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7KH� LQFLGHQFH� RI� +7/9��� LQIHFWLRQ� LQ� RXU� VWXG\� ZDV� ������ ���������� DPRQJ� EORRG� EDQN� GRQRUV�� ZKLFK�FRQILUPV�WKH�FLW\�RI�,ODP�DV�D�QRQ�HQGHPLF� DUHD��FRPSDUHG�WR�RWKHU�UHJLRQV�LQ�,UDQ��0DVKKDG� � ������ DQG� 0D]DQGDUDQ� ������DQG� LQ� WKH�ZRUOG�� 7KH�SUHVHQW� VWXG\� ZDV� FDUULHG� RXW� WR�HVWLPDWH� WKH� LQFLGHQFH�RI�+7/9�DPRQJ�EORRG�GRQRU�IURP�,ODP�0DWHULDO�DQG�0HWKRGV
6XEMHFWV$�WRWDO�RI�����EORRG�GRQRUV�ZHUH�WHVWHG�IRU�+7/9� ���� GXULQJ� 0DUFK��������� WR� 0D\��������� REWDLQHG� IURP� EORRG� WUDQVIXVLRQ� RUJDQL]DWLRQ� RI� ,ODP�� 7KH� GRQRUV� ZHUH� ������ PDOH� DQG� ������� IHPDOH��ZLWK�D�PHDQ�DJH�RI����\HDUV��DJHV�UDQJHG� EHWZHHQ����DQG��� \HDUV���$OO�GRQRUV�IXOILOOHG�WKH� FULWHULD� IRU� EORRG� GRQDWLRQ�� ZKLFK� LQFOXGHG� D� FOLQLFDO�H[DPLQDWLRQ�DQG�DQ�LQWHUYLHZ�WR�UHFRUG�WKH� KLVWRU\� RI� SUHYLRXV� LQIHFWLRXV� GLVHDVHV�� VXUJHU\�� EORRG� WUDQVIXVLRQ�� KHDUW� GLVHDVHV�� DQHPLD�� DQG� LQIRUPDWLRQ� RQ� IRUHLJQ� WUDYHO�� 7KRVH� ZKR� GRQDWH� DUH�PRUH�OLNHO\�WR�EH�PDOH��ZKLWH��EHWZHHQ�WKH�DJHV� RI����DQG����\HDUV��DQG�WR�KDYH�KLJKHU�LQFRPHV�DQG� HGXFDWLRQDO� VWDWXV� WKDQ� WKRVH� ZKR� GR� QRW�� 7KH� TXHVWLRQQDLUH� XVHG� LQ� WKLV� VWXG\� ZDV� VSHFLILFDOO\� GHYHORSHG�DQG�FRQWDLQHG�TXHVWLRQV�RQ ULVN�IDFWRUV� ZKLFK� UHTXLUHG� DQVZHUV� LQ� WKH� IRUPDW� RI� µHYHU�QHYHU¶�� ,QTXLULHV� DERXW� SDVW� PHGLFDO� FRQGLWLRQV� DQG� VH[XDOO\�WUDQVPLWWHG� GLVHDVHV� ZHUH� GRQH� LQ� OD\�SHUVRQ� ODQJXDJH� WR� HQVXUH� XQGHUVWDQGLQJ� E\� WKH� EORRG� GRQRUV�� 1R� DWWHPSWV� ZHUH� PDGH� WR� SK\VLFDOO\� H[DPLQH� WKH� GRQRUV� IRU� WDWWRRV�RU�SK\VLFDO�VLJQV�RI�GLVHDVHV��7KH�UHG�EORRG� FHOOV� ZHUH� XVHG� IRU� $%2� W\SLQJ� ZKLOH� WKH� VHUD� ZHUH� FROOHFWHG� DVHSWLFDO\� DIWHU� FHQWULIXJDWLRQ� DW� ����� J� IRU� WHQ�PLQXWHV� LQWR�VWHULOH�FRQWDLQHUV�DQG� SUHVHUYHG�DW����&�
0HGLFDO�,QWHUYLHZ7KH� PHGLFDO� KLVWRU\� FRYHUHG� LQIRUPDWLRQ� DERXW� SRVVLEOH� ULVN� IDFWRUV� IRU� EORRG� ERUQ� LQIHFWLRQ�� $� WXEH� RI� EORRG� ZDV� GUDZQ� IRU� IXUWKHU� EORRG� WHVWV�� $IWHU� WKH� ILUVW� YLVLW�� WKH� QXUVH� FOLQLFLDQ� UHFRUGHG� LQIRUPDWLRQ� DERXW� DQ\� UHSRUWHG� EORRG� ERUQ� LQIHFWLRQ�ULVN�IDFWRUV�
4XHVWLRQQDLUH7KH�LQLWLDO��EDVHOLQH��TXHVWLRQQDLUH�DVNHG�DERXW�WKH� SHULRG� SULRU� WR� QRWLILFDWLRQ�� ,W� LQFOXGHG� TXHVWLRQV� DERXW� VHOI�HVWHHP��SHUFHLYHG� ORFXV�RI�FRQWURO��DQG� RSWLPLVP�� VH[XDO� DQG� VRFLDO� IXQFWLRQLQJ�� FRSLQJ� VW\OHV�� VRFLDO� VXSSRUW�� KHDOWK� FRQFHUQV�� SRVLWLYH�
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KHDOWK�EHKDYLRUV��DQG�GHSUHVVLYH�V\PSWRPV��$W�WKH���ZHHN� IROORZ� XS� YLVLW�� VXEMHFWV� ZHUH� DVNHG� WR�FRPSOHWH� DQRWKHU� TXHVWLRQQDLUH�� $OO� +7/9���SRVLWLYH� VXEMHFWV�ZHUH� LQIRUPHG� RI� WKH� WHVW� UHVXOW�DQG�ZHUH�SURKLELWHG�IURP�UHGRQDWLRQ�
(/,6$�DVVD\V�6HUXP� VDPSOHV� ZHUH� VFUHHQHG� IRU� +7/9��� E\�XVLQJ� HQ]\PH�OLQNHG� LPPXQRVRUEHQW� DVVD\�(/,6$��=HSWR0HWUL[�%XIIDOR��%XIIDOR��1HZ�<RUN��LQ�EORRG�WUDQVIXVLRQ�RUJDQL]DWLRQ�RI�,ODP��
:HVWHUQ�EORW�DVVD\V$OO�UHSHDWHGO\�SRVLWLYH�VDPSOHV�ZHUH�FRQILUPHG�E\:HVWHUQ�EORWWLQJ��3UREORW�±+7/9��)XMLUHEELR�,QF��7RN\R�-DSDQ���2XU�LQGH[�RI�+7/9���VHURSRVLWLYLW\�ZDV� UHDFWLYLW\� WR�*$*��3���ZLWK�RU�ZLWKRXW�3����DQG�WZR�(19��*'���DQG�UJS���,��
'1$�SXULILFDWLRQ�DQG�3&57KH�SHULSKHUDO�EORRG�PRQRQXFOHDU�FHOOV��3%0&V��'1$� ZDV� H[WUDFWHG� E\� D� QRQHQ]\PDWLF� PHWKRG�DQG� WKHQ� DQDO\]HG� IRU� +7/9��� VHTXHQFH�� 3&5�DPSOLILFDWLRQ�ZDV�SHUIRUPHG�ZLWK�WZR�SULPHU�VHWV��SRVLWLRQV�DW�JDJ������������VHQVH�VWUDQG�DQG����������� DQWLVHQVH� VWUDQG� DQG� WD[�� ���������� VHQVH�VWUDQG� DQG� ���������� DQWLVHQVH� VWUDQG�� 7KH� 3&5�PL[WXUH�FRQWDLQHG�D����OLW�VDPSOH�����SPRO�RI�HDFK�SULPHU� ���� �OLW� FRQFHQWUDWLRQV� RI� HDFK�GHR[\QXFOHRWLGH�WULSKRVSKDWH�����P0�.&O�����P0�7ULV��S+�����������P0�0J&O���DQG���8�RI�7KHUPRV�DTXDWLFXV� �7DT�� HQ]\PH��&LQQD*HQ�� ,QF���7HKUDQ��,UDQ��� 7KH� UHDFWLRQ� PL[WXUH� ZDV� LQFXEDWHG� IRU� ��PLQ� DW� ���&� DQG� WKHQ� VXEMHFWHG� WR� ��� F\FOHV�FRQVLVWLQJ�RI���PLQ�DW����&����PLQ�DW����&��DQG����V�DW����&��7KH�ILQDO�DQQHDOLQJ�VWHS�ZDV�SHUIRUPHG�IRU� �� PLQ� DW� ���&� LQ� D� '1$� WKHUPDO� F\FOHU��%LRWHFK�,QF���7KH�UHDFWLRQ�PL[WXUHV�ZHUH�VWRUHG�DW���&� XQWLO� WKH\� ZHUH� DQDO\]HG� E\� DJDURVH� JHO�������� HOHFWURSKRUHVLV�� 7R� FRQILUP� WKH� 3&5�ILGHOLW\�� WZR� EORRG� VDPSOHV� ZHUH� DPSOLILHG� DQG�VHTXHQFHG�E\�XVLQJ�DQ�DXWRPDWHG�VHTXHQFHU��$%,�PRGHO������
6WDWLVWLFDO�PHWKRGV,QFLGHQFH� UDWHV� ZHUH� FDOFXODWHG� ZLWK� WKHLU� ����FRQILGHQFH� LQWHUYDO�� 6WDWLVWLFDO� FRPSDULVRQ� RI� WKH�JURXSV� ZDV� GRQH� E\� $�� DQDO\VLV� ZLWK� RU� ZLWKRXW�<DWHV¶� FRUUHFWLRQ�� GHSHQGLQJ� RQ� ZKHWKHU� WKH�H[SHFWHG�YDOXHV�ZHUH�JUHDWHU� WKDQ���RU�EHWZHHQ���DQG���
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5HVXOWV
$� WRWDO� RI� ���� EORRG� VDPSOHV� ZHUH� DQDO\]HG� IRU�+7/9��� FRQWDPLQDWLRQ�� ,Q� WKH� SULPDU\� VFUHHQLQJ��(/,6$��� ��������� VDPSOHV� ZHUH� SRVLWLYH� ���IHPDOH�����\HDUV�DQG���PDOH�����DQG����\HDUV���$OO�VDPSOHV� ZHUH� DVVD\HG� LQ� GXSOLFDWH�� DQG� SRVLWLYH�VDPSOHV�ZHUH�FRQILUPHG�E\�:%�DQDO\VLV��7KH�:%�UHVXOWV� LQGLFDWHG� WKDW�� RI� WKHVH� �� SRVLWLYH� (/,6$�VSHFLPHQV�� ������ ��� VSHFLPHQV�� ��� PDOH� DQG� �IHPDOH�� ZHUH� +7/9���� DQG� ������ ��� VSHFLPHQ��ZDV�QRW�FRQILUPHG��(/,6$�QHJDWLYH�UHVXOWV�PD\�EH�RFFXUUHG�GXH�WR�IDOVH�SRVLWLYH�UHDFWLRQ�RI�NLW�7KH� LQFLGHQFH� RI� WKH� LQIHFWLRQ� ZDV� ������ DPRQJ�EORRG� EDQN� GRQRUV�� ,Q� RUGHU� WR� FRQILUP� DQG�GHWHUPLQH� WKH� +7/9� VWUDLQV�� WKH� +7/9���VHURSRVLWLYH�VDPSOHV��ZHUH�H[DPLQHG�E\�3&5��7KH�3&5� SURGXFWV� FRUUHVSRQGLQJ� WR� WKH� WD[� DQG� /75�UHJLRQV� RI� WKH� +7/9��� JHQRPH� ZHUH� VHTXHQFHGDQG� UHVXOWHG� LQ� D� FRPSOHWH� KRPRORJ\� ZLWK� WKH�FRVPRSROLWDQ�VWUDLQ�RI�+7/9����$�VLJQLILFDQW�FRUUHODWLRQ�H[LVWV�EHWZHHQ�LQFUHDVLQJ�DJH� DQG� LQFLGHQFH� RI� LQIHFWLRQ� �3� YDOXH� RI�FRUUHODWLRQ�� ������� IRU� PHQ� DQG� ������� IRU�ZRPHQ��� ,W� LV� DOVR� FRQFOXGHG� WKDW� VHURLQFLGHQFH�UDWH�LQ�IHPDOHV�LV�KLJKHU�WKDQ�PDOHV�'LVFXVVLRQ
7KHUH�LV�QR�GHILQHG�WUHDWPHQW�IRU�SDWLHQWV�LQIHFWHG�ZLWK� +7/9���� EXW� WKH� DFFXUDWH� NQRZOHGJH� RI�VHURLQFLGHQFH� UDWHV� LQ�GLIIHUHQW�SRSXODWLRQ�JURXSV�PD\� EH� KHOSIXO� LQ� HVWDEOLVKLQJ� SURSK\ODFWLF�PHDVXUHV�WR�UHGXFH�UDWHV�RI�YLUDO�WUDQVPLVVLRQ�IURP�LQIHFWHG�LQGLYLGXDOV��7KH�RYHUDOO����������+7/9���VHURLQFLGHQFH�UDWH�IRXQG�LQ�,ODP�EORRG�GRQRUV�LV�ORZHU� WKDQ� WKDW� VHHQ� LQ� VLPLODU� VWXGLHV� LQ�0DVKKDG�������� DQG� 0D]DQGDUDQ���������������WKH�8QLWHG�6WDWHV���������� )UDQFH�����������DQG�%UD]LO� ��������� +LJKHU� VHURLQFLGHQFH� LQ� EORRG�GRQRUV� KDV� EHHQ� IRXQG� LQ� -DPDLFD� ������� ������6XFK� FRPSDULVRQV� PXVW� EH� PDGH� FDXWLRXVO\�EHFDXVH� VFUHHQLQJ� WHVWV�� VSHFLILFLW\� LQ� PDUNHU�OHYHOV�� DQG�PHGLFDO� VHOHFWLRQ�RI�EORRG�GRQRUV�FDQ�YDU\ IURP� RQH� VWXG\� WR� DQRWKHU�� EXW� ZH� KDYH�DWWHPSWHG� WR� DFFRPSOLVK� VWDQGDUG� VFUHHQLQJ� WHVWV��7KH� SUHVHQW� VWXG\� FRQILUPV�� E\� XVLQJ� ERWK�VHURORJLFDO�DQG�3&5�GHWHFWLRQ�PHWKRGRORJLHV��WKDW�,ODP� LV� D� UHJLRQ� ZKHUH� +7/9��� LQIHFWLRQ� LV� QRW�HQGHPLF�� ,Q� D� SUHYLRXV� VWXG\�� VHURSRVLWLYLW\� ZDV�UHSRUWHG� WR� EH� ��� DPRQJ� WKH� SDWLHQWV� UHIHUUHG� WR�WKH� FOLQLF� ZLWK� +7/9���DVVRFLDWHG� GLVHDVH�V\PSWRPV� LQ� ,UDQ� ������ (/,6$� NLWV� KDYH� KLJK�

VHQVLWLYLW\�DQG�ORZ�VSHFLILFLW\��WKXV��LW�PD\�QRW�EH�D�UHOLDEOH�VFUHHQLQJ�WRRO��7KHUHIRUH��SRVLWLYH (/,6$�UHVXOWV� VKRXOG� EH� FRQILUPHG�E\�:%�RU�3&5��7KH�:%�VHURSRVLWLYLW\�SDUDPHWHUV�XVHG��+7/9�EORW�����NLW�� D� UHFRPELQDQW� VSLNHG� :%� DVVD\�� ZKLFK� LV�PRUH� VWULQJHQW� WKDQ� WKRVH� SUHYLRXVO\� XVHG� ZLWK�ZKROH�YLUXV� O\VDWH� :%�� 7KH� HSLGHPLRORJ\� RI�+7/9����� KDV� EHHQ� ODUJHO\� GHILQHG� WKURXJK� WKH�XVH� RI� DQWLERG\�EDVHG� WHVWV��3&5�KDV� DOVR� EHHQ� D�XVHIXO� WRRO�IRU�IDFLOLWDWLQJ�HSLGHPLRORJLFDO�VWXGLHV�IRU� GLVWLQJXLVKLQJ� YLUXV� W\SH� DQG� IRU� TXDQWLI\LQJ�YLUDO�SUHVHQFH������$JH�DQG�VH[�UHODWLRQVKLSV�KDYH�EHHQ� LGHQWLILHG�DV�FRQWULEXWLQJ�IDFWRUV�WR�+7/9���VHURLQFLGHQFH�LQ�DOO�DUHDV�ZKHUH�WKLV�YLUXV�LV�KLJKO\�HQGHPLF� ����� )HPDOH� SUHGRPLQDQFH� FRXOG� EH�UHODWHG� WR� D� SUHIHUHQWLDO� VH[XDO� WUDQVPLVVLRQ� IURP�KXVEDQG� WR�ZLIH��2XU�VWXG\�DOVR�UHYHDOHG�D�VWURQJ�DJH�GHSHQGHQW� ULVH� LQ� VHURLQFLGHQFH UDWH�� 7KLV�SDWWHUQ� LV� DOVR� ZHOO� GRFXPHQWHG� LQ� SUHYLRXV�VWXGLHV�� ZKLFK� FRXOG� EH� H[SODLQHG� E\� D� FRKRUW�HIIHFW� ����� DQG�E\�FXPXODWLYH� HIIHFW�RI� LQIHFWLRQV�RFFXUULQJ�RYHU�WKH�OLIHWLPH�RI�LQGLYLGXDOV��VXFK�DV�E\� KHWHURVH[XDO� WUDQVPLVVLRQ�� 7KH� DJH�GHSHQGHQW�ULVH�LQ�+7/9���LQFLGHQFH�FRXOG�DOVR�EH�H[SODLQHG�E\�D�ELUWK�FRKRUW�HIIHFW�������,V�RXU�EORRG�VXSSO\�DV�VDIH�DV�LW�FDQ�EH"�:H�FRQFOXGH�WKDW�LW�LV�DV�VDIH�DV�VWDWH�RI�WKH�DUW�PHWKRGV�DOORZHG�WR�EH�XVHG�LQ�RXU�FRXQWULHV��+RZHYHU��ZH�FDQQRW�VD\�WKDW�D�]HUR�ULVN�EORRG�VXSSO\�KDV�EHHQ�DFKLHYHG�KHUH�RU�HOVHZKHUH��7KH� FXUUHQW� ULVN� RI� WUDQVIXVLRQ�WUDQVPLWWHG�LQIHFWLRQ�DWWULEXWDEOH�WR�UHSHDW�GRQRUV�LV�H[WUHPHO\�ORZ�� ZLWK� DQ� HVWLPDWHG� SHU�XQLW� ULVN� RI� �� LQ� ���PLOOLRQ� IRU�+,9�� �� LQ���PLOOLRQ� IRU�+&9���� LQ��������IRU�+%9�DQG��� LQ�����PLOOLRQ�IRU�+7/9������'HVSLWH� DGYDQFHV� LQ� WHVWLQJ�� LW� UHPDLQV� FULWLFDOO\�LPSRUWDQW� WR� PDLQWDLQ� D� ULJRURXV� GRQRU� VHOHFWLRQ�SURFHVV�� $SSURSULDWHO\� IRFXVHG� GRQRU� HGXFDWLRQ�UHJDUGLQJ�LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�WRJHWKHU�ZLWK�VWDWH�RI�WKH�DUW�WHVWLQJ�KDYH�EURXJKW�XV�WR�WKH�FXUUHQW�OHYHO�RI�VDIHW\�$&.12:/('*0(176�
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