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$%675$&7
1XWULWLRQDO� LURQ� LQWDNH� LQ� WKH� 1HWKHUODQGV� KDV� EHHQ� UHYLHZHG� ZLWK� UHVSHFW� WR� ERWK� LURQGHILFLHQF\�DQG�LURQ�RYHUORDG�,Q�JHQHUDO��LURQ�LQWDNH�DQG�LURQ�VWDWXV�LQ�WKH�1HWKHUODQGV�LV�DGHTXDWH�DQG�WKHUHIRUH�QR�FKDQJHLQ�QXWULWLRQ�SROLF\�LV�UHTXLUHG�7KH�IROORZLQJ�DVSHFWV�DQG�GHYHORSPHQWV��KRZHYHU��QHHG�WR�EH�HPSKDVL]HG�,URQ� LV� DQ� HVVHQWLDO� HOHPHQW� RI� QXWULWLRQ� DQG� LV� UHTXLUHG� IRU� R[\JHQ� WUDQVSRUW�� FRJQLWLYHGHYHORSPHQW�LQ�FKLOGUHQ�DQG�VHYHUDO�RWKHU�SURFHVVHV�DQG�HQ]\PH�DFWLYLWLHV�LQ�WKH�ERG\�7KH� SUHYDOHQFH� RI� LURQ� GHILFLHQF\� LV� SUREDEO\� PXFK� ORZHU� WKDQ� FXUUHQWO\� DVVXPHG�� 7KHJHQHUDO�RYHUHVWLPDWLRQ�RI� LURQ�GHILFLHQF\�LV�FDXVHG�ERWK�E\�WKH� LQFRUUHFW�FRPSDULVRQ�RI� WKHUHFRPPHQGHG� GDLO\� LQWDNH� ZLWK� LURQ� LQWDNH� GDWD� DQG� E\� WKH� XVH� RI� LQVXIILFLHQWO\� VSHFLILFGLDJQRVWLF�WHVWV�WR�GHWHUPLQH�UHDO�LURQ�GHILFLHQF\�,URQ�RYHUORDG� LV��RQ� WKH� FRQWUDU\��PRUH�FRPPRQ� WKDQ�JHQHUDOO\� WKRXJKW��$ERXW�����RI� WKHJHQHUDO� SRSXODWLRQ� LV� KHWHUR]\JRWH� IRU� WKH� &���<� PXWDWLRQ� ZKLFK� FDQ� UHVXOW� LQKHPRFKURPDWRVLV�� D� KHUHGLWDU\� LURQ� RYHUORDG� GLVHDVH�� ,URQ� RYHUORDG� LV� DQ� HVWDEOLVKHG� ULVNIDFWRU�IRU�FDUGLRYDVFXODU�GLVHDVH��5HFHQWO\��&���<�KHWHUR]\JRWHV�KDYH�EHHQ�VXJJHVWHG�WR�EHDW KLJKHU�ULVN��HVSHFLDOO\�KHWHUR]\JRXV�PHQ���!����\HDUV��DQG�ZRPHQ��!����\HDUV��,Q�DGGLWLRQ��XQDEVRUEHG�LQWHVWLQDO�LURQ�KDV�EHHQ�VXJJHVWHG�WR�LQFUHDVH�WKH�ULVN�RI�FRORQ�FDQFHU�,URQ� VXSSOHPHQWDWLRQ� RU� IRUWLILFDWLRQ� RI� LURQ� LQ� IXQFWLRQDO� IRRGV� VKRXOG� EH� DYRLGHG� DQGGLVFRXUDJHG�XQWLO�WKH�ULVNV�RI�LURQ�RYHUORDG�KDYH�EHHQ�PRUH�FOHDUO\�GHWHUPLQHG��VLQFH�LQ�WKHJHQHUDO�SRSXODWLRQ�LURQ�RYHUORDG�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�VHYHUDO�FKURQLF�GLVHDVHVDV ZHOO�
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6$0(19$77,1*
'H�LM]HU� LQQHPLQJ�YLD�GH�YRHGLQJ�LQ�1HGHUODQG�LV�JHsYDOXHHUG�ZDDUELM�]RZHO� LM]HUWHNRUW�DOVLM]HUVWDSHOLQJ�LQ�GH�EHVFKRXZLQJ�]LMQ�EHWURNNHQ��'H�JHPLGGHOGH�GDJHOLMNVH�LM]HULQQDPH�HQ�GHLM]HUVWDWXV�LQ�1HGHUODQG�OLMNHQ�YROGRHQGH��]RGDW�JHHQ�UHGHQ�EHVWDDW�KHW�YRHGLQJVEHOHLG�W�D�Y�LM]HU�WH�YHUDQGHUHQ�'H�YROJHQGH�DVSHFWHQ�HQ�RQWZLNNHOLQJHQ�YHUGLHQHQ�HFKWHU�GH�DDQGDFKW�,-]HU���HHQ�HVVHQWLHHO�VSRRUHOHPHQW���LV�QRGLJ�YRRU�]XXUVWRIWUDQVSRUW��FRJQLWLHYH�RQWZLNNHOLQJYDQ�NLQGHUHQ�HQ�YHUVFKLOOHQGH�HQ]\PDWLVFKH�SURFHVVHQ�'H� SUHYDOHQWLH� YDQ� LM]HUGHILFLsQWLH� LV� ZDDUVFKLMQOLMN� YHHO� ODJHU� GDQ� PRPHQWHHO� ZRUGWDDQJHQRPHQ��'H�RRU]DDN�YDQ�GH�DOJHPHQH�RYHUVFKDWWLQJ�YDQ�LM]HUGHILFLsQWLH� LV�HQHU]LMGV�GHLQFRUUHFWH� YHUJHOLMNLQJ� YDQ� GH� DDQEHYROHQ� GDJHOLMNVH� KRHYHHOKHGHQ� PHW� GH� JHPLGGHOGHGDJHOLMNVH�LQQDPH�HQ�DQGHU]LMGV�KHW�JHEUXLN�YDQ�PLQGHU�JHVFKLNWH�ODERUDWRULXPWHVWV�YRRU�KHWYDVWVWHOOHQ�YDQ�HFKWH�LM]HUGHILFLsQWLH�'H�SUHYDOHQWLH�YDQ�LM]HUVWDSHOLQJ�LV�JURWHU�GDQ�PRPHQWHHO�ZRUGW�DDQJHQRPHQ��2QJHYHHU����YDQ�GH�EHYRONLQJ�LV�KHWHUR]\JRRW�YRRU�GH�&���<�PXWDWLH�GLH�NDQ�OHLGHQ�WRW�KHPRFKURPDWRVH�HHQ HUIHOLMNH� LM]HUVWDSHOLQJV]LHNWH�� ,-]HUVWDSHOLQJ� LV� HHQ� EHZH]HQ� ULVLFRIDFWRU� YRRU� KDUW�� HQYDDW]LHNWHQ��5HFHQW�LV�DDQJHWRRQG�GDW�PHW�QDPH�&���<�KHWHUR]\JRWH�PDQQHQ��YDQDI����MDDU�HQ YURXZHQ��YDQDI����MDDU��HHQ�VWHUN�YHUKRRJG�ULVLFR�KHEEHQ�(HQ�KRJH�FRQFHQWUDWLH�QLHW�JHDEVRUEHHUG�LM]HU�LQ�GH�GDUP�JHHIW�PRJHOLMN�HHQ�YHUKRRJGH�NDQVRS�GDUPNDQNHU�,-]HUVXSSOHPHQWDWLH�DDQ�YRHGLQJVPLGGHOHQ�LV�KLHUGRRU�QLHW�DDQ�WH�UDGHQ�WRWGDW�GH�ULVLFR
V�YDQLM]HUVWDSHOLQJ� ]LMQ� YDVWJHVWHOG�� DDQJH]LHQ� LM]HUVWDSHOLQJ� RRN� LQ� GH� DOJHPHQH� EHYRONLQJJHDVVRFLHHUG�LV�PHW�HHQ�YHUKRRJG�ULVLFR�RS�YHUVFKLOOHQGH�FKURQLVFKH�]LHNWHQ�
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���,1752'8&7,21
,Q� D� ILUVW� UHSRUW� LQ� WKLV� SURMHFW� �+HDOWK� SURPRWLQJ� FRPSRXQGV� LQ� QXWULWLRQ��� WKH� ULVNV� RIRYHUGRVLQJ�VHYHUDO�DFWLYH�FRPSRQHQWV�LQ�IRRG�VXSSOHPHQWV�ZHUH�FRQVLGHUHG��6LHPHOLQN�HW�DO��������,W�ZDV�FRQFOXGHG�WKDW�KLJK�LURQ�LQWDNH�PD\�EH�WR[LF��$V�D�UHVXOW��WKH�LURQ�VWDWXV�LQ�WKHJHQHUDO�SRSXODWLRQ�ZDV�TXHVWLRQHG�EHFDXVH�RI�WKH�SRVVLEOH�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�LURQDQG VHYHUDO�FKURQLF�GLVHDVHV�� WKH�GLVHDVH�KHUHGLWDU\�KHPRFKURPDWRVLV�DQG� WKH�FRQWUDGLFWRU\SRLQW�RI�YLHZ�RQ�ZLGHVSUHDG�LURQ�GHILFLHQF\�7KHUHIRUH�� WKH� 'LUHFWRUDWH� IRU� 3XEOLF�+HDOWK� RI� WKH�0LQLVWU\� RI� +HDOWK��:HOIDUH� DQG� 6SRUWLQLWLDWHG�D�GHWDLOHG�VWXG\�RI�WKH�QXWULWLRQDO�LURQ�VWDWXV�LQ�WKH�1HWKHUODQGV�LQ�ZKLFK�DVSHFWV�RIERWK�LURQ�GHILFLHQFLHV�DQG�LURQ�RYHUORDG�ZHUH�WDNHQ�LQWR�DFFRXQW�7KH�SUHVHQW�UHSRUW�UHYLHZV�WKH�LQWHUQDWLRQDO�OLWHUDWXUH�ZLWK�VSHFLDO�HPSKDVLV�RQ�WKH�VLWXDWLRQLQ�WKH�1HWKHUODQGV�
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���,521�$%62537,21�$1'�0(7$%2/,60
,URQ�DEVRUSWLRQ�LV�UHVWULFWHG�WR�WKH�YLOOL�RI� LQWHVWLQDO�PXFRVD��$EVRUSWLRQ�UDWHV�RI� WKHVH�FHOOVGHSHQG�PHUHO\�RQ�WKH�LURQ�KRPHRVWDVLV��$�VKRUW�WHUP�LQFUHDVH�LQ�GLHWDU\�LURQ�LV�QRW�DEVRUEHGDV WKH�PXFRVDO�FHOOV�SRVVHVV�DOUHDG\�DFFXPXODWHG�LURQ�DQG�ZLOO�QRW�LQFUHDVH�DGGLWLRQDO�XSWDNH�$V�ERG\�LURQ�VWRUHV�GHFUHDVH��WKH�PXFRVD�LV�VLJQDOOHG�WR�PRGHUDWHO\�LQFUHDVH�LURQ�DEVRUSWLRQ�,Q�UHVSRQVH�WR�D�IXUWKHU�GHFUHDVH�RI�LURQ�WKH�HU\WKURLG�FHOOV�ZLOO�VLJQDO�WKH�PXFRVD�WR�LQFUHDVHLURQ�DEVRUSWLRQ�PRUH�VLJQLILFDQWO\��%\�WKHVH�PHFKDQLVPV�LURQ�XSWDNH�LV�PDLQO\�UHJXODWHG�E\WKH�ERGLHV
�UHTXLUHPHQW��$QGUHZV�������%RWKZHOO�������3URYDQ�������8FKLGD�������,URQ�EDODQFH�LV�SULPDULO\�GHWHUPLQHG�E\�LURQ�DEVRUSWLRQ��1R�VLJQLILFDQW�H[FUHWLRQ�PHFKDQLVPRI� LURQ� LV� SUHVHQW� LQ� KXPDQV�� 7KH� XQFRQWUROOHG� H[FUHWLRQ� RI� LURQ� RFFXUV� LQ� WKH� IRUP� RIHSLWKHOLDO�GHVTXDPDWLRQ��SHUVSLUDWLRQ�RU�EORRG�ORVV�DQG�LV�HVWLPDWHG�DW�������PJ�SHU�GD\��PHQDQG SRVWPHQRSDXVDO�ZRPHQ����������PJ�SHU�GD\��SUHPHQRSDXVDO�ZRPHQ��������PJ�SHU�GD\��8QDEVRUEHG� LURQ� OHDYHV� WKH� ERG\� WKURXJK� WKH� IHFHV� �&ULFKWRQ� ������ $QGHUVRQ� DQG� 3RZHOO������*ULIILWKV�HW�DO��������1HGHUODQGVH�9RHGLQJVQRUPHQ�������&UDZIRUG�������(GZDUGV�DQG.XVKQHU�������

)LJXUH����'DLO\�WXUQRYHU�RI�LURQ�LQ�QRUPDO�KXPDQ�DGXOWV
$ ZHOO�EDODQFHG� GLHW� FRQWDLQV� VXIILFLHQW� LURQ� WR� PHHW� ERG\� UHTXLUHPHQWV�� %DVHG� RQ� LURQWXUQRYHU�VWXGLHV��WKH�DYHUDJH�UHTXLUHG�DEVRUSWLRQ�KDV�EHHQ�HVWLPDWHG�DW�������PJ�SHU�GD\��$VPHDQ GLHWDU\�ELRDYDLODELOLW\�RI�LURQ�ZDV�VKRZQ�WR�EH���������WKH�UHFRPPHQGHG�GDLO\�LQWDNH�5'$��KDV�EHHQ� HVWDEOLVKHG� DIWHU� H[WHQVLYH� HYDOXDWLRQ� DW� D�PHDQ�RI����PJ� LQ� �����E\� WKH'XWFK�)RRG�&RXQFLO��1HGHUODQGVH�9RHGLQJVQRUPHQ��������+RZHYHU��GLHWDU\�LURQ�DEVRUSWLRQGHSHQGV�RQ�ERG\�UHTXLUHPHQWV��UHVXOWLQJ�LQ�D�ORZ�DEVRUSWLRQ�UDWH�VLQFH�RQO\�D�ORZ�DPRXQW�RILURQ� LV� UHTXLUHG�� ,I� QHFHVVDU\�� HIILFLHQF\� RI� LURQ� DEVRUSWLRQ� LV� LQFUHDVHG� WR� ���� RU� PRUHGXULQJ�UDSLG�JURZWK�SHULRGV� LQ�FKLOGKRRG�DQG�DGROHVFHQFH�DQG�GXULQJ�PHQVWUXDO�EORRG� ORVVDQG SUHJQDQF\� �$QGUHZV� ������ %RWKZHOO� ������ 3URYDQ� ������ 8FKLGD� ������� 7KH� 'XWFK+HDOWK�&RXQFLO�ZLOO�UHFRQVLGHU�WKH�5'$�IRU�LURQ�QH[W�\HDU�,PSRUWDQW�LURQ�VRXUFHV�DUH�EUHDG��PHDW�DQG�PHDW�SURGXFWV��+HPH�LURQ��UHG�PHDW��LV�DEVRUEHGPRUH HDVLO\�WKDQ�LQRUJDQLF�RU�QRQ�KHPH�LURQ��EUHDG��FHUHDOV��ULFH�DQG�YHJHWDEOHV���+HPH�LURQ�SUHGRPLQDQWO\� )H��� LV� ������� ELRDYDLODEOH� ZKHUHDV� QRQ�KHPH� LURQ� �PRVWO\� )H��� LV



5,90�UHSRUW����������� SDJH���RI���

DEVRUEHG� IRU� ������ �6DQGVWHDG� ������ 5HGG\� HW� DO�� ������ 1HGHUODQGVH� 9RHGLQJVQRUPHQ������
,URQ� LV� SUHGRPLQDQWO\� DVVRFLDWHG� ZLWK� R[\JHQ� WUDQVSRUW� DQG� R[LGDWLYH� FRQYHUVLRQV�� 7KHKXPDQ�ERG\�FRQWDLQV�������PJ�LURQ�NJ�ERG\�ZHLJKW��0RVW�RI� WKH� LURQ��DERXW����PJ�NJ�� LVSUHVHQW�LQ�KHPRJORELQ�LQ�FLUFXODWLQJ�UHG�EORRG�FHOOV��$ERXW���PJ�NJ�LV�IRXQG�LQ�PXVFOH�FHOOVDV P\RJORELQ� DQG� LQ� YDULRXV� WLVVXHV� DQG� HQ]\PHV� �� LQFOXGLQJ� F\WRFKURPHV�� R[LGDVHV� DQGSHUR[LGDVHV� ��DV�KHPH�SURWHLQV�� ,Q�DGGLWLRQ�� WKH�ELRV\QWKHVLV�RI�GHR[\ULERQXFOHRWLGHV�EHLQJSUHFXUVRUV� RI�'1$�GHSHQGV� RQ� LURQ� FRQWDLQLQJ� HQ]\PHV� VXFK� DV� ULERQXFOHRWLGH� UHGXFWDVHV�)RQWHFDYH�������$ VPDOO� SURSRUWLRQ�RI� WKH�ERG\� LURQ� FLUFXODWHV� LQ�SODVPD�ERXQG� WR� WUDQVIHUULQ�� ,Q� D� QRUPDOVLWXDWLRQ�WUDQVIHUULQ�LV�RFFXSLHG�E\�LURQ�IRU������,I�WKLV�SHUFHQWDJH�LQFUHDVHV�QRQ�WUDQVIHUULQERXQG� LURQ� �17%,�� LQFUHDVHV� DV� ZHOO�� UHVXOWLQJ� LQ� LQFUHDVHG� R[LGDWLYH� VWUHVV� OHYHOV�&DEDQWFKLN�HW�DO��������GH�9DON�HW�DO���������7KH�UHPDLQLQJ�LURQ�LV�VWRUHG�LQ�WKH�OLYHU��VSOHHQ�ERQH�PDUURZ�DQG�PXVFOH�LQ�IHUULWLQ��&ULFKWRQ�������1HGHUODQGVH�9RHGLQJVQRUPHQ��������,QVKRUW� IHUULWLQ�LV�DQ�LURQ�ELQGLQJ�SURWHLQ�DQG�LV�WKH�PDLQ�VWRUDJH�IRUP�RI�LURQ��WUDQVIHUULQ�LV�DQLURQ�WUDQVSRUW�SURWHLQ�LQ�ZKLFK�LURQ�FLUFXODWHV�LQ�WKH�ERG\�

)LJXUH����,URQ�PHWDEROLVP�LQ�QRUPDO�LQGLYLGXDOV
,URQ� XSWDNH� LQWHUIHUHV� ZLWK� FRSSHU�� ]LQF� DQG� PDQJDQHVH� DEVRUSWLRQ� DQG� VHOHQLXPELRDYDLODELOLW\�� $� KLJK� LURQ� FRQWHQW� GHFUHDVHV� WKH� XSWDNH� RI� FRSSHU�� ]LQF�� PDQJDQHVH� DQGVHOHQLXP�� +LJK� OHYHOV� RI� FRSSHU� DQG� ]LQF�� RQ� WKH� RWKHU� KDQG�� ORZHU� WKH� LURQ� DEVRUSWLRQ�&DOFLXP��DVFRUELF�DFLG��SK\WLF� DFLG� DQG� WHD� DOVR� LQIOXHQFH� LURQ� DEVRUSWLRQ��&DOFLXP��SK\WLFDFLG DQG�WHD�GHFUHDVH�LURQ�XSWDNH��ZKHUHDV�DVFRUELF�DFLG�LQFUHDVHV�LURQ�DEVRUSWLRQ��'H�6WHUNH������0HOW]HU�DQG�$OH[DQGHU�������5HGG\�HW�DO��������1HGHUODQGVH�9RHGLQJVQRUPHQ�������+RZHYHU�� UHFHQW�FOLQLFDO�HYLGHQFH�VKRZV� WKDW� WKH� FRPELQHG�HIIHFW� RI�PHDO� FRPSRQHQWV�KDVOLWWOH�LPSDFW�RQ�LURQ�DEVRUSWLRQ��5HGG\�HW�DO��������
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���,521�'(),&,(1&<
����6<037206
)DWLJXH� LV� WKH� PRVW� FRPPRQ� FRPSODLQW� RI� LURQ� GHILFLHQF\�� DORQJ� ZLWK� SDOHQHVV�� SK\VLFDOXQFRPIRUW��GHFUHDVHG�SK\VLFDO�HQGXUDQFH�DQG�ZRUN�FDSDFLW\��VHQVLWLYLW\�WR�FROG��UHVWOHVV�OHJVV\QGURPH�DQG�GHFUHDVHG�DFWLYLW\�RI�WKH�LPPXQH�V\VWHP�7KH� RQVHW� RI� LURQ� GHILFLHQF\� LV� LURQ� GHSOHWLRQ� LQ� ZKLFK� LURQ� VWRUHV� DUH� GHFUHDVHG� ZLWKRXWELRFKHPLFDO�RU�FOLQLFDO�HIIHFWV��)XUWKHU�GHFUHDVH�RI� LURQ�VWRUHV� UHVXOWV� LQ� LURQ�GHILFLHQF\�� LQZKLFK�KHPRJORELQ�DQG�IHUULWLQ�OHYHOV�DUH�EHORZ�QRUPDO�DQG�FOLQLFDO�VLJQV�DUH�SUHVHQW��)LQDOO\�LURQ� GHILFLHQF\� DQHPLD�� FKDUDFWHUL]HG� E\� GHFUHDVHG� LURQ� FRQWHQWV� LQ� ERQH�PDUURZ��PD\� EHGHYHORSHG�

����35(9$/(1&(
3UHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�GHYHORSHG�FRXQWULHV�KDV�GUDVWLFDOO\�GHFOLQHG�LQ�WKH�SDVW������� \HDUV�� 0RUHRYHU�� SRSXODWLRQ� EDVHG� VWXGLHV� VKRZ� WKDW� LURQ� GHILFLHQF\� LV� QRZ� UHODWLYHO\XQFRPPRQ��1LHGHUDX�HW�DO��������/RRNHU�������%RUFK�,RKVHQ�DQG�7U\JJ��������HYHQ�DPRQJSUHJQDQW�ZRPHQ��5RHVHU�HW�DO���������,Q�DGGLWLRQ��DV�D�UHVXOW�RI�SXEOLF�KHDOWK�SURJUDPV�LQ�WKHSDVW� GHFDGHV� �QXWULWLRQDO� DGYLFH�� HPSKDVLV� RQ� EUHDVWIHHGLQJ� DQG� GHOD\HG� LQWURGXFWLRQ� RIFRZ¶V PLON��DQG�LURQ�IRUWLILFDWLRQ�RI�LQIDQW�IRRGV��SUHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�FKLOGUHQ�LQ:HVWHUQ�FRXQWULHV�QHDUO\�GLVDSSHDUHG��-RQVVRQ�HW�DO��������2VNL�������1HOVRQ�HW�DO�������DQG������ &RKHQ� ������� +RZHYHU�� GXH� WR� ODQJXDJH� RU� FXOWXUDO� EDUULHUV�� SUHYDOHQFH� RI� LURQGHILFLHQF\� LQ� FKLOGUHQ�RI�HWKQLF�JURXSV�PD\�EH� VOLJKWO\�KLJKHU� FRPSDUHG� WR� FKLOGUHQ�RI� WKHJHQHUDO�SRSXODWLRQ��1HOVRQ�HW�DO��������&RKHQ�������
,W�LV�GLIILFXOW�WR�HVWLPDWH�WKH�SUHYDOHQFH�RI�LURQ�GHILFLHQF\�VLQFH�WKH�FRPPRQO\�XVHG�PHWKRGV� ERWK�FRPSDULVRQ�RI�GLHWDU\�LQWDNH�GDWD�ZLWK�WKH�5'$V�DQG�ODERUDWRU\�GLDJQRVWLF�WHVWV���DUHOHVV�VXLWDEOH�5'$V�FDQ�RQO\�EH�LQGLFDWLYH�IRU�WKH�DYHUDJH�UHTXLUHG�LURQ�LQWDNH��VLQFH�HIILFLHQF\�RI�GLHWDU\LURQ�DEVRUSWLRQ�YDULHV�DQG�LV�DGMXVWHG�WR�ERG\�UHTXLUHPHQWV��,W�LV�WKHUHIRUH�LQFRUUHFW�WR�DVVXPHWKDW�D�PHDQ�GDLO\�LQWDNH�EHORZ�WKH�5'$�UHIOHFWV�LURQ�GHILFLHQF\��DV�LV�VXJJHVWHG�LQ�WKH�VWXG\RI�9DQ�2RLN� HW� DO�� ������� LQ�ZKLFK� ����RI� WKH� VWXG\� SRSXODWLRQ� �1 ���� GLG� QRW�PHHW� WKH5'$�� ,I� PHDQ� LQWDNH� GDWD� IURP� WKH� 'XWFK� )RRG� &RQVXPSWLRQ� 6XUYH\V� �9&3� ������ DUHFRPSDUHG ZLWK�5'$V��LW�LV�FRQFOXGHG�WKDW�DPRQJ�FHUWDLQ�VXEJURXSV��ER\V�DJHG�����DQG��������ZRPHQ�DJHG�����DQG��������LURQ�LQWDNH�LV�EHORZ�WKH�5'$��7KH�DXWKRUV�FRQFOXGH�WKDW�WKHUHDO VLJQLILFDQFH�RI�WKLV�ILQGLQJ�FDQ�RQO\�EH�DVVHVVHG�DIWHU�IXUWKHU�ELRFKHPLFDO� LQYHVWLJDWLRQ�/RZLN�HW�DO��������&RPPRQO\�XVHG�ODERUDWRU\�WHVWV�DUH�QRW�VXIILFLHQWO\�VSHFLILF�WR�GHWHUPLQH�UHDO�LURQ�GHILFLHQF\DQG UHVXOW� LQ� RYHUHVWLPDWLRQ� RI� LURQ� GHILFLHQF\� SUHYDOHQFH�� 3UHYDOHQFH� LQ� WKH� 1HWKHUODQGVEDVHG�RQ�WKHVH�PHWKRGV�KDYH�EHHQ�UHSRUWHG�IURP�����PDOHV��������\�������IHPDOHV��!���\������ �PDOHV�� !��� \�� WR� ���� �IHPDOHV�� ������ \�� �%UXVVDDUG� HW� DO�� ������� ,Q� RWKHU� FRXQWULHVVLPLODU�SUHYDOHQFHV�EDVHG�RQ� WKH� VDPH�SDUDPHWHUV�ZHUH� UHSRUWHG��:KHQ�SDUDPHWHUV�RI� LURQVWDWXV� DUH� FRPELQHG�� WKH� SUHYDOHQFH� GHFUHDVHV� VXEVWDQWLDOO\� IURP� ����� �PHQ�� DQG� �����ZRPHQ�� WR� ����� DQG� ������ UHVSHFWLYHO\� �-RQVVRQ� HW� DO�� ������� 7KH� PRVW� FRQFOXVLYHODERUDWRU\�WHVW�UHVXOWV�LQ�D�PXFK�ORZHU�SUHYDOHQFH�RI�LURQ�GHILFLHQF\�DV�GHVFULEHG�E\�5RHVHUHW DO�������IRU�SUHJQDQW�ZRPHQ��%DVHG�RQ�IHUULWLQ�GDWD�WKH�SUHYDOHQFH�ZDV�������ZKHUHDV�WKH



5,90�UHSRUW����������� SDJH���RI���

WUDQVIHUULQ� UHFHSWRU� WHVW� VKRZHG� D� SUHYDOHQFH� RI� ����� LURQ� GHILFLHQF\�� 7KHVH� REVHUYDWLRQVKDYH�EHHQ�VXPPDUL]HG�LQ�7DEOH���3UHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�GHYHORSLQJ�FRXQWULHV�LV�VWLOO�YHU\�KLJK�DQG�PD\�EH�DWWULEXWHGWR�SRRU�GLHWDU\�LQWDNH��SDUDVLWH�LQIHFWLRQV�DQG�PDODEVRUSWLRQV��,URQ�3DQHO�$XVWUDOLD��&UDZIRUGHW DO��������
7DEOH��� 3UHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�YDULRXV�FRXQWULHV�EDVHG�RQ�URXWLQH�ODERUDWRU\PHWKRGV
6WXG\� 6XE�JURXS� 3UHYDOHQFH�RI�LURQ�GHILFLHQF\�����EDVHG�RQ� &XW�RII�YDOXHV�
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����',$*126,6�$1'�75($70(17
7KH� PDMRU� PLVXQGHUVWDQGLQJ� FRQFHUQLQJ� LURQ� GHILFLHQF\� LV� WKH� DVVXPSWLRQ� WKDW� ORZKHPRJORELQ�OHYHOV�UHIOHFW�ORZ�LURQ�VWDWXV��,URQ�'LVRUGHUV�,QVWLWXWH�������&UDZIRUG�HW�DO�������1HOVRQ�HW� DO�� ������5RHVHU� HW� DO�� ������'H�6WHUNH� �������/RZ�KHPRJORELQ�� ORZ� WUDQVIHUULQVDWXUDWLRQ��76��DQG�ORZ�VHUXP�LURQ�DQG�D�KLJK�WRWDO�LURQ�ELQGLQJ�FDSDFLW\��7,%&��PD\�LQGHHGUHIOHFW� D� ORZ� LURQ� VWDWXV��+RZHYHU�� WKH� SUHVHQFH� RI� FKURQLF� LQIODPPDWLRQ� RU� HYHQ� D� VLPSOHLQIHFWLRQ� UHVXOWV� LQ� WKH� VDPH�YDOXHV�DQG� LV�FDOOHG�DQHPLD�RI� FKURQLF�GLVHDVH� �$&'��� ,Q� WKLVLPPXQH�UHJXODWHG�SURFHVV��WKH�ERG\�ZLWKKROGV�LURQ�IURP�PDOLJQDQW�FHOOV��EDFWHULD�DQG�YLUXVHVZKLFK� QHHG� LURQ� WR� JURZ� RU� VXUYLYH� �,URQ� 'LVRUGHUV� ,QVWLWXWH� ������ 6HPSRV� HW� DO�� �����:HLQEHUJ ������:HLVV� ������� $V� D� UHVXOW� WKH� LURQ� LV� ZLWKGUDZQ� IURP� WKH� FLUFXODWLRQ� DQGVWRUHG�LQWR�ERG\�WLVVXHV�ERXQG�WR�IHUULWLQ�$ VSHFLILF� SDUDPHWHU� WR� GHWHUPLQH� UHDO� LURQ� GHILFLHQF\� LV� WKH� VROXEOH� VHUXP� WUDQVIHUULQUHFHSWRU� �V7I5��� ZKLFK� LV� HOHYDWHG� LQ� LURQ� GHILFLHQW� LQGLYLGXDOV� �5RHVHU� HW� DO�� ������ ,URQ'LVRUGHUV� ,QVWLWXWH� ������ )HUJXVRQ� HW� DO�� ������ 1RUWK� HW� DO�� ������ 3XQQRQHQ� HW� DO�� �����
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3URYDQ� ������� 7KH� PRVW� FRQFOXVLYH� WHVW� UHPDLQV� WKH� GHWHUPLQDWLRQ� LURQ� FRQWHQWV� LQ� ERQHPDUURZ ZKLFK�LV��KRZHYHU��YHU\�LQYDVLYH��7KH�EHVW�FXUUHQW�PHWKRG�IRU�WKH�GLDJQRVLV�RI�UHDOLURQ�GHILFLHQF\�LV�WKH�GHWHUPLQDWLRQ�RI�UHG�FHOO�SDUDPHWHUV��SDUWLFXODUO\�WKH�PHDQ�FRUSXVFXODUYROXPH��0&9��DQG�VHUXP�IHUULWLQ�FRPELQHG�ZLWK�WKH�GHWHUPLQDWLRQ�RI�V7I5�,Q�SUDFWLFH��SK\VLFLDQV�PD\�GLDJQRVH�LURQ�GHILFLHQF\�PHUHO\�RQ�KHPRJORELQ�YDOXHV�DORQH��$VD UHVXOW��SUHYDOHQFH�RI�LURQ�GHILFLHQF\�LV�JHQHUDOO\�RYHUHVWLPDWHG��+HPRJORELQ�GHWHUPLQDWLRQUHPDLQV D�VXLWDEOH�WRRO��IDVW��FKHDS�DQG�HDV\��IRU�D�ILUVW�VFUHHQLQJ��VLQFH�DQ�LQGLYLGXDO�ZLWK�DQRSWLPDO�KHPRJORELQ�YDOXH�KDV�QR�LURQ�GHILFLHQF\�
0RUH�PLVFRQFHSWLRQV�DERXW�LURQ�GHILFLHQF\�RFFXU��,I� LURQ�GHILFLHQF\�LV�GLDJQRVHG���ZKHWKHUFRUUHFWO\�RU�QRW���SK\VLFLDQV�RIWHQ�SUHVFULEH�LURQ�VXSSOHPHQWDWLRQ��VRPHWLPHV�ZLWKRXW�IXUWKHULQYHVWLJDWLRQ�RI�WKH�UHDO�FDXVH�RI�WKH�LURQ�GHILFLHQF\��,URQ�'LVRUGHUV�,QVWLWXWH�������&UDZIRUGHW DO���������0HQVWUXDO�EORRG�ORVV�DQG�SRRU�GLHWDU\�LQWDNH�DUH�RIWHQ�SUHVXPHG�WR�EH�WKH�FDXVH�6HYHUDO� VWXGLHV� VKRZ�� KRZHYHU�� WKDW� JHQHUDO� LQIHFWLRQV�� LQIODPPDWLRQ� RU� JDVWURLQWHVWLQDOGLVHDVH�� LQFOXGLQJ� LQWHVWLQDO� LQIODPPDWLRQ� �H�J�� FHOLDF� GLVHDVH�� DQG� PDOLJQRPD� DUH� YHU\FRPPRQ �1LHGHUDX� HW� DO�� ������ ,URQ�3DQHO�$XVWUDOLD��&UDZIRUG� HW� DO�� ������.HSF]\N� HW� DO�������3URYDQ�������8FKLGD��������,Q�ROGHU�SHUVRQV��!���\HDUV��PDOLJQRPD�LV�D�PDMRU�FDXVHRI�LURQ�GHILFLHQF\��,URQ�3DQHO�$XVWUDOLD��,]DNV�HW�DO���������6XSSOHPHQWDWLRQ�RI�LURQ�PD\�EHPRUH KDUPIXO�WKDQ�EHQHILFLDO�XQGHU�WKHVH�FLUFXPVWDQFHV��)LUVWO\��ERG\�WLVVXHV�ZKLFK�DOUHDG\FRQWDLQ�H[FHVV�LURQ�ZLOO�EH�ORDGHG�DGGLWLRQDOO\�ZLWK�LURQ�DQG�VHFRQGO\�SDUDVLWHV�RU�LQIHFWLRQVDUH VXSSOLHG�ZLWK�HQRXJK�LURQ�WR�UHVWRUH�LWV�SDWKRORJLFDO�DFWLRQ�
'LVHDVHV�DVVRFLDWHG�ZLWK�$QHPLD�RI�&KURQLF�'LVHDVH�
$FXWH�,QIHFWLRQV%DFWHULDO��IXQJDO�RU�YLUDO
&KURQLF�,QIHFWLRQV2VWHRP\HOLWLV,QIHFWLYH�(QGRFDUGLWLV3HOYLF�,QIODPPDWRU\�'LVHDVH&KURQLF�8ULQDU\�7UDFW�,QIHFWLRQ7XEHUFXORVLV&KURQLF�)XQJDO�'LVHDVH
&KURQLF�5HQDO�)DLOXUH

,QIODPPDWRU\�'LVRUGHUV5KHXPDWRLG�'LVHDVH6\VWHPLF�/XSXV�(U\WKHPDWRVXV%XUQV6HYHUH�7UDXPD$FXWH�DQG�&KURQLF�+HSDWLWLV
0DOLJQDQF\&DUFLQRPD0\HORPD/\PSKRPD/HXNHPLD�

7KHUHIRUH��IXUWKHU�LQYHVWLJDWLRQ�RI�SDWLHQWV�ZLWK�LURQ�GHILFLHQF\�PD\�EH�RI�LPSRUWDQW�EHQHILW�2QO\� IRU� LQGLYLGXDOV�FRUUHFWO\�GLDJQRVHG�ZLWK� LURQ�GHILFLHQF\�� LURQ� VXSSOHPHQWDWLRQ� FDQ�EHSUREDEO\�UHFRPPHQGHG��7KH�SKDUPDFHXWLFDO�IRUPXODWLRQV��KRZHYHU��KDYH�QRW�EHHQ�WHVWHG�LQ�DFOLQLFDO�VHWWLQJ�DV�XVXDO��7KHUHIRUH�WKH�VDIHW\�RI�KLJK�GRVHG�LURQ�VXSSOHPHQWDWLRQ��XS�WR����PJ�GD\��WKHUDS\�LV�TXHVWLRQDEOH�LQ�YLHZ�RI�WKH�ULVNV�RI�H[FHVV�LURQ�LQWDNH�,I�LURQ�GHILFLHQF\�LV�LQGHHG�FDXVHG�E\�D�GLHW�ORZ�LQ�LURQ��LW�LV�UHDVRQDEOH�WR�DVVXPH�WKDW�RWKHUPLFURQXWULHQWV� DUH� GHILFLHQW� DV� ZHOO� DQG� D� EHWWHU� GLHW� VKRXOG� EH� UHFRPPHQGHG� UDWKHU� WKDQVXSSOHPHQWDWLRQ��&UDZIRUG�HW�DO��������

����&203/,&$7,216
$Q� RSWLPDO� LURQ� VWDWXV� LV� QHFHVVDU\� IRU� WKH� GHYHORSPHQW� RI� FRJQLWLYH� DQG� SV\FKRPRWRUGHYHORSPHQW�LQ�FKLOGUHQ��6DQGVWHDG�������6FKROO�DQG�5HLOO\�������/R]RII�HW�DO���������/RZLURQ�XSWDNH�LQFUHDVHV�FDGPLXP�DQG�OHDG�DEVRUSWLRQ��SRVVLEO\�UHVXOWLQJ�LQ�DQ�LQFUHDVHG�KHDY\
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PHWDO�ORDG��)XUWKHUPRUH��LURQ�LV�QHFHVVDU\�IRU�WKH�SURGXFWLRQ�RI�'1$�V\QWKHVL]LQJ�HQ]\PHVDQG PDQ\�RWKHU�LURQ�FRQWDLQLQJ�RU�LURQ�GHSHQGHQW�HQ]\PHV�/RZ� PDWHUQDO� KHPRJORELQ� RU� IHUULWLQ� YDOXHV� HDUO\� LQ� SUHJQDQF\� DUH� DVVRFLDWHG� ZLWK� DQLQFUHDVHG� ULVN�RI�SUHWHUP�GHOLYHU\��/RZ� LURQ� VWDWXV� ODWHU� LQ� JHVWDWLRQ� LV�QRW� DVVRFLDWHG�ZLWKULVN�RI�DGYHUVH�SUHJQDQF\�RXWFRPH�� ,Q� IDFW��D� IDOO� LQ�KHPRJORELQ�DQG�RWKHU� LURQ�SDUDPHWHUVGXULQJ�WKH�WKLUG�WULPHVWHU�RI�SUHJQDQF\�LV�GXH�WR�QRUPDO�SK\VLRORJLFDO�H[SDQVLRQ�RI�PDWHUQDOSODVPD�YROXPH���6FKROO�DQG�5HLOO\�������
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���,521�29(5/2$'
����6<037206
6LQFH� QR� DFWLYH� H[FUHWLRQ� PHFKDQLVP� RI� LURQ� H[LVWV�� LURQ� RYHUORDG� LV� FDXVHG� E\� LQFUHDVHGGLHWDU\� LURQ� DEVRUSWLRQ�� +HUHGLWDU\� KHPRFKURPDWRVLV� �SULPDU\� KHPRFKURPDWRVLV�� LVFKDUDFWHUL]HG� E\� H[FHVV� LURQ� XSWDNH� IURP� D� GLHW�ZLWK� QRUPDO� LURQ� FRQWHQWV��$W� SUHVHQW� WZRPDMRU�PXWDWLRQV� KDYH� EHHQ� FKDUDFWHUL]HG� LQ� WKH� KXPDQ� JHQH� IRU� KHPRFKURPDWRVLV� �+)(��&���<� DQG� +��'� �)HGHU� HW� DO�� ������� 7KH� KRPR]\JRWH� &���<� FDUULHUV� KDYH� D� KLJKHUSUHYDOHQFH�WR�GHYHORS�VHYHUH�V\PSRPV��$Q�LPSRUWDQW�FDXVH�RI�VHFRQGDU\�KHPRFKURPDWRVLV��LQ�DGGLWLRQ�WR�PXOWLSOH�EORRG�WUDQVIXVLRQV�DQG�WKDODVVHPLD���LV�D�ORQJ�WHUP�GLHW�KLJK�LQ�LURQ�6\PSWRPV�RI� LURQ�RYHUORDG�DQG�KHPRFKURPDWRVLV� LQFOXGH�FKURQLF� IDWLJXH��DUWKULWLV��DUWKULWLFSDLQ� LQ� ILQJHU� MRLQWV�� ORVV� RI� OLELGR� RU� LPSRWHQFH�� LQIHUWLOLW\�� FKDQJHV� LQ� VNLQ� FRORU�� KHDUWDUUK\WKPLD��HOHYDWHG�EORRG�VXJDU��GLDEHWHV�DQG�HOHYDWHG� OHYHOV�RI� OLYHU� HQ]\PHV��6LQFH� LURQEXLOGV�XS�VORZO\��V\PSWRPV�PD\�EH�DEVHQW�XQWLO�WKH�DJH�RI�������\HDUV��%XW�HYHQ�ZLWKRXW�DQ\V\PSWRPV�� RUJDQ� GDPDJH� GXH� WR� LURQ� RYHUORDG� LV� DOUHDG\� LQGXFHG� �*H]RQGKHLGVUDDG� �����6ZLQNHOV�DQG�0DU[�������,URQ�'LVRUGHUV�,QVWLWXWH�������
6\PSWRPV� RI� DFXWH� LURQ� RYHUORDG� LQ� FKLOGUHQ� �DQ� RYHUGRVH� RI� LURQ� VXSSOHPHQW� SLOOV�� DUHQDXVHD�� YRPLWLQJ�� GLDUUKHD�� JDVWURLQWHVWLQDO� EOHHGLQJ� DQG� ±� PRUH� VHYHUH� �� VKRFN�� FRPD� RUGHDWK��(YHQ�FKLOGUHQ�ZLWKRXW�LPPHGLDWH�V\PSWRPV�PD\�GHYHORS�JDVWURLQWHVWLQDO�REVWUXFWLRQDQG OLYHU� GDPDJH�� ,URQ� SRLVRQLQJ� KDV� DOUHDG\� UHVXOWHG� LQ� �������� LQFLGHQWV� VLQFH� �����LQFOXGLQJ����GHDWKV��DQG�LV�WKH�OHDGLQJ�FDXVH�RI�FKLOGKRRG�SRLVRQLQJ��)'$�������

����35(9$/(1&(
5HFHQW� HSLGHPLRORJLFDO� HYLGHQFH� LQGLFDWHV� WKDW� LURQ� RYHUORDG� LV� UHODWLYHO\� FRPPRQ� LQ:HVWHUQ�SRSXODWLRQV��1LHGHUDX�HW�DO���������$�SUHYDOHQFH�RI�����ZDV�IRXQG�LQ�D�FRKRUW�RI'DQLVK�PHQ��1 �������0LOPDQ�HW�DO��������
+HUHGLWDU\� KHPRFKURPDWRVLV� LV� WKH� PRVW� FRPPRQ� DXWRVRPDO� UHFHVVLYH� JHQHWLF� GLVHDVH� LQSRSXODWLRQV� RI� 1RUWKHUQ� (XURSHDQ� RULJLQ�� 3K\VLFLDQV� XVXDOO\� IDLO� WR� UHFRJQL]HKHPRFKURPDWRVLV� EHFDXVH� WKH� V\PSWRPV� DUH� UDWKHU� QRQ�VSHFLILF� DQG� WKH� GLVHDVH�ZDV�� XQWLOUHFHQWO\�� EHOLHYHG� WR� EH� UDUH�� 7KHUHIRUH�� SDWLHQWV� DUH� RIWHQ� GLDJQRVHG� ZLWK� GLDEHWHV�� KHDUWIDLOXUH� RU� OLYHU� GLVHDVH� �*H]RQGKHLGVUDDG� ������ 6ZLQNHOV� DQG� 0DU[� ������ ,URQ� 'LVRUGHUV,QVWLWXWH�������
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7DEOH��� 3UHYDOHQFH�RI�&���<�DQG�+��'�KHWHUR]\JRVLW\�DQG�KRPR]\JRVLW\�LQ�YDULRXVFRXQWULHV��<<�DQG�''�DUH�KRPR]\JRWHV��&<�DQG�+'�DUH�KHWHUR]\JRWHV��<&+'�DUHFRPSRXQG�KHWHUR]\JRWHV�
&RXQWU\ 1 �<< �&< �'' �+' �<&+' 5HIHUHQFH

86$��ZKLWH� ���� ��� ��� ��� ���� ��� 0F'RQQHOO�HW�DO������
86$��ZKLWH� ��� � ���� ��� ���� ��� %HXWOHU�HW�DO������
86$ ��� ��� ���� ��� ���� ��� %DUWRQ�HW�DO������
86$��MHZLVK� ��� � ��� ��� ���� � %HXWOHU�HW�DO������
&DQDGD ���� ��� ��� &DVVDQHOOL�HW�DO������
$XVWUDOLD ���� ��� ���� ��� 2O\Q\N�HW�DO������
$XVWUDOLD ��� � ���� $ODQHQ�HW�DO������
$XVWUDOLD ���� ��� �� 5RVVL�HW�DO������
'HQPDUN ��� ��� ���� � ���� � 0HUU\ZHDWKHU�HW�DO������
6�1RUZD\ ��� ��� ���� ��� ���� ��� 'LVWDQWH�HW�DO������
&HOWLF ��� ��� ���� /XFRWWH�HW�DO������
1RUGLF ��� ��� ���� /XFRWWH�����
$QJOR�VD[ ��� ��� ���� /XFRWWH�����
1�,UHODQG ��� ��� ���� ���� 5\DQ�HW�DO������
6�,UHODQG ��� � ���� ���� %RURW�HW�DO������
*%��6�:DOHV� ����� ��� ���� ���� ��� -DFNVRQ�HW�DO������
-HUVH\ ��� ��� ���� ��� ���� ��� 0HUU\ZHDWKHU�HW�DO������
)UDQFH ��� ��� ���� ��� ���� ��� -H]HTXHO�HW�DO������
)UDQFH��%ULWWDQ\� ���� ��� �� -RXDQROOH�HW�DO������
)UDQFH��%ULWWDQ\� ���� ��� �� -RXDQROOH�HW�DO������
1�*HUPDQ\ ��� ��� ��� ���� 1LHOVHQ�HW�DO������
,FHODQG ��� ��� ��� ��� ���� ��� 0HUU\ZHDWKHU�HW�DO������
)DHURHV ��� ���� ��� ��� ���� ��� 0HUU\ZHDWKHU�HW�DO������
*UHHQODQG ��� ���� ��� � ��� � 0HUU\ZHDWKHU�HW�DO������
6SDLQ ��� ��� ��� ��� ���� ��� 6DQFKH]�HW�DO������
,WDO\ ���� � ��� ���� &DVVDQHOOL�HW�DO������
$XVWULD ��� ��� ��� ��� ���� � 'DW]�HW�DO������
6�(XURSH ��� � ��� /XFRWWH�����
5XVVLD �� � ��� /XFRWWH�����
1HWKHUODQGV�>H[SWG@ ��� �� � �� �
7KH� SUHYDOHQFH� RI� KHPRFKURPDWRVLV� KRPR]\JRVLW\� LV� HVWLPDWHG� DW� ����� ZKHUHDVKHWHUR]\JRVLW\� LQ� WKH�1HWKHUODQGV� LV� HVWLPDWHG� DW� ����RI� WKH� JHQHUDO� SRSXODWLRQ� �6ZLQNHOVDQG 0DU[�������'H�6WHUNH�������6OLQJHUODQG�HW�DO���������VHH�ODVW�URZ�RI�7DEOH����

����',$*126,6�$1'�75($70(17
$Q� LQGLYLGXDO� ZLWK� LURQ� RYHUORDG� KDV� HOHYDWHG� VHUXP� IHUULWLQ� DQG�RU� HOHYDWHG� WUDQVIHUULQVDWXUDWLRQ�OHYHOV��/DERUDWRU\�WHVWV�XVHG�IRU�WKHVH�GHWHUPLQDWLRQV�DUH�FRPPRQO\�DYDLODEOH�DQGHDV\� WR�SHUIRUP��)DVWLQJ� EORRG� VDPSOHV� ���� KRXUV� RU� RYHUQLJKW�� DUH� UHFRPPHQGHG�EHFDXVHVHUXP LURQ�SDUDPHWHUV�DUH�LQIOXHQFHG�E\�GLHW��1LHGHUDX�HW�DO���������(YHQ�PRUH�LPSRUWDQW�LVWKH�GHWHUPLQDWLRQ�RI�PDUNHUV�IRU�LQIHFWLRQ�RU�LQIODPPDWLRQ��6HPSRV�HW�DO��������%HDWRQ�HW�DO��������:KHQ� EDFWHULD�� YLUXVHV�� KDUPIXO� RU�PDOLJQDQW� FHOOV� DUH� SUHVHQW�� WKH� LPPXQH� V\VWHPGHFUHDVHV�DYDLODEOH�ERG\�LURQ�VWRUHV��UHVXOWLQJ�LQ�HOHYDWHG�OHYHOV�RI� IHUULWLQ�� WKH� LURQ�VWRUDJHVRXUFH �,URQ� 'LVRUGHUV� ,QVWLWXWH� ������ :HLQEHUJ� ������� $� SDWLHQW� PD\� EH� LQFRUUHFWO\GLDJQRVHG�ZLWK�KLJK�LURQ�OHYHOV�LI�QRW�FRUUHFWHG�IRU�WKHVH�PDUNHUV�
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7KH�RQO\�WUHDWPHQW�RI�LURQ�RYHUORDG��DQG�KHPRFKURPDWRVLV��LV�UHPRYDO�RI�WKH�H[FHVV�LURQ�E\EORRG�GRQDWLRQ��FDOOHG�YHQHVHFWLRQ�RU�SKOHERWRP\�WKHUDS\��*H]RQGKHLGVUDDG�������6ZLQNHOVDQG 0DU[�������'H�6WHUNH�������,URQ�'LVRUGHUV�,QVWLWXWH��������7UHDWPHQW�LV�PRVW�HIIHFWLYHZKHQ EORRG� LV� UHPRYHG� LQ� DQ� HDUO\� VWDJH�� 7KLV� PD\� ZHOO� EH� EHIRUH� WKH� RQVHW� RI� FOLQLFDOV\PSWRPV�3UHIHUDEO\�� SDWLHQWV� GLDJQRVHG� ZLWK� KLJK� LURQ� OHYHOV� DQG� WKHLU� ILUVW�GHJUHH� UHODWLYHV� DUHJHQHWLFDOO\� VFUHHQHG� IRU� WKH� KHPRFKURPDWRVLV� PXWDWLRQ� �*H]RQGKHLGVUDDG� ������ 6ZLQNHOVDQG 0DU[� ������� 7KH� ODERUDWRU\� WHVW� LV� FRPPRQO\� DYDLODEOH� DQG� HDV\� WR� SHUIRUP�� ,Q� IDFW�VFUHHQLQJ� RI� WKH�ZKROH� SRSXODWLRQ� IRU� WKH� &���<�PXWDWLRQ� LV� QRZ� EHLQJ� GLVFXVVHG�� DV� DQHDUO\� GHWHFWLRQ� RI� SUHGLVSRVLWLRQ� IRU� LURQ� RYHUORDG� KDV� LPSRUWDQW� SXEOLF� KHDOWK� EHQHILWV�*H]RQGKHLGVUDDG�������&RJVZHOO�HW�DO��������

����&203/,&$7,216
������1875,(17�,0%$/$1&(6
7KH�DPRXQW�RI� LURQ� DEVRUSWLRQ� LQIOXHQFHV� WKH� DEVRUSWLRQ� UDWLR� RI� RWKHU� QXWULHQWV�� ,QFUHDVHGLURQ�XSWDNH�UHVXOWV�LQ�D�GHFUHDVHG�DEVRUSWLRQ�RI�]LQF��FRSSHU�DQG�PDQJDQHVH��,Q�DGGLWLRQ��KLJKLURQ�DEVRUSWLRQ�GHFUHDVHV�VHOHQLXP�ELRDYDLODELOLW\��0HOW]HU�DQG�$OH[DQGHU�������

������25*$1�'$0$*(
,Q�SULQFLSOH��RUJDQ�GDPDJH�GXH�WR�H[FHVV�LURQ�LQWDNH�LV�D�SUREOHP�RI�WKH�JHQHUDO�SRSXODWLRQEXW�KHPRFKURPDWRVLV�KRPR]\JRWHV�IRU�WKH�&���<�PXWDWLRQ�DUH�SUHGRPLQDQWO\�DW�ULVN�RI�LURQRYHUORDG��$ERXW� �������RI�ZRPHQ� DQG� �������RI�PHQ�ZKR� DUH� KRPR]\JRXV�ZLOO� ILQDOO\GHYHORS�VSHFLILF�RUJDQ�GDPDJH�GXH�WR�LURQ�RYHUORDG��([FHVV�LURQ�LV�VWRUHG�LQ�GLIIHUHQW�RUJDQVLQFOXGLQJ� OLYHU�� KHDUW� DQG� JDOOEODGGHU�� OHDGLQJ� WR� OLYHU� FLUUKRVLV� DQG� FDQFHU�� FDUGLRYDVFXODUGLVHDVH�DQG�SRVVLEO\�GLDEHWHV��UHVSHFWLYHO\�,QGLYLGXDOV�ZKR�DUH�KHWHUR]\JRXV�IRU� WKH�&���<�PXWDWLRQ�KDYH�VLJQLILFDQWO\�LQFUHDVHG�LURQVWRUHV��DV�UHIOHFWHG�LQ�KLJK�VHUXP�IHUULWLQ�DQG�RU�KLJK�WUDQVIHUULQ�VDWXUDWLRQ�OHYHOV��5RHVW�HW�DO�������1LHGHUDX�HW�DO��������2O\Q\N�HW�DO��������'LVWDQWH�HW�DO��������'H�9DON�DQG�0DU[������%XODM�HW�DO��������5RVVL�������0HUU\ZHDWKHU�&ODUNH�HW�DO��������,QFUHDVHG� LURQ� VWDWXV� KDV� EHHQ� UHVXOWHG� LQ� FDUGLRYDVFXODU� GLVHDVH� �� LQFOXGLQJ� P\RFDUGLDOLQIDUFWLRQ� DQG� DWKHURVFOHURVLV� �� DQG� WR� D� ORZHU� H[WHQW� LQ� FDUFLQRJHQHVLV�� +HPRFKURPDWRVLVKHWHUR]\JRVLW\� VHHPV� WR� EH� DVVRFLDWHG�ZLWK� GLDEHWHV� �6DORQHQ� HW� DO�� ������1LHGHUDX� ������7KH�GHYHORSPHQW�RI�OLYHU�FLUUKRVLV�VXEVHTXHQWO\�OHDGLQJ�WR�OLYHU�FDQFHU�GXH�WR�LURQ�RYHUORDGLV�HYLGHQW��*H]RQGKHLGVUDDG�������6ZLQNHOV�DQG�0DU[�������,URQ�'LVRUGHUV�,QVWLWXWH�������

� &$5',29$6&8/$5�',6($6(
,Q�$SSHQGL[� �� WKH� LPSRUWDQW� HSLGHPLRORJLFDO� OLWHUDWXUH� KDV� EHHQ� UHYLHZHG� FRQFHUQLQJ� LURQVWDWXV�DQG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH��7KH�UHODWLYH� ULVNV�KDYH�EHHQ�GHSLFWHG� LQ�)LJXUH���)URP� WKHVH�GDWD� LW�PD\�EH� FRQFOXGHG� WKDW� DQ� LQFUHDVHG� VHUXP� IHUULWLQ� OHYHO� LV� DQ� LPSRUWDQWLQGHSHQGHQW�ULVN�IDFWRU�IRU�FDUGLRYDVFXODU�HYHQWV��3DUWLFXODUO\�WKH�PRVW�UHFHQW�VWXGLHV�DUH�ZHOOFRQGXFWHG� DQG� FOHDUO\� VKRZ� D� SRVLWLYH� DVVRFLDWLRQ� EHWZHHQ� LURQ� VWDWXV� DQG� FDUGLRYDVFXODUGLVHDVH� �5RHVW� HW� DO�� ������.OLSVWHLQ� HW� DO�� ������ 7XRPDLQHQ� HW� DO�� ������ 7XRPDLQHQ� HW� DO�������.LHFKO�HW�DO��������0H\HUV�HW�DO��������
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)LJXUH��� 5HODWLYH�ULVNV��ZLWK�����FRQILGHQFH�OLPLWV��RI�FDUGLRYDVFXODU�GLVHDVHV�DQG�LURQLQWDNH�RU�LURQ�SDUDPHWHUV��6HH�$SSHQGL[�IRU�GHWDLOV�
6DORQHQ� HW� DO� ������� SXEOLVKHG� WKH� ILUVW� VWXG\� WKDW� LQYHVWLJDWHG� WKH� DVVRFLDWLRQ� EHWZHHQFDUGLRYDVFXODU� HYHQWV� DQG� LURQ� VWDWXV��0HQ�ZLWK� VHUXP� IHUULWLQ� OHYHOV� RI� ���� J�O� RU�PRUHZHUH�VKRZQ�WR�KDYH�D�����IROG�LQFUHDVHG�ULVN�RI�P\RFDUGLDO�LQIDUFWLRQ�FRPSDUHG�WR�PHQ�ZLWKVHUXP�IHUULWLQ�OHYHOV�EHORZ����� J�O��7KLV�LQFUHDVH�ZDV�VWURQJHU�LQ�PHQ�ZLWK�HOHYDWHG�VHUXP/'/�FKROHVWHURO��5RHVW�HW�DO��������VKRZHG�WKDW�ULVN�RI�FDUGLRYDVFXODU�GHDWK�LQ�ZRPHQ�ZDVLQFUHDVHG�VLJQLILFDQWO\� LQ�KHWHUR]\JRWHV� FRPSDUHG� WR�ZLOG� W\SHV� �55 ����� DGMXVWHG� IRU� DJH�VPRNLQJ��K\SHUWHQVLRQ�DQG�REHVLW\���7KLV� LQFUHDVHG�ULVN�ZDV�SDUWLFXODUO\�SUHVHQW�������IROG�LQ KHWHUR]\JRXV�LQGLYLGXDOV�ZKR�ZHUH�K\SHUWHQVLYH�DQG�VPRNHG�FRPSDUHG�WR�ZLOG�W\SH�QRQ�K\SHUWHQVLYH� QRQ�VPRNHUV�� 7KH� VWXG\� RI� .OLSVWHLQ� HW� DO� ������� VKRZHG� DQ� LQFUHDVHG� ULVN������� RI�P\RFDUGLDO� LQIDUFWLRQ� IRU� VHUXP� IHUULWLQ� OHYHOV� RI� ���� J�O� RU�PRUH� FRPSDUHG� WRVHUXP IHUULWLQ� OHYHOV� ORZHU� WKDQ� ���� J�O�� 7XRPDLQHQ� HW� DO� ������� LQYHVWLJDWHG� ZKHWKHURFFXUUHQFH� RI� WKH� &���<� PXWDWLRQ� ZDV� DVVRFLDWHG� ZLWK� DQ� LQFUHDVHG� ULVN� RI� ILUVW� DFXWHP\RFDUGLDO�LQIDUFWLRQ�LQ�KHDOWK\�PHQ�DJHG�������\HDUV��$�����IROG�ULVN�RI�KHWHUR]\JRXV�PHQZDV VKRZQ�� 7XRPDLQHQ� HW� DO� ������� DOVR� IRXQG� WKDW� WKH� UDWLR� EHWZHHQ� VHUXP� WUDQVIHUULQUHFHSWRU� �7I5�� DQG� IHUULWLQ� ZDV� ������ ORZHU� DPRQJ� FDVHV� RI� DFXWH� P\RFDUGLDO� LQIDUFWLRQFRPSDUHG� WR� FRQWUROV�� $� ORZ� 7I5�IHUULWLQ� UDWLR� LV� LQGLFDWLYH� IRU� D� KLJK� LURQ� VWDWXV�� /RZ7I5�IHUULWLQ�UHVXOWHG�LQ�DQ�LQFUHDVHG�ULVN������IROG��RI�DFXWH�P\RFDUGLDO� LQIDUFWLRQ�FRPSDUHGWR D�KLJK�7I5�IHUULWLQ�UDWLR��DIWHU�DGMXVWPHQW�IRU�WKH�NQRZQ�ULVN�IDFWRUV�0RUHRYHU�� UHJXODU� EORRG� GRQRUV� KDG� D� VXEVWDQWLDOO\� GHFUHDVHG� ULVN� �55 ������ RI� DFXWHP\RFDUGLDO�LQIDUFWLRQ�FRPSDUHG�WR�QRQ�GRQRUV��LQGLFDWLQJ�WKDW�SHULRGLF�UHPRYDO�RI�LURQ�PD\ORZHU� FDUGLRYDVFXODU� ULVN��.LHFKO� HW� DO� ������� LQYHVWLJDWHG� WKH� DVVRFLDWLRQ� EHWZHHQ� FDURWLGDWKHURVFOHURVLV� DQG� VHUXP� IHUULWLQ� OHYHOV� LQ� D� SURVSHFWLYH� VWXG\�� $� VWURQJ� DVVRFLDWLRQ�25 ������ZDV�SUHVHQW�EHWZHHQ�IHUULWLQ�DQG�DWKHURVFOHURVLV�SURJUHVVLRQ�WKURXJK�PRGLILFDWLRQRI WKH�/'/�FKROHVWHURO�SRWHQWLDO�7KH�PHFKDQLVP� E\�ZKLFK� LURQ� RYHUORDG� SUREDEO\� IXQFWLRQV� LV� E\� LQGXFLQJ� UDGLFDO� GDPDJH�R[LGDWLYH� VWUHVV��� ,URQ�FDWDO\]HV� WKH�R[LGDWLRQ�RI�/'/��ZKLFK� LV� DQ� LPSRUWDQW� IDFWRU� LQ� WKHLQLWLDWLRQ� DQG� SURJUHVVLRQ� RI� DWKHURVFOHURVLV� �'H� 9DON� DQG� 0DU[� ������� ,Q� DGGLWLRQ�� LURQ
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GLUHFWO\� LQWHUDFWV� ZLWK� KXPDQ� SODWHOHW� DFWLYLW\� �3UDWLFR� HW� DO�� ������� LQGLFDWLQJ� WKDW� PRUHPHFKDQLVPV�PD\�H[LVW�
� &$1&(5
3URORQJHG� LURQ�RYHUORDG�UHVXOWV� LQ� OLYHU�FLUUKRVLV� WKHUHE\� LQFUHDVLQJ� WKH� ULVN�RI� OLYHU� FDQFHUVXEVWDQWLDOO\� �,URQ� 'LVRUGHUV� ,QVWLWXWH� ������ 6ZLQNHOV� DQG� 0DU[� ������ *H]RQGKHLGVUDDG������'H�6WHUNH��������$Q�DVVRFLDWLRQ�EHWZHHQ�QXWULWLRQDO� LURQ� LQWDNH� DQG� OLYHU�FDQFHU�KDVQRW�EHHQ�HVWDEOLVKHG�/LWHUDWXUH�FRQFHUQLQJ�LURQ�RYHUORDG�DQG�LQWHVWLQDO�DQG�FRORQ�FDQFHU�LV�OHVV�FOHDU��%RWK�DQLPDODQG KXPDQ�VWXGLHV� LQGLFDWH�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�H[FHVV� LURQ� LQWDNH�DQG�FRORUHFWDORQFRJHQHVLV� �:HLQEHUJ��������+RZHYHU�� IHZ� HSLGHPLRORJLFDO� VWXGLHV�KDYH� EHHQ� FRQGXFWHG�+DUULVRQ�HW�DO��������DQG�UHFHQW�DQLPDO�H[SHULPHQWV�JDYH�LQFRQVLVWHQW�UHVXOWV��5H]D]DGHK�HWDO� ������ /DL� HW� DO�� ������� )XUWKHUPRUH�� D� KLJK� GLHWDU\� LURQ� LQWDNH� LQFUHDVHV� WKH� QXPEHU� RIQXFOHDU� DEHUUDWLRQV� LQ� WKH� FRORQ� DQG� GHFUHDVHV�PDQJDQHVH� VXSHUR[LGH� GLVPXWDVH� �0Q62'�DFWLYLW\�LQ�UDW�FRORQLF�PXFRVD��.XUDWNR��������6LQFH�H[FHVV�LURQ�XSWDNH�UHGXFHV�PDQJDQHVHDEVRUSWLRQ��WKH�WUDFH�HOHPHQW�UHTXLUHG�IRU�0Q62'�DFWLYLW\���WKLV�GHFUHDVH�LQ�HQ]\PH�DFWLYLW\PD\�EH�DWWULEXWHG�WR�WKH�ORZHU�DYDLODELOLW\�RI�PDQJDQHVH��.XUDWNR�������%RUUHOOR�HW�DO��������0Q62'�LV�RQH�RI�WKH�LPSRUWDQW�DQWLR[LGDQW�HQ]\PHV�WKDW�SURWHFWV�PLWRFKRQGULD�IURP�R[\JHQUDGLFDO GDPDJH�DQG�D�GHFUHDVHG�0Q62'�DFWLYLW\�KDV�EHHQ�VXJJHVWHG�WR�EH�LQYROYHG�LQ�KXPDQFDUFLQRJHQHVLV�DV�ZHOO�,Q�D�QHVWHG�FDVH�FRQWURO�VWXG\��VHUXP�IHUULWLQ�ZDV�VKRZQ�WR�EH�LQYHUVHO\�FRUUHODWHG�WR�WKH�ULVNRI� FRORUHFWDO� FDQFHU�� :KHQ� FRPELQHG� ZLWK� D� KLJK� IDW� GLHW�� KLJK� LURQ� LQWDNH� LQFUHDVHGFRORUHFWDO� FDQFHU� ULVN� �.DWR� HW� DO�� ������� ,URQ� VXSSOHPHQWDWLRQ� UHVXOWHG� LQ� D� GUDVWLFDOO\LQFUHDVHG�DPRXQW�RI�IHFDO�LURQ�DQG�QHDUO\�GRXEOHG�WKH�SURGXFWLRQ�RI�IUHH�UDGLFDOV��/XQG�HW�DO��������$�KLJK�LURQ�LQWDNH�LQ�KXPDQV�FDQ�WKHUHIRUH�EH�D�SRVVLEOH�IDFWRU� LQ�WKH�SUHYDOHQFH�RIFRORQ�FDQFHU�
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���,521�,17$.(�,1�7+(�1(7+(5/$1'6
$FFRUGLQJ�WR�WKH�'XWFK�IRRG�FRQVXPSWLRQ�VXUYH\��9&3��������RYHUDOO�LURQ�LQWDNH�LV������PJSHU�GD\�ZKHUHDV�WKH�UHFRPPHQGHG�GDLO\�DOORZDQFH�LV���PJ�IRU�PDOHV�DQG����PJ�IRU�IHPDOHV�VHH 7DEOH��D���,URQ�LQWDNH�LV�VXIILFLHQW�LQ�DOO�VXEJURXSV�H[FHSW�IRU�ZRPHQ�DJHG�������\HDUV�,Q�WKLV�VXEJURXS��PHDQ�LQWDNH�UDQJHV�IURP���WR����PJ�ZKHUHDV����WR����PJ�LV�UHFRPPHQGHG�7KLV�PD\�LPSOLFDWH�WKDW�SUHPHQRSDXVDO�ZRPHQ�KDYH�D�VXERSWLPDO�LURQ�VWDWXV��9DQ�2RLN�HW�DO�������%UXVVDDUG�HW�DO��������/RZLN�HW�DO���������1R�HYLGHQFH�H[LVWV��KRZHYHU��WR�VXSSRUW�WKLVFRQFOXVLRQ�� ,Q� IDFW�� ZKHQ� FRUUHFW� ODERUDWRU\� WHVWV� DUH� XVHG�� LW� PD\� EH� FRQFOXGHG� WKDW� LURQGHILFLHQF\�LV�UHODWLYHO\�XQFRPPRQ�LQ�GHYHORSHG�FRXQWULHV��3DUWLFXODUO\�LURQ�GHILFLHQF\�GXH�WRGLHWDU\�IDFWRUV�VHHPV�WR�EH�UDUH��,Q�FRQFOXVLRQ��VWLOO�PRUH�UHVHDUFK�LV�UHTXLUHG�WR�HVWLPDWH�WKHUHDO SUHYDOHQFH�RI�ERWK� LURQ�GHILFLHQF\�DQG� LURQ�RYHUORDG� LQ�RUGHU� WR�GHWHUPLQH� WKH�RSWLPDOGDLO\�LQWDNH�LQ�DOO�VXEJURXSV�
$W� SUHVHQW�� LURQ� VXSSOHPHQWDWLRQ� GXULQJ� SUHJQDQF\� LV� EHLQJ� GLVFXVVHG�� 7KH� DVVRFLDWLRQEHWZHHQ� LURQ� GHILFLHQF\� LQ� HDUO\� JHVWDWLRQ� DQG� DGYHUVH� SUHJQDQF\� RXWFRPH� LV�ZHOO� NQRZQ�+RZHYHU��KLJKHU�YDOXHV�RI� LURQ�VWDWXV�GXULQJ� WKH� WKLUG� WULPHVWHU� �KHPRJORELQ�!��������J�O�IHUULWLQ�!���QJ�O��DUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�IHWDO�GHDWK��SUHWHUP�GHOLYHU\�DQG�ORZELUWK� ZHLJKW� DV� ZHOO�� $OWKRXJK� FRQWUROOHG� WULDOV� RI� LURQ� VXSSOHPHQWDWLRQ� GXULQJ� SUHJQDQF\LQGHHG� VKRZHG� LQFUHDVHG�PDWHUQDO� KHPRJORELQ� YDOXHV� DW� GHOLYHU\�� VXSSOHPHQWDWLRQ� GLG� QRWUHVXOW� LQ�D�GHFUHDVHG�ULVN�RI�SUHWHUP�GHOLYHU\�RU� ORZ�ELUWK�ZHLJKW� �6FKROO�DQG�5HLOO\�������0RUHRYHU�� KLJK� LURQ� LQWDNH�PD\� LQFUHDVH� R[LGDWLYH� GDPDJH�� 7KHUHIRUH�� WKH� DGYDQWDJHV� DQGULVNV�RI�LURQ�VXSSOHPHQWDWLRQ�GXULQJ�SUHJQDQF\�KDYH�WR�EH�LQYHVWLJDWHG�
,I�QRW�EUHDVWIHG��LQIDQWV�DJHG���ò�\HDUV�QHHG�LURQ�IRUWLILFDWLRQ�ZKLFK�LV�FRPPRQ�LQ�IRUPXOD�/DFWDWLQJ�ZRPHQ�SRVVLEO\�QHHG�LURQ�VXSSOHPHQWDWLRQ�GXH�WR�LQFUHDVHG�UHTXLUHPHQWV�
,Q�WKH�ODVW����\HDUV��QR�WUHQG�LV�VHHQ�LQ�LURQ�LQWDNH�LQ�WKH�1HWKHUODQGV��DOWKRXJK�LURQ�LQWDNH�LQPDOHV�DJHG�������\HDUV�DQG�IHPDOHV�DJHG�������\HDUV�VHHP�WR�GHFOLQH� LQ� WKH�SDVW���� \HDUV�7DEOH�����$GGLWLRQDO�VWDWLVWLFDO�DQDO\VLV�LV�QHFHVVDU\�WR�FRQILUP�WKLV�WUHQG��9&3�������
7DEOH����,URQ�LQWDNH�LQ�WKH�SDVW����\HDUV�LQ�WKH�1HWKHUODQGV��9&3������
$JH
JURXS�

0DOHV )HPDOHV

9&3��
����

9&3��
����
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����
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���,521�6833/(0(17$7,21�$1'�)257,),&$7,21��&855(17�32/,&<
$ERXW� ���� RI� WKH� 'XWFK� SRSXODWLRQ� XVH� PXOWL�YLWDPLQ�PLQHUDO� SUHSDUDWLRQV�� 7KH� LURQFRQWHQWV�RI�WKHVH�VXSSOHPHQWV�ZHUH�QRW�GHWHUPLQHG��9&3�������EXW�XVXDOO\�UDQJH�EHWZHHQ��DQG ���PJ�SHU�GDLO\�GRVH��'DLO\�LQWDNH�RI�VXEVWDQWLDO�DPRXQWV�RI�LURQ�IRU�ORQJHU�SHULRGV�PD\UHVXOW�LQ�D�LURQ�RYHUORDG�VLWXDWLRQ��GHSHQGLQJ�RQ�WKH�DEVRUSWLRQ�HIILFLHQF\�RI�WKH�LURQ�FRPSOH[LQ�WKH�SUHSDUDWLRQ�,URQ� IRUWLILFDWLRQ�DW� WKH� OHYHO�RI� WKH� UHFRPPHQGHG�GDLO\� DOORZDQFH� �XS� WR����PJ��SHU�GDLO\LQWDNH�LQ�IRRGV�LV�SUHVHQWO\�DOORZHG��:DUHQZHWEHVOXLW�7RHYRHJLQJ�PLFUR�YRHGLQJVVWRIIHQ�DDQOHYHQVPLGGHOHQ� ������� ,Q� LQIDQW� IRRG�� LURQ� VXSSOHPHQWDWLRQ� LV� DOVR� DOORZHG�� HYHQ� ZLWKRXWJLYLQJ�WKH�DPRXQW�DGGHG�RQ�SDFNDJLQJ��:DUHQZHWEHVOXLW�3URGXNWHQ�YRRU�ELM]RQGHUH�YRHGLQJ������)XQFWLRQDO�IRRGV�VXFK�DV�LURQ�IRUWLILHG�FHUHDO�SURGXFWV�DUH�JHQHUDOO\�XVHG�LQ�VXEVWLWXWLRQ�IRUEUHDG��ZKLFK� LV� DQ� LPSRUWDQW� LURQ�VRXUFH��7KLV�PD\� LPSOLFDWH� WKDW� LURQ�IRUWLILHG� IRRGV�KDYHOLWWOH�DGYHUVH�HIIHFWV�IRU�LURQ�RYHUORDGHG�LQGLYLGXDOV��DOWKRXJK�WKLV�REYLRXVO\�GHSHQGV�RQ�WKHDPRXQW�DGGHG��,Q�WKH�8�6���.HOORJJ¶V�DQG�*HQHUDO�0LOOV�FRUQIODNHV�FRQWDLQ����PJ�DQG����PJLURQ� SHU� ���� J� SURGXFW�� UHVSHFWLYHO\�� 6XSSOHPHQWDWLRQ� RI� �� PJ� LURQ� SHU� ���� J� EUHDNIDVWSURGXFW�ZRXOG�DOUHDG\�UHVXOW�LQ�WZLFH�WKH�PHDQ�GDLO\�LQWDNH��-RKDQVVRQ�������,Q� WKH�1HWKHUODQGV��PDQ\� LURQ�IRUWLILHG� SURGXFWV�� SDUWLFXODUO\� FHUHDO� SURGXFWV� FRQVXPHG� E\ERWK� FKLOGUHQ� DQG� DGXOWV�� KDYH� DOUHDG\� EHHQ� LQWURGXFHG� �&RPSHQGLXP� 'LHHWSURGXFWHQ� HQ9RHGLQJVPLGGHOHQ�������������,URQ�FRQWHQWV�LQ�WKHVH�SURGXFWV�YDU\�IURP�����WR�����PJ�SHU���� J� �H�J�� &HUHDO� %ORHGZLMQ� ���PJ����PO� /LJD�%UXQFK\� �PJ����J� /LJD� 6ZLWFK� �PJ����J� &HUHDO)UXLW\� %DU� ���PJ����J� /LJD� *OXWHQH[� ��PJ����J� 'H� 5XLMWHU� 5RRVYLFHH� )HUUR� ���PJ����PO��� )RUFRPSDULVRQ��LURQ�FRQWHQWV�RI�EUHDG�LV������ZKLWH��WR������ZKROH�ZKHDW��PJ�SHU�����J��1(92������5HFHQWO\�� DQ� LURQ�IRUWLILHG�PLON� �&DPSLQD�0HONXQLH� -XQLRU�3OXV�� �����PJ�SHU� ����PO��ZDVLQWURGXFHG�LQ�WKH�1HWKHUODQGV��&RQVXPSWLRQ�GXULQJ���ZHHNV�ZDV�VKRZQ�WR�UHVXOW� LQ�D�VPDOOEXW VLJQLILFDQW�LQFUHDVH�RI�IHUULWLQ��6FKRO]�$KUHQV�HW�DO���������7KH�DXWKRUV�RQO\�SXW�HPSKDVLVRQ D� SRVVLEOH� LURQ� GHILFLHQF\� DQG� RPLWWHG� WR� PHQWLRQ� SRVVLEOH� DGYHUVH� HIIHFWV� RI� LURQRYHUORDG�)XUWKHU�LQWURGXFWLRQ�RI�QHZ�LURQ�HQULFKHG�IRRG�SURGXFWV�FDQ�FDXVH�D�JHQHUDO�H[FHHGLQJ�RI�WKHUHFRPPHQGHG� GDLO\� LQWDNH� LQ� WKH� SRSXODWLRQ�� DW� OHDVW� LQ� VRPH� DJH� JURXSV�� $V� WKH� KHDOWKHIIHFWV�RI�KLJK�LURQ�LQWDNH�DUH�DW� OHDVW�YHU\�VXVSHFWHG�IURP�SXEOLF�KHDOWK�SRLQW�RI�YLHZ��WKLVGHYHORSPHQW�PXVW�EH�TXHVWLRQHG�XQWLO�IXUWKHU�VFLHQWLILF�HYLGHQFH�EHFRPHV�DYDLODEOH�
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���&21&/86,216�$1'�5(&200(1'$7,216
7KH�PHDQ�GDLO\�LQWDNH�RI�LURQ�LQ�WKH�1HWKHUODQGV�VHHPV�WR�EH�DGHTXDWH�IRU�WKH�PDMRULW\�RI�WKHSRSXODWLRQ�
7KH� SUHVHQW� SUHYDOHQFH� RI� LURQ� GHILFLHQF\� LQ� WKH�1HWKHUODQGV� LV� SUREDEO\�PXFK� ORZHU� WKDQJHQHUDOO\�DVVXPHG�
,Q�FHUWDLQ�VXEJURXSV��FKLOGUHQ�DQG�DGROHVFHQWV�LQ�UDSLG�JURZWK�SHULRGV�DQG�ODFWDWLQJ�ZRPHQ�LURQ�IRUWLILFDWLRQ�PD\�SRVVLEO\�EH�QHHGHG��+RZHYHU��PRUH�UHVHDUFK�LV�UHTXLUHG�WR�HVWLPDWH�WKHUHDO SUHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�WKHVH�VXEJURXSV�
$ ORZ� KHPRJORELQ� FRQFHQWUDWLRQ� GRHV� QRW� QHFHVVDULO\� UHIOHFW� D� ORZ� LURQ� VWDWXV� RU� LURQGHILFLHQF\��7KHUHIRUH�� WKH�GLDJQRVLV� 
LURQ�GHILFLHQF\
� EDVHG�RQ� RQO\� D� KHPRJORELQ� WHVW�PD\QRW�EH�FRUUHFW��7KH�GHWHUPLQDWLRQ�RI� WKH� WUDQVIHUULQ� UHFHSWRU� �� LQ� FRPELQDWLRQ�ZLWK� UHG� FHOOSDUDPHWHUV�DQG�IHUULWLQ���LV�FXUUHQWO\�WKH�EHVW�PHWKRG�WR�GLDJQRVH�UHDO�LURQ�GHILFLHQF\�
7KH�SUHVFULSWLRQ�RI�LURQ�PHGLFDWLRQ�RU�VXSSOHPHQWDWLRQ�LV�RQO\�UHFRPPHQGHG�DIWHU�H[FOXVLRQRI�DQHPLD�GXH�WR�FKURQLF�GLVHDVHV��JHQHUDO�LQIHFWLRQV�DQG�JDVWURLQWHVWLQDO�GLVRUGHUV��ZKLFK�DUHFRPPRQ FDXVHV�RI�ORZ�KHPRJORELQ�OHYHOV�
,URQ�DFFXPXODWLRQ�GXH�WR�JHQHWLF�GLVRUGHUV�LQ�WKH�1HWKHUODQGV�LV�PRUH�FRPPRQ�WKDQ�JHQHUDOO\DVVXPHG��7KH�SUHYDOHQFH�RI�KRPR]\JRWH�FDUULHUV�RI�WKH�&���<�JHQH�RI�KHPRFKURPDWRVLV�LVHVWLPDWHG�DW������DQG�KHWHUR]\JRWH�FDUULHUV�DW�����RI�WKH�JHQHUDO�SRSXODWLRQ�
,URQ�RYHUORDG�LV�DQ�HVWDEOLVKHG�ULVN�IDFWRU� IRU�FDUGLRYDVFXODU�GLVHDVH��3DUWLFXODUO\�PHQ� �!��\HDUV��DQG�SRVWPHQRSDXVDO�ZRPHQ�PD\�EH�DW�ULVN��7KH�KHPRFKURPDWRVLV�KHWHUR]\JRWHV�KDYHDQ LQFUHDVHG� ULVN� IRU� FDUGLRYDVFXODU�GLVHDVH� DV�ZHOO�� SDUWLFXODUO\� LQ� FRPELQDWLRQ�ZLWK� RWKHUULVN�IDFWRUV�
$ KLJK� XQDEVRUEHG� LURQ� FRQFHQWUDWLRQ� LQ� WKH� LQWHVWLQDO� WUDFW� LV� SRVVLEO\� DVVRFLDWHG�ZLWK� DQLQFUHDVHG� ULVN� RI� FRORQ� FDQFHU�� 7KH� LQFUHDVHG� ULVN� RI� OLYHU� FDQFHU� LQ� KHPRFKURPDWRVLVKRPR]\JRWHV�LV�HYLGHQW�
$W� SUHVHQW�� WKH� FXUUHQWO\� DYDLODEOH� GDWD� GR� QRW� VXSSRUW� UDGLFDO� FKDQJHV� LQ� GLHWDU\UHFRPPHQGDWLRQV� ZLWK� UHVSHFW� WR� LURQ� LQWDNH�� )XUWKHU� VWXGLHV� DUH� DGYLVHG� WR� LQYHVWLJDWHZKHWKHU�D�GHFUHDVH�LQ�WKH�GDLO\�LQWDNH�RI�LURQ��SDUWLFXODUO\�LQ�PHQ�DJHG�������\HDUV��PXVW�EHDLPHG IRU�
3UHVHQWO\�� LURQ� VXSSOHPHQWDWLRQ� RI� IRRG� SURGXFWV� VKRXOG� EH� DYRLGHG� EHFDXVH� RI� WKH� ORZSUHYDOHQFH�RI�LURQ�GHILFLHQF\�DQG�WKH�DVVRFLDWLRQV�EHWZHHQ�LURQ�RYHUORDG�DQG�VHYHUDO�FKURQLFGLVHDVHV�� )XUWKHU� VWXGLHV� DUH� UHTXLUHG� WR� LQYHVWLJDWH� WKHVH� UHODWLRQVKLSV�� (VSHFLDOO\� WKHKHPRFKURPDWRVLV�KRPR]\JRWHV�� EXW� DOVR� WKH� KHWHUR]\JRWHV� �ZKLFK� FRQVWLWXWH� DERXW� ����RIWKH�JHQHUDO�SRSXODWLRQ�LQ�WKH�1HWKHUODQGV��VKRXOG�EH�SURWHFWHG�IURP�H[FHVV�LURQ�LQWDNH�
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$&.12:/('*(0(176

7KH�DXWRUV�DUH�LQGHEWHG�WR�'U��6ZLQNHOV��3URI��0DU[��'U��$QGULDDQVHQ�DQG�'UV��'H�6WHUNH�IRU
FULWLFDOO\�UHDGLQJ�WKH�PDQXVFULSW�DQG�IRU�XVHIXO�FRPPHQWV�
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5()(5(1&(6
$ODQHQ�$�HW�DO$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�������$EVWUDFW����
$QGHUVRQ�*-�DQG�3RZHOO�/:+DHPRFKURPDWRVLV�DQG�FRQWURO�RI�LQWHVWLQDO�LURQ�DEVRUSWLRQ/DQFHW����������������
$QGUHZV�1&'LVRUGHUV�RI�LURQ�PHWDEROLVP1 (QJO�-�0HG���������������������
$VSHUHQ�,$�YDQ��HW�DO%RG\�LURQ�VWRUHV�DQG�PRUWDOLW\�GXH�WR�FDQFHU�DQG�LVFKHPLF�KHDUW�GLVHDVH��D����\HDU�IROORZ�XSVWXG\�RI�HOGHUO\�PHQ�DQG�ZRPHQ,QW�-�(SLGHPLRO���������������������
%DUWRQ�-&�HW�DO*HQHWLF�DQG�FOLQLFDO�GHVFULSWLRQ�RI�KHPRFKURPDWRVLV�SUREDQGV�DQG�KHWHUR]\JRWHV��HYLGHQFHWKDW�PXOWLSOH�JHQHV�OLQNHG�WR�WKH�PDMRU�KLVWRFRPSDWLELOLW\�FRPSOH[�DUH�UHVSRQVLEOH�IRUKHPRFKURPDWRVLV%ORRG�&HOOV�0RO�'LV���������������������
%HDWRQ�*+��&RUH\�31�DQG�6WHHOH�&&RQFHSWXDO�DQG�PHWKRGRORJLFDO�LVVXHV�UHJDUGLQJ�WKH�HSLGHPLRORJ\�RI�LURQ�GHILFLHQF\�DQGWKHLU�LPSOLFDWLRQV�IRU�VWXGLHV�RI�WKH�IXQFWLRQDO�FRQVHTXHQFHV�RI�LURQ�GHILFLHQF\$P�-�&OLQ�1XWU������������������
%HXWOHU�(�HW�DO0XWDWLRQ�DQDO\VLV�LQ�KHUHGLWDU\�KDHPRFKURPDWRVLV%ORRG�&HOOV�0RO�'LV������������������
%HXWOHU�(�DQG�*HOEDUW�7+/$�+�PXWDWLRQV�LQ�WKH�$VKNHQD]L�-HZLVK�SRSXODWLRQ%ORRG�&HOOV�0RO�'LV�������������������
%RUFK�,RKQVHQ�%5LVN�HYDOXDWLRQ�RI�LURQ,QVWLWXWH�IRU�1XWULWLRQ�5HVHDUFK�±�8QLYHUVLW\�RI�2VOR�±�1RUZD\����������SS
%RUFK�,RKQVHQ�%�DQG�7U\JJ�.3DVW�DQG�SUHVHQW��LURQ�VWDWXV�DQG�LURQ�LQWDNH�DPRQJ�DGXOWV�LQ�1RUZD\6FDQG�-�1XWU������������������
%RURW�10XWDWLRQV�LQ�WKH�0+&�FODVV�,�OLNH�FDQGLGDWH�JHQH�IRU�KHPRFKURPDWRVLV�LQ�)UHQFK�SDWLHQWV,PPXQRJHQHWLFV���������������������
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%RUUHOOR�6��'H/HR�0�DQG�*DOHRWWL�7'HIHFWLYH�JHQH�H[SUHVVLRQ�RI�0Q62'�LQ�FDQFHU�FHOOV0ROHF�$VSHFWV�0HG������������������
%RWKZHOO�7+�2YHUYLHZ�DQG�PHFKDQLVPV�RI�LURQ�UHJXODWLRQ1XWU�5HY������������������
%UXVVDDUG�-+�HW�DO,URQ�LQWDNH�DQG�LURQ�VWDWXV�DPRQJ�DGXOWV�LQ�WKH�1HWKHUODQGV(XU�-�&OLQ�1XWU�����6���6��������
%XODM�=-�HW�DO&OLQLFDO�DQG�ELRFKHPLFDO�DEQRUPDOLWLHV�LQ�SHRSOH�KHWHUR]\JRXV�IRU�KHPRFKURPDWRVLV1 (QJO�-�0HG���������������������
&DEDQWFKLN�=,�HW�DO3K\VLRORJLFDO�DQG�SDWKRORJLFDO�SURSHUWLHV�RI�ODELOH�IRUPV�RI�LURQ�LQVLGH�DQG�RXWVLGHPDPPDOLDQ�FHOOV$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\���������
&DVVDQHOOL�6�HW�DO$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�������$EVWUDFW����
&RJVZHOO�0(�HW�DO,URQ�RYHUORDG��SXEOLF�KHDOWK�DQG�JHQHWLFV��HYDOXDWLQJ�WKH�HYLGHQFH�IRU�KHPRFKURPDWRVLVVFUHHQLQJ$QQ�,QWHUQ�0HG�������������������
&RKHQ�$5&KRRVLQJ�WKH�EHVW�VWUDWHJ\�WR�SUHYHQW�FKLOGKRRG�LURQ�GHILFLHQF\-$0$���������������������
&RPSHQGLXP�'LHHWSURGXFWHQ�HQ�9RHGLQJVPLGGHOHQ������������H�HGLWLH����������%RKQ�6WDIOHX�9DQ�/RJKXP��+RXWHQ�'LHJHP
&RUWL�0&��*D]LDQR�0�DQG�+HQQHNHQV�&+,URQ�VWDWXV�DQG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH$QQ�(SLGHPLRO���������������
&UDZIRUG�51HZ�SHUVSHFWLYHV�RQ�LURQ�GHILFLHQF\$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�����
&ULFKWRQ�55µ,QRUJDQLF�ELRFKHPLVWU\�RI�LURQ�PHWDEROLVP¶(OOLV�+RUZRRG������
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'DW]�&�HW�DO3UHGRPLQDQFH�RI�WKH�+/$�+�&\V���7\U�PXWDWLRQ�LQ�$XVWULDQ�SDWLHQWV�ZLWK�JHQHWLFKDHPRFKURPDWRVLV- +HSDWRO���������������������
'LVWDQWH�6�HW�DO+LJK�SUHYDOHQFH�RI�WKH�KHPRFKURPDWRVLV�DVVRFLDWHG�&\V���7\U�+)(�JHQH�PXWDWLRQ�LQ�DKHDOWK\�1RUZHJLDQ�SRSXODWLRQ�LQ�WKH�FLW\�RI�2VOR��DQG�LWV�SKHQRW\SLF�H[SUHVVLRQ6FDQG�-�*DVWURHQWHURO���������������������
'LVWDQWH�6�HW�DO+LJK�SUHYDOHQFH�RI�&���<�+)(�JHQH�PXWDWLRQ�LQ�D�KHDOWK\�SRSXODWLRQ�LQ�1RUZD\$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�����
0F'RQQHOO�60�HW�DO3RSXODWLRQ�EDVHG�VFUHHQLQJ�IRU�KHPRFKURPDWRVLV�XVLQJ�SKHQRW\SLF�DQG�'1$�WHVWLQJ�DPRQJHPSOR\HHV�RI�KHDOWK�PDLQWHQDQFH�RUJDQL]DWLRQV�LQ�6SULQJILHOG��0LVVRXUL$P�-�0HG��������������������
(GZDUGV�&4�DQG�.XVKQHU�-36FUHHQLQJ�IRU�KHPRFKURPDWRVLV1 (QJO�-�0HG���������������������
)'$3UHVV�5HOHDVH���:DUQLQJV�5HTXLUHG�RQ�,URQ�&RQWDLQLQJ�'UXJV�DQG�6XSSOHPHQWV�-DQ����������KWWS���ZZZ�IGD�JRY�RSDFRP�FDPSDLJQV��LURQ�KWPO� $XJXVW�����
)HGHU�-1�HW�DO$ QRYHO�0+&�FODVV�,�OLNH�JHQH�LV�PXWDWHG�LQ�SDWLHQWV�ZLWK�KHUHGLWDU\�KDHPRFKURPDWRVLV1DW�*HQHW������������������
)HUJXVRQ�%�HW�DO6HUXP�WUDQVIHUULQ�UHFHSWRU�GLVWXLQJXLVKHV�WKH�DQHPLD�RI�FKURQLF�GLVHDVH�IURP�LURQ�GHILFLHQF\DQHPLD- /DE�&OLQ�0HG�������������������
)RQWHFDYH�0µ�WK�:LQWHU�5HVHDUFK�&RQIHUHQFH�RQ�,URQ�0HWDEROLVP�DQG�)UHH�5DGLFDOV¶9DOORLUH������
)UH\�*+�DQG�.ULGHU�':6HUXP�IHUULWLQ�DQG�P\RFDUGLDO�LQIDUFW: 9�0HG�-����������������
*H]RQGKHLGVUDDG9URHJH�RSVSRULQJ�YDQ�LM]HUVWDSHOLQJV]LHNWH3XEOLFDWLRQ�QR���������

http://www.fda.gov/opacom/campaigns/3iron.html
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*LOOXP�5)�HW�DO6HUXP�WUDQVIHUULQ�VDWXUDWLRQ��VWURNH�LQFLGHQFH�DQG�PRUWDOLW\�LQ�ZRPHQ�DQG�PHQ$P�-�(SLGHPLRO�����������������
*ULIILWKV�:-+��.HOO\�$/�DQG�&R[�70,QKHULWHG�GLVRUGHUV�RI�LURQ�VWRUDJH�DQG�WUDQVSRUW0ROHF�0HG�7RGD\�����������������
+DUULVRQ�HW�DO7KH�UROH�RI�GLHWDU\�IDFWRUV�LQ�WKH�LQWHVWLQDO�DQG�GLIIXVH�KLVWRORJLF�VXEW\SHV�RI�JDVWULFDGHQRFDUFLQRPD��D�FDVH�FRQWURO�VWXG\�LQ�WKH�8�6�&DQFHU��������������������
,URQ�'LVRUGHUV�,QVWLWXWH�8�6�ZZZ�LURQGLVRUGHUV�RUJ� $XJXVW�����
,URQSDQHO�$XVWUDOLDZZZ�LURQSDQHO�RUJ�DX� $XJXVW�����
,]DNV�*-��:HVWHQGRUS�5*-�DQG�.QRRN�'/7KH�GHILQLWLRQ�RI�DQHPLD�LQ�ROGHU�SHUVRQV-$0$���������������������
-DFNVRQ�+$�HW�DO%U�-�+DHPDWRO�����6������������
-H]HTXHO�3�HW�DO$OOHOH�IUHTXHQFLHV�RI�KHUHGLWDU\�KHPRFKURPDWRVLV�JHQH�PXWDWLRQV�LQ�D�ORFDO�SRSXODWLRQ�RI:HVW %ULWWDQ\+XP�*HQHW�������������������
-RKDQVVRQ�/1RUZHJLDQ�IRRG�DQG�QXWULWLRQ�SROLF\���(QULFKPHQW1DWLRQDO�&RXQFLO�RQ�1XWULWLRQ�DQG�3K\VLFDO�$FWLYLW\���1RUZD\�������
-RQVVRQ�--�HW�DO3UHYDOHQFH�RI�LURQ�GHILFLHQF\�DQG�LURQ�RYHUORDG�LQ�WKH�DGXOW�,FHODQGLF�SRSXODWLRQ- &OLQ�(SLGHPLRO������������������������
-RXDQROOH�$0�HW�DO3UHYDOHQFH�RI�WKH�&���<�PXWDWLRQ�LQ�%ULWWDQ\��SHQHWUDQFH�RI�JHQHWLF�KHPRFKURPDWRVLV"$QQ�*HQHW���������������������
-RXDQROOH�$0�HW�DO$EVWUDFW�����%LR,URQ������
.DWR�,�HW�DO,URQ�LQWDNH��ERG\�LURQ�VWRUHV�DQG�FRORUHFWDO�FDQFHU�ULVN�LQ�ZRPHQ��D�QHVWHG�FDVH�FRQWURO�VWXG\,QW�-�&DQFHU������������������

http://www.ironpanel.org.au/
http://www.irondisorders.org/
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.HSF]\N�07�HW�DO$ SURVSHFWLYH�PXOWLGLVFLSOLQDU\�HYDOXDWLRQ�RI�SUHPHQRSDXVDO�ZRPHQ�ZLWK�LURQ�GHILFLHQF\DQHPLD$P�-�*DVWURHQWHURO���������������������

.LHFKO�6�HW�DO%RG\�LURQ�VWRUHV�DQG�WKH�ULVN�RI�FDURWLG�DWKHURVFOHURVLV&LUFXODWLRQ��������������������

.OLSVWHLQ�*UREXVFK�.�HW�DO6HUXP�IHUULWLQ�DQG�ULVN�RI�P\RFDUGLDO�LQIDUFWLRQ�LQ�WKH�HOGHUO\��WKH�5RWWHUGDP�VWXG\$P�-�&OLQ�1XWU�����������������������

.XUDWNR�&1'HFUHDVH�RI�PDQJDQHVH�VXSHUR[LGH�GLVPXWDVH�DFWLYLW\�LQ�UDWV�IHG�KLJK�OHYHOV�RI�LURQ�GXULQJFRORQ�FDUFLQRJHQHVLV)RRG�&KHP�7R[LFRO������������������
/DL�&�HW�DO1RQ�SURPRWLQJ�HIIHFWV�RI�LURQ�IURP�EHHI�LQ�WKH�UDW�FRORQ�FDUFLQRJHQHVLV�PRGHO&DQFHU�/HWW�����������������
/LDR�<��&RRSHU�56�DQG�0F*HH�'/,URQ�VWDWXV�DQG�FRURQDU\�KHDUW�GLVHDVH��QHJDWLYH�ILQGLQJV�IURP�WKH�1+$1(6�,�HSLGHPLRORJLFIROORZ�XS�VWXG\$P�-�(SLGHPLRO�������������������
/RRNHU�$&�HW�DO3UHYDOHQFH�RI�LURQ�GHILFLHQF\�LQ�WKH�8�6�-$0$�������������������
/RZLN�05+�HW�DO&KDQJHV�LQ�WKH�GLHW�LQ�WKH�1HWKHUODQGV����������WR�����,QW�-�)RRG�6FL�1XWU����6XSSO����6��6��������
/R]RII�%�HW�DO/RQJ�WHUP�GHYHORSPHQWDO�RXWFRPH�RI�LQIDQWV�ZLWK�LURQ�GHILFLHQF\1 (QJO�-�0HG��������������������
/XFRWWH�*&HOWLF�RULJLQ�RI�WKH�&���<�PXWDWLRQ�RI�KHPRFKURPDWRVLV%ORRG�&HOOV�0RO�'LV���������������������
/XQG�(.�HW�DO2UDO�IHUURXV�VXOIDWH�VXSSOHPHQWV�LQFUHDVH�WKH�IUHH�UDGLFDO�JHQHUDWLQJ�FDSDFLW\�RI�IHFHV�IURPKHDOWK\�YROXQWHHUV$P�-�&OLQ�1XWU������������������
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0DJQXVVRQ�0.�HW�DO/RZ�LURQ�ELQGLQJ�FDSDFLW\�DV�D�ULVN�IDFWRU�IRU�P\RFDUGLDO�LQIDUFWLRQ&LUFXODWLRQ������������������
0HOW]HU�+0�DQG�$OH[DQGHU�-7KH�VFLHQWLILF�EDVLV�IRU�WKH�1RUZHJLDQ�UHJXODWLRQ�RI�IRUWLILFDWLRQ�RI�IRRGV�ZLWK�YLWDPLQV�DQGPLQHUDOV1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK���1RUZD\�������
0HUU\ZHDWKHU�&ODUNH�$7�HW�DO$ UHWURVSHFWLYH�DQRP\QRXV�SLORW�VWXG\�LQ�VFUHHQLQJ�QHZERUQV�IRU�+)(�PXWDWLRQV�LQVFDQGLQDYLDQ�SRSXODWLRQV+XPDQ�0XWDWLRQ������������������
0HUU\ZHDWKHU�&ODUNH�$7�HW�DO7KH�HIIHFW�RI�+)(�PXWDWLRQV�RQ�VHUXP�IHUULWLQ�DQG�WUDQVIHUULQ�VDWXUDWLRQ�LQ�WKH�-HUVH\SRSXODWLRQ%U�-�+DHPDWRO����������������������
0H\HUV�'*�HW�DO3RVVLEOH�DVVRFLDWLRQ�RI�D�UHGXFWLRQ�LQ�FDUGLRYDVFXODU�HYHQWV�ZLWK�EORRG�GRQDWLRQ+HDUW������������������
0LOPDQ�1�HW�DO,URQ�VWDWXV�LQ�'DQHV�XSGDWHG�����$QQ�+HPDWRO���������������������
0LOPDQ�1�HW�DO,URQ�VWDWXV�LQ�����'DQLVK�ZRPHQ�DJHG�������\HDUV$QQ�+HPDWRO����������������������
0RUULVRQ�+,�HW�DO6HUXP�LURQ�DQG�ULVN�RI�IDWDO�DFXWH�P\RFDUGLDO�LQIDUFWLRQ(SLGHPLRORJ\��������������������
1DVVDU�%$�HW�DO5HODWLRQ�RI�+)(�JHQH�PXWDWLRQV��KLJK�LURQ�VWRUHV�DQG�HDUO\�RQVHW�FRURQDU\�DUWHU\�GLVHDVH&DQ�-�&DUGLRO���������������������
1HGHUODQGVH�9RHGLQJVQRUPHQ9RHGLQJVFHQWUXP�������DQG��������VW�DQG��QG�HGLWLRQ��UHVSHFWLYHO\�
1HOVRQ�0��:KLWH�-�DQG�5KRGHV�&+DHPRJORELQ��IHUULWLQ�DQG�LURQ�LQWDNHV�LQ�%ULWLVK�FKLGUHQ�DJHG�������\HDUV��D�SUHOLPLQDU\LQYHVWLJDWLRQ%U�-�1XWU���������������������
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1HOVRQ�0��%DNDOLRX�)�DQG�7ULYHGL�$,URQ�GHILFLHQF\�DQHPLD�DQG�SK\VLFDO�SHUIRUPDQFH�LQ�DGROHVFHQW�JLUOV�IURP�GLIIHUHQW�HWKQLFEDFNJURXQGV%U�-�1XWU���������������������
9RRUOLFKWLQJVEXUHDX�YRRU�GH�9RHGLQJ1(92�7DEHO��1HGHUODQGV�9RHGLQJVVWRIIHQEHVWDQG�����
1LHGHUDX�&�HW�DO6FUHHQLQJ�IRU�KHPRFKURPDWRVLV�DQG�LURQ�GHILFLHQF\�LQ�HPSOR\HHV�DQG�SULPDU\�FDUH�SDWLHQWVLQ�:HVWHUQ�*HUPDQ\$QQ�,QWHUQ�0HG�������������������
1LHGHUDX�&'LDEHWHV�PHOOLWXV�LQ�KHPRFKURPDWRVLV= *DVWURHQWHURO�VXSSO���������������
1LHOVHQ�3�HW�DO3UHYDOHQFH�RI�WKH�&���<�DQG�+��'�PXWDWLRQV�LQ�WKH�+)(�JHQH�LQ�SDWLHQWV�ZLWK�KHUHGLWDU\KDHPRFKURPDWRVLV�DQG�LQ�FRQWURO�VXEMHFWV�IURP�1RUWKHUQ�*HUPDQ\%U�-�+DHPDWRO����������������������
1RUWK�0�HW�DO6HUXP�WUDQVIHUULQ�UHFHSWRU�OHYHOV�LQ�SDWLHQWV�XQGHUJRLQJ�HYDOXDWLRQ�RI�LURQ�VWRUHV��FRUUHODWLRQZLWK�RWKHU�SDUDPHWHUV��DQG�REVHUYHG�YHUVXV�SUHGLFWHG�UHVXOWV&OLQ�/DE�+DHPDWRO����������������
2O\Q\N�-.�HW�DO$ SRSXODWLRQ�EDVHG�VWXG\�RI�WKH�FOLQLFDO�H[SUHVVLRQ�RI�WKH�KHPRFKURPDWRVLV�JHQH1 (QJO�-�0HG�������������������
9DQ�2RLN�$�HW�DO'XSOLFDDW����XXUV�YRHGLQJHQ��������LM]HULQQDPH��5,90�UDSSRUW�QU�����������������
2VNL�)$,URQ�GHILFLHQF\�LQ�LQIDQF\�DQG�FKLOGKRRG1 (QJO�-�0HG����������������������
3UDWLFR�'�HW�DO,URQ�GHSHQGHQW�KXPDQ�SODWHOHW�DFWLYDWLRQ�DQG�K\GUR[\O�UDGLFDO�IRUPDWLRQ&LUFXODWLRQ��������������������
3URYDQ�'0HFKDQLVPV�DQG�PDQDJHPHQW�RI�LURQ�GHILFLHQF\�DQDHPLD%U�-�+DHPDWRO�����6XSSO���������������
3XQQRQHQ�.�HW�DO6HUXP�WUDQVIHUULQ�UHFHSWRU�DQG�LWV�UDWLR�WR�VHUXP�IHUULWLQ�LQ�WKH�GLDJQRVLV�RI�LURQ�GHILFLHQF\%ORRG��������������������
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5HGG\�0%��+XUUHOO�5)�DQG�&RRN�-'(VWLPDWLRQ�RI�QRQKHPH�LURQ�ELRDYDLODELOLW\�IURP�PHDO�FRPSRVLWLRQ$P�-�&OLQ�1XWU������������������
5H]D]DGHK�+�DQG�$WKDU�0(YLGHQFH�WKDW�LURQ�RYHUORDG�SURPRWHV�'0%$�LQGXFHG�VNLQ�WXPRULJHQHVLV�LQ�PLFH5HGR[�5HS�����������������
5RHVHU�+3�HW�DO7KH�XVH�RI�VHUXP�WUDQVIHUULQ�UHFHSWRU�PHDVXUHPHQWV�WR�DVVHVV�LURQ�VWDWXV�GXULQJ�SUHJQDQF\$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�����
5RHVW�0�HW�DO+HWHUR]\JRVLW\�IRU�D�KHUHGLWDU\�KHPRFKURPDWRVLV�JHQH�LV�DVVRFLDWHG�ZLWK�FDUGLRYDVFXODUGHDWK�LQ�ZRPHQ&LUFXODWLRQ���������������������
5RVVL�(�HW�DO&RPSRXQG�KHWHUR]\JRXV�KHPRFKURPDWRVLV�JHQRW\SH�SUHGLFWV�LQFUHDVHG�LURQ�DQG�HU\WKURF\WHLQGLFHV�LQ�ZRPHQ&OLQ�&KHP���������������������
5RVVL�(�HW�DO$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�������$EVWUDFW����
5\DQ�(��2
NHDQH�&�DQG�&URZH�-+HPRFKURPDWRVLV�LQ�,UHODQG�DQG�+)(%ORRG�&HOOV�0RO�'LV���������������������
6DORQHQ�-7�HW�DO+LJK�VWRUHG�LURQ�OHYHOV�DUH�DVVRFLDWHG�ZLWK�H[FHVV�ULVN�RI�P\RFDUGLDO�LQIDUFWLRQ�LQ�(DVWHUQ)LQQLVK�PHQ&LUFXODWLRQ������������������
6DORQHQ�-7��7XRPDLQHQ�73�DQG�.RQWXOD�.5ROH�RI�&���<�PXWDWLRQ�LQ�KDHPRFKURPDWRVLV�JHQH�LQ�GHYHORSPHQW�RI�W\SH���GLDEHWHV�LQKHDOWK\�PHQ��SURVSHFWLYH�FRKRUW�VWXG\%ULW�0HG�-���������������������
6DQFKH]�0�HW�DO3UHYDOHQFH�RI�WKH�&\V���7\U�DQG�+LV��$VS�+)(�JHQH�PXWDWLRQV�LQ�6SDQLVK�SDWLHQWV�ZLWKKHUHGLWDU\�KHPRFKURPDWRVLV�DQG�LQ�FRQWUROV- +HSDWRO���������������������
6DQGVWHDG�++&DXVHV�RI�LURQ�DQG�]LQF�GHILFLHQFLHV�DQG�WKHLU�HIIHFWV�RQ�EUDLQ- 1XWU���������6����6������
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6FKROO�72�DQG�5HLOO\�7$QHPLD��LURQ�DQG�SUHJQDQF\�RXWFRPH- 1XWU���������6����6������
6FKRO]�$KUHQV�.�HW�DO,-]HU�WRHJHYRHJG�DDQ�PHON�LV�ELRORJLVFK�EHVFKLNEDDU9RHGLQJ�1X���������������
6HPSRV�&7�HW�DO%RG\�LURQ�VWRUHV�DQG�WKH�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH1 (QJO�-�0HG�������������������������
6HPSRV�&7��/RRNHU�$&�DQG�*LOOXP�5),URQ�DQG�KHDUW�GLVHDVH��WKH�HSLGHPLRORJLF�GDWD1XWU�5HY������������
6HPSRV�&7�DQG�/RRNHU�$&,URQ�VWDWXV�DQG�WKH�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH1XWU�0HWDE�&DUGLRYDVF�'LV�����������������
6LHPHOLQN�0��-DQVHQ�(+-0��3LHUVPD�$+�DQG�2SSHUKXL]HQ�$$FWLYH�FRPSRQHQWV�LQ�IRRG�VXSSOHPHQWV5,90�UHSRUW�������������$SULO������
6OLQJHUODQG�5-��9DQ�GHU�*UDDI�)�DQG�9DGHU�+/(HQ�LM]HUVWHUN�YHUKDDO"��(HQ�QLHZH�WHVW�RS�KHPRFKURPDWRVH0HGLVFK�-RXUQDDO�6W�-RVHSK�=LHNHQKXLV�9HOGKRYHQ���������������������
6WHUNH�3+/�GH+HPRFKURPDWRVH,Q�SUHVV������
6ZLQNHOV�':�DQG�0DU[�--0'LDJQRVWLHN�HQ�EHKDQGHOLQJ�YDQ�SULPDLUH�KHPRFKURPDWRVH1HGHUODQGV�7LMGVFKULIW�YRRU�*HQHHVNXQGH�������������������������
6\PRQV�0&5�DQG�*XWWHULGJH�-0&)UHH�UDGLFDOV�DQG�LURQ��&KHPLVWU\��ELRORJ\�DQG�PHGLFLQH2[IRUG�6FLHQFH�3XEOLFDWLRQV������
7XRPDLQHQ�73�HW�DO,QFUHDVHG�ULVN�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�LQ�FDUULHUV�RI�WKH�KHPRFKURPDWRVLV�JHQH�&���<PXWDWLRQ��D�SURVSHFWLYH�FRKRUW�VWXG\�LQ�PHQ�LQ�HDVWHUQ�)LQODQG&LUFXODWLRQ���������������������
7XRPDLQHQ�73�HW�DO$VVRFLDWLRQ�EHWZHHQ�ERG\�LURQ�VWRUHV�DQG�WKH�ULVN�RI�DFXWH�P\RFDUGLDO�LQIDUFWLRQ�LQ�PHQ&LUFXODWLRQ��������������������
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9DON�%�GH�DQG�0DU[�--0,URQ��DWKHURVFOHURVLV�DQG�LVFKHPLF�KHDUW�GLVHDVH$UFK�,QWHUQ�0HG���������������������
9DON�%�HW�DO1RQ�WUDQVIHUULQ�ERXQG�LURQ�LV�SUHVHQW�LQ�SODVPD�RI�VXEMHFWV�ZLWK�KHWHUR]\JRXV�KHUHGLWDU\KHPRFKURPDWRVLV�DQG�QRUPDO�SODVPD�WUDQVIHUULQ�VDWXUDWLRQ$EVWUDFW�%RRN�RI�%LR,URQ�
����6RUUHQWR��,WDO\�������$EVWUDFW����
9RHGLQJVFHQWUXP��'HQ�+DDJ=R�HHW�1HGHUODQG��5HVXOWDWHQ�YDQ�GH�9RHGVHOFRQVXPSWLHSHLOLQJ��9&3������������������
8FKLGD�72YHUYLHZ�RI�LURQ�PHWDEROLVP,QW�-�+HPDWRO������������������
:HLQEHUJ (',URQ�ORDGLQJ�DQG�GLVHDVH�VXUYHLOODQFH(PHUJLQJ�,QIHFWLRXV�'LVHDVHV��������������������
:HLQEHUJ ('$VVRFLDWLRQ�RI�LURQ�ZLWK�FRORUHFWDO�FDQFHU%LRPHWDOV��������������������
:HLVV *,URQ�DQG�DQHPLD�RI�FKURQLF�GLVHDVH.LGQH\�,QW�6XSSO�����6�����������
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$33(1',;5HYLHZ�WDEOH�RI�LURQ�VWDWXV�DQG�FDUGLRYDVFXODU�GLVHDVH
6WXG\� ��� &DVH�VWXG\� 0HDVXUHV� 5HVXOWV� &RPPHQWV

5RHVW�HW�DO�
����
&LUF�����������
����

� �&DUGLRYDVFXODU
GHDWK�DQG�SUHVHQFH
RI�ZW�KHWHUR]\JRWH�
KRPR]\JRWH
�&RKRUW�VWXG\�
ZRPHQ��1 �����

'1$�VFUHHQLQJ
�&���<�

�5LVN�VLJQLILFDQWO\�LQFUHDVHG�LQ�KHWHUR]\JRWHV
FRPSDUHG�WR�ZW��55 �����DGMXVWHG�IRU�DJH�
VPRNLQJ��REHVLW\�DQG�K\SHUWHQVLRQ��>����
����&,���������@
�5LVN�SDUWLFXODUO\�LQFUHDVHG�������IROG��IRU
VPRNHU�K\SHUWHQVLYH�KHWHUR]\JRXV�FRPSDUHG
WR�QRQ�VP�QRQ�K\�ZW

.OLSVWHLQ�HW�DO�
����
$P�-�&OLQ�1XWU����
���������

� �0\RFDUGLDO
LQIDUFWLRQ�DQG�VHUXP
IHUULWLQ
�1HVWHG�&�&�
1 ����������

)HUULWLQ��LURQ�
WUDQVIHUULQ�
FHUXORSODVPLQ��&�
UHDFWLYH�SURWHLQ�
GLHWDU\��WRWDO�DQG
KHPH��LURQ

�6HUXP�IHUULWLQ�!���� J�O�ULVN������FRPSDUHG
WR������ J�O��DGMXVWHG�IRU�DJH��VH[��VPRNLQJ�
DOFRKRO�ERG\�PDVV�LQGH[��>����������&,�
�����������S �����@
�1R�DVVRFLDWLRQ��VHUXP�LURQ��VHUXP
WUDQVIHUULQ��WRWDO�GLHWDU\�LURQ
�'LHWDU\�KHPH�LURQ�25 �����DGMXVWHG�IRU
HQHUJ\��IDW�DQG�FKROHVWHURO��>���������&,�
������������S �����@

�)DVWLQJ
EORRGVDPSOHV"

7XRPDLQHQ�HW�DO�
����
&LUF�����������
����

� �&���<�RFFXUUHQFH
DQG�ILUVW�P\RFDUGLDO
LQIDUFWLRQ
�3URVSHFWLYH�FRKRUW�
PHQ��1 ����

'1$�VFUHHQLQJ
�&���<�

�,QFUHDVHG�ULVN�RI�ILUVW�DFXWH�P\RFDUGLDO
LQIDUFWLRQ������IROG��LQ�&���<�KHWHUR]\JRXV
PHQ�FRPSDUHG�WR�QRQFDUULHUV��DGMXVWHG�IRU
WKH�PDMRU�ULVN�IDFWRUV��>���������&,����������
S ����@

7XRPDLQHQ�HW�DO�
����
&LUF��������������

� ���$FXWH�P\RFDUGLDO
LQIDUFWLRQ�DQG
7I5�IHUULWLQ
���$FXWH�P\RFDUGLDO
LQIDUFWLRQ�DQG
UHJXODU�EORRG
GRQDWLRQ
�1HVWHG�&�&��PHQ�
1 ���

��7I5��VHUXP
IHUULWLQ��&�UHDFWLYH
SURWHLQ
�IDVWLQJ�EORRG
VDPSOHV�

���0HDQ�VHUXP�7I5�IHUULWLQ�������ORZHU
DPRQJ�FDVHV�WKDQ�FRQWUROV�������������UHVS��
�/RZ�VHUXP�7I5�IHUULWLQ���������IROG
LQFUHDVHG�ULVN�FRPSDUHG�WR�KLJK�7I5�IHUULWLQ
�DGMXVWHG�IRU�WKH�VWURQJ�ULVN�IDFWRUV�DQG
LQIODPPDWLRQ��>���������&,����������
S ����������������&,�����������S �����@
���%ORRG�GRQRUV�55 �����FRPSDUHG�WR
QRQGRQRUV

1DVVDU�HW�DO�
����
&DQ�-�&DUGLRO����
�������

� �&���<�DQG�+��'
PXWDWLRQV��DQG
SODVPD�IHUULWLQ��DQG
FRURQDU\�DUWHU\
GLVHDVH
�6WXG\�SRSXODWLRQ�
SDWLHQWV��1 ���

&���<��+��'�
SODVPD�IHUULWLQ

�6LJQLILFDQW�KLJKHU�SODVPD�IHUULWLQ�OHYHOV�LQ
PHQ�ZLWK�HDUO\�&9'��RQVHW�����\��FRPSDUHG
WR�PHQ�ZLWK�&9'�RQVHW�!���\������YV����
J�O�
�,Q�ZRPHQ�QR�GLIIHUHQFHV�LQ�SODVPD�IHUULWLQ
OHYHOV
�1R�GLIIHUHQFH�LQ�SUHYDOHQFH�RI
KHWHUR]\JRRXV�KRPR]\JRXV�FRPSRXQG
KHWUR]\JRXV�VWDWH�EHWZHHQ�&9'�RQVHW�����\
DQG�!���\

�,QIODPPDWLRQ�
LQIHFWLRQ�PDUNHUV�QRW
GHWHUPLQHG
�)DVWLQJ
EORRGVDPSOHV"
�6PDOO�QXPEHU�RI
SDWLHQWV������YV�����

.LHFKO�HW�DO�
����
&LUFXODWLRQ����
���������

� �&DURWLG
DWKHURVFOHURVLV�DQG
VHUXP�IHUULWLQ
�3URVSHFWLYH�VXUYH\�
1 ���

8OWUDVRQRJUDSKLF
PHDVXUHPHQWV�
VHUXP�IHUULWLQ�
VHUXP�LURQ��76�
+'/�DQG�/'/
FKROHVWHURO�
LQIODPPDWLRQ�
LQIHFWLRQ�PDUNHU
�IDVWLQJ�EORRG
VDPSOHV�

�6WURQJ�DVVRFLDWLRQ�EHWZHHQ�VHUXP�IHUULWLQ
DQG�DWKHURVFOHURVLV�SURJUHVVLRQ��WKURXJK
PRGLILFDWLRQ�RI�WKH�DWKHURJHQLF�SRWHQWLDO�RI
/'/�FKROHVWHURO��25 �����������DQG�����
UHVSHFWLYHO\�IRU�D���6'�XQLW�LQFUHDVH�LQ
IHUULWLQ�DW�/'/�OHYHOV�RI����������DQG����
PPRO�O��>����������&,����������������������
&,�����������������������&,�����������@

0H\HUV�HW�DO�
����
+HDUW������������

� �&DUGLRYDVFXODU
HYHQWV�DQG�EORRG
GRQDWLRQ
�3URVSHFWLYH�FRKRUW�
1 ����

2FFXUUHQFH�RI
FDUGLRYDVFXODU
HYHQWV�DQG�OHYHO�RI
EORRG�GRQDWLRQ
�WHOHSKRQH�VXUYH\
IROORZ�XS�

�&XUUHQW�EORRG�GRQDWLRQ�LQ�QRQ�VPRNLQJ�PHQ
ZDV�DVVRFLDWHG�ZLWK�D�UHGXFHG�ULVN�RI
FDUGLRYDVFXODU�HYHQWV��25 ������>���������
&,�����������@
�1R�DVVRFLDWLRQ�EHWZHHQ�EORRG�GRQDWLRQ�DQG
FDUGLRYDVFXODU�HYHQWV�LQ�ZRPHQ

*LOOXP�HW�DO�
����
$P�-�(SLGHPLRO
����������

� �6WURNH�LQFLGHQFH
DQG�VHUXP�76
�&RKRUW�IROORZ�XS
�1+$1(6�,��
1 ����

�76��VHUXP�LURQ�
7,%&��KHPRJORELQ

�VLJQLILFDQW�µ8�VKDSHG¶�DVVRFLDWLRQ�EHWZHHQ
VWURNH�GHDWK�DQG�76��55 �����DQG�����
UHVSHFWLYHO\�IRU�76 �������DQG�!���
FRPSDUHG�WR�76 �������DGMXVWHG�IRU�DJH�
VPRNLQJ��GLDEHWHV��KLVWRU\�RI�KHDUW�GLVHDVH�
HGXFDWLRQ��EORRG�SUHVVXUH��UDFH�DQG�VH[�
>����������&,�������������S������DQG������
����&,�������������S�����@
�1R�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�VWURNH
LQFLGHQFH�DQG�76

�)HUULWLQ�QRW�PHDVXUHG
�1R�IDVWLQJ�EORRG
VDPSOHV
�,QIODPPDWLRQ�
LQIHFWLRQ�QRW
GHWHUPLQHG�DQG�RU
H[FOXGHG
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9DQ�$VSHUHQ�HW�DO�
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