG�D�FRPELQDWLRQ�RI�V\PSWRPV�DQG�FRQWULEXWRU\�IDFWRUV�³7KH�V\PSWRPV�RU�HIIHFWV�DVVRFLDWHG�ZLWK�IDWLJXH�LQFOXGH�LPSDLUHG�SHUIRUPDQFH��ORVV�RI� DWWHQWLYHQHVV�� VORZHU� UHDFWLRQ� WLPHV�� LPSDLUHG� MXGJHPHQW�� SRRUHU� SHUIRUPDQFH� RQ�VNLOOHG� FRQWURO� WDVNV� DQG� LQFUHDVLQJ� SUREDELOLW\� RI� IDOOLQJ� DVOHHS�� DQG� VXEMHFWLYH�IHHOLQJV�RI�GURZVLQHVV�RU�WLUHGQHVV�&RQWULEXWRU\� IDFWRUV� LQFOXGH� ORQJ� SHULRGV� DZDNH�� LQDGHTXDWH� DPRXQW� RU� TXDOLW\� RI�VOHHS� RYHU� DQ� H[WHQGHG� SHULRG�� VXVWDLQHG� PHQWDO� RU� SK\VLFDO� HIIRUW�� GLVUXSWLRQ RI�FLUFDGLDQ�UK\WKPV��LQDGHTXDWH�UHVW�EUHDNV�DQG�HQYLURQPHQWDO�VWUHVVHV��KHDW��QRLVH�DQG�YLEUDWLRQ�´�-RE�DQG�'DO]LHOO��� QRWHG�WKDW�D�GHILQLWLRQ�RI�IDWLJXH�VKRXOG�LGHQWLI\�IDWLJXH�DV�D�FRQVWUXFW�RU�VWDWH�RI�WKH�SHUVRQ��QRW�D�SHUIRUPDQFH�RU�D�EHKDYLRXUDO�RXWFRPH��LW�VKRXOG�LGHQWLI\�WKH�FDXVH�RI� WKH�VWDWH�RI� WKH�SHUVRQ�� WR�GLVWLQJXLVK�IURP�RWKHU� WKLQJV�SURGXFLQJ�WKH�VDPH�SHUIRUPDQFH�RXWFRPHV�� DQG� VKRXOG� UHIOHFW�� DV� IDU� DV� SRVVLEOH�� WKH� PHDQLQJ� DVFULEHG� WR� WKH� WHUP� E\� WKH�JHQHUDO�SRSXODWLRQ���2Q�WKHVH�FULWHULD�WKH\�GHILQH�IDWLJXH�DV�IROORZV�³)DWLJXH� UHIHUV� WR� WKH� VWDWH� RI� DQ� RUJDQLVP¶V� PXVFOHV�� YLVFHUD� RU� FHQWUDO� QHUYRXV�V\VWHP�� LQ�ZKLFK�SULRU�SK\VLFDO� DFWLYLW\� DQG�RU�PHQWDO� SURFHVVLQJ�� LQ� WKH� DEVHQFH�RI�
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�VXIILFLHQW� UHVW�� UHVXOWV� LQ� LQVXIILFLHQW� FHOOXODU� FDSDFLW\� RU� V\VWHPZLGH� HQHUJ\� WR�PDLQWDLQ�WKH�RULJLQDO�OHYHO�RI�DFWLYLW\�DQG�RU�SURFHVVLQJ�XVLQJ�QRUPDO�UHVRXUFHV�´$Q\�RI�WKHVH�GHILQLWLRQV�LV�VXLWDEOH���,W�ZLOO�EH�REYLRXV�WKDW�HYHQ�ZKHUH�IRUPXODWHG�IRU�KHDY\�YHKLFOH� GULYHUV� WKHVH� GHILQLWLRQV� DSSO\� LQ� HYHU\� UHVSHFW� WR� DOO� GULYHUV� DQG� ULGHUV�� ZKHWKHU�SURIHVVLRQDO�RU�SULYDWH�DQG�ZKHWKHU�ZRUNLQJ�RU�RQ�SHUVRQDO�DIIDLUV�� �$OWKRXJK�DV�QRWHG�LW� LV�SUREDEO\�PRVW�JHQHUDOO\�DVVRFLDWHG�ZLWK�ORQJ�GLVWDQFH�GULYLQJ��LPSDLUPHQW�FDXVHG�E\�IDWLJXH�FDQ�DIIHFW�VKRUW�WULSV�DV�ZHOO��DV�GLVFXVVHG�D�OLWWOH�ODWHU�
)$7,*8(�$1'�&5$6+(6&HUWDLQ�NLQGV�RI�FUDVKHV DUH�VDLG�WR�EH�IDWLJXH�UHODWHG�RU�FKDUDFWHULVWLF�� �$W�SUHVHQW�WKHUH�DUH�WKUHH� ZD\V� LQ�ZKLFK� IDWLJXH� FDQ� EH� LGHQWLILHG� DV� D� FDXVH� RU�PDMRU� FRQWULEXWLQJ� IDFWRU� WR� D�FUDVK�� �7KH� ILUVW� LV� E\� LQGLUHFW� HYLGHQFH� RU� E\� LQIHUHQFH� IURP� LQYHVWLJDWLRQ� RI� WKH� FUDVK��� ���7KH�VHFRQG�LV�DQ�DGPLVVLRQ�E\�WKH�GULYHU�RU�ULGHU�WKDW�IDWLJXH�SOD\HG�D�SDUW�LQ�ORVV�RI�FRQWURO���7KH�WKLUG�LV�WKURXJK�WKH�HYLGHQFH�RI�D�ZLWQHVV�WKDW�WKH�GULYHU�RU�ULGHU�ZDV�WRR�WLUHG�WR�RSHUDWH�WKH� YHKLFOH� VDIHO\�� HLWKHU� WKURXJK� SK\VLFDO� VLJQV� RI� IDWLJXH� RU� WKURXJK� WKH� HYLGHQFH� RI� ORQJ�KRXUV�RI�ZRUN�RU�ZDNHIXOQHVV���7KH� VHFRQG� DQG� WKLUG�ZD\V� DUH� OHVV� IUHTXHQWO\� DYDLODEOH� WR� LQYHVWLJDWRUV� HLWKHU� EHFDXVH� WKH�GULYHU� GRHV� QRW� VXUYLYH� RU� LV� XQZLOOLQJ� WR� DGPLW� WKDW� KLV� RU� KHU� GULYLQJ� ZDV� LPSDLUHG� E\�IDWLJXH��RU�EHFDXVH�WKHUH�DUH�QR�ZLWQHVVHV���0DQ\�IDWLJXH�UHODWHG�FUDVKHV�DUH�IDWDO��DQG�XQOLNH�GUXJV�RU�DOFRKRO��IDWLJXH�FDQQRW�EH�GHWHFWHG�LQ� D� SRVW� PRUWHP�� � 7KHUHIRUH� LQYHVWLJDWRUV� KDYH� WR� LQIHU� IDWLJXH� DV� D� FRQWULEXWLQJ� IDFWRU�WKURXJK�WKH�FLUFXPVWDQFHV�RI�WKH�FUDVKHV�WKDW�RFFXU� 7KLV�LV�YHU\�LPSRUWDQW�IRU�GHWHUPLQLQJ�ZKHWKHU� IDWLJXH�SOD\HG� D�SDUW� LQ� WKH� FUDVK�� DQG� LQ� UHODWLRQ� WR� WKH� OLPLWDWLRQV�RI� WKH�GDWD�ZH�KDYH�DYDLODEOH�WR�XV�
&ULWHULD�XVHG�IRU�LGHQWLI\LQJ�IDWLJXH�UHODWHG�FUDVKHV7KH�FULWHULD�XVHG�IRU�LGHQWLI\LQJ�IDWLJXH�UHODWHG�FUDVKHV�EHFRPH�D�PDWWHU�RI�EHVW�MXGJHPHQW�RQ�WKH�FUDVK�FLUFXPVWDQFHV�WKDW�FDQ�PRVW�UHOLDEO\�EH�DVVRFLDWHG�ZLWK�GULYLQJ�LPSDLUHG�E\�IDWLJXH���7KHVH�DUH�FRPPRQO\�KHOG�WR�EH���¾ VHYHUH�FUDVKHV�¾ FUDVKHV�ZKHUH�WKH�GULYHU�LV�WKH�RQO\�RFFXSDQW�¾ FUDVKHV�LQYROYLQJ�UXQQLQJ�RII�WKH�URDG�RU�FROOLGLQJ�ZLWK�DQRWKHU�YHKLFOH�RU�REMHFW��HVSHFLDOO\�ZKHUH�WKHUH�LV�QR�HYLGHQFH�RI�EUDNLQJ�RU�VZHUYLQJ��RU�¾ FUDVKHV�RFFXUULQJ� DW WKH�KLJK� ULVN� WLPHV�RI�PLG� DIWHUQRRQ�� ODWH� DW� QLJKW�RU� LQ� WKH�HDUO\�KRXUV�RI�WKH�PRUQLQJ��FRUUHVSRQGLQJ�WR�WKH�FLUFDGLDQ�UK\WKP�ORZ�SRLQWV������7KH�WLPHV�RI�GD\�FRPPRQO\�XVHG�����SP�DQG���SP�RU�PLGQLJKW�WR��DP��RQO\�UHSUHVHQW�WKRVH�KRXUV�LQ�ZKLFK�FLUFDGLDQ�UK\WKPV�DUH�DW�D�µORZ¶�SRLQW�DQG�WKHUH�LV�JUHDWHU�SURSHQVLW\�WR�VOHHS���7KHVH�SHULRGV�DUH�VRPHZKDW�DUELWUDU\�LQ�DQ\�FDVH���$�SHUVRQ�ZKR�LV�VHULRXVO\�VOHHS�GHSULYHG�PD\�IDOO�DVOHHS�RU�EH�LPSDLUHG�E\�IDWLJXH�DW�DQ\�WLPH�7KHUH� LV� JUHDW XQFHUWDLQW\� DERXW� WKH� QXPEHU� RU� SURSRUWLRQ� RI� FUDVKHV� WKDW� FDQ� UHOLDEO\� EH�LGHQWLILHG� DV� IDWLJXH� UHODWHG�� � ,W� LV� OLNHO\�� DQG� LV� IUHTXHQWO\�DFNQRZOHGJHG�� WKDW� WKH�QXPEHUV�FRPPRQO\�FLWHG�UHSUHVHQW�DQ�XQGHUHVWLPDWH�UDWKHU�WKDQ�DQ�RYHUHVWLPDWH��HYHQ�LI�WKH\�LQFOXGH�FUDVKHV�WKDW�PLJKW�KDYH�EHHQ�DVFULEHG�WR�IDWLJXH�EHFDXVH�WKHUH�LV�QR�RWKHU�LGHQWLILDEOH�FDXVH���)LJXUHV� RI� ������ KDYH� EHHQ� FLWHG�� � 'REELH��� HVWLPDWHG� WKDW� ������ RI� IDWDO� FUDVKHV�ZHUH�FDXVHG�E\�IDWLJXH��RQ�D�YHU\�UHVWULFWHG�GHILQLWLRQ� 2QH�VWXG\�RI�FUDVKHV�LQ�16:�H[SUHVVHG�WKH�
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�YLHZ� WKDW� XS� WR� ���� RI� WKH� FUDVKHV� LQYHVWLJDWHG� FRXOG� KDYH� LQYROYHG� VRPH� HOHPHQW� RI�IDWLJXH����%XW�HYHQ�WKDW�GRHV�QRW�DFFRXQW�IRU�DOO�IDFWRUV�� �6ZDQQ��� LQ�DQ��$XVWURDGV�SDSHU�WKDW�KDV�QRW�EHHQ�QRWLFHG�YHU\�PXFK��KDV�VXJJHVWHG�WKDW�FUDVKHV�LGHQWLILHG�DV�IDWLJXH�UHODWHG�PLJKW�RQO\�EH�WKRVH�WKDW�UHVXOW�IURP�WKH�GULYHU�IDOOLQJ�DVOHHS��VLQFH�WKH�FRUH�FKDUDFWHULVWLF�RI�WKHVH�FUDVKHV�LV�WKDW� WKH�GULYHU� LV� QR� ORQJHU� LQ� FRQWURO�� �%XW� WKHUH�PLJKW�EH� VLJQLILFDQW� LPSDLUPHQW�DW� OHYHOV�ZHOO�EHORZ�WKH�SRLQW RI�IDOOLQJ�DVOHHS WKDW�DOVR�FRQWULEXWHV�WR�FUDVKHV���6ZDQQ�WKLQNV�WKHUH�DUH�OHYHOV�RI�VOHHSLQHVV�LQ�ZKLFKµ«GULYHUV� KDYH� VLJQLILFDQW� ZLWKGUDZDO� RI� DWWHQWLRQ� IURP� URDG� DQG� WUDIILF� GHPDQGV�ZKLFK�FDQ�EH�ERWK�JHQHUDO��LPSDLULQJ�YHKLFOH�FRQWURO�DQG�FROOLVLRQ�DYRLGDQFH�DELOLW\��DQG� FDQ� DOVR� EH� VHOHFWLYH�� LPSDLULQJ� FROOLVLRQ� DYRLGDQFH� DELOLW\� EXW� OHDYLQJ� YHKLFOH�FRQWURO� LQWDFW�� � $W� WKHVH� LPSDLUHG� OHYHOV� RI� LQIRUPDWLRQ� SURFHVVLQJ� GULYHUV�PD\� QRW�GHWHFW�FULWLFDO�HYHQWV��VXFK�DV�VWRS�VLJQV�DQG�UHG�OLJKWV�DQG�PD\�IDLO�WR�DSSUHFLDWH�KLJK�DFFLGHQW�ULVN�VLWXDWLRQV�¶,I�6ZDQQ�LV�FRUUHFW��LW�LV�SUREDEOH�WKDW�RQO\�FUDVKHV�LQYROYLQJ�JUHDWHU�OHYHOV�RI�VOHHSLQHVV�DUH�UHOLDEO\� LGHQWLILHG� DV� IDWLJXH� UHODWHG�� DQG� WKDW� FUDVKHV� DULVLQJ� IURP� OHVVHU� �EXW� VWLOO� SUHVHQW��IDWLJXH� LPSDLUPHQW�DUH� LQFRUUHFWO\�DVFULEHG� WR�RWKHU�FDXVHV�VXFK�DV� LQDWWHQWLRQ�RU�µQHJOLJHQW�GULYLQJ¶�RU�VXQGU\�EUHDFKHV�RI�WKH�URDG�UXOHV���:LWKRXW�ILUP�LQGLFDWLRQ�WKDW�D�GULYHU�RU�ULGHU�ZDV�LPSDLUHG�LQ�WKHVH�FUDVKHV��RU�DGPLVVLRQ�E\�WKH� GULYHU� RU� ULGHU� WKDW� KH� RU� VKH� ZDV� IDWLJXHG� DQG� WKHUHIRUH� IDLOHG�� LW� LV� XQIRUWXQDWHO\� QRW�SRVVLEOH�WR�LQFOXGH�VXFK�FUDVKHV�LQ�DQ\�GHILQLWLRQ�RI�D�IDWLJXH�UHODWHG�FUDVK�'RHV� WKLV�DPRXQW�RI�XQGHUHVWLPDWLRQ�PDWWHU"� �2Q� WKHVH�DQG�DOO�DYDLODEOH� ILJXUHV�� LW� LV�FOHDU�WKDW�IDWLJXH�UHODWHG�FUDVKHV�DUH�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�WRWDO�DQG�ZDUUDQW�DFWLRQ�WR�UHGXFH�WKHP�� � ,Q� IDFW� HIIHFWLYH� DFWLRQ� RQ� GULYHU� IDWLJXH� FRXOG� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� D�VWDJQDWLQJ�URDG� WROO��DQG� WKH�PRUH�VR�VLQFH�DYDLODEOH�ILJXUHV�XQGHUHVWLPDWH�WKH�WUXH�QXPEHU���1R� JUHDWHU� SUHFLVLRQ� WKDQ� LV� QRZ� DYDLODEOH� ZRXOG� EH� UHTXLUHG� WR� MXVWLI\� LQYHVWPHQW� LQ�PHDVXUHV� WR�UHGXFH�WKH�QXPEHU�RI�FUDVKHV�DQG�UHVXOWLQJ�WUDXPD�WKDW�KDYH�IDWLJXH�DV�D�PDMRU�FRQWULEXWLQJ�IDFWRU�
0,681'(56722'�$1'�81(5(67,0$7('6R�ZK\�LV�IDWLJXH�VXFK�D�ZLGHVSUHDG�SKHQRPHQRQ DQG�DSSDUHQWO\�VR�OLWWOH�XQGHUVWRRG"2QH�YLHZ�LV�WKDW�SHRSOH�PLVXQGHUVWDQG�WKH�QDWXUH�RI�IDWLJXH���,W�LV�ZLGHO\�FRQVLGHUHG�WR�EH�D�SUREOHP�LQ�ORQJ�GLVWDQFH�GULYLQJ���,Q�WKLV�ZRUNVKRS�ZH�DUH�FRQFHUQHG�DERXW�FUDVKHV�WKDW�RFFXU�LQ�WKH�UHJLRQ�VXUURXQGLQJ�WKH�$&7��DQG�W\SLFDOO\�WKDW�LV�ZKHQ�SHRSOH�DUH�KHDGLQJ�RII��RU�FRPLQJ�KRPH�IURP��KROLGD\V�RU�D�ZHHNHQG�LQ�6\GQH\��RU�WKH�OLNH���&DQEHUUD�SHRSOH�W\SLFDOO\�KDYH�WKHLU�URRWV�RU�WKHLU�UHODWLYHV�VRPHZKHUH�HOVH��VR�WKH\�DUH�JUHDW�WUDYHOOHUV���$QGWKHQ�RI�FRXUVH�WKHUH�LV�WKH�FRDVW�DQG�RWKHU�UHFUHDWLRQDO�SXUVXLWV���7KLV�PHDQV�WKDW�RQ�H[SRVXUH�JURXQGV�DORQH�&DQEHUUD�SHRSOH�DUH�SUREDEO\�DW�FRQVLGHUDEOH�ULVN� $QG�,�WKLQN�E\�QRZ�WKH�GDQJHUV�RI��VD\��JHWWLQJ�LQWR�WKH�FDU�WR�GULYH�WR�ZKHUHYHU�RQ�D�)ULGD\ QLJKW�DIWHU�ZRUN�DUH�UHODWLYHO\�ZHOO�XQGHUVWRRG�HYHQ�LI�QRW�YHU\�ZHOO�REVHUYHG�2QH�RI�WKH�SKHQRPHQD�RI�WKH�ODVW�IHZ�\HDUV�LV�WKDW�DOWKRXJK�WKHUH�KDV�EHHQ�D�FRQVLGHUDEOH�DPRXQW�RI�UHVHDUFK�RQ�IDWLJXH�LW�KDV�EHHQ�D�ELW�RQH�VLGHG���,W�EHJDQ�ZLWK�UHVHDUFK�LQWR�KHDY\�YHKLFOH�GULYHU�IDWLJXH�DQG�DOO�WKDW�JRHV�DORQJ�ZLWK�WKDW��DQG�IURP�WKDW�UHVHDUFK�DQG�D�FRQVLGHUDEOH�DPRXQW�RI�EDFNJURXQG�OLWHUDWXUH�FDPH�WKH�UHDOLVDWLRQ�WKDW�FLUFDGLDQ�UK\WKP�HIIHFWV�DQG�ORVV�RI�VOHHS�WLPH�ZHUH�LI�DQ\WKLQJ�PRUH�LPSRUWDQW�WKDQ�WKH�QXPEHU�RI�KRXUV�ZRUNHG�DQG�WLPH�RQ�WDVN���7KHUH�DUH�LVVXHV�UHODWHG�WR�\RX�DQG�PH�WKDW�,�ZLOO�FRPH�WR�ODWHU�RQ�%XW� WKHUH� LV�PRUH�WKDQ�RQH�SKHQRPHQRQ�WKDW�LV�WKRXJKW�RI�ZKHQ�SHRSOH�WKLQN�DERXW�IDWLJXH���6RPH� ZULWHUV� DQG� UHVHDUFKHUV� GUDZ� D� GLVWLQFWLRQ� EHWZHHQ� IDWLJXH� UHVXOWLQJ� LQ� PHDVXUDEOH�LPSDLUPHQW DQG�VXEMHFWLYH�IHHOLQJV�RI�VOHHSLQHVV�RU�WLUHGQHVV����������7KLV�LV�DOVR�UHIHUUHG�WR�DV�
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�K\SRYLJLODQFH�� � )RU� VRPH� UHFHQW� WKLQNLQJ RQ� WKLV� VXEMHFW� \RX� PLJKW� OLNH� WR� ORRN� XS� D�ZRUNVKRS�RQ�K\SRYLJLODQFH� WKDW�ZDV�KHOG�DW�&$556�4�ODWH� ODVW�\HDU����� �7KHVH�IHHOLQJV�DUH�UHODWHG�WR�ERUHGRP�RU�ODFN�RI�VWLPXODWLRQ�DQG�UDSLGO\�GLVVLSDWH�RQ�DURXVDO���8QDURXVHG�VWDWHV�FDQ�EH� MXVW� DV�GDQJHURXV� DV� VOHHS�GHSULYDWLRQ�RU�ZRUN� LQGXFHG� IDWLJXH� LI� WKH\�PHDQ� ORVV�RI�DWWHQWLRQ�DQG�FRQVHTXHQW�IDLOXUH�WR�SHUFHLYH�KD]DUGV�DQG�VORZQHVV�WR�UHDFW���3KLOOLS�6ZDQQ�LQ�WKH�SDSHU�UHIHUUHG�WR�HDUOLHU�WDONHG�DERXW�WKH�HIIHFW�RI�VOHHSLQHVV�DV�D�SKHQRPHQRQ�LQ�LWV�RZQ�ULJKW��ZLWKRXW�UHIHUULQJ�WR VOHHS�GHSULYDWLRQ�RU�RWKHU�FDXVH����� 7KHVH�IHHOLQJV�RI�ERUHGRP�RU�VOHHSLQHVV DUH�UHOLHYHG�E\�WDNLQJ�SHULRGLF�UHVW�EUHDNV�DQG�D�VQDFN��IROORZLQJ�WKH�XVXDO�DGYLFH���7KH�OD\PDQ�XQGHUVWDQGV�YHU\�ZHOO�WKDW�RQH�FDQ�JHW�GURZV\�EHFDXVH�RI�ERUHGRP�DQG�ODFN�RI�VWLPXODWLRQ���$QG�WKDW�LV�YHU\�HDV\�WKHVH�GD\V��ZLWK�PXFK�EHWWHU�URDGV��TXLHW�DQG�HDV\�WR�GULYH�FDUV��FUXLVH�FRQWURO�DQG�DXWRPDWLF�WUDQVPLVVLRQV�DQG�WKH�OLNH���7KH�KXPDQ�EUDLQ�KDELWXDWHV�YHU\�HDVLO\�DQG�ZLWKRXW�FRQWLQXDO�VWLPXODWLRQ�ZLOO��HVVHQWLDOO\��VWDUW�WR�VKXW�GRZQ WKH�ELWV�LW�GRHVQ¶W�QHHG�WR�FRQWLQXH�IXQFWLRQLQJ���:H�KDYH�DOO�QRWLFHG�WKH�SKHQRPHQRQ���HYHU\�VR�RIWHQ�ZH�UHDOLVH�ZH¶YH�GULYHQ�VXFK�D�GLVWDQFH�DQG�VXGGHQO\�IRXQG�RXUVHOYHV�KHUH ZLWKRXW�EHLQJ�FRQVFLRXV�RI�KDYLQJ�GULYHQ�WR�WKDW�SRLQW���%XW�KRZ�TXLFNO\�WKDW�VLWXDWLRQ�FKDQJHV�ZKHQ�ZH�FRPH�XS�EHKLQG�D�ELW�RI�WUDIILF�WKDW�ZH�KDYH�WR�QHJRWLDWH��RU�D�FKDQJH�LQ�WKH�URDG�FRQGLWLRQV����,QVWDQWO\�ZH�DUH�RQ�IXOO�DOHUW�DJDLQ���1RWH�WKDW�SK\VLRORJLFDOO\�WKLV�LV�WKH�VDPH�SKHQRPHQRQ�DV�VOHHSLQHVV�IURP�± ZHOO��OHW¶V�FDOO�LW�IDWLJXH�IURP�LQVXIILFLHQW�VOHHS��RU�WRR�ORQJ�DZDNH�VLQFH�WKH�ODVW�VOHHS���$QG�LQ�VDIHW\�WHUPV�LW�LV�MXVW�DV�GDQJHURXV�$Q�LPSRUWDQW�LVVXH�LQ�IDWLJXH2QH�RI� WKH�IDFWRUV� LQ�IDWLJXH�LPSDLUPHQW� LV�WKDW�IDWLJXH��OLNH�DOFRKRO��DIIHFWV�FRJQLWLRQ���S�������7KLV�PHDQV�WKDW�WKH�IDFW�WKDW�D�SHUVRQ�LV�EHFRPLQJ�LPSDLUHG�E\�IDWLJXH�LV�LWVHOI�PDVNHG�LQ�WKH�VDPH�ZD\�DV�LPSDLUPHQW�IURP�DOFRKRO�FRQVXPSWLRQ���3HUFHSWLRQ��DWWHQWLRQ�DQG�MXGJHPHQW�DUH�LPSDLUHG����� � 7KHUHIRUH�� DV� ZLWK� DOFRKRO� D� SHUVRQ¶V� RZQ� MXGJHPHQW� DV� WR� ZKHWKHU� WKH\� DUH�LPSDLUHG� E\� IDWLJXH� PD\� QRW� EH� DEOH� WR� EH� WUXVWHG�� DQG� LQ� WKH� LQWHUHVWV� RI� VDIHW\� SUREDEO\�VKRXOG�QRW�EH�� �7R�SXW� WKLV� LQ�SHUVSHFWLYH�� LW�VKRXOG�EH�UHFDOOHG�WKDW�LQ����������RI�GULYHUV�DQG�ULGHUV�NLOOHG�LQ�$XVWUDOLD�KDG�D�EORRG�DOFRKRO�FRQFHQWUDWLRQ�RYHU����������S��������&DQ�,�UHPLQG�\RX DJDLQ�RI�WKH�UHVHDUFK�E\�'DZVRQ�DQG�5HLG���� DQG�)H\HU�DQG�:LOOLDPVRQ����ZKLFK� IRXQG� WKDW� ������ KRXUV� FRQWLQXRXV� ZDNHIXOQHVV� EULQJV� D� GHFUHPHQW� LQ� SHUIRUPDQFH�HTXLYDOHQW�WR�EHLQJ�DW�������DQG�WKDW����KRXUV�RU�VR�LV�HTXLYDOHQW�WR�EHLQJ�DW�D�%$&�RI��������:H�DUH�WDONLQJ�VHULRXV�OHYHOV�RI�LQFDSDFLW\�
3(5&(37,216�$%287�)$7,*8(,�WKLQN�WKHUH� LV�VWLOO�D�ZLGHVSUHDG�SHUFHSWLRQ�WKDW�IDWLJXH�LV�RQO\�D�SUREOHP�RQ�ORQJ�GLVWDQFH�GULYLQJ���:LWKRXW�ILUP�VXUYH\�HYLGHQFH�WR�VXEVWDQWLDWH�WKH�YLHZ��LW�LV�SRVVLEOH�WKDW�WKH�SXEOLF�KDV� OLWWOH� XQGHUVWDQGLQJ� RI� WKH� LPSDFW� RI� LQVXIILFLHQW� VOHHS� DQG� VXVWDLQHG� ZDNHIXOQHVV��WRJHWKHU�ZLWK�VWUHVVIXO�RU�SK\VLFDOO\�DQG�PHQWDOO\�GHPDQGLQJ�ZRUN��WLPH�RQ�WDVN��UHVW�EUHDNV�DQG�VR�RQ��DQG� WKH�FRQVHTXHQW�GDQJHU�RI�IDOOLQJ�DVOHHS�RU�EHLQJ�VLJQLILFDQWO\�LPSDLUHG�HYHQ�RQ�VKRUW�XUEDQ�MRXUQH\V���7KHVH�LVVXHV�KDYH�EHHQ�FDQYDVVHG�LQ�WKH�URDG�WUDQVSRUW�LQGXVWU\�EXW�QRW�WR�D�JUHDW�H[WHQW�RXWVLGH�LW���,� WKLQN� HVSHFLDOO\� WKHUH� LV� YHU\� OLWWOH� NQRZOHGJH� RI� WKH� VSHFLILF�� LPSDLUPHQW� UHODWHG� UHDVRQV�ZK\�EHKDYLRXU�VKRXOG�FKDQJH���$�ZHOO�GHYHORSHG�VXUYH\�ZRXOG�EH�UHTXLUHG�WR�GHWHUPLQH�WKH�UHDVRQV�DQG�LQIOXHQFHV��EXW�LW�LV�UHDVRQDEOH�WR�VXJJHVW�WKDW�WKH\�ZRXOG�LQFOXGH�¾ LQVXIILFLHQW�XQGHUVWDQGLQJ�RI�KRZ�PXFK�IDWLJXH�FDQ�LPSDLU�GULYLQJ��¾ LQVXIILFLHQW� VHOI�DZDUHQHVV� RI� JURZLQJ� ORVV� RI� DOHUWQHVV� DQG� FRQFHQWUDWLRQ� �EXW�ZLWK� DW� WKH� VDPH� WLPH� D� SHUFHSWLRQ� WKDW� LPSDLUPHQW� FRXOG� EH� LGHQWLILHG�ZKHQ� LW�EHJLQV�
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�¾ D�GHVLUH�WR�SUHVV�RQ�DQG�FRPSOHWH�WKH�MRXUQH\�RU�WR�PHHW�D�WLPH�RU�VWDJH¾ QRW�HQRXJK�JRRG��VDIH��FRQYHQLHQW�SODFHV�WR�VWRS¾ WUDQVLHQW�HIIHFWV�VXFK�DV�ZHDWKHU�ZKLFK�OHDG�WR�UHOXFWDQFH�WR�VWRS�DQG�JHW�RXW�RI�WKH�YHKLFOH�
$WWLWXGHV�QHHG� WR�FKDQJH�� �:H�QHHG� WR� WKLQN� LQ� WHUPV�RI� WKH� WXUQDURXQG� WKDW�FDPH�DERXW� LQ�UHODWLRQ�WR�GULQN�GULYLQJ���5$&9���� FRQGXFWHG� PDUNHW� VXUYH\V� DQG� IRFXV� JURXSV� LQ� 9LFWRULD� WR� GHWHUPLQH� SHRSOHV¶�DWWLWXGHV�WR�UHVW�EUHDNV�DQG�UHVW�DUHDV��ZLWK�VRPH�VLJQLILFDQW�ILQGLQJV���'ULYHUV�������\HDUV�RI�DJH�ZHUH�OHVV�OLNHO\�WR�WDNH�UHVW�EUHDNV�WKDQ�ROGHU�GULYHUV��DV�ZHUH�SHRSOH�ZKR�XQGHUWRRN�ORQJ�WULSV�PRUH�IUHTXHQWO\�DQG�UXUDO�UHVLGHQWV�WKDQ�SHRSOH�ZKR�OLYHG�LQ�XUEDQ�DUHDV���6LJQLILFDQWO\��LQDWWHQWLRQ� RU� LQH[SHULHQFH� �UDQNHG� WKLUG�� ZHUH� UDQNHG� KLJKHU� WKDQ� IDWLJXH� �ILIWK�� DV�FRQWULEXWRUV�WR�FUDVKHV���$ERXW�UHVW�DUHDV�DQG�UHVW�WDNLQJ��UHVSRQGHQWV�µWRWDOO\�DJUHHG¶�ZLWK�WKH�IROORZLQJ�VWDWHPHQWV�2Q�ORQJ�GULYLQJ�WULSV�,�ZDQW�WR�JHW�ZKHUH�,¶P�JRLQJ�DV�TXLFNO\�DV�SRVVLEOH������:KHQ�,�GR�VWRS�LW¶V�RQO\�IRU�SHWURO�RU�D�WRLOHW�EUHDN�UDWKHU�WKDQ�D�UHVW������7KHUH�LV�QRW�HQRXJK�DGYHUWLVLQJ�ZDUQLQJ�GULYHUV�DERXW�IDWLJXH �����,�RQO\�VWRS�GULYLQJ�ZKHQ�,¶YH�QHDUO\�IDOOHQ�DVOHHS�DW�WKH�ZKHHO�����%UHDNLQJ�D�GULYH�WR�KDYH�D�UHVW�LV�MXVW�ZDVWLQJ�WLPH�����
$QRWKHU� VXUYH\� FRQGXFWHG� E\� %DUWOHWW� HW� DO���� IRXQG� VRPHWLPHV� FRQIXVHG� DQG� VRPHWLPHV�LQVXIILFLHQW� NQRZOHGJH� E\� ������ \HDU� ROGV� FRPSDUHG� ZLWK� ROGHU� GULYHUV� RQ� WKH� DPRXQW� RI�VOHHS�QHHGHG�E\�\RXQJ�SHRSOH�FRPSDUHG�ZLWK�ROGHU�SHRSOH��RQ�ZKHWKHU�UDLVLQJ�WKH�YROXPH�RI�WKH�UDGLR�ZRXOG�KHOS�D�GULYHU�NHHS�DZDNH��DQG�RQ�ZKHWKHU�\RXQJHU�SHRSOH�ZHUH�PRUH�OLNHO\�WR�IDOO�DVOHHS�DW�WKH�ZKHHO�WKDQ�ROGHU�SHRSOH�7KH�5$&9�DQG�%DUWOHWW�VWXGLHV�VHHP�WR�VXJJHVW� WKDW�XUEDQ�UHVLGHQWV�ZKR�WDNH�ORQJ�FRXQWU\�MRXUQH\V� UHODWLYHO\� LQIUHTXHQWO\� DUH�PRUH� OLNHO\� WR� WDNH� UHVW�EUHDNV� WKDQ� UXUDO� UHVLGHQWV�ZKR�KDELWXDOO\�WDNH�ORQJHU�MRXUQH\V���%XW�RQ�RWKHU�HYLGHQFH�VXJJHVWLQJ�WKDW�IDWLJXH�UHODWHG�FUDVKHV�RIWHQ�KDSSHQ�DW�KROLGD\�SHULRGV�DQG�ZHHNHQGV� LW� LV� FOHDU� WKDW�PDQ\�DOVR� MXVW�ZDQW� WR�JHW� WR�WKHLU� GHVWLQDWLRQ� DV� TXLFNO\� DV� SRVVLEOH�� DV� WKH� 5$&9� VXUYH\� DOVR� VXJJHVWV�� DQG� LW� LV� D�UHDVRQDEOH� VXSSRVLWLRQ� WKDW� PDQ\� RI� WKRVH� ZLOO� EH� IDWLJXHG� ZKHQ� WKH\� EHJLQ� DQG� EH� OHVV�LQFOLQHG�WR�WDNH�UHVW�EUHDNV�7KHVH�ILQGLQJV�DUH�E\�QR�PHDQV�FRPSUHKHQVLYH�EXW�LQGLFDWH�WKDW�WKHUH�LV�VFRSH�IRU�GHHSHU�DQG�PRUH�H[WHQVLYH�SXEOLF�HGXFDWLRQ�DERXW�IDWLJXH���,Q�WKH�VDPH�ZD\�DV�IRU�DOFRKRO��IRU�H[DPSOH��VXFK� SXEOLF� HGXFDWLRQ� VKRXOG� EH� GLUHFWHG� WRZDUGV� FKDQJLQJ� SXEOLF� SHUFHSWLRQV� DQG�HQFRXUDJLQJ�EHKDYLRXU�FKDQJH���
RISK FACTORS6R�ZKDW�DUH�WKH�ULVN�IDFWRUV�DQG�ZKDW�GR�ZH�NQRZ�DERXW�WKHP"��)RU�VWDUWHUV��ZH�DUH�DOO�DW�ULVN��REYLRXVO\�VRPH DUH�PRUH�DW�ULVN�WKDQ�RWKHUV��EXW�QRW�DOZD\V�IRU�WKH�UHDVRQV�ZH�WKLQN�7KH�ULVNV�LQ�ORQJ�GLVWDQFH�KROLGD\�GULYLQJ�KDYH�EHHQ�ZHOO�GRFXPHQWHG���%XW�OHLVXUH�DFWLYLWLHV�PD\�UHGXFH�VOHHS�WLPH�DQG�LPSDLU�GULYLQJ���7KH 5$&9 VXUYH\���� QRWHG�WKDW�\RXQJ�SHRSOH�DUHOHVV�OLNHO\�WR�WDNH�UHVW�EUHDNV�WKDQ�ROGHU�GULYHUV��WR�KDYH�OHVV�NQRZOHGJH�DERXW�WKH�DPRXQW�RI�
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�VOHHS� WKH\�QHHG� DQG�ZKDW� VKRXOG�EH�GRQH� �DQG�ZKDW� LV� LQHIIHFWLYH��ZKHQ� IDWLJXH� V\PSWRPV�DUH�GHWHFWHG���6RPH�PHGLFDO�FRQGLWLRQV�PD\�OHDG�WR�IDWLJXH��ZKHWKHU� WKURXJK�VOHHS�ORVV�RU�IRU�VRPH�RWKHU�UHDVRQ�� 5HVHDUFKHUV� OLNH�*UXQVWHLQ�KDYH�SRLQWHG� WR� WKH� ULVNV� DULVLQJ� IURP�YDULRXV�NLQGV�RI�VOHHS�GLVRUGHU�+HUH�DUH�VRPH�EDVLF�IDWLJXH�ULVN�IDFWRUV�:RUN7KHUH�LV�OLWWOH�LQ�WKH�OLWHUDWXUH�WKDW�FRYHUV�WKH�HIIHFW�RI�ZRUN�RQ�GULYLQJ���:RUN�WKDW�LV�VWUHVVIXO�DQG�PHQWDOO\�RU�SK\VLFDOO\�GHPDQGLQJ�PHDQV�WKDW�D�WLUHG�ZRUNHU�RQ�KLV�RU�KHU�ZD\�KRPH�ZLOO�KDYH�LPSDLUHG�GULYLQJ�FDSDFLW\���7KH�MRXUQH\�KRPH�IURP�ZRUN�LV�W\SLFDOO\�XQGHUWDNHQ�XQGHU�WKH�PRVW�GLIILFXOW��FURZGHG�DQG�VWUHVVIXO�GULYLQJ�FRQGLWLRQV���6KLIW�ZRUN� EULQJV� D� JUHDW�PDQ\�PRUH� SUREOHPV�� �7KHUH� LV� D� EURDG� OLWHUDWXUH� RQ� VKLIW�ZRUN���$QHFGRWDOO\�� VKLIWV� RI� HLJKW�� WHQ�RU� WZHOYH�KRXUV� DUH�ZRUNHG� LQ�GLIIHUHQW� LQGXVWULHV�� DQG� WKH�WUHQG� DSSHDUV� QRZ� IRU� WKHUH� WR� EH� UHODWLYHO\� VKRUW� SHULRGV� RQ� DQ\� RQH� VKLIW� WR� SUHYHQW� WKH�ERG\¶V�KDELWXDWLRQ�WR�RQH�UHJLPH�DQG�WR�SURYLGH�PRUH�SHULRGV�IRU�UHVW�DW�QLJKW���6KLIW�ZRUN� LV� DW� KLJK� ULVN� IRU� IDWLJXH�� �7KH� ERG\� LV� JRYHUQHG� E\� LQEXLOW� ELRORJLFDO� UK\WKPV�DWWXQHG�FORVHO\�LI�QRW�SUHFLVHO\�WR�WKH�F\FOHV�RI�GD\�DQG�QLJKW���:RUN�LV�EHVW�SHUIRUPHG�GXULQJ�WKH�GD\�ZKHQ�WKH�ERGLO\�V\VWHP�LV��RWKHU�WKLQJV�EHLQJ�HTXDO��DZDNH�DQG�DOHUW��WKH�EHVW�VOHHS�LV�REWDLQHG�DW�QLJKW�ZKHQ�WKHUH�LV�D�VWURQJ�SURSHQVLW\�WR�VOHHS������S�������%\�GHILQLWLRQ��VKLIW�ZRUN�LQFOXGHV�SHULRGV�RI�ZRUN�DW�QLJKW�GXULQJ�WKH�ORZ�SRLQWV�RI�WKH�FLUFDGLDQ�UK\WKP��DQG�WKDW�ZRUN�LV�PRUH� IDWLJXLQJ� WKDQ�ZRUN�GXULQJ� WKH�GD\�� �)XUWKHU�� LQ� VKLIW�ZRUN�UHVW�DQG�VOHHS�DUH�RIWHQ�WDNHQ� DW� WLPHV� RI� WKH� GD\� ZKHQ� VOHHS� LV� OHVV� µHIILFLHQW¶� WKDQ� DW� QLJKW�� � LW� PD\� EH� VKRUWHU�EHFDXVH� RI� GLVWXUEDQFHV� DQG� LQWHUUXSWLRQV� DQG�PD\�EH� OHVV� UHVWRUDWLYH�� �7KH�)DWLJXH�([SHUW�*URXS�KDV�VXJJHVWHG�LQ�UHODWLRQ�WR�ORQJ�GLVWDQFH�URDG�WUDQVSRUW�WKDW�WKHUH�VKRXOG�EH�D�OLPLW�RI����KRXUV�QLJKW�ZRUN��WKH�SHULRG�PLGQLJKW�WR��DP� DQG�WKDW�DIWHU�WKLV�WZR�QLJKWV¶�XQUHVWULFWHG�VOHHS�VKRXOG�EH�DYDLODEOH����DOVR�LQ������S�������7KLV�SUREDEO\�DSSOLHV�HTXDOO\�WR�VKLIW�ZRUN�7KHUH�LV�D�VWURQJ�SRVVLELOLW\�WKDW�SHRSOH�RQ�VKLIW�ZRUN�DUH�SHUPDQHQWO\�IDWLJXHG�WR�D�JUHDWHU�RU�OHVVHU�GHJUHH���,Q WXUQ��VKLIW�ZRUNHUV¶�GULYLQJ�FDSDFLW\�LV�DOVR�OLNHO\�WR�EH�LPSDLUHG��WKH�PRUH�VR�VLQFH�VRPH�GULYLQJ�WR�DQG�IURP�ZRUN�LV�OLNHO\�WR�EH�DW�WKH�PRVW�ULVN\�WLPH�RI�WKH�GD\��LH�DW�ORZ�SHULRGV�LQ�WKH�ERG\¶V�FLUFDGLDQ�UK\WKP�<RXQJ�SHRSOH(YLGHQFH�RQ�FUDVK�ULVNV�IRU�\RXQJ�GULYHUV�ODWH�DW�QLJKW�DQG�LQ�WKH�HDUO\�KRXUV�RI�WKH�PRUQLQJ�VXJJHVWV� WKDW� WKH\� DUH� DW� KLJK� ULVN���� S������� � 2I� FRXUVH� WKHUH� DUH� PDQ\� UHDVRQV� IRU� WKLV� EXW�VOHHSLQHVV�LV�RQH�RI�WKHP���<RXQJ�SHRSOH�PD\�DOVR�EH�DW�ULVN�DW�RWKHU�WLPHV�LI�WKH\�DUH�VOHHS�GHSULYHG�EHFDXVH�RI�OHLVXUH�DFWLYLWLHV��WKH�PRUH�VR�EHFDXVH�RI�D�OHVV�WKDQ�DFFXUDWH�SHUFHSWLRQ�RI�KRZ�PXFK�VOHHS�WKH\�QHHG�����������<RX�DQG�PH,I�WKHVH�DUH�VRPH�LGHQWLILDEOH�KLJK�ULVN�JURXSV�± DQG�WKHUH�DUH�RWKHUV�± LW�LV�FOHDU�WKDW�PRVW�RI�XV DUH� DW� VRPH� GHJUHH� RI� ULVN� DW� VRPH� WLPH� RU� RWKHU�� VRPH� IUHTXHQWO\� RU� KDELWXDOO\� IRU�RFFXSDWLRQDO�RU� OLIHVW\OH�UHDVRQV��DQG�VRPH�RQO\�DW� LQWHUYDOV�� �/HW�XV�UHPHPEHU�WKDW�WKH�ULVN�IDFWRUV�DUH�VOHHS�ORVV�RU�GHSULYDWLRQ��FRQWLQXRXV�SHULRGV�DZDNH��WKH�HIIHFW�RI�ZRUN�RU OHLVXUH�DFWLYLWLHV�DQG�RWKHUV���7KHQ�WKHUH�LV�VOHHS�DSQRHD�DQG�RWKHU NLQGV�RI�VOHHS�GLVRUGHUV���&OHDUO\��PDQ\�DUH�DW�ULVN�PRUH�WKDQ�WKH\�WKLQN�WKH\�DUH�� �+DUULVRQ���� FRQGXFWHG�VXUYH\V�DQG�GLVFXVVLRQ�JURXSV�WR�DVVHVV�WKH�LPSDFW�RI�RUGLQDU\�GD\�WR�GD\�DFWLYLWLHV�DQG�IRXQG�WKHVH�RIWHQ�YHU\� VLJQLILFDQW� LQ� WHUPV� RI� JHQHUDO� IDWLJXH� DQG� FRQVHTXHQWO\� RQ� GULYLQJ�� � 3DUHQWLQJ�UHVSRQVLELOLWLHV�� VRFLDO� DFWLYLWLHV� DQG�ZRUN�ZHUH�PDLQ� FRQWULEXWRUV� WR� IDWLJXH�ZKLOH� GULYLQJ��
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�DQG�UHVSRQGHQWV�DOVR�SRLQWHG�RXW�WKDW�EHFDXVH�RI�WKRVH�DFWLYLWLHV�GULYLQJ�FRXOG�QRW�EH�DYRLGHG���WKH�RSWLRQ�WR�SRVWSRQH�RU�DYRLG�LW�DOWRJHWKHU�ZDV�VLPSO\�QRW�DYDLODEOH�
:+(5(�'2�:(�*2�)520�+(5("(GXFDWLRQ&OHDUO\�WKHUH�LV�D�VWURQJ�FDVH�WR EH�PDGH�IRU�VLJQLILFDQWO\�PRUH�DQG�EHWWHU�HGXFDWLRQ�RQ�WKH�FKDUDFWHULVWLFV�DQG�GULYLQJ�ULVNV�DVVRFLDWHG�ZLWK�IDWLJXH WKDQ�ZH�KDYH�DW�SUHVHQW���$V�ZH�KDYH�DOUHDG\�QRWHG��WKH�QXPEHU�RI�FUDVKHV�LQ�ZKLFK�IDWLJXH�SUREDEO\�SOD\V�D�SDUW��HYHQ�DW�WKH�PRVW�FRQVHUYDWLYH HVWLPDWH��ZDUUDQWV�DFWLRQ� ,QIRUPDWLRQ�RQ�IDWLJXH��LWV�YDULRXV�UDPLILFDWLRQV�DQG�ULVNV�QHHGV�WR�EH�PXFK�PRUH�FRPSUHKHQVLYH�DQG�PXFK�PRUH�ZLGHO\�DYDLODEOH�WKDQ�LW�LV�DW�SUHVHQW���6XFK�HGXFDWLRQ�QHHGV�WR�FRYHU�PRUH�DUHDV��IRU�H[DPSOH�LVVXHV�UHODWLQJ�WR�VKLIW�ZRUN�DQG�QRUPDO�GDLO\�DFWLYLWLHV���DQG�WKHUH�LV�SUREDEO\ QHHG�WR�GHWHUPLQH�WKH�H[WHQW�DQG�GHSWK�RI�SXEOLF�NQRZOHGJH�VR�WKDW�SXEOLF�HGXFDWLRQ�LV�GLUHFWHG�PRVW�HIIHFWLYHO\�µ6RIW¶� DFWLYLWLHV� VXFK� DV� 'ULYHU� 5HYLYHU� VWDWLRQV� GXULQJ� KROLGD\� SHULRGV� DUH� YDOXDEOH� DQG�VKRXOG�EH�FRQWLQXHG��DOWKRXJK� ,�DP�QRW�DZDUH�RI�DQ\ UHVHDUFK�RQ� WKHLU�XVH�DQG�DFFHSWDQFH���%XW�HYHQ�IRU�WKRVH�ZKR�GR�QRW�XVH�WKHP�WKH\�VHUYH�D�SXUSRVH�LQ�UDLVLQJ�WUDYHOOHU�DZDUHQHVV�,W�LV�ZRUWK�ORRNLQJ�EDFN�WR�VHH�WKH�DPRXQW�DQG�GHSWK�RI�HGXFDWLRQ�DQG�SXEOLF�LQIRUPDWLRQ�WKDW�ZHQW�LQWR�LQIRUPLQJ�WKH�SXEOLF DERXW�GULQN�GULYLQJ���$ YDVW�DPRXQW�RI�WKDW�UHODWHV�WR�HQIRUFHPHQW�EXW�WKHUH�KDV�DOVR�EHHQ�D�VLJQLILFDQW�FRPSRQHQW�GHYRWHG�WR�WHOOLQJ�SHRSOH�DERXW�µNQRZOHGJH¶�PDWWHUV�VXFK�DV�VWDQGDUG�GULQNV�DQG�VR�RQ���7KDW�HIIRUW�LV�FRQWLQXLQJ�ZLWK�SUHVHQW�HGXFDWLRQ�IRFXVVLQJ�RQ�VXFK�WKLQJV�DV�PRUQLQJ�DIWHU�HIIHFWV�<RX�PLJKW�WKLQN�WKDW�FRPSDULQJ�IDWLJXH�ZLWK�DOFRKRO�LV�D�ELW�VWURQJ�± EXW�ZKHQ�ZH�EHJDQ�ZLWK�DOFRKRO�WKHUH�ZDV�SUREDEO\�OLWWOH�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�GDQJHUV�RI�DOFRKRO�WKDQ�WKHUH�LV�QRZ�DERXW��IRU�H[DPSOH��VOHHS�GHSULYDWLRQ���$QG�\HV��DOFRKRO�ZDV�D�PXFK�ELJJHU�NLOOHU�ZKHQ�ZH�EHJDQ�VHULRXVO\�RQ�WKDW�LQ�WKH�����V�WKDQ�IDWLJXH�LV�QRZ���%XW�ZH�GR QRW�UHDOO\�NQRZ�KRZ�PDQ\�FUDVKHV�ZH�FDQ�UHOLDEO\�DWWULEXWH�WR�IDWLJXH� $QG�LQ�D�WLPH�ZKHQ�ZH�DUH�VWUXJJOLQJ�WR�PDNH�UHDO�LQURDGV�WR�IXUWKHU�UHGXFH�URDG�WUDXPD��KHUH�LV�D�YHU\�VLJQLILFDQW�FRQWULEXWRU�RQ�ZKLFK�RXU�HIIRUWV�DUH�RQO\�MXVW�EHJLQQLQJ�
(1)25&(0(17���0($685,1*�$1'�,'(17,)<,1*�)$7,*8($�FRUROODU\�WR�HGXFDWLRQ�DQG�DQRWKHU�HOHPHQW�WKDW�LW�LV�QHFHVVDU\�WR�FRQVLGHU�LV�HQIRUFHPHQW���7KLV�UHTXLUHV�VHYHUDO�SULRU�WKLQJV�WR�EH�FRQVLGHUHG���)LUVWO\��LPSDLUPHQW�KDV�WR�EH�UHOLDEO\�GHWHFWHG�DQG�PHDVXUHG�����,Q�WKH�FDVH�RI�DOFRKRO�WKH�VXEMHFWLYH�MXGJHPHQW�DERXW�ZKHWKHU�GULYLQJ�LV�LPSDLUHG�RU�QRW��DQG�WKH�LVVXH�RI�ZKHWKHU�D�SHUVRQ�µKROGV¶�WKHLU�DOFRKRO�ZHOO�RU�QRW��DQG�LV�DFFRUGLQJO\�ILW�WR�GULYH�RU� QRW�� KDV� EHHQ� E\SDVVHG� E\� WKH� DGYHQW� RI� µSHU� VH¶� ODZV� ZKLFK� PDNH� MXVW� KDYLQJ� WKH�SUHVFULEHG� FRQFHQWUDWLRQ�RI� DOFRKRO� LQ� WKH�EORRGVWUHDP�DQ�RIIHQFH�� �$�VFUHHQLQJ�EUHDWK� WHVW�DQG�DQ�HYLGHQWLDU\�EORRG�WHVW�SURYLGH�WKH�JURXQGV�IRU�SURVHFXWLRQ�1R� WHVW� LV�\HW�DYDLODEOH� IRU� IDWLJXH��DW� OHDVW� LQ�D�XVDEOH� IRUP�� �3HUKDSV� WKH�H[LVWHQFH�RI� WZR�SLHFHV� RI� UHVHDUFK� ZKLFK� KDYH� FRPSDUHG� LPSDLUPHQW� IURP� IDWLJXH� ZLWK� LPSDLUPHQW� IURP�DOFRKRO� �'DZVRQ�	�5HLG���� DQG�:LOOLDPVRQ��)H\HU�HW�DO������SURYLGH�VRPH�FOXHV� WR� WKH�ZD\�DKHDG�� �7KHUH� ILUVW� KDV� WR�EH D�PHDVXUH�RI� LPSDLUPHQW�ZKLFK� LQ� WXUQ�SDYHV� WKH�ZD\� IRU� WKH�GHYHORSPHQW�RI�GULYLQJ�SHUIRUPDQFH�PRQLWRULQJ�GHYLFHV�ZKLFK�FDQ�PHDVXUH�LPSDLUPHQW�DQG�WKHUHIRUH�ZDUQ� WKH�GULYHU� WKDW� WKHLU�SHUIRUPDQFH� LV�GHJUDGHG��DQG�PD\�SURYLGH� WKH�EDVLV� IRU�HQIRUFHPHQW�0RVW� RI� WKH� ZRUN� LQ� WKLV� DUHD� KDV� EHHQ� GRQH� RQ� PHDVXULQJ� DQG� PRQLWRULQJ� WUXFN� GULYHU�IDWLJXH��DQG�WKLV�LV�QRW�WKH�SODFH�WR�UHYLHZ�WKDW�ZRUN���%XW�LQ�EULHI��)H\HU��:LOOLDPVRQ�HW�DO����DVVHVVHG� WUXFN� GULYHU� IDWLJXH� RQ� ORQJ� GLVWDQFH� VLQJOH� GULYHU� DQG� WZR�XS� RSHUDWLRQV� XVLQJ� D�UDQJH�RI�PHDVXUHV LQFOXGLQJ DQ�RQ�URDG�DXGLWRU\�UHVSRQVH�WDVN�DGPLQLVWHUHG�DW�LQWHUYDOV�ZKLOH�GULYLQJ�� DQG� RII�URDG� YLVXDO� SURFHVVLQJ�� UHDFWLRQ� WLPH�� YLJLODQFH� DQG� WUDFNLQJ� WHVWV�
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�DGPLQLVWHUHG�GXULQJ�EUHDNV�� � ,QYROXQWDU\�PHDVXUHV� WDNHQ�GXULQJ� WKH� MRXUQH\� LQFOXGHG�VSHHG�YDULDELOLW\�� VWHHULQJ� DQG� WUDFNLQJ� YDULDELOLW\�� � 7KHVH� PHDVXUHV� VKRZHG� VRPH� HYLGHQFH� RI�FKDQJH� ZLWK� IDWLJXH�� � $55%� 7UDQVSRUW� 5HVHDUFK� /WG���� GHYHORSHG� D� µ3UR�DFWLYH� IDWLJXH�PDQDJHPHQW�V\VWHP¶�XVHG�LQ�KHDY\�KDXODJH�RSHUDWLRQV�LQ�RSHQ�FXW�FRDO�PLQHV���7KH�V\VWHP�UHTXLUHV� WKH�GULYHU� WR� UHVSRQG� WR� D� UHDFWLRQ� WLPH� WHVW� DQG�SURYLGHV� IHHGEDFN�DQG�ZDUQLQJ� LI�UHVSRQVH�WLPH�LV�WRR�VORZ���6\VWHPV�UHTXLULQJ�WKH�GULYHU� WR�UHVSRQG�WR�YLJLODQFH�RU�GHFLVLRQ�PDNLQJ�WDVNV�ZKLOH�GULYLQJ�DUH� SUREDEO\� RQO\� VXLWDEOH� LQ� VSHFLDOLVHG� DSSOLFDWLRQV� DQG� FRXOG� QRW� EH� UHFRPPHQGHG� IRU�JHQHUDO� XVH�� � %XW� WKH� H[LVWHQFH� RI� WKH� RQ�URDG� YHKLFOH� RSHUDWLRQ� SDUDPHWHU� PHDVXUHPHQW�WHFKQRORJ\�DSSHDUV�WR�RIIHU�KRSH��WKH�PRUH�VLQFH�WKH�ZRUN�UHSRUWHG�E\�)H\HU HW�DO���� LV�QRZ�D�GHFDGH� ROG� DQG� FRPSXWHU�EDVHG� WHFKQRORJLHV� DUH� ERWK� IXUWKHU� DGYDQFHG� DQG�PXFK� FKHDSHU���6RPH� RQ�ERDUG� PRQLWRULQJ� WHFKQRORJ\� KDV� DOUHDG\� EHHQ� GHYHORSHG� LQ� WKH� 08$5&�7$&�6DIH&DU� 3URMHFW������ � 7KLV� LQFOXGHV� KHDGZD\� DQG� VSHHG�PRQLWRULQJ�� �08$5&� KDV� DVVHVVHG�GULYHU�UHDFWLRQ�WR�VHYHUDO�LQ�YHKLFOH�LQWHOOLJHQW�WUDQVSRUW�V\VWHPV�ZLWK�KLJK�VDIHW\�SRWHQWLDO�������7KHVH�LQFOXGHG�IDWLJXH�PRQLWRULQJ�DQG�ZDUQLQJ��W\SH�RI�PHDVXUH�XQVWDWHG��DQG�ODQH�GHSDUWXUH�ZDUQLQJ���3DUWLFLSDQWV�LQ�WKH�VWXG\�ZHUH�UHFHSWLYH�WR�ERWK�DOWKRXJK�FRQFHUQHG�DERXW�UHOLDELOLW\�RI� WKH� IDWLJXH�PRQLWRULQJ� V\VWHP�� DQG�GLG�QRW� IDYRXU�D� V\VWHP� WKDW�GLG�PRUH� WKDQ�ZDUQ� WKH�GULYHU�,Q� ����� 5HJDQ� DQG� FROOHDJXHV���� UHYLHZHG� D� UDQJH� RI� ,QWHOOLJHQW� 7UDQVSRUW� 6\VWHPV� �,76��WHFKQRORJLHV�� LQFOXGLQJ�GULYHU�YLJLODQFH�PRQLWRULQJ�V\VWHPV�� �7KHVH�V\VWHPV�DUH� LQWHQGHG�WR�GHWHFW� WKDW� D� GULYHU� LV� GURZV\� �RU� SUREDEO\� PRUH� FRUUHFWO\�� WR� GHWHFW� WKDW� SHUIRUPDQFH� KDV�GHWHULRUDWHG��� WR�ZDUQ� WKH�GULYHU� DQG�� LQ� VRPH� V\VWHPV�� WR� WDNH� FRQWURO� RI� WKH�YHKLFOH� LI� WKH�GULYHU� GRHV� QRW� UHVSRQG� WR� ZDUQLQJV�� � 6\VWHPV� H[DPLQHG� LQ� WKH� UHYLHZ� ZHUH� EDVHG� RQ�PRQLWRULQJ�YHKLFOH�EHKDYLRXU�DQG�PRQLWRULQJ�WKH�SK\VLRORJLFDO�VWDWH�RI�WKH�GULYHU���9HKLFOH�EDVHG�V\VWHPV�LQFOXGHG�UDWH�RI�FKDQJH�LQ�VWHHULQJ�ZKHHO�DQJOH��ODQH�GHYLDWLRQV�DQG�\DZ��DQG�KHDGZD\�NHHSLQJ�� VSHHG�YDULDELOLW\� DQG� FRQWURO� RI� WKH� DFFHOHUDWRU�SHGDO�� �2I� WKHVH�� VWHHULQJ�ZKHHO� PRYHPHQWV� ZHUH� VDLG� WR� EH� WKH� PRVW� FRPPRQ� LQGLFDWRU� RI� IDWLJXH� DQG� WKH� PRVW�UHVHDUFKHG�� � 6RPH� VWHHULQJ�PRYHPHQW� DQG�RU� ODQH� GHSDUWXUH�ZDUQLQJ� V\VWHPV� DUH� LQ� XVH� LQ�VRPH�KHDY\�YHKLFOHV�LQ�WKH�86$���7KH�PRVW� FRPPRQ�GULYHU� SK\VLRORJ\�ZDUQLQJ� LV� H\HEOLQN� RU� H\HOLG� FORVXUH� XVLQJ� D� FDPHUD�DLPHG�DW�WKH�GULYHU¶V IDFH���(\HEOLQN�RU�H\HOLG�FORVXUH�V\VWHPV�DUH�OLPLWHG�EHFDXVH�WKH\�PD\�QRW�JLYH�ZDUQLQJ�XQWLO� D�GULYHU� LV�DW� DQ�DGYDQFHG�VWDWH�RI�GURZVLQHVV�� �9DULRXV� V\VWHPV�DUH�XQGHU�GHYHORSPHQW�RU�LQ�XVH�LQ�SDVVHQJHU�DQG�FRPPHUFLDO�YHKLFOHV��2WKHU� V\VWHPV� UHYLHZHG� DUH� VWHHULQJ� ZKHHO� JULS� SUHVVXUH�� GULYHU¶V� KHDG� DQJOH� DQG� VHDW�PRYHPHQWV���:DUQLQJ� V\VWHPV� WKDW� KDYH� EHHQ� WULHG� LQFOXGH� EX]]HUV�� UHOHDVH� RI� D� IUDJUDQFH�� GDVKERDUG�GLVSOD\V��VHDW�YLEUDWLRQ�DQG�H[WHUQDO�ZDUQLQJV�VXFK�DV�IODVKLQJ�WKH�YHKLFOH¶V�KD]DUG�ZDUQLQJ��&RQWURO�V\VWHPV�LQFOXGH�FXWWLQJ�RII�IXHO�VXSSO\��EUDNLQJ�DQG�WKH�YHKLFOH�VWHHULQJ�LWVHOI�3UREDEO\� WKH� PRVW� FRPSUHKHQVLYH� V\VWHP� LV� WKH� (XURSHDQ� 6$9(� SURMHFW� LQWHQGHG� WR� GHDO�ZLWK�GULYHUV�ZKRVH�SHUIRUPDQFH�KDV�GHWHULRUDWHG�GXH�WR�IDWLJXH��GURZVLQHVV��DOFRKRO�RU�GUXJ�DEXVH�� VXGGHQ� LOOQHVV� RU� SURORQJHG� LQDWWHQWLRQ������ � 1R� UHFHQW� LQIRUPDWLRQ� DSSHDUV� WR� EH�DYDLODEOH�RQ�IXUWKHU�GHYHORSPHQW�RU�YDOLGDWLRQ�RI�WKH�V\VWHP��GHVFULEHG�LQ������7KH� XVH� RI� GLIIHUHQW� IRUPV� RI� PHDVXUHPHQW� LQ� FRPELQDWLRQ� LV� DWWUDFWLYH� EHFDXVH� LI� RQH�PHDVXUH� IDLOV� WR� GHWHFW� GURZVLQHVV� RU� ORZ� DURXVDO�� DQRWKHU� PHDVXUH� PLJKW�� � +RZHYHU� QR�DQDO\WLFDO�� VLPXODWRU� EDVHG� RU� RQ�URDG� VWXGLHV� ZHUH� LGHQWLILHG� E\� 5HJDQ� HW� DO� WR� DOORZ�MXGJHPHQWV�WR�EH�PDGH�DERXW�WKH�SRWHQWLDO�VDIHW\�EHQHILWV�RI�YLJLODQFH�PRQLWRULQJ�V\VWHPV���
,668(6
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��7KHUH� DUH� VHYHUDO� VLJQLILFDQW� LVVXHV� WKDW� KDYH� WR� EH� UHVROYHG� EHIRUH� GULYHU� YLJLODQFH�PRQLWRULQJ� RU� IDWLJXH� LPSDLUPHQW� GHWHFWLRQ� V\VWHPV� FDQ� EH� FRQVLGHUHG� IRU� JHQHUDO�LPSOHPHQWDWLRQ�9DOLGLW\�DQG�UHOLDELOLW\7KH� ILUVW� LV� WKDW� LPSDLUPHQW�ZDUQLQJ�V\VWHPV�KDYH� WR� UHIOHFW�YDOLG�PHDVXUHV�RI� LPSDLUPHQW���6\VWHPV�QHHG�WR�EH�UHOLDEOH�ZLWKRXW�JLYLQJ�IDOVH�ZDUQLQJV�WKDW�OHDG�WR�WKH�GULYHU�LJQRULQJ�RU�GLVDEOLQJ�WKH�V\VWHP�EHFDXVH�RI�DQQR\DQFH���7KH\�DOVR�KDYH�WR�SURYLGH�ZDUQLQJ�HDUO\�HQRXJK�WR�WUXO\�UHIOHFW�JURZLQJ�LPSDLUPHQW�ZLWKRXW�EHLQJ�VR�ODWH�LQ�RUGHU�WR�DYRLG�IDOVH�DODUPV�WKDW�WKH�GULYHU� LV� DOUHDG\� VLJQLILFDQWO\� LPSDLUHG� DQG� LQ�GDQJHU�RI�FUDVKLQJ�� �7KLV� LV�DSSDUHQWO\�D�SUREOHP� ZLWK� PDQ\� RI� WKH� V\VWHPV� DOUHDG\� WHVWHG�� � $� JRRG� V\VWHP� QHHGV� WR� EH� VHQVLWLYH�HQRXJK�EXW�QRW�DFWLYDWHG�E\�VSXULRXV�HIIHFWV�VXFK�DV�URDG�JHRPHWU\�FKDQJHV�����8VH�RI�V\VWHPV+DUWOH\�HW�DO� �LQ�5HJDQ���� DQG�HOVHZKHUH��QRWH� WKDW�PRQLWRULQJ�DQG�ZDUQLQJ�V\VWHPV�FDQ�EH�XVHG�QRW�RQO\�DV�UHDO�WLPH�VDIHW\�V\VWHPV�EXW�DOVR�LQ�WKH�FRPPHUFLDO�ZRUOG�DV�D�PDQDJHPHQW�WRRO�� DV� SDUW� RI� D� V\VWHP� WKDW�PDQDJHV�ZRUN� VFKHGXOHV�� GULYHU� UHVW� SHULRGV� DQG� VR�RQ�� �7KH�SRWHQWLDO� IRU� DEXVH� LV� REYLRXV�� DQG�+DUWOH\� HW� DO�ZDUQ� WKDW� IDWLJXH�ZDUQLQJ� V\VWHPV� VKRXOG�QHYHU�EH�XVHG�RQ�WKHLU�RZQ���LI�WKH\�KDYH�YDOXH�DV�SDUW�RI�GULYHU�ZRUN�DQG�UHVW�PDQDJHPHQW�V\VWHPV�LW�VKRXOG�EH�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�PDQDJHPHQW�WRROV���7KHUH�PD\�EH�D�SODFH�IRU�V\VWHPV�RI� WKLV�NLQG�DV�D�SURWHFWLRQ�IRU� WKH�GULYHU�DJDLQVW�PDQDJHPHQW�DEXVH��SDUWLFXODUO\�LI�WKH�V\VWHP�LQFOXGHV�D�UHFRUGLQJ�PHFKDQLVP�&DLUQH\���� KDV�UHYLHZHG�IDWLJXH�ZDUQLQJ�DQG�PRQLWRULQJ�V\VWHPV�DQG�QRWHV�WKH�ULVN�WKDW�RYHU�WLPH� GULYHUV�ZLOO� FRPH� WR� UHO\� RQ� WKH� V\VWHP� DQG� FHDVH� SODQQLQJ� MRXUQH\V� WR� DYRLG� GULYLQJ�ZKLOH�IDWLJXHG��DQG�SD\�OHVV�DWWHQWLRQ�WR�PRQLWRULQJ�WKHLU�RZQ�GHJUHH�RI�WLUHGQHVV�%XW� WKHUH� DUH� D� QXPEHU� RI� SUDFWLFDO� GLIILFXOWLHV� WR� EH� RYHUFRPH� EHIRUH� GULYLQJ� FDSDFLW\�LPSDLUPHQW�RU�YLJLODQFH�PRQLWRULQJ�V\VWHPV�FRXOG�EH�FRQVLGHUHG���$Q�HIIHFWLYH�V\VWHP�ZRXOG�UHTXLUH� WKH� GULYLQJ� SHUIRUPDQFH� PHDVXUHV� VHOHFWHG� �HJ� WUDFNLQJ� DQG� ODQH� NHHSLQJ�� VWHHULQJ�DQG� VSHHG� YDULDELOLW\� DQG� GLUHFW� GULYHU� SK\VLRORJLFDO� PHDVXUHV�� WR� EH� VKRZQ� WR� UHOLDEO\�LQGLFDWH�QRUPDO�DQG�GHJUDGHG�GULYLQJ�SHUIRUPDQFH���,W�LV�SRVVLEOH�WKDW�WHFKQRORJ\�KDV�PRYHG�IRUZDUG�VLJQLILFDQWO\ VLQFH�WKH�V\VWHPV�UHYLHZHG�E\�5HJDQ�HW�DO���� ZHUH�GHYHORSHG��ZLWQHVV�WKH�DGYHQW�DQG�LQFUHDVLQJ�XVH�LQ�WKH�ODVW�ILYH�\HDUV�RU�VR�RI�YHKLFOH�VWDELOLW\�FRQWURO�V\VWHPV��DOORZLQJ� PRUH� VHQVLWLYH� V\VWHPV� WKDQ� WKRVH� GHVFULEHG�� � ,W� LV� DOVR� SRVVLEOH� WKDW� D� ZHOO�GHYHORSHG� V\VWHP� FRXOG� EH� SHUVRQDOLVHG� VR� DV� WR� LGHQWLI\� WKH� EDVHOLQH� SHUIRUPDQFH�FKDUDFWHULVWLFV�RI�HDFK�GULYHU�DQG�ZDUQ�ZKHQ�WKDW�SHUIRUPDQFH�LV�GHSDUWHG�IURP���7KLV�DOORZV�IRU�LQGLYLGXDO�GLIIHUHQFHV�LQ�GULYLQJ�VW\OH�:KDW� ZH� QHHG� LV DQ� DSSURSULDWHO\� VHQVLWLYH�� YDOLG� DQG� UHOLDEOH� V\VWHP�� SUREDEO\� LQFOXGLQJ�ERWK� YHKLFOH� RSHUDWLRQ� SDUDPHWHU� DQG� GULYHU� SK\VLRORJ\�PHDVXUHV�� � 7KH� VLJQDO� YLUWXH� RI� D�JRRG� V\VWHP� LV� WKDW� LW� PRQLWRUV� DQG� ZDUQV� RI� LPSDLUHG� GULYLQJ� GLUHFWO\�� � 7KH� TXHVWLRQ� RI�ZKHWKHU� D� GULYHU� LV� LPSDLUHG� E\� IDWLJXH�� DOFRKRO�� LOOQHVV�� PHGLFDWLRQ� RU� UHFUHDWLRQDO� GUXJV�EHFRPHV�LUUHOHYDQW���(QIRUFHPHQW�,VVXHV+RZ�DQG�E\�ZKDW�PHDQV�HQIRUFHPHQW�FRXOG�EH�DSSOLHG�WKURXJK�VXFK�V\VWHPV�UHPDLQV�WR�EH�VHHQ�� � $OWKRXJK� LW� LV� WHPSWLQJ� DQG� SHUKDSV� HYHQ� MXVWLILHG� E\� WKH� ULVNV� WKHUH� LV� QR� FDOO� IRU�IXUWKHU� OHJLVODWLYH� PHDVXUHV� DW� WKLV� WLPH� WKDQ� QRZ� H[LVW� WR� GHDO� ZLWK� GULYLQJ� LPSDLUHG� E\�IDWLJXH�� � 3HUKDSV� GHILQLWLRQV� RI� H[LVWLQJ� WUDIILF�RIIHQFHV� VXFK� DV� µFDUHOHVV�GULYLQJ¶� FRXOG�EH�EURDGHQHG�WR�LQFOXGH�D�SUHVXPSWLRQ�RI�FDUHOHVV�GULYLQJ�LI�WKH�GULYHU�LV�VOHHS�GHSULYHG��VHH�WKH�ZRUN�RQ�FRPSDULQJ�WKH�LPSDLUPHQW�IURP�VOHHS�GHSULYDWLRQ�ZLWK�DOFRKRO�FRQVXPSWLRQ����7KH� ILUVW� UHTXLUHPHQW� IRU� IXUWKHU� OHJLVODWLRQ� ZRXOG� EH� WKH� FUHDWLRQ� RI� DQ� RIIHQFH� RI�� IRU�H[DPSOH�� GULYLQJ� ZKLOH� LPSDLUHG� E\� IDWLJXH�� DQG� LW� LV� OLNHO\� WKDW� PXFK� ILUPHU� PHDQV� RI�
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��GHWHFWLQJ� IDWLJXH� DQG� GHWHUPLQLQJ� WKDW� IDWLJXH� FRQWULEXWHG� WR� WKH� RFFXUUHQFH� ZRXOG� EH�UHTXLUHG��WKDQ�LV�QRZ�DYDLODEOH���,I�LW�ZHUH�WR�SURYH�IHDVLEOH�WR�GHYHORS�WKH�NLQG�RI�LPSDLUHG�SHUIRUPDQFH� PRQLWRULQJ� DQG� ZDUQLQJ� WHFKQRORJ\� GHVFULEHG� DERYH�� DQG� LI� WKH� RXWSXW� KDG�VXIILFLHQW� YDOLGLW\� DQG� UHOLDELOLW\� WR� EH� RI� HYLGHQWLDU\� TXDOLW\�� WKHQ� LW� PLJKW� EH� SRVVLEOH� WR�FUHDWH� DQ� RIIHQFH� RI� µLPSDLUHG� GULYLQJ¶�ZKLFK� FRXOG� EH� WUHDWHG� LQ� D� VLPLODU�ZD\� WR� DOFRKRORIIHQFHV��DOWKRXJK�ZLWK�SHUKDSV�OHVV�VHYHULW\�:KHWKHU�JRYHUQPHQWV�VKRXOG�SURFHHG� LQ� WKLV�GLUHFWLRQ�DQG�SHQDOLVH�SHRSOH�ZKR�GULYH�ZKHQ�LPSDLUHG�E\�IDWLJXH� LV�DQRWKHU�PDWWHU�� �7KHUH�DUH�SUREDEO\�VWURQJHU�JURXQGV�IRU�SURVHFXWLRQ�ZKHUH�WKHUH�LV�DQ�HOHPHQW�RI GHOLEHUDWH�FKRLFH�WR�GULYH�NQRZLQJ�WKH�ULVNV��OLNH�GULYLQJ�ZKLOH�LPSDLUHG�E\�DOFRKRO�RU�UHFUHDWLRQDO�DQG�RWKHU�GUXJV���7KHUH�DUH�HTXLW\�FRQFHUQV�LI�D�SHUVRQ�LV�WR� EH� SURVHFXWHG�ZKHQ�ZRUN� DQG� RWKHU� SUHVVXUHV� UHVXOW� LQ� WKHLU� EHLQJ� WRR� WLUHG� WR� SHUIRUP�VDIHO\� DQG� WKHUH� LV� QR� UHDOLVWLF� DOWHUQDWLYH�� � $QG� \HW� LPSDLUHG� GULYHUV� DUH� D� GDQJHU� WR�WKHPVHOYHV�DQG�RWKHU�URDG�XVHUV�UHJDUGOHVV�RI�LQWHQW�RU�ODFN�RI�DOWHUQDWLYH���7KH�ZKROH�LVVXH�UHTXLUHV�FDUHIXO�FRQVLGHUDWLRQ�2Q� WKH� RWKHU� KDQG�� WKH� SUHYDOHQFH� DQG� VHULRXVQHVV� RI� FUDVKHV� LQYROYLQJ� IDWLJXH� DQG� WKHLU�LPSDFW� RQ� URDG� WUDXPD� PHDQ� WKDW� WKHUH� LV� D� QHHG� IRU� PXFK� PRUH� GHILQLWH� DFWLRQ� WKDQ� DW�SUHVHQW�� �3HUKDSV� D�ZD\� IRUZDUG� LV� WR� FRPPHQFH�ZLWK� LPSURYLQJ�SXEOLF�DZDUHQHVV�DQG� WKH�XVXDO�SHUVXDVLYH�PHDQV�RI�DWWHPSWLQJ�EHKDYLRXU�FKDQJH��EHIRUH�PRYLQJ�RQ�WR�OHJLVODWLYH�DQG�HQIRUFHPHQW�PHDVXUHV�
(1*,1((5,1*�0($685(6$XGLEOH�HGJH� OLQHV��FHQWUHOLQH� UDLVHG�PDUNHUV� LQ�FRPELQDWLRQ�ZLWK�SDLQWHG�FHQWUHOLQHV��ZLGH�SDYHG� VKRXOGHUV�� XQREVWUXFWHG� UXQRII� DUHDV� DQG� D� PRUH� IRUJLYLQJ� URDGVLGH� HQYLURQPHQW�JHQHUDOO\�KDYH�EHHQ� VKRZQ� WR� UHGXFH�ERWK�H[FXUVLRQV� IURP� WKH� WUDYHOOLQJ� ODQH�DQG�PLWLJDWH�WKH�LPSDFW�RI�H[FXUVLRQV���7KHVH�VKRXOG�EH�FRQWLQXHG�DQG�H[WHQGHG�ZKHUH�UHVRXUFHV�SHUPLW���,Q�DW�OHDVW�RQH�6WDWH�LQ�WKH�86$�PXFK�PRUH�DJJUHVVLYH�DXGLEOH�HGJH�OLQHV�RU�UXPEOH�VWULSV�DUH�XVHG�DW� WKH� ODQH�HGJH�PDUNLQJ�DQG�DORQJ�XQEURNHQ�SDLQWHG�FHQWUHOLQHV��JLYLQJ�D�PXFK�PRUH�SRZHUIXO�ZDUQLQJ�WKDW�WKH�YHKLFOH�LV�VWUD\LQJ��SHUVRQDO�FRPPXQLFDWLRQ��'U�5DSKDHO�*U]ELHWD��������� � 7KH� SRWHQWLDO� IRU� XVH� RI� VLPLODU HGJH� DQG� FHQWUH�PDUNLQJ�PLJKW� EH� FRQVLGHUHG� RQ�VHFWLRQV�RI�URDGV�ZKHUH�H[FXUVLRQV�DUH�IUHTXHQW�5RDGVLGH� UHVW� DUHDV� DW� VXLWDEOH� LQWHUYDOV� DOVR� DUH� LPSRUWDQW� LQ� SURYLGLQJ� D� SODFH� DQG� VRPH�LQFHQWLYH� IRU�GULYHUV� WR�EUHDN� WKHLU� MRXUQH\�SHULRGLFDOO\� LQ�DFFRUGDQFH�ZLWK�VDIHW\�PHVVDJHV�DQG� JRRG� SUDFWLFH�� � ,� XQGHUVWDQG WKDW� UHVW� DUHDV� IRUP� SDUW� RI� ZDUUDQWV� IRU� KLJKZD\�GHYHORSPHQW� DQG� XSJUDGLQJ�� DQG� IXUWKHU� WKDW� VWDQGDUGV� H[LVW� IRU� VLWLQJ�� LQWHUYDOV� EHWZHHQ��PLQLPXP�IDFLOLWLHV��DQG�VR�RQ�
&21&/86,216)DWLJXH� LV�D ZLGHVSUHDG�DQG�VHULRXV� URDG�VDIHW\�SUREOHP�� �5HVHDUFK�HYLGHQFH�DQG� LQIHUHQFH�EDVHG� RQ� WKH� DYDLODEOH� HYLGHQFH� LQGLFDWHV� WKDW� IDWLJXH� LV� SUREDEO\� PRUH� SHUYDVLYH�� DQG� LWV�HIIHFW�LQ�WHUPV�RI�GULYLQJ�LPSDLUPHQW�ZRUVH��WKDQ�LV�FRPPRQO\�EHOLHYHG�$OO�VHFWRUV�DQG JURXSV� LQ� WKH�FRPPXQLW\�DUH�DIIHFWHG�DW� OHDVW�DW� LQWHUYDOV��DQG�VRPH�JURXSV�VXFK� DV� VKLIW� ZRUNHUV� VHYHUHO\� DQG� SUHGLFWDEO\� VR�� HYHQ� LI� WKHLU� SUREOHPV� DUH� QRW� RIWHQ�JHQHUDOO\�NQRZQ���%XW�VXUYH\�HYLGHQFH�DOVR�KLJKOLJKWV�WKH�VHYHUH�IDWLJXH�LPSDFWV�RI�QRUPDO�GD\� WR� GD\� DFWLYLWLHV� RI� SHRSOH� OHDGLQJ� RUGLQDU\� OLYHV�� RIWHQ�ZLWK� QR� UHOLHI� DQG� SHUKDSV� QR�
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��DOWHUQDWLYH�WR�GULYLQJ���0XFK�LPSURYHG�SXEOLF�HGXFDWLRQ�DQG�LQIRUPDWLRQ�LV�SUREDEO\�UHTXLUHG�WR�KLJKOLJKW�WKH�GDQJHUV�/HJLVODWLRQ� DQG� HQIRUFHPHQW� LV� D� GLIILFXOW� LVVXH�� � $W� SUHVHQW� WKHUH� LV� QR� NQRZQ� RIIHQFH� RI�µGULYLQJ� ZKLOH� LPSDLUHG� E\� IDWLJXH¶� DQG� LW� LV� XQOLNHO\� WKDW� WKLV� FRXOG� FKDQJH� XQWLO� WKHUH� LV�UHOLDEOH� PHDQV� RI� LGHQWLI\LQJ�� GHWHFWLQJ� DQG� PHDVXULQJ� LPSDLUPHQW�� ZKLFK� LQ� WXUQ� ZRXOG�DOORZ�FUHDWLRQ�RI�DQ�RIIHQFH�DQG�WKH�UHODWHG�SHQDOW\�VWUXFWXUHV���:KDW� LV�FOHDU� LV� WKDW�VRFLHW\¶V�HIIRUW� LQ�GHDOLQJ�ZLWK�GULYHU�IDWLJXH�LV�RQO\�MXVW�FRPPHQFLQJ���0XFK� PRUH� ZRUN� LV� QHHGHG� WR� FUHDWH� DZDUHQHVV� RI� WKH� GHJUHH� WR� ZKLFK� D� SHUVRQ� FDQ� EH�LPSDLUHG�E\�IDWLJXH�DQG� LWV�HIIHFW�RQ�SHUIRUPDQFH��DQG� WKDW� IDWLJXH� LV�DV�PXFK�D�FRQFHUQ� LQ�RUGLQDU\��GD\�WR�GD\�DFWLYLWLHV�DV�LW�LV�LQ�KROLGD\�WUDYHO���)DWLJXH�LV�HYHU\RQH¶V�SUREOHP�
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��
5()(5(1&(6��� 157&� DQG� 6PLWKZRUNV� &RQVXOWLQJ� �������� +HDY\� YHKLFOH� GULYHU� IDWLJXH�� � UHYLHZ� RI�UHJXODWRU\�DSSURDFK���'LVFXVVLRQ�SDSHU��157&��6HSWHPEHU��� +RXVH� RI� 5HSUHVHQWDWLYHV� 6WDQGLQJ� &RPPLWWHH� RQ� 7UDQVSRUW� &RPPXQLFDWLRQV� DQG� WKH�$UWV� �������� %H\RQG� WKH� PLGQLJKW� RLO� DQ� LQTXLU\� LQWR� PDQDJLQJ� IDWLJXH� LQ� WUDQVSRUW��3DUOLDPHQW�RI�$XVWUDOLD��&DQEHUUD��2FWREHU��� )DWLJXH� ([SHUW� *URXS� �������2SWLRQV� IRU� UHJXODWRU\� DSSURDFK� WR� IDWLJXH� LQ� GULYHUV� RI�KHDY\� YHKLFOHV� LQ� $XVWUDOLD� DQG� 1HZ� =HDODQG�� $76%� &RQVXOWDQW� 5HSRUW� &5� �����)HEUXDU\��� -RE� 5)6� DQG� 'DO]LHOO� -� �������� $UH� ZH� FRQIXVLQJ� GULYHU� KDELWXDWLRQ�� DGDSWDWLRQ� DQG�ERUHGRP� ZLWK� IDWLJXH� LQ� 3URFHHGLQJV�� �WK %LHQQLDO� $XVWUDODVLDQ� 7UDIILF� (GXFDWLRQ�&RQIHUHQFH��$UPLGDOH��SS��������� $76%��������5RDG�6DIHW\�LQ�$XVWUDOLD�$�SXEOLFDWLRQ�FRPPHPRUDWLQJ�:RUOG�+HDOWK�'D\�������&DQEHUUD��S������� 'REELH� .� ������� )DWLJXH�UHODWHG� FUDVKHV�� $Q� DQDO\VLV� RI� IDWLJXH�UHODWHG� FUDVKHV� RQ�$XVWUDOLDQ�URDGV�XVLQJ�DQ�RSHUDWLRQDO�GHILQLWLRQ�RI�IDWLJXH��$76%�5HSRUW�25����� 6ZHDWPDQ� 3)��2JGHQ�.-��+DZRUWK�1��9XOFDQ�$3� DQG�3HDUVRQ�5$� �������16:�KHDY\�YHKLFOH�FUDVK�VWXG\�ILQDO�WHFKQLFDO�UHSRUW��)256 &RQVXOWDQW�5HSRUW�&5������$XJXVW��� 6ZDQQ�3��������+HDY\�YHKLFOH�GULYHU�KHDOWK�DQG�VOHHS�GLVRUGHUV $3���������$XVWURDGV��6\GQH\��� &$556�4� ������� :RUNVKRS� RQ� K\SRYLJLODQFH�� DW� KWWS���ZZZ�FDUUVT�TXW�HGX�DX� DQG�FRQWDFW�'U�$QGUL\�5DNRWRQLUDLQ\�DW�U�DQGU\#TXW�HGX�DX IRU�DFFHVV�WR�WKH�ZRUNVKRS�VOLGHV���� 'DZVRQ�'�DQG�5HLG�.��������(TXDWLQJ�WKH�SHUIRUPDQFH�LPSDLUPHQW�DVVRFLDWHG�ZLWK�VXVWDLQHG�ZDNHIXOQHVV�DQG�DOFRKRO�LQWR[LFDWLRQ��&HQWUH�IRU�6OHHS�5HVHDUFK��8QLYHUVLW\�RI�6RXWK�$XVWUDOLD���� :LOOLDPVRQ�$�� )H\HU�$�0�� )ULVZHOO� 5� DQG� )LQOD\�%URZQ�6� �������'HYHORSPHQW� RI�PHDVXUHV�RI� IDWLJXH� XVLQJ�DQ�DOFRKRO� FRPSDULVRQ� WR�YDOLGDWH� WKH�HIIHFWV�RI� IDWLJXH�RQ�SHUIRUPDQFH� &RQVXOWDQW�5HSRUW�&5�����$XVWUDOLDQ�7UDQVSRUW 6DIHW\�%XUHDX��&DQEHUUD���� *XQDWLOODNH�7��'DO\�7�DQG�$QGHUVRQ�1���������)DWLJXH�DQG�UHVW�WDNLQJ�± D�VQDSVKRW�RI� 9LFWRULDQ� PRWRULVW¶V� SHUFHSWLRQV�� 5RDG� 6DIHW\� 5HVHDUFK�� 3ROLFLQJ� DQG� (GXFDWLRQ�&RQIHUHQFH��6\GQH\��6HSWHPEHU���� %DUWOHWW�'�-��:HUQHU�-�%��:LOOLDPV�$� *UXQVWHLQ�5�DQG�*UXQVWHLQ�5�5��������6OHHS�EHKDYLRXU�DQG�GULYHU�VDIHW\�NQRZOHGJH�LQ�\RXQJ�DQG�ROGHU�GULYHUV�LQ�16:��5RDG�6DIHW\�5HVHDUFK��3ROLFLQJ�DQG�(GXFDWLRQ�&RQIHUHQFH��6\GQH\��6HSWHPEHU���� +DUULVRQ�:$� �������)DWLJXHG�GULYLQJ� LQ�XUEDQ�DUHDV�� � WKH� UROH�RI GDLO\�DFWLYLWLHV� LQ�3URFHHGLQJV��5HVHDUFK��3ROLFLQJ�DQG�(GXFDWLRQ�&RQIHUHQFH�56������$GHODLGH��SS���������� )H\HU��$�0��:LOOLDPVRQ�$�DQG�)ULVZHOO�5��������6WUDWHJLHV�WR�FRPEDW�IDWLJXH�LQ�WKH�ORQJ� GLVWDQFH� URDG� WUDQVSRUW� LQGXVWU\� 6WDJH� ��� � (YDOXDWLRQ� RI� 7ZR�XS 2SHUDWLRQV&RQVXOWDQW�5HSRUW�&5�����)HGHUDO�2IILFH�RI�5RDG�6DIHW\��&DQEHUUD���� 0DEERWW�� 1� ������� $55%� SUR�DFWLYH� IDWLJXH� PDQDJHPHQW� V\VWHP� LQ� 3URFHHGLQJV��5HVHDUFK��3ROLFLQJ�DQG�(GXFDWLRQ�&RQIHUHQFH�56������$GHODLGH��SS������������ 5HJDQ�0$��0LWVRSRXORV�(��7ULJJV�7-��7RPDVHYLF�1��<RXQJ�.��+HDO\�'��7LHUQH\�3�DQG�&RQQROO\�.��������(YDOXDWLQJ�LQ�YHKLFOH�LQWHOOLJHQW�WUDQVSRUW�V\VWHPV���D�FDVH�VWXG\�
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��LQ�3URFHHGLQJV��5HVHDUFK��3ROLFLQJ�DQG�(GXFDWLRQ�&RQIHUHQFH�56������$GHODLGH��SS������������ 0LWVRSRXORV� (�� 5HJDQ� 0$� DQG� +DZRUWK� 1� ������� $FFHSWDELOLW\� RI� LQ�YHKLFOH�LQWHOOLJHQW� WUDQVSRUW� V\VWHPV� WR�9LFWRULDQ�FDU�GULYHUV� LQ�3URFHHGLQJV��5HVHDUFK��3ROLFLQJ�DQG�(GXFDWLRQ�&RQIHUHQFH�56������$GHODLGH��SS������������� 5HJDQ� 0$�� 2[OH\� 6$� *RGOH\� 67� DQG� 7LQJYDOO� &� ������� ,QWHOOLJHQW� WUDQVSRUW�V\VWHPV���VDIHW\�DQG�KXPDQ�IDFWRUV�LVVXHV 5$&9�5HSRUW��������0HOERXUQH���� &DLUQH\� 3� �������� ,PSOLFDWLRQV� RI� LQWHOOLJHQW� WUDQVSRUW� V\VWHPV� IRU� KLJK� ULVN� URDG�XVHUV�DQG�KLJK�ULVN�VLWXDWLRQV��$3�5�������$XVWURDGV��6\GQH\


